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This letter is submitted by the Altus Food Company (*“Altus”) in response ;0 the Food

and Drug Administration’s (“FDA”) request for comments on its interim final rule

permitting health claims stating that plant sterol/stanol esters may reduce the risk of

coronary heart disease. RS

Altus is a joint venture of The Quaker Oats Company and Novartis Consumer Health Inc.
(“Novartis”). Altus is developing processed foods and beverages for the retail market.

The Altus mission is to become the functional food and beverage leader with trusted
brands that exceed consumer expectations by delivering the peak of health and taste, with
valuable information backed by proven science, and with innovative solutions to unmet
needs. Altus will soon be introducing products which specifically support cardiovascular
health. Altus strongly believes that food labeling should ensure that consumers are fully
informed and not misled about the nutritional content and health benefits of their food,
while still encouraging companies to innovate and develop safe and health promoting

_products. Altus appreciates the opportunity to comment on this important topic.

The interim final rule on plant sterol/stanol esters and the risk of coronary health disease
derives from the petitions submitted separately by two companies with products
containing plant sterol esters and plant stanol esters, respectively. There are other, very
similar, related substances which are equally safe and efficacious.

Altus is preparing to market products with a combination of free (not esterified) plant
sterols and stanols. The Jones, et al., study (FDA ref. 74 in the September 8, 2000
interim final rule) demonstrates the efﬁcacy of the active ingredient in the Altus products.
This study was reviewed and cited with approval by the FDA as part of the evidence
demonstrating that plant sterols and stanols are efficacious. Altus comments request that
the final rule reflect that free sterols and stanols are as effective as plant sterol esters and

_ plant stanol esters, that free plant sterols and stanols from kraft paper pulping by-products
are safe, and that plant sterols and plant stanols are approx1mate1y equal in their effects
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on blood cholesterol levels. Additional detail on these issues will be found in the
Novartis Consumer Health comments on the interim final rule which we support.

Our comments also request that food products eligible to bear the claim not be specified
in the final rule. The methods for quantifying the amount of plant sterol and plant stanol
in food products are fundamentally similar and the sample preparation methods are
comparable to existing methods for lipids in general and cholesterol specifically. Altus
recommends that the FDA require that companies have on file validated analytical
methods for the products that carry the claim.

Altus also requests an exception from §101.14(e)(6) for fruit drinks and smoothles
because such products offer a significant, alternative, low fat delivery system for plant
sterols and stanols.

L Free sterols/stanols are functionally equivalent to esterified sterols/stanols

The FDA specified in §101.83(c)(2)(ii)(A) and (B) that substances eligible to bear
the claim are plant sterol esters and plant stanol esters. Altus requests that this
section be modified to include sterols and stanols which are unesterified or free.
The FDA determined in its review of the relevant data that sterol and stanol esters
are converted to free sterols and stanols before exerting their effect in the body
(65 FR 54690). Further, the FDA found that blood total cholesterol and LDL-
cholesterol levels were significantly reduced in studies in which the sterols and
stanols were consumed in the free, unesterified form (65 FR 54704). Additional
detail may be found in the Novartis comments on the interim final rule.

1L By-products of the kraft paper pulping process should be included as an
additional source of plant sterols

The interim final rule specifies at §101.83(c)(2)(ii)(A)(1) that plant sterol esters
from edible oils are eligible to bear the claim. At §101.83(c)(2)(iD(B)(1) plant
stanols from edible oils or from the by-products of the kraft paper pulping process
are made eligible to bear the claim. The language implies that plant sterols from
the by-products of the kraft paper pulping process are not eligible for the claim.
Altus requests that the by-products of the kraft paper pulping process be included
in §101.83(c)(2)(ii)(A)(1) as an additional approved source of plant sterols.
Novartis has previously notified the FDA that it has determined that free plant
sterols are GRAS for use in spreads and no safety concerns were raised by the
FDA. The Novartis interim final rule comments and the attached “Notification of
GRAS Determination for Tall Oil Phytosterols (PhytrolTM) Use in Vegetable Oil
Spreads” note these details.

ITI.  Free plant sterols and stanols have comparable efficacy

~In §101.83(c)(2)(i)(G) the FDA specifies that the intake levels associated with
" reduced CHD risk are 1.3 g or more per day of plant sterol esters and 3.4 g or
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. more per day of plant stanol esters. As discussed in the preamble, these levels are
based on the lowest levels which consistently caused significant blood LDL-
cholesterol reductions in clinical studies. Altus believes that if all studies are
considered as a whole, plant sterols and plant stanols have approximately equal
ability to reduce blood cholesterol levels. Further, we believe that differentiating
the effectiveness of sterols and stanols will lead to unnecessary consumer
confusion making it less likely that consumers will actually use beneficial
products with these ingredients and will therefore, fail to derive any benefit.

Only a few studies compared both a primarily plant sterol intervention and a
pnmanly plant stanol intervention. Westrate JA 1998 (FR ref. 67) reported
separate sterol ester and stanol ester groups with similar cholesterol responses.
Miettinen, TA, 1994 (FR ref. 63) reported similar responses with sitosterol and
sitostanol ester, although they did report that sitostanol did not perform as well.
The Vanhanen, HT, 1992 (FR ref. 64) version of the study did report that
sitosterol and sitostanol were approximately equal in effect. Jones, PJH, 1999,
(FR ref. 74) reported that a plant sterol mixture containing about 20% stanols
gave results similar to comparable amounts of sterol alone which is consistent
with sterols and stanols having comparable efficacy. Note that Jones, PJ, 2000
(FR ref. 58) tested equal amounts of sterol esters and stanol esters and found the
- stanol esters less effective. This appears to be an anomalous finding. The dose
- response studies of Hendriks, HFJ, 1999 (FR ref. 57) and Hallikainen, MA, 2000
(FR ref. 88) for plant sterol esters and plant stanol esters, respectively, suggest
that efficacy is approximately comparable. The apparent difference in efficacy
between low and high doses is more likely to be an artifact of the small sample
size than actual differences between sterols and stanols.

Furthermore, we note that the ranges of doses tested and the blood cholesterol
changes observed for sterols and the corresponding ranges for stanols overlap
very closely. This is consistent with the dose response effects of sterols and
stanols being more equivalent than different. In the Table 1 of the Federal
Register notice the range of sterols tested was 0.7 to 3.24 grams per day excluding
a single test of 8.6 g/d. In Table 2 the range of stanols tested was 0.63 to 4.0 g/d.
The total cholesterol reductions were —3.8 to —12.3 % and -2.8 to —12 % for
sterols and stanols, respectively. The values for LDL-cholesterol reductions were
—6 to —15 % and —1.03 to —15.2 %, excluding the Denke, et al. value (FR ref. 97).
Taken as a whole the results are consistent with substantial equivalence in the
effectiveness between sterols and stanols on a weight basis. ' We strongly urge the
FDA to reconsider the differences in effective amounts for sterols and stanols that
were incorporated into the interim final rule, and make proper amendments in '
finalizing the rule. :

We believe that the FDA has used an appropriate standard, i.e., the lowest daily
amount that consistently, significantly lowers blood LDL-cholesterol, to set the
daily effective amount. This is consistent with the belief that even small changes
- in blood cholesterol levels will have a useful public health benefit. It is also




consistent with the approach taken in developing the soluble fiber and soy protein
health claims. The effective amount identified, 0.8 grams per day of free plant
sterols is also a correct interpretation of the available science.

Acceptable food formats should not be specified in the health claim final rule

In §101.83(c)(2)(iii)(A)(1) the FDA specifies that the food products eligible to
bear the health claims are limited specifically to spreads and dressings for salad
for sterol esters and in §101.83(c)(2)(iii)(A)(2) that only spreads, dressings for
salad, snack bars and dietary supplements in softgel form containing stanol esters
are eligible to bear the claim. Altus requests that the FDA not specify the foods
cligible to bear the claim in the final rule. Instead, in order to satisfy FDA’s
concern for a means of determining the content of the active component in the
product, the FDA can specify that companies producing a product bearing the
claim have on file a validated method of analysis for the identified components.
Companies uncertain of the validity of their analytical method could consult with
the FDA regarding validated methods. This approach would be consistent with
§101.13(j)(ii)(A), which requires that companies possess substantiation for certain
nutrient content claims and make the information available to appropriate officials
on request. It is also consistent with the §101.82(c)(2)(ii)(B) in the soy health
claim final rule, which requires manufacturers to maintain records confirming that
their products contain the required amount of soy protein, but does not otherwise
limit or specify the food forms to which soy protein may be added.

The same fundamental procedures are used to determine both the sterol and stanol
contents of foods. Samples are saponified, if needed, to release free sterols. It '
should be noted that the methods do not measure the amount of esterified sterols
or esterified stanols, only the free sterols and stanols. The free sterols are
extracted with solvents; then concentrated, derivatized, separated by gas-liquid
chromatography and quantified by flame ionization detection or mass
spectroscopy. Sample preparation is generally similar to the methods used in
cholesterol analysis. Appropriate standards and chromatographic systems are
available with the resolution and sensitivity to readily quantify the plant sterols
and stanols in any food matrix. Altus is prepared to work with other parties to
develop universal, validated methods for measuring plant sterols and stanols in
food matrices.

In the event that the agency decides to continue to specify the products eligible to
bear the claim Altus requests that cereals, food bars, fruit drinks and smoothies be
included for both plant sterols and plant stanols. Novartis, and its external panel
of experts, has determined that these additional food forms are GRAS. This
determination was based on: 1) the fact that plant sterols and stanols use in
vegetable oil-based spreads is GRAS; 2) an evaluation of consumer exposure
which concluded that intake would not be substantially increased by the

~ additional food forms; and 3) on the FDA evaluation of safety in the interim final
" rule. The complete report entitled “Report for Expert GRAS Evaluation of
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Phytrol™ Phytosterol Enriched Cereals, Food Bars, Fruit Drmks and Smooth1e
Beverages™ is included with this submission.

Altus has developed a working method for analysis of the plant sterol and stanol
content in these food forms and is currently validating those methods. A copy of
the working method is included with these comments headed “Phytrol Content in
Smoothie Drinks-Modified to Include Internal Standard.” When validated, these
methods will be submitted to the agency.

As indicated by the FDA in the preamble to the interim final rule plant sterols and
stanols, both free and esterified, can be incorporated into a variety of food forms
and retain the capacity to significantly reduce blood cholesterol levels (65 FR
54701).

Claim statements should not limit the number of servings to two per day

The FDA in the interim final rule at §101.83(c)(2)(1)(H) requires the claim
specify that the daily intake of plant sterol or stanol esters should be consumed in
two servings eaten at different times of the day with other foods. The requirement
that it be consumed with other foods was based on the proposed mechanism of
action, interference with intestinal absorption of dietary and biliary cholesterol.
Maximum interference is hypothesized to occur when plant sterols or stanols and

- cholesterol are present simultaneously in the intestine, i.e., after meals. The

designation of two servings was based on the assumption that the number of foods
which could contain sufficient plant sterols or stanols to be effective is small,
hence the opportunities to consume the necessary amount of plant sterol or stanol
may be limited. For plant sterol esters, the FDA also identified a minimal
effective amount as opposed to an optimum or maximum effective amount.

In reality, consumers are likely to benefit by consuming plant sterols or stanols on
more occasions during the day. Altus requests that the requirement in
§101.83(c)(2)(1)(H) be modified to permit “at least two™ or “two or more” or “two
or three” in the claim. It is noted that a group in Holland (Plat, J., et al, European
Journal of Clinical Nutrition 54: 671-677, 2000, copy attached) has published
study results which suggest that plant sterols and stanols may be effective even
when consumed once per day. In lieu of more extensive evidence that less
fréquent consumption is as effective, this change will allow claimants to more
accurately communicate the most effective manner for consumers to incorporate
the product into their diet. ’

Request for exemption from the minimum nutrient content requirement for
fruit drinks and smoothies

In §101.83(c)(2)(iii)(D) dressings for salad were exempted from the minimum

-~ nutrient contribution requlrement in §101.14(e)(6). Even though dressings for

salad do not meet the usual minimum nutrient requirements for health claims,
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they do provide low levels of some essential nutrients and are not typical of foods
that provide only calories but no meaningful levels of nutrients. Further, they
provide a useful alternate means of consuming the active substances.

Altus requests that the FDA exempt fruit drinks and smoothies from the minimum
nutrient contribution requirements of §101.14(¢)(6). J uice-based beverages
contain small amounts of essential vitamins and minerals, and in some cases,
fiber. In addition, juice-based beverages could provide a very useful low fat
alternative to spreads and dressings for delivering plant sterols and stanols.

Urgency of rulemaking

The Altus Food Company is rapidly developing food products containing plant
sterols and stanols to provide consumers with effective alternate means of
reducing coronary heart disease risk by reducing blood LDL-cholesterol. Timely
resolution of the issues cited above will increase consumer benefit by allowing
more accurate communication of the benefits of the products. '

Sincerely, ZZM

Marcus Chambers . Fred Shinnick, Ph.D.

Director of Research & Science & Discovery Manager
Development ' Altus Food Company

Altus Food Company Chicago, lllinois

Chicago, Illinois
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Attachments:

Notification of GRAS Determihatidn fdr Tall Oil Phytosterols (Phytrolm) Usein
Vegetable Oil Spreads.

Report for Expert GRAS Evaluation of Phytrol™ Phytosterol Enriched Cereals,
Food Bars, Fruit Drinks, and Smoothie Beverages.

Phytrol Content in Smoothie Drinks-Modified to Include Internal Standard.

Effects on serum lipids, lipoproteins and fat soluble antioxidant concentrations of
consumption frequency of margarines and shortenings enriched with plant stanol
esters. J. Plat, ENM van Onselen, MMA van Heugten and RP Mensink, European
Journal of Clinical Nutrition, 54:671-677, 2000.
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Associate General Counsel 560 Morris Avenue
Building F
Summit, NJ 07901-1312

Tel 908 598 7048
Fax 908 522 1781

December 13, 1999

Office of Premarket Approval
(HFS-200)

Center for Food Safety and
Applied Nutrition

Food and Drug Administration
200 C Street, S.W.
Washington D.C., 20204
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Re: Notification of GRAS Determination for Tall Qil Phytostetols

(Phytrol™) Use in Vegetable Oil Spreads N

. | ’ o

Dear Sir or Madam: } e .
v

Novartis Consumer Health, Inc. hereby submits a notification to the
Food and Drug Administration that tall oil phytosterols are generally recognized
as safe (GRAS) for use in vegetable oil spreads. The notification consists of a
GRAS exemption claim, attached to this letter, and a detailed summary of the
basis for the GRAS determination, pursuant to proposed 21 C.F.R. §170.36
(62 Fed. Reg. 18960, April 17, 1997). Three copies of these materials are
enclosed. ,

As discussed with FDA, this GRAS determination is based on
scientific procedures and substantial equivalence to existing GRAS phytosterols.
Phytosterol safety is well supported by numerous published clinical trials and by
substantial marketing experience of the Benecol™ product in Finland. A
substantial body of additional unpublished clinical and animal studies

~ corroborates this extensive published database. Moreover, the composition of

Novartis Consumer Health's tall oil phytosterol product (tradename Phytrol™) is
substantially equivalent to that found in the vegetable oil phytosterol based
product Take Control™ and the hydrogenated vegetable oil/ tall oil phytosterols
in Benecol™. The submission provides a summary of the clinical basis of this
determination. In addition, it contains detailed information about the structure
and composition of the notified substance, its intended use, the expected

~ consumer exposure, and details of the absorption, distribution, metabolism and
excretion of the substance. -



Office of Premarket Approval
Food and Drug Administration
December 13, 1999

Page 2

The GRAS notification and data and information contained herein are being
submitted voluntarily by Novartis Consumer Health as part of the company's
efforts to work cooperatively with FDA. The submission contains information
(discussions, summaries, analyses, panel statement etc.) not previously
disclosed to the public on the safety, efficacy, and functionality of tall oil
phytosterols for use in a Phytrol™ product. We believe that the agency's
disclosure of this information is precluded by 21 C.F.R. §20.111(d), which
exempts disclosure of such voluntarily submitted information.

The notification also contains information relating to manufacturing methods
and processes, quantitative and semi-quarititative formulae, and Novartis
Consumer Health's plans for marketing and distribution. This information
comprises trade secrets of Novartis Consumer Health and is thus also exempt
under FDA's regulations implementing the Freedom of Information Act (FOIA) in
-~ 21 C.F.R. Part 20. '

Should FDA conclude that any of the confidential commercial
information described herein is subject to public disclosure, we would appreciate
the opportunity to meet with the agency as part of the notification process
described in 21 C.F.R. §20.61(e), prior to the public release of this information.

We appreciate the agency's guidance in the preparation of this
submission and look forward to discussing it following the preliminary review.

Vi hinstt—

/
Judith A. Weinstein, Esq.
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Tel 908 598 7048
Fax 908 522 1781

December 13, 1999

Office of Premarket Approval (HFS-200)
Center for Food Safety and Applied Nutrition
Food and Drug Admlmstratlon

200 C Street, S.W.

Washington D.C., 20204

Re: Notification of GRAS Determination for Tall Qil Phytosterols
(Phytrol™) Use in Vegetable Oil Spreads

GRAS Exemption Claim

Dear Sir or Madam:

Pursuant to FDA's policy described at 62 Fed. Reg. 18938, 18960 (April 17,
1997), Novartis Consumer Health, Inc. hereby notifies the Food and Drug
Administration (FDA) that it has determined that the use of tall oil phytosterols
(Phytrol™) in vegetable oil spreads is "generally recognized as safe” (GRAS) and
is therefore exempt from the premarket approval requirements of the Federal
Food, Drug and Cosmetic Act. The following information is provided under
proposed 21 C.F.R. §170.36(c)(1):

Notifier: Novartis Consumer Health, Inc.
' 560 Morris Avenue
Summit, New Jersey 07901
Attn: Judith A. Weinstein, Esq.
Associate General Counsel

GRAS Substance: Tall Oil Phytosterols

Intended Use: The substance will be used in vegetable oil spreads at
a level up to 12% free phytosterols, an amount
intended to provide approximately 1.5 g of the
phytosterol compound per day to the average
consumer of vegetable oil spreads. The phytosterols
are intended for use as nutrients in food to reduce the
absorption of cholesterol from the gastrointestinal
tract.

. Basis for GRAS
Determination: Scientific Procedures



Office of Premarket Approval
Food and Drug Administration
December 13, 1999

Page 2

The data and information that are the basis for Novartis Consumer
Health's GRAS determination are available for FDA's review and copying at
reasonable times at the offices of Sidley & Austin, 1722 Eye Street, Washington
D.C. 20006, Attn: |. Scott Bass (202-736-8684). In addition, Novartis Consumer
Health agrees to send the materials to FDA at the agency's request.

