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...__..I_” IÎ.. q$ Robert L. Martin, Ph.D. wB Office of Food Additive Safety (HFS-255) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5 100 Paint Branch Parkway 
College Park, MD 20740 

RE: G U S  Notification (GRN) for Dunuliellu burdawil powder 

Dear Dr. Martin: 

VIA: Courier 

Phoenix Regulatory Associates, Ltd. (Phoenix) is submitting the enclosed GRAS notification on 
behalf of Nikken Sohonsha Corporation (Nikken). In December 2008, Nikken submitted a 
GRN for this ingredient (GRN-276) which was withdrawn voluntarily in March 2009. In this 
new submission, Nikken has provided substantive information that responds to all the 
comments provided by FDA scientific reviewers. 

Nikken’s Dunaliella barduwil alga is grown with high levels of extracelluar salt and under 
extreme light and temperature conditions. Under these ‘stress’ conditions, the alga produces 
higher levels of p-carotene and glycerol than when subject to low salt concentration and normal 
light and temperature conditions. Other constituents of the alga are starch, protein, and lipids. 
The p-carotene produced as a constituent of the Nikken alga is composed of two stereoisomers, 
all-trans and 9-cis, with a trace amount of other mono-cis and di-cis p-carotene stereoisomers. 
In producing Nikken Dunuliellu burdawil powder, the alga is not subject to biotechnological 
procedures. Moreover, no toxic metabolites or toxins have been identified for the genus 
Dunaliellu in over 100 years of investigation. In addition, Nikken alga does not concentrate 
metals, such as Pb, As, or Cd, nor does it concentrate Iodine. 

In accordance with the Food and Drug Administration’s (FDA) proposed policy [62 FR 18938- 
18964; April 17, 19971, Nikken is voluntarily notifying the agency that it convened a Panel of 
Experts to review the data and information available relevant to this notification. Nikken 
concurs with the Expert Panel’s conclusion based on scientific procedures that Dunaliella 
barduwil powder substance is “generally recognized as safe” (GRAS) for the intended uses. 
Therefore, in accordance with Section 201(s) of the Federal Food, Drug, and Cosmetic Act, 
Nikken has concluded that its food substance is exempt from the food additive premarket 
provisions of the Act. 

Phone 703-406-0906 Facsimile 703-406-95 13 
http://www.phoenixrising.coni email: phoenix~p1iocnixrising.com 
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Robert Martin, Ph.D 
Office of Food Additive Safety (HFS-255) 
RE: Nikken Sohonsha Corporation, GRAS Notification (GRN) for Dunaliella bardawil Powder 
August 2,2010 
Page Two 

In addition, Nikken certifies that the intended uses of Dunaliella bardawil powder are similar to 
those of other food algal substances and that its alga ingredient which contains p-carotene is not 
intended to impart color. 

If additional information or clarification is needed as you undertake your review, please feel 
free to contact me. 

We look forward to your feedback. 

Sincerely, 

C. K. Gund, Ph.D. 
President 

Enclosures: Three (3) copies of GRAS Notification for Dunaliella bardawil powder 
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1. GRAS EXEMPTION CLAIM 

,* 

July 3 0 ,  2010 

A. Claim of Exemption From the Requirement for Premarket Approval Pursuant to 
Proposed 21 CFR 170.36(c)(1)‘ 

Nikken Sohonsha Corporation (“Nikken”) Dunaliella bardawil alga (hereinafter 
referred to as Dunaliella bardawil powder), meeting the specifications described 
below, has been determined to be Generally Recognized As Safe (GRAS), in 
accordance with Section 201(s) of the Federal Food, Drug, and Cosmetic Act. 
This determination, which is based on scientific procedures as described in the 
following sections, was made by experts qualified by scientific training and 
experience. The subject evaluation accurately reflects the conditions of the 
ingredient‘s intended use in foods. 

In addition, Dunaliella bardawil powder is similar to that of other GRAS 
substances, such as brown algae (21 CFR, 184.1120), red algae (21CFR 
184.1121) and Spirulina (GRN 127). 

Signed: 

Date 

B. Name and Address of Notifier 

Nikken Sohonsha Corporation 
1-32 Asahira, Fukuju-cho 
Hashima-city, Gifu-Pref. 
JAPAN 501 -6255 

As the notifier, Nikken accepts responsibility for the GRAS determination that has 
been made for Dunaliella bardawil powder as described in the subject 
not if i ca t i o n ; consequent I y, Dunaliella barda wil powder meeting the conditions 
described herein is exempt from pre-market approval requirements for food 
ingredients. 

1 See 62 FR 18938 (1 7 April 1997) or http://www. 
fda.gov/Food/FoodIngredientsPackaging/GeneralIyRecognizedasSafeGRAS/ucm083058. htrn. 
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C. Common Name and Identity of the Notified Substance 

Dunaliella bardawil alga, also known as Dunaliella bardawil powder; also 
see Section 111.8. 

-D. Conditions of Intended Use in Food 

Dunahella bardawil powder is intended to be added as a food ingredient to the 
following food categories at 100 ppm per serving level: cheese, bread and rolls, 
mayonnaise, cookies, crackers, tofu and soybean fermentation products as 
discussed in Section 1V.B. Because of the naturally occurring p-carotene content 
within the Dunaliella bardawil powder, the subject ingredient functions as a 
nutrient supplement as defined in 21 CFR 170.3(0)(20). The maximum daily 
consumption of the Dunaliella bardawil powder will provide up to 
71 mg/person/day. 

E. Basis for the GRAS Determination 

Pursuant to 21 CFR § 170.30, Dunaliella bardawil powder has been determined 
to be GRAS on the basis of scientific procedures as discussed in the detailed 
description provided below. 

F. Availability of Information 

The data and information that serve as the basis for this GRAS Notification will 
be sent to the US Food and Drug Administration (FDA) upon request or will be 
available for review and copying at reasonable times at the offices of Phoenix 
Regulatory Associates, Ltd., 21 525 Ridgetop Circle, Suite 240, Sterling, 
VA 201 66. 
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II. BACKGROUND 

A. Objective 

At the request of Phoenix Regulatory Associates, Ltd. (“Phoenix”) and on behalf 
of Nikken, GRAS Associates, LLC (“GA”) has undertaken an independent safety 
evaluation of Nikken’s Dunaliella bardawil alga (henceforth “Dunaliella bardawil 
powder”). The purpose of the evaluation is to ascertain whether the intended 
food uses of Dunaliella bardawil powder at the levels specified are generally 
recognized as safe, i.e., GRAS. 

6. Foreword 

GA obtained information needed .to enable the GRAS assessment to be 
undertaken which included: the safetyltoxicity information describing the 
microcellular alga, Dunaliella bardawil, as well as Dunaliella bardawil powder, the 
history of use of Dunaliella bardawil powder in food; compositional details, 
specifications, and method of preparation of food grade Dunaliella bardawil 
powder. GA also reviewed the .most recent published literature related to 
p-carotene, a major constituent of the Dunaliella bardawil powder, to ensure that 
there were no safety concerns related to the ingestion of this natural carotenoid 
at the specified low levels in which it would be incorporated into the proposed 
food categories. 

Safetyltoxicity studies performed with laboratory animals, along with available 
clinical studies, were provided. Nikken was also asked to supply present and 
proposed food use information. Determining the quantity of .Dunahella bardawil 
powder that can be safely consumed on a daily basis, i.e., the so-called “dose” or 
use levels, is critical in the determination of safe exposure levels for Dunaliella 
bardawil powder when consumed as a food ingredient. The composite 
safetyltoxicity studies in concert with anticipated exposure information constitute 
the two critical pieces of information that form the basis of the GRAS evaluation. 

-The safetyltoxicity studies, consumptionlexposure information and other related 
documentation were augmented with an independent search of the scientific and 
regulatory literature? Based upon the composite information, .a GRAS 
assessment based primarily on available safety information with supportive 
information provided by common use in food was undertaken. Those references 
that were deemed pertinent to the objective at hand are listed in Section VIII. 

Literature databases were searched periodically. The last search conducted in July 2010 included 
Toxline@, Medlhe@ and Google Scholar@. 

Page 6 of 52 0 0 0 0  i 4 



GRAS Assessment for Nikken Sohonsha Corporation 
Dundiella bardawil powder 

July 30,2010 

C. FDA Regulatory Framework and Existing Regulations of Dunaliella 
bardawil Powder 

Dunaliella bardawil powder is readily available in dietary supplements in the US 
marketplace. At least two other dietary supplement products produced from 
Dunaliella bardawil were being marketed in the US that contain a- and 
p-carotene when Nikken submitted its notification for the use of its product. 
Nikken’s NDI document (Report 410) was for Nikken’s Dunaliella Dried Powder 
with the usage level at 100 mg in milk 1-3 times per day as a source of its natural 
p-carotene. FDA issued its dietary supplement acknowledgement letter August 
15, 2007 ‘[Attachment I]. 

As is the case with many other dietary supplement products sole in the US, 
including one brand of spirulina, the label for Nikken’s US dietary supplement 
contains the cautionary statements that the product should be kept out of the 
reach of children, and women who are pregnant or nursing should consult with 
their physicians before taking this product. 

In addition to the FDA-authorized use of Dunaliella bardawil powder in dietary 
supplements, FDA regulates one of its important components, p-carotene, as an 
affirmed GRAS substance for use as a nutrient (21 CFR 184.1245) based on a 
review by the Select Committee on GRAS Substances (SCOGS, 1979) and as a 
color additive (21 CFR 73.95). The food grade specifications for the US are 
published in Food Chemicals Codex (“FCC”). These specifications do not 
specify any particular synthetic or natural source as long as the FCC identity and 
purity specifications are met. 

In accordance with FDA regulation of foods, however, dietary supplements 
cannot legally be added to conventional foods. Such ingredients must undergo 
pre-market approval by FDA as food additives or, alternatively, the ingredients to 
be incorporated into conventional foods must be determined to be generally 
recognized as safe (GRAS). The authority to make GRAS determinations is not 
restricted to FDA. In fact, GRAS determinations may be provided by experts who 
are qualified by scientific training and experience to evaluate the safety of food 
and food ingredients under the intended conditions of use.3 

3 See 21 CFR 170.3(i)(3). 3 See 21 CFR 170.3(i)(3). 
3 See Federal Register 62 April 17,1997,18937; or http:/lwww. 
fda.govlFood/FoodlngredientsPackaging/GenerallyRecognizedasSafeGRAS/u~O83O58. htm. 
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In 1997, FDA altered the GRAS determination process by eliminating the formal 
GRAS petitioning process. At that time, the petitioning process was replaced 
with a notification procedure! While outlining the necessary content to be 
considered in making a GRAS determination, FDA encouraged that such 
determinations be provided to FDA in the form of a notification. However, 
notifying FDA of such determinations is strictly voluntary. 

D. Additional Regulatory Background for Dunaliella bardawil Powder 

Besides the recent approval for use in dietary supplements in the US 
(Attachment 1 ), Nikken has provided the following information: 

In Japan, Nikken’s Dunaliella bardawil powder is currently incorporated in noodles (0.03%), 
breads (0.1 %), soybean pastes (0.05%), soybean sauce (0.05%), traditional Japanese 
confectionery (0. I%), and a Western-type confectionery (0.1 %) similar to sponge cake that 
is sold in Japan only. 

Nikken’s Dunaliella bardawil powder was approved by the Japanese Health Food and 
Nutrition Food Association in 1988, and since the latter part of 1988, Nikken has been 
selling the subject powder for use as a health food supplement in various countries, such 
as Japan, Korean, Canada, Indonesia, Thailand, Singapore, and India. 

Beginning in November 1995, Nikken supplied hard capsules of its Dunaliella bardawil 
powder containing natural p-carotene as a health food supplement product in Japan, 
Indonesia, Thailand, India, Singapore, and the Republic of China. 

In 1993, Nikken gained approval as a feed additive in Japan and began selling its 
Dunaliella bardawil powder for animal feed for fish, cows, and chickens. 

Since 1988 Nikken has marketed approximately 55,900 kgs and has never had to recall its 
powder nor has it received any adverse events associated with its powder. 

In addition, a review has been conducted by the Joint Expert Committee on Food 
Additives (“JECFA) on applications submitted to establish ADls for natural 
p-carotene of Dunaliella algae using different preparations, such as oil extract, 
dehydrated algal carotene and equivalents; however, not all the literature at hand 
was reviewed. At that time, the major issue was natural versus synthetic 
p-carotene. The committee considered the data to be inadequate to establish an 
AD1 for the dehydrated algal carotene preparations or for the vegetable oil 
extracts of p-carotene from Dunaliella salina and concluded that there is no 
history of use of Dunaliella algae neither as food nor for comparing different 
species of Dunaliella algae (WHO, 1993). JECFA has not conducted any other 
reviews of the biomass of Dunaliella bardawil since this review in 1993, and since 
then, a variety of new studies was published and is discussed in this notification. 

4 See Federal Register 62 April 17, 1997,18937; or http://www. 
fda.gov/Food/FoodIngredientsPackaging/GenerallyRecognizedasSafeGRAS/u~O83058. htm. 
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111. CHEMISTRY, HISTORY, TAXONOMY MICROBIOLOGY AND 
MANUFACTURE OF Dunaliella bardawil Powder 

A. Chemistry, History, Taxonomy and Classification 

The halophilic, photos,ynthetic green algae, Dunaliella bardawil, has been known 
and studied for I00 years (Oren, 2005). This genus includes several ill-defined 
unicellular species that live in a wide range of marine habitats -from seawater to 
fresh water (Brock, 1975; Polle, Tran, and Ben-Amok, 2009; .Zamir, 1992; Oren, 
2005; and Butcher, 1959). Usually algae of the genus Dunaliella are consistently 
found in sea water and evaporation salt ponds which contain greater than 2 M 
salt and greater than 1 M magnesium (Ben-Amok, 2009 and .Brock, 1975). This 
organism is one of the ‘most halotolerant eukaryotic’ organism known, showing a 
remarkable degree of adaptation to a variety of salt concentrations, from as low 
as 0.1 M to salt saturation of >5 M (Gonzalez, Gomez, and Polle, 2009; 
Borowitzka 1981 , and Borowitzka, 1986). There have been many decades of 
research and development of aquaculture systems, principally in Australia and 
Israel, to commercialize Dunaliella bardawil, rich in carotenoids for use as an 
animal and human food source (Rao, 2009). 

The subject powder consists of the dehydrated biomass of the alga Dunaliella 
bardawil and, therefore, is a mixture which largely consists of protein, 
carbohydrate, fat, minerals and carotenoids. Further description of the isolation 
and cultivation of the cells as well as their unique characteristics is provided 
below. The parameters on growth conditions for the algae are explained in the 
manufacturing procedure later in this Section. More details of the composition 
are given in the product specifications that follow. 

The microalgae taxonomy and phylogeny are the following: 

Kingdom: Plantae 
Ph yl um: Chlorophtya 
Class: C hlorop hyceae 
Order: C hlamydomonadales* 
Family: Dunaliellaceae 
Genus: Dunaliella 
Specieslstrain D. bardawil 

* The National Center for Biotechnology Information has revised the name of the Order 
for this alga in its database. 
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Dunaliella bardawil has .been classified and assigned the following numbers 

Integrated Taxonomic Information System Serial number 1 894325 

The ATCC #30861 culture listing is included at Attachment 2. #LB 2538 UTEX 
Culture Collection, USA listing is shown below as published with no information 
provided for either the category, “Collection” or “Also Know As”. Neither of these 
listings use the same media as is used to cultivate and grow Nikken’s Dunaliella 
bardawil powder in Israel. 

UTEX Number: LB 2538 
Class: Chlorophyceae 

Strain: Dunaliella bardawil 
Media: 2X Erdschreiber’s Medium 
Origin: Bardawil Lagoon, North Sinai, Israel 

Description of Location: salt pond 
Type Culture: No 

Collection: 
Isolation: M. Avron, A. Ben-Amotz (1976) 

Isolator Number: ATCC 30861 

Relatives: ATCC 30861 
Deposition: R. Adams (1980-2) 

Also Known As: 
Notes: patented organism for production of glycerol, carotenes, and 

protein-rich material (Avron & Ben-Amotz U.S. Pat. 4,199,895) 

9. Common or Usual Name 

The common or usual name for the subject material is Dunaliella bardawil alga or 
Dunaliella bardawil powder. 

5 Accessed at www.itis.gov. 
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4.  Isolation and Identification of Dunaliella bardawil Species and Strains 

In 1976 Professor .Ben-Amotz, as a student at the Weizmann Institute of Science 
(WIS), Israel, collected reddish water samples from the Bardawil lagoon, Egypt 
and isolated the alga species, Dunaliella bardawil. Bardawil lagoon is located at 
3I009’N, 33’08’E on the southeastern Mediterranean coast and is separated 
from the sea by a long narrow sand bar (Abd Ellan and Hussein, 2009). When 
the physical limnology of the lagoon was studied in 2004, the investigators found 
that in summer the air and water temperatures as well as the evaporation rate 
were high (27.OoC and 24.6OC, 6.0 mdday, respectively). Salinity range also 
varied greatly and from the 1970s to 2006, the annual variation of maximum 
water salinity ranged from over 95% in some isolated basins in the 1970s to 
approximately 70% in 2004 (Abd Ellan, and Hussein, 2009). 

Typical microbiological procedures were used to isolate and characterize this 
species, such as streaking the cultures brought back from the Bardawil lagoon on 
salt (8%) medium agar plates and incubating them under culture room quartz 
tungsten 30,000 Lux light. Colonies were isolated and purified using aseptic 
conditions by streaking the colonies repeatedly until an isolated cell was 
obtained. ‘The relevant isolated cell then was studied using a variety of 
techniques, analytical and chemical as well as light and electron microscopy. 
The cultures are maintained over the years through cultivation indoors and 
outdoors by using high salt concentration (close to saturation (35%), high light 
irradiation (direct solar light, >32,000 Lux) and nitrogen deficiency (0.1 mM KN03 
or NH&I). No induced genomic techniques were used to isolate or produce this 
algal species. 

2. Physiological and Biochemical Description of Dunaliella bardawil Cells 

The alga identified contains unicellular motile cells, with a single cell being about 
15 to 19 pm long and 10 to 14 pm in diameter. The cell shape is oval or elliptical 
and has a fine elastic periplast with no rigid cell wall (U.S. Patent 4,199,895, 
1980). This characteristic allows rapid changes in the cell volume in response to 
extra cellular changes in osmotic pressure (Ben-Amok, 2009). There are two 
flagella, 1.5 to 2 times the length of the cell, emerging along one edge of the long 
cell axis (U.S. Patent 4,199,895, 1980). When the alga is placed in high salt 
concentration (>4 M), it loses its flagella and the cells round to form a rigid cyst 
(Ben-Amok, 2009 and Loeblich, 1969). Using electron microscopy, one large 
chloroplast is observed and it occupies about % of the cell volume. This 
chloroplast is often arranged in a cup-shape around the nucleus. A single 
median pyrenoid embedded in the basal portion of the chloroplast is surrounded 
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by starch granules (U.S. Patent 4,199,895, 1980). The cell also contains 
“interconnected and oppressed membranes thylakoids, within which .the highly 
pigmented photosynthetic apparatus is located” (Jeffrey and Egeland, 2009). 
The cell volume is 200 to 1000 pm3. The cells reproduce vegetatively by 
longitudinal division of the motile cells (U. S. Patent 4,199,895, 1980). 

Cells of the species Dunaliella bardawil can change their colors from green to red 
depending on the growth conditions. When cells are growing in nutrient replete 
media at a salinity of about 1.0 M NaCl and at about 1/10 or less of sunlight 
intensity, cells have a green color due tothe high intracellular concentration of 
chlorophyll. In contrast, when cells of the D. bardawil are exposed to an 
environment that has high light intensity as equivalent to solar irradiation 
(110,000 Lux), high salinity of >2 M, nutrients such as nitrogen, phosphate and 
sulfate below 0.5 mM, and extremes of temperature <5OC, >33OC, massive 
quantities of p-carotene can be synthesized (Jeffrey and Egeland, 2009). 
D. bardawil cells accumulate the p-carotene in lipid globules in the stroma of 
chloroplasts. The amount of the carotenoids can be up to 12% of the algal dry 
weight (Ben-Amok, 2009). The high amounts of p-carotene present in the cells 
result in cells appearing orange-reddish. 

However, by allowing the high p-carotene containing D. bardawil to replicate and 
divide under growing conditions of low salinity (-0.5 M), low light intensity 
(200 Lux) and moderate temperature (-25OC), the accumulation of p-carotene is 
reversible. With each replication, the concentration of the p-carotene reduces by 
% until the organism becomes green, and the level of p-carotene is less than 1% 
(Ben-Amok, Katz, and Avron, 1982). 

The exact mechanisms of how cells of D. bardawil sense changes in growth 
conditions and react to -them in triggering carotenoid accumulation are unknown. 
It is believed that the regulatory mechanisms leading to accumulation of 
p-carotene in cells of D. bardawil are similar to those of higher plants and other 
photosynthetic organisms (Lamers, et al., 2008; Ye, Jiang, and Wu 2008; Jin and 
Polle 2009; and Ben-Amok, Lers, and Avron, 1988). 

When cells of D. bardawil are placed under stress conditions, the p-carotene 
produced is composed of two stereoisomers, all-trans and g-cis, with a trace 
amount of other mono-cis and di-cis p-carotene stereoisomers (Ben-Amok, 
2009). Using this strain, total p-carotene and the ratio of all-frans to 9-cis stereo 
isomers are dependent on the light intensity during the division cycle. ‘The 
authors conclude that the isomerization reaction takes place early in the 
biosynthesis of carotene and probably before the step forming the all-trans 
isomer; however, the isomerization step that produces the 9-cis-P-carotene is not 
yet defined (Ben-Amok, 2004). 

0 0 0 0 2 0  
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In addition to p-carotene, glycerol may accumulate in the cell when cells are 
exposed to high levels of extracellular salt concentration. The glycerol 
“concentration is directly proportional to the extracellular salt concentration and is 
sufficient to account for all the required cytoplasmic and most of the chloroplastic 
osmotic pressures” (Ben-Amok, 2009). The osmotic cycle responds to high 
salinity by enhancement of photosynthesis through diversion of carbon and 
energy resources in the production of glycerol (Ben-Amok, 2009). Other 
constituents, such as starch, protein, and lipids, have been identified as 
components of the cell. 

Algae of the genus Dunaliella have .been studied for more than 100 years. There 
have been no published articles throughout the entire last century that identified 
the production of any toxic metabolites or toxins (Ben-Amok and Avron, 1990). 
On the contrary, in hypersaline environments algae of the genus Dunaliella play 
an important role as the major primary producers on which animals such as brine 
shrimp feed. No reports on any .toxins in the foodchain of hypersaline habitats 
are known. 

In addition, the European Commission Scientific Committee for Food indicated 
that the unicellular alga, that are classified as food sources and which are 
species of Chlorophyceae do not produce toxins (European Commission 1998). 
Finally, the lack of toxicity is well presented in a detailed study by Mokady, 
Abramovici and Cogan, 1989 and described in a chapter by Mokady, 1992. 

3. Isolation of Nikken Dunaliella bardawil Strain 

Organisms, such as microalgae, exist in fluctuating environments. As a 
consequence, they have the inherent basic genetic flexibility to acclimate to 
short-term changes in the environment. In addition, cells may adapt to specific 
environments over a time period of hundreds of generations (Rebound and Bell, 
1997; Collins and Bell 2004; and Collins, Sultemeyer and Bell 2006). In the case 
of Dunaliella bardawil, over more than ,two decades and thousands of 
generations, the original strain has adapted to Nikken’s pond environment in Eilat 
by producing higher amounts of p-carotene but when removed from that 
environment, can reverse accumulation of this chemical and the cell returns to 
the increased production of chlorophyll as discussed above. 

In 1978 the above species (ATCC 30861 ) was transferred after ten years of basic 
studies at the WIS from Rehovot to Eilat where it was inoculated in open ponds 
of NBT Ltd. Natural selection has been initiated on the ATCC 30861 species by 
the extremely harsh environmental conditions (temperature below 5OC and above 
4OoC, continuous high irradiance all year round at maximum solar illumination 
(120,000 Lux), and high salt concentration up to saturation of >35%). These 
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D. Manufacturing Procedure 

I. Production of Dunaliella bardawil Powder, (Ben-Amok, 2004 and Ben- 
Amotz .and Avron, 1990) 

The mode of cultivation of Nikken’s Dunaliella bardawjl used by NBT Ltd. is 
referred to as intensive cultivation. The ponds at Eilat where Dunaliella bardawil 
grow are manmade, usually oblong, lined, constructed ‘shallow raceways’ 
varying in size. One of the larger ponds has a surface area of approximately 
3,000 m2. Long arm, slow revolution paddle wheels are used to provide 
circulation for the ponds. Attachment 3 shows a diagram where the size of a 
pond (Nos. 1-6 and 19-26) is 150-170 meters long and 10-20 meters wide and 
about 3,000 square meters in area. The other ponds shown in the diagram are 
used for test cultures, etc. 

The alga is grown in several ponds through an autotrophic, photosynthetic 
environment using salt water supplemented with carbon dioxide and food grade 
nutrients, nitrate, and phosphate. The ponds are inoculated by culture liquid 
transfer and dilution 1:3 (VN). The inoculate from the laboratory cultivation is 
grown in the same medium as is used in large scale algal production, namely, 
seawater, nitrate (or ammonia) and phosphate. pH is maintained by Codair. 
The water for the ponds comes from the Red Sea, and recycled salt water 
originates from the Red Sea. The addition of each is determined by the desired 
concentration of salt required per pond, per day. The salt concentration of the 
ponds varies from 1.5 M in the winter tcr above 3 M in the summer. The 
environmental conditions, including the salinity concentration, pH, total dissolved 
carbon and light penetration by depth, are computer controlled. The ponds are 
maintained at the desired salinity by using Red Sea water which is approximately 
4% salt. Nutrients are supplied by nitrogen in .the form of KN03 or NH&l at 
deficient level of up to 0.5 mM while phosphate is maintained by adding H3P04 at 
0.5 mM. 

During the growth phase which can be 1-7 days, cell number, cell volume, 
chlorophyll, p-carotene, pH, nutrients’ concentration, salinity, etc., are measured 
and monitored daily using well-known published classical chemical analytical 
methods. The growth cycle can vary depending on the season and growth 
conditions, e.g., one division rate can be from 24 to 168 hours. The algae are 
harvested when the carotene to chlorophyll ratio is above 6. 

The growth of the algae is conducted under good agricultural practices and no 
pesticides or other harmful chemicals are used in its production. The sea water 
is analyzed once a week both when it is pumped into the ponds and when it is 
discarded for recycling or back to the Red Sea. These reports are sent to the 
Marine and Coastal Environment Division, Ministry of Environment, State of 
Israel, as part of the Permit given to NBT Ltd. Eilat. A copy of one of the reports 
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is provided [Attachment -41. Using an independent laboratory NBT periodically 
tests the powder for pesticides, including herbicides, and heavy metals 
[Attachment 51. All values tested are below the specific tests’ detection levels. 

Nikken’s Dunaliella bardawil is cultivated in nitrogen deficient culture medium at 
high salinity under unscreened solar irradiation conditions that eliminate most 
predators, common bacteria and other algae. 

p-Carotene is analyzed dai1.y by spectrophotometric means during the growth 
period, and when it reaches 5-10 mg/L, the liquid containing Dunaliella is 
pumped and filtered through a 100 pm filter to remove foreign matter and then 
conveyed through elevated balance tanks I O  meters above the centrifugation 
room so that a constant air free flow to the four centrifuges is -provided. The 
liquid-containing Dunaliella is centrifuged, using Westphalia Separators AG 
(Germany), at 4,200 rpm, 13 - 15 m3/h to produce 1,200 L paste. 1,200 m3 is 
recorded throughout the manufacturing process as a lot. 

After the first centrifugation, 1,200 liters of paste are sterilized by APV 
AnhydroAS (Denmark) CTHE372 Tubular Heat Exchangers by heating to 85°C 
for 30 minutes and then cooled down to 10°C by a jacketed water chiller (Antoni 
S.P.A. Water Chiller AE200 (Italy) (4°C). In the desalination step about 600 L of 
paste are diluted to 4,000 L with water and stirred using a bar with propellers for 
15 minutes in a 7000 L tank. After stirring, a second centrifugation step at 4,200 
rpm, 10 - I 3  m3 per hour removes the waterhalt mixture which results in a 
mixture of 400 L the washed paste. A second sterilization step is conducted at 
this point using the Tubular Heat Exchangers, and a quantity of 100 - 150 L/h 
mixture is heated to 80°C. Once the mixture reaches 80”C, the product is 
vaporized and dried using a spray drier APV Anhydro .ISR135:’60 (Denmark). 
The flow rate in the drier is 100 - 150 L with the entrance temperature of 190°C 
and the exhaust exit temperature at 90°C. This step produces 50 kg/h Dunaliella 
bardawil powder. The diagrams of the manufacturing process and facility are 
provided at Attachment 6. 

The powder is wrapped in . I25 kg vacuum polyethylene bags (80 cm x 60 cm x 
78 microns) (Plastobarr N 80). These bags are then placed in cardboard cartons 
(52 cm x 52 cm x 43 cm (h)) which holds 4 bags (50 kg each carton). Each 
carton is stamped with the lot number. The cartons are shipped to the Japan 
facility where they are stored in a dark, cool, ,temperature-controlled warehouse 
separate from other stored products. ‘The resulting product meets food grade 
specifications. NBT certifies that it is in compliance with good agricultural 
practices and with CGMPs (21 CFR Part 11 0). 

Table 2 reveals the composition and specifications of three lots manufactured at 
different times. In addition, three different lots were analyzed for metal impurities 
(heavy metals (as Pb), mercury and arsenic). The results show that heavymetals 
(as Pb) (QL 5 ppm) and mercury (QL 0.01 ppm) were not detected at the limits of 
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detection for the methods used while arsenic as A s 2 0 3  was detected at not more 
than 0.4 ppm. Nikken also updated the specifications based on FDA comments 
by having three separate lots analyzed for iodine, lead and cadmium. 
The results of these analyses were: iodine, less than 0.3 ppm in all lots; lead, 
less than 1.2 ppm in all lots; and cadmium, 0.06 ppm in all lots [Table 31. There 
is no evidence of bioaccumulation of any of these elements by this organism and 
an analysis of the growing medium indicates that the levels of arsenic, cadmium, 
iodine, lead and mercury are all less than 1 ppm in the growing medium. Copies 
of the laboratory reports referred to in this paragraph are included in 
Attachment 7. 

^Examination 
items’ 

Table.2. Dunaliella bardawil Powder Composition and Specifications 

Lot M705 Lot # 0710 Lot # 0802 

MayllOl2007 Od19/2007 Feb142008 
Manufacturing Date: Manufacturing Date: Manufacturing Date: 

Properties 

Moisture‘ 

protein3 

Fat‘ 

Carbohydrate’ 

Ash’ 

Total Carotene’ 

Orange- Orange- Orange- Orange- Orange- Orange- Orange- 
brownish brownish brownish brownish brownish brownish brownish 
color. color. Typical color. Typical color. Typical color. Typical color. Typical color. Typical 
Typical Dunaliella Dunaliella Dunaliella Dunaliella Dunaliella Dunaliella 
Duna/ie/la Algae smell. Algae smell. Algae smell. Algae smell. Algae smell. Algae smell. 
Algae smell. 

2.8 3.4 3.7 4.4 2.6 3.3 6% 

6.4 6.3 6.5 6.4 6.5 6.4 < 20% 

24.1 23.5 24.8 24.1 23.5 22.9 30% 

19.5 20.8 23.9 22.8 21.2 23.1 30% 

47.2 46.0 41.1 42.3 46.2 44.3 c 50% 

7.89 7.91 7.21 7.34 7.89 7.81 5 < 10% 

Bcarotene’ I 7.52 I 7.47 I 6.88 I 6.95 1 7.59 I 7.45 I 5 5  10% I 

Arsenic (As)” 
Total Aerobic 
Mesophiles” 

E - C O P  

Staphylococcus 
a ~ r e u s ’ ~  

pcarotene inside 31 32 33 32 35 34 
Rat ioofScis inp I 1 1 I 1 I I 30550% I 
carotene* 

c 0.5 ppm 0.5 ppm 0.5 ppm 0.5 ppm c 0.5 ppm 0.5 ppm c 0.5 ppm 
S 3,OOOlg 5 3,OOOlg S3,OOOlg 53,OOOlg I3,OOOlg 5 3,OOOlg S 3,OOOlg 

Negativelg Negativelg Negatidg Negativelg Negativelg Negatiwdg Negativelg 

NegatidO .O Negative/O .02 NegatidO .02 Negative/O.02 Negati d0.02 Negativelo .02 Negativelo .02 
2 8  g g g g g g 

Sodium Chloride’ I 2.2 I 2.1 I 2.1 I 2.2 I 2.3 I 2.4 1 3% I 

Molds16 

Clostridium 

~a~rnone~ia”  

perfringens“ 

NegatlvelO.1 NegativelO.1 g NegatidO.1 g NegatiwdO.1 g Negative/O.l g NegativelO.1 g Negative/O.l g 

NegativelO.1 NegativelO.1 g NegatidO.1 g Negative/O.l g NegatidO.1 g NegatlvelO.1 g NegatidO.1 g 

Negativel20 Negatlvel20 g Negatid20 g Negative/20 g NegativeRO g Negative/20 g Negatid20 g 

g 

g 

P 

Pseudomonas 
aeruginosa18 

NegatiWO.0 NegatidO.02 Negatid0.02 Negative10.02 NegatidO.02 NegatidO.02 NegatidO.02 
2 g  g g g g g 9 
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Iodine 

Lead (Pb) 
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Lot #0909 LOt~# 1001 Lot.# 1004 Final 
Manufacturing Manufacturing Manufacturing Specification 

Date: Date: Jan/22/2010 Date: Apr/6/2010 
Augll a2009 

0.28ppm 0.26ppm 0.28ppm 0.26ppm 0.28ppm 0.25ppm 0.5ppm 

1.12ppm l.lOppm l . l lppm 1.12ppm 1.12ppm 1.09ppm 2PPm 

O.06ppm O.06ppm O.06ppm 0.06ppm O.06ppm O.06ppm O.4ppm 

Table 3. Dunaliella bardawil Powder Supplemental Specifications 
[Attachment 7]* 

*Method: Inductively coupled plasma mass spectrometry 

E. Stability Data 

Nikken has conducted shelf-life stability on Dunaliella bardawil powder. Three 
different lots contained in sealed vacuum opaque polyethylene aluminum bags 
were stored in a room where temperature varied from 75-30°C and the humidity 
range was 30-70% for two years. No appreciable changes in the various 
compositions of the subject material were seen. The data are summarized in 
Table 4. 
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Table 4. Stability Test .Data-for Expiry Date Dunaliella bardawil Powder 

a Methods for these determinations are listed in Attachment 8. 

The data presented demonstrate that the Dunaliella bardawil powder is growing under 
good agricultural conditions and processed under Current Good Manufacturing Practices 
(21 CFR Part 1 I O ) .  
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IV. INTENDED DIETARY USES 

A. Intended Food Uses 

Nikken intends to market Dunaliella bardawil powder with its naturally occurring 
p-carotene content as a nutrient supplement as defined in 21 CFR 170.3(0)(20) 
for use within selected foods, including bread, rolls, cookies, crackers, cheese, 
mayonnaise, tofu and fermented soybean products. Maximum use levels 
proposed for each food category are listed in Table 5. 

The intended addition to designated foods at these proposed use levels as a 
food ingredient is similar in nature to spirulina (FDA, 2003). A major component 
in Nikken's Dunaliella bardawil powder, p-carotene which is present at a level of 
approximately 8%, is authorized by FDA as both a color additive 
(21 CFR 73.95) and a GRAS affirmed nutrient supplement (21 CFR 184.1245). 
With the latter functionality, the p-carotene is added to food products for the 
nutrient advantages and not for its potential to impart color. Nikken states that 
the addition of its Dunaliella bardawil powder to the various food products occurs 
at sufficiently low levels that the p-carotene will not impart a significant color to 
the resulting food products. Furthermore, the subject ingredient is not intended 
IO function as a color additive. Therefore, the incorporation of Dunaliella bardawil 
powder with its naturally occurring p-carotene falls outside of the definition of 
color additive (21 CFR 70.3(g)). 

B. Estimated Daily Intake 

Based on the proposed food uses of Nikken's Dunaliella bardawil powder, a point 
estimate for dietary intake was calculated using FDA guidelines (FDA, 2006). 
USDA survey data were used to estimate mean levels of consumption from the 
chosen food categories. Therefore, based on the use of the FDA guidelines and 
USDA survey data for per capita consumption, a level of twice the mean was 
calculated as an overestimate for the 90" percentile total consumption of these 
foods. This estimate indicates that a high consumer of foods containing 
Dunaliella bardawil powder is not likely to consume more than 0.071 grams per 
day of the proposed ingredient or 6 mg of p-carotene per day. (See Table 5.) 

This exposure of p-carotene from Dunaliella bardawil powder is similar to the 
level (3-6 mg/day) the Food and Nutrition Board estimated from a well-balanced 
diet containing daily consumption of 5 servings of fruit and vegetables (FNB, 
2000). It is less than the level based on the AD1 of 5 mg/kg/day established by 
JECFA (WHO, 1975). Furthermore, this exposure compares favorably to the 
estimated consumption of 37 mg/person/day from all dietary sources that was not 
of concern when previously reviewed by FDA (SCOGS, 1979). 
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Total Cheese 

Table Fats 

Yeast breads 
and rolls 

Meat 

?**a. 

0.01 16 0.0016 

0.01 4 0.0004 

0.01 50 0.0050 

0.01 197 0.0197 
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As indicated in the 2006 FDA guidance, these proposed values of Dunaliella 
bardawil powder and the pcarotene component of the powder should be viewed 
as overestimates of the 90" percentile consumption. 

Table 5. Proposed Consumption of Nikken's Dunaliella bardawil Powder 

Low Eat cheese, 
cheese spreads, 

cottage and cream 
cheese 

Mayonnaise 

Bread Rolls 

Tofu" 

Fermented soybean 
products (soy 

sauce, miso, soy 
paste) 

Cookies 

Crackers 

Total soy 
based sauces 

cookies, 

Crackers, 

pretzels, corn 
chips 

0.01 1 lb 0.0011 

0.01 38 0.0038 

0.01 38 0.0038 

0.0032 

0.0008 

0.0100 

0.0394 

0.0022 

0.0076 

0.0076 

a Overestimation due to lack of appropriate food category in survey 
Mean not found for per capita consumption; value used is for eaters only 

Reference 1: DATA TABLES: Results fkom the USDA's 
1994-96 Continuing Survey of Food Intakes by Individuals and 
1994-96 Diet and Health Knowledge Survey Table Set 10 
Food Surveys Research Group, Beltsville Human Nutrition Research Center 
Reference 2: Foods Commonly Eaten in the United States 
Quantities Consumed Per Eating Occasion and in a Day, 1994-96 
Helen Smiciklas-Wright, Diane C. Mitchell, Sharon J. Mickle, b e t t a  J. Cook, Joseph D. Goldman 
h~://www.ars.usda.~ov/SP2UserFiles/Placel123 5500O/~dtPortion.pdf. 

Reference 
1, Table 
9.4 p. 29 

Reference 
1, Table 

Reference 
1, Table 
9.1,~. 26 
Reference 
1, Table 
9.5, p. 30 

-9.6, p. 31 

Reference 
2, p 197 

Reference 
1 , Table 
9.1 p. 26 

Reference 
1, Table 
9.1 p. 26 
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Arsenic c0.5 ppm 35.5 8.3 to 14 
Cadmium c0.4 ppm 

Iodine c 0.5 ppm 35.5 138 to 353 

28.4 30 
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Yost et. at., 1998 

usa,net/toxicslchemicalslindex.shtml 
Murray et aL.2008 

httD:llW.eCO- 

C. Intake of Trace Elements from Dunaliella bardawil Powder 

Lead 
Mercury 

The daily intake of certain trace elements from use of Nikken Dunaliella bardawil 
powder is summarized in Table 6. The analysis in Table 6 assumes that the 
consumption of the Nikken product is 71 mg/person/day. 

c2 ppm 142 60 ATSDR, 2007 

0.71 3 c0.01 ppmc httD:l/www.eco- 
usa.netltoxicslchernicalsAndex.shtml 

Table 6. Calculated Dietary Intake of Certain Trace Elements from 
Consumption of Ni kken Dunaliella bardawil Powder 

D. Other Information on Human 'Exposure to Dunaliella bardawil Powder: 
Use as Food Ingredient and Dietary Supplement 

Nikken sales figures for 2008 indicate that more than 4.5 million capsules of 
Ni kken Dunaliella bardawil powder were sold in Japan, Indonesia, Thailand, 
Taiwan and India for use as a dietary supplement. In addition, powdered product 
was sold for use in conventional foods as well as a dietary supplement in these 
designated countries and in South Korea. The total amount of Dunaliella 
bardawil powder sold by Nikken for total food uses in 2008 exceeded 1900 kg 
and in 2009 exceeded 1200 kg. In addition, over the past twenty plus years 
Nikken has sold approximately 55,900 kgs and has not received any reports of 
adverse events, including any associated with allergenicity, nor have there been 
any adverse events reported in the literature. 
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V. SAFETY DATA FOR DUNALIELLA bardawil POWDER 

A. Dunaliella barda wil .Powder Safety Considerations 

The safety of Nikken’s Dunaliella bardawil powder (hereinafter in this section 
referred to under each subsection initially as Dunaliella bardawil powder and 
subsequently then as “the powder ”or” the dried algal powder” has been 
demonstrated by a considerable number of toxicology and clinical studies. Many 
of these studies were of complex design with several test materials although 
most included at least one group of animals given a crude dried algal powder. 
Some of the studies were focused on the efficacy of the major component, 
p-carotene, and many studies used several test materials that contained varying 
levels of p-carotene. In addition, many of these studies were not available for 
review by JECFA in 1993 (WHO, ‘1993), and this will be discussed more fully 
subsequently. Those studies available to the Expert Panel that were not 
considered by JECFA are highlighted in the discussions to follow. 

One issue that arose in the interpretation of the studies is the amount of salt 
present in the test sample that was carried over from the brine pits where the 
algae were grown. It is common practice now to wash Dunaliella bardawil algae 
before drying to remove some of the excess salt. This was not the case with 
early manufacturing samples with which at least one of the safety studies were 
conducted. It is important to note that the Nikken product contains 2-3% salt, 
while the test sample in the Mokady study discussed below contained 24.7% salt. 

1.  Acute Toxicity Studies for Dunaliella bardawil Powder 

Two unpublished acute studies addressing the toxicity of Dunaliella bardawil 
powder given as single doses to mice or rats have been conducted. Both studies 
were reviewed by JECFA. No lethality was seen within 14 days after 
administration, and no clinical signs of toxicity were found in either study. 

The powder was nontoxic and not lethal when administered by oral gavage to 
male and female Crj:CD-I (ICR) Charles River mice (lO/sex/group) at 2.5 g/kg, 
5.0 g/kg and 10 g/kg (Aruga, 1987) [Attachment 93. There were no test article- 
related changes in body weight, and no visible abnormalities were observed in 
mice at the post-mortem examination. The stud,y was performed in compliance 
with Japanese Good .Laboratory Practice Standard for Safety Studies on Drugs. 

Male Sprague-Dawley rats were administered the powder by oral gavage at a 
dose of 5 g/kg and were observed for the subsequent 14 days (Lock, 1985). 
There were neither mortalities nor overt signs of toxicity, and all the rats gained 
weight during the observation period. 
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2. Reproductive and Developmental Studies for Dunaliella bardawil 
.Powder 

Reproductive and developmental studies have been conducted in laboratory 
animals with Dunahella bardavliil powder and are summarized below. There do 
not appear to be any adverse effects of the powder on reproduction or 
developmental parameters in rats. The study by Mokady et al. (1989) is .the most 
toxicologically comprehensive study because it was a multigenerational study, 
and the FO generation was maintained on the diet for one year and then full 
histopathology was done. The primary purpose of this study was to-examine the 
powder as a dietary supplement, so very high doses were used. 

Mokady et al. (1989) studied the effect of dried algal powder on the reproduction 
of Charles River CD strain rats. The powder contained 24.7% sodium chloride. 
Three groups of 30 animals (IO males and 20 females/group) were provided' 
diets with 0, 5% or 10% of the dehydrated test article. The dietary composition of 
the diets for all three groups was adjusted so that all diets contained 18% protein. 
The author estimated that the 5% group consumed 5 glkg bw algal powder as 
weanlings and 10 g/kg bw as adults, and the IOYO group consumed twice that 
amount. The rats were followed through four generations. Rats (5/sex/group) of 
the Fo-generation were kept on their allotted diets for one year, and 5 male and 
5 female rats were studied for general toxicological effects. Reproductive 
performance for all generations was recorded. Clinical observations, survival, 
and weekly physical exams were conducted. At the end of the feeding period 
FO at one year of age, F1 and F2 at 5 months, and F3 at weaning), 5 rats/sex of 
each group were used to assess hematological and blood chemistry parameters. 

Rats (Usex) of the FO generation were kept on the diets for 1 year and were 
studied for general toxicological effects. Organ weights were measured in both 
dose groups, and histopathology was done on tissues from the high dose group. 
There were no significant differences in general appearance, growth and 
behavior, or for reproductive parameters including frequency of pregnancy, litter 
size, pup weights and survival data in any generation. The only effect of the 
powder on organ weights increased relative kidney weight in the FO generation, 
statistically significant-in males but not in females, in both the 5% and 
10% groups. The author discounted this effect due to the high salt content of the 
algae used. 

The FO generation animals had no meaningful differences in blood chemistry and 
hematology parameters. The only differences in histopathology observed were a 
decrease in some chronic inflammations, a slightly higher frequency of 
metaplasia of the renal pelvis epithelium with ectopic nephrocalcinosis in the 
renal papillae, and an increased frequency of focal bronchopneumonia in rats fed 
10% algae when compared with the controls. The latter effect was attributed to 
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the powdery nature of the algal diet. The author attributed the effects .in the 
kidney to the high salt content of the unwashed test material and cited 
similar effects of salt administration in the literature. Due to the absence of 
adverse effects in this study, the authors concluded that the results were 
indicative of safety for human consumption at levels of 10-20 g per day of 
the powder. 

A reproductive study was also conducted in mice (Nagasawa ef a/., 1989a). 
Male and female SHN/Mei mice were divided into three groups. The control 
received AIN-76TM diet containing 2.2 X 1 04% retinyl palmitate. The two treated 
groups were provided with a vitamin A-deficient AIN-76TM diet supplemented 
with spray dried powder of Nikken’s Dunaliella bardawil and D. salina extract oily 
solution; the final concentrations of p-carotene in the diets were 0.51 mg/kg and 
300 mg/kg diet, respectively. Based on levels indicated in older publications, the 
carotene content of the algal powder was likely 5% (Ben-Amok et al., 1989). 
Therefore, the estimated level of algal powder in the diet of the high dose group 
is estimated to be 6% and the maximum dose to the animals is estimated as 
12 g/kg bw/day.6 Animals were mated, and on the da.y of parturition (da-y 0 of 
lactation), the number of pups was adjusted to 6-7 within each group through day 
20 of lactation. Reproductive parameters measured included deiivery interval, 
mother’s weight at parturition, still-birth rate, number of still-born pups, litter size, 
average pups’ weight on days 0, 12 and 20, pups’ growth rates, and rearing rates 
on days 12 and 20. Body weights, estrus cycle, and plasma prolactin levels were 
assessed in the dams. 

Both test groups were apparently lower in delivery interval and still-birth rate, and 
higher in litter size than the control, while the differences were statistically 
marginal. Rearing rate was significantly higher in the Dunaliella groups than in 
controls on both days 12 and 20. Little differences were observed among groups 
in the other parameters. B0d.y weights were increased in males of the Dunaliella 
groups, while there was very little difference in weights of the females. There 
were no statistical differences in the age of vaginal opening, the pattern of estrus 
cycle or plasma prolactin levels (Nagasawa et ai., 1989a). JECFA did not 
include this study in its review. 

Study authors did not indicate level of algal powder in the diet nor did they calculate animal doses of algal 
powder. The concentration of p-carotene in algal powder was assumed to be 5% based on 
contemporaneous information about composition of algal extracts. Conversion of ppm in mouse diet to 
mgkg bw was done by dividing by a factor of 5 as recommended by Auletta, 2002 (Table 2.29, page 105). 
All samples of algal extracts studied by Nagasawa (1989, a,b,c, 1991) were produced by the same 
production facility in Israel that is the source of current Nikken material. 
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Although the latter study described in this subsection was designed to test the 
ability of the natural p-carotene contained in the algal powder to substitute for 
dietary vitamin A as compared to the control group given retinol, there was an 
absence of adverse reproductive and developmental effects from the ingestion of 
the powder at high doses in mice as there was in rats (Mokady et al., 1989). 

3. Subacute and Subchronic Studies for Dunaliella bardawil Powder 

While the one year study conducted on the FO generation in the study (Mokady et 
al., 1989) discussed in Section V.A.2 is-the animal study with the longest duration 
of dietary exposure, a number of other studies were conducted in rats or mice 
where Nikken’s Dunaliella bardawil powder or the algal powder from another 
source was administered orally from 2 weeks to 6 months in duration. 

a. 2-Week Studies 

Shaish et al. (2006) showed that the algal powder of Dunaliella bardawil 
increased plasma HDL-cholesterol in fibrate treated mice. Six-month-old 
transgenic male mice (apoA-l C57BV6) were fed the powder for two weeks in two 
separate studies. In the first study, 24 mice divided into 4 groups received either 
saline, fibrate (30 pg/g bw), or the powder of approximately 4 g/kg diet 
(approximately 16 mg 9-cis p-carotene/mouse/day), or fibrate plus D. bardawil 
powder. The second experiment was set up like the first, except the mice 
receiving the powder were given approximately 57 nmol of 9-cis P-carotene/day. 
Results showed that the combination treatment of fibrate and the powder 
amplified the effect of the drug on HDL-cholesterol levels. 

The effect of a powder from a different source (an authenticated indigenous 
strain of D. bardawil isolated from the Sambar lake of Rajasthan, India) on CC14- 
induced toxicity was studied by Vanitha et al. (2007). Albino Wistar rats were 
administered either 2.5 or 5.0 g powder/kg body weight each day for 14 days. 
Animals were tested for CC14-induced liver toxicity by measuring biochemical 
markers in the blood and liver. Administration of the powder decreased the 
deleterious effect of CCI4, as evidenced by the decreased level of liver marker 
enzymes. The results also showed a protective effect of the powder against 
DNA strand breaks in hepatocytes, as measured by single cell gel 
electrophoresis. Liver histopathology was better with the powder treatment, 
supporting the protective action on hepatic oxidative injury. 

Neither of these recent studies were available at the time of the JECFA review. 
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b. &Week Study 

In an unpublished study directed by T. Furuhashi (1989) and reviewed by 
JECFA, Dunaliella bardawil powder was suspended in aqueous CMC-Na and 
was administered by oral gavage at 0, 0.5 and 2.5 g/kg bw for 28 days in 
Sprague Dawley rats (5lsexlgroup). The ash or salt content for this test sample 
was not given. The control was 0.5% aqueous CMC-Na solution (1 0 mL/kg). 

Animals were administered their specific dose level via gavage daily for 28 days 
and were observed for general signs, body weights, food consumption, 
urinalysis, ophthalmic examination, and hematology and blood chemistry 
parameters. After 28 days of dosing, gross and histopathology examinations 
were performed [Attachment IO].  JECFA summarized the results of this study as 
follows: 

There were no deaths -or abnormal general signs in any group. No 
toxicological changes were observed for body weights, food 
consumption, and ophthalmological examination or in hematological, 
blood chemistry or urinalysis parameters. The authors concluded that 
necropsy, absolute organ weights, and histopathological examinations 
showed no effects related to the test article, however, in high dose 
males, JECFA observed that a small, statistically significant increase in 
the ratio of kidney to body weight but not in absolute kidney weight. 
JECFA also cited slight changes in a few animals in the histopathology 
of the thymus and kidneys of high dose animals although some of 
these changes were also noted in control ,animals (WHO, 1993). 

The authors concluded that the powder at the 2.5 g/kg dose level had no toxic 
effects. The stud,y was performed in compliance with Japanese Good Laboratory 
Practice Standard for Safety Studies on Drugs. 

c. Subchronic Studies (2 40 Week Dietary Exposure) 

Subchronic studies with oral administration have been conducted in mice and 
rats. 

In a study conducted to evaluate the efficacy of prefeeding Dunaliella bardawil 
powder in ameliorating acid-induced enteritis in a rat model, female Sprague- 
Dawley (1 l/group) rats were fed powder diets containing p-cabtene for 
10 weeks ( L a y  et al., 2003). The effects of p-carotene were evaluated by 
changes in myeloperoxidase activity, histology and histomorphometry. Feeding 
the powder at a dose of 20 g/kg bw in the diet (containing 5% p-carotene, i.e., for 
a dose of 1 g/kg bw) with an approximate equal amount of all-trans and 9-cis 
isomers) resulted in suppressed mucosal myeloperoxidase in rats. p-carotene 
also prevented acetic acid-induced histopathologic changes. Therefore, 
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p-carotene in a rat model is a prophylactic dietary measure that can reduce the 
effects of acetic acid enteritis (Lavy et al., .2003). No toxicological evaluation was 
done in the study. JECFA did not include this study in its review. 

The effects of spray-dried Dunaliella bardawil containing p-carotene on 
mammary growth and endocrine parameters were examined in mice (Nagasawa 
et al., 19896). For 100 days between 20 and 120 days of age, a high tumor 
strain of SHN/Mei mice received a vitamin A-deficient synthetic standard diet 
supplemented with synthetic all-trans &carotene, and the control animals 
received the normal synthetic diet adequate in vitamin A. The concentration of 
&-carotene in both test diets was 0.55 mg/kg of diet. Assuming that the algal 

abstract contained 5% &-carotene based on published information on 
contemporaneously available material, the level of algal powder in the diet is 
11 mg/kg of the diet and the corresponding dose of algal extract to the animal 
would be approximately 2.2 mg/kg bw/day which is equivalent to 
132 mglpersonlday in humans as previously noted. (See footnote 6.) The 
ingestion of the Dunaliella bardawil-containing diet showed no deleterious effects 
on mammary gland and uterine growth or mammatrophic hormone secretion. 
Puberty and body growth were accelerated by Dunaliella bardawil containing 
p-carotene compared to the synthetic all-trans f3-carotene. The authors 
concluded based on this study and the study discussed previously in V.A.2 
(Nagasawa et al., 1989a), that in mice, several reproductive parameters arid 
body growth are improved by p-carotene from the algal powder. 

Two other studies were done in the same high mammary tumor strain of 
SHN/Mei mice. Both studies were designed to study the influence of dietary 
algal powder on the development and progression of mammary tumors and 
neither study employed any systematic toxicological evaluation. In the first study 
(Nagasawa et al., 1 9 8 9 ~ ) ~  unspecified levels of algal powder were added to the 
diet of 2 month old virgin females to provide a p-carotene level of 5.1 x 1 0-5% for 
4-9 months (animals were sacrificed 3 weeks after tumors appeared). 
Turnorigenisis was significantly inhibited compared to a control group but there 
was no effect on estrous cycle, prolactin levels or endocrine organ weights. In 
the second study (Nagasawa et al., 1991), three groups of mice received algal 
powder to provide a p-carotene level of 5.1 x IO-’% for three different 3 month 
periods (1-4, 4-7 and ‘7-10 months of age, respectively). Tumor incidence was 
higher in mice given the algal powder during months 1-4, while reduced in the 
groups that received algal powder during months 4-7 and 7-10. The level of algal 
powder in the diet for both studies was calculated as 10.2 mglkg of diet for 
corresponding dose of algal powder to animals of approximately 2 mg/kg bw/day. 
(see footnote 6.) The authors did not mention any deleterious effect in either 
study. JECFA did not include either study in its review. 

In an unpublished study which was reviewed by JECFA (which is not currently 
publicly available), male and female weanling Sprague-Dawley rats 
(lO/sexlgroup) were provided powdered diets containing 0 or 10% of a test 
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material described by JECFA as "algal &carotene powder" (source of test 
material not cited) for 12 weeks (Majnarich, 1988). B0d.y weight gain and food 
intake were recorded at intervals up to and at termination when the animals were 
autopsied. Weights of heart, lungs, liver, kidneys, spleen, gonads and adrenals 
were determined at autopsy, and blood was collected for determination of serum 
glucose, AST, ALT, alkaline phosphatase, uric acid, BUN, triglycerides and 
cholesterol. One male rat in the treated group died during the study from "non- 
specific problems" not related to treatment. 

Dunalidla bardawil 
powder 

Dunalidla bardawil 
(uncertain whether 
Nikken's powder) 

There were no significant differences observed for food intake or body weight 
gain between treated and untreated animals of either sex, and there were no 
treatment-related differences in organ weights. Except for one treated male with 
elevated AST and ALT levels, no significant differences were observed in any of 
the clinical biochemical parameters between treated and untreated animals of 
either sex. No histopathological examination was performed. 

Algal Paste1312.5, 625, 
1250,2500 and 5000 
pglplate. Calculated p- 
carotene content was not 
described. 

Dry powder of either 0.5% 
of diet (equivalent to 50 
mglkg p-carotene) or a 
4% of diet group 
(equivalent to 400 mglkg 

4. Mutagenicity and Genotoxicity Studies Dunaliella.bardawi1 
Powder 

Dunalidla bardawil 
Nikken's powder) 

Three mutagenicity and genotoxicity studies were conducted on dried Dunaliella 
bardawil from Nikken and other sources. None of the studies demonstrated any 
adverse activity. No studies published after 1993 were reviewed by JECFA. 
These studies are summarized in Table 7. 

glkg body weight to Albino 
rats (equivalent to 50 and 
100 mg of P-carotenelkg) 

Aruga et al., 
1988 
[Attachment 1 I] 

Umegaki et al., 
1994 

Vanitha et al., 
2007 

Table 7. Dunaliella bardawil Mutagenicity and Genotoxicity Studies 

I p-carotene) in male mice. 
I Oral gavage of 2.5 or 5.0 

I for 14 davs. 

Ames Test using 
Salmondla typhimurium 
strains TA98, TAI 00, 
TA1535 and TAI 537 and 
Escherichia coli WP2uvrA 
(With and without S9 
activation) 

Chromosomal Damaae 
spontaneous or induced 
by X-Ray (analyzed from 
blood sample 
reticulocytes) 

Comet Assav 

Dunalidla badawil algal paste is 
not considered mutagenic under 
conditions of study either in the 
presence or absence of S9 
exogenous for metabolic 
activation. 

Decrease of micronuclei in 
reticulocytes with ingestion of 
Dunalidla bardawil suggests 
protective effect of p-carotene 
against DNA damage, 

Dunalid/a bardawil treatment did 
not induce DNA damage and 
protected against DNA strand 
breaks in hepatocytes. 

BEST ORIGINAL COW' 
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5 Clinical Studies on Nikken Dunaliella bardawil Powder 

Several published clinical studies have been conducted on Ni kken Dunaliella 
bardawil .powder since the JECFA review in 1993. Although the studies results 
were related primarily to p-carotene component of the powder, they also show 
that there are no adverse events associated with ingesting the powder itself at 
high levels over a significant ,period of time. The two most significant studies 
conducted are the most recent studies where the highest dose of the powder and 
longest duration were employed. 

Morinobu et al., (1994) studied the changes in blood p-carotene levels during 
long-term administration of the powder in healthy males. Subjects consumed 
capsules of 365 mg of the powder containing 20 mg of p-carotene and 96 mg of 
“minerals” three times daily (1095 mg algae, 60 mg p-carotene daily) for 
44 weeks. The p-carotene as derived from the powder contained about 50% all- 
trans p-carotene and 50% 9-cis p-carotene. Results showed that the all-trans 
p-carotene in the powder had a higher bioavailability than the 9-cis p-carotene, 
even though a small amount of the 9-cis form was detected on the blood cells 
and plasma. The authors did not report any adverse events due to the 
administration of the powder itself. 

Tamai et al., (1996) compared the bioavailability of synthetic all-trans 
p-carotene with naturally occurring p-carotene derived from Dunaliella bardawil 
powder, which contained 50% all-trans p-carotene and 50% 9-cis p-carotene. 
Subjects were given total doses of either 60 mg of synthetic all-trans p-carotene 
or 365 mg capsules of the powder which contained 60 mg of p-carotene 3 times 
per day for 44 weeks. Plasma levels of all-frans were higher in the group that 
received synthetic p-carotene than that of the group that received p-carotene 
from the powder. In addition, the plasma 9-cis levels were higher in the synthetic 
group than the powder group. This suggests that all-trans p-carotene may 
isomerize to the 9-cis form after intake in humans. Bioavailability was considered 
adequate in both groups. No adverse events were observed by the authors 
during the study period for the ingestion of the powder or the concentration of 
p-carotene. 

All the clinical studies conducted on Nikken Dunaliella bardawil powder are 
summarized in Table 8. No adverse events were noted by any of the 
investigators of these published studies. The most notable of the clinical studies 
are those where more than a gram of Nikken Dunaliella bardawil powder was 
consumed for 44 weeks without ill effects discussed immediately above 
(Morinobu et al., 1994; Tamai et al., 1996). 
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6. Absorption, Distribution, Metabolism and Excretion (ADME) 
Studies on the Nutritional Aspects of Dunaliella bardawil Powder 

Several nutritional studies have been done on algal biomass to assess the 
protein value of Dunaliella bardawil as reviewed by Mokady, 1992. Dunaliella 
protein was found .to be of low nutritional quality. No studies have identified any 
unusual metabolism of the fat, protein and carbohydrate which primarily make up 
the biomass of Dunaliella bardawil. 

9. p-Carotene Safety 

Because p-carotene is a major component of Dunaliella bardawil powder which 
provides the nutrient supplement functionality intended in finished foods, GA 
reviewed the literature to determine whether there were any studies published 
since the 1993 JECFA report which might raise safety concerns. A brief 
summary is provided below. GA concludes that there is no safety concern raised 
from the incremental increase in ingestion of p-carotene (3-6 mg/kg/day) as a 
component of Nikken's powder based on the AD1 of 5 mg/kg/day established by 
JECFA (WHO, 1975) and furthermore, this exposure compares favorably to the 
estimated consumption of 37 mg/person/day from all dietary sources that was not 
of concern when previously reviewed by FDA (SCOGS, 1979). 

In 1998, the European Commission Scientific Committee for 'Food accepted 
P-carotene from Dunaliella on the basis of the review of the following studies: 

0 Dunaliella salina .belongs to the Chlorophyceae, and ,the unicellular alga, like 25 other 
species of Chlorophyceae which are classified as food sources, does not produce toxins. 