Respectfully submitted,

W Qﬁ&u

Judlt A. Weinstein, Esq.
Asé ciate General Counsel

T
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1.0 INTRODUCTION

Phytosterols or plant sterols occur naturally as a mixture in the non-saponifiable material of plant oils. -
The most abundant phytosterol in nature is p-sitosterol, hereafter referred to simply as sitosterol.
The phytosterols campesterol, stigmasterol and dihydrobfassicasterol occur at lower concentrations.
Sitostanol, the saturated derivative of sitosterol and stigmasterol, is found in minor concentrations
in food plant sources but occurs at significant levels in the unsaponifiable matter of oil derived from
trees, particularly conifers. Tree oil is commonly referred to as tall oil. The phytosterols therein are
tall oil phytosterols. This product, as manufactured by Forbes Medi-Tech Inc., shall be referred to

in this document as Phytrol™, and is composed of phytosterols derived from tall oil.

Phytosterols or plant sterols as found in beans, were originally considered by Hesse [1878] as isomers
of cholesterol. With the development of nuclear magnetic resonance (NMR), infra-red, ultraviolet
and mass spéctrometry (MS), the structure and empirical formula of many phytosterols have been
identified. Nonetheless, the formula and structure of a large number of minor phytosterols are still
not well characterized [Pollak and Kritchevsky, 1981]. Most phytosterols are similar to cholesterol
in their basic skeletal structure except that they contain methyl, ethyl, di-methyl, di-ethyl or other
groups next to their Cy4 position on the aliphatic side chain of the compound [Pollak and Kritchevsky,
1981]. When phytosterols are saturated at the 5-o position, such as through the use of a commercial
process, compounds such as sitostanol are formed. The difference in the chemical structure between
cholesterol and phytosterols has significant physiological implications. For instance, phytosterols are
not synthesized in humans [Salen et al., 1970]; they afe absorbed in the intestine at a rate of about
0 to 5% [Grundy et al., 1969]. In contrast, cholesterol which is produced in humans and exhibits an
absorption rate of 40 to 50 % in normal subjects [Grundy et al., 1969].

Regardless of differences in the absorption rates of the various phytosterols when compared with
cholesterol, there is substantial evidence that increased phytosterol consumption impedes cholesterol
absorption and provides a beneficial effect with regards to maintaining a healthy cholesterol level in
the human blood stream. Currently, there are two self-affirmed GRAS vegetable oil spread products
containing phytosterols on the market which contain up to 20% by weight of added fatty acid
esterified phytosterols and which make this claim. Take Control™ is manufactured by Lipton. The



phytosterols therein are predominantly sterols derived from vegetable oil. Benecol™ is manufactured
by McNeﬂ Consumer Héalfhcare and contains primarily hydrogenated tall oil and vegetable oil sterols
(stanols). Both products include phytosterols in their matrices in order to promote a healthy level of
cholesterol. With this in mind, Novartis Consumer Healtfl Inc. has formulated a similar vegetable oil
based spread product. This product, called Phytrol™, is based on a non-hydrogenated tall oil
phytosterol product manufactured by Forbes Medi-Tech Inc. It is intended to be consumed in a
manner identical to Benecol™ and Take Control™ and provide consumers with an additional product
choice in order to promote a healthy cholesterol level. The Phytrol™ tall oil phytosterol product
merely revises the ratio of major sterols to stanols present in the vegetable oil spread to an
intermediate composition when compared to the other two currently marketed products. GRAS
status has already been established for the constituent sterol and stanol mixtures in the other
phytosterol product formulations. Furthermore, the levels of the individual compdnent phytosterols

in Phytrol™ are at or lower than those levels in the other products considered GRAS. Therefore, this

 GRAS submission is based upon the principle of substantial equivalence: that differences between

Phytrol™ and the products Benecol™ and Take Control™ are inconsequential and that all data and
considerations of safety and use which apply to Benecol™ and Take Control™ apply equally to
Phytrol™. The FDA has full knowledge of and does not disagree that the use of sterols and stanols
in the other products, at the same level and manner of use as Phytrol™, is considered by their
manufacturers to be Generally Recognized as Safe (GRAS). Similarly, Novartis Consumer Health
Inc. has determined that the Phytrol™ tall oil phytosterol product is also GRAS. |

1.1 Historical Background

The presence and distribution of phytosterols across plant species have been extensively described
by Pollak and Kritchevsky [1981]. Phytosterols are found in plants that include ornamental, edible
types as well as herbs, shrubs and trees [Pollak and Kritchevsky, 1981]. At leasf 44 sterols from
seven different plant classes have been identified [Bean, 1973]. The list of phytosterols, their sources
and botanical functions is growing steadily. Crombie [1961], Shoppee [1964] and Bean [1973] listed
a large number of sterols and their sources in plants. The greatest number of phytosterols, naturally
present in pure or esterified form, or conjugated as glycosides, were found in the angiosperms and

the most dominant were sitosterol, campesterol and stigmasterol.



There are several factors that affect the distribution of phytosterols in plémts. Among other factors,

| the phytosterol content of any given plant depends on the length of daylight, degree of soil alkalinity, |

and time of plant harvest. For example, light exposufe or photoperiod has been shown to lower
sitosterol in leaves of Solanum audigena [Bae and Mercer, 1970]. Soil alkalinity, seasonal changes,
and leaf shedding have also been reported to alter the concentrations of sitosterol and campesterol
in plants [Misra et al., 1961; Davis, 1971]. Such natural variation in phytosterol occurrence affects
their level of intake by those ingesting plant derived foods.

Dietafy phytosterol intake levels among different populations vary greatly depending primarily on the
type and amount of plant foods consumed. Western diets, for example, typically contain lower levels
of phytosterols than diets of many other parts of the world. In 1991, the British consumed 104, 49,
10, and 4 mg per day of sitosterol, campesterol, stigmasterol and stigmastanol, respectively,
represehting a total phytosterol intake of 167 mg per day [Morton et al,, 1995). The primary sources
of phytosterols in the British diet are fats and oils, although breads and other cereals were also
important sources [Morton et al., 1995]. A trend was observed toward increased phytosterol intakes
between 1987 and 1991 in Britain, possibly due to increased utilization of vegetable oils for cooking.

The only source of phytosterols in humans is the diet. However, within the same population, dietary
intake of phytosterols can vary substantially. A comparison was made of phytosterol intakes of
vegetarian and non-vegetarian Seventh Day Adventists (SDA) and non-vegetarians from the general
population in the United States [Nair et al, 1984]. Pure SDA vegetarians, lacto-ovo SDA

vegetarians, and non-vegetarians who were SDA or from the general population ingested sitosterol

4+ stigmastero'l / cholesterol in ratios of 16.0, 3.3, 1.0, and 0.5, respectively. Plant sterol intake for

pure vegetarians was approximately 89.1 mg/day, 343.6 mg/day for lacto-ovo vegetarians, 230.7
mg/day for non-vegetarian SDA’s, and 77.9 mg/day for members of the general population. The
Tarahumara Indians of Mexico consume a diet containing unusually high amounts of beans and corn
reportedly ingest over 400 mg of phytosterols per day [Cerqueira et al, 1979]. In Japan, phytosterol
intake remained at approximately 373 mg per day from 1957 to 1982, while cholesterol corisurnption
sirﬁultaneously increased over twofold [Hirai et al., 1986]. The most commonly ingested phytosterol

is sitosterol (54%), whileksigniﬁcant levels of campesterol (14%), brassicasterol (10%), and
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stigmasterol (7.5%) are also consumed [Hirai et al, 1986] The quantlty and quality of phytosterol

" consumption has not changed in Japan over the last few decades.

1.2 Regulatory Basis for GRAS Status

As described at 62 Fed. Reg. 18938, 18960 (April 17, 1997) (proposed 21 C.F.R. §170.36), Novartis
Consumer Health Inc. (NCH) notifies the Food and Drug Administration (FDA) that it has
determined that the use of Phytrol™ tall oil phytosterols, as manufactured by Forbes Medi-Tech Inc.,
in a vegetable oil-based spread at a level up to 12% free phytosterols is Generally Recognized as Safe
(GRAS). This is based on review by a panel of Experts qualified by scientific training and experienoe
to evaluate the safety of food and food ingredients using scientific procedures and is therefore exempt
from the pre-market approval requirements of the Federal Food, Drug and Cosmetic Act. The
Phytrol™ tall oil phytosterols are derived from tall oil soap. In aggregate, the composition of
Phytrol™ is substantially equivalent to thaf found in the vegetable oil phytosterol based product Take
Control™ and the hydrogenated vegetable oil / tall oil phytosterols in Benecol™. Both products are

currently GRAS and are available in the form of a vegetable oil based spread in the marketplace.

This document provides information required by proposed 21 CFR. §170.36(c)2), (3), and (4). The

requirements of the proposed regulation with the sections containing the relevant information is

described below.

Requirements of the proposed rule _ Section No(s).

e §170.36(c)(2): Detailed information about the identity of the notified 1,3,4
substance; composition; method of manufacture; characteristic properties; and
specifications

e §170.36(c)(3): Information on any self-limiting levels of use L5,

e §170.36(c)(4)(D(a): Comprehensive discussion of, and citations to, generally 1
available and accepted scientific data and information, including consideration 6, 7, 8, 9,
of probable consumption

e §170.36(c)(4)(1)(c): The basis for concluding that there is a consensus of 11
qualified experts that there is reasonable certainty that the substance is not
harmful under the intended conditions of use



The determination that P‘hy'c‘rolm is GRAS for use‘ m Qegetable oil-baséd Spreads meets thedapplicable
requirements for the technical element and common knowledge element of a GRAS determination
based on scientific procedures. The scientific data and information summarized in this notification
reflect a thorough review of the relevant literature and the results of studies of tall oil phytosterols
conducted in accofdance with generally accépted scientific procedures. Furthermore, this information
has been supplemented by the use of all available scientific and statistical reference sources and
compendia; new, re]evﬁnt books and reviews; and those relevant regulatory documents available from
the Food and Drug Administration. Of particular importance was the information, data, and
considerations contained within the recently accepted GRAS notification dossiers for the esterified
vegetable oil phytosterol product Take Control™ and the esterified hydrogenated vegetable oil / tall

oil phytosterol product Benecol™.

Novartis Consumer Health Inc.’s GRAS determination is based on the weight of all of the available
scientific information and grounded upon generally available scientific data. It is further based on the
principle of substantial equivalence to other phytosterol based GRAS products currently available for
consumer use on a daily basis. The consensus among a variety of qualified experts is that there is
reasonable certainty that these substances will not be harmful under the iniéxide\d’ conditions of use.
This GRAS determination therefore meets the requirements of §201(s) of the Federal Food, Drug,
and Cosmetic Act; 21 C.F.R. §170.3 and §170.30; and the amendments to these rules propdsed at
62 Fed. Reg. 18960.



1.3 Substantial Equivalence to Current GRAS Products

The phytosterols found in Phytrol™ are substantially equivalent to those comprising the vegetable
and hydrogenated vegetable / tall oil phytosterol GRAS products Take Control™ and Benecol™.
Substantial equivalence was established through examination of pbtential differences between
Phytrol™ and the other two products. No differences exist which materially affect considerations
of safety and effectiveness. Phytrol™ is equivalent to these GRAS products on the basis of aggregate
composition, intended conditions of use, intended level of intake, physiologic properties and by
extension, safety. In essence, the tall oil phytosterols in Phytrol™, as manufactured by Forbes Medi-
Tech Inc., are a product whose total sterol and stanol profile corresponds approximately to a 60:40

combination of the other two substantially equivalent GRAS products.
L3.1 Composition
The composition of Phytrol™ exhibits a ratio of major sterol to stanol fractions intermediate to that

of Take Control™ and Benecol™. Table 1-1 compares the approximate compositions of the three

products. While in each product significant natural variation may occur in specific component

content, the data in Table 1-1 indicates that levels of the individual component phytosterols in

Phytrol™ are comparable or below the aggregate levels in the other GRAS phytosterol products.

The variation in constituent phytosterol profile among the three products arises from two main factors:
phytosterol source and use of hydrogenation processing. A third variation arises from the use of fatty
acid esterification of the current GRAS products to modify solubility properties for product application

purposes.

13.1.1 Source and Hydrogenation

Phytrol™ contains significant levels of sitosterol and campesterol, similar to those occurring in Take
Control™. Unlike Take Control™, it contains only minor quantities of stigmasterol and other sterols
but significant levels of the naturally occurrmg saturated (stanol) compounds sitostanol and

campestanol as found in Benecolm. However, BenecolTM employs a hydrogenatlon process to



saturate most double bonds present in the sterol components, converting them to stanols,

predominantly sitostanol and campestanol.

Since many of the minor components in these products are variously unsaturated congeners of the
same saturated structures, hydrogenation may also reduce, somewhat, the diversity of minor
components. However,. Benecol™ still contains a range of minor phytosterols of up to 6% [ref.
Benecol™ submission]. The phytosterols in Take Control™ are not hydrogenated and contain up
to 8% by weight of minor sterol and non-sterol components (see Table 1-1). Similarly, Phytrol™
contains a number of the same minor components, primarily representing van'atibn in the position and
/ or number of double bonds within sitosterol (Czs) and campesterol (Cas) structures (see Section 3
for compositional details). Also present are trace quantities of C;s-Cas saturated aliphatic alcohols.
All minor components represent substances commonly found in the diet and in one or both of the
current products. Thus Phytrol™ has compositional elements which are common to one or both of

the other GRAS products and which, in aggregate, supports its substantial equivalence.

Table 1-1:  Comparison of Phytosterol Compositions

Sterol Take Control™ (Sterols from ADM and Cargill) Phytrol™ Benecol™
Sitosterol 42 47 4
Campesterol 25 14 3
Stigmasterol 18 4
Brassicasterol 5
Sitostanol 2 26 64
Campestanol 5 23
Minor Sterols 8 8 6
Total Phytosterols 98 69 13
Total Phytostanols 2 31 87

Take Control™ uses vegetable sterols esterified with fatty acids. Data are averages of batches from Archer Daniels Midland
(ADM) and Cargill. Benecol™ is a mixture of vegetable and tall oil phytosterols that have been hydrogenated and then
esterified with fatty acids. The Phytrol™ values are typical of most batches and fit within current specifications. Percentages
refer only to sterol content and are approximations. The estimated sterol proportions will vary depending on the
methodology used for measurement. The response factors vary between different sterols when compared within the same
detection system, e.g. flame ion detection (FID). The response factors also vary between detection systems, i.e. FID vs.
GC/MS or LC/MS. The Phytrol™ phytosterols were quantitated by the use of GC-FID using in-house standards. The figures
for Take Control™ and Benecol™ are area under the curve estimates by GC/MS.



1.3.1.2 Esterification -

The phytosterols in Phytrol™ are in a free non-esterified form while those in the two GRAS products
have been esterified to common vegetable oil fatty acids to enhance their solubility in a vegetable oil
product matrix. Esterification does not mateﬁally affect the substantial equivalence of Phy.trolTM to
the other products. As discussed in the sections on physiologic equivalence (1.3.3.1) and safety
(1.3.4), the ester forms are rapidly de-esterified in vivo through the action of lipase enzymes yielding
the active free phytosterols. Esterification does affect quantitative parameters of equivalence. The
two GRAS products are approximately 60% by weight phytosterols; the remainder being fatty acids.
Accordingly, 0.6 grams of Phytrol™ are equivalent to the phytosterol content of 1.0 grams of the

esterified products.
1L3.2 Intende_d Use and Intake

The intended use of Phytrol™ is to incorporate it into a vegetable oil based spread product at a
concentration of up to 12% by weight. This represents an application and phytosterol content which
is identical to that of the current GRAS products whose incorporation rate is up to 20% by weight

of esterified phytosterols which is in turn 60% by weight free phytosterol.
The intended consumer daily consumption of a spread containing Phytrol™ is that which will contain
1.5 grams of phytosterols. This intake rate is equivalent to, or less than, that for the two existing

GRAS product spreads, based on free phytosterol content. This is further summarized in Table 1-2.

Table 1-2:  Intended Daily Intake of Phytosterol Products

Take Control™ Phytrol™ Benecol™
Per Serving: 1.12 g (esters) 05g 1.7 g (esters)
Servings Per Day 1-2 3 Upto3
Daily Esters 1.12-2.24 - 1.7-5.1.
Intake: | phytosterols 07-13 1.5 10-3.0
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1.3.3 » Physiologi¢ Properties

The phytosterols in Phytrol™ are substantially equivalent in physiologic properties to those in Take
Control™ and Benecol™ in regards to their active form and their effects on blood cholesterol

parameters, blood phytosterol levels and absorption of vitamins and nutrients.
133.1 Active Form

Esterified phytosterols and stanols are con\"erted in vivo to, and are physiologically equivalent to,
proportional amounts of free phytosterols and stanols. Evidence indicates that the active form of the
sterol esters is the free sterol. Pancreatic cholesterol esterase hydrolyzes both cholesterol esters and
phytosterol esters to their free forms [Swell et al, 1954]. Cholesterol is not absorbed in the esterified
form but must first be cleaved before it can be absorbed into the body. Hellman et al [1953] fed
labeled cholesterol to rats and observed that the labeled sterol appeared in the lymph in the free
fraction before it appeared in the ester fraction. Although the above experiment has not been
performed with phytosterol esters, it can be inferred that only phytosterols in the free form are
absorbed. Direct comparisons between free phytosterols and esterified phytosterols in the rat found
that the esterified forms were less effective as inhibitors of cholesterol absorption [Pollak &
* Kritchevsky, 1981]. Similarly, Mattson et al [1982] reported lower efficacy of sitosterol oleate than
free sitosterol in inhibiting absorption of cholesterol in the human and stigmastefol oleate waS less
effective than free stigmasterol in decreasing cholesterol absorption in the human [Matson et al,
1977]. These results indicate that cleavage of the sterol esters controls the availability of phytosterols
for interaction with the cholesterol absorption mechanism. It can also be inferred that it is primarily

the free phytosterols which interact with the cholesterol absorption mechanism.

1.33.2 Effectiveness in Reducing Blood Cholesterol Levels

It is well established that phytosterols are effective in lowering blood cholesterol levels when
administered orally in animals and humans. A summary of published clinical studies is provided in
Section 10.2. The maximum lowering of LDL cholesterol observed in human studies with plant

derived sterols is in the range of 13% - 15%. One study [Westrate et al, 1998] directly compared the
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Take Control™ product with that of the Benecol™ product in hypercholesterolemics over a 25 day
treatment interval. The data from this study is shown in Table 1 -3. Data from a study (CLF9701)
by Jones et al [1999] in which Phytrol™ was administered in a margarine matrix to

hypercholesterolemics over an interval of 30 days is also presented in Table 1-3 for purposes of

comparison.