Acute Toxicity - LDS0 of a preparation containing 30% &carotene is >20 g/kg bw in the 
mouse. 

Short-Term Toxicity - Several studies, lasting between two and eight weeks, have been 
conducted on rats and chickens with a powder of the alga Dunaliella bardawil (which was 
reported to be identical to the species Dunaliella salina) without signs of toxicity up to the 
equivalent of 0.1 % &carotene in the diet. 

0 Multigeneration Reproduction Study - No toxicity has been assigned to a powder of 
Dunaliella bardawil ingested by the rat at dietary levels up to 10% in the diet (equivalent to 
0.2% R-carotene). 

'0 Genotoxicity - The algal 13-carotene was unable to induce gene mutation or chromosomal 
aberrations in two Ames tests and one chromosome aberration assay in human 
I ym phocytes. 
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In a comprehensive scientific review of synthetic p-carotene published in 1999, 
the available toxicology data were reviewed (Woutersen et al., 1999). Synthetic 
p-carotene was found .to be largely neither mutagenic nor genotoxic in 
Salmonella, bacillus, E. coli, mouse mammary cells, bone marrow cells from 
mice and Chinese hamsters. One study found an increase in chromosome 
aberrations in cells from mice administered 27 mg/kg but not 2.7 mg/kg. Lack of 
toxicological effects on reproductive capacity was observed in rats. In several 
developmental studies, lack of dose related effects was seen in rats and rabbits. 
Adequate no effect levels were seen in multiple subchronic and chronic studies in 
several species. 

In their review of the dietary necessity of P-carotene and the related safety 
issues, the Food and Nutrition Board of the National Academy of Sciences 
concluded as follows: 

Based on these considerations, the existing recommendation for consumption of five or 
more servings of fruits and vegetables per day is supported because this would provide 
3 to 6 mg/day of p-carotene. A UL has not been set for p-carotene or carotenoids. 
Instead, it is concluded that p-carotene supplements are not advisable for the general 
population. This conclusion is based on a totality of evidence that includes several large- 
scale randomized trials of supplemental p-carotene. These trials indicate a lack of 
evidence of overall benefit on total cancer or cardiovascular disease and possible harm in 
certain subgroups such as current smokers or asbestos exposed subjects. This 
advisement does not pertain tu the possible use of supplemental p-carotene as a 
provitamin A source or for the prevention of vitamin A deficiency in populations with 
inadequate vitamin A nutriture or in patients suffering from erythropoietic protoporphyria 
(FNB, 2000). 

In addition, GA reviewed a subchronic toxicity study and several mutagenic 
studies which were testing the p-carotene isolated from Dunaliella bardawil. The 
results of the 90-day study in F344IDuCrj rats concluded that based on growth 
suppression, NOAELs were estimated to be 1.25% (696 mg/kg bw/day) for males 
and 5% (2879 mg/kg bw/day) for females. However, because of increases in 
serum calcium in the lowest group in both sexes, a NOEL could not be 
determined in this study (Kuroiwa et al., 2006). 

Several genetic toxicology studies showed that j3-carotene isolated from 
Dunaliella bardawil does not exhibit mutagenic or clastogenic effects under a 
variety of conditions (Ma et .al., 1998; Cifone, 1987; Jagannath, 1987; lvett 1987; 
and Young, 1987). 

There were two published clinical studies conducted in humans with p-carotene 
from Dunaliella sources (Jensen et al., 1985; Jensen et all 1987) and, as noted in 
the discussion of safety of the powder itself, the clinical studies showed that 
neither the powder nor p-carotene raised safety issues. 
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VI. DISCUSSION OF SAFETY INFORMATION and GRAS CRIT.ERIA 

A. Discussion of GRAS Criteria 

FDA defines “safe” or “safety” as it applies to food ingredients as 

‘ I . .  .reasonable certainty in the minds of competent scientists that the 
substance is not harmful under the intended conditions of use. It is 
impossible in the present state of scientific knowledge to establish with 
complete certainty the absolute harmlessness of the use of any 

Amplification is provided in that the determination of safety is to include probable 
consumption of the substance in question, the cumulative effect of the 
substance, and appropriate safety factors. It is FDA’s operational definition of 
safety that serves as the framework against which this evaluation is provided. 

Furthermore, in discussing GRAS criteria, FDA notes that 

‘ I . .  . General recognition of safety requires common knowledge about the 
substance throughout the scientific community knowledgeable about the 
safety of substances directly or indirectly added to food.” 

“General recognition of safety through experience based on common use in 
food prior to January 1, 1958, shall be based solely on food use of the 
substance prior to January 1, 1958, and shall ordinarily be based upon 
generally available data and infomation.”* 

FDA discusses in more detail what is meant by the requirement of general 
knowledge and acceptance of pertinent information within the scientific 
community, i.e., the so-called “common knowledge element,” in terms of the two 
following component elements:’ 

0 Data and information relied upon to establish safety must be 
generally available, and this is most commonly established by 
utilizing published, peer-reviewed scientific journals; and 

There must be a basis to conclude that there is consensus (but not 
unanimity) among qualified scientists about the safety of the substance 
for its intended use, and this is established by relying upon secondary 
scientific literature such as published review articles, textbooks, or 

7 See 21 CFR 170.3(i). 
8 See 21 CFR 170.30(a). 
9 See Footnote 4. 

Page 35 of 52 
0 0 0 0 4 3  



GRAS Assessment for Nikken Sohonsha Corporation 
Dunaliella bardawil powder 

.July 30,2010 

compendia, or by obtaining opinions of expert panels or -opinions from 
authoritative bodies, such .as JECFA and the National .Academy of 
Sciences. 

The apparent imprecision of .the terms “appreciable”, “at the time” and 
“reasonable certainty” .demonstrates that the F.DA recognizes the impossibility of 
providing absolute safety (Lu,l988; ,Renwick,l990). 

B. Safety Evaluation of Related Algae and Microorganisms as Food 
Sources 

Brown and red algae have GRAS status in the US as flavoring substances, as 
noted in 21 CFR 184.1120 and 21 CFR 184.1121, respectively. These 
ingredients were affirmed as GRAS on the basis of reviews conducted by the 
Select Committee on GRAS Substances (SCOGS, 1973). The affirmation was 
based on information that is sufficient to support the low use levels needed in 
food to impart flavor. 

More recently, FDA has not objected to a GRAS notification (GRN 147) on the 
dried biomass of spirulina (Arfhrospi;a platensis) for use in certain foods at levels 
of 0.5-3.0 grams per serving (FDA, 2003). This action establishes that FDA 
recognizes the acceptability of the addition to foods of algae whose safety has 
been demonstrated. FDA based its determination on studies in animals, along 
with several published studies on humans, that addressed safety and potential 
beneficial effects of spirulina. No adverse effects were noted in oral feeding 
studies in rats, pigs, mice and hamsters, nor were any adverse side events 
reported in the clinical studies. The lack of objection by FDA was also predicated 
on the notifier’s adherence to good manufacturing practices and the 
establishment of adequate food grade specifications, including limits on various 
contaminants, such as heavy metals, pesticides, rodent hairs, insect fragments, 
and bacterial contamination. 

The European Commission has proposed criteria for the safety of 
microorganisms for use as a food source (European Commission, 2003). The 
Commission suggested criteria supporting an approach of a Qualified 
Presumption of Safety (QPS) based on reasonable evidence. Among the criteria 
suggested was the assurance that pathogenic forms of the organisms do not 
exist or cannot be formed and that no harmful metabolites are produced or 
cannot be eliminated in processing. 
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C. Discussion of Dunaliella bardawil Powder Safety Studies 

The Expert Panel -has considered the entire compilation of chemical, toxicological 
and clinical evidence related to the safety of Nikken’s Dunaliella bardawil powder 
as a food ingredient. The Panel has also considered previous reviews and 
regulatory determinations, such as those described in Section VLB, by expert 
bodies and regulatory agencies on Dunaliella and related forms of algae. Key 
safety information considered by the Panel is summarized below. 

-1. Consideration of JECFA Review 

JECFA last reviewed the safety of dried biomass of Dunaliella bardawil in 1993. 
They concluded that there were insufficient data to establish .an AD1 from 
consumption in food (WHO, 1993). It is apparent that JECFA reviewed the 
available information merely on toxicological principles using laboratory animal 
data. Over the past 17 years, more data on Dunaliella bardawil powder have 
become available. In addition, the conventional wisdom has evolved to consider 
other information, such as the harmlessness of many sources of biomass and 
lack of harmful metabolites in the review of natural products, including spirulina 
(European Commission 1998,2003; FDA, 2003). 

2. Consideration of Composite Safety Information on Dunaliella 
bardawil Powder Containing plcarotene 

The Panel reviewed the cumulative available safety data to determine if 
consumption of 71 mg ‘per person per day (1.2 mg/kg bw/day for a 60 kg adult) of 
the dried biomass of Dunaliella bardawil as manufactured by Nikken is safe. 

“The most compelling information addressing the safety of Dunaliella bardawil 
powder relates to the composition of the dried biomass which is largely 
carbohydrate, protein, and fat and which contains a significant amount of p- 
carotene. There has been much research spanning many decades on Dunaliella 
bardawil itself that has established it to be a non-pathogenic organism; 
furthermore, it is not known to form toxic metabolites or toxins (Ben-Amok and 
Avron, 1990). The organism has been selected due to the fact that it readily 
synthesizes large quantities of p-carotene under stress conditions after the 
growth phase in culture. The organism was isolated decades ago using 
.traditional genetic selection techniques and is not a product of advanced 
biotechnological manipulation. Based on well documented basic chemistry 
information, the Panel agrees that there is a “qualified presumption of safety” for 
the dried biomass of Dunaliella bardawil, as defined by the criteria under 
development by the European Commission (2003). 
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Several published clinical studies have been done on Nikken Dunaliella bardawil 
powder since the JECFA review. In all nine studies summarized in Table 8, no 
adverse events were noted. The studies of the greatest significance based on 
duration and dose are the clinical studies where healthy human volunteers 
consumed I .I g daily of the Nikken Dunaliella bardawil powder over a 44 week 
period (Morinobu et al., 1994; Tamai et al., 1996). The test material was well 
tolerated by the participants, and no adverse events were noted. Moreover, 
Nikken has been marketing its product in several different countries as a health 
food supplement for over twenty years and has not received reported adverse 
events--including allergenicity--nor has it had to recall its product. There also 
have not been any adverse events related to this powder reported in the 
published literature. 

Three mutagenicity and genotoxicity studies have been conducted on .Dunalie/la 
bardawil, including one for the subject powder, all of which support the 
conclusion that no adverse effects were exerted on genetic mechanisms. The 
absence of activity on genetic mechanisms is indicative of a low likelihood that 
any constituent of Dunaliella bardawil powder is carcinqgenic or teratogenic. 

The most comprehensive animal toxicology evaluation comes from a 
4-generation reproductive study where the Fo-generation was maintained on the 
diet for one year (Mokady et al., 1989). However, a NOEL was not identified in 
this study, as animals of the Fo-generation maintained on diets containing 5% 
and 10% dried algal powder containing &carotene showed increased kidney 
weights and slight renal pathological changes. In addition, there was focal 
bronchopneumonia in lungs at the higher le-vel. The study authors are of the 
opinion that the increase in kidney weight and the low incidence of renal changes 
(metaplastic changes in the pelvic epithelium and nephrocalcinosis) were likely 
due to the high salt content of the test material. JECFA reported that this was 
not clearly established (WHO, 1993). However, the authors noted that salt 
content was apparently found to be a problem by other investigators since the 
kidney effects seen were typical findings from studies on salt. 

The salt content of the test sample was 24.7% salt. This is much higher than 
modern samples which have been washed before spra.y drying. The Nikken 
product typically is about 6% ash and 2-3% salt. The Panel is of the opinion that 
the high ash in the Mokady sample is likely mostly salt from the brine pits where 
the algae were grown. The Panel investigated the literature on the effects of salt 
and determined that high salt diets in rats lead to epithelial hyperplasia (Meneely 
et al., 1953), including in renal pelvic epithelium (Lalich et al., 1974), and 
increases in kidney weight (Yamori et al., 1983). 
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The authors also indicated that focal bronchopneumonia observed in the lungs at 
the higher dose level was likely associated with inhalation of powdery diets, 
although both low-dose and control rats also received powdered diets without 
showing similar effects. Howevec, the Panel believes that the lung effects are 
likely due to inhalation of the diet and are irrelevant because the use of Dunaliella 
bardawil powder in human food at much lower levels is not expected to present 
an inhalation exposure. 

The Panel notes that there are two other unpublished rat studies employing high 
salt levels in the diets for 4 weeks (Furuhashi, 1989) and 12 weeks (Majnarich, 
1988), respectively. Although the ash, mineral or salt contents were not reported 
for either test samples in these studies, since the studies were done 
contemporaneously with the Mokady study, the Panel believes it is likely that 
these samples were also high in salt. In the 4-week study, ,the -Panel notes that 
no changes were detected in absolute kidney weight but that a statistically 
significant increase in kidney-to-body-weight ratio was seen in high-dose males. 
Slight kidney changes were seen by histopathology in only a few animals, and 
the incidence was not clearly higher than that seen in the untreated control 
group. 

A report of a 12-week study was not available for Panel review, but JECFA 
indicated that no kidney effects were seen (WHO, 1993). In view of the low salt 
content of the Nikken product and the low consumption proposed for the 
ingredient, the Panel is not concerned about the kidney effect seen in the rat 
studies conducted at very high doses. 

For the evaluation of the safety of a novel food substance for human 
consumption, it is necessary to consider the amount of the substance which the 
human population may consume and to use this value as one of the parameters 
for safety assessment. In addition, as suggested by a committee of the 
European Commission (2003), the Panel believes that there is a “qualified 
presumption of safety” based on the research on Dunaliella bardawil powder 
indicating no concerns based on the information on the genetics of the organism 
or its chemical composition. Based on the food uses proposed by Nikken, the 
human consumption of dehydrated D. bardawil will not exceed 0.071 grams per 
day which is equivalent to an average consumption of 1.2 mg/kg bw/day for a 
60 kg adult. In the previously mentioned multigeneration study (Mokady 1989), a 
much greater amount was employed. The daily dose of algae in the rats fed the 
10% dietary level of algae was 10 glkg bw/day in the weanlings and 20 g/kg 
bw/day in the adult animals. 
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If the Mokady study were to be repeated with better control of salt levels in the 
test sample and better diet preparation to avoid dust, in view of the fact that no 
other adverse effects were seen, the NOEL would likely be in the range of 
.2-20 g/kg bw/day due to the fact that no other effects were noted in the study. If 
this were the case, the margin of safety to the calculated ED1 (0.071 g/day, or 
1.2 mg/kg/day for a 60 kg person) would be in the range of 28-280 fold to the 
projected NOEL in the Mokady study. It should be noted that the estimated 
consumption level of 0.071 gramslpersonlday was calculated by methodology 
that FDA guidelines indicate overestimates the 90" percentile exposure. The 
consumption level calculated by assuming consumers eat the mean quantity of 
each -food type Nikken proposes is 0.035 g/day. More sophisticated statistical 
methods would likely show that the percentile consumption level is 
somewhere between 0.035 and 0.071 g/day. The Panel agrees that this level of 
consumption of algal biomass is safe. 

Other aspects of the Nikken product have been reviewed for safety 
considerations. The Panel reviewed the manufacturing process and purity 
specifications and agrees that the Nikken product is suitable food grade. The 
Panel has reviewed the calculated consumption of certain trace elements in the 
Nikken product and has concluded that the levels are very low, and the level of 
consumption of these elements from maximum consumption Ni kken product 
would be at least 2 orders of magnitude lower than background levels in the diet. 
The Panel also notes that there is no indication in the literature that Dunaliella 
bardawil bioaccumulates any element including iodine, arsenic and other heavy 
metals. -Nikken reports that they have not received any complaints of possible 
allergenicity to any of their products currently used in foods and dietary 
supplements on the market world-wide, nor have there been such reports in the 
literature. 

The Panel is aware that Nikken includes cautionary statements on the labels of 
their US dietary supplement products to "keep out of the reach of children," and 
that women who are pregnant or nursing should consult their physicians before 
taking its product. 

This action .prompts the question as to possible safety concerns associated with 
the designated significant subpopulations. The Panel notes that Nikken does not 
include this cautionary statement regarding children or women who may become 
pregnant or are nursing on its Dunaliella powder dietary supplement products 
that it markets outside of the US. In addition, Nikken has had no adverse events 
reported for over 20+ years with these products. Although the objective of a 
clinical trial using children 8-16 years of age was not to demonstrate the safety of 
the powder itself, the results revealed no adverse events when 500 mg/day of 
Dunaliella powder was'ingested over a 3 ,month period (Ben-Amok et. al., 1998). 
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Furthermore, review of laboratory animal data in concert with the clinical studies 
revealed to the Panel no indications of any safety problems for children or for 
pregnant or lactating women. Finally, the .Panel recognizes that consumption 
from the use of the subject product is likely to be several fold lower from its use 
in conventional foods than is commonly consumed as a dietary supplement. 

The firm’s decision to retain the cautionary statement on US dietary supplement 
products appears to reflect a preference to err on the side of caution and general 
industry practice in the US. The Panel is satisfied that there are no specific or 
known safety concerns associated with the intended food uses of the subject 
Dunaliella powder. 

Furthermore, the Panel has concluded that sufficient safety data are available on 
Dunaliella to consider the low level of consumption proposed for Nikken’s 
Dunaliella bardawil powder io be generally recognized as safe (GRAS) within the 
meaning of the Federal Food, Drug, and Cosmetic Act. 

In addition the Panel has concluded that the additional exposure to the major 
component of Dunahella bardawil powder, i.e., p-carotene, does not present a 
safety concern. The expected consumption of the carotenoids in processed 
foods containing added powder at the proposed level of 0.071 g/day is 6 mg/day. 
95% of the carotenoids would be in the form of p-carotene and the balance would 
consist of certain minor carotenoids. The p-carotene in the Nikken product exists 
in nearly equal parts of all frans-isomer and the 9-cis-isomer. JECFA has 
concluded that-the AD1 for p-carotene from traditional sources is 5 mglkg bw/day. 
(WHO 1975). Ample data exist to demonstrate that the isomeric forms of 
p-carotene do not differ toxicologically. Therefore, daily consumption of 
0.071 g/day of Dunaliella bardawil powder containing 6 mg of carotenoids or 
0.10 mg/kg bw/day carotenoids is well below JECFAs AD1 of 5 mg/kg bw/day for 
p-carotene or the 37 mg/person/day calculated from all dietary sources that-did 
not raise a safety concern for FDA (SCOGS, 1979). 

This determination is predicated on Nikken’s continued production of Dunaliella 
bardawil powder in conformance with GMP regulations. 

3. Common Knowledge ‘Elements of GRAS Determination 

The first common knowledge element for a GRAS determination is that data and 
information relied upon to establish safety must be generally available; this is 
most commonly established by utilizing published, peer-reviewed scientific 
journals for the safety assessment. The majority of studies reviewed as part of 
this safety assessment have been published in the scientific literature. Limited 
use was made of unpublished studies, and these were deemed to be supportive 
and were not primary studies. 
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The second common knowledge element for a GRAS determination is the need 
for consensus among qualified scientists about the safety of the substance with 
its intended use. 

Certainly, many competent researchers responsible for the data referred to in this 
report that have expertise in the fields of aquaculture, nutrition, toxicology and 
medicine view algae as a viable source of food and a viable source of certain 
nutrients, and they have been cited in this evaluation. 

Considerable advances in thinking have occurred over the past few years 
regarding the safety evaluations of natural products in food. It is difficult to feed 
ingredients with nutritional value at high levels to laboratory animals because of 
the possibility of disturbing nutritional balance. Therefore, establishing large 
margins of safety from these studies is impractical. Seasoned scientific judgment 
must be applied in evaluating these studies. In addition, new concepts in safety 
evaluation (European Commission, 2003) such as “qualified presumption of 
safety,” taking into account genetic background and compositional information of 
ingredients from novel organisms, are gaining increased scientific credibility and 
acceptance. The increasing comfort level with algal biomass use in food 
products is evidenced by FDA’s acceptance of the GRAS Notice for spirulina. 

The Panel recognizes that the safety of Dunaliella bardawil powder in human 
foods has been the subject of interest for many years. There is an additional 
high presumption of safety based on the fact that decades of research have not 
identified tha? any harmful metabolites are generated by this organism under any 
growth condition. A number of published clinical studies with Dunaliella bardawil 
powder are available, and no untoward events were seen in any of them 
(Morinobu et ai., 1994; Tamai et al., 1996; ’Levy et. al., 1995: Ben-Amok and 
Levy, 1996; Ben-Amotz et al., 1998). Therefore, this plant biomass which 
consists of normal common carbohydrate, protein and fat has a high presumption 
of safety. Only a handful of the published studies in animals where the algal 
biomass was administered by the oral route were designed as rigorous 
toxicology studies. 

The Panel is cognizant of the scientific rigor and broad base of scientific 
expertise from various regulatory agencies around the world that resides within 
JECFA. However, JECFA has not updated its review since .1993, and it did not 
review the numerous studies which have been done during the last 17 years. 
The collection of independent studies in the composite viewed under emerging 
common sense criteria to evaluate sources of biomass for safety provides a 
firmer consensus within the scientific community that adequately offsets the 
outdated and now incomplete position on safety of Dunaliella bardawil powder 
contained in the cited JECFA report. The Panel believes that consensus exists 
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regarding the limited food intake levels identified in the Section IV Intended 
Dietary Uses and that such information supports a GRAS conclusion. 

VII. CONCLUSIONSIO 

The Expert Panel unanimously agrees that Nikken's Dunaliella bardawil powder 
of appropriate food grade purity when consumed in the specified foods at a level 
not to exceed 1.2 mg/kg bw/day is general1.y recognized as safe. This 
designated human dietary exposure reflects a per person incremental p-carotene 
level of 0.12 mg/kg bw/day. Both of these designated amounts---for Dunahella 
bardawil powder and its major nutrient component, p-carotene---are below 
appropriately determined ADls, respectively. 

The Panel offers the following conclusion: 

This declaration is ,made in accordance with FDA's standard for food ingredient 
safety, i.e., reasonable certainty of no harm under the intended conditions of use. 

* In gathering data and making this decision the Expert Panel utilized the 
assistance of Dr- Jurgen Polle, Associate Professor, Department of Biology, 
Brooklyn College of the City University of New York, 2900 Bedford Ave, 
Brooklyn, NY. Professor Polle is a world-wide expert on Dunaliella bardawil. 