Table 1-3:  Comparative Effectiveness of Sterol Products in a Margarine Matrix

Product: Take Contro[™ Benecol™ Phytrol™ in a Margarine
: Matrix
Dosage 3 gperday’ 2.7 g per day' 1.5 g/70kg/day?
A Total Cholesterol® -8.3% -7.3% 9.1%
A LDL Cholesterol® -13.0% -13.0% -15.5%
A HDL Cholesterol® +0.6% +0.1% -4.4%

! These data are from the Westrate [1998] study, which indicates that the average body weight of the men was 82.5 kg and
for women was 66.8 kg. Converting the dose to an equivalent body weight (bw) basis, the dose of Take Control™ would

- have been 2.5 g /70 kg bw in men and 3.0 g / 70 kg bw in women. The same conversion to an equivalent body weight
yields a Benecol™ dose of 2.3 g / 70 kg bw in men and 2.9 g / 70 kg bw in women.

2 These data are from the Jones et al {1999] study conducted in males, only.

3 Values are corrected for the change that occurred in the control group.

These data demonstrate that the tall oil phytosterols in Phytrol™ are at least as effective as the other

two products in decreasing total and LDL serum cholesterol values.

1.333 Effects on Circulating HDL-Cholesterol

There was no evidence of émy significant effect on plasma HDL levels for any of the three products.
In the Phytrol™ study reported in Table 1-3, decreases in mean HDL values of 6.3% and 10.7 %
were reported in the control and tréated groups, respectively. Thé 44% differencé between the
groups attributable to Phytrol™, per se, was well within the 6.5% coefficient of variation for this

assay procedure in the reported study and was not clinically significant.
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As w1th the prevmus chmcal studies mvolvmg Take ControlTM and Benecol™, no adverse effects
were observed in any of the subjects in the study by Jones et al [1999], 1nc1udmg those consuming

Phytrol™.

1334 Effects on Circulating Levels of Phytosterols

Phytosterols are a normal circulating constituent in the blood. Phytosterols are not synthesized by
the body but are absorbed from plant material in the diet. The major circulating phytosterols are
sitosterol and campesterol, reflecting the higher content of these sterols in food sources. Ingestion
of Take Control™, which has a high content of these phytosterols, results in an increase in their
circulating blood levels. Ingestion of Benecol™ has an opposite effect, which can be attributed to
its elevated stanol content. Sitostanol, which is particularly poorly absorbed, appears to inhibit not
only the absorption of cholesterol but also that of other sterols. The phytosterols in Phytrol™ fall
in between these two extremes in its effect on blood phytosterol levels, as illustrated below in Tables
1-4 and 1-5. In the three studies where data on blood phytosterol levels are available, no consistent
effects on blood levels were obtained. This result is consistent with the intermediate cdmposition of
the Phytrol™ product in which sufficient sitosterol and campesterol are present to increase blood

levels of these sterols, but in which the coincident presence of sitostanol impedes their absorption.

Table 1-4:  Effect of ‘Phytostegfol Products on Blood Phytosterols Levels

Take Control™ Phytrol™ Benecol™ Benecol™
References Westrate et al 1998 | See Table 4 Below | Westrate et al 1998 Gylling et al 1995
Sitosterol +38.8% No Consistent -36.2% v -36.1%
Change
Campesterol +72.6% No Consistent -17.1% -48.2%
Change
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Table 1-5: Plasma .C:onkceptratiqns of Phytosterols in Humans after Treatment with
- Phytrol™ at a Dose of 1.5 g/70kg/day

Study Treatment Time Sitosterol (umol/L) Campesterol (umol/L)

Number (days) Control Treated Control. Treated

CLF9601 10 1.58 +0.30 3.04+1.1 19.6+3.7 13.4+4.0
CLF9602 10 9.6+3.0 92+33 123+28 18.1+6.0
CLF9701 30 6.1+05 44+17 264+120 27.5+117

Note: CLF9701 is the same study as that of Jones et al [1999)].

1.33.5 Effects Upon Vitamin and Nutrient Absdl_'ption

The activity of ingested phytosterols with regard to absorption. of fat soluble nutrients including
vitamins A, E, D and K, has been thoroughly reviewed and discussed in the process of establishing the
'GRAS status of Take Control™ and Benecol™ [see Benecol™ and Take Controli'M GRAS
Notification ﬁlings]. While some decrease in the absorption of carotenoids such as beta-carotene and
lycopene has been reported, a significant impairment of the availability of fat-soluble ﬁtmﬁm has not
been noted. This included data from the intake of 30 g / day of Cytellin™ for extended periods of use.
Expert and FDA reviews of the issue have resulted in findings of no expected significant risk and that
these phytosterol products may be regarded as GRAS. While the effect of Phytrol™ has not been
specifically tested in this regard, its substantial compositional equivalence, equivalent product matrix,
and intended use level éssures that it presents no significant risk of adversely altering vitamin and

nutrient absorption to any degree materially different from Benecol™ and Take Conti‘olm._

1.3.4 Safety

The safety of ingested phytosterols has been thdroughly reviewed and discussed in the process of
establishing the respective GRAS status of the Take Control™ and Benecol™ vegetable oil spreads.
The developmént\of the Lipion product, Take Control™, has yielded substantial research into the
safety of phytosterols, particularly sitosterol, campesterol, and stigmasterol [Baker et al, 1999;
Hepburn et al, 1999; Jones et él, 1999; Wa]lkens—Bgrendscn et al, 1999]. Similarly, the development
_of the McNeil product, Benecolm, has alsb yielded substantial research into the safety of
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phytosterols, particularly sitostanol, campestanol and stigmastanol [Slesinski et al, 1999; Turnbull et
al, 1999; Turnbull et al, 1999; Turnbull et al, 1999;Whittaker et al, 1999].

‘The information reviewed included extensive clinical and non-clinical data. Clinical data included a
history of safe intake of these phytosterols as components of everyday foodstuﬁ‘s.v Additionally, safe
exposure to phytosterols at levels of up to 30 grams per day for extended periods during the use of
the pharmaceutical agent Cytellin™, as well as results of direct clinical and nutritional investigations
with these products in over 2000 subjects. 'Non-clinical studies included those designed to assess
acute, short term and sub-chronic safety, genetic toxicity, estrogenic activity, developmental and

reproductive safety, AME (absorption, metabolism and excretion) and nutrient effects.

Expert and FDA reviews have resulted in findings of a reasonable certainty of no harmful effects and
that phytosterols may be regarded as GRAS when used in a vegetable oil spread. The safety of
Phytrol™ is assured by the substantial compositional equivalence to other GRAS products and by

their use in an equivalent product matrix and at an equivalent intended level of intake.

In support of this, direct testing of Phytrol™ has confirmed an absence of genotoxicity or estrogenic
activity (see sections 9.1 and 9.2). Analyses for trace crontaminants’such as dioxins, pesticides, and
heavy metals confirmed their absence or presence at levels within specifications for food grade fats and
oils. Furthermore, a total of 55 human subjects were exposed to doses of 1.5 g/ 70 kg body weight

/ day for up to 8 weeks during various clinical nutrition studies without reported adverse events (see

section 10.1).
2.0 SAFE HISTORY OF USE

Phytosterols are abundant in nature and naturally present in many varieties of fruits and vegetables
ingested by humans. The average intake of phytosterols in the United States is approximately 250
mg/day, with vegetarians consuming almost twice this amount. Three of the most important and
common major sterols are sitosterol, campesterol, and stigmasterol. Often, they are esterified with
Cn-C 18 fatty acids. Some crude vegetable oils contain 100 - 500 mg of phytosterols per 100 g of

vegetab]e oil. Certam vegetable oils from sources rich in phytosterols like rice bran, wheat germ, and
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oats may contain up to 4% phytosterols. Some reduced fat and low fat spreads currently available
" in the market place may contain phytosterol levels between 0.3% and 0.4%. Two previously
mentioned examples of vegetable oil based spreads containing phytosterols available to consumers
of vegetable oil base spreads are Lipton’s Take Control™ and McNeil’s Benecol™. The Novartis
Consumer Health Inc. tall oil phytosterol product- Phytrol™ is another example of the use of
phytosterols employed in a vegetable oil base spread. All three of these products seek to provide
consumers of vegetable oil base spreads with a choice in products while seeking to maintain healthy

blood cholesterol levels.

Over the past fifty years, research has indicated that increased phytosterol intake can havev an effect
on lowering blood cholesterol levels in humans. Human studies with dose levels of up to 25,000 mg
per day (i.e., 100 times the average dietary intake) and lasting up to several years, have been
performed [Pollak and Kritchevesky, '1981; Pollak, 1985]. Some of these studies, which have been
conducted as early as the 1950s, have involved over 1800 men, women, adolescents, ahd even
children. Within the context of these studies, repeated observation of no adverse side effects has
occurred [Lees et al.,, 1977; Oster et al., 1977]. Attempts to capitalize upon the perceived benefits
of increased phytosterol intake are not new to the market place. A preparation marketed by Eli Lilly
between the 1950s into the 1980s, called Cytellin™, was available in the United States to treat
A hypercholésterolemia. The same product was also available in Canada and sold under the brand name
Positol™. The phytosterol composition of Cytellin™ was also derived from tall oil ’phytosterdls. It
was composed of approximately 80% sitosterol and 10% campesterol with. another 9% of the product
composed of stanols. Therapeutic levels ranged from 9000 to 30,000 mg/day. Repeated clinical
investigation of Cytellin™ reported no contraindications or side-effects [Lesesne et al., 1955; Joyner
' and Kuo, 1955; Kuo, 1956; Best et al., 1955; Duncan and Best, 1963; Farquhar ét al., 1956].
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With the recent markgting of Lipton’s Take Control™ and McNeil’s Benecol™, phytosterols are

available in the United States for every day consumer use with the aim of achieving a healthy

‘cholesterol level. The phytosterols employed in McNeil’s Benecol™ product are sourced from a

blend of vegetable oil and tall oil. The resultant phytosterol blend is then hydrogenated to convert
the plant sterols to stanols; approximately 62% sitostanol and 32% campestanol, respectively. The
remaining 6% by weight are comprised of unsaturated sterols. The phytosterols employed in Take
Control™ by Lipton are obtained from vegetable oil (e.g., soybean, canola, corn) distillate. The
major sterol éomponents show some variation from batch to batch depending upon which form of
vegetable oil is émployed in the production of the phytbsterol product. However, the predominant
phytosterols in the product, by weight, are sitosterol (40% - 55%), campesterol (20% - 28%), and
stigmasterol (14% - 23%). Up to 8% of this product may be comprised of 20 to 30 different minor
sterol components. The phytosterols in each of these products aré esterified to vegetable oil fatty

acids.

The same phytosterols found in all three of these products are commonly consumed through the diet.
Furthermore, the constituent phytosterols present in Phytrol™ are already present in GRAS vegetable

oil spread products employing phytosterols in order to maintain-healthy cholesterol levels in humans.

e

3.0 CHEMICAL IDENTITY AND COMPOSITION
3.1 Chemical Identity

The Névartis Consumer Health Inc. Phytrol™ product under consideration is predominantly a
mixture of four phytosterols. These are: sitosterol, sitostanol, campesterol, and campestanol. A small
percentage of minor phytosterols such as stigmasterol is also present as well as a fraction of a
percentage of long chain aliphatic alcohols. The properties of the major phytosterol components are

described below.
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S:tosterol €] B) Stlgmast-S-en-3oI ngHsoO ‘
| ' Approxlmate percentage in PhytrolTM 38% to 60% .
Mol. wt. 414.72. Plates from alcohol.
 Melting point 140 (138-142) degrees Celsius.

Soluble in acetone and ethyl acetate.

Sitostanol: (3B, 5at)-Stigmastan-3-ol; C,eHs,0;
Approximate percentage in Phytrolm: 14% to 34%
Mol. wt. 416.73. Monohydrate, crystals, melting point 138-139 degrees Celsius.
Melting point 144-145 degrees Celsius when dry.

Soluble in acetone and ethyl acetate.

Campesterol: (3B,24R)-Ergost-S-en-3-ol; Cst480;
Approximate percentage in Phytrol™: 9% tb 18%
Mol. wt. 400.69
Melting point‘157-158 degrees Celsius.

Soluble in acetone and ethyl acetate.

~ Campestanol: (3B, Sa, 24R)-Ergostan-3—ol; C2sHs00;

| Approximafe percentage in Phytrol™: 2% to 14%
Mol. wt. 402.70

Melting point 146.5-147.8 degrees Celsius.

Soluble in acetone and ethyl acetate.
3.2 Chemical Structure of Component Phytosterols

The chemical structures of the four major phytosterol constituents of Phytrol™ are displayed below.

For the purposes of comparison, the structure of the cholesterol molecule has also been provided.
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CHOLESTEROL

SITOSTANOL
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33 Phytosterol Co}mponents of Phytrol™

The only potential, safety related difference in composition among the three products lie with their

minor phytosterol-like compbnems. ‘Table 3-1 below, lists minor sterol components that have been
observed in batches of Phytrol™. The minor sterol components primarily represent variation in the
position and / or number of double bonds within sitosterol (Cig) and campesterol (Cys) structures.
Also present in trace amounts are saturated long chain (Cys — Cys) aliphatic alcohols. These minor,
long chain alcohol components are substances commonly found in the diet and the Expert Panel
concluded they were not toxic contaminants and their presence does not adversely affect general

recognition of safety of the intended use of Phytrol™.

Comparative analysis of Take Control™, Benecol™, vegetable sterols produced by Archer Daniels
Midland and Phytrol™ revealed a total of 45 major ahd minor sterol components. Twenty-two were
present in Phytrol™. None were unique to Phytrol™ as all 22 components were found either in Take
Control™, Benecol™, or vegetable sterols or reported present in vegetable oils in the scientific
literature. Of the 22 phytosterol-like components in Phytrol™, 15 were found in Take Control, 11
in Benecol™ and 12 in vegetable sterols. Three phytosterol-like components were found in Phytrol™
which were not identified in Take Control™, Benecol™, or vegetable sterols. All three have been
previously reported present in vegetable oils by Mennie et al [1994]; Goad [1966]; Grob et al [1994];
Bortolomeazzi et al [1996]; and Anderson et al [1926). The Expert Panei concluded that the
presence of Phytrolm’s’ phytosterél-like minor components in either GRAS products or vegetable
oils allays any safety concern about these components under the intended conditions of use of
Phytrol™. These data also support the applicability to Phytrol™ of safety study results obtained
during testing of Benecol™ and Take Control™, |

Table 3-1:  Phytrol™ Minor Components

e @-Sitosterol ’ e 24-Methyl diene isomers (Czg compounds)

s  Stigmasterol *  24-Ethyl di- and tri- ene isomers (Co compounds)
*  Ergosterol S ¢  Trace phytosterols and phytostanols

®  Cys - Cys Aliphatic Alcohols (<0.5%)
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3.4 ’ Proposed Food-Grade Specifications

As a food additive, Phytrol™ can be directly incorporated into various food products. For optimal

effect however, formulations appropriate to individual food products will be necessary. Thus, a

variety of methods for incorporation of Phytrol™ into various food products have been developed.

Additional formulation technologies are under development and U.S. patents will be applied for at

the appropriate time. The proposed food grade specifications for Phytrol™ are as shown below:

Phytosterol content
Sitosterol
Sitostanol
Campesterol
Campestanol

Total major sterols

Loss on drying (water)

Solvents

Residue on ignition

Heavy metals

Arsenic

Lead

Total aerobic count

Combined molds & yeasts

Coliformes

E. Coli

Salmonella

>95%

38% to 60%
14% to 34%
9% to 18%
2% to 14%
> 86%

<5%
<0.5%
<0.1%

<10 ppm
<35 ppm
<0.25 ppm
< 10,000 CFU/g
<100 CFU/g
negative
negative

negative

In order to detect the presence of heavy metal contaminants, the following analytical methodologies

are routinely employed as described below in Table 3-2.
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Table3-2:  Tests Employed to Detect the ?{g§¢9€¢79f Heavy Metals in Phytrol™

Test Item Test Method ' Limits
Total heavy metals, including Pb, Hg andCd ICP scan and CVUV scan NMT 10 ppm
Arsenic o o ICP scan NMT S ppm

The results of the heavy metal testing for batches FM-PH-15 and FM-PH-52 and the range of values

over the last six batches of the tall oil phytosterol product are shown below in Table 3-3.

Table 3-3:  Test Results for Heavy Metals in Batghés_ of Phytrol™

Test Item Limit Results

FM-PH-15 FM-PH-52 Range Previous 6 Batches
Total heavy metals, -~ | NMT 10 ppm Not Detected < 1.07 ppm 0 - <1.06 ppm
including Pb, Hg and Cd
Arsenic | NMT 5 ppm Not Detected <2ppm 0-<2ppm

Analysis of one batch of the Phytrol™ tall oil phytosterol product (Batch E7-04-017) was conducted
to confirm the absence of pentachlorophenols, dioxins, and furans. The results indicated no
detectable levels of these compounds. These structures would not be expected to survive the alkaline

digestion used to free wood fibers in the pulping process.

3.5 Physical Properties of the Vegetable Oil Based Spread Containing Phytrol™

The physical properties of the vegetable oil spread, in texture, taste, and consistency, will be the same

as other vegetable oil spread products cixrrently available in the marketplace.

3.6 Nutrition Information of the Vegetable Oil Based Spread Containing Phytrol™

The nutritional profile of the vegetable oil spread will be similar in character to other vegetable oil

spread products currently available in the marketplace.
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4.0 PRODUCTION METHODS )

Tall oil phytosterols in Phytrol™ are extracted from tall oil soap, a by-product of the pulping process
used for coniferous trees in 'Nobrth America and Europe. The trees are reduced to fine wood chips
and then digested at pH 14 for about 18 hours at 50 degrees to free the wood fibers. The lipid layer
that forms at the top of the digestion is tall oil soap. It is skimmed off and used as a source of
phytosterols. The phytosterols are then extracted directly from the tall oil soap usmg the Forbes
Medi-Tech Inc. proprietary and patented extraction processes (patent WO 96/10033). The sterols

are extracted and purified in a three-step process.

4.1 Extraction
Starting Material: ~ TOS with >2% sterols
Product: Extract with 15 to 25% sterols

The first step is a solvent extraction of the tall il soap. Organic solvents, water and tall oil soap are
mixed while heating in stainless steel reactors. The mixture is allowed to separate into distinct

aqueous and organic phases.

The aqueous phase contains residual solvents, residual tall oil soap, and water. The residual solvents
are recovered, the water is removed from the tall ol soap and the extracted tall onl soap is then sent

to an acidulation plant for further processing.
The organic phase contains extracted organic materials, phytosterols and approximately 70% of the

solvents. The organic solvents are recovered. The extract, largely free of solvents, contains 15 to

25% sterols and is then used in the next step of the process.

23




4.2 Complexation

Starting Material: Extract from Step 1 containing 15 - 25% sterols.
Product: Crude sterols with 60 —~75% purity

The second step consists of a complexation-washing proceSs that removes the bulk of the 6rganic
material. The extract from Step 1 is mixed while heating with solvent, and complexing agent in a
stainless steel reactor. The sterols rapidly bind to the agent. The complexed sterols are separated
from the solvent phase by centrifugation. Next, the complexing agent is dissolved from the crude

complex by heating in water. The water is removed and the resulting material, which contains 60-

75% sterols, is called crude sterols and is used in the next step of the prbcess.

4.3 Crystallization

Starting Material: Crude sterols from step 2 with 60-75% purity
Product: Purified sterols with >95% purity

The crude sterols are dissolved in alcohol at elevated temperature. The temperature of the mixture
is reduced to allow crystallization of the sterols. The crystals are recovered and then dried. The
mixture is tested for content of sterols. If the desired purity is not achieved, the mixture is re-

crystallized a second time.
4.4 Statement of Good Manufacturing Practices (GMP)
The Novartis Consumer Health Inc. tall oil phytosterol product Phytrol™ is manufactured by Forbes

Medi-Tech Inc. under conditions that are in accord with the principles of Food Good Manufacturing
Practices according to 21 CFR Part 110.
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50 INTENDEDUSEINFOOD

Phytosterols are a group of plant compounds naturally occurring in a variety of foods in the human
diet, such as minor components of vegetable oils. Novartis Consumer Health Inc. is interested in
using the phytosterols found in the tall oil phytosterol blend Phytrol™, as manufactured by Forbes
Medi-Tech Inc., in a new vegetable oil-based spread at levels formulated to provide approximately
1.5 g of Phytrol™ per day to the average consumer of vegetable oil spreads. The use of Phytrol™
. in this spread base is intended to help mairitain healthy cholesterol levels as part of a diet low in
saturated fat and cholesterol. The phytosterols present in Phytrolm'have already been very well
characterized by both Novartis Consumer Health Inc. and by their competitors in the marketplace.
The use of the phytosterols sitosterol, sitostanol, campesterol and campestanol represent a variant

of similar products such as Lipton’s Take Control™ and McNeil’s Benecol™.
6.0 CONSUMER EXPOSURE

Novartis Consumer Health Inc. plans to market Phytrol™ in a vegetable oil based spread. The non-
sterol composition of this spread will not differ from other vegetable base spreads currently available
in the market place. Phytrol™ will be included in the formulation in an amount that will provide the
consumer with the recommended amount of approximately 1.5 g of phytosterols per day over the

course of three product servings.

No significant change in individual consumer intake of phytosterols is anticipated. The major
constituent Phytrol™ phytosterols sitosterol, sitostanol, campesterol, and campestanol are all already
established for use in other vegetable oil based spreads such as McNeil’s Benecol™ product or the
Lipton Take Control™ product. Phytrol™ merely represents an additional product choice for
consumers seeking to maintain a healthy cholesterol level through the consumption of vegetable oil

spread.
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7.0 ~ STRUCTURE-ACTIVITY RELATIONSHIPS

Analysis of structure activity relationships is a useful approach to correlating the molecular structure
of a chemical with its biologicai activity [Food and Drﬁg Administration, 1982]. The phytosterols
contained within the tall oil phytosterol product Phytrol™ must therefore be placed into Structure
Category B as the FDA has classified mixtures as belonging to this group. However, the constituent
phytosterols of Phytrol™ belong in Structure Category A, as having low toxic potential. Phytosterols
also bear a close stmctufal resemblance to the intermediate products of lipid metabolism in humans,
namely cholesterol. In conclusion, the constituent phytosterol contained in Phytrol™, based upon
this type of structure activity relationship, would indicate that this product would not cause any

adverse effects in humans.
8.0 ABSORPTION, DISTRIBUTION, METABOLISM AND EXCRETIO_N

Phytosterols are plant sterols structurally related to cholesterol, but differ in their side chain
configuration. There are a wide variety of phytosterol structures, but the most abundant in nature
are sitosterol, campesterol, and stigmasterol. Less common are saturated phytosterols or stanols,
such as sitostanol and campestanol. Sitostanol and campestanol are formed by hydrogenation of the

5-alpha position on sitosterol and campesterol, respectively.

Phytosterols are not endogenously synthesized in the body with the possible exception of
phytosterolemia, a rare condition ‘where stanols are thought to be formed from unsaturated

phytosterols in the liver which enter the body from the diet [Ling & Jones, 1995]. Phytosterols are

* not converted to cholesterol or vice versa in humans or other mammals [Subbiah & Kuksis, 1973;

Kritchevsky et al., 1981; Boberg et al., 1990a). Sources of phytosterols usually come from comn,
bean, énd plant oils, which are common components of diet. Vegetarian diets contain higher amounts
of phytosterols compared to western diets. In the United States about 250 mg/day of phytosterols _
are consumed through diet. In contrast, a vegetarian diet would provide twice this amount.
Saturated phytosterols are present only in trace amounts in conventional diets [Connor, 1968;
Cerquira et al., 1979]. |
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81 - Absorption .

Phytosterols are poorly absorbed from the intestinal tract. Absorption of tritium labeled sitosterol
has been studied in man and other mammals, see Table 8-1 below. Most of the studies indicate an

absorption rate of approximately 5%.

Table$-1  Tritiated Sitosterol Absorption in Humans and Rats o
Species Mean absorption (% ;dose) _ Reference
Man 5 Gould et al,, 1969
Man 10 Borgstrom, 1968
Rat 5 Gould, 1955
Rat 5 - Sylven & Borgstrom, 1969

For healthy humans, the absorption rate of phytosterols is usually less than 5% of dietary levels. This
is éonsiderably lower than the absorption rate of cholesterol, which is over 40% [Salen et al., 1989;
Miettinen et al., 1990]. Thus, approximately 95% of dietary phytosterols enter the colon and are
eliminated from the body. Intestinal absdrption of phytosterols is selective. In a study with 10
healthy subjects, absorption of phytosterols was compared during perfusion of the upper jejunum. \
The percentage absorption of campestanol, campesterol, stigmasterol, and sitosterol was 12.5%,
9.6%, 4.8%, and 4.2%, respectively. Sitostanol (the Sa-saturated derivative of sitosterol) is not

absorbed to any significant extent [Heinemann etal., 1993].
811 Basal Phytosterol Levels in Plasma

Salen et al. [1970] presented basal plasma level data to show that sitosterol is not synthesized
endogenously in the body.. All the sitosterol and campesterol present had been absorbed from dietafy ’
sources. Miettinen ez al. [1990] reported mean basal levels of sitosterol and campesterol to be 6.19
pmoles/L (1.62-12.72) and 9.31 pmoles/L (3.47-21.36) respéctively in 63 Finnish male subjects.

Estimates of plasma levels vary somewhat from one laboratory to another.
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Plant sterols are significantly hi’ghér in the plasma of patients with hypercholesterolemia than in
" normocholesterolemic controls. This is illustrated in Table 8-2. However, the ratios of phytosterols
to cholesterol are not different [von Bergmann & Liitjohann, 1998]. This is probably a result of plant

sterols and cholesterol being carried in the same fractions.

Table 8-2 Plasma Sterol Concentration in Normocholesterolemic Subjects and Patients
' with Hypercholesterolemla

Group Cholesterol : Sitosterol ‘ Campesterol
| Normal 169 (mg/dL) 0.3 mg/dL (7.2 pmol/L) 0.42 mg/dL (105 pmol/L)
Hypercholesterolemic 361 (mg/dL) 0.55 mg/dL ( l3.3kpvmokl(L‘) ’ 0.78 mg/dL (19.5 pmol/L)

8.1.2 Mechanism of Phytosterol and Cholesterol Absorption

Plant sterols are absorbed to a muchv lesser extent than cholesterol. This suggests that the intestinal
mucosa is discriminative toward sterols containing anextra methyl or ethyl gfoup in the side chain,
On the basis of the events mvolved in sterol absorpnon the spec:ﬁcuy determining the rate of
phytosterol absorpnon could he in any one of four steps: (1) pamnon of the phytosterol betweenan .
oil and a micellar phase of mtestmal contents (2) uptake of the sterols by mucosal cell membrane, (3)

esterification of the sterol in the mucosal cell, and (4) transport to chylomicrons.

A difference in the partition coefficient between cholesterol and sitosterol in the intestinal contents
is not an adequate explanation of the difference in absorption rates. Borgstrom [1967] determined
the partition coefficient of sitosterol between the micellar and oil phases and found that it was nearly
identical to that of cholesterol. Esterification of phytosterols and cholesterol is not obligatory for
absorption. Hellman et al. [1953) fed labeled cholesterol to rats and observed that the labeled sterol
appeared in the lymph as the free fraction before it appeared in the ester fraction. The most likely
explanation is that selectivity occurs at the uptake mechanism for cholesterol and phytosterols inthe -
mucosal membrane. Glover and Green [1953] postulated that lipoproteins in the mucosal membrane
are specific toward cholesterol and might not readily take up the foreign plant sterols. The

demonstration that the uptake of sitosterol by the intestinal wall was considerably less than that of
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cholesterol suggests that the rate of absorption of these sterols might be determined at this step [see .

_ review by Subbiah, 1971].

Furthermore, increased absorption of all dietary sterols with resultant high phytosterols and serum
cholesterol may be a heritable, atherogenic trait separate from the rare, recessive familial
sitosterolemia. Von Bergmann & Liitjohann, [1998] reported that although the phytosterol levels
were higher in the plasma of hypercholesterolemics, the ratio of phytosterols to cholesterol did not
change. In addition, these authors démonst"rated that feeding cholesterol to animals elevates blood

levels of both cholesterol and phytosterols.
8.2 Distribution
8.2.1 | Disti'ibution in Animals

Rabbits were fed a low cholestver‘ol’diet_ containing 2% piént st‘efolzs‘for 1‘(’) wéeks. Thé’plasma levels ”
of sitosterol and campesterol were 0.76 and 89 mg/100 mlkrespectively after 10 weeks. The blood
levels of sitosterol and campesterol plateaued after about 5 weeks. The initial blood levels of
phytosterols were below 0.01mg/100 ml [Bhattacharyya and Lopez, 1979]. Although the source of
the phytosterols was not identified, the high content of campesterol (34%) suggests that the source

was Soy.

The effect of administration of the Novartis Consumer Health Inc. tall oil Phytrol™ product on
plasma phytosterols levels is shown in Table 8-3. In these studies, Phytrol™ was included in the diet

and the concentration of both sitosterol and campesterol increased.
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Plasma Concentrations of Phytosterols in Animals Administered Phytrol™

Table 8-3
Study Species | Test Article Dose in mg/kg/d Sitosterol (umoV/ L) - Campesterol (umol/ L)
’ S Control Treated Control Treated
PHF9502 | Hamster 680 19 37 15 18
PHF9401 | Rat 1000 487+£065 |2030+£250| 3.75+£0.50 | 13.91+£1.92
PHF9401 | Rat 1000 (Soy Phytosterols) 578+0.89 |2329+293|707+1.88 | 14.59+1.47

In non-primates, plant sterols have been sho% to have a tissue distribution similar to cholesterol. Six
hours after injection of labeled sitosterol into rats, about 50% of the injected radioactivity is located
in the liver, which decreases to about 8% by the end of the ninth day. At that time, minor but
significant amounts of radioactivity were observed in the adrenal and testis. Minor amounts of
radioactivity were also present in adipose tissue and skelétal muscle. Ina Seﬁarate study in rats,
Subbiah and Kuksis [1973] reported that sitosterol was initially taken up by the liver and to a lesser
extent by other tissues. On the basis of tissue weight, adrenals displayed the highest uptake. In the
monkey, phytosterols are not present in sperm, indicating that phytosterols are absent from testes

tissue.

High intakes of dietary phytbsterol (3% sitosterol + 2% campesterol in diet)’ for 21 days in rats leads
to an incfeased phytosterol incorporation into liver microsomes. There was no changevin either the
phospholipid or total sterol content of liver cell membranes with high phytosierol intake, however the
phytosterol / cholesterol ratio was increased [Leikin & Brenner, 1989]. Dogs fed soy phytosterols

for over 19 months at a dose of 1000 mg/kg/day showed no evidence of accumulation of phytosterols

in the liver. Rabbits fed soy phytosterols at a dose of 4g per day for over 2 years showed no evidence

of accumulation of phytosterols in liver or aortic tissue [Shipley ez al., 1958].

The effect of tall oil phytosterol treatment on phytosterol content in the liver tissue of hamsters is

shown in Table 8-4. Tall oil phytosterol intake increased the liver content of both sitosterol and

campesterol. Soy phytosterols also increased the liver content of these sterols.
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Table 8-4 Tissue' Concentrations of Phytosterols in Hamster after Treatment with

Phytosterols

Study Species Phytosterol Dose Tissue Sitosterol (mg/g) Campesterol (mg/g)
(Treatment | and Source
Time) (mg/kg/d) Control | Treated | Control | Treated

PHF9502 Hamster (45 | 680 Tall Oil Liver 0.001 0.031 0.001 0.035
days)

PHF9402 Hamster (34 | 680 Soy Liver 0.05 0.02 0.30 0.74
days)

PHF9501 | Hamster (90 | 680 Tall Oil Liver 0.09 0.19 0.11 0.30
days) ' .

PHF9501 Hamster (90 | 680 Soy Liver 0.09 0.84 0.11 0.36
days)

822 Distribution in Humans

Only 1 to 42 umol/L of phytosterols are found in human serum under normal conditions with dietary

intakes of 160-360 mg/day, however plasma levels have been shown to increase up to two-fold by
dietary supplementation [Connor, 1968; Cerquira et al., 1979; Salen et al., 1970]. The effect of
orally administered phytosterols is dependent on the sterol composition administered. Where the

sterols have a high sitosterol content, plasma levels of campesterol are depressed and plasma levels

* of sitosterol are raised. Refer to Tables 8-5 and 8-6 for studies in adults and children. Phytosterol

esters of phytosterols from soy, which have a high content of sitosterol and campesterol, raised the
concentration of both phytosterols in the plasma [Westrate & Meijer, 1998]. Hydrogenated
phytosterols, which contain primarily sitostanol, when administered orally, consistently depress
plasma levels of both campesterol and sitosterol. For example, 3 g per day of sitostanol ester
depresses campesterol and sitosterol levels by 44% and 43%, respectively [Gylling and Mietinen,
1994]. It was concluded that phytostanols not only interfere with cholesterol uptake but also interfere
with the uptake of other phytosterols. Administration of sitosterol, while reducing uptéke of
campesterol, increases the blood levels of sitosterol because of the excess sitosterol available for
uptake from the gut. A preparation with a high content of sitosterol and campesterol raises plasma

levels of both components. Administered sitostanol blocks the uptake of sitosterol and campesterol

- in addition to blocking cholesterol uptake. The Novartis Consumer Health Inc. tall oil phytosterol
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blend thytrolTM contains enough sitostanol to partially block the uptake of both sitosterol and
campesterol and thus offsets the increased lbad of phytosterols présérited to the uptake mechanism

in the intestine.

Table 8-5 Effect of Oral Phytosterols on Plasma Levels of Sitosterol and Campesterol in

Adult Humans
Dose of Plant Sterols g/day Plasma Levels Reference
Sitosterol (umol/L) Campesterol (umol/L)
0.22 g/d sitosterol 13.7 4 No data Salenetal, 1970
5.65 g/d sitosterol 265 No data
Control 80 17.5 Westestrate  and
3 @/d soy phytosterol esters 111 302 Meijer, 1998
3 g/d stanol esters 51 - 14.5
Control - - No data 186 Miettinen et al.,
1995.
2.6 g/d stanol esters No data 10.7

Table 8-6 Effect of Oral Phytosterols on Plasma Levels of Sitosterol and Campesterol in

Children N ’
Dose of Plant Sterols (g/day) Plasma Levels Reference
Sitosterol (umol/L) Campesterol (pmol/L) ' , ‘
Control 37.8+262 . 36.7+26.8 Becker, 1993
1.5 (Stanol) 186175 189+84
6 (Sterol) 430+194 26.5+12.0
Control 1.56 £ 1.12 1.45+1.26 Becker, 1992
6.0 (Sterols) 1.90 £0.98 1.11£0.59
Control 0.88+0.24 No data Schlierf et  al,
12.0 (Sterols) 1.48 £0.62 No data 1978
Control 133£1.0 30.1+£24 Gylling et al.,
3.0 (Stanol esters) 85+0.6 15614 1995.

Note: Becker 1992, 1993: appears to be a phytosterol preparation with a high content of sitosterol similar to Cytellin™,

Human tissue levels of phytosterols have been measured at autopsy. Mellies ef al., [1976] examined

aortic tissue from adults and infants, as shown in Table 8-7.
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Cholesterol and Phytosterol Content of Human Aorta at Autopsy [Mellies et al.,

Table 8-7
1976] i}
Age Number Cholesterol Campesterol | Sitosterol (ng/g) Stigmasterol
(mg/g) (rg/e) (rg/g)

Abortus and Neonates 4 0.55+0.24 1.12+04 1.8+06 0.51+0.2
Infants 1 0.66 +£0.11 357+13 893+13 9.22+27
Adult 11 34+07 14+4 16+4 128 +4
Atheromatous Plaque 4 54+23 112+48 236 + 147 167 + 60

The effects of Phytrol™ intake on plasrha levels of sitosterol and campesterol in human studies are

shown in Table 8-8. At a dosage of 1.5 g/70 kg per day, there was no consistent effect on plasma

levels of sitosterol or campesterol.