BEST ORIGINAL COPY 
~~~ ~~ ~ 

10 The biographical information for Richard C. Kraska, Ph.D., DABT, Robert S. McQuate, Ph.D., and Ms. Robin Guy, 
MS, DABT can be found on GRAS Associates website-www.gras-associates.com. Dr. JOergen Polle's curriculum 
vitae is at Attachment 12. Dr. Kraska served as Chair of the Panel. 
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Public Health Service 

Food and Drug Administration 
5100 Paint Branch Parkway 
College Park, Maryland 20740 

D E P A R T ~ N T  OF ECEALTH AM) El” SERVICES 

C. K. Gund, Ph.D.., President 
Phoenix Regulatory Associates, LTD. 
21525 Ridgetop Circle, Suite 240 
Sterling, Virginia 20166 

DearMs. Gund: 

This is to inform you that the notification which you submitted.pursuant to 21 U.S.C. 
350bCa)(2)(section 413(a)(2) of the Federal Food, Drug, and Cosmetic Act (the Act)) was filed 
by the Food and Drug Adrri-istration (FDA) on March 1 , 2007. Additiond information was 
received on April 9,2007. “Your notification concerned “Dunaliella Dried Powder” which 
you derive fi-om Dunaliella bardawil Ben-Amotz & Amon and identify as anew dietary 
ingredient. 

According to your notification, .“A single serving of powder (1 mini teaspoon) is added t o  
milk or a milk-containing product and stirred until thepowder is dissolved. Usage is 1 to 3 
times per day. One level mini teaspoon of powder is e q d  to .approximately 100 mg or about 
0.lmL. Nikken recommends that its product be taken daily over aperson’s lifetime. 
However, it does not recommend its product for children or for pregnant women. The label 
will carry.the cautions that thisproduct should be kept out ofthe rea& of childrenand women 
who are pregnant or nursing should consdt theirphysicians’beforetddng this product.” 

Under 21 U.S.C. 350b(a), .the manufacturer or distributor of a dietary supglement containing a 
new d ie tw  ingredient that has not been present in the food supply as an article used for food 
in a form in which the food has notbeen chemically altered must su‘bmit to FDA, at least 75 
days before the dietary ingredient is introduced or delivered for introduction into interstate 
commerce, infomation that is the basis o n  which the manufacturer or distributor has 
concluded that a dietary supplement containing such new dietary hgredient will reasonably 
be expected to be safe. FDA reviews this information to determine whether i t  provides an 
adequatelmis for such a conclusion. Under 21U.S.C350b(a)(2), there must be a history of 
use or other evidence of safety establishing that the new dietary ingreaient, when mea under 
the conditions recommended or suggested in the labeling of the dietary supplement, will 
reasonably be expected to be safe. If this requirement is not met, the dietary supplement is 
considered to be adulterated under21U.S.C.342(f)(l)(B) because there is inadequate 
information to provide reasonable assurance that the new dietary ingreajent does not present a 
significant or unreasonable risk of illness or injury. 

Please note that acceptance of this notification for filing is a procedural matter, and thus, does 
not constitute a finding by FDA that the new dietary ingredient or supplement that contains 
the new dietary ingredient is safe or is not adulterated under 21 U.S.C. 342. FDA is not 



P.age -2- Ms. C. E Gund, Ph.D. 

precluded fiomtikhg action in the future .against any dietary supplement containing your new 
dietwingreclient ifit i s  fomdto be unsafe, adulterated ormisbrmded. 

Your notification will be kept confidentid for 90 days after the filing date Marc1 I, 2007. 
After the 9O-da. date, .thenotification will 'beglaced onpu2lic display.at FDA's Docket 
Manegement Branch in dock& number 95 S-0316. Prior to  that date, you may wish tQ identify 
in writing specifically what inforbation youbelieve is proprietary, .trade secret or otherwise 
contidentid for FDA's consideration. 

If you have .any.questions concerning this matter please contact n e  at (301) 436-1448. 

Sincerely yours, 

 
Linda S. PeIlicore, Ph.D. 
Supervisory TeamLeader, Senior Toxicologist 
Division of Dietary Supplement Programs 
Office of NutritiondProducts, Labeling 

Center for Food Safety and Applied Nutrition 
and Dietary Supplements 
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Product Description 
Before submitting an order you will be asked to read and accept the  terms and conditions of ATCC's 

Custonie:s in Europe, Aus:ralia, China, Hong Kong, Lndia, !apan, Korea, Flacau, I42v; Zsaland, Singaporc, 2nd 
Taiwan, R.O.C. must contact a I -  :. _.-- for pricing lnformatlon and to olsce an order for RTCC cultures 
and products. 

' - ' :  - 
. .  

:I . -  .".- : . :-::--s t or, in certain cases, an FlTA specified by the depositing Institution. 

Protozoa and Algae 
Price: $i56.00 

Org e nism : Dunaliella bardarvil Amotz and Avron 

Isolation: salt pond near Bardawll Lagoon, North 
Sinai, israel, 1976 

Depositors: A Ben-Amoti 

Biosafety 1 evel :  1 

Propagation: Z e ?  f e  i..I 

Shipped: :est tube_ 

Permits/Forms: In addition :o tlie '$.:A irientloned above, other ";f:'J ;9~*r(:::r -egii;atc,ri ; ?r:- :: may be 
required for the transfer of this ATCC material. Anyone purchasing ATCC material is ultimately 
responsible for obtaining the permits. Please <?cy: -pf.? for information regarding the specific 
requirements for shipment to  your location. 

Tliis material is cited In a IJ .5 .  andlor c,ttier Patent or Patent Applicatior;, and may not ba used io infringe on the 
patent cl2lnlS. 

Applicatians: 

Comments: 

Propagation: 

Cross  
Reference: 

Classification: 

References: 

Related Products 

?reduces glycerol, carotenes, ar,d protein-rich niaterisl :: $55;  
produces carotene (carotenes; zeta-carotene) [:'*:5:i] 
produces glycerol (glycerin; glycerine) [2+158] 

Photosynthetic. Deposited as rnlxed culture. Bacteria present. 
Source of beta-carotene in chicken feed !%073] 
Chemical profile of selected species of inicroalgae :.:GC,Z) 
Stereoisomers of 8-carotene and phytoene [-:W?j :5C.::: 
T V J ~  - p h ase grow t 11 for 5-ca ro te ne prod ucl ion I 2 ? 7 -' 5 j 

- q i _  '-'-'- '-2 * ,  ;(l\ '. 1: :: 3.k nsd jum 
Temperature: 20.0C to 2S.OC 

GenBank: '2: 1'' Dunaiieila bardawil phytoene synthase rnRFJA, complete cds. 

2458: Avrnn l v l  , Ben-Ainotr A . Production of glyccrol, cr7rotenes and algae nical.  US Patent 
4,109,895 dated Apr 29 1460 
4662: 3en-Amot: .: , et a1 . Chemtcal profile of selected species of microalgae %:ti1 etnphasrs 

48%: Em-Aniot;  A , 4vrcn I 1  . On the iac:or-5 s ; ; f i i c h  (1Eteili:in-e ~ B S S I V ~  8eta-carotene 
accuniulation iii the balotolerant 3iga Duriallella barda?vil. Plant Physiol. 7 2 :  533-597, 1963. 

charxtcrization of beta-carotene-rich globules form Uuilalleila bardawl (Chlorophyceae). J.  
Phycol. l e :  529-537, 1982. 
4933: Ben-Amotz A ,  e t  a1 . i4asstve accumulation of pliytoene induced by norfltrrazon in 
Duneliella b a r d a w l  (Chlorophyceae) pIe\ip.iits recovery from photointi ibit ioii l . I. Phycol. 23: 

1934 : F?cn-P~~?-tctz A , AIJron i$l . The wvc!c:q!!i Gepiixjence of massive carotene syiilhesls in 

on IipldS. 3 .  Phy5t;i. 21: 72-81, ICSS. 

G932: Bt?n-.Airioiz A . Accumu!a?!on of L.eta.cdrettjr?o_ In [iak:c!aran: alga$: pu;if:czt!on .?r;d 

176-181, 1487. 

O O O O b b  



Dunali?lla tlardiirtii (Chloropi1yceae)l. J .  Fhycol. 25: 175-178, 1959. 
5048: Ben-kmotz A ,  et a1 . Stereoisomers of -carotene m d  phytcene in th? alga Duna!ldla 
bardavrll. Plant Physiol. 86: 1266-1291, 1988. 
23778: Ben-Amotz A .  New mode of Dunaliella biotechnology: two phase growth for R- 
carotene production. I. Appl. Phycol. 7: 65-68, 1995. 
58073: Ben-Aniotz A , et dl . Use of the beta-carotene rich alga Dunaliella bardawil as a 
source ofretlnol. 6r. Poult. Sci.  27: 613-519, 1986. PubMed: '1 :I:.: 

. Notices -. __ pnd . . __ Disclalm.ers ,- . - 

ATCC products are intended for laboratory research purposes only. Thay are not intended for use in humans. 

Vuthile ATCC uses reasonable effort5 to include accurate and up-to-date inforination oi l  th is site, ATCC inakes 
rtD ivarranties or representations as to its accuracy. Citations from scientific literature and patents are provided 
for inforinational purposes only. ATCC does not warrant that such information bas been confirmed to be 
accurate. 

All prices are listed in U.S. dollars and zre subject to  change without notice. A discount off the current list price 
will be applied to niost culturss for nonprofit institutions in the United States and Canada. Cultures that are 
ordered a5 lest tubes or flssks wi l l  cariy iro addltloiial laboratory fee. Fee5 for parrnits, snipping, and handling 
may apply. 

you may continue your ATCC Number search by typing In your search criteria below or  returning to the LTCC 
:(:~;:h ?xc.. For more informatton please review the 5-1 ' : ? I  cli.l-i+'p. -- - 

ATCC Number Search I Cleer Search j 30861 I-L-- 
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Attachment 4 

1/31/2010 

3/31/2010 

48 8 2 5  2 3  15 5 None 1 0.05 I 0 5  I 0 5  1 0.5 I 1 8  I 0 0 5  1 005 1 90 90 90 

54 8 0.5 2 8  5 0 3  none 005 0,5 0,65 coo01 195 0.06 005 90 90 90 
Photo attached Bactochen Analysis # 70/18941 (attached) 

Bactochem Report # 611107408 (attached) Photo attached 

4/30/2010 61/109013 55 8 2 6  1 10 0.5 none 0 0 5  O S  0,51 <0001 2 1 0 4 6  0.05 90 90 90 
Attached photo 

5/31/2010 61/110650 50 8 1 2  8 0 7  none 4 0 5  <005 062 <OOOt 2.1 0.46 005 9- 90 90 
Attached photo 

None None 

none none 
None 

none 

none none 
none 

none none 
none 

No. of samples 
Average 
Minimum 
Maximum 

4 4 4 4  4 5 6 5 5 4 5 4 4 4 4 4 4  4 4 
51 75 8 1 6 5  2.025 9 5  1.625 #DIV/OI 0.05 0 5  0 5 6  0.5 1.9875 02575 005 90 90 90 #DIV/OI #DIV/O! 4 

48 8 0.5 1 5 0 3  0 005 0 5  0.5 0 5  1 8  005 0.05 90 90 90 0 0 #DIV/O! 
55 8 2 6  2 8  15 5 0 0 05 0.5 0 62 0 5  2.1 0.46 0.05 90 90 90 0 0 0 

0 

The last column to the right is Dunaliella algae discharge The columns (4 - 6) from the right are light Transmission at different wave lengths NBT did not provide a copy 01 the photograph but It as a monthly photo NBT takes of the discharged water 
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StudyNo. : 4087 

Title,: Acute OralToxicity Study on WelhBardawXl Spray DrhdPowderm . 
Mice . 

This study was ,performed incompliance with the Good .Laboratory Ractice 
Standard for SELEety Stuclies on Drug6 (Natification Noi313 of the Pharmaceutical 
Affairs Bureaq Japanem hhbtry ofHea3fh and"Web, Mamh 3'1,1982) . 
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Hashima Laboratory, .Nihon Biortsearchh. I 
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Acute Oral Toxicity S:thdY O n  Dunaliella .. Bardawil Spray 
Driea Powder  1.n MLce 

. .  

SYNOPS I s 

We trusted NIfiON BIORESEARCH CENTER INC. wikh t h e  in-; 
'D. veatigotlon of ackte .oral t o x i ' c i  tp s tndy ia mice nbou,t 

bardawil s p a y  dr3 ed ,powder.. 
The test  article, D.. bardawil. spray d:r€ed powder, was , 

. femaJes, 7a.i dosage levels  of 2.5' g/kg, 5 . 0  g/k'g -and 1 0  *. , 

. admi-ni.stere&'So three groups o f  mice, ten, .males and. 'ten 

once. via ora l  .katubation. g'/kg dilnted' with CMC-Na s o l n . ,  
CMC-Na' s o l n  ... was, . used instead of ' tss t aFticle as. a . 

Crl ter f a ewal na ted f ;.r treabe n t ef f ec-t. dzrr i mg. -.- con t'r o 1 .. 
the 

- 
subseqnen3 Il-iiays observation peri'od were rn0rtal.i ty,. 

' general' sy1n3tb~ns, body weight& an.d gr'ass necropsy . 

exam3 nat3 on ., * 

'' ' 

The LD50 va3ue w&s found t o  be.greater .than .IQ g/kg f o r  
combined male and female mice. A l l  mf.ce survived t o  
study terminatioq- ' No signi9 icant fi&df.ngs were n.o.ted 
duri ng t h e  s-tndy per3 od. . 
observed in mice ak terminal sacrifice. , In body'weights, 
s igni f icant  increase6 were observed at the group o f  2,s 

WD' v i s  ib1.e. a h  o rmal i t 1 es were ' +. 

c 

. g/kff-* 

STUDY SUMMARY. . 

STUDY TJTLE: ' A c u t e  Oial Toxicity S t u d y  in Mice  
DATE INITIATED: 9/10/87 DATE TERMINATED: 10/2/8? 

0 0 0 0 9 5  
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. .  

TEST FACILITY: NIHON BIORESEARCH CENTFlR 1 NC, , G a i f n ,  Japan 
OBJECTIVE; To .evaluate t h e  acute t o x i c i t y  . o f  D. b.ardawi.1, 
spray dried powder in vari-ous d o s e s  by oral iritubafian 
s tudy . 
TEST SYSTEM: 
Species': m'i'ce ' Strain.: C r j  :CDT*1 (ICE) . .  

I 

. .  'Source:. Char1 es River Japan 
-The mouse was selected as t h e  test sys t . e m  because it is 

an acceptable model fo.r acute dral -toxic1 t y  s t u d i e s .  
Body We'ight Ranger 20-9-23.3  g and 1'7.0-L9,7 .g .at  

i ni t.i a t  i on, regpec t i v e l  y . 
A g e  at - S t a r t  of Study: 6 wks- d'ld Cyoang adult') 
Di e t  .: CRF-1, Oriental. Yeast I&. , Japan ' 
Environmental C o n d i f i o n s :  Animal 'room wEth con trolled ' 

t'emp.e,r& tnre., 
dark)" * .  Diet  and water freely.avai1able;. ' diet. withheld . .  

approximately 18 '- 20 ho&s prior- t o  d o s i n g . .  
.Dosing Solutions:  The test. &tide  was diluted with CMC-Nrt 

s o h .  a t  a dose vo5ume. o f  40 ml/kg, 
Dosage Groups: T h r e e  groups at dosage levels of 2 . 5  g/k.g,' 
5 . 0  g/kg. and '10 g/k& 

. Administration-: T h e  test article was a d m i n i s t e r e d  by oral ' 

' 

.' . 

' 

humidi4.y end .Light C.G hrs 1 ikh-% a-nd&&:: ... h = -  . - 
. 

_ -  

. gavage .. 

3. , . OBSERY AT I ONS : 
Mortali ty  and General symptoms.:: Observed 1/2,, 4 and 6 

. 'hrs a f t e r  a d m i n i s t r a t i o n  on the first d a . Z  twice d a i l y  
thereafter f o r  14 days,  ' , 

Body Weights:. Immediately , prior t o  test a r t i c l e  
administration, day  I,. 3,. 7, la and terminationCday 14). 

2., 

0 0 0 0 9 6  



’, hlec.ropsy: Performed. by qua1’if.ied personnel - 
BESULTS : a -  

. LD50 Value: The LD5D value was f o n d  t o : b e  grea.tar than 30  

g/kg f o r  combined male and female’ mice.,. 
Dose-Morta1.i.t.y Data: NO mice died  -during t h e  s fudy perioa.. 
G e n e r a l  symptoms: No s igni f icant  o b s e r b a f i n n s  wer.e noked‘ . 

. .  

‘during t h e  study period.. 
’ Body Weighksr The 8 fgnt f i cant  increases o f  body wti:gh.ts 

. were obse+ed on day 10 . inmale rn.ick o f  2.5 g/kg, 
, Necro,psy: ND v i s ib le .  abnor:ma’lit.les were observed i n  ‘mice . 

I .  

. .. ut t h e  terminal pas-+mor tern examination .. 

8 0 0 0 9 7 .  
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. .  -. 

. .  
.Protocol ' . .  

' TestarticlcnamC : DB Iabbrcviatior&, 

Oral administration acute toxici? study o f  Dunaliella.B~awil'Sp~.Dried Powder in mice . 

S O O n S O ~  . .  
Nikken Sciyaku Koa0 Ca. 

4-41 Hirahta, Fwju-cho,.Hsshima-shi, Gifu-pnfeclurc 

. Testing facility . .  

. Hashima Institute, N i n  Bioresearch Center Co. (Facw'Managcmed . .  Kcnichi Ndqawa) ' 

. .  

6-104 Majimg Pukuju-cho,Hsshima-shi, Gifu-prcfecture, . . . 

, .  . . .  . . , .  
Smdy obiective 

. Aco0rding.b Yakushi No. 118 f'Guidelme for toxicity studies ,of +ugsS" (dated Februw .IS, 1984). 
: ,  mute. toxicity of DkaIielln . B i d d l  Fppray Dried :Powder .in mice is -examined -by oral 

- .  . .  
. .  

. .  

. . .  . . .  
, . .L . .  

.pate of start of study (Date of addhi sirmatureand sed bv Facilitv Mk&emcnt& August 25,1987 

. .  

. .  

. . . .  . .  . .  

> .  

. Studvueriod . , 

. _ .  , 
. September 10,1987' , , . . ' I  Date of animal delivery: : . . 

. .  
, .  

.. . _  
, .  

. October 2,1987 

. .  . .  

, . Date of the final necropSy: . 

.. . . 
, . .  

. .  
. .  

, . '  
. ._  

. .  

. .  
. .  - 1- 
_. . 

0 0'0'1 1 5 . .  



_ .  
t .  &gg&preand 8 erll 

Name: . Puniihiko Ariga S d  Augwt.25, -1981 

Address: ~'~0; .302,  Nisliikawaddra Building, 8-40 Nishikawadaira, Glfu-shi ' 

. .  Affiliation: .Hashima Institute, N h n  Bionsoarch center Co. , . . .  

. .  . .  Auprovd of urotocol 
. .  Sponsor: T m  Shiraishi Seal August 25,1987 

IfGpresentative Direcbr,' , Nikken Seiyaku Kogp Co, 

4-41 Hirakata, Pukuju+ho, Hnshima-shi, . .  Gifu-prefecture . . ' 

. .  
. .  , .  . .  

. .  . .  

Confirmation 
'Qualily amrance unit 

Responsi6le person: 

. :  

.. , . 

. . .  

. .  

. .  _ .  

. .  

-2-. 

. . .  . .  

. .  

. .  

. .  . 

. .  . .  

. .  . .  

. . _  . . .  

. .  

1 .  

. .  

. .  

. .  . .  
. .  . 

. . :  . . .  

. .  I 

, .  

. .  .. 

0 0 0 11'6 
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QtudvNo. 4087 

(1) Teatartick 
' Test article name: Dkliella Bardawil ' S p y  Dried Powder (abbreviation: DB) 

.LotNo. . .m-i 001, 

Description: 
Stability: 

It occurs as reddish brown'powder and is insoluble in water. 

It is stable in 0.5% CMC-Na aquedus solution up to 5 hours afkr  

. :preparation. 
. . DateofreAption: Septemtxril, 1 9 ~  , _  

' Amount rcccivd "20. g 

Stnragc conditions: Atkr air is replacd by n'kogen, it is stored undex freezbg'in the dark 

.. . (freyxygem absorber. is%.ried.) 
. &rageplace: . %st mticle storage cabinet (fmzer).ofTesting PnCiiity ' , 

Supplim ' w i n  s e i + h y o  CO. 

, 0.5% carboxymethyl ~ctllulose. sodium aqueous. solution (CMC-N& Lot 
. .  

VshiClC: 

. .  

. .  No. 1C4034, J y g s i  Chemical Co., Ltd.) 
. .  

, .  . .  

. .  . .  . . .  

. .  
i 

. .  . .  

. .  
. .  

. .  

. .  

0 0 0 1 1 ' 7 .  



. .  
. .  

, . .  
' 

. .  '.StudvNo. 4087 . 
* '  

' .(4) Body weight range at the time o f  delivery 
Males: 15.1-21.4 g. Females: -17.0-21.4 g 

. .  
. I  

. (5) Supplier 
Charles s i v g  Japan, Co. . 

. (6). Quarantine and preliminary rearing . 

For delivered mice. 1-week prelimi+ rearing period is set. During the.period, body 
weight is measured-twice or more, andexternal appearance and clinical signs are observed. 
This is the period for quarantine and  acclimation.^ 

. .  

. . 

. .  ' (7) Method of animd allocation, tp p u p s  

. 
. .  . .  

. Anim&' that s h o d  .no abnormalities in boay .weight gain, appearance or clinical . s i p  
, during the preliminary rearing period are selected at the agtof  about's w e e k  stratifzed by 

the body weight, and then, randomly allocated to groups: so as to &.the mean body weight 
and variation among. @e groups almost the same. Priorto admkhtrdon, b mhds am 
festcd -from 4-5 pan. the day before adm$istration, and animal alloytion t .pups h 
.pqfimned on'*the day o f  &mit$stration. , h r  allocation,. the remaining animals. arc killed 

Wcr ancsth&a on the day ofadminhtration.. 

-. 
. .  

, 

' ,  

. _  
. .  

/"' 

. .  . .  . .  
. . .  

(8) 'Indiv.id+ identificatmn . 

. .  
. ,  

Anh& am identified by marking at the .tail with oil-based &k during t f i e . p r e l i i  rearing 
'period, and by'stainiig . .  the fur. with dyes after . .  bid .allocation; Cages arc identified by 
putting a lab$ .carrymg Study No.,  date of animal deiwery and acclimation &mal No. on: 

e& cap during the preliminc~ry maringpriodi and putling a label carrJlhg Study.yo., test 

. . 
. .  

, . ~ a k c l e  name, dose and animal No. on.dach aftm animal allocation k.grdups, .' . .  

, .  . .  
. .  

. . .  

. .  
, .  

. .  . .  . 
. .  

, . ,  
. .  . . .  

(9). . Conditions fir animal care . . .  
. _  

. . .  . The.animals are rewed in an animal room (Room 9, Building C) under the conditions of 20 ' 
, -24c, 40.70% humidity, 12-hour light and.dark cycles (time of lighting with fluoresffirit 
I lamp: 6 am. -.6 p.m.), nnd i2+changedhour (usihg filter-sterilized fresh &), 

, During the prel&inagy rearing period and after animal alloc&ion to groups, the animals 'are 

' ' Up to 5 animals are put per cngc. The plastic caps and water supply bottles am changed 

. .  
. .  

' . . . .  . 
. .  

" , 
, . . 

' 

. .. ' .  : housed in plas&'cages (175 x 245 x 125 mm) with bedding (chip, Chiba.Animal Shizai,, Co.).. . .  . .  " ' " 

' , twiceormonaweek. ' ' .  . .  . .  

. .  . .  
. .  

. .  
f .  

. .  
' 6- 

' -4-,' 
4a. 

0 0 0 . 1 1 8 '  
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. .  

&swAuum. 

(10) Food 
Pellet food (CRF-1, Oriental Yeast.Co.) within 3 months after *tion is supplied frtely. 
Contaminants of the food are analyzed by a third party or&zation, and the .results of ;the 

lots .used &ringthis study are obtained from-themanu~rer. 

(1 I) Drinking water 
city water is supplied freely wing polycarbonate water supp;ly.botties. 
Quality of city water is examined by a third p@y organization almost every 3 months. 

, 

_ .  

. .  . .  
. .  

. .  
, .  ' ' (12) .Bedding 

, ' contaminants, '&. of bedding are analyzed by a third. p w '  orgahization, and .the rcs~l& .are . 

. .  obtained 

. .  . -  

.. , 
. i  

. .  . .  
. .. 

. .  
. (1) Routeof aikainii'tration and reason for the choice ' ', . . ' I 

. .  . .  
'Since DB h a.food,.its wub t0Xic;tY in mice is examined by o r d . n d m i d o a i n  thissttidy. 

. .  
. .  

. . .  

. .  . 
. .  

. .  
: . (2) .Admiinkration method 

. .  , The tcst article- is adminis&d'by gavags wing plastic disposable dige with ,metallic' . .  
. .  . .  

. .  
. . .  . . .  . 

. .  
. .  

. . . .  '. ; .  . .  

' gom@'tube: ' - .: 

' . ... . .  . . .  . .  
' . (3) Dose volume, number o f  dosing and'time.of dosing 

- .  
Based. on the body weight measured shot& before administration, 40 m a g  of,best &ids 
suspension is administered once. {fmm 8 am. to 12 iioon, BS  le); 

Adminish.ation'.is .pprfpnned 'under deprivation of food and' ~ & r .  .Food and water . .  ' . ' 

supplied after completion o f  observation on the day o f  administration '(at b u t 6  hours aftor ' . .  

. ,  . .  . .  
. .  . .  . .  . .  . 

. .  . ' . . 
' ' 

. .  
. .  . ,. , , 

. .  
' dosing). . . .  

.. . 

-5- . . .  

. .  . .  

-. 

. .  



. .  
-. 

. .  

. -  . _  

(4) bose groups, nurnber.of animals and Animal NOS. . ' 

. The test groups arc as .MUOWS: 

(Animal Nos.) (Animal Nos,) 
Group II Control (vehicle) - White ' 10(001-010) lO(051960) 

. Group2 'DB 25g/kg Yellow lO(.lOl-llO) lO(151-260) 

Color of .M& ' Females 
Group 'Test ,PUP D O S C  

. Group3 DB 5&g -Blue .. 1 O(20 1-210) 1 O(251-260) 

Group4 DB ' lo& * h d  . lO(301-310) . lO(351360) , 

(5) Rcasqn for dose.setting 
SinceDB is a food,3seems to. bc highly &: Nodfkt of. Its @ministration & rats at 10 

' glkg/dny for 3 weeks was r~orted .  In wnsidtration'of suspendibility of DB in 0.5% ' 

CMC-Na aqueous solutioaand thepssible 'l~&.doss-volume, 10 gkg  is'set &.the high. 
dose, and middle and low do-. are.& at 5:- and 25 gkg in a geometric series with a , 

.. factorof In. , . . .  

. .  
5. I m l s  o f  obscrvab 'on a n d e x m d W  . : . 

. .  . .. , . .  . . .  
. .  . .  

, , .  . .  
. .  . .  (I) , Observation period ' . .  

' . For.14 dawaftm- 'on '. . . . 

. (2) Generd. clinical signs 

. ' . 
. 

L ' obsmation perid(on& once on+ day of ~cropsy]. 

Each animal is observed far 6 hours &zr.doSing on the day 6f adminidon. From the 
day, incral cliukal signs 4 ,h%tate'of.survival arb b b d  &ce daily in'thc '' 

. .. 
. .  . .  

. .  
.. 

. .  . _ .  
. .  : , 

'. , 
. .  

. . .  . :  
. .  

' 0) Body ycight measurement. . 
. .  

Each animal is~weighedontbc day o f  a d m k o n  (shortlybe& dosing), and on days 1,3, , ', . 
.' 7, lO and 14- a d m i n i d o n  &a m m t  timeirthe moming (8 am.-I1 'am., as ade) .  ' .  ' . 

. .  
. 

. .  

.. . 

. .  

. . .  . 

. _  
. .  . ' (4) Necropsy: _ .  

' Dead animals k c  necmpsid 88 ear&, as .possible aRer .being fciuna. Am the end of , 

. anesthetization .and.ncnopsied :Findings an,r&xd&. ,O&hi and tissues that showcd 
' observation period, all'the. surviving himals arc killed by exsanguination. under ether , . . 

' ' 

abnomalities a&foted.in a 10%formalin .' . solutiomand.stored. 

. .  
. _  * .  

. .  

. .  . '. 

. . '  

. .  

_ .  

0 0 0 1 2 0  . ' 



I 

. .  
-1 assessme& t 

(I) When cdculation of LQo and .the 95% wnfidenct limit arc possible from the mortality by 
..the.end of the observationpcriod,3hese vnlucs .me calculated by-theProbit method. 

(2) For the body weight, the mean and standard .daviation nn calculated in each .pup. For 
*sting significant difference between the control group nnd .the test article administration 
group, the homogeneity of variances is examined by the F .test When variances are 

test or Cochran-Cox, t test is applied, In every .kst, the significant Ievel is set at less. tha 

I . 

' 

homogenous, Stitdent's t tmt.ii used, and when variancesare not homogenous, Aspin-Welcht . .  

. 5%. , .  
. .  

. .  . -  
. . .  . 'I) Record of receipt and return of tht+ rest article ' .. . 

2) 3 t y r d ' o n  the.&cription.and stability o h e  test article(obtained from thesponsor) . 
' 

. .  
(3) 'Records o f  analysis and environmental control 
. . .TI Record ofcnvimnment in animal room . 

. .2) Xecvrd ofai imal  oarb 
' .3) Record of  analysts .of food contaminants . .  

f . 4) Rccord'of quality analysis of drinking F r  
' 

. .  . .  

. .  
. .  . .  , 

0 0 0 1 2 1  



. .  -. 

. .  (4) Records .on test animals ' 

1) Record of animal delivery . 
2) R.emrd of receipt and.aoolhnatlon of anitnab 
'33 Record of animal allocaIion.to groups 
43 .Record of transfer and m b n t  o f  mimale 
5) CegtlabdS 

(5) Records .on administration 
'1) .Record of calculation o f  dose-volumes 
-2) Record of  administration 

' 

, .  

. .  . 
(6) &cords of obskvation and examination 

' -1) Record of deaths in:the courBe 

2) Record of observation of p n d  clinical signs 
3) ' Record of body weight rncRsurcment 

. 4) Recodof necropgy findings 
5) atoord of calculation o m s o  (whsn -cdwlatian is possible) 

' 6) mid of confirmdon. oforpis (whcn.orpans arc psorved) 

. .  

. .  

. .. 

.- 

9, b b m  of Emeinine test Bptici~ 
, 

record of we (copy). . .  , 

. .  
' ARer conclusion o f  the study, the rernaidhg test article .is %turned tothe sponsor together with the 

. .  
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Phrt of correction, details of wmotion, reason for c o d o n  

. _  
p.-3 1,'Testarticle 

. (1) Tcst.dblc 

. Stability: Since the stablliw in 0.5% CMCis unknown now. ?hc stab i l b  will be confirmed 
JYv the swnsor.' ThmfOre,the data w b  ill e added after a ca~tslt " io & 

The,test artide is stabic in 0.5% CMGNa qwus solution up 
, I .  

5 burs after 
, 

p=P&a 

Vshicle: .OAT% carboxymethyr Cahlose sodirrm queow sol~tion. (WC-Na, Lot No.. 
1C4034, Jy&Ch+icd Co, Ltd.) * .  

. .  
-1 

JUnBCi 

'The above undaIined p& m changed as shown in the 1oWWline. 

pp.3 -4 1 Test animals 

(3) Date of delivery and n u m b  of k i d s  delivered 

SeptGmber 10,1987 a m a h a  h d 8 s  

. .  1 1. 
52 52 

Continued to the next p a p  
. .  

BEST ORIGINAL COPY 

. .  0 0 0 1 2 3  
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. .  . 
w o n  for the changts: Owing to umvenience of the animal supplier, .the aforesnid number of animrils 

with 3he above .body welght Tengas was dclivercd, and actunl values .are 
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In the 21-hour urine, urinary specific [S.G.] was measured using a refracting 
mometer pipet,  Nippm KO& KogyoCO., L7’D.) 

(53 Ophthalmologicd examinahon 
After W o n  of both eyes using a mydriatic drop ( ~ y d r i n  p, s m  

p ~ c E u T I c A L  CO., LTD.), fund~~copy W a s  performed using a fundus ~a;mera 
(RC-2 Model 621, Kowa Company, Ltd), before id.hI h l h k t r a t i o n  and after completion 
of the dosing p e n o d  

(6) Hematological examination 

collected by cmdation from &e 
abdominal aorta under anesthesia with pmtobrbital sodium (Tokyo chemical hdnsiry Co., 
Ltd), and the following hematological parameters were exached The remaining blood afta 
testing was disposed on the testing day. 

Prothrombh time LpTJ was measured m plasma .tceated wit31 3.13% . S O ~ ~ U D I  cifrxte 
(Junsei KagHku Co., La,) by Quick’s onestage method, using FibroSystem (BBL, Div. of 
Becton, Dickinson & Co.) 

On the day &ex the final administsatiw blood 
* 

Red blood cells [fCBCJlwhite blood o t l l s  W C J  coullts, hemoglobin F B I ,  M o c r i t  
PcTJ and pl~telets LpLTJ oount were measured in blood collected in an EDTA-;?K coating 
Symex GUP, using an aatomated blood cell cozmfer [Sysmex &ZOO04 .Sysmex (former name‘ 
‘w8s Toa Medical Electronics)]. 

PM blood reticulocytes count, Mood treated with EDTA-ZK was stained 
supraVay (0.5% new methylene blue and 1.6% potassium d a t e  mixture) and smeared on 
glass slides, followed by p r e p d o n  of Gi&n&-sta.bed samples, to determine the percentage 
ofRET in 1000 red cells undermicroscope. 

. 

For differential. counts p: lymphocytes, N: neutro+, E:eosinopHs, B: baso@lds, M: 
monocytes3, blood WBS treated with EDTA-2K smeared on .the glass slides, and stained with 
May-Gnmwald-Giemsa, and 100 white cells Were examined uncler microscope to obtain the 
mmmtiaI c o r n  

(6) ‘Blood chemistry cXamina~on 0 0 0 1 7 8  
Blood was left for 45-60 minutes at room temperature, then ce-ged for 15 minutes 

at4”C and3000 rpm (2OPR-52, Htachi Koki) to obtain serum, 

The serum was stored at -80DCoF-390AT, SANYO DEW CO., LTD.) until 