Phytostéx‘ol Plasma Concentration in Humans after Treatment with

Table 8-8
1.5 g/70kg/day of Phytrol™ o ’
Study Treatment Time (days) Sitosterol (umol/ L) Campesterol (umol/ L)
Control Treated Control Treated
CLF9601 10 1.58 £0.30 304+1.1 19.6 +3.7 134440
CLF9602 10 9.6+3.0 9.2+3.3 123+28 18.1+6.0
CLF9701 30 6.1+0.5 44+1.7 264+£120 | 275%117
8;2.2.1 Phﬂosterolemia in Humans

Phytosterolemia (Sitosterolemia), a very rare lipid storage disease characterized chemically by
increased plant sterol levels and Sa-saturated stanols in plasma and tissue, is 5ssociated with
premature atherosclerosis. As of 1992, 27 individuals with phytosterolemia had been detected
[Bhattacharyya et al., 1991; Salen et al., 1992]. Table 8-9 lists plasma levels of phytosterols that
- occur in this disease. Phytosterols account for an average of 13% of the total sterols present in plasma

in phytosterolemics, compared to about 0.4% in normal subjects.
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Table 8-9 | Plasma Levels of Phytosterols in Phytosterolemia

Sterol Average Plasma Level (umol/L) Range (pmoVl/L) References

Sitosterol 850 340 - 1570 Salen et al., 1985
Campesterol 425 186 - 596

Sitostanol 100 46 - 144 Bhattacharyya et al., 1974
Campestanol 70 20-99

Cholesterol 6300 3300 - 12000 Miettinen, 1980

Phytosterolemia is inherited as a recessive trait. Heterozygotes are clinically and biochemically
normal although plasma phytosterol levels of some heterozygotes may be slightly increased over
control levels [Salen er al, 1992]. The absorption rate of phytosterols is very high in
phytosterolemics. The sterol uptake mechanism in the intestine does not distinguish between
cholesterol and phytosterols, thus approximately equal proportions of sitosterol and cholesterol are
absorbed [Salen ef al., 1992]. As diet contains only trace amounts of Sa-saturated stanols, it is
thought that the stanols are produced endogenously in lafge amounts. In normal subjects, the liver
secretes sitosterol into the bile so there is a three-fold enrichment of sitosterol to cholesterol as
compared to blood [Salen ef al., 1970]. In phytosterolemic subjects, sitosterol appears in the same
or lower proportions relative to cholesterol in the bile as c;;n}ared to blood. In addition, less
cholesterol is secreted into the bile [Bhattacharyya & Connor, 1974]. The large quantities of
sitosterol and cholestanol in the liver of phytosterolemic subjects competitively inhibits cholesterol

7a-hydroxylase mediated bile acid synthesis [Shefer ez al., 1994].
8.3 Metabolism

In the same manner as cholesterol, sitosterol is esterified with fatty acids, by a reaction mediated by
cholesterol-lecithin acyltransferasek. A study inV thé i'at wherem 'oArkally adrﬁinisfered iritiated sitosterol
was compared with "“C-labelled cholesterol, the extent of esterification of sitosterol in the plasma was
5-10% lower than that of cholesterol. About 65% of the plasma sitosterol esters were tetraenes and
25% were dienes, proportions similar to that of cholesterol [Subbiah & Kuksis, 1973). In contrast

to cholesterol, from which Cy4 bile acids are formed, Cs; bile acids are formed from sitosterol in the
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rat. Two bile acids have been tentatively identified as having hydroxyl groups at C; and C;s. One
bile acid has Va_keto group and the other an additional hydroxyl group, positions unknown for both
acids [Boberg et al., 1990b]. Compared with cholesterol, sitosterol is excreted to a lafger extent as

free sterol [Boberg & Skrede, 1988].
8.4 Elimination

Phytosterol elimination takes place primarily via the biliary route and appears to be more rap_id.than
that of cholesterol [Lin ef al., 1984]. Correspondingly, endogenous phytosterol pool size is low

compared to cholesterol due to poor absorption in the intestine and faster excretion via the bile.

A fractioh of absorbed phytosterols is excretéd through the skin. Phytosterols which were absorbed
into the plasma through the diet were excreted into skin surface lipids after being transferred from
the plasma to the skin [Bhattacharyya er al., 1983]. The excretion of phytosterols and cholesterol
from skin and feces Wés‘sfﬁ&’iéa’oi}éf?ii-‘h in a hyperlipoproteinemic (type IIa) patient fed formula
diets providing varying quantities of phytosterols (0-30 g/day) and cholesterol (0-1000 mg/day).
Sitosterol excretion decreased progressively upon feeding a sterol-free diet from about 6 mg/day to
0.08 mg/day by 83 days and then completely disappeared; When dietary phytosterols (about 30
g/day) were added to the fomiula diet, sitosterol reappeared' in the skin surface lipids and rose to
nearly 5 mg/day/ by 6 weeks. Fecal excretion of phytosterols responded similarly to skin sixrfaée '
lipids which demonstrate that dietary phytosterols could be excreted through the surface of the skin

as well as feces [Bhattacharyya et al., 1983].
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9.0 PRECLINICAL TOXICOLOGY
9.1 Genotoxicity Assays
911 In Vitro Genotoxicity Assays

A genotoxic evaluation of Phytrol™ was conducted in the Salmonella typhimurium | Escherichia
coli plate incorporation / pre-incubation mutation assay in the presence and absence of induced rat
liver S-9 microsomal fraction. PhytroITM' was tested in Salmonella typhimurium strains TA9S,
TA100, TA1535 and TA1537 (104, 208, 417, 834 and 1667 ug/plate) and Escherichia coli strain
WP2UvrA (104, 208, 417, 834 and 1667 ug/plate), for the potential to cause mutation both in the
presence and absence of metabolic activation. The plate incorporation method was employed in the
definitive assay, as well as, the confirmatory assay. Results of both mutation asséys indicated that
the test article did not induce a significant increase in the number of revertant colonies for any of the
strains tested in the presence or absence of the S-9 fraction. Therefore, under the conditions of this
study, Phytrol™ was reported to be negative for mutagenic potential in Sal)nonella typhimurium and
Escherichia colf. | | | o |

An in vitro evaluation of Phytrol™ in the L5178Y TK +/- mouse lymphoma mutagenesis assay with
colony size evaluation in the presence and absence of induced rat liver S-9 microsomal fractioh was
conducted along with a confirmatory study. This is an in vitro mammalian cell mutation asséy based
on the detection and quantitation of forward mutation in a sub-line of mouse lymphoma LS 178Y cells
at the thymidine kinase locus. It was used to test the mutagenic potential of Phytrol™ at levels of
5.0, 10, 20, 40, 60, 80, 100 and 167 ug/ml. Following a 4-hour treatment pen’od,vall responses were
negative, both in the presence and absence of metabolic activation. Relative total growth (RTG) for
the nbn—aétivated cultures was greater than 100%, and the RTG for S-9 activated cultures ranged
from 54-110%. A confirmatory assay was subsequently performed without S-9 activation. Following
a 24-hour treatment period, all responses were also negative in this assay. The RTG for treated
cultures ranged from 71% to 133%. The sol\)ent controls (DMSO and acctohe) and positive controls

~ (hycanthone methane sulfonate without activation, and 7,12-dimethylbenz(a)anthracene ‘With

36



activation) all produced acceptable colony size dlstnbutxons Based on these results, it was concluded

that PhytrolTM was not consxdered mutagenic under the conditions tested.

In an in vitro test for chemical induction of chromosome aberrations in cultured human peripheral
lymphocytes, with and without metabolic activation, the mutagenic potential of Phytrol™ was
investigated.  Using the chromosome aberration assay in cultured human peripheral blood
lymphocytes, the mutagenic potential of Phytrol™ was investigated at 100, 150, 300, 600, 750, 900
and 1200 pg/ml, with and without rat liver S-9 fraction. The test article was prepared in acetone, and
duplicate cultures of each dose were established. In addition, solvent and positive controls
(mitomycin at 0.1 and 0.2 pg/ml, and cyclophosphamide at 10 and 20 ng/ml, in non-activated and
activated systems, respectively) were used to verify testing conditions. Cells were harvested 21 hours
after treatment initiation in both systems, with O.l png/ml colcemid present during the final two hours.
Toxicity was measured by determining the Relative Mitotic Index (RMI), and the percentage of
polyploid and endoreduplicated cells was determined at each concentration level. Data showed that
Phytrol™ did not induce a statistically significant increase in the percentage of cells with aberrations,
as compared to solvent controls, at any of the concentrations tested with and without metabolic
activation. Results were subsequently confirmed by a confirmatory assay performed without S-9
activation. Given the results of the definitive and confirmatory assays, Phytrol™ was reported to
have no effect on the frequency of chromosome aberration in peripheral blood lymphocytes, both in

the presence and absence of S-9 metabolic activation.
9.1.2 In Vivo Genotoxicity Assays

Phytrol™ was evaluated at levels of 500, 1000 and 2000 mg/kg for the potential to induce
micronucleated polychromatic exythrocytes (MPCE) in the bone marrow cells of male and female CD-
1 mice. A single dose of the test article was administered via oral gavage, and the percentage of
polychromatic erythrocytes (PCE) and micronucleated polychromatic erythrocytes (MPCE) frequency
was determined at approximately 24, 48 and 72 hours after dose administration. Two thousand PCEs

per animal were analyzed for the frequency of micronuclei, and cytotoxicity was assessed by scoring

the number of PCEs and normochromatlc erythrocytes (NCEs) in the first 200 erythrocytes for each |

animal. Results mdxcated there was no statxstlcally sxgmﬁcant increase in the number of MPCE in the
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Phytrol™ treated groups relative to control. In addition, there were no reductions (more than 20%
of véh'ikcle) in the percentage of PCE in other test groups receiving Phytrol™. Based on the results
summarized above, it was concluded that under the current test conditions, Phytrol™ did not cause

chromosome damage in vivo, nor was it a clastogenic agent.
9.2 Toxicological Studies with Phytrol™

Forbes Medi-Tech Inc. sponsored a number of studies for the purpose of examining the safety and
potential toxicological effects of Phytrol™ in four species of animals. All species tolerated intake of
Phytrol™ well and with no apparent effects on body weight gain or food intake even at very high
dosages. See Tables 9-1 and 9-2 for a summary of studies where weight gain and food intake were

monitored.

Table 9-1 Effect of Oral Phytrol™ Administration on Food Intake & Body Weight Gain
in Animals

Study Species, % Chol. | % Tall Oil Approx. Treatment | % Changein | % Change
Number | Number, | added to | Phytosterols | Dose * Time 'Food Intake ! | in Body
Gender | Diet (ww)| in Diet (WiW) | mg/kg/day | (days) Weight *
PHF9501 Hamster 0.25% 0.5% 340 90 +10.2% -3.25%
20M&F 1.0% 680 NS
PHF9601 Mouse * 0.15% 2.0% 3340 126 NS +6.13%
10M p<0.05
PHF9602 Mouse * 0% 20% 3340 140 NS NS
8§ M
PHF9703 | Mouse * 0% 2.0% 3340 42 NS NS
8§M 91
140

1. Percentage change with respect to appropriate dietary control. ‘

2. The calculated daily dosage is based on estimated food consumption or percent of body weight per day as follows: Mouse,
16.7%; Rat, 10%; Hamster, 6.8%:; Rabbit, 3.7%.

3. Syrian Golden Hamster

4. ApoE-Deficient Mouse
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Table 9-2 Effect of Oral Phytrol™ Administration on Food Intake & BOdy Weight Gain
in Animals B o T
Study Species, % Chol. | % Tall Qil | Approx. Treatment | % Changein | % Change
Number | Number, | addedto | Phytosterols | Dose Time Food Intake ! | in Body
Gender | Diet (w/w)| in Diet (W) | mg/kg/day | (days) Weight '
PHF9401 Rat* 1.0% 1.0% 1000 10 -2.56% NS -1.72%
6M : NS
PHF9402 | Hamster® | 0.25% 0.25% 170 34 -1.5% -13.07%
sM 0.50% 340 p<0.05 NS
1.00% 680
PHF9502 Hamster * 0.25% 1.0% 680 45 +0.38% +0.61%
10M NS NS
PHF9503 | Rabbit® 0.5% 1.0% 370 50 No Data -3.8%
6M NS

[T -8

. Percentage change with respect to appropriate dietary control.

2. The calculated daily dosage is based on estimated food consumption or percent of body weight per day as follows:
Mouse, 16.7%; Rat, 10%; Hamster, 6.8%; Rabbit, 3.7%.

. Syrian Golden Hamster

. Wistar Rat

. New Zealand White Rabbit

—

W

In addition to the aforementioned studies, there are three other Novartis Consumer Health Inc.
sponsored studies, which include toxicological data. Refer to Table 9-3 for tabulated summaries of

these studies. Additionally, data from a uterotrophic assay in the rat is included.

In study TXF9501, Syrian Golden Hamsters were treated with 0.5% or 1.0% Phytrol™ incorporated
into their diet for 90 days. The approximate doses were 0.34 and 0.68g/kg/day. No histdpathological

changes were noted in any of the intestinal sections submitted, usually taken from the duodenal level.

No other tissues were examined.

In study TXF9605, Syrian Golden Hamsters were treated with 1.0% Phytrol™ incorporated into their
diet for 60 days. The approximate dose was 0.68g/kg/day. The hamsters were also injected with
Phytrol™ at a dose of 0.5mg / 100g body weight. Histopathological tissue examination from the
duodenum, epididymis, liver, ovaries, testes, and uterus revealed no changes between treated and
experimental groups, i;respectiye Qf the rqu;e/of administration. No other tissues were examined.

In stixdy TXFV9503, New Zealand White Rabbits were treated with 1% Phytrol™ incorporated into
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their diet for 50 days. The approximate dose in this case was 0.370 g/kg/day. No significant
 differences in the histology of liver and small intestine tissue were observed between the experimental

group and the control group. No other tissues were examined.

In study TXF9904, a uterotrophic assay in immature female rats was conducted to evaluate the
estrogenic potential of Phytrol™ (FCP-3P1). Beginning on day 19 postpartum, 50 immature female
rats were administered via oral gavage, either 0 (vehicle control), 1000, 2500 or 5000 mg/kg/day of
Phytrol™ for 4 consecutive days. Body weights and body wefght gains were slightly reduced in both
the 2500 and 5000 mg/kg/day dosage groups compared to the control group. Uterine weights and
the ratios of the uterine weight to the terminal body weight were unaffected by dosages of the test
article. All values in the test groups\were comparable to control group values. A fifth group received
a pOSitive control benchmark sub‘stahce, ethinyl bsestradiOl, which increased uterine weight and

relative uterine weights to over 500% that of the control group.
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Table 9-3

Summary of Phytrol™ Toxicological Studies.

Study Species, | Duration | Diet Route of Approx. Tissues Findings

Number | Number, Administration | Dose per Examined
Gender Dosage Day

Subchronic Studies ,

TXF9501 |1lamster |90 days | Control diet | Oral: % of diet  [0.34 g/kg/d ~ | Liver The atherogenic dict resulted in periportal to diffuse microvesicular |
10M and or diet with | Control 0.68 g/kg/d |Intestine |vacuolation of the hepatocytes, It was interpreted to be a
10F per - 1% 0.5% FCP hepatocellular fatty change graded as mild to moderate in scverity
group cholesterol | 1.0% FCP and tangibly more severe in females than males. The administration |

of FCP was associated with a dose related decrease in the incidence |
and/or severity of the hepatocellular vacuolation in both sexes. No |
histopathological changes were noted in any of the intestinal sections |
submitted, usually taken from the duodenal level.

Subacute Studies

TXF9605 |Hamster |60days |Standard | Subcutancous Smgkg/d | duodenum | No histological findings that could be related to treatment
Control diet or diet ] Oil:ethanol (6:1) liver » '
4M,3F with 0.25% | vehicle; volume epididymis
Treated cholesterol |injected 0.06 ml ovary
5M, 9F Controls rec’d testis

vehicle uterus
Treated 35 mg/kg
administered
; weekly ‘ :

TXF9503 |New 50days |[Dietwith |Oral: % ofdiet |0.37 ghkg/d |liverand |No significant differences were observed between experimental
Zealand 0.5% small groups.

White cholesterol | 1% FCP in diet intestine
Rabbit
Control 2
Treated 6

Reproductive Studies

TXF9904 |Immature |4days [NA Oral gavage 1000, 2500 | Uterus Dosages as high as 5000 mg/kg/day administered for 4 days to
Rats and 5000 immature female rats did not affect uterine weights and thus had no| .
(female) mg/kg/day uterotrophic potential.

FCP = Forbes Medi-Tech Inc. phytosterols
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9.3  Toxicology Studies with Cytellin™ (PositoI™)

BétWéeh 1954 aﬁd 1982, Eli Lilly Research Laboratories marketed a mixture of phytdsterols
extracted from tall oil in the United States (Cytellin™) and in Canada (Positol™), Cytellin™ /
Positol™, marketed as an anti-hypercholesterolemic agent, was available either as a powdel_'/ or liquid
suspension, and the reported composition was sitosterol, sitostanol, campesterol, caxnpestanol;
80:10:7:2. The Novartis Consumer Health Inc. product Phytrol™ is also extracted from tall oil and
is composed of the same four major constituent sterols. However, it differs in that the proportions
of sitostanol and campestanol, are higher and lower, respectively. Although Cytellin™ / Positol™
was eventually withdrawn from the market due to business considerations, several toxicology studies

had been conducted with the product. Refer to Table 9-4 for a tabulated summary of these studies.
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Acute Studies

Albino mice Sg/kg sitosterol triturated in sesame oil by Single dose Sitosterol from tall oil show little or no toxicity following administration of

565 stomach tube large single oral doses to mice.

Subchronic Studies

Rats 1% and 5% sitosterol in diet 18 months Rats fed doses containing 5% sitosterol from tall oil for 18 months survived,

30 female ’ gained weight comparable to controls, and upon sacrifice showed no visceral
or hematopoetic damage and no alterallons in serum cholesterol, lipid
phosphorus or blood protein fractions.

Rats Diet containing 5%Formuia 8 monihs Rats fed dicts containing 5% formula 226 for 8 months responded in similar

20 female ’ manner

Dogs - | Capsules: 18 months Dogs that received daily doses of 1000 mg/kg for 18 months survived, gained |

8 female 4 dogs SOOmg/kg/d weight and had no hematological or visceral damage. Scrum cholesterol,

[ENGIERPIPN [t PIgin A doce Mo =l /3 calaiim and whacnhamia tatal Baides Linid shaonhanie vitamin A and hiasnd b

lllUllblbl GRS 4 uupEs IUUUIIIEIISBIU TaiCium anG ylluayuul WD, tULal PGS, UG PUUOPRVIUD, Vilaliall £ alis Uivus |
protein {ractions were unaltered. The ultracentrifugal pattern was similar for |
treated and control dogs. Total lipid and free and total cholesterol values of the |
livers were also unchanged. .

Dogs 1000mg/kg/d of Formula 226* 8 months Dogs that received daily doses of 1000mg/kg of Formula 226 for 8 months

3 dogs were also normal.