assayed After the  ~SSRYS, the remaining s e m  was stored at. -20°C (RS-70, HITACI-31) and 
discarded. after submission of the final report 

GOT and GPT were measured by Henry’s method, alkahe phosphatase [ALP] by the 
pNPP method, creatinine phosphokinase [CPK] by Oliver’s methoq lactase dehydrogenase 
FDHj by the Wroblewski-La Due mebod, total cholesterol p-CHO] by the COD-DAOS 
mthod, triglycerides [TG] by the GPO-DAOS method, total protein by the Biuret method, 
blood urea nitrogen FUN] by an enzymatic method, creatinine [CRE] by Jaffe’s reaction, 
total bilirubin V-BILJ by the ambilirubin method, glucose [GLq by t he  glucose 
dehydrogenase method, Ca by the OCPC method and inorganic phosphorus pi] by the 
molybdenum blue method, using an autoanalyzer (AU 500, OLYMPUS). 



.5. Doses, group composition. and reasons for dose setting 

Doses and group compsition are shown below, - -  

Labd Male F& 
color (AnimalNo.) (AnimalNn.) 

Group Test group Dose 

Control 
(0.5% E ~ O U S  CMC-fla soluticm) Group I - %%.te 5 (011-015) 5 (061-065) 

. Group2 D~~naEdaBardawilSpayD~dPowder 0.5 EJkg Yellow 5 (111-115) 5(161-165) 
Group 3 D d e l l a  Bardawil Spray Dried Powdar 2.5 g/kg Red 5 (211-215) 5 (%1-265) . . 

Doses for the study were decided together with the sponsor. The previous oral ercute 
toxicity study at the dose of 1-0 g/4 m u k g  of DB2) h w e d  no a b n o d  general signs, 
changes ih weigbt or & n o d  fhdhgs at the autopsy, However, it w a  difficult to 
admhhter the product continuoudy at this dose der nonfashg conditions, Therefore, for 

‘on c d w  based on LO mUkg whiah is the dosing volume 
the 

same volume of 0.5% aqueous CMC-Na solution 8s that used for the test d b e  ~ y 8 6  

established 

6. Observation /test items 

fhiS study, 2.5 && W8S Set aS tht hi& dOSe, and 0.5 gflcg 86 10W dO68. 2.5 f& the 

g d y  nsetl for contimlous a c k h k w l  ‘OIL h addition, B GO&Ol &roup - . *  
maximum dose for a- I .  

C. 

’ (1) k d s i g n s  
The animtds were chaoked twice B atry (only once on the b y  of ampsy) for the 

presence of abnonnal signs. 

_ _ -  

$2) Body weight 
The Rnimslfi were weighed’twice .a week , ‘ 

. .  
(3) Foodintake 0 0 0 1 7 9  

Food intake was measured once a week on two cwseodve days, and daily food intdce 
was calculated, Food intake was recorded on the day of measurment of residual fiod, 

(4) Urinalysis 
Urine was collected using a urine collection cage, after completion of the dosing period 

under f&hg conditions (including no water) for three hours (thme-hour mine); and 
subsequently, under normal conditions of feeding and water sutpp2y for 21 hours (total 
24-hour wine), for the following tests. 

In the three-hour Urine, color tone was evaluated by the nakedeye. Mter dribbling of 
200 $ of the obtained urine on the A m e s  Clinitek test paper ~ i e s - S ~ o ) ,  pH, occult 
blood, protein, glucose, ketone bodies, urobilinogen and bilirubin were tested, using Ames 
Urine U y z e r  (CLI”EK SG, Miles-Sankyo). For sedimentation, epidermal cells, RBC 
and Wac, the Urine was microscopically examined in 100 visual field at a 400-fold 
magnification, and for hemaglutination, blood casts and ~rystal the entire visual field at a 
100-fold magnification was examined. 

I - A  
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(9) Histopathological eXamination 
' Liver, kidnep and rrdrenal glands were 3bqd.h 10% n e d  brrffaedfarmalip and 

pdn-embedded, according to fhe common'procedure, follavired by prepadion of 
hematoqh-eosin sizhing fbr histop&obgical ' ''on As for the rest, the sites 
where abnormalities were recognized wze aJso tested. In addition, r e - p r e s m  cases were 
photographed, 

\ 

7. StatisticaI methods 0 0 0 1 8 0  * 

For body weight, food izltake, hematological examinat04 blood chmistty eXaminatioq 
organ weighta (absolute weight and relative weight to thebody might), Ucinr: w l u m e  and 
urine specific gravity, the mean vdue and sbm,dard deviatioIl w e  calculaSed for e a i k p u p  

To test the sigd5cance of &erences between eaoh dose grot~p and the control group, 
multiple comparison was used, considering less than 5% (PCO .OS) of xi& as a signiscant Icvel. 
Practically, Bartlett's test for equality of variances WBS used, and when the value w8s 
homoscedastic, one-way analysis o f  variance was used, followed "oy intergroup comparison t o  
the control by D u e t ' s  method if a signzficant difference WES recognized (when the number 
of cases was the sme). WEXI the value was not homoscedastic, one-way rad-based 
ANOVA (JG-uskal-Wallis test) was used, and if t h e  value was significmt, inter,oroup 
comparison with the control was used, mplo$ng Dunnet's test for rank-transformed data 
(when the number of cases was the same). 

I 



Study schedule 

The study shedub WSS as follows: 
Datt of arrival of Rnimals: 
D& of grouphg February 21,1989 
Date of ini.tia2 adminidox:  February22,1989 

Match21,1989 
Date of autopsy: Maroh22,1989 

Date of completiOn of sample obs&atiOn: 

February9, 1989 

Date of completion of admini~tration: 

June 30,1989 

No llnexpected evenfs tbat might have aflkcted the reliability of the r ed t s  were found 
during the implemenMhn of the stndy. 

Test r d t s  

1. Death and general &jps dnring the study 

No de& or dmcmnal ,general s i p  were recognized e& in d e s  or females of arry 
group, :iucl&g& c o ~ l  pup. 

2. Bodyweight ' 

Changes In body weight are h w n  in figure1 and Table 1 (Agpendix 1-1 to 1-3) for 

Chmges  in h body weight of d e s  a d  femaies lin each dosing group were skilar to 
d e s  and figure 2 and Table 2 (Appendix 2-1 to 2-3) for females. 

those of the control group, andshowed no signi f icantdi f fmes on any measuring day. 

3. Foodintake 

Changes in food htalce are shown In figure3 and Table 3 (Appendix 3-1 to 3-3) for 
d e s  and figure 4 mdTable4 (kppendfx 4-1 to 43) for females. 

- In the 0.5 g k g  dose group, B signijicmtly bigher Imel of food consumplion was found 
in males on Day 10 and in f d e s  on DRY 17 compared with the control group. kt the 2.5 
g/kg dose group, changes in food irrtalrt both in males or females were sirnilat to those of the 
control -goup, showingno significapt dBkrences on any measuring day. 
w 

4.. Urinalysis . I  

Among the results of urinalysis, urine volme and urine specific gavity are .shown In 
Table 5 (Appendix 5-1 to 5-3) for males.and Table 6 (Appendix 6-1 to 6-3) for females. 

Both the &e volume and urine specific g r a ~ t y  of each of the male. dose groups and 
the female 2.5 g/kg dose group were similar to those of the control groups, showing no 
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s i w c a n t  dif%rences. In the female 0.5 g k g  dose ,group, the l e v d . ~ c $ ~ . g ~ t y ~ ~ w ~ ~  &la to 
that ofthe control group, while &e volume was significantly bi.g~~er'tim tbat of the control 

As fa other results of the d y s h ,  color tone, pE3, oc-t blpod, pr&ejn2 ..glucoBe, 
bodies, urobilinogen and biEruE&e shown in Table 7 (App6'k &les; '7-1 .tb 7-3, 

females: 8-1 t o  8-3), and sedim&tion.in Table 8 (p;PpenBix: d e s ;  9-1 do 9-3, fmales: 

to 

! 
I '  
! 

. .  . grsuP. . .  

. 

' $0-1 to 10-3). 
The values of every parameter in d e s  and females in each dose group were 

those of t h e  control group. 
I .  

i 

. .  ! : 5. Ophthalmological examination 1 '  

! '  I includingthe control group. 
' 1 .  No abnomdities were recognized in the fnndus of d e s  and females in any group, 

I 6. Hematological examination 

The results of the  hermtologicd &tion are shown ~Tab le .9 -1  (Appmdix'll-1 to 
11-3) and Table 9-2 (Appendix 12-1 to 12-3) for males, and Ta%le 10-1 (AgpmdiX 13-1 to 
13-3) and Table 10-2 (Appendix 14-1 to 14-3) for f d s ,  

White blood cells Wc] count was SignificHstly 'highar in d e s  of thc j0.5 g/kg dose 
group mid females of t$e 2.5 g/g dose group, cumpared to W of the COntr03 &ronps. The 
N u e s  of other parameters in males and M c s  in esoh group were similar t o d m s e  of fhe 
control group, showing no significant diffnnnces. 

c 

7. Blood biochemistry exambation 

The results of blood biochemistry exanhation me shown in Table 11-1 (Appendix 15-1 
to 15-3), Table 11-2 (Appendix 16-1 to 16-3), Table 11-3 (Appendk 17-1 to 17-3) andTable. 
11-4 (Appendix 18-1 to 18-3) for males; and in Table 12-1 (Appendix 19-1 to 19-31, Table 
12-2 (Appendix 20-1 to 20-3), Table 12-3 (Appendix 21-1 to 21-3) and Table 12-4 (Appendix 
22-1 to 22-3) for females. 

The values of sodium p a ]  and chloride [CL] were sig~5cantiy lower in males of the 
2.5 gkg dose group than in those of the control group, but t he  dZference was minimal. The 
values of other parameters were almost the same EU those of the oon'uol h d e s  and females 
of each dose group, showing no significant differences. 

8.. Autopsy 

Table 13 shows the autopsy fmdings in males and females. 
0 0 0 1 8 2  

ITI the control group, tk~ymus hemorrhage was found in one male and one female, and a 
unilateral white renal nodule WES found 

In the dose groups of DP, a yellowish-white nodde and partial thickening of the liver 
capsule and partial thickening of the spleen capsule were recognized in one female of the 2.5 
g/kg dose group; thymus hemorrhage was found in one male of the 2.5 g k g  dose proup; and 
splenic enlargement was noted in another male (N.215) of the 2.5 &g dose ~TOUD. 

one female (No,065). 
I 
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9. Organ weights 

The absolute and relative organ weights are shown in Table 14 (Appendix 23-1 to 23-3) 
and Table 15 (Appendix 24-1 to 24-3) for males; and in Table 16 (Appendix 25-1 to 25-3) 
and Table 17 (Appendix 26-1 to 26-3) for females. 

The absolute weight of both males and females in each dose group ww similar to &at of 
the control group for any organ, showing no sigdicant difkences. On the other hand, tbe 
relative weight of the kidneys in one male of the 2.5kg dose group was significantly hi& 
than the control group. , 

10. Histopathological examination 

The results of histopathological eXamination are shown in Table 18 (Appendix 27-1 to 
27-3) for males and Table 19 (Appendix 28-1 to 28-3) for females. 

In the control groups, infiltration of inflammat ory cells was observtd in the liver of one 
male and all females, and in the renal interstitium in one d e  and one M e .  Besides, 
thymus h e r n o h g e  was found in one male and one female, but all of these .findings were 
considered very mild or mild changes. Moreover, unilateral r d  blastoma was obscrved in 
one female wo.065). 

ln the dose groups, infiltration of irrflammatory cells was observed in the liver in om to 
three mimds,in each male  or female dose group, a foreign-body grasuloma WBS found in m e  
€em& of the 0.5 gkg dose group and thiclcening of the liver capsule and a granuIoma were 
found in one male of the 25 gAcg dose group (N0.264). Repding thi kidneys, -MOR of 
inRRmmatory cells in the interstiurn and a cyst were found in one male and one female, 

epifherium and a fibrotic focus m e  noted in om m a l e  aad one female, respectively, of the 
0.5 g/kg dose group. All these abnormditbs were mild’ or very d d  As for the rest, thymus 
b o n h a g e  was recognized isl one d e  of the 2.5 g/kg dose group, exmnedullary 
hematopoiesis (N0.215) and thickening of the spleen capsule (Na.264) in one d e  and a 
female of the 2.5 glkg dose group. 

t respectively, of the 2.5 g/kg dose group. Besides, a basopldic change of the aibalar 

, .  . 
Conclusions 

The toxicity of Dunaliella Bardawil Spray Dried Powder was examinedby a 28-day oral 
dministration in Sprap-Dawley R.ab .[Crj: CD(SD)], and the following results obtained, 

Concerning general signs in males and f d e s  of each dose group, the changes in body 
weight were almost the same as those observed in the control groups. The transient increase in 
food consumption observed in males and females of the 0.5 &g dose group in the middle of 
the observation period, was not dose-dependent 

The signifcant differrenes observed between males snd females in each dose group and 
the control group regarding some parameters of urinalysis, hematological examination and 
blood chemiktry were not dose-dependent and not necessarily common to males and € d e s .  
Thus, they were not considered not to be E consequence of the administration of DB. 

The thymus hemorrhage found in one male of the 2.5 g k g  dose group at the autopsy, 
was also recognized in the control group; thus, it was not considered an effect of DB. 
Moreover, the splenic enlargement found in one male (N.215) and the yellowish-white 
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hepatic nodule rwl thiokening of the liver and splean capsules sten one female (Na,264) of 
the.2.5 &g dose group, were assumed to be acciidd changes. 

The absolute weight of evay organ in d e s  and f d e s  of each dose group was 
sipliar to the weight of that orgas in the conk01 group. On the other hand, a sign%cmt 
dif€erence in the~ek~tive weight of thc kiheY6 WBS fwmd ’b one I d e  of the 2.5 g/kg dQae 
@pup, ’but since this change was not common to d e s  tmd fanales and there ware no 
differences in the absolrrte weight, c h g e  was not considered to be caused by DB. 

The histDpathologi~al e x m h f d h  showad thy mu^ hemorrhage and idil@&n of 
j&kmmtory cells in the hepatic and renal *atiti.lms whioh were also observed in the 
control groups. As for the rest, a foreign-body granuloma was recognized in the liver, a 
basophilic of tUbLlk epithelium, Cy& and .fibratic f 0 O U  Were found h the kidneys, but dl 
these abnormal tindings were recognized ody b~ one case each and were not dose-depeadent; 
thus, I 3 . e ~  were not considered to have been caused by DB. In addition, the .autopsy &wed 
thickening of the liver capsnle and granuloma in one f e d e  witb a yeIlowi&-white 
nodulelthickening of the liver capsule and thickening of the spleen capsule (No.264), and 
extrasledullar hematopmesis in one male With splenic enlargement (N,215), AU these 
Ghasges were consistent with the results of tbe macroscopic observation at the autopsy. 

The wbite nodule recognized at the autopSjr in the kidmy in onc female of the 00Iltr0l 
gmup (No.065) was a r d  blastoma 

These sesults indicattd that D.Lmalieaa B~rd~wil Spy-Dried Powda did not indace 
toxicrty h d e  nor 51 female jcsfs. Therefma the 2.5 gkg dose level of Dunaliella BardawiI 
Spray-Dred Powder, which is cWaiderea to be almost the ramximum dose for cw- 
administrdon under the c d t i o n s  of the study, was assumed to be tbe no-effect level 

References 

1. 

2. 
Data on features asd s d @ ~  of the kst s&staweprovidcd by” SOHONSKA 
Fumibiko Ariga et a?.: Study N0.4087 “8r;Utt ~ O Z C ~ G ~  stady by oral administration of 
Dunalielta Bardawil Spny-DriedPowder in rats”, Nihon Bicrresemh Center, l3shbxt 
Laboratory, Angust25,1987 to Decanbm 7,1987 

L+ 0 0 0 1 8 4  

u u u i o r  
__.. . n n n  nt. 



t G 1  

I- 

200 
Q 
m 

f . .  

..._ 
. .  . .  

- L O ~ T R C I L  - OB U,5G/KG . DE 2 i 5 G / K G  

I 1 ' .  I I I -  I I I 
15 18 ' 22 2s 29 radrsf O L  I 

1 4 E I 1  . , 

Fig. 1 Body wights of Rale rats treated ora!ly,with Dunaliella Batddawil Sprw Dried Powder for 28 days 

t 

i 



. -  

I .  

. .. .. - .,. -- 
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. Table 3 Food consumptions by inale rat$ tl'Eited,~rallY'wlth Duhaliel la BardawiI Spray'Dried Powder for 28 days 

0 
0 
0 

W 
+ 

I .  

. .  
. .  



L 

I .- 

. .  



. .  

. .  

3: '- 
.> 

Table 5 Urinalyses o f  male tats treated oral I# 91th DUM1 iel la bardawi I Spi'ay Dried Powder for 28 days ( i 1 

BROUP 

. .  

0 
0 
0 
+ .  
CD 
c4 

. .  - .  



Table 6 Urinalyses of female rats treated oral,\Y with Durraliella BardawiI Spray Dried Powder for 28 days -A- ( I )  

. .  
. .  

0 ' .  
0 
0 
F.lr 
W 
la 



f- i g 

. . _  . . .  . . . . .. . .-.._- . --. .._. - . . . - - .... .. . - . _--. . . . -- 

. .  

C 
C 

t- 
U 
c 

. .  

Table 1 UriialySes of wle and f W l e  rata tt'&ed$ralIy rib ~ l l i l l l a  Bardarril Spray pried p d e r  for 28 - i y s - h  ( t ) 

.. 

. .  



.. . 

. .  
. Blood CrYs 

. I . .  

.. Findino Epithelial cel ls  Erythrocytes (RBC) Leilkocytes (HBC) . Casts 1s 

0 0 0 0 0  C 
0 O D  - d % e s z .  S Z W Z  

* " " g : g  N F E Z  N I . W l o .  

sex O B Z B  rd H 1 If--, 1 1  1 c y 1 . t  2 . 2  v - - - - - - +  
0 p T I- P D +- 'I; - . v  0 

6rwp 

Ii 5 5 

- 5  5 4 1  

Control 5 5  5 '  . . 5  

5 . .  5 .  Hale. OB 0.5 a/hS 5 5 . .  

5 .: 5 5 5 4 1  
. . _ .  . .  DB 2.5 g/kS 5 5 

. _ .  
5 5 5 -  .!i . 4 . 1  . 

__ 
5 5 4 1  5 

4 1  5 5 4 .I 
. . .  . 

Control. 5 .5 

Fernale DB 0,5'g/ks, , 5 6 . 5. 
1 ,  . 

. .  
DB 2.5 g/kg 5 5 . 5 

. . .  . .  

* . '  

jale 8 Urinalyses of male and fema!e rats treated orallkqith Dunalieila Bardawl1 Spray Dried Powder for 28 d a w -  ( j a )  

. .  



. .  

. .  . .  

- .  . 
. .  

40 .  .e11 . 14.4 

5 5 
5.0. 3614 . d.49 ' .  1449 5 . J Y 

. ,  

. .  



L H E 6 .  Y 

, .. _ .  P 
CD 
00 



t -. 

_. ~ . .' 

-,.5 . 1q4.2 -. 26 . 1s.1 
7a 2FA53 0.33 



. .  

._ 
I .  

L.. -..I --........- . .  . .- . . . ,  _. -._ . . - . . . . . . . - 

. .  

. .  

0 
0 

)i. 0 , i.., f3 
, I. .z 0 
e-.) 0 

c " 
. _  

I 

. .  



t 

. . .  - ,  

, .  

0 
. o  ' 

0 
'CQ 
0 
+ -  

- .  . .  



. .- .. . .- 

. .  
. .  

, .. 

. .  
1 _. 

_ .  . 

. .  

. _  
. . *  . 

! 

i 

! 



. .  
. . .  

I 

, . . .  

. .  

i 

_A 

.-. 

DB Oi56/KG ' 

d 
0 
0 
2 4  
0 

. .  

i 



d 

I 

CONTRUL 
. HkAN 

. _  

16.3 5.5 4.0 . io& . i.7 0 ~ 3 3  D a 8 2  e 6 6 3 9 .  5 ' 0 4 7 % .  5 
. 5  

59.7 

0 
0 
0 
is 
0. ' 
b b  

, 

. I  

'f . 

, 



F 

_ . . . . _ _ . . . - - I _ . . . . _ _ . .  . . J . -  .-_-. ._- .-.. _ _ _ _ _ _ _ _ _ -  

I 

. .  . .  

p . .  

. .  

i .  

. .  

. _  



-. 

.. . .. 

. .  

.. . 

Table 12 - 2 Blwd blochen!caI analyses of feuaie tats Qegted orally with'Dunalie1la Bardawil Spray Dried Powder for 28da~s--+ (n) 
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Table 13 , Htkmpsy findings of male and feniale rats tpedq orel Iv  91th bunallella Bardmil S p r d  p r l 4  Pawder for 28 dwsi 

t j '  . : 5 5 . 5  5 5 
. .  

Numbet . 
. .  - .  or animals .. . Fi nd i ngs 

. .  
. _  . o  0 .  . .o . 1 1264'1 

. .  . .  . .  

0 .  1 {z& . 0 
0 

Liver. . . 
Ye1 lawish White nodule, 0 ' ;  ' . 

Thickening df capsule tuartlai Iy) ' 0 .  . ,  " 0  ' .  0 '  
Thymus 

Hemorrhage . 1 (013)' 0 '  . Q : .  
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. Table 14 Absolute o&n wiuhts' of ,inale rats tteafied oral Iy Mth 'Dunal iel la  Bardafiil SpeN .or44 Powder hi\ 28 days 

WEIGHT T H Y H U S  LUNGS . H E M T  . LIVER SFWEN K I D ~ E Y S  IPRENALQ T E S T E S  
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Table 16 Relative organweights of-male tats trqted o h l l y  filth Durialiella krdawl.I Stway-Dr4ed P d e r  fer 28days 
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Table 18 Eistopathological findings of male rats tr.eatad orally pith Ddnaiiella Bardawl1 spray Dried Powder for 28 dwS 

. .  . .  .. . 

Group control DB O;fd/kg ' DB 2 . 5 d k g  . 
.' Humber of  m i i a l s  . Is * 5  5 

. . .  . .. , 

- f 4- s1- t i t '  
Findings 

. .  ' - + , + . H a t  .. . 
Grade ' - -I. 4- 4- at 

. .  . .  

3 5 0 0 0  4 ' d  1 0  0 4 i 0 . 0  0 
' Kidney 

Cellular infiltratioil(iilterst.itial1 4 1 0 0 0  5 0 0 0 0  4 1 0 0 0  
Basophilic change of renal tubules 5 0 , a  0 4 1 0 0 0 .  5 0 0 0 0  

5 0 0 0 0 .  6 0 0 0 0  . 4 0 1 0 o  C T S t ,  
Thrrnusf 

Hemorrhage 
Spleenf . 

0 . 0  0 0 0 0 0 1 0 0  . Extraaedullaty helilatopoiesis 0 0 0 0 0  

-: No remarkable chenges I: Mnimal +: Sl ight  4-k: Moddrate' .Ht: Marked 
k : Abnomal findings were observed at necropsy 
Nb remarkable changes hi Adrenal glapd . .  

. .  . . .  

. .  

. .  
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Table 19 liistopathoiogical findings of..fenale rats.,tteatyl orally with Dllnaliella Bardawil spray Dried Powder for 26 dars 

. . .. .. , . _  . .  . 

DB 8.5g/kg 
- 5  

.. Group col+oi DB O,Sg/kg .' 
.'5 , !i 

- 
NumbeF of admald' . 

Findiilgs . 
Grade - .& 4- H. 4, - * + st- #It. - + + * &  

Liver 
0 2 3 d . 0  3 2 0 d , b  Z 8 . 0  D b 

5 t i O D D  
Cellalar i n f i l t r a t i o n  
Foreign body granuloma 5 0 : a  0 0 4.  0 1 .ill 0 
Thickening of caps i i e  , . 8 0 p 0 : o  5 0 0 0 0  i o i o o  
Or an dona -5 iJ 0 0 . 0 . .  5 0 ' 0  0 0 4 0 1 0 0  

Ceilhlar i n f i l  trationCintarsti tiall 4 1 0 0 . 0  t o o o o  . 4 1 0 0 0  
cyst 5 0 U O b  
Focal f ibros i s  6 0 0 0 0  4 0 1 0 0  5 0 . 0  0 0 
Nephrobl as t aha# 4 - 1 - -  5 - 0 - -  5 - 0 - t  

HeMorrhage o t l i o o  ' 0 0 0 0 0  

0 0 0 0 ; o  . 0 . 0  ll 0 0 Thickeninii of capsule 

Kidney 

5 0 0 0 0  ' 4 0 1 0 0  

Thymus* . 

. Spleen* . 
0 0 0 0 0  

o o i o o  
. .  . .  . .  . _ . _  . .  . . .  . 

-: No remarkable changes +: hlirtinal +: Slight +k: Modbqate tfk: Marked * t Abnonal findings *era observed at  neardpey 

: This fihdihe i s + h d i c d t e d  b$ oillf +.or - 
No remarkable changed in Adtbnal gihhd ' . _  

I . .  
. -  . .  . .  
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0 
a. . *  
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Study No. 5'11 

Soonsor 
Nikken Sohonsha Corporation 
1-32 Asahirq Fukuju-cho, Hashha-shi Gifu-prefecture 

Study obiectivs 

As part of  t6t safbty.w* of Dun&IhBerdawil Spray Dried Powder, the safety of.28-day 
oral adminisiration o~mhIlaBsrdawiL.SpnryDriedPovvdais invcst imd usingrats. 

7-Q 
. .  . . . . . . . . . . . .  . .  StudyDirector: %dakEmkcdzEdli .... ,.. .... " .--... . . . . . .  .:' 

Person responsible for the stnw, Kcqii Ut0 

Schedule . -  
Date of start of study (Dk of adding signature and.seal byFaciIity Management): January 5,1989 

Date of animal delivery: ' . ' February 9,1989 

, Grouping: FebnxayZl, 1989' 
Start of administratiorc February 22,1989 

. . End of administration: March 21,1989 
Animal autopsy: March 2 2 , 1 9 8 9  
End of sample obsorvation: 
Submission of a report (draft): 
End of the study (submission of a final roport): . 

.. 

July31, 1989 

Sepbrnber 30,1989 

" October 30,1989 

0'0 0 2 1 5 
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J, Test article 

(1) Test article 
Name: 
Lot number: 
Description: 

Stability; 

Date of reception: 
Amount received 
Storage place: 

Dunaliella Bardawil Spray Dried Powder (DB) , 

NSK-1207 
reddish'brown water-insoluble powder 
The bulk powder is stable for at least one,Year after nitrogennpiaoment 
when stored in a tightly closed container, as well as tbr at le& two 

months when stored in a refrigerator protectad eom light OT in a freezer, 
Also, the 'bulk powder is ,stable for up to Eve 'hours when diluted or 
dissolved at concentratiom o f  5% and 25% in a 0.5% carboxymethyl 
cellulose sodium aquwus solution and stored in a r&igen@r 
(approximately S'C) probcted fiom X&t 
February 2,1989 

. 

. .  

416.0 g 
test articie stormom m the study faclIity 

Storage oondftlons: stomd in a ficczor (approXimatay -2O'C) p r a f e c t c d h  light , 

Sllppk Nicn Sohonsha Corporation 

. ... - .. . I  r . . . .  Rehm.of unusediest article .. . . 
After the compldtion of administration, the unused test d o l e  Tehvncd to t h e  study xponsor 
with a copy of the usage record 

2. Retiaration of test solution 
r he test artioie H dissolved or tiiited at the specific concentration innecessary pw of 0.5% . .  

. carboxymethyl ceUuiose sodium aqueous solution (CMC-NIX ,lot number;. 1ff9E5046, 
manuhcturer; Kanta Kagaku Kogyo, distilled water for injection: lot number; BFSZN,. 
menufacturer: Otsuka Pharmaceutical Co., Ltd.). The .test solution should b e  k d  within five . 

hours of preparation and q e  unused test soiution.is discarded 

3. Animals 

(1) Species, strain and reasons for selection 
I )  
2) Reasons for selection: 

Species/&&: mt (SPF), C$ CD (SD) 
Rats are widely used in tqxicity studies. Rats used in the 

present study have a clear strain ~hkistory, ,and data in rats have 

been accumulated. 

-3- : 



(2) Age (week) upon arrival 

Four weeks 

(3) Arrival date, sm and quantity 
2 I males and 2 1 females on February 9, 1989 

(4) Body weight range on the day following arrival 

Males: 55-105 g 

FIZJW.~~S: 55-105 g , 

(5) Supplier 
Charles River Laboratories Japan, Inc. 

(6) Quaranthe and acclimatizafhn 
For quarantine i d  accXmaWon, rats are subjected to'a two-week p J h y  breeding 
period, during which theirweights am meesursd at 1eaitWiEe and theit &mrancc &d - 

. . .  
general conditions .inspected. . .  

. .  
(7) .Grouping 

groups using arandom sarnphg method afterbeiug wei&ed .oneday befh the start of . .  

'on, so that average weights and .their dbpeasions me comparablebetween the a m  I .  

(E) Individual identification method 
.Rats are identified by staining fm and putting marks on their t& by OiI-btmd ink during the 
preliminary breeding period, as well u by staining f& and :ear-p~ching aftor groupin& 

During the preliminary breeding period, labeis 'bearing study numbar, arrha1 date 'and . 

acciirnatization animal number are ,attached to each cagc, and afbr group& labels in 

different colors bearing study nurnbfz, test article name, dose md b l  number to each 

cage. 

. 

(9.) Environmental conditions 
Rats are fed in the  animal room (Room 4, Building C) underthe following conditions- room 
teinperature: 2O-24'Cl humidity: 40-70%, light-dark cycle: 1212 hours (fluorescent lighting 

0 0 0 2 1 9  



(10) Food . .  

Rats have h e  flccess tD fhe pallet tood (CW-1, Oriental Yesst Co., Ltd,), which was 
.purchased in &e Sast fhrw months. Fw %bod contmh&on, the food used d k g  a given 
period .is analyzed on a lot basis by the Japan Food Researoh Laboratories, .and malts are 

' 

provided by the food man- 

(11) Drinking water 

Rats have free ~CECSS to iap watsr 50x11 polycarbonate WaQr snpgly bottlas. For the quality of 
wptn, the results of an analysis by the (3% Refectural Public Health Inspection Center an. 
provided every thrsemontbs. 

.. *-, . . . .  . r._. .-... ^ , . , -  .. . . . .  . . 442) Bedding 8. '. ..,, . .:,..i::. .':-.*:,:&:"' .'? .: . r: .? c 

For bedding material co-on, the.reppitS of an. analysis conducted once a year by the 
~ o k y o  ~enbilryoin F ~ W O X I  are proviiixi. 

. .  

.. 

4- c 

. .  . .  
' (I) Administraton mute and reasons f i r  selection 

DB is food, so the sub-acute knrioity of its oral administratiOn is investigated using rats. 
. s  

(2) Administration method and volume of & solution ' 

The test solution, the volume of which is calculated' from the body weight measured on the 
day closest to the ahministration day andthe specific vDhune of10 rni/kg,.b administered by 
gavage using a metal stomach tube. 

(3) Dose *quMIcy and admmistrationperiod 
, 

The test solution is administered once a day every day for 28 days (basically between 8:OOiim ' 

and 1'2:0Oam)* 

0 0 0 2 2 0  



. .  

(4) .Dose and group 
Label Malt Female 
color (animal number) (animal numbd 

Group Study product 

Control(O.S% CMC-NE .. White 5(00 1-0.15) 5(061-065) ' 

Group aqueous so~uti~n) 
Group2 DB .O.Sg/kg Yellow S(111-115) S(161-165) 

, Group3 DB 2.5g/kg Red 5(211315) 5(261-265) 

. (3 Reasons for dose setting 

n e  dose was determined at a discussion with the study sponsor refenhg'to the resulk of , 

previous acute toxicity study with DB mice (fasting). NO abnormalities were. observed in 
general conditions, body weight changes o r  autopsy findings even when a dose of 10 g/40 

mlkg, thought to be the maxhuk usable dose, was administered to mice. However, 
. .continuous non-fasting administration under the conditions above is considered t.0 be diff~ult.. 

By convcrtingthe maximum dose above according to E common rate fix solution volumes of 

1.0 mkg, the dose m the p e n t  study is set at25 g/kg f0rt.h high dose group and 0.5 gkg 

for the  low dose group. In the control group, the  same volumc o f  a 0.5% CMC.Na aqueous 
solution I the test solution& used. 

, 

* ' 

..' . 
, 

. .'*, -.. :\ ' 

5. ObsmatiodexarnbEtion item .. .. .... 
. .. .- .*.C 

(1) Geneml conditions 
General conditions and deaths EIR chechd twice a day during the study period (once on the 
autopsy day). Autopsy is conducted for mcroscupic investigation o f  organs and tissues of , 

dead animals as soon ES possibSe after death As'upon autopsy of living animals, 
' histopathological examidom should be conducted, ifgossibie. For anknals 'Iikely to be 

close to death (dying ah&), autopsy is conducted immediately Efbr blood sampling, .and 

tis upon autapsy o f  living animals, hemtological examinations, blood liiochemical 
examinations, organ weight measurements and histopathological' d o n s  should be 
conducted, if possible. 

' 

. 

(2) Body weight measurement 

. Twiceaweek 

. (3) Food consumption measurement 
,Once E week (Daily consumption is calculated by dividing the consumption for two 

consecutive days by two.) 

0 0 0 2 2 1  - ._-  ....... 
-6- , - . - :.-. . .  -. __-_.__.-  -.L ._---.-.... 

\ J 



.(.) Urinalysis 
Before the cornplation of administration, rats are transfarred to a urine smphg cage, and 
urine is sampled hr three hours (three-hour urine) fiom all rats ir a M n g i w a W  intake state 
and then for 21 hours from all rats in a non-@sting/waw intake state (21-ho~. urine; t,pMbg 

24 burs (24-hour urine)). The following exBminations are conducted using the wine aamplas 

above. 

' 

. +' 

Urine vohme: weight of the24-hoururine (24-hour urine) . 

Color: appearance (three-hour uiine)* 

Specific gravity: 

pEi, occulttblood, protein, glukse, btme body, urobilinogcn, bilirubin: 

refmkmetrr(21-hour urine, reiiactory specific gravimeter. Uripct 
(Nikon Copomtion))* 

(three-hour h e ,  urint test sh-'ip'for pslas CSinitk Milas .(Sankyo))* 
.~ Urine sediment m i n ~ ~ ~ ~ p i c . e x m m a t ~  ' 'on (three-hour urine)* 

*: Ifno urine istakm inthree hours aRer administration @etwe& about 1O:OO and 13:00),. . 
the relevant itsms xre not investigad. 

ne- 

,*.: ?TP- .-*-I. , . . ..- . . . _, - .. .. . . . ... 
. .  (5) Ophthalmic examination 

Before the first administration and &fore the.& of administratibn period, amydriatic'drug 

(Mydrin P, Santen Phammeutical Co., Ltd.) is administnred %r .mydriasis and ' 

ophthahnography is conductkd fix both eyes using a fpndus camera'(RC-2'ModeI 621, &&a 

Company, Ltd.). 

. . . 

(6) Hematological examination 
On the day foliowing the last admini t ion ,  blood sampioa WE taken b n  the abdominal 

' sorb into Sysrnef's EDTA-2K-costing cup under .intraperitoneal anasthesia with 
pentobarbital sodium, and the hematological examinations below are  conductad 'basically in 
all animals. (Unused blood samples are discarded) For prothrombin time, pbma samples 
prepared with 3.13% sodium citrate are used 

. 
, 

. 
. .  

I )  Red blood cell count, white blood cell count, hemoglobin level, hematocrit levo& 
platelet count: Sysmex E-2000 (Toa Medical Electronics Co., Ltd.) 

2) Prothrombin time: FibroSystem (BBL, Division of Becton, Dickinson & Co,) 

000222 - 
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' .3) Reticulocyte: visual counting method 

4) White.blod cell differential count: visual counting method 

(7) Blood.biochemical examination 
On the day ,following the last administration, blood samples are taka from &C auo&I 
aorta under intraperitoneal anesthesia with pentobarbital sodium, and scrm samples .obkjned 
&om .the blood are used -for following blood biochemical exBmiaatiofls in'& -8, 'ne . 
.serum samples are stored in a - B O T  k t c r  d measurement After me,asur&cnt, bey are 

stored m .a -2O'C frwm until submiision of a find report. Subsequent storage is .determined 
' by discussjons with the d y  sponsor. . 
GOT, GPT, ALP, CPK, 'DEI, total ChOIwted ,  triglyceride, total proteh, m a  niirogen, 

' creatinine;total bilkubia, glucose, Ca, inorganic phosphom: 
AUSOO (Oiympus Corporation) 

' 

. .  
. .  

. 

FLAME3DC (fIamphotomotor, JASCO Corporation)) NE, K: 
' Ci: chloride metar C-2OOAP (coulormtrictihtion, JOKOH'Co, Ltd.) 

Protein *action (mchding aibutnin IBVG~~) ,  NGmtio: 
. AES600 (electrophoresis, Oiympna Corpmatim) 

. . :, .- -% .e-- ~ .... - I ... - - 
1 

.... .. .. . ,. . . .  
(s) Autopsy . .  

On the day .following the final administration, animals h r n  which Wood samples ware t ~ b  . - ' 

* .  

for (6) and (7) above are exmgum& ' ii Organs and tissnas are macroscopically hvestigated 
and findings are recorded. Typical photos of a b m d  mgans and tiSsues of  the animals and 

the corresponding parts of animals in the cmtmI gmup m They me fixcd/storeci'in 
10% nbtral buffer formah 

(9) Organ weight measurement 
The weights of &e organs beiow ofd'animks aremeamd d&g autopsy on the day' 
following the final administration (for paired organs, the weight of a pair is measured). ' 

The rates of orgm .weights and the body weight before autopsy '(relative weights) are 
calculated. Aftcr measuremeat, .the organs' below ate 5xxedlstmad m 10% neutral buffer 

. formdin: heart, lungs (including h e  bronchus), thymus gland, Ever, spleen, kidneys, adrenal 
gland, testicles (male) and ovaries (fernale) 

' 
' 

000223 



. .  - . .  
(1 0) Histopathological examination 

The livm, kidneys and adred gltlnds of all .animals arc Exed in 10% ne-1 bh&r ~~ 

Foliowing routine method, they are paraffin-embedded and .HB-stainad for hiSt&thoiogioal 
mina t ions ,  Examinstions are ab0 conducted for abnormal sites .%und by autopsy, The 

photos of typical cases are taken. 

. .  

6. Statistical method 

, For body weight, food con~~mptio& hematological findings, blood bjochemick findings, organ 

weight, relative weight urme volume and urine spedifLc p v @ $  means and standard deviations 
for each group arc calculated 
Tests of significance between the DB and conhl  groups are Eariitd out using B multiple 
.comparison method (ASSIT aoalisiS; refer to attachments I and 2). Differences are judged as 
significant at risk ratas of <5%. 

. 

. 

7. Prmcndment of mbw1 
E the protDcol needs to be amrmdd dter an outsourcing agreement i signed, it will be amended 

by discussions bstweea h e  stllay sponsor and M y  ki l i ty ,  The protocol amcndmcnt form which 

indicates sections before and after amendment andreasom for am&cnt needsto be stored with 

6 

. .I --.. .. .. -* 7" . . .  .-A. . * . . the protocol. . .* - ". .. . .  . 

8. Storaee ofmaterials and samules 
Materials and samples dated to the study are aU stored inthe matetiaVsm& storeroom . .  of Nihon 
Bioresearch fic. starage periods are subject k separate agreements. 
(1) Protocol, main schedule bible, protocol amendment form, contract . 

. . .  

(2) Test article record 
I) Receiptheturn record 

2) Record on characteristics and stabiIiLy (received from study sponsor) 

3) Usagerecord 

4) Storage record 

(3) Record on environmental conditions and contamination analysis 

I) 
2) Breeding control record 

3) 

4) 

Record on anhal room environments 

Record on food contamination analysis 
Drinking water quality test record 

0 0 0 2 2 4  



t 5) Record on bedding ContatninStion xpalysis 

' (4) Record on animals 
.I) Animal arrival record 
2) Querantine/acclimatization mood 
3) Animal grouping record 

. 4) Record on transfer and disposal of anhais 
' 5) Cagelabel 

(5) Administration-related record . 

I) 
2) Administration record 

Record on calculation of volume ofthe.test d o l e  solution 

(6) Obsarvationlexamion record 
' I) Daifydcathrccord' 
2) General condition rocord 
3) Body weight record 
4) Food .consumption record 

, _  

. ._.._. I ..,.._. .. . 9 Urinalysis record 
6) Ophthalmic examinafion record. 
7) HematOlogicaI examinatiDll reccnd 
8) Blood biochemical examinatonrema 

9) Organ weight record, relative weightxecod 
. . 10) Autopsy record 

-1 I) Organ inspection record 
12) Histopathological ~ ~ O C C S S ~ I I ~  record - ' 

13) Histopathdlogical examination record. 

14) Photography-related record. 

(7) Samples 
' 1) Farmdin-fixed samples' and parafEin-smbedded samples 

2) Histopathological samples 

.. .. ., , ... .. .I . ". .. - , . . . C  , .. ~ . - "**: .. .... .. . - .  . . 

-10- 
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Attachnient 
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0 
v 
0 
13 
E3 
4 

t '  

. .  

I are equal. I' 

I 
I . .  , .  
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Attachment 2 

0 .  
0 
0 

. .  

Test results are indicated at the boI@n pdofAppeudbr by the abbreviations below. 

A “ 0 :  

A ” l :  

KWHO: 

KWH1: 

. Duko: 
DUH1; 

SCHO: 

SCHL; 
. .  

DTHO: 

DTH 1;. 

STHO: 
STHI: 

.i 

A one-way layout variance analysis shows b e  absence of significant differences. 

A one-way layout vtK.pm andpis shows the presence of significant differences. 

A i(ruskal-Wdh~ test shorn the absence of sighificant diffkrences. 

A Kruskal-Wallis test @owsthe presence of significant &rences. . 

Dwett’s d test shows4he abseim of bignificadt differ&ces. 

Dunnett‘s d test show@e pmehce of significant Wrences. 

$ 
. .  

t :I 

Schefft’s S test shows b e  &scnce of significant differences. 

Scheff6’s S test showgp p&erice otsignificant men5nces. 

A Dw& type mean rank test shows the absence of significant differences. 

A Dunnett type fie& t test shows the p,tesence ofsighifbnt differences. 

A Scheff6 @e mean rank test shows the gbsektce ofsigNficatit differences. 
A Scheffd type mean tpk  bst shows the presehce of significant diExcnce~; 

1 . . .  
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. _  
I .  

. .  

' Protocol Amandmept Porn (No, I) , ' 

Amendments .and their reasons . 

p. 1 

. .  
' . p.2 

.". ..< . .... . . 
t .  

. L. 

. Studysponsor 
.Mien Seivaku Kw,Y~ 

1 .  
' NikkGn Sohonsha Corporation 

m-a . ~ - .- I... <. . . -*y -7. L. ...... -**; -.. .r . .. . .. *.. . . . -  
. .  i '  

HimyukiTakemka Seal January 17, '1989 
Nilckm Sobmixi Cotparation 

. .  

The underhed sections are'amended as above. 

Reasons: Persons'r,~onsiblc for in the study spons&havd bmn,cha&ed, 

. Amendment 
Study Director 10-4 January 17,1989 ' 

Approval 

Facility Management Kenichi Wakaeawa Seal January 17,1989 

Study Sponsor Hirovuki Takenaka Sed January 17,1989 

L" 0 0 0 2 2 9  



Study number: 51 18 

.PrutaCol Amendment Form ("0.2) , 

. .  
Title: 28-day oral administration subacute toxioiQ' study of Dudiella 'BardawU spriiy Bid 

Powder m rats 

Amendments and their reasons . 

' p.3 1.Testarticle . .  . .  
(I) TestzirMe 
Lot number:, -after,+ NSK-1207 ' 
Date of obtammg MM DD. YYW h e n  tioned after a h  hhFI 4 Fsbruary2,1989 ' 
Quantity: 
s t a r s g t c ~ o m :  k ate 5Y9Urot ected Zrom lie 

The underlined sections are modiiied e abwc. 

pentioned after ab& -r 416.0 g 

3 s t m c d h a b ; e s z s r ( ~ y - Z O ' C ) p r o t s e t e d ~ @ t  . ' 

I '  - -  
Reasons: It was p h d  to mention after obtaining of the test artidc. The mrage conditionswero 
. . . I  .... ..... . . . . .  -. .,-..... ..--&.-.. .-,.+.-_ - ..I. .. ... . . . .  ..,..... . C  :-. I . . . . . . .  _-. .-.....- modified.as~in6&ucted by the study sponsor, . . . . . .  . ... ..... 

p . 4  (g) Individual identifirztion method 
m m  * a n -  e~ I' * 

. . .  breedm period. . ,  

Rats we idmtified by staining fur and putting marks m the$ tails 'by oil-based. ink 
during the preiiminaty breeding period, 
The underlined section is amended BS above. . .  

. Reasons: Th$ amendment is,reiated to the revision of the standard.operating procedurss (SOP). 

. .  
Amendment 

Study Director February 6, 1989 ' 

Approval 
. .  Facility Management . K- February 6, 1989 

Study Sponsor February 8, ,.I 989 

. .  

. .  

0 0 0 2 3 0  



, . .. .. . .  

. .  I: . .  

. , ~&~hemrnpanynamchasbao3lchanged . 

', . 
. p.3 '. 2.Plcparationoft~stsohrtiw 

. .  
I -.-.... .: :- 

. _ .  . .. . . ..-. . . . . , . I Them@ple is dissoivedor., . .  

. 0.5% carboqmetbyl cellulose sodium aqueous aolutionjCMC-Ns. Iot number: 10935046. 
. .  

Enanufs e. Dnta  %eaku~U&. f i l l  . .  
. panufaonnec Otmka Ph-nttical CO.. M.l, . 

a The ~ ~ ~ e d  section is added. 

.Reasons: It was planned to mention after purchase. 

. p. (3) Arrival date, sex and quantb' 

'20 malea .and 20 females on February 9,1989 
21 males and21 fern alq on February 9, I989 . 

The underlined section is amended as above. ' 

' 

, &&s: Twenty-one each of male and female animals were delivered according to the animal 

supplier's convenience, For.dates, era names are changed. 



. . .  
..... 

. .  

. .  

. .  . .  

Saptember 25,1989 

Sept~mberZ8,1989 . . 

-.~"t.. *,. . . .  ... . ..-- _ _ . . .  ... ..,#. . . ; . . . . . . .  .'.---..-++ .."._" .-.. 

0 0 0 2 3 2  
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. -I , . ..- . . , , . - -._ . 

Protocol Amendment Form (No. 4) 
. .  

. .  
. .  

Study d b e r :  51 18 
. .  

'Title: 
Powder in rats 

. .  . Amendments and theirreasom 

'p.1 Studysponsor , 

. .  . .  . . .  

X i  Sahonsha Corporation . .  

4-41 Hirakak Fukuk-cho, Hashima -shi, Crifu-orefecture . . 

1-32Asahira, Pukuju-&o, --&i, Gifu-prsbctU't . 
.L 

. .  . 
. .  

~ ~ 0 ~ :  m s . 0 f  the study SPO~SW has bow ohaagad. 

. , _ '  . , .:. r, ,,:, ..-,. . ,* .... .. .-... - .. - .I . - L' .. . . .. . .. :.: - 8 -. C" . .  . .. .,*. . .. .. .__ , .  I . .- ..- . .. .. 

Amendment 
. .  

Study DirectOr 

*' 

I 

. .  

0 0 0 2 3 3  
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0 Fig, 1 Body weights of male rats treated orally with Dunaliella Bardawii' Spray Dried Powder for 28 days 
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Table 5. Urinalyses o f  male rats treated orall11 with Duna\lel)a BardaVfiI Spray Dried Powder for 28 days --- ( I i 

w 
GROUP P 

S.G. . 

. .  . 
I .  . .  

1 

0 
0 .  
0 
h3 
(37 
00 

. .  

1 .  

. .  

_ r  , , 
. .  . .  



Table 6 Urinalyses of f e ide  rats treated oral (y vith Dunaliieila Bardawil Spray Dried PoMer for 28 days --- ( I ) 
I 

. .  
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sex I GrdlD 

control 

Table 7 UrityOses ut &le ard female fats treattd otally kith hnallella.MrdawiI Spray Dried P d e r  For 28 days:-. ( E 1 

H color 
5 b 7 8 9 3 ! , 5 i  

2 3  ' .  3 2 .  5 LieM yellon 

. _  
1 8) I P H  I (Jwf dE) 

Protein 

5 

5 

5 

5 

6 

' 

. .  

5 
. .  . .  

2 2 1  5 5 3 2  

2 3  4 1  5 . 3 2  

4 i  . 5  5 a 1  

.2 3. 2 3  5 2 3  

4 1  4 1  5 .  3 .2 

3 2' 5 2 3  4 . 1  

1 

i 

1 
1 

hale 

b a l e  

: 5 ' 3 . 1  I ob 0.5 g/kg 5 L i l t  PI lw . .  

Control 5 Light yellow 4 i 1 1 2 1 . .  

' . 2 -3. 2 3  
. .  . DE 2.5 g/kg 5 Light yelirn 

DB 0.5 ghi l  5 l ight Yellm 2 . 3  3 1 1 ' 

OB 25 O/kg 5 Light Ydlw i s  ' 1 4  



Table.8 Urinalyses o f  Bale and female rats treated o n l I l . % l t h  Dunaiiella Bardawi) Spray Dried PoMer for 28 days--- (H) 
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Table 9 - 1 Haatological fimllngs of Bale rats arytted oralIy with Dunaliella Bardawil Spray Dried Powder for 28 days- { I )  

I .- 

08 0;56/K6 . .  
.JUDGE . -  26 , 14.6 

L 



.. 

4 
92 94 . 6 .  

DB Z.56fK6 .. I 

. .  
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Table 10 - 1 Hematolo$ical flndihgs of female tats. tr.eated oral ly  with ihiualielia Bardawi I Sway Dried Powder for 28 days--* ( I ) 

. -- 

hCT PLT RET " ,  Pt 

. .  

. .  

0 
0 
0 
E3 
43 
cfr 

. .  

i . -  

_ .  
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Table 10 - 2 Hematological f Indings of fenale rats tt'eated oral lv  with Dunal id la SaPdawi I Spray Dried PWer for 26 days--. ( I ) 

E 

. .  
4 

. .  
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. .  

0 
0 .  
0 .  
h3 
43 
U T  

.; i  : ,::\ . .  
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Table 11 - 2 Blood blochenical analyses of inale rat$ treated oraliy With Dunal iel la Bardawl I Spray Dried Powdei'. for 28 days.-- ( P 1 

I -  
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Table 11 - 3 Blood biocheinical analyses of male rats tret!ted orally with Dunalhdla BardaJri I Spray Dried Powder for 28 days..; (HI) 

CONTROL 4.43  107-3 10.2 7-b 
0.82 . 

142.3 
0.19 

HEAN 
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, ' 1-12 
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Table 12 - 3 . Blood blochedcal analyses of fmale mts ti'pted orally with Dunalielia Bardawil Spray Dried Powder for 28 days-- (E) 

o 
0 

h3 
-3 
w -  

0 .  

. .  

I 

. .  

. .  
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'C 
C 
c 
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b 
I 

OB 0,5.6IK6 
JIJDBE 
hEAH 
S.D. 

6li 6 15- 3 3n9 ' 6 i O  , IO-? 2- 6 
3 . f i  3 i l i  0 5 4 0  0.70 0-69 0-66 

. .  
' 1 . .  

0 
0 
h 
E c 3 '  
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'Table 13 Hecropsy fIhd\tlEls af male and femile rats twted orally yi th blmd \el la Bardawi I SpraY Dried Powder for 28 days! . 

. .  . .  
'rraie . feiaafe . 

. . !  
DB 

.. L ' ,  

. DB 
6rouD Contixi1 Control . 

0;'s a& 2 4  !SI& 045 g / b  2.5 a/@ 
_ .  ' 

5 5 5 5 5 
. .  ti . . .  

. . Irlmbei- 
' * Findings .. . . .  bf 8hihaiS . 

0 0 0 
. L  0 0 . '  . 

i (013) . . 0 

. . .  
Kidney . .  . .  

. '.white ndile (left1 0 .  0 0 1 (065) ' ' 0 '  0 
. .  

'ic ' 

. .  

( ) :Anisla] nuFber 
! e  . .  

i 
i - 2  

. .  
I 
i o  

' 0  
i €4. . 

. .  . .  . .  
4 .  cp 
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Tabie 15 Relative orgdn-welghts o f  h i e  rats!,treated orally with Dunallella BardawiI Spray Dried Powder for 28 days 

GROUP 
WEIGHT THYHUS LUN6S HECIRT LIVER SPLEEN KIDNEYS ADREWALS TESTES 

( 6 )  G ( X )  G(%) G(%) . G(x) G(1) . S(X) HG(X) 6(X) 

C O N T R O L  
. H E A N  337 0 .  I 3  0.33 .0.31 3 . 7 3  0.20  0 . 6 8  1 3 . 8  0 . 8 8  

O i b 0  0 - O P O  
5 

0 , 0 3 2  0 4 0 1 6  0 , 0 2 0  0,105 0.017 0,027 
(Nj 5 - 5  5 5 5 5 5 . 5  

S.D 26.0 

0 

0 
h3 
-2 
43 

0 

. \. 
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Table 16 Absolute organ ~ i o h t s  o f  teAlale ratsm?ated orally Cith Mnaliella Bardawi S p a y  Dried Powder for 28 days 

O B '  0 .56 /K6 
0 . 4 8  1 . 0 0  0 .88  9 . 8 1  0.58 '1 .85 63.5 94.0 

0 6 0 4 6  0 , 0 4 2  t)a0?7 1 , 3 2 8  . 0,128 0,123 4 . 5 3  2 0 . 4 9  
5 5 5 5 5 5 5 5 5 

JU06 
h d  ' 2 3 6  
S . O .  15i.5 

bB Z.56lKG 
J l l d G E  

0 . 5 1  0.94 0.82  9.06 0.52 1,75 i s . 7  8 8 . 8  
01075  . 0 , 0 6 7  0,130 1 4 2 2 7 .  01115 0 . 2 0 7  1 1 i 7 5  1 6 . 2 4  5 

HEAN 220 
LO. 1 8 . 5  

5 5 5 5 , 5  5 5 5 

8 
0 
0 
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. L  

_._ 

.0;2f 0 .  4 3  0 , 3 8  3 . 9 3  0,22 0 ; 7 9  26.5 . 3 9 . 0  
CONTROL 

HEhN 226 
S . 0 .  1 6 .  0 0 . 0 4 0  O i 0 2 7  0.030 0 , 1 7 8  0 .019  , 0 , 0 4 5  1162  5 -  1 4  S 5 5 5 5 5 .  5 5 5 ' I  

. .  

; .  . 



Table 18 Bistopathological findings of Male rat3 treated otal ly  with Dunallella Bardaail spray Dried Powder for 28 da.Ys 

DB Z,?ig/kg . 
5 

Grollp +on trol. DE O.!ig/kg. 
. '.5 * c  

. -  
Number of Uinals 

.. .. Fifldings 
Grade - 2 + -I+.* . - - t + - H i t t  - - + + & . i t &  

. .  
1 

Liver 

Kidney 
4 ' 0  1 0 . a  

4 1 0 0 0  
4 1 0 0 0  6 0 0 0 0  

Cellular iniiltfatibn * ~ 4 ~ 1 0 0 0  3 2 - 0  0 . 0  

Cei 1 ~1 ar inf i 1 t r a t  ion i inters t i t i a l l  I i o o o ' .  5 0 0 0 0  
Basophilic chahge o f  renal, tubules . 5 0 0 0 0  

Heraorrhage 0 . 0  '1 0 0 

. Cyst - 6 0 0 0 0  6 0 0 0 ' 0  4 0 1 0 0 '  

' ThymU~l:  
0 0 0 0 0 .  0 0 1 ' 0 b  

Spleen# 
.. kxtr ameddi 1 afy hematopo i es i 0 0 0 0 0 0  0 0 1 0 0  0 0 0 0 0  

-: No renarkable chenges &: Minimal +: Slight 
f : Abnomal findings wefa observed .at necropsy 
No remarkable changes i n  Adrenal gland 

. .  

SC: Moderate Ut: Marked . 

t 
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Table 1 9  Histopathological findings of female raks treated orally with Dunaliella Bardaril spray Dried Powder for 28 d a s  

3 . 1  . .  
I Oroilp con txol DB 0.5g/kg DB Z.Sg/kg 

Numbex of animals.  6 5 - 5  
. .  Findings 

. Orade - : % + * *  - + , + * *  - - + + s t &  

Liver 

. Foreign body grandoma 
Cellltik .Mi l  tration ' 

Thickening of capsule 
Granuloma 

Kidney 
. Celltliar infiltratio~(interstitia1) 

cyst 
Focal fibrdsis 
Nephrbblaritoma# 

flemotrhage. 

Thickenihg bf capstlle 

T b m u s /  

SpIeeM . ' 
. .  

0 2 . 3  0 0 3 2 0 0 0  2 3 0 0 0  

6 0 . 0  D .a ' 5 0 0 0 0  a D i O 0  
5 0 . 0 . 0  0 4 0 i . 0 0 . .  5 0 0 0 0  

6 0 0 0 0  5 0 0 0 0  4 0 i 0 0  

4 1 0 0 0  t , O O O O ~  4 1 . 0  0 0 
5 0 6 0 0  6 . 6  6 0 0 4 0 1 0 0  
5 0 0 0 0  . 4 o i o o  5 0 0 - 0  0 
4 - 1 - . -  6 - 0 - -  . 5 - 0 - L  

0 0 l O O  ' 0 0 0 0 0  d u o 0 0  

u 1 w b . 0 .  u 0 u 0 . u  U U l U U  

-: No relarkable changes 4: Mlninal $: Slight tc: Moderate tt): Marked * : Abnoial findings iere observed a t  necropsy 
No' reniirltab'id chaiigds h Adrehd rtikntl ' . .  * 

# : T~is..f~d!hg.i.sCin~fcg~ed bj.bhif 4- br f' . 

. .  
. -  ,!t 

. .  
- _  

. .  
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Introdaction 

AreversiontegtwithbacteriawascanductedusingtheArnes~~"I1) aspartofthe 
saiidy study ofDunalidla Bardawil Paste intended to be usad as a diemy The 
test was cauied out in Bccofdaflce with the "Ciuidctine hr t~xioity studies of drugs'' 
(Yekushin No. 118, February 15,1984). to examine thc potential mutaganicily of Dundialla 
Bardswil Paste. 

The study w8s soheduled as ~ O ~ ~ D W S :  

1. Preliminarytest 
Preincubation ofbaoteria: h c m b n  15,1987 
Implementation of the study: December 16,1987 
Dab Of d U & b E  December 18,1987 

prtincubatian of baoteria: December 22,1987 
Implementation of the study. December 23,1987 
Dm of evalustioa. Ihcmbc€ 25,1987 

2. Maintest 

1 



Test method 

1. Strain used in the study 

The names ori& and Staring method of the strain are shown in Table 2. One month 
bei%reimplememtatrrm - oftbe stndy, the features ofthe test strain @resencdabsence ofamino 
acid requ'uamant. ultraviokt s&tiv&, rfh mutation or R-€iidor plesmid, drug resistance 
fitctor) were txBmined acwrding to the ''New guidebook for mutagenicily study with 
back&"? and the strain oompatibZity was confirmed (Table 3), 0.07 mL of dimetyl 
sulphaxide (IBBO) sterilizta by fiItr&m wllipore FHfype) and 0.8 mL of the bacteria 
suspeDsion was f i k d  io a screw tube for s l x d z a h n ,  .frozen with dry iceacetone mix&ue, 
and stbred in a deep freezer (bp, type: MDF-19OAT) set at -8E. For preincubation of the 
test &ah, 100 mL of distilled water was added to 2.5g of "T BROTH No2 
(OXOID) and &riW in an autociave for20 minuteS at 121Dc. Then, 10 mL-aliquots 
were dispmed in L-shqe tubes SteriIiZed by chy heat fw one hour at 181°C. The 
oryopreserved brctab were scraped, inoculated and incubated with shaking in a water bath 

the bacteria suspeda The bactaria supasion was placed m ice before u8e. 

' 

incubator (T*o CO., Ltd., type: M-IO@) at 37f0.5"C far Sixteen horn t~ Obtain 

2. .59lwx 

by oriental Yeast Co,Ltd cm September 4,1987 wtrepllrchased on Scptamber 18 the same ' 

year and stored in a deep h z e r  set at - B O T  d u s t .  
The compogition of the S9Mx is shown in Table 5. Tbe cofaotor for S9M.x (Orieatal 

Ycest Co., LM, Lot N0.702) was dissolved with distilled mter, steriihd by filmtion 
(Mitlipore =type), and added to S9 before use. 

Torthe 3- and aocordingto the oonditiws listed in'Table4, products mamfhrfmcd 

3. Mediam 

Miaimal ~I.UGOSC agar plates were prepand with 30 mL each of minimal Vogcl-Eonncr 
E m d u m  contaioing 2wto/6 of glucose and 2wt% of agar powdw (Shoei, Lot NoX-151) in 

0.6wto/o of Bacto-Agar (DTFCq) and O.SwtO/p ofsodium chloride PIBS prepared and mixed with 
an amino acid solution at the ratio of 10:l. As the amino acid solutions, an aqueous solution 
of 0.5mM G M b  and 05mM biotin was used fbr each strain of SOrImoneEa t j p h h w i m  
and a 0.5mM Ltryptophan aqueous solution sterilized by filtration (MiIIipore FH type) was 
used for E.coii. 

7-~tenli;Eed petd dishes (90 0, P a l m  # 1001). F o ~  the top overlay, agar CMltaining 

. 

2 mL of top agar was added to 0.1 mL eaoh of the sample solution containing 5000 pg 
of the test substance pw 0.1 mI, and of S M x ,  spread over minimal glucose agar pIatas, and 
incubated upside down at 37f0.S°C for 48 hours to confirm sterility. Two plates were used, 
rwpectively, and steririty was confirmed. 
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5. Testmetbod 

k,. 

(1) Pdiminarytest 
A preiiminary test WBS conducted to choose the concen~tiom to be used in the study 

and the test methods. 

Thc test was conducted by the plate incorporation and preincubation methods, under the 
conditions shown in Table 6, using two plates for eaoh concentration, with or without the 
presence of S9Mix 

As far the concentrations, according to the “Guideline for toxicity studies of 
drugs”(Yakushin No.118, February 15 in 19841, 5000 crg/p3ate was the maximum 
cancentration, followed by 1000,500 and 100 Nplate and solvent control (distilled water). 

The plates were examined to essess the inMbitDry effeot of the test substance under an 
inverted mioroscape at a 100-fold magnification (Oiympw, CK); after macroscopic 
observation of the precipitate on the plate, the number of colonies were counted. 

As a resuit, no growth inhibition of any strain was observed by the plate inwrpoEation 
method in the presence or absence of S9Mix (Tables 7 and 8). On the other band, the grrrwth 
of TA100, TA1535, TA98 and TA1537 Strains, WRS inhibited when cultured in the presence 
of 5000 pg of the test substance without S9- whereas, the growth of TAlOO and TAl537 
strains was inhibited at this concdptrafon in tha psence of S9Mix 

A precipitate was recognized on the plats either by the incorporation method ar 
preincubation method at concentmiions of 1000 pg or 

No incrcascs in the number of mersed oolOnies/plate were recognized by the 
inoorporation method ox pmimhtion method for any strain, rtgardlws ofthe pnscnce of 
S9Mix, o m p a r d  to the solvcnt 00ntroI. 

(3) Maiatest 
Although there was no inmuse in the number of reversed colonies with either methad, 

a bigger inhibitory tendency was rccognhed with the preincubation meithod than with the 
plate incorporation method. 

Thenfore, the preincubation method was adopted fm the study, with aad wifhoot 
metabolic  tido don; that is, in the pmsenoe and absence of S9Mix, respectively. In the 
absence of metabolic activation, 0.1 mL of Sample  solutio^^, 0.5 mL of 0.1M phosphate buffer 
(pH7.4) sterilized by autocIave and 0.1 mL of the strain suspension were added in sequenoe to 
a test tube sterilized by dry heat (125 X 75mm. THERM0 CorpOrStion, clean test tube Larbo) 
and preincubated at 37fO.YC far 20 minutes The4 the bacteria wen plated and 2 mL of 
top agar at 45°C was added and incubated in a themostat bath (YAMAT0 SCIENTIFIC CO., 
LTD., type IA-81) at 37+0.5”C for 48 hours, with the plate turned upside down. In the 
presence of metabolic aotivatioq the 0.5 mL 0.1M phosphate! buffir was replaced by 0.5 mL 
of S9& Regarding the concenttation of DB, since the inhiiitory affect was recognized only 
at the cwcentration of 5000 crgiplate in the preliminary tat, this was the maximum 
concentration used for all strains, followed by 2500, 1250, 625,312.5 pglplatc. In addition, 
for all strains, the test with tho solvent control (distilled water) M positive control was 
conducted with or without S9Mx Three plates were used at each concentration. ne phbs 
were examined under an inverted microscope at a 100-fold magnification to assess the effect 
of the test substance. After macroscopic observation of the precipifate on the plate, the 
reversed colonies were counted and the mean number obtained 

with or without S S M i x  

3 0 0 0 3 0 9  
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Storage of the data 

The date will be stored in the data storemom of the testing fecirity for the time b e i i  
Future storage will be discussed and decided with the sponsor, 
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.* . Summary 

1. 

3. 

4. 

5, 

Based o ~ t  the nsults of the plhnbuy test, the Study was conducted using the 
prejncdmtion method with or withwt metabolic aotivation. The ccmcmtmtio~18 ofthe 
test substance were M O O ,  2500, 1250, 625 and 312.5 rcglpzate for all strains. 2. 

ctrowfh inhibition was recognized at 5000 pglp1ate far TAlOO and at 2500 and 
5000 e l a t e  for TA1537 Without S 9 k k  and at 5000 iLg/platc for TAl537 with 
S9hGX. 
The p m i . t e  on the .plate was recognized at concenkations of 625 &plate or more 
With~WitllOUtS9Mix. 
Ndher in the presence Mr in the absence of S9- the Illmiber of revarsed 
colonies/plate was twice or mom thaa that observed with the conttol for any strain: no 
m n d o n d c p e n d o n t i n ~ a ~ ~ o ~ d d t h .  
The sttriiitytastshawed no c 0 W o n  ofDunaliellaBardawilPaste or 99Mix, and 
eaclpositive conml showed an obvious double or h@leriacstase in the number of 
TwcIBed colonies ofthe tested SiIniq c m .  to that o'bswved with the salvent 
contrcll. 

6 
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!&&le 1 Podffos Control 

Straine 

Obtained from 

Date obtoined 

Storage tempnrnturo 

Cornpoei tion 

. SalmoneUe tmhimurium Escherichia coli 
TA30a,TAs6;T~s36,TA~687 WPhTk 

Nationd Institute or Inrrtitnte ofMedW Gcienca, 

November 1 6 ,  lSs0 

Hygienic Science . university br-0 
April 1 ,  lgB0 

-80% 

Bacterial sueppeneion 0.8 ml + DMSO 0.07 ml 

Strains Heme 

TAXI0 %(%Fury11 -9- (bnitro-2 

I 

I ' 1.0 I 

Table 2 Test. S t r a h  History 

.. , 

7 0 0 0 3 1 3 '  



Table 8 Specificity of tester strain8 

1 

TAlOO TAM TAlSSb TAL687 WP2uwA- 

0 I) 0 0 0 - His - 0 0 0 0 
0 0 0 0 

- b) - - - 
Amino acid 

requirement 1 
8 
9 

Trp' 

Sewithi@ to UVradiakion J. + + + + 
16mmJ 14 mm 17 mm .I6 mm O m  

rfa S P B U &  16 16 17 16 0 
16 16 17 16 0 

0 ~mma 0-  26mm a m  
R-factpr prssence 0 0 24 '28 24 

0 0 24 27 e4 

.' 
Table4 Preparation of 89 

I Age (fn week 1 I 7 &ks 1' Administration met;hod '1 f.p. -- I 

I * : Mean f S.D. 

8 



I Table6 Composition of S 9 m  . 

SMix (in cane of rnotabolic activation method) 

Temperature 
Pro-incubation . . 

Time 