* Formula 226, Each 100cc. Contains:

LR

¢ Tall oil sterols 20g

¢ Benzoic acid 0.1g

s  Sodium Carboxymethylcellulosc 3. Og

s  Saccharin Soluble l\mng, m‘iapucu Y Flavor
Sodium Laury! Sulfate Purified S0mg

The above information was obtained under “Fr

£
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9.4 Published Toxicology Studies with Phytosterols

Phytosterols have been extensively documented in many readily available scientific publications. This
séction seeks to document the general safety of phytosterols by reviewing scientific publications

which discuss the safety of phytosterols in general. The results of this review are documented below

and summarized in Table 9-5.
9.4.1 Genotoxicity

The results of a panel of genotoxicity tests with vegetable and tall oil stanol Aestvers was reported by

Turbull ef al., [1999]. The study was in compliance with OECD Guideline 473. All tests gave

negative results.
942 Subchronic Toxicity

Shipley et a1.,.[1958] reported that no evidence of toxicity was observed in rabbits and dogs given
large daily oral dietary supplements of sitosterol (mostly of tall oil origin), for periods of up to 2
years. Gross or microscopic alterations were not observed in any tissue, and there was no histological
evidence of disposition of the plant sterols. In addition, chemical analysis of the aorta and liver

showed no increase in sterol content.

An abstract by Robinson ef al., [1998] describes a 90 day subchronic feeding study conducted in 160
Sprague-Dawley rats (80 male/80 female) to investigate the safety of phytostanols. Stanols (61, 305
and 915 mg stanol/kg bw/day) were administered via oral gavage in a cottonseed/soybean oil mixture,
consisting of 65% sitostanol, 30% campestanol, 2.5% campesterol and 2.5% other sterols. Following

the 13-week treatment period, no significant toxicological effects were reported.

A second study investigated the safety of stanol esters in male and female Wistar rats. Animals
received either a wood-derived stanol ester preparation or a vegetabl.e ‘oil-derived stanol ester
~ preparation, at dietary concentrations of 0, 0.2, 1 and 5% total stanols (174-5509 mg stanol esters’kg
- bw/day). Approximately 0.5 g total stanols’kg bw/day was provided at this dietary level. Following
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a 13-week treatment period, slightly decreased levels of plasma cholesterol and phospholipids were

* reported in stanol-treated males. Decreased levels of plant sterols and increased levels of stanols

were observed in both males and females. A marked increase in the fecal excretion of sterols,

including cholesterol and stanols, was reported in the stanol ester groups. Animals treated with the
high-dose diets experienced a decrease in plasma levels of vitamin E, vitamin K, and to a lesser
extent, vitamin D. Similar changes were also observed in hepatic levels of vitamins E and D. Based

on these results, and the absence of any significant adverse clinical, pathological or histopathological

effects, both preparations were considered well tolerated. The no observable adverse effect level

(NOAEL) was reported to be the mid-dose level of 1% total dietary stanols. [Turnbull et al., 1999].

Mealini and Vanithakumari [1990] described a study in which rats were administered sitosterol by
subcutaneous injection at doses of 2.5, 5.0 and 10.0 mg/kg/day for 60 days. The sitosterol was well
tolerated and no evidence of gross microscopic lesions either in the liver or kidney was observed.
Furthermore, liver and kidney function tests were assessed by determining blood/serum parameters
such as hemoglobin, blood glucose, serum protein; serum bilirubin, serum GPT and GOT. All clinical
biochemical parameters were in the normal range with the exception of serum cholesterol, which was

reduced at all doses of sitosterol.

The effect of tall oil phytosterols administered in the diet was investigated in the apo-E-KO-deficient

mouse. Histological, hematological, and biochemical characteristics were examined. No toxicity was

observed in the phytosterol treated group. Both treated and untreated mice exhibited arrested

spermatogenesis and atrophy of the seminiferous tubules to a variable extent. This eﬁ"ect,may be
related to the difficulty of breeding this particular strain. The apo-E-KO-deficient mouse exhibits a
number of abnormalities related to the genetic defect including xanthamatous skin lesions and oil red
O-negatxve vacuolation in the liver and kidney parenchymal cells. The phytosterol treatment

prevented these lesions [Moghadasian ez al., 1999].

Daily injections of soy phytosterols for three weeks resulted in a progressive accumulation in the

serum, liver, and bile of exposed neonatal piglets. Serum bile acid levels were significantly higher in
the sterol-treated plglets In addmon a srgmﬁcant inhibition of secretory function in isolated rat

= hepatocyte couplets was observed [Clayton etal., 1998] Furthermore neonatal piglets receiving
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daily injections of phytosterols in the absence of other parenteral nutrition components, experienced

reduced bile flow [Iyer et al., 1998].
9.4.3 Reproductive Toxicity

Two tests of potential estrogenic activity were reported for plant stanols (soy or tall oil) and plant
stanol esters by Turnbull ef al., [1999]. These were the E-screen test, which measures the ability of
a substance to induce proliferation of estrog'en-responsive human breast adenocarcinoma (MCF-7)
cells in culture, and an in vivo test, which measures uterotrophic activity m immature female rats fed
the test substance. In the E-screen test, none of the stanol preparations prodﬁced any increase in cell
proliferation when tested at 1,10, and 100 uM. In the in vivo test, neither stanol ester preparation
caused any significant change in uterine weight when fed at a concentration of 8.3% in the diet for

4 days.

Whittaker ef al., [1999] reported the results of a two-generation reproductive toxicity study
~ performed according to OECD Guideline 414, and in compliance with the OECD principles of GLP.
The test article was vegetable oil stanol esters at doses of up to 5% stanols in the diet. No adverse
treatment related effects were noted on reproductive performance of male or female rats in any dose
group. In addition, no adverse developmental effects were noted in F; or F, pups of the low and mid-
dose groups. A treatment related effect on body weight and body weight changebwas observed in
both the F; and F, male and female pups of the high-dose group, particularly during the later stages
of Iacta.tion. However, the lower body weight in the high-dose group pups was aftributed to a

reduction in the caloric intake of the test diet compared to the control.

Another two generation reproductive study investigated the effects of soy phytosterol esters in the
rat was réported in the form of an abstract [Waalekns-Berendsen et al., 1999). Soy phytosterol esters -
of up to 5000 mg/kg/day of phytosterols were tested. No effect on the reproduction"of parental Fo-
and F-generation Wistar rats or:the development of F; and F, pups was reported.

A developmental toxicity study in rats was performed according to OECD Guideline 414 and was
in comphance w1th OECD Pnnc1ples of GLP. The test article was vegetable oil stanol esters

admmlstered in doses up to 5% stanols in the diet from days 0to 21 of gestatlon ‘No adverse effects
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on reproduction or development were observed [Slesinski ez al., 1999].

Malini et al [1991; 1993] investigated effects on male and female rat reproductive tissues. The

investigators, using nonpurified sitosterol plant extracts reported various effects in both males and

females which are at variance with findings reported by other investigators using purified sitosterol.

Burck et al., [1982] reported that introduction of 0.5 mg sitosterol sulfate into the vagina of female
belted rabbits reduced the number of pregnancies. Thé number of embryos per pregnant rabbit was
not affected. Sitosterol sulfate, but not sitosterol, has an acrosin inhibitory activity, which would
reduce the efficiency of sperm in fertilizing the ova. Implantation of silicone rods containing sitosterol
sulfate into uterine horns of rabbits for 16 days, significantly reduced the number of embryos present
in thosé horns. No birth defects were reported. The release rate of sitosterol sulfate from the silicone

rods was 1-2 pg per day. Neither treatment affected the number of corpora lutea.
In conclusion, the only evidence of toxicity to animals reported in the literature is for injected

phytosterols. The blood levels of phytosterols achieved by this route of administration would be

much higher than could be obtained by oral administration, where absorption is quite low.
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Table 9-5 Published Studies with Toxicology Findings
Reference | Species/Strain, | Phytosterol | Source Route of Dosage Duration Tissues / Findings
Sex, No/Group Administration | mg/kg/day Parameters
Examined
Robison et Sprague-Dawley Rat Hydrogenated Soy Oral , cotton- Control 90 days Standard tissue No toxicological effects
al., 1998. 20M+20F per groups;, | soy phytosterols sced/soy oil mixture | 61 screcn for GLP
4 groups : by gavage 305 study
915
Tumbull et Wistar rats Plant stanol Tall0il (3 | Oral in diet 0.2%; 1%; 5%
al,, 1999, (M&F) ma;,s ano gr:nn;;)( almdie staznc:lsli: discf, 13 wecks g:;;::‘;dé £ US No toxicity was associated with the subchronic ingestion of wood or
’ 20 rats/sex/group and EU vegetable oil derived stanol esters at dictary concentrations up to 1% (as
Vegetable (0.34%; 1.68%; requirements free stanol; equivalent to about 0.5g total stanols’kg bwt/d). At dictary
oil (3 8 _."9% ;la;lol ' q levels of 5% (as free stanol), subchronic ingestion of these substances
groups) céters from tall oil resulted in decreased plasma levels of the fat soluble vitamins E and K1

0.2%, 1%, 5%
stanol esters from
vegetable)

_ vitamins E and D showed similar changes.

| treatment related changes in estrous cycle length or other reproductive

(~30%), and, to a lesser extent, vitamin D (-15%). Hepatic levels of

Both wood and vegetable oil derived stanol esters were well tolerated, as
cvidenced by the absence of clinical changes or major abnormalitics in growth,
food and water consumption, ophthalmoscopic findings, routine hematological
and clinical chemistry values, renal concentrating ability, composition of the|
urine, appearance of the feces, estrus cycle length, organ wenghts gross necropsy|
findings, and histopathological findings.

Females of the wood-derived stanol 5% dose group showed a statistically
significant increase in thrombocyte count, and females of the vegetable
derived stanol 5% dose group had an increased percentage of neutrophils
and decreased percentage of lymphocytes (not ascribed to treatment because
there was no clear dose- response relationship and no significant changes in
absolute numbers of these cell types). :

Plasma sitostanol was increased in males of the 1 and 5% dose groups and
in females in all treatment groups. Campestanol was increased in all groups
fed vegetable oil-derived stanols.

Uterine luminal dilatation was observed more frequently in females fed
vegetable oil-derived stanols (5%) than in controls (not significant) and it
was not accompanied by any histopathological urine changes, nor by

organs.
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Table 9-5 Published Studies with Toxicology Findings (continued) !
Reference | Species/Strain, | Phytosterol |- Source Route of Dosage Duration Tissues / Findings
Sex, No/Group Administration | mg/kg/day Paramecters
Examined
Tumbull e E-screen test human Stanols (88- Four Cell culture 0.1,10, and 6 days GLP study . . . I
al., 1999, breast carcinoma 99% stanols) samples of 1001M stanols standard for US None of the stanol preparations producc‘d any increase in cell proliferation
(MCF-7) cells in vegetable and EU when tcsle'd at l.!O. ar!d 100uM. T!\c highest dose of r:ach stanol sam‘ple
culture oil-derived requirements was associated with microscopic evidence of cytotoxicity and crystalline
stanols precipitation in the culture dishes. Slight to moderate cytotoxicity was seen
(88-99% with all four stanol samples at the highest dose tested. This was
stanols) accompanied by crystals at the bottom of the culture wells at this dose level.
Stanol fatty acid Oral in diet 8.3% stanol 4 days . .
In vivo test (immature | esters esters(wiw) dict l{\ in vivo test, nen}‘ler of two stanol ester preparations caused any
15 day old female One significant change in absolute or relative uterus weight when fed at a
Wistar rats) sample of concentration of 8.3% in the diet for 4 days. Thus, under the conditions of
tall-oil and testing used, neither the free stanols nor the stanol fatty acid ester
one of preparations showed evidence of estrogenic or utherotrophic activity.
vegetable Animals fed stanol esters showed a slightly reduced body weight gain over
oil-derived the 4-day treatment period significant in the wood stanol ester group only).
stanol This was associated with a slightly reduced food consumption in these
fatty acid animals.
eslers
: - - — YRR -
:I/:ll;l;k”er et ;l;l;z ;(l; SA&F) f;‘a:'; stanol 2‘:‘:1 oil Oral in dict ; ;;.;;Z :I’sai':\ddiet :v(:elki g:n‘;:‘r:dl% cUS No effects on reproduction of parental F0- and F-1 generation Wista: rats.
eneration vegetable (1.75%; 4.38%; and EU Consumption of plant stanol esters at dietary percentages up to 4.76%
g 8.76% l' 121 ’ " ts (equivalent to 2.5% total stanols) was not associated with adverse effects
st‘anoloe;ets) fequiremen upon the reproduction or development of male or female rats over two
generations. At dictary concentrations of 8.76% stanol esters (equivalent to
5.0% total stanols), ingestion of plant stanol esters was associated with
increases in food consumption in male and female FO and F1 generation
rats, as well as decreases in body weight in male and female F1 and F2 pups
(attributable to consumption of test substance, which is not absorbed and
reduces the caloric value of the test dict compared to control).
In the F1 generation both absolute and relative weights of the testes were
increased in the 4.38% dose only. Furthermore, the relative weight of the
epididymides of the F1 males of the 4.38% dose group was statistically
significantly increased. These statistically significant effects on organ
weights were not observed in the high-dose group and were not considered
treatment related.
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Table 9-5 = Published Studies with Toxicology Findings (continued)
Reference | Species/Strain, | Phytosterol | Source Route of Dosage Duration Tissues / Findings
Sex, No/Group Administration | - mg/kg/day Paramecters
Examined
Waalkens- Wistar Rats, 28 Phytosterol Soy Oral Max81%PEin | NA GLP study No effects on reproduction of parental FO- and F1-gencration Wistar rats
Berendsen et | rats/group/ esters dict 5000 standard for US and the development of F1- and F2 pups.
al., 1999. generation mg/kg/day sterols and EU
requircments
Slesinski et 28 Wistar rals per Stanol esters Vegetable | Oral in diet 0,1,2.5,5%total | 21 days GLP study No adverse treatment-related maternal or fetal developmental effects were
al., 1999. dose group oil (Sito ~ stanols . standard for US produced following ingestion of a dict containing up to 8.76% plant stanol fatty]
‘ 70) (68% (equivalent to 0, and EU acid esters. This diet provided up to 5% of total dictary stanols equivalent to
sitostanol, 1.75,4.38, 8.76% requirements 2.4-3.5g stanols’kg bwt/d. No significant differences were seen in reproductive
30% plant stanol performance, maternal and fetal body weights, sex distribution, or visceral or|
campestan esters) skeletal malformations, anomalies, and variations. Vegetable oil-derived stanol|
ol, 2% fatty acid esters are concluded not to be developmental toxicants and did not
unsaturate produce any embryotoxic, fetotoxic, or teratogenic effects in Wistar rats under]
d sterol) the conditions of this study.
Statistically significant differences were noted in mean body weight relative
to controls at the 0-7-day and 7- to 14-day period and in body weight gains
during 0-7 days for the high dose group (attributable to decrease in caloric
content of the diet from the levels of unabsorbable stanols at the highest
dose). These changes were relatively small, transient in nature, and were
not considered biologically meaningful as they were not seen in the 14-to
21-day terminal portion of the study.
Tumbull e Ames assay (s. Plant stanol Tall Oil Cell culture 0, 62, 185, 556, GLP study . .
al,, 1999. typhimurium) fatty acidesters | and - 1667, 5000 standard for US 1@ll tests gave negative results for both wood and vegc{able oil stanol ester
bacterial cell venctable- and EU onnsxl.atnons. Thus, plant stanol esters are not genotoxic under the
B pg/plate conditions of exposure tested.
genotoxicity test derived requirements
plant
stanol
fatty acid
L5178Y assay esters Cell culture 4hrs
(mammalian cell) 20-500pg/ml \
gene mutation assays
Tall Gil 250-3000pg/ml
Mammalian cell Vegetable
chromosome Cell culture 180r32h
aberration assay 125-500pg/ml without 89
(CHO cells) rat liver
Tall Oit microsome
500-2000pg/ml metabolic)
Vegetable and 3h with
89
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Table 9-5 Published Studies with Toxicology Findings (continued)
Reference | Species/Strain | Phytosterol | Source Route of Dosage Duration Tissues / Findings
Sex, No/Group Administration | mg/kg/day Parameters
Examined
Shipley et Dogs, 13 Sitosterol indiet | Cytellin™ | Oral in diet 1000 mg/kg/day 81022 Blood hematology, | No gross or microscopic pathological changes; biochemistry and
al., 1958. , derived months biochemistry, hematology normal. No evidence of phytosterol accurnulation in any
from Tall aorta, heart, lungs, | tissues. Vitamin A levels unchanged in blood.
Qil, study | liver, spleen
from Eli kidneys, stomach,
Lilly intestine, thymus,
Laboratori thyroid, adrenal
es glands, bone
marrow
New Zealand White Sitosterol in diet | Derived Oral in diet 4000 mg/per 3480 842 Heart, blood No gross or microscopic pathological changes; biochemistry and
Rabbits, 6 M, 6F from either rabbit per day days vessels, thyroid hematology normal. No evidence of phytostero! accumulation in any
tall oil or spleen, liver, tissues,
cottonseed intestine
oil
Malini et al., | Wistar albino rats Sitosterol Anacardiu | Subcutaneously 2.5 mg/kg/D 60 days fiver There was no clear cut evidence of any gross or microscopic lesions-in the
1990. HOM&IOF m 5.0 kidney liver or kidney. A marked fall in serum protein level only at dose of:
occidental 10.0 1000pg of sitosterol.
¢ All parameters (blood/serum) were in normal range.
Moghadasian | Apo-E-KO mice Phytosterols Tall Oil Oral in diet 3.34g/kg/d 18 weeks Hc.malol.ogy, Hematology: Hemoglobin concentration, red cell counts, and hematocrit
etal, 1999. | 6M Control urinalysis, heart, ble bet - but th statistically significant
6M Treated lung, brain, kidncy, were comparable between groups; but there was a statistically significan
skeletal reduction in platelet counts. Leukocyte counts showed a large but not
. significant variation between the two groups.
muscle, skin, Urinalvsis: No sienificant diffc b diin the uri
esophagus, rinalysis: No significant differences were obscrved in the urine
stomach, small & K{atameters: Lo - L
large intestine acroscopic Organ E)fam}nallon. No abnqrmahtm except for skin lesions
[ s
liver. adrenal (t}'uckenc.d. red, alo’pec'la) in two control mice.
lam'l, <ol Histological Examination: The affected skin revealed numerous cholesterol
8 P ;cln,d der crystals, cholesterol granulomas along with ccllular rcaction with
pancreas, bia eosinophils and histocytes.
Routine histochemical staining revealed no histological abnormalities in the
tissues examined except for slight histological changes in liver and kidney
which were reduced in extent in the FCP treated group
Arrested spermatogenesis and atrophy in the seminiferous tubules was
observed to a variable extent in both treated and untreated groups.
Iveretal, Neonatal Piglets Soy phytosterols. | Soy Intravenous 18 oM perkg/per | 14 days Bile, liver, serum Serum bile acid levels increased. Reduction in bile acid-stimulated bile
1998. : day flow. Normal liver function tests, liver histology remained normal.
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Table 9-5 Published Studies with Toxicology Findings (continued)
Reference { . Species/Strain | Phytosterol | Source Route of Dosage Duration Tissues / Findings
Sex, No/Group Administration | mg/kg/day Parameter
Examined
Malini et al., | Wistar albino rats Sitosterol Anacardiu | Subcutaneously 0.5 mg/kg/D 10 days Uterus Uterine weight and RN A concentrations increased in a dose dependent
1993. 10F m 25 RNA, DNA, manner indicating that sitosterol has some intrinsic estrogenic property.
occidental S0 protein
e concentrations
Burck et al., | Dutch-belted rabbits Sitosterol Not Intravaginal 0.5 16 days pregnancy rate Introduction of 0.5 mg sitosterol sulphate into the vagina of rabbits before
1982, 20F Sulphate identified coitus lowered the pregnancy rate, but did not significantly reduce the
corpora lutea number of embryos produced per pregnant animal. Sitosterol sulfate but
Intrauterine 1-2ug not sitosterol is a potent acrosin inhibitor which would reduce the efficiency
number of embryos | of fertilization.
Implantation of silicone rods containing sitosterol sulfate into the uterine
homns of rabbits significantly reduced the number of embryos present in
those horns. Neither treatment affected the number of corpora lutea.
Malini etal., | Wistar albino rats Sitosterol Anacardiu | Subcutaneously 0.5 mg/kg/D 16 days testes A significant decrease in testicular weight and sperm concentrations after
1991. 10M m 32 days long-term treatment with low dose of sitosterol. The weights of all
' occidental 5.0 48 days accessory sex tissucs except the epididymis increased following low dose
e sitosterol treatment. High dose treatment reduced the sperm concentrations
as well as the weights of testis and accessory sex tissues to near normal
conditions.
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10.0 CLINICAL TOXICOLOGY

10.1 Clinical Studies Employing Phytrol™

Table 10-1 summarizes the clinical studies conducted to date with Phytroi™ (FCP-3P1) in human

subjects. A total of 55 subjects were exposed to Phytrol™ in their diet at a dose of 1.5g per 70 kg

body weight per day. No clinically significant adverse events were observed in these studies.

Table 10-1  Clinical Studies on Dietary Administration of Phytrol™
Study Number Cholesterol Number & Sex Food Matrix Dosage Duration (days)
Levels : g/T0kg/day
CLF9601 Normal 6M Vegetable Oil 1.5 10
SF
CLF9602 Elevated 12M Vegetable Oil 1.5 10
CLF9701* Elevated 32M Margarine 15 30

* Jones et al [1999].

In study CLF9601, Phytrol™ (FCP-3P1) was incorporated into the standard diet of 11 healthy male
and female volunteer test subjects at a dose level of 1.5 g phytosterol per 70 kg body weight. This
was conducted over the course of 10 days, followed by a 14-day washout period, followed again by
a second 10-day administration. When comparedA to the control group, resulfs indicate that at
relatively low doses, the phytosterol mixture effectively impeded cholesterol absorption, thus
improving the plasma lipid profile through decreasing total and LDL-cholesterol levels as well as

increasing the HDL/LDL ratio. No adverse effects were reported.

In study CLF9602, Phytrol™ (FCP-3P1) was incorporated into the standard diet of 12 healthy male
volunteer test subjects at a dose level of 1.5 g phytosterol per 70 kg body weight. This study was
also conducted over the course of 10 dayé, followed by a 14-day washout period, followed again by
a second 10-day administration period. Post treatment plasma LDL cholesterol level (4.1 £0.2
mmol/l) was lower (p<0.05) than that of post placebo treatment (4.3 £ 0.1 mmol/l). The treatment

had no effect on plasma HDL and triglycerides versus placebo. No adverse effects were reported.
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In study CLF9701, published by Jones et al [1999], Phytrol™ (FCP-3P1) was incorporated into a

double-blind, randomized, placebo controlled diet. A standard test diet consisting of 15% protein,
50% carbohydrates, and 35% fat was administered to 32 healthy volunteer test subjects for a period
of 30 days. Treated subjects received a dose level of 1.5 g Phytrol™ per 70 kg body weight per day,
incorporated into margarine at a ratio of 1:20 (w/w). Another 16 volunteers received a placebo.

Both the placebo and Phytro™ contajhing diets were well tolerated with no reported discomfort and
no significant adverse events. No change in body weight was noted for each of the study groxips. The
most significant dietary effect noted was the mean decline in total and LDL cholesterol. The
difference between placebo and treated groups at day 30 for total and LDL cholesterol was 9.1% and
15.5% respectively. A small decrease in HDL occurred in both the control and treated groups. The
mean decrease in the treated group was slightly greater than that of the control group but the
difference was not clinically significant, was well within the variability of measurement, and was not

statistically significant, as indicated in Section 1.3.3.3.
10.2 Literature Review

The safety of tall oil phytosterols in ‘general, is further supported by the extensive history of human

exposure to the constituent phytosterols, as documented in the published literature cited below.

Humans are continually exposed to phytosterols in the diet. The average dietary phytosterol intake
is about 250 mg per day, with perhaps double that amount consumed by vegetarians. The scientific
literature on the effects of human exposure to elevated intakes of phytosterols is extensive and dates

from the early 1950’s. Pollak and Kritchevsky [1981] reviewed published studies on the clinical use

of phytosterols up to 1981. The authors estimate that clinical data on the cholesterol-lowering action

of phytosterols in about1800 subjects was available at the time of their review.

Table 10-2 summarizes clinical studies of phytosterols published since the review by Pollak &
Kritchevsky [1981], as well as some earlier studies. Most of the recent studiés have been conducted

using sitostanol ester. As reflected in Table 10-2, the occurrence of adverse effects associated with

the use Qf’ phytostefols is rare. Prior to 1981, reports of adverse events consisted primarily of

gastrointestinal disturbances. In more recent studies, reported adverse effects were mild and
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presented no consistent pattern that might suggest a relation to the use of phytosterols. Furthermore,
to our knowledge, there has not been a single report of a serious adverse event associated with the

use of phytosterols.
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Table 10-2  Summary of Safety of Orally Administered Phytosterols in Human Subjects from Published Sources
Reference Population Study Drug Exposure Safety
Discase State Number | Age Range or Phytosterol Plant Dosage Dosage Duration | Extent g/d x Adverse Events Reported
& Sex Mean (yr) Source Form gdayz (days) days x
. subjects
Weststrate NC and mildly 95 M&F | 484128 Sitostanol ester | Tall oil Margarine 2174 24.25 6377 None except effects on vitamin
JA gnd HC (Benecol™) suspension and nutrient lcvels in plasma
Meijer GW, i (Sce Table 10-1).
1998.
Soy PS ester Soy 324 1541
Platjand | Healthy volunteers | SITO 70 Vegetable | Margarine 38 56 238336 | Hematology and  blood
Mensink R, suspension chemistry parameters remain
1998. . : within normal range.
SITO 90 Tall oil 49 25088
Kris- HC ISM& Sitostanol Vegetable Margarine 3 28 4872 none
Etherton 23F mixture suspension
PMetal.,
1998.
Cobb MM Sitosterolemic 1F 9 Sitosterol Soybean oil | Qil 0.06 56 34-67 none
etal.,1997. | homozygote Sesame oil suspension 0.09
0.122
Gylling et WOfnan wit.h 22F Sitostanol ester | Tall oil Margarine 3 49 3234 None
al. 1997 angiographically suspension
A documented CAD (Benecol™)
Women treated 10F 3 90 2700
with simvastatin
for more than 1
year
Gylling et NIDDM 8M 60.2+1.6 Sitostanol Tall Oil Margarine 3.0 42 1008 None
al, 1996 with HC Ester suspension

1 NC = Normocholesterolemic; FH = Familial Hypercholesterolemia; NIDDM = Non-insulin dependent diabetes mellitus, HC = Hypercholesterolemia
2 Total combined dose phytosterols where phytosterols are a mixture
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Table 10-2 = Summary of Safety of Orally Administered Phytosterols in Human Subjects from Published Sources (continued)
Reference ~ Population Study Drug Exposure Safety
Disease State Number | Age Range or Phytosterol Plant Dosage Dosage Duration Extent g/d x Adverse Events Reported
& Sex Mean (yr) Source Form g/dayz (days) days x
subjects
Gylling et FHI ™ 9.1+1.1 Sitostanol ester | Tall Oil Margarine 30 42 1764 none
al, 1995 TF suspension
Gylling et NIDDM with HIC | 6 M 63.2+1.2 Sitostanol ester | Tall Oil Margarinc 3.0 28 504 none
al, 1995 suspension
Pellcticr et Healthy volunteers | 12M 22,7426 Sitostanol ester | Soybean Margarine 0.740 28 249 none
al, 1995 Phytosterol | suspension
Miettinener | HC 64 M 25-64 Sitostanol Tall Qil Margarine 2.6 (n=51) 365 48399 none
al, 1995 89F Ester suspension 2.6 (n=51) 180 23868
1.8 (n=51) 180 16254
Denkeetal, | HC 33M 31-70 Sitostanol Tall Oil Margarine 30 30 2970 none
1995 suspension
Gylling et NIDDMwithHC | II M 57.8+1.9 Sitostanol Tall Oil Margarine 3.0 42 1386 none
al, 1994 Ester suspension
Miettinen & | HC 22M 4543 Sitosterol Tall Oil Margarine 0.7 (n=9) 63 1367 none
Vanhanen, 9F Sitostanol suspension 0.7 (n=7) 63
1994 Sitostanol ester 0.8 (n=7) 63
Vanhanen et | HC 11IM 3360 M Sitostanol ester | No data Margarine 0.8 (n=7) 63 352 none
al, 1994 4F 37-55F Sitosterol : suspension 2.0 (n=7) 42 588
Vanhanenet | HC 4™ 25-60 Sitostanol No data Margarine 3.4 (n=34) 42 9568 none
al, 1993 20F Ester suspension
Beckeretal, | FH 6M 10-14 Sitosterol No data Pastil 6.0 84 4536 none
1993 3F Sitostanol
1.5 196 2646

1 NC = Normocholesterolemic; FH = Familial Hypercholesterolemia, NIDDM = Non-insulin dependent diabetes mellitus, HC = Hypercholesterolemia
2 Total combined dose phytosterols where phytosterols are a mixture '
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Table 10-2  Summary of Safety of Ofally'Administered Phytosterols in Human Subjects from Published Sources (continued)

Reference Population Study Drug Exposure Safety
Disease State Number | Age Range or Phytosterol Plant Dosage Dosage Duration | Extentpg/d x Adverse Events Reported
& Sex Mean (yr) Source Form g/dayz (days) days x
. subjects

Beckereral, | FH ' 7M&F 5-10 Sitosterol No data Pastil 6.0 84 3528 Slight, but significant decrease

1992 in hemoglobin concentration
(-5%), decreasc alkaline
phosphatase activity (-19%), .
decrease in appetite in 2
children for about 2 weeks.

Vgnl.\anen & | HC: 24 M&F | 2545 Sitosterol No data Margarine 0.625 54 270 none

Mietinen, : suspension {(n=8)

1992

Sitostanol 54 272
: 0.630
(n=8) 4

Heinemann | HC and FH 3M 27-59 Sitostanol No data Capsule 1.5 28 252 none

et al, 1986 3F

Weiswetler | FH (type Ila) 6M 29-67 Sitosterol No data Capsule ? 6.0 56 3360 none

etal, 1984 4F

Mattson et Unknown 9 adults Sitosterol No data Aqueous 1.0 .30 270 none

al, 1982 cholesterol status | M&F Suspension

(Cytellin™)

Schiierf et FH (type I) 12 M&F | 8-20 Sitosterol No data Granule 12.0 56 8064 none

al, 1978

Lees et al, FH (type II) M Adults Sitosterol Soybean Capsule 18.0 - 280 60480 none

1977 3F Campesterol (average)

: . (364-728)
Leesetal, FH (type ) 6M Adults Sitosterol Soybean Capsule - 18.0 Ave 280 30240 none
1977 Campesterol : ‘

1 NC = Normocholesterolemic, FH = Familial Hypercholesterolemia, NIDDM = Non-insulin dependent diabetes mellitus, HC = Hypcrcholcstcrolemm
2 Total combined dose phytosterols where phytosterols are a mixture
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Table 10-2  Summary of Safety of Orally Administered Phytosterols in Human Subjects from Published Sources (continued)
Reference Population Study Drug Exposure Safety
Disease State Number | Age Range or Phytosterol Plant Dosage Dosage Duration Extent g/d x Adverse Events Reported
& Sex Mean (yr) Source Form g/dayz (days) days x
subjects
Leesetal, FH (type 1) IM adults Campesterol Tall Oil Capsule 3.0 Ave 196 5292 none
1977
Leeset al, FH (type H) 14M adults and Phytosterol Tall Oil Capsule 30 Ave 168 15624
1977 17F children mixture mild constipation in a few
patients
Lees et al, FH (type ) SM adults and Phytosterol Tall Oil Capsule 6.0 Ave 140 15120
1977 I3F childrcn mixture
Duncan et HC M 58 Sitosterol Unknown unknown 18-20 2190 43800 none
al.,, 1963 IF 69 240 4800
Reeves, Healthy volunteers | 7TM 3161 20% Sitosterol | Tall Qil Cytellin™ 6-18 30(5 ~ 2700-3240 | The only side effect was a
1959 IF suspension patients) slight to moderate increase in
60 (3 the number of daily bowel
patients) movements but no actual
diarthea occurred.
Cooper, Atherosclerotic 25 unknown Sitosterol Tall Oil Cytellin™ 12 140 42000 Three patients reported
1958 patients constipation, the rest thought
their stools were bulkier and
fooser.
Lehmann, MI (6) 9IM adults Sitosterol Tall Oil Chytellin™ 26 30-150 9000-45000 | none
1957. Angina (6) 6F : .
Familial tuberous
xanthomatosis (1)
HC ()
Farquhar et | Patients with I5SM 2645 Sitosterol No data Capsule 12.0-18.0 84-168 15120- none
al, 1956 myocardial (Cytellin™) 45360
infarction

1 NC = Normocholesterolemic; FH = Familial Hypercholesterolemia; NIDDM = Non-insulin dependent diabetes meilitus; HC = Hypercholesterolemia
2 Total combined dose phytosterols where phytosterols are a mixture ’
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Table 10-2  Summary of Safety of Orally Administered Phytosterols in Human Subjects from Published Sources (continued)

Reference Population Study Drug Exposure Safety
Disease State Number | Age Range or Phytosterol Plant Dosage Dosage Duration Extent g/d x Adverse Events Reported
& Sex Mean (yr) Source Form g/dayz (days) days x
subjects
Sachs and S hcal(hy subjects; | 6 Unknown Sitosterol and Tall Oil Cytellin™ 9-12 56 3024-4032 | nonc
Weston, 1 FH sitostanol
1956 ~ :
4 healthy subjects; | 9 9-45 90-180 7290-72900 | none
2 CAD; 3HC ‘
1 biliary cirrhosis 1 73 18 28 504 none
Lescsncet | 6 with HC aM 33-55 Mixturcsof | Soybean | Powder 9 84224 14112 | !Subject: Fatiguc and
al,1955 ) 5 with 3F phytosterols, | (n=3) plusextra3 | Ave192 | Ave12096 | Unexplainod weight loss of 10
atherosclerotic primarily Tall Ol g with eaira Ib.; 1 Subject: on weight
and/or Sitosterol (n=4) meals rcfiuctxon diet for 2 mopths
hypertensive heart prior to treatment, continued
disease to lose weight. No other
events reported.
Bestetal, 12HC 10M 33.77 Sitosterol Tall Gil Cytellin™ 20-25 91-448 98000 none
1955 2 volunteers 4F on occasion Ave 280
50
Barber et Coronary artery 18M unknown Sitosterol Unknown palatable 9 147 34398 none
al., 1955 disease 8F biscuit
Joyneretal., | 4 hypertension, 1 part: 39.50F 13% Sitosterol | Tall-Oil Cytellin™ 6-15 28 3780 none
1955 the other angina 4F&3 34-62M
pectoris, 1 HC I part; 85% Sitosterol
2HC
Bestetal., 2 Volunteers 9 unknown Sitosterol Tall Qil Cytellin™ 56 91-203 8316 none
1954 THC Ave 154

1 NC = Normocholesterolemic; FH = Familial Hypercholesterolemia; NIDDM = Non-insulin dependent diabetes mellitus; HC = Hypercholesterolemia
2 Total combined dose phytosterols where phytosterols are a mixture.
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’ ~Tall Oil Phytosterol Effects on Vitamin and Nutrient Levels
Table 10-3 summarizes the effects of phytosterols on plasma levels of vitamins and nutrients in
humans. There have been a number of reports which indicate that phytosterols esterified with fatty
acids may interfere with the uptake of fat soluble vitamins and nutrients, primarily carotenoids, from
the intestine. All of these reports were for esters dissolved in margarine. The effect may depend on
incomplete hydrolysis of the fatty acid esters with the ester remaining in the intestine and acting as
a reservoir to hold fat-soluble vitamins. The impact on human safety is not clear. These changes are
small enough that they could be offset by supplementation of the diet with these vitamins or nutrients.
The impact of free phytosterols on the absorption of drugs and hormones has not been studied to the
same extent. As reported by Shipley ez al., [1958], Cytellin™ phytosterols had no effect on vitamin
D absorption in rats and dogs. In addition, Gyiling and Miettinen [1998] reported that stanol ester
had no effect on serum estradiol levels in postmenopausal women with coronary artery disease.

Phytrol™ is not expected to exhibit any difference in activity in this regard compared to the

- phytosterols in Take Control™ and Benecol™.