Top agat rolntian 

Temperature 
Incubatictn 

Time 

Con~tM;usnLs 1 Amount in lmlS9 Mix 

0.6 ml 0.6' ml 

- * I . ,  , ,  87 c 
20 minutas, - 

2 ml e ml 

3 7 %  97 'C 

48 hvra 48 hours 

0.1 ml 

83 pmol 
6 pmol 

8 Jfml 
NADPH 

I J 

Table6 Test condition - 

0.1 ml 
1 .. Test substrurw YOlUmB 0.1 In1 . 

Baerlal sospansbn 0.1 Ml . OJ ml 



Table7 Reveraion ksst of Dunaiida Bardawil Paste CDB) iq bacbrial s h a h  
-'In case of non -metabolic activation method - 

(pn+minary) 
1 With(+) Number of revertant colonies f plate 

or 
Test C h ~ t r a t i o n  Without B&e-p~ir substitution type Iprameshih type 

eubetancs (pdp'b) s:& 
TAlOO TA1tiI ' WP2uvrA' TAB8 TA1687 

136 11 19 16 6 Vehicle 
control 162 12 27 20 10 

148 14 11 11 6 

6 167 14 27 11 

141 7 28 12 'I 

- - 

- 100 

500 
I .  163 i4 90 16 7 

DB 
I26 * . 14" 16 * B* 8" - 
146 * 16" 16" 19" B* 

197" 8" 16 * %I* * 6" 
my* 19 * 23" 27* 7 "  

* IWO 

- 6000 

1SD 10 17 10 . 4  
control 186 11 ' 20 11 7 
Vahicle 

126 9 17 9 6 

7 168 Lo 26 16 

144 16 20 1z 6 

. 148 17 21 14 6' 

- - 
- 100 

- 500 

DB 
131* 11* 2Q* 16 * Z *  

140" 14" 29 * 16 * 4 "  

18 z 48 * 27* w 

- lOD0 

- 1sq QX 38* 14* 52 
6000 

. 

Vehicle : D.Water 
: killing 

a : obmrved cryetalline matter 

i . ". . 1 0  O B 0 3 1 6  



.. * : killing 
+ : obaerved crgstalline m a k  

~ ~~ ~ 

17 17 20 11 
24 21 20 16 

8 20 17 .6 

12 21 22 10 

18 . 11 17 11 . - 
16 . 2 6  22 12 

14 * n* 14 * 7* 
28" ' 27" 17 * 10 * 

19 * 28" 24 '* l2* 
IS* 28" 18 * 10 * ' 

16 17 26 13 * 

'16 , 21 27 I? 

is ia 23 I1 
14 - 21 29 17. 

14 14, '1 6- 10 

19 * 27* ; - 5 0 "  9 "  

' 12*. 24" 18 * 2% 

. .  

19 lo 28 16 

18* 26* 28" . 6 "  

17* 52 * 24" 14 2 
. .  

1 1  



' .With(+) Number of repertant colonies/ plate 
T& Concentration Or without Base-pair substitution type FrameahUt type 

s u b s h o e  (pglpiate) (-) 
m ~ i ~  'PA10 TAW6 WF'2uvrAo . TA98 TA1597 

141 144 14 17 14 16 13 16 4 4 .  

134 162 8 12 UI % 18 1s 4 7  

- - vehii 
Conbd . 149 (146) 18 (16) 18 (16) 17 (la 6 (5) 

171 (162) 16 (12) 26 (24) 21 (18) 10 (7) 

I%* 188" 0" 14* m* 20" 10" 16*. 3' 8" 

148* (136) 16* (18) 26* (22) 20" (16) 8* (s) 

312.6 

I 626 

156' 7" 11' 18" Id* 17* Z%* B* 6* - 
i66* (166) l4* (I) %I* Qs) 26* (ze) 6* (6) 

I260 . DB 
1S6* 160" 11" 12* 18* IS* 16" XI* 2% 8; - 

2.600 179* (166) IS" (12) 36* (24) 22" (le) 6 (SI 
197% UISX lo* le* 24" d* 16* 22* 6: S i  
ZWx (202) 17" (IS) 3%" (28) 29" (22) ' 16$(10) 

- 
* . 6000 

, 

* 

m-54 

Na-&& 

ENNcl 

ACR 

- 0.01 

c 0.1 

c . 0.6 

2.0 

- 80,O 



Table10 Reversion test of DunalieUa Bardawil PEL& (DB) in bacterial strains 
--lin case ofmetabdic activation method - 

With( + ) 
Without Base-pak sub8titution type Framealiin type 

Number of revertant. ceIonias /plats 
T a t  &nc&abioh Or 

eubalmce (pglplate) (-1 
6gMix TAlOO TA1636 WP3uvrA- TAB8 TA1687 

187 148 io 12 17 20 17 24 13 13 Vehicle 
Control im ~ 4 7 )  12 (11) 22 (24) SO (24) 13 PSI 

137 141 B ' i o  14 17 is zi s l a  

4- - 

-I. 
149 (142) 16 (12) 20 (17 26 (2z) 20 04) 

116" 147" 10* 12* 21" 22* a4" 24* 7" 10* 
162* (156) l S a  (12) 28" 122) 86" (2s) 19' (12) 

l M a  (123) 16*'(18) %4* BO) 26" (22) 18" (161 

188" 142* 16" 17" 13* 15* 19" 10' 8* 11* 
16f (148) 17" (17) 22* (17) k8" (21) 16* (12) 

197* ZlS* 14* 15" 16* 16* 26" 28* Bg 14% 
288" (216) 21* (17) 20' (17) Sfi* (29) 19% (14) 

3l2.6 

626 + 
114" 1816 i i *  l a *  is* 2 P  is* zi* ' 16" 16" 

1260 -t DB 

2500 + 

6000 + 

, 
. 

( ) : Average numbor d colonies I plate * :kilung * : ob*d crystalline matler 

0.5 

1.0 
eAA 

2.0 

20.0 

Vohicle :D.Water 

+ 
2164 2070 

3. 

+ 

+ 
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Fig.1 Reversion test of DunalieJla Bardawil Paste (DB) in bacterial strains 
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Test Protocol 

Test Ne.: PI37 

Ouditv AsBnrance D~B&XII ent 

Start of test idate of Dignature and sed bv mana~anent): Aqpst25,1987 
Test laeriod 

Prc.cultivation of bactaia for pdimiwy test: DecermbalS, 1987 
Final dffiisioa: D~~Gmber 25,1987 

Jenaery 3 l, 1988 

February 29,1988 

Person m charge: K@i 0- 

Submission of report (dra€th 
Scheduled date of submimion of final re~ort: 

- I -  
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1. Test and Doeitive control substances 

(11 Test wrbstanct 
Name: 
Lama.: NK-1010 
PrOpatieS: 
Stability: 

D e  Bardswil Paste (A%heviatioq DB) 

Yellowish brown paste with a writer content of 60% 
The stability of the test dstanocindistilltd water hasMt 
been estabiiehd It will be COW by the sponsor and 
added to the present protaco1 BS 600n as it will become 
available. 

Date of d e l i m  December 14,1987 
Quantitydelivmd! 7 5 g  

storageoonditions: This substance should be kept rafiigerakl in a 
light-sbieldedplace. 

Storage plaoe; Tat substance cabinet (refrigemtor) at tasting Iaboratmy 
Slppliet: MlckenPhamLaMuticailndustryCo.,U. 
MCdium: Distilled watw (Wako Pura chamical In&utd.iea, Lot No.: 

PlO71) 

(2) Positive control substauces 
subhtinw f&mf&um Lot Na 

Z - ~ o a n ~ e ( 2 A A )  NskaraiKagab MA3387 
sodim dde (Na-AZidrr) Nalceraixaeaht M6MP272 
9-Aroiwddiae hydrochIDsidc ( A m  Aldcich c. 091097 
N-Ehyl-N'4bWN-IIb=@b (ENNCI) F b k d  fie V4A7444 
? . - ( 2 - F ~ 1 ~ 3 - ( ~ ~ 2 - f i u y l )  auyiamidc (AF-2) wako plrre Qlcmical STJ0738 

llldmkw 

0 Remxd6 
The date of dtlivay, lotNo, quantity delivered, ad usage details of the teat 
substame shall be recorded a specified form. 

2 Testsvstems 

(1) 'Qptofteststrainsandjustification 
Salmonella typhimuriurn: TM8, TA100, TA1535, andTA1537 
Escherichia coli: W Z U W A -  

Thetie strains were selected according to the Guideheta for Toxicity Studies of 
Dmgs BS specified in the Notification No. 11 8 fTam the Evaluation and Licensing 
Division, PharmaoeUtioal and Food Safety Burem, Miaistry of Health and Welfare 
(dated February 15,1984). 

-3  - 



(2) Suppliers and date of defiveuy 
&! typhimrrrium: National hsthte of Haalth Soienoes (Ap'ill, 1980) 
E. no& The Inedtllte of Madinrj Sdeac~, the university of Tokyo 

(November 15,1980) 

(3) storage method of Bbains 
Each suspension of the 8. rvphimurium end E. coli Strains shall be mixed with 
DMSO at a ratio of0.8ml to 0.07 mJ and cac&mixtUn kept h a  deep k e r a t  
-8OT (Shy0 Ultradaep P- Model: MDF-19OAT). 

(9 Identification of test systms 

The teat tubes and plates far d i S m t  test strains shallbe color coded with eolvent 
inks. 

3. 59* 

(1) s9 
'Lot No.: 
'Date of manufacture; 
Dab of p m b e :  
Manufactum 
Storage method: 

Induction method: 

87090412 

Sapternbar 4,1987 
Septembetr 18,1987 
OricIItd Ycast co., Ltd 
Deep hem at testing labmatory (Sanyo Ultradeep 
Frewr, Model: MDF-190AT) 

(quoted from the test methods specified by Chierual Yeast 
co., Ltd.) 

' 

- 4  : 
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6. Culture medium 

Composition ofminimum glucose agarpiate 
Agar (powder agar) 75 g agar (Lot No. K-329, Shooi Kaotcn Co.,Ltd.) 
Dirdilld water 45 .L 
McdiuraE W O }  2solaL 
40% glucose 25omt 

Xi ml is dispensed per plate. 

Composition of Medium E @20) 

hwo4 7H20 4 P  

KsHPO' 200 g 

NaNH4HPOa 4HzO 70 g 

Citric acid HzO 40 E 

Distilled water is added to make f L. 

7. Sterilihr test 

The test solutions and S9 Mtr shall be tested for stnifity using the plate method at the 

0 0 0 3 3 0  
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T a t  No.: 9m 

Main test 

1) Testmethod 
Perfbnn the main test using either the plate or preincubation method 
wirh/w€thout S9 Mi based 011 the preliminary test results. Sebat the test 
.mdhod aseooiatmd with mmasd mverst mutation oolony ooulit Wbm the 
two methods are comp8rable for meme mutation oolony amat, mkat the 
method associated with higherr bacterial growth inhibition. When they are 
comparable for both revme mutation colony count and bacterial growth 
inhibition, select the pp-incubation method. 

- 6 -  



TentNo.: 9137 

5) 

C o n c d o n  
Positive cantrol substance requiring S9 Mix 

TA98 2AA 0.5 
TAlOO 2AA 1.0 
TAlUS 2AA 29 
TA1537 2AA 2.0 
w2uvrA- 2AA 20.0 

Tcct strain chrmicalsubstsnce - m w P ~ )  

Positme conbol Bubscapoes lgquiringno s9 Mix 
Test ctnin Qerrdcalrubstancc C ~ ~ o n ~ a t s )  

TA98 A M  0.1 
TAlOO AF-2 0.01 
T A m 5  wa-Abde OS 
TA1537 ACR 80.0 
W P M  ENNG 2.0 

Solvent and preparation method 
Dissolve Na-Azide in steaitized distilled water and 2AcL, ACR, AF-2, 
dENNGinDMS0.Preparethemasrepuired 
Stability 
No nliabls infonnation is available far the stability or theBe 
subtanms. Thodore, the test strains are oonsidcred to have normal 
reactivity and thc positive controls have biologically snfficienl activity 
whem the test results of the positiw oontrcil subatance~ do not 
markedly deviate from thcirprwions results (SOP/AMS/20-01). 

Ob8crvation items, 
Presencdnbs~s of deposits on plates: Mamoscopic o b m t i o n  
Bactwhl growth infubition: Microscopic obsnVation.at B magnification of 

100 times 
Reverse mutation colony count: 
Indication of test results: 

Visual oountiag 
Indicate the acmal counts and calculated mean 

0'0 6) 3.3 2 
. .  .. i . %.. -. . ..- . . . . . ..- _. . . _i . . . - - 
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.9. f)Bc ision criteriq 
T"de test is oonsiderad valid when tim stsri~fty tegt damolliibeates no baotpdel 
c- ' 'on and the revem mutation coiony counts ofthe 80- and positjve 
c m h  are within thc range ofthairrospactiw badcgmd data %teat sub- is 
crmsidsrsd positive when its meme mutation colony oount concentrafi 'on-dspenilenttv 
jnmemes to a lavelmore then double that of tha sohentcontml 

ll. Archive - .  - 
W thb3iti and docum& pedabgto Iht psesentbetwin be stored atthe archiva of 
theNihonBioaad Costar. The stwagcpaiodsball be agreed on Saparataty. 
Tht datannddoctmmtsto be stored arelietsdbslaw. 
(1) Testpmbcol, amendment to tcatprotcml, agme=mt and& scheddc 
(2) Reuordsofte~t~~b&uce 

1) RecOdsof~dreturnoftastsubsErmoe 

2) 
3) 
4) Reoards 0 f p r e p a F a t i o n o f ~ s u b ~  

(3) Re#rrds of analyscsand envilDmental control 
1) ~ d 6 f J f o p e ~ p ~  
2) copies of  

3) 

Report andreIated doolrments to be @red 

1) 

3) CopyoffinaIrepmt 

Records ofInoperties and stsbility oftest mibstmce (supplied by sponsor) 
usage dctaiis of test substanoe 

tat rewrlts of bact.arial strains (real& of tests 
perfodwithinonedfbrbacterialstrainsmscd) 
Copies of S9 ce&icate (attached to S9) 

(4) Recordsof te s t~  

(5) 
Tables ad figures wed for preparin& q o r t  

2) Manuscript ofreport 

12. Return of anv residual test substance 

Any residual test substance at the end of the test shaU bc rctunx;d to the spo& with 
the usage details (copy). 

- t- 

0 0 0 3 3 3  
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Amenbent t o  testprotoo01 (Pia. 1) 

L o d o n ,  -on, and remion of amendment 

Pap I: 1. Test and positive control substnncea 
(I) Teptsabs$noe 

Date of delhry: December 14.1987 
Quantitydtlived UJg 
Medinm: Distilled water (Welra Pure Cheunical lndw&s, Lot 

No.: p107L) 

LQtNo.: 87090412 
Date ofananu%cw. Seotsmber 4.1987 

Theandarlintdpar$madde8. 
Rtason: Because it wa6 decided that the parts would be cntercdaffer S9 and 

Cofactor would be pumhased 



w Raniobi NakamvE Dak Decmnber 17,1987 . 
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'Table 1 Partitive Control 

vyfizu~r*- 2 . DMFjO. 
NLEthyl-N-nibro-N- 
mitrosoguanidine (ENNGI V4A744Ab). 

_ -  1-1 . I .  

. .  
EBcherichia coli 

.TAI1OO,TAO8;TAl636,TA1557 . . WPZUWA- 

I 
' National 'Institute of Institute ofMedical Scienoe, 

' Date obtained Aprii I -, 1s.a~ , November '16 , .I980 
Obttiined from ~ygikio.8iienoe . .  , uni-&&crokyo . . 

Storage temperature . ' -doc  

Composition Bacterial suspenaion 0;8ml + DMSO 0.07ml 

. .  
DMSO 

. .Z 

Q'O 0'3 4 9 7 



I 

,8pa@w, Sb& Crj : CD(SD) rat Phenobarbital (PB') ,' 

. Name 
, 6,6-Bertl;oiZay~n~ (BF) . .  

Male . 
. .  sex 

Age (in week ) "7 weeks . Adniiniatration method ' 3-P- 

AdministrationpeSod day 1 'PB 38rngkg 
day 2,9,4 ' FB 6Omgkg and 

ZOZ.Qh 1O.Og * Weieht 



I 

Oonetituents Amount in lm1'69 Mix . 

0.1 .ml 
.8 pmol 

KCI 
Giucose - 6phosphate 

@mst?uente 
_ I  Amount in lml BB Mix 

.NADPH ' 4 Jim1 
NADH . .4 pmol 

: 

' 

I I 

. .. 

0.1 ml x i  .nil . : Test ,substance volume . .  

Bacterial .suspendon .. . .  

. .  

. o s  ml ' 0.1 ml . 

0.6 inl .0.6 nil *' 
Na-phophate 'buffer (h case of nm-mekiboliio 
.a&vation .me tho$ ) 

0 .6 .  ml ' 
B9Mix (in cam of .metabolic'activetion method) 0.6 ml ' 

- a) , 57 'C Temperature 
I .  

20 minutes 
Pr&incubation * - Time 

Top .agar solution -2 .m1 .2 ml 

.' Temperature 57 "C . 37 'C 
Incubation 

Time 48 hpure 48 hours . 

. .. 

I 
Q 0 0 3 5 1  
0 0 0 3 5 1  
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* .  

Number or revertant coloriies / d o t e  

Ba&~air 611b~IbbItion type Praplesh~ type 

TAlDO , !l!A1&6 'WP2uvrA- ' TAB6 . '&I637 '. 
136 11 1'9 - 15 6 

162' ' 12 ' . 27 20 .' 10 

I48 14 11' ' 11 6 

167 ' 14 27 ' ' '11 6 '  

141 7 23 12 , 7  

. .  

- Vehicle 
Control 

1 100 

- 600 

DB 
.- 

' ' . .loo0 
. .  

.- 6000 

I - V e h i C l B  
Control : 

. 

. 

I -  ' I 1 EDD. 

11 166 

126 9 '  

Vehicle.: D.Water 
* : killing 
dr : obsewed cry~talline matter 

20 ' : 11. 7 

' 17 . 8 -  ' 6 '  

162 14 , .I' . SO ' I 16 

10 26 J..6 7 

.20 ' 12 5 
163 

144 16 . .  
' 14 * 6 .  17 . 21 

154 . . !P 
149 

, 2D* 131* 11* 

1 0  
0 0 0 3 5 2  



i 
, .( pre .Wary ' )  

.N.umbsr of revertant colodes l pb te  $vi&! t 1 . .  
T.qt OonoanbviOion i ~ i i i o u t ' '  ~ape-p& su$tibutioon type . . Framerrhjft hype 

.plib'stavce (pglplatd 1 
. S B ~ X  . '  TAlOO T A l k  WPZuvrA' ' TA98 l'AlSI7 

t .  

. .. 189 17 '17 . ' 20 . I1 ' 

.+ ' 197 24 21 20 . ' 16 - VeIiicle 1 
. Control 

162 ' ' 8 . 20 17 8 .  

164  is . 11 17 11 , '. 

12 21 " 22 10 100 ' . + 
176 

+ .  174' , 1s 26 . 22 ' 12 500 

161 * 14.* . . 21* , 14* 7* 
1000 :+ IBO* . .  za* %?* . 17* 16" 

. .  212*.' .. IQ* * za* 10-* 10" 
le'* , + '  zl2* l B t  ' 28" 24* 

DB 

. .  SO00 

- TeM& .' 176 16 17' 27 26 ', '. 13' . 
16 ' 21 .27 * 1.7 

144 1s . 13 z a  ' 11 

' + .  . 166 . 14.' . 21 , 29 17. 

' . _  +' . , 
192 

- . .  
Control 

100 

10 . . .  
. '  . 166 . 14 1.4, 16. 

161 18 19 ' 22 16 . .  600 . + .  
. .  

. 1 .  

. .  170'* ' IS* 26 * 26* . 6 *  ' 

'DB 

, + 182 * 19 * 27 * 30 * 9 *  

- '184X I2 *" 24 * 18 * .I22 
. +  2013 ' 27* 32 +r 24* 14% 

1000 

: 6000 . 

' ,  

' 

. 

' * : kiIiing 
: observed cry8talline matter 

0 0 0 3 5 3  
1 1  

.' ' 

Vehicle :'Dewater 
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' I  

' . 'Table 9 Revsr$untest ofDunaIieIla Bardad1 Paste (DB) in bacterial strains 
-la case of non-metabolic activation method - 

' . With(+) Numb& of revertant colonies /plate 
' Test . Qoncentrakion W' 

substknae . (pg/platd) (-1 . - Wibhou t Baae-pair substitution type Framesbift type 
I I 

I , ' 164* .16fiR 7* ll* 'IS* l4*' IT/* a* 
165* (165) 14* (11) Zl? (16) '26* (22) 

. .  136" 160* 11" 12" 18* ID* 16" .20* 
179* (ISfi) IS" (12) S6* (24) 224 (19) 

- , DB ,1260 , 

. 
- '  ' .  2600 . 

tZ) l l n *  (13) . .52* (281 
' 

2D* (22) 

- . 328' 333 - . a m  
. .  

AF-2 .. 

26) 

TA1637 I 

Vehicle :D.Water 

I 
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'S9WX 

+ V.ehidle 
Control 

812.6 4- 

,626 + 

I '  i 

: Mliing * : observed crystalline matter 

Number of revartan t colonies / plate 

Base-pair substitution type Frameshilt type 

TA98 TA1637 TAloo TA1636 WP2uvrA' 

Vehicle :D.Water 
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Dr. Jiirgen E.W. Polle 
Department of Biology 

Brooklyn College of CUNY 
2900 B e d f d  Ave, 200NE 

Brooklyn, NY 11210 
jpolle @ brooklyn .any .edu 

CURRICULUM VITAE 
EDUCATION 
Georg-August-University, Goettingen, Germany, 1994 - 1997 

Doktor in Biology, 1997 
Area of specialization: Plant Physiology and Biochemistry 

Diplom in Biology, 1994 
Area of specialization: Plant Physiology and Biochemistry 

Univer&y of Applied Financial Sciences, Rinteln, Germany, 1985 -1988 
Diplom in Financial Sciences, 1988 
Concentration: Tax Law 

Georg-August- University, Goettingen, Germany, 1989 - 1994 

APPOINTMENTS 
Associate Professor (tenured) 
January 2007 - current: Department of Biology, Brooklyn College of the City University of New 

December 2002 - current: Faculty in Biology (MCD subprogram) at the Graduate Center of the 

Assistant Professor 
September 2002 -December 2006: Depamznt of Biology, Brooklyn College of the City 

Associate Director 
December 2005 - current: Associate Director of the Aquatic Research and Environmental 

York, 2900 Bedford Ave, Brcoklyn, NY, USA 

City University of New York 

University of New York, 2900 Bedford Ave, Brooklyn, NY, USA 

Assessment Center at Brooklyn College of C W ,  Brooklyn, M, USA 

CONSULTANT 
Consultant to companies in the area of biofuels from microalgae. 

RESEARCH EXPERIENCE 
Research performed in my laboratory centers on fundamental and applied aspects of cellular 
stress physiology in microalgae. Microalgae are the fastest growing plants on earth and are 
capable of producing biofbels or feedstock for biofuels. My laboratory focuses on the following 
research areas: 
+ Regulation of cellular stress physiology of hyper-saline organisms of the genus DunaZielZa 

4 Genomics of a model system for unicellular green algae, Dunaliella salina. 
Tool development for metabolic engineering of Dunaliella salina. 

+ Carotenoids as natural products from microalgae, example Dunaliella salina. 
+ MetaboIism of microalgae for biofuels generation from microalgae. 

(Chlorophyta) . 
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Department of Biology 

Brooklyn College of CUNY 
2900 Bedford Avc, 200NE 

polleOOO@yahoo.com Brooklyn, NY 11210 
www.dunaliclla.org jpollc@ brooklyn.cuny tdu 

+ Regulation of light-harvesting and improving solar energy conversion efficiency through 
photosynthesis of microalgae by investigating regulation of light harvesting in model systems 
such as the unicellular green alga Chlamydomonas reinhardtii, the marine diatom Cyclotella 
sp., and the cyanobacterium Synechococclls sp. PCC6803. 

+ Engineering of new photobioreactors to tailor photonic input to photosynthesis for exceptional 
biomass productivity of microalgae. 

Previous Research Experience 
Postdoctoral Research 

August 1997 - August 2002: Dept. of Plant & Microbial Biology, University of California, 
Berkeley, USA (advisor: Dr. A. Melis) 
6 Investigated the photosynthetic apparatus organization and performance of new strains of 

Investigated biosynthesis of high-value carotenoids in microalgae. 
Investigated production of hydrogen by green algae. 
Analyzed the effect of different carbon sources on the photosynthetic 

Studied acclimation and recovery of the photosynthetic apparatus to light stress. 

the green alga Chlamydomonas reinhardtii created by DNA insertional mutagenesis. 

apparatus organization and function. 

Doctoral Research 
August 1994 - July 1997: Georg-August-University, Goettingen, Germany (advisor: Dr. W. 
Wiessner) 

Studied changes in the chlorophyll antenna size and inactivation of 

Investigated the effect of inhibitors on antenna and function of photosystem II. 
photosystem 1I upon dark incubation of green algae. 

TEACHING EXPERIENCE 
Brooklyn College, Brooklyn, USA, 2002- present 
Brooklyn College is a liberal arts institution within the system of the City University of New 
York enrolling both undergraduate and graduate students. PhD students are enrolled through the 
Graduate Center of the City University of New York. I taught classes at aII levels. I created and 
developed the courses ‘Comparative Physiology’, ‘Genomics & Beyond’, and ‘Biotechnology of 
Algae’. A list of courses I taught is provided below: 

1. Comparative Physiology [undergraduate, Bio34.1, currently about 300-500 students per 
year]: Every Semester 2004 - present 
2. Genomics and Beyond Wndergradudate, Bio85.1, six students]: Fall 2008 
3. Biotechnology of Algae [Undergraduate, Bio 59, about 15 to 25 students per year]: Spring 
Semesters 2004 - present 
4. Biotechnology of Algae [Graduate, U711, about 10 students per year]: Spring Semesters 
2004 - present 
5. Field Botany CIJndergraduate, Biol5, about 30 students]: Summer 2006 
6. Special Topics: Model Systems in Biology, Lecture about green algae model systems 
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[Graduate, Bio793.011: Fall 2004, Fall 2007 
7. Animal Physiology [Undergraduate, Bio 34, about 60 students]: FaIl Semester 2003 
8. Laboratory Research [Undergraduate and Graduate, currently about 10 undergraduate 

students and four graduate students: Fall 2002 - present 
Introduction and supervision of undergraduate and graduate students in the laboratory with 
teaching of molecular biology, biochemistry, and biophysical techniques. 

9. Guest-Lectures on topics “Algal Viruses”, “Genetically Modified Organisms”, and ‘Green 
Algae Model Systems ‘ . 

University of California, Berkeley, USA, 1998 - 2002 

University of California, Berkeley, USA, 2000 and 2001 

Introduction and supervision of undergraduate students in the laboratory. 

Seminars on photosynthesis and plastid development, Graduate Course 

SCHOLARSHIPS 
Education Abroad Program Fellowship (Universiby of California), 1997 - 1998 

+ “Studienstiftung des Deutschen Volkes”, German Honors Society, 1995 - 1997 

SOCIETIES 
+ Project Kaleidoscope: Faculty for the 2lSt Century - 2006 to present 
+ International Society of Photosynthesis (ISP) - 2005 to present 
+ American Association for the Advancement of Sciences (MAS) - 2004 to present 

Council for Undergraduate Research - 2004 to present 
Phycological Society of America (PSA) - 2000 to present 

+ Amen= Society of Plant Biologists (ASPB) - 1998 to present 
Genpan Botanical Society (DBG) - 1995 to 2003 

SYNERGISTIC ACTIVITIES 
4 Member of the consortium for the Dunaliella salina genome sequencing project. 
+ Created DUNALJEU CULTURE COLLECTION (DCCBC) a culture collection of 

unicellular green algae of the genus DunulieZla. This collection serves as a source facility 
providing Dunaliella algae for researchers worldwide. The collection can be accessed 
online at: http:llwww .dunaZiella.orglDCCBC 

+ Set up a new database with information about saltwater algae of the genus DunalieZlu 
(DUNABASE). This database is also already frequently accessed for information by users 
from numerous countries. 

+ Organizer andlor co-organizer for several regional research conferences. 
+ From 2003 to 2007, associated with the ‘International Network on Biofixation of CO, 

and Greenhouse Gas Abatement with Microalgae’ . 
Network manager is Dr. J.R. Benemann, Walnut Creek, CA, USA 
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www .dunaliella.org jpolleQ brooklyn.cuny .edu 

PUBLICATIONS 
Accepted 
KimM, Parks, Polle JEW, and ES Jin. cDNA microarray analysis of the transcriptome of 

Dunaliella sp. (Chlorophyta) grown under different salinities. Phycol Res 
Schubert BA, TimofeeffMN, Polle JEW, and TK Lowenstein. Dunaliella cells in fluid 

inclusions in halite: Significance for long-term survival of prokaryotes. Geomicrobiology J 

Peer-Reviewed in Journals und Books 
Tran D, Haven J, Qiu W-G, and JEW Polle. (2009) An update on carotenoid biosynthesis in 

algae: Phylogenetic evidence for the existence of two classes of phytoene synthase. Planta, 

Ben-hotz  A, Polle JEW, and S Rao (Book Editors). (2009) The alga Dunaliella: Biodiversity, 
Physiology, Genomics & Biotechnology. Publisher: Science Publishers, New Hampshire, 
USA 

Polle JEW, Tran D, and A Ben-Amok. (2009) History, Distribution, and Habitats of Algae of 
the Genus Dunaliella TEODORESCO (Chlorophyceae). In: The alga Dunaliella: 
Biodiversity, Physiology, Genomics & Biotechnology. Publisher: Science Publishers, New 
Hampshire, USA 

Polle JEW and S Qin. (2009) Development of Genetics and Molecular Tool Kits for Species of 
the Unicellular Green Alga Dunaliella (Chlorophyta). In. The alga Dunaliellu: Biodiversity, 
Physiology, Genomics & Biotechnology. Publisher: Science Publishers, New Hampshire, 
USA 

Gonzalez MA, Gomez PI, and JEW Polle. (2009) Taxonomy and Phylogeny of the Genus 
Dunaliella. In: The alga Dunaliella: Biodiversity, Physiology, Genomics & Biotechnology. 
Publisher: Science Publishers, New Hampshire, USA 

Jin ES and JEW Poll e. (2009) Carotenoid Biosynthesis in Dunaliella. In: The alga Dunaliella: 
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AM I 11111ll l1llIl I1 1111 
From: CK GUND 
To: Mosley, Sylvester; 
Subject: 
Date: 

c 

RE: Points for Clarification Regarding GRN 000351 (Dunaliella bardawil alga) 
Friday, October 15, 2010 1:55:13 PM 

H i-- 

I just left a message on your voice mail regarding the other two issues that you identified in our 
conversation on Tuesday. 

1. Page 9 of 52: The revised sentence, 'This genus includes several ill-defined unicellular species 
that live in a wide range of marine habitats from seawater to hyper-saline waters. The words in red 
will replace 'fresh water.' 

2. Page 23 of 52: After discussing the Lock, 1985 citation with Dr. Kraska, the paper itself is not 
available and the company is no longer in the Dunaliella business. He obtained this information 
from the summary of the JECFA report on Carotene from natural sources (algal and vegetable). 
This report looked at the biomass as well as the carotene and is discussed in the first paragraph on 
page 23 of 52. I recommend that we revised page 23 of 52 as follows: 

Last paragraph, 2nd line, 'dose of 5glkg and were observed for the subsequent 14 days (Lock, 
1985; copy unavailable, summary available in WHO, 1993). 

I will remove the citation in the reference list of Lock, 1985. 

#as I 

If this is agreeable with you, then I will forward the revised pages to you. Also do you want a copy 
of the JECFA report? 

Best regards, 

ck 

M- 

u 
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Points for Clarification Regarding GRN 000351 (Dunaliella bardawil alga) 
Tuesday, October 19, 2010 10:09:22 AM 

Nikken revised GRN Paqes.pdf 

Dear Dr. Mosley, 

Attached are the revised pages for the GRN Report and the JECFA Report. 

Feel free to contact Dr. Gund if you have any questions. 

Ruxanne 

From: CK GUND 
Sent: Tuesday, October 19, 2010 9:38 AM 
To: 'Mosley, Sylvester' 
Subject: RE: Points for Clarification Regarding GRN 000351 (Dunaliella bardawil 
alga) 

I forgot to ask whether you want the pages that are revised to show today's date. 

Best regards, 

ck 

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda. hhs.gov] 
Sent: Tuesday, October 19, 2010 9:00 AM 
To: CK GUND 
Subject: RE: Points for Clarification Regarding GRN 000351 (Dunaliella bardawil 
alga) 

The PDF copies should suffice. 

Sincerely, 
Sylvester 

- 
1 Sylvester L. Mosley, Ph.D. 

Consumer Safety Officer 

mailto:Sylvester.Mosley@fda


Division of Biotechnology and GRAS Notice Review 
Office of Food Additive Safety-CFSAN 
US.  Food and Drug Administration 
5100 Paint Branch Parkway (HFS-255) 
College Park, MD 20740-3835 
Phone: 301 -436-1 333 
Fax: 301 -436-2965 
Email: Sylvester.Mosley@fda. hhs.gov 

From: CK GUND [mailto:ckgund@phoenixrising.com] 
Sent: Tuesday, October 19, 2010 9:Ol AM 
To: Mosley, Sylvester 
Subject: RE: Points for Clarification Regarding GRN 000351 (Dunaliella bardawil 
alga) 

Thanks so much Sylvester. I will have Ruxanne revise and send PDF copies of the pages. Do you 
want hard copies as well for the sets that were sent to you? 

Best regards, 

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda. hhs.gov] 
Sent: Tuesday, October 19, 2010 8:53 AM 
To: CK GUND 
Subject: RE: Points for Clarification Regarding GRN 000351 (Dunaliella bardawil 
alga) 

Good morning CK, 

I have spoken with the necessary reviewers regarding the issues in 1 and 2 and they are both in 
agreement with your amendments. Therefore, you can go ahead and send the amended pages. A 
copy of the JECFA report would also be helpful. 

Sincerely, 
Sylvester 

Sylvester L. Mosley, Ph.D. 
Consumer Safety Officer 
Division of Biotechnology and GRAS Notice Review 

w 
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CAROTENES FROM NATURAL SOURCES (ALGAL AND VEGETABLE) 

First draft prepared by 
Dr G.J.A. Sgeijere 
National Institute of Public Health 
and Environmental Protection 
Laboratory for Toxicology, Bilthoven, The Netherlands 

1. EXPLANATION 

Carotenes from natural sources were reviewed at the eighteenth, 
thirty-first and thirty-fifth meetings of the Committee (Annex 1. 
references 35, 77 and 88). At its thirty-first meeting, the 
Committee noted that, while there was a substantial toxicological 
database relating to carotenes and an AD1 had been established for 
synthetic &carotene, the same AD1 was not applicable to natural 
carotenes as they did not comply with the specifications for 
0-carotene. 

At the thirty-fifth meeting, the Committee concluded that there 
was insufficient evidence to indicate that data relating to on8 
species of Dunaliella algae could be applied to others and that 
the specifications of the test materials were so different from one 
another that the reeulte o f  the toxicity tests could not be 
generalized. There were insufficient data to evaluate any o f  these 
materials for the purpose of establishing an ADI. The Committee a 

concludsd that carotene isolated from algal sources would be 
acceptable €or food additive use if it was of sufficient purity to 
meet the specifications for synthetio B-carotene. Acceptance of 
algal biomass or crude extracts of carotene from algal sources for 
use as food additives would be contingent on the provision of 
evidence of the safety o f  such materials. 

A t  its thirty-fifth meeting, the Committee considered limited 
short-term toxicological studies on material stated to have been 
prepared from three different algal species designated Dunaliella 
bardawil, D. salina and 0. kona (Annex 1, reference 88). A t  its 
present meeting, the Committee was informed that Dunal ie l la  
bardawil, D.  kona and D .  s a l i n a  were identical. and that. 
according to current nomenclature, the species used commercially was 
Dunallel la  s a l i n a .  Some of the preparations produced from this 
species were dehydrated powders prepared by lyophilization or spray- 
drying and others were vegetable oil extracts.1 

Although the COrIUIIittee acccepts that thi8 report does not cover 
different Dunallella species, the studies are summarized with 
original names mentioned in the reports or publications 
submitted. 

With respect to the carotene preparations derived from 
extraction of vegetables, mainly carrots, alfalfa or vegetable oil, 
the Committee at the thirty-first meeting (Annex 1, reference 77) 
felt that the need for toxicity tests may be obviated if detailed 
analytical data were supplied to confirm that natural toxicants 
occurring at low levels in food/feed stuffsare not concentrated in 
the extract and that levels of use would not materially exceed the 
levels of exposure that would result from normal use. 



As no toxicological monograph has been prepared previously by 
the Committee on carotenes from natural sources. data that have been 
reviewed at previous meetings are incorporated in the present 
monograph along with the new data that have become available. 
Because this monograph covers the data on both algal and vegetable 
carotene preparations, a modified form of the general monograph 
format has been used, summarizing in order biological data on spray 
dried concentrated, lyophilized o r  dehydrated preparations of 

then data on carotene extracts from carrots, grass alfalfa and 
vegetable oil. 

ALGAL CAROTENE PREPARATIONS 
SPRAY DRIED CONCENTRATED, LYOPHILIZED OR DEHYDRATED 
PREPARATIONS OF DUNALIBLLA SALINA 
(syn DUNALIELZA BARDAWIL and DUNALXELLA KONA) 

Dunalfel la ,  then data on vegetable oil extracts of Dunal ie l la ,  

2. BXOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Absorption. distribution and excretion. 

Male weanling CD rats were fed ad l ib i tum a retinol-deficient 
diet. After 60 days. the retinol content of the livers was 4-5 pg. 
Depleted rats were allocated to 9 groups o f  6 animals, housed 
individually, and fed a retinol-deficient diet supplemented as 
follows: Group 1, retinol at 7.5 mg/kg diet; Groups 2-4, all- trans 
8-carotene at 12, 29 or 48 mg/kg diet reSgeCtiVely; Groups 5-7. 
lyophilized Dunal ie l la  contributing 29, 58 or 112 mg B-carotene/kg 
diet respectively; Group 8, maize oil extract of Dunal ie l la  
providing 16 mg B-carotene/kg diet: and Group’9, no supplementation. 
After seven days repletion. livers Were taken‘for analpsio for 
retinol, retinol isomers and 0-carotene. The liver analyses 
revealed a comparable content of retinol related to dose of 
carotene, irraspective of source whether synthetic, algal biomass or 
algal oil extract. Rats fed the algae or the algal extract- 
supplemented diets accumulated 9- cis  rstinol in addition to the 
all- trans isomer. Rats fed synthetic 6-carotene, lyophilized 
algae or algal oil had a liver retinolr0-carotene ratio of about 
3:l. Rats fed algae or algal oil accumulated 9- c i s  B-carotene and 
all- trans B-carotene in the liver in a ratio similar to that 
present in the algae. It was concluded that dried Dunal ie l la  

bardawfl o r  an oil extract of the alga can serve as a dietary 
natural B-carotene source which can satisfy the total requirement o f  
retinol in rats (Ben-Arnotz e t  a l .  1908). [Note: this study is 
again cited below in discussion o f  absorption of oil-extracted algal 
carotene] 

A 45-day-feeding study with 21-day old  Sprague-Dawley rats was 
performed to compare the bioavailability o f  four sources of 
0-carotene; Spray dried Dunaliel la  s a l i n a  (0.61 .b 0-carotene). 
0-carotene oil extract of Dunaliel la  s a l i n a  (24.83 % 0-carotene), 
oleoresin of  carrots (11.5 % 8-carotene) and :synthetic 0-carotene 
(100 0) .  The diet with Dunaliel la  s a l i n a  powder (59 g/kg diet) 
was corrected for the amount of sucrose. 
in the percentage of 0-carotene. and the control diet contained 
0.036 o 8-carotene. 

The d i e t s  were made equal 

The rats on the Dunaliel la  s a l i n a  diets grew more rapidly. 
Gross macroscopy at autopsy revealed no alterations in the rats. 

The bioavailability of Dunsl ie l la  s a l i n a  as a aource of 
8-carotene and oil extract o f  0-carotene from Dunal ie l la  s a l i n a  
was higher than that of 8-carotene from oleoresin of carrots or 



synthetic &carotene. 
the extra lipids in both the dried 
contains 8.6 Z lipid and the 011 extract o f  Dunaliella salina. 
These results lead to the recommendation that dried Dunaliella 

oil to increase B-carotene bioavailability. This is because 
activity o f  carotene dioygenase, the enzyme responsible for the 
conversion of 0-carotene to vitamin A, is increased in the presence 
o f  oil (Ghazi e t  a l . ,  1992). 

These results may be due to the presence of 
Dunaliella salina which 

s a l i n a ,  when used as a source o f  0-carotene, should be consumed in 

In one experiment, groups of 1-day-018 white Leghorn chicks 
received a retinol-defiaient semi-purified diet or a similar diet 
supplemented with 8.04 mg retinol/kg diet, or 30 mg synthetic 
B-carotene/kg diet or lyophilized D. bardawil at 1 g algae/kg 
diet. The algal powder contained 30 g D-carotene end 200 g NaCl/kg 
and provided 30 mg B-carotene/kg diet. 
similar groups were used except that the lyophllized algal powder 
was replaced with a similar concentration of drum-dried algae. 
drum-dried algal powder contained 34 g fl-carotene, 260 g NaC1, 180 g 
glycerol, 5.5 g chlorophyll, 210 g protein, 170 g carbohydrate and 
120 g lipid/kg (34 mg 0-carotene/kg diet). A third experirnent 
utilized three groups o f  15 one-day-old chicks which received 
retinol-deficient diet alone, or supplemented with lyophilized 

diet. In each experiment. the>chicks were assessed visually and 
weighed daily for 5 weeks and at termination serum and liver were 
analysed €or retinol, B-carotene and lutein. 

In a second experiment, four 

The 

D .  bardawil at 0.58 g/kg diet, or with drum dried algae at 1 g/kg 

Mter an initial lag, the chicks graw equally well on diets 
containing retinol, 6-carotene or algae in all experiments. Serum 
and liver concentrations of retinol were normal in all cases except 
for the chicks receiving retinol-deficient diets without 
supplements. The serum o f  chicks fed the algal-supplemented diets 
contained lutein but no E-carotene although the ratio of 0-carotene 
to lutein i n  the alga8 exceeded 15:l. 

In a separate experiment, two groups o f  3 egg-laying hens 
received a control diet containing 150 g maize meal/kg or the same 
diet supplemented with 4 g lyophilized D. bardawil/kg. The algal 
preparation contained 50 g 0-carotene and 300 g NaCl/kg ( 2 0 0  mg 
0-carotene/kg diet). Eggs from these hens showed an enhanced yolk  
colour attributable to lutein; no 8-carotene was present in the egg 
yolk (Ben-Amotz 1986). 

2.1.2 Biotransformation 

No information available. 

2.1.3 Effects on enzymes and other biochemical parameters 

No information available. 

2.2 TOXicOlOgiCal studies 

2.2.1 Acute toxicity studias 

2.2.1.1 Mice 

Acute toxicity of Dunaliella bardawil spray dried powder was 
established in an LD,, test with mice, 
or 10.0 g Dunaliella bardawil/kg diluted with CMC-Na solution was 
administered by oral intubation. The observation period was 14 
days, and mortality, general symptoms, body weights and gross 
necropsy examination ware recorded. The LD,, value was greater 
than 10 g Dunaliella bardawil/kg for both male and female mice 
(Aruga, 1967). 

A single dose of 2.5, 5.0 



2.2.1.2 Rats 

Male Sprague-Dawley rats were given dried Dunallella by 
gavage at a dose o f  5 g/kg bw and observed for the subsequent 14 
days. There were neither mortalities nor overt signs of  toxicity 
and all the rats gained weight during the observation period (Lock 
1985). 

2.2.2 Short-term toxicity studies 

2.2.2.1 Mice 

In the search for an antioxidative-anticarcinogenic substance, 
the effects of repeated ingestion (no dose level given) of spray 
dried Dunaliella bardawil on mammary growth and endocrine 
parameters were examined in mioe. In an additional group the mice 
received also the vitamin A-deficient synthetic standard diet 
supplementea with synthetic all-trans B-carotene, whereas the 
control animals received the normal synthetic diet adequate in 
vitamin A. The concentration of 6-carotene in both test diets was 
0.55 mg/kg. The ingestion of the Dunaliel la  bardawll-containing 
diet between 20 and 120 days of age showed no deleterious side- 
effects on mammary gland and uterine growth nor manunatrophic honnon 
secretion, these results were similar to previously-observed results 
in aged and manmary tumour-bearing mice. 
were accelerated by Dunaliel la  bardawfl compared to the synthetic 
all-trans B-carotene (Nagasawa et el., 1989). 

2.2.2.2 Rats 

Puberty and body growth 

Two groups of  10 male and 10 female weanling Sprague-Dawley 
rats, caged individually, were given powdered diets containing 0 or 
10% algal 8-carotene powder for 12 weeks. Body weight gain and food 
intake were recorded at intervals up to and at termination when the 
animals were autopsied. Weights of heart, lungs, liver, kidneys, 
spleen, gonads and adrenals were determined at autopsy and blood was 
collected for determination of serum glucose, ASAT. ALAT. alkaline 
phosphatase, uric acid, BUN, triglycerides and cholesterol. One 
male rat in the treated group died during the study from 
'non-specific problemsm not related to treatment. 

Significant differences were observed in neither food intake 
nor body weight gain between treated and untreated animals of either 
sex and there w e r e  no treatment-related differences in organ 
weights. Except for one treated male which displayed elevated ASAT 
and ALAT levels, no significant differences were observed in any of 
the clinical biochemical parameters between treated and untreated 
animals of either sex. No histopathological examination was 
performed (Majnarich 1988). 

In a 28-day toxicity study spray dried Dunalfella bardawfl 
powder wae orally administered to rats (5/group/sex) at dosages of  
0.5 and 2.5 g Dunaliella bardawil/kg bw/dy. The control animals 
(only) received 0.5 S aqueous solution o f  sod:ium CMC, which was used 
as the vehicle €or the preparation o f  the test article suspension. 
Toxicological parameters recorded included food consumption, body 
weight gain, urinalysis. ophthalmoscopy, haematology, serum 
biochemistry, organ weights and histopathological examination. 

In the males of the 2.5 g Dunallella bardawll/kg bw/dy 
a significant increase in the relative weight of the kidneys was 
noticed. 
few animals Of the 2.5 g Dunal i e l la  bardawil/kg bw/dy group, no 
histopathological changes were reported. 
observed mainly in the kidneys, it was suggested by the authors that 

group 

Except slight changes in the thymus and the kidneys in a 

Although the effects were 



the dosage of 2.5 g 
(Furahashi. 1989). 

Dunaliella bardawil/kg bw/dy was a NOEL 

2.2.3 Long-term toxicity/carcinogenicity studies 

No information available. 

2.2.4 Reproduction studies 

The safety of the alga Dunaliella bardawil for food use was 
evaluated in a multigeneration study with rats. Four generations 
were raised on diets containing 0. 50 and 100 g/kg of dehydrated 
D. bardawil. The Caloric value of the diets with the Dunallella 
bardawil preparations was adapted by lowering the amount o f  

starch. Each experimental group comprised 10 males and 20 females. 
Starting with an F,-generation 3 other generations (PI - F3) 
were raised. 
different diets for 1 year and 5 male and 5 female rats were studied 
for general toxicological effects. No significant differences were 
observed between the rats consuming algae and the controls, o f  any 
generation. in general appearance, behaviour, growth, reproductive 
performance or gross pathology. The only effect of D .  bardawil 
powder observed was a significantly increased relative kidney 
weights. 
first-generation animals, after 1 year on the diets, showed no 
appreciable differences between the experimental and control 
animals. 
decrease in some chronic inflammations, a slightly higher frequency : 

o f  metaplasia of the renal pelvis epithelium with ectopic 
nephrocalcinosis in the renal papillae and an increased frequency of 
focal bronchopneumonia in rats fed 10 g algaelkg feed when compared 
with the controls. The latter effect may be attributed to the . 
powdery nature of the algal diet. Although at dose levels effect 
were recorded on the kidneys and which were not explained, the 
authors concluded that this multigeneration feeding study may be 
indicative of the safety of D. bardawil for human consumption 
(Hokady e t  al., 1989). 

The rats of the F,,-generation were kept on the 

The blood chemistry and haematology of the 

The only differences in histopathology observed were a 

2.2.5 Special studies on genotoxicity 

A mutagenicity study (Ames test) in Salmonella tyghlmurfum TA 
98, TA 100. TA 1535 and TA 1537 and Esoherichie coli WP2 uvrA both 
with ana without activation by a liver microsomal S-9 mix was 
performed at dose levels of 312.5, 625, 1250, 2 500 and 5 000 pg 

mutagenic in any strain (Aruga, 1988). 
Dunallella bardawil gaSte/plate. Dunallella bardawfl was not 

2.3 Observations in humans 

Nine subjects were maintained on a low-carotene diet for two 
weeks and serum carotene levels were then determined. For the next 
ten days the volunteers took a daily dose of the powdered algal 
preparation providing 75 000 IU 6-carotene (approx 135 mg) in 
capsule form. 
treatment. There was considerable interindividual variation in 
response to the same dose of carotenes, both in absolute values and 
in the treatment-dependent increase in serum concentration of  
carotene. In six of the subjects the serum level o f  carotene 
continued to rise between the seventh and tenth day of the study 
while in three others there was a slight fall in this period. One 
subject with normal serum carotene levels at the outset showed 
virtually no response to treatment. No adverse effects due to 
ingestion of the algal preparation were reported (Cyanotech, 1988). 

Serum carotene was measured on: days 7 and 10 of 

ALGAL CAROTENE PREPARATIONS 



VEGETABLE OIL EXTRACT OF DUNALIELLA SALINA 
(syn 

2. BIOLOGICAL DATA 

DUNALIELLA BARDAWIL and DVNAJXELLA KONA) 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution and excretion. 

In an experiment fully described in section 2.1.1 describing 
results with spray dried concentrated, lyophilized o r  dehydrated 
preparations of Dunaliella, male weanling CD rats were fed a 
retinol-deficient diet ad l ib i tum.  After depletion, rats were 
allocated to groups and fed a retinol-deficient diet supplemented 
with one of: retinol; all- trans 8-carotene; lyophilized 

supplementation. After seven days repletion, livers were taken for 
analysis of retinol, retinol isomers and 0-carotene. The liver 
analysis revealed a comparable content of retinol related to dose o f  
carotene., irrespective of source i.e. synthetic, algal biomass or 
algal oil extract. It was concluded that dried Dunaliella bardawil  
or an oil extract of the alga can serve as a dietary natural 
B-carotene source which can satisfy the total requirement of retinol 
in rats (Ben-Amotz e t  al. 1988). 

2.1.2 Biotransformation 

Dunaliella; maize oil extract of Dunaliella; and no 

No information available. 

2.1.3 Effects on enzymes and other biochemioai parameters 

No information available. 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

No information available. 

2.2.2 Short-term toxicity studies 

No information available. 

2.2.3 Long-term toxicity/carcinog8nicity studies 

No information available. 

2.2.4 Reproduction studies 

No information available. 

2.2.5 Special studies on genotoxicity 

The commercial, carotene-rich corn oil extract o f  Dunaliella 
salina was inactive in an in v i t r o  primaryhepatocyte 
unscheduled DNA synthesis assay (Cifone 1987). 

The extract was negative in an assay o f  forward mutation at the 
HGPRT locus in cultured Chinese hamster ovary cells. with or  without 
metabolic activation with rat liver S9 fraction. A dose-related 
cytotoxicity was noted at concentrations above 2.0 pl/ml without S9 
and above 10.0 pl/ml in the presence of S9 (Young 1987). 

The material was not mutagenic in the Salmonella/microsome 
assay (Ames test) with Salmonella t y p h i m u r i m  strains TA-1535, 
TA-1537, TA-1538, TA-98 and TA-100 with or without metabolic 



activation (Jagannath 1987). 

In an in vivo mouse micronucleus assay using adult ICR mice, 
the comercial carotene extract did not induce a significant 
increase in micronuclei in bone marrow polychromatic erythrocytes 
(Ivett 1987). 

2.3 Observations in humans 

After a depletion period of 10 days on a low-carotene diet, 12 

Two groups received capsules of carotene 
male and 20 female healthy adults were randomly assigned to one of 
five treatment groups. 
obtained by vegetable oil extraction of 
providing 8-carotene at levels o f  8 or 24 mg and alpha-carotene at 
levels of 1.1 o r  3.2 mg respectively. Ruo further groups received 
carrots (69.1 o r  207.3 g respectively) that provided a similar 
amount of E-carotene to the Dunal ie l la  salina extract groups; the 
corresponding amounts of alpha-carotene were 6.3 and 18.9 mg 
respectively. A fifth group received placebo capsules. The 
subjects received the treatment for seven days and then underwent 
another depletion phase of 7 days. 

Dunal ie l la  sa l ina  

Treatment with carotene capsules or carrots led to an expected 
increase in serum alpha- and E-carotenes, with the higher dose 
treatments being less efficient per mg carotene consumed. The 
encapsulated algal carotenes were more efficient at raising serum 
values per mg fed, consistent with other reports that carotenes are 
better absorbed from oily solution than a vegetable matrix (Jensen 

e t  81. 1985). 

In a stutly on the bioavailability o f  cia- and trans-B- 
carotenes, 16 healthy adults, who had been on a low-carotene m e t  
for ten bys, were fed either 0-carotene extracted from Dunaliel la  
salina alga, containing approximately equal amounts of all-trans- 
0-carotene and 9-mono-cls-E-carotene, or B-carotene in the form of 
fresh carrots oontaining predominantly trans-E-carotene, or avocado 

oil-placebo capsules. Subjects were randomly divided into three 
groups: they consumed daily in a single dose either 3 B-carotene 
capsules (24 rng E-carotene), 207.3 g carrots (24 mg B-carotene): or 
3 8-carotene free placebo capsules for seven days. HPLC 
determinations of serum trans-cis 8-carotene ratios showed trans 
E-carotene to be the predominate serum isomer before and during all 
treatments. Serum trans-0-carotene concentrations were 
significantly increased in the E-carotene capsules and carrot 
groups. Cis-B-carotene concentrations were increased in the carrot 
and placebo groups. However, the serum isomer increments for those 
taking B-carotene capsules and carrots strongly favoured trans- 
E-carotene over cis-E-carotene. These data demonstrate a 
predominant absorption o f  intact trans-8-carotene over intact cis- 
6-carotene into human serum even when approximately equivalent 
amounts of these isomers were ingested. This selective absorption 
of intact 0-carotene isomers might be a factor in their biopotency 
In humans (Jensen et  a l . ,  1987). 

CAROTENE EXTRACTS FROM VEGETABLES 
(Carrots, alfalfa and vegetable oil) 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

No information available. 

2.2 Toxicological studies 



No infonuation available. 

2.3 Observations in humans 

The acute effects of consuming lpha- and 6-carotene from 
carrots on s8m alpha-carotene and 8-carotene levels Were 
investigated In 17 adult subjects (18-58 years of age). 
10-day low-carotene diet, the subjects were randomized into three 
groups based on day 6 B-carotene levels. 
baseline blood was drawn. Either 3 carrots, 1 carrot or 3 placebo 
capsules were then consumed following a low-carotene breakfast. 
Blood was dram 1, 2, 3 ,  4 .  5 ,  7 and 24 hours post-treatment and 
alpha- and 6-carotene levels were determined by HPLC. Treatment o f  
3 carrots yielded significantly greater peak alpha- and 8-carotene 
levels in serum at 5 hours post-treatment than did treatments with 1 
carrot or 3 placebos. These results suggest the best condition €or 
drawing blood samples to assess the serum carotene status o f  adults 
is at fasting state and that signifiaant alterations in serum can 
occur within 5 hours of a carotene rich meal (Jensen et al., 
1986). 

After a 

On day 11. fasting 

3. COMMENTS 

Few new toxicological data have become available since the 
previous review by the Committee (Annex 1, reference 88). There 
were no data from long-term toxicity or teratogenicity studies, 
although a multigeneration study on dehydrated Dunal ie l la  bardawil 

reproductive performance or gross fetal morphology. However; a NOEL 
was not identified in this study. as animals of the F,-generation 
maintained on diets containing 51 and 10% algal carotene for one 
year showed renal pathological changes. In addition, there was 
focal bronchopnehonia at the higher level. Although the renal 
changes (metaplastic changes i n  the pelvic epithelium and 
nephrocalcinosis) might have been due to nutritional imbalance, this 
was not clearly established. The focal bronchopneumonia observed in 
the lung at the higher dose level may have been associate6 with 
inhalation of powdered diets. although both low-dose and control 
rats also received powdered diets without showing similar effects. 
The Committee considered that the available short-term toxicity 
studies inadequate for establishing an AD1 because of the small 
numbers of animals tested, lack of or inadequate histopathological 
examination, or inadequate reporting. 

I -  salina) in rats did not reveal any adverse effects on 

There were virtually no systematic toxicological studies 
available on the oil-extract o f  alga. 
material could not be extrapolated to the oil extract since the 
specifications are quite different and lipophilic materials may have 
been concentrated during the o i l  extraction process. 

Available data on the dried 

4 .  EVALUATION 

The Committee considered the data Inadequate to establish an 
AD1 for the dehydrated algal carotene preparations or for the 
vegetable oil extracts of Dunaliella salina.: There is no history 
of use of Dunaliella algae as food. 

No relevant toxicological data on vegetable extracts were 
available. However, the Committee concluded that there was no 
objection to the use of vegetable extracts as colouring agents, 
provided that the level of use did not exceed the level normally 
present in vegetables. Implicit in this conclusion I s  that the 
extracts should not be made toxic by virtue of the concentration of 
toxic compounds (including toxicants naturally occurring in the 
vegetables) nor by the generation of reaction products or residues 
of  a nature or in such amounts as to be toxicologically significant 
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111. CHEMISTRY, HISTORY, TAXONOMY MICROBIOLOGY AND 
MANUFACTURE OF Dunalie//a bardawil Powder 

A. 

The halophilic, photosynthetic green algae, Dunaliella bardawil, has been known 
and studied for 100 years (Oren, 2005). This genus includes several ill-defined 
unicellular species that live in a wide range of marine habitats from seawater to 
hyper-saline waters (Brock, 1975; Polle, Tran, and Ben-Amok, 2009; Zamir, 
1992; Oren, 2005; and Butcher, 1959). Usually algae of the genus Dunaliella are 
consistently found in sea water and evaporation salt ponds which contain greater 
than 2 M salt and greater than 1 M magnesium (Ben-Amok, 2009 and Brock, 
1975). This organism is one of the ‘most halotolerant eukaryotic’ organism 
known, showing a remarkable degree of adaptation to a variety of salt 
concentrations, from as low as 0.1 M to salt saturation of >5 M (Gonzslez, 
Gdmez, and Polle, 2009; Borowitzka 1981, and Borowitzka, 1986). There have 
been many decades of research and development of aquaculture systems, 
principally in Australia and Israel, to commercialize Dunaliella bardawil, rich in 
carotenoids for use as an animal and human food source (Rao, 2009). 

Chemistry, History, Taxonomy and Classification 

The subject powder consists of the dehydrated biomass of the alga Dunaliella 
bardawil and, therefore, is a mixture which largely consists of protein, 
carbohydrate, fat, minerals and carotenoids. Further description of the isolation 
and cultivation of the cells as well as their unique characteristics is provided 
below. The parameters on growth conditions for the algae are explained in the 
manufacturing procedure later in this Section. More details of the composition 
are given in the product specifications that follow. 

The microalgae taxonomy and phylogeny are the following: 

Kingdom: Plantae 
Phylum: 
Class: Chloro p hyceae 
Order: Chlamydomonadales* 
Family: Dunaliellaceae 
Genus: Dunaliella 
Speciesktrain Dhardawil 

C h lor0 p htya 

* The National Center for Biotechnology Information has revised the name of the Order 
for this alga in its database. 
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V. SAFETY DATA FOR DUNALELLA bardawil POWDER 

A. Dunaliella bardawil Powder Safety Considerations 

The safety of Nikken’s Dunaliella bardawil powder (hereinafter in this section 
referred to under each subsection initially as Dunaliella bardawil powder and 
subsequently then as “the powder ”or” the dried algal powder” has been 
demonstrated by a considerable number of toxicology and clinical studies. Many 
of these studies were of complex design with several test materials although 
most included at least one group of animals given a crude dried algal powder. 
Some of the studies were focused on the efficacy of the major component, 
p-carotene, and many studies used several test materials that contained varying 
levels of p-carotene. In addition, many of these studies were not available for 
review by JECFA in 1993 (WHO, 1993), and this will be discussed more fully 
subsequently. Those studies available to the Expert Panel that were not 
considered by JECFA are highlighted in the discussions to follow. 

One issue that arose in the interpretation of the studies is the amount of salt 
present in the test sample that was carried over from the brine pits where the 
algae were grown. It is common practice now to wash Dunaliella bardawil algae 
before drying to remove some of the excess salt. This was not the case with 
early manufacturing samples with which at least one of the safety studies were 
conducted. It is important to note that the Nikken product contains 2-3% salt, 
while the test sample in the Mokady study discussed below contained 24.7% salt. 

1. Acute Toxicity Studies for Dunaliella bardawil Powder 

Two unpublished acute studies addressing the toxicity of Dunaliella bardawil 
powder given as single doses to mice or rats have been conducted. Both studies 
were reviewed by JECFA. No lethality was seen within 14 days after 
administration, and no clinical signs of toxicity were found in either study. 

The powder was nontoxic and not lethal when administered by oral gavage to 
male and female Crj:CD-I (ICR) Charles River mice (lO/sexlgroup) at 25 g/kg, 
5.0 g/kg and 10 glkg (Aruga, 1987) [Attachment 91. There were no test article- 
related changes in body weight, and no visible abnormalities were observed in 
mice at the post-mortem examination. The study was performed in compliance 
with Japanese Good Laboratory Practice Standard for Safety Studies on .Drugs. 

Male Sprague-Dawley rats were administered the powder b,y oral gavage at a 
dose of 5 g/kg and were observed for the subsequent 14 days (Lock, 1985 copy 
unavailable, summary available in WHO, 1993). There were neither mortalities 
nor overt signs of toxicity, and all the rats gained weight during the observation 
period. 
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