Effect of Phytosterols on Plasma Levels of Vitamins in the Human

Table 10-3
Reference Phytosterols Vitamin E Levels Carotene levels o+ | Vitamin D | Lycopene
Administered carotene orA
Weststrate & Esters of soy sterols - -23% - -20%
Meijer, 1998 Sheanut esterified ) 43% - -40%
sterols
Rice bran esterified - -8.3% - -5.1%
sterols
Stanol esters - -22% - -22%
Uusitupa, 1998 Stanol esters No change No change - No change
Mensink & Plat, Stanol esters -10% -19% - -
1998.
Simell et al, - Stanol esters a tocopherol /LDL | p-carotene/LDL ratio ~ | No change in -
1998. ratio unchanged 17.6% Vit. AorD
Gylling et al., Stanol esters -9.8% (p<0.001) -30% - -
1996 (p<0.001)

Data summarized above is from phytosterols administered in rargarine.
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11.0 DETERMINATION OF THE GRAS STATUS OF TALL OIL DERIVED
PHYTOSTEROLS USED AS AN INGREDIENT OF VEGETABLE OIL-
BASED SPREADS

An independent panel of recognized experts, qualified by their scientific training and relevant national
and international experience to evaluate the safety of food and food ingredients, was requested by

Novartis Consumer Health Inc., to determine the Generally Recognized as Safe (GRAS) status of a

natural product from tall oil (wood pulp derived). The Expert Panel statement follows:

62




EXPERT PANEL STATEMENT

DETERMINATION OF THE G’RAS STATUS OF TALL OIL DERIVED
PHYTOSTEROLS
USED AS AN INGREDIENT OF VEGETABLE OIL-BASED SPREADS

The undersigned, an independent panel of recognized experts (hereinafter referred to as
Expert Panel), qualified by their scientific training and relevant national and international
experience to evaluate the safety of food and food ingredients, was requested by Novartis
Consumer Health Inc. to determine the Generally Recognized as Safe (GRAS) status of a
natural product from tall oil (wood pulp derived). This product, which shall be referred to
in this document as Phytrol™, contains phytosterols and stanols for addition to a
vegetable oil-based spread at a level up to 12%. Phytrol™ is manufactured by Forbes
Medi-Tech, Inc. and supplied to Novartis Consumer Health Inc. for manufacture of the
spread product. The intended purpose of Phytrol™ is to help maintain normal cholesterol
levels in blood. Because the phytosterol/stanol ingredients in two similar products,
Benecol™ and Take Control™, are in many ways the same as Phytrol™ and are currently
being marketed for the same intended use with FDA’s knowledge and consent, the
principal focus of this review and evaluation is on the nature and relevance of any
differences between these marketed products and Phytrol™. A comprehensive search of
the scientific literature for safety and toxicity information on phytosterols or stanols and
their presence in food was conducted through October 1999 and made available to the
Expert Panel. A report by CanTox U.S. Inc. based on this comprehensive literature
review and analysis of safety and nutritional studies of phytosterols and stanols aided and
facilitated the work of the Expert Panel. The Expert Panel independently evaluated
materials submitted by Novartis Consumer Health Inc.and its agent, CanTox U.S. Inc., as
well as other materials deemed appropriate or necessary. Following independent, critical
evaluation, the Expert Panel conferred and unanimously agreed to the decision described
herein.

The composition of Phytrol™ is intermediate between that of the phytosterol/stanols
ingredients of Take Control™ and Benecol™. Henceforth, for the purpose of this
document, these ingredients will be simply referred to as Take Control™ and Benecol™.
Table 1 compares approximate compositions of the three products. While significant
natural variation may occur in specific component content of each product, the data in
Table 1 indicate that on average, levels of the individual component phytosterols in
Phytrol™ do not significantly exceed the highest level present in either Take Control™ or
Benecol™. Both of these products are marketed in the US with FDA’s knowledge and
consent based solely on independent self-GRAS determinations. Thus, in terms of the main
phytosterol and stanol components, the Expert Panel concludes that Phytrol™ is
substantially the compositional equivalent to a mixture of Take Control™ and Benecol™
and that the main components are considered GRAS for their intended use in vegetable oil-
based spreads at a level not to exceed 12% for any given product or portion size.
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Table 1

__Comparison of Phytosterol Compositions (% by weight)
Sterol Take Control™ . PHYTROL™ Benecol™
(phsyto;terol(s) flrom (Forbes Medi-Tech (Hy((ilr(S)genated T.all
oybean Oil) natural Tall Oil al;’h oybean Oil
» Phytosterols) ytosterols)
Sitosterol 42 47 4
Campesterol 25 14
Stigmasterol 18
Brassicasterol 5
Sitostanol _ 2 26 64
Campestanol 5 23
Minor Sterols 8 8 6
Total 98 69 13
Phytosterols
Total 2 ' 31 87
Phytostanols ‘ o

Take Control™ uses vegetable sterols esterified with fatty acids. Data are averages of
batches from ADM and Cargill. Benecol™ is a mixture of vegetable and tall oil
phytosterols that have been hydrogenated and then esterified with fatty acids. The
Phytrol™ values are typical of most batches and fit within current specifications.
Percentages refer only to sterol content and are approximations. The estimated sterol
proportions will vary depending on the methodology used for measurement. The
response factors vary between different sterols when compared within the same detection
system, e.g. flame ion detection (FID). Further, the response factors vary between
detection systems, i.e. FID versus GC/MS or LC/MS. The Phytrol™ phytosterols were
quantitated by the use of GC-FID using in-house standards. The figures for Take
Control™ and Benecol™ are area under the curve estimates by GC/MS.

The difference in constituent phytosterol profiles among the three products arises from two
main factors: (1) phytosterol source with respect to Take Control™ and (2) use of
hydrogenation processing for Benecol™. A third difference arises from the use of fatty
acid esterification of the Take Control™ and Benecol™ products to modify their solubility
properties for product application purposes.

Phytrol™, which is derived from tall oil, contains significant levels of sitosterol and
campesterol, similar to those occurring in Take Control™ which is derived predominantly
from soybean oil. The specifications for Phytrol™ are given in Table 2. Unlike Take
Control™, Phytrol™ contains only minor quantities of stigmasterol and brassicasterol but
significant levels of the saturated (stanol) compounds, sitostanol and campestanol, as
occurs in Benecol™. Benecol™, which is also derived from tall oil, utilizes hydrogenation
to saturate double bonds present in the sterol components, thus converting most




phytosterols to stanols, predominantly sitostanol and campestanol. However, a minor
portion of the phytosterols remain unhydrogenated following hydrogenation processing of
Benecol™ as indicated by the data in Table 1. Many of the minor components in each of
the three products are unsaturated congeners of the same saturated structures.
Consequently, hydrogenation tends to reduce, somewhat, the level and diversity of minor
components. However, Benecol™ still contains a low percentage of minor component
phytosterols that remain unsaturated, in the range of 2% to 3% (ref. Benecol™
submission).

Table 2

Proposed food-grade specifications for Phytrol™

Phytosterol content | >95%
Sitosterol | 38% to 60%
Sitostanol 14% to 34%
Campesterol 9% to 18%
Campestanpl - 2% to 14%

Total major sterols > 86%

Loss on drying (water) <5%

Solvents <0.5%

- Residue on ignition <0.1%
Heavy metals <10 ppm
Lead <0.25 ppm
Total aerobic count v _ <10,000 CFU/_g
Combined molds & yeasts - <100 CFU/g
Coliformes negative
E. Coli ' negative
Salmonella negative

The phytosterols in Take Control™ are not hydrogenated and contain up to 8% by weight
of minor sterol and non-sterol components (see Table 1). Similarly, Phytrol™ contains a
number of minor components primarily representing variations in the position and/or
number of double bonds within sitosterol (C29) and campesterol (C28) structures. Also
present are trace quantities of Cys-C;s saturated aliphatic alcohols . These minor, long
chain alcohol components are substances commonly found in the diet and the Expert Panel

- concluded they were not toxic contaminants and their presence does not adversely affect
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general recognition of safety of the intended use of Phytrol™.

The only potential, safety related difference in composition among the three products lies
with their minor phytosterol-like components. Comparative analysis of these substances in
Take Control™, Benecol™, vegetable sterols (produced by ADM) and Phytrol™ revealed
a total of 45 major and minor sterol components. Twenty-two were present in Phytrol™.
None were unique to Phytrol™ as all 22 components were found either in Take
Control™, Benecol™, or vegetable sterols or reported present in vegetable oils in the
scientific literature. Of the 22 phytosterol-like components in Phytrol™, 15 were found in
Take Control™, 11 in Benecol™ and 12 in vegetable sterols. Three phytosterol-like
components were found in Phytrol™ which were not identified in Take Control™,
Benecol™, or vegetable sterols. These were sitosta-4, 6, 22-triene (CsHys), 24-
methylene lophenol (C2sHas0), and alpha-1-sitosterol. All three have been previously
reported present in vegetable oils by Mennie et al [1994]; Goad [1966]; Grob et al [1994];
and Bortolomeazzi et al [1996]. The Expert Panel concludes that the presence of
Phytrol™"s phytosterol-like minor components in either GRAS products or vegetable oils
~ allays any safety concern about these components under the intended ccnditions of use of
Phytrol™.

While Take Control™ and Benecol™ have been esterified and Phytrol™ has not, the
Expert Panel, based on the following data and discussion, concludes that their
esterification does not affect either the safety or effectiveness of these products.

Table3: _ Comparative Effectiveness of Sterol Products in a Margarine Matrix
Product: Take Control;'rM Be:necol.:l'M Phytrol™ in a
Margarine Matrix
Dosage 3 g per day ' 2.7 g per day ! 1.5 g/70kg/day?
A Total Cholesterol® -8.3% -1.3% 9.1%
A LDL Cholesterol® -13.0% -13.0% -15.5%
A HDL Cholesterol® +0.6% +0.1% -4.4%

! These data are from the Westrate [1998] study, which indicates that the average body weight
of the men was 82.5 kg and for women was 66.8 kg. Converting the dose to an equivalent
body weight (bw) basis, the dose of Take Control™ would have been 2.5 g /70 kg bw in

- men and 3.0 g/ 70 kg bw in women. The same conversion to an equivalent body weight
yields a Benecol™ dose of 2.3 g / 70 kg bw in men and 2.9 g / 70 kg bw in women.

? These data are from the Jones et al [1999] study conducted in males, only.

} Values are corrected for the change that occurred in the control group.
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Take Control™ and Benecol™ products have been esterified with common vegetable oil
fatty acids to enhance their solubility in a vegetable oil product matrix. Lack of
esterification does not detract from the observed equivalence of Phytrol™ phytosterols
compared to Take Control™ and Benecol™. In fact, the ester forms are rapidly de-
esterified /n vivo through the action of lipase enzymes in order to yield the active free
phytosterols. Only the free phytosterol or stanol affect blood cholesterol levels. Thus,
equivalence between gut concentrations of the active free phytosterol plus stanols in
esterified products (Take Control™ and Benecol™) compared to non-esterified
(Phytrol™) is established by clinical studies showing closely similar effects on cholesterol
lowering for the time and amount consumed (Table 3). The somewhat lower effectiveness
of Take Control™ and Benecol™ on a gram/day basis is probably a reflection of a less than
complete de-esterification of the phytosterol and stanols esters in Take Control™ and
Benecol™ following their ingestion. These data demonstrate that the tall oil phytosterols
in Phytrol™ are substantially equivalent to the other two products in decreasing total and
LDL serum cholesterol values. Furthermore, there is no evidence of any significant effect
on plasma HDL levels for any of the three products. In the Phytrol™ study reported in
Table 3, decreases in mean HDL values of 6.3 and 10.7 % were reported in the control and
treated groups, respectively. The 4.4 % difference between the groups attributable to
Phytrol per se was well within the 6.5% coefficient of variation for this assay procedure in
the reported study and is not clinically significant.

As with the previous clinical studies involving Take Control™ and Benecol™ , no adverse
effects were observed in any of the subjects in the study by Jones ef al [1999] including
those consuming Phytrol™.

As Phytrol™ is intended for use as an ingredient in vegetable oil-based spreads at levels of
free phytosterols and stanols similar to that of Take Control™ and Benecol™, Phytrol™?s
use and purpose in food are identical to that of the two currently marketed products, Take
Control™ and Benecol™. The Expert Panel, based on a critical review of the information
assembled and discussed by CanTox U.S. Inc., concludes that plant phytosterols and
stanols as described and used by Lipton (Take Control™) and McNeil (Benecol™) in
their submissions to FDA of January 11, 1999 and February 18, 1999, respectively, are
GRAS by scientific procedures for their intended use in vegetable oil-spreads. The
published studies relied upon for this conclusion are listed in Attachment I. In view of
these facts and given the compositional equivalency of Phytrol™ to Take Control™ and
BenecolTM the Expert Panel concludes that the intended use of Phytrol™ does not raise
questions concerning safety, including those related to potential, adverse nutritional
effects. Such nutritional matters have been addressed and adequately resolved in the
course of establishing the self-determined GRAS status of Take Control™ and Benecol™
based on studies included in Attachment L.
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Based on the critical evaluation discussed above, the Expert Panel has determined that
Phytrol™, meeting the specifications cited above, is generally recognized as safe (GRAS)
by scientific procedures when used in vegetable oil-based spreads for the purpose of
helping to maintain a healthy blood cholesterol level, providing it is used in accordance
with current good manufacturing practice (21 CFR § 182.1(b)) in an amount not to
exceed 12% phytosterol plus stanol in the finished spread.

W. Gary m Ph.D,FAC.T.
President, Flanfm Associates

Walter H. Glinsmann,” MD. ,
Adjunct Professor, Georgetown University
President, Glinsmann Inc.

K. C. Hayes, D.V.M,, PhD.

Professor Biology (Nutrition)

Director, Foster Biomedical Research Laboratory
Brandeis University
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K. C. Hayes, D.V.M,, Ph.D.

Professor Biology (Nutrition)

Director, Foster Biomedical Research Laboratory
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This concludes the Expert Panel statement. Attachment 1, as cited within the Expert Panel's

discussion of Phytrol™ is redundant with the reference section (Sectlon 12.0) of this notification and
has not been included.
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1.0 IN TRODUCTiON

Plant sterols, or phytosterolo, are similar to cholesterol in their chemical structure but have a
significantly lower absorption rate and are gaining popularity in consumer products. Phytosterols,
which are found in a variety of plant sources, cannot be manufactured by the human body and are
obtained exclusively through the diet. Because phytosterols can compete with and reduce
cholesterol absorption in the gastrointestinal tract, they provide health benefits by helping to
maintain healthy blood cholesterol levels. The Department of Health and Human Services of the
FDA has recently published an Interim Final Rule [21 CFR Part 101] in the Federal Register entitled
"Food Labeling: Health Claims; Plant Sterol / Stanol Esters and Coronary Heart Disease" which

permits such claims.

Recently marketed vegetable oil spreacis“s‘ﬁoﬁ as Tftks: Control™, ﬁéﬁé&blfm and Reducol™ are
three examples of phytosterol-containing products 1r§er§edmto promote healthy cholesterol levels.
The Take Control™ and Benecol™ vegetable oil spreads coofgn up to 20% by weight added fatty
acid esterified phytosterols. Reducol™ incorporates Phytrol™ ph_ytosterols, in an un-esterified form,
into Vegetablev oil spread at a concentration of up to 1_2% by weight. This represents an application
and phytoétérol content which is identical to that of the other two products whose incorporation rate

is 20% by weight of esterified phytosterols which is in turn 60% by weight free phytosterol.

Take Contro]™ is manufactured by Lipton. The esterified phytosterols therein are predominantly
sterols derived from vegetable oil. Benecol™ is manufactured by McNeil Consumer Healthcare and
contains esterified hydrogenated tall oil and vegetable oil sterols (stanols). The third product,
ReduoolTM, is oroduced by Novartis Consumer Health Inc. and incorporates Phytrol™ in a vegetable
oil spread product. Phytrol™ consists of hydrogenated and non-hydrogenated tall oil phytosterols
manufactured by Forbes Medi-Tech Inc. at the Quest faciiity in Houston, Texas. Reducol™ is
intended to be consumed in a manner identical to Benecol™ and Take Control™ as all three

products are 1ntended to prov1de consumers w1th an addltlonal product choice in order to promote

a healthy cholesterol level.
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GRAS status has already been established for Reducolﬁf vegetable oil spread and its cqnstituent
Phytrol™ sterol and stanol mixture. Reducol™, Benecol™, and Take Control™ have all been self-
affirmed by their respective manufacturers as Generally Recognized as Safe (GRAS). The U.S.
Food and Drug Administration (FDA) has been notified of and after review is not in disagreement
with these opinions. Establishment of the GRAS status of Reducol™ was based in part upon the
principle of substantial equivalence, such that any differences between Phytrol™ in a vegetable oil
spread and the produéts Benecol™ and Take Control"“M are inconsequential and that all data and
considerations of safety and use which apply to Benecol™ and Take Control™ apply equally to
Phytrol™, Furthermoré, the concentrations of the major component phytosterols and stanols in

Phytrol™ are comparable to, or lower than, the aggregate levels in the other products considered

GRAS.

The manufacturers of Benecol™ and Take Control™ have each marketed additional self-determined
GRAS products under their respective brand names. The FDA is aware of these additional
phytosterol-containing products and has considered them in the recently published Interim Final
Rule for phytosterol health claims regarding coronary heart disease. Similarly, the Altus Foods
Company, a joint venture between Novartis Consumer Health Inc. and Quakerfoods Comp;lny, has
incorporated the Phytrol™ phytosterol product into a vériety of food products such as cereal(s), food
bar(s), fruit drink(s) and smoothie beverage(s); all of which are intended for consumption by those
individuals seeking to promote a healthy cholesterol level. These may be viewed as additional
dietary sources of phytosterols, howéver, their intended ﬁse is in amounts which would provide an
intake of Phytrol™ comparable to the intake of | Phytrol™ when consumed in the Reducol™
vegetable oil spread. This is discussed in greater detail in Section 5.0 of this document and in the

supplémental intake assessment found in Appendix 3.

An independent recognized expert, qualified by scientific training and relevant national and
international experience to evaluate the safety of food and food ingredients, has been commissioned
by Altus Foods to determine the Generally Recognized as Safe (GRAS) status of the proposed
Phytrol™ phytosterol enriched food products. It is proposed that the Altus Foods phytosterol
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enriched cereal(s)v,'food bar(s), fruit drink(s), and smooti;ie beverage(s) be considered GRAS based
upon the fact that they contain the same phytosterol product, Phytrol™, as contained in Reducol™,
Furthermore, their consumption would be in an amount equal to or less than the amount from
Reducol™, These phytqsterol—enn'ched products are intended to provide additional product choices

for consumers. In summary, the phytosterols in the food products:

1) Are of compositional equivalence to the phytosterol constituents found in the Reducol™
vegetable oil spread and are of similar constituent nature to the phytosterol esters found in other
+ currently marketed products, particularly Take Control™; '

2) Have an expected safety and physiologic activity proﬁle. equivélent to the current app]ication of
Phytrol™ in Reducol™; v

3) Are to be consumed in an amount similar to that from the currently marketed Reducol™ product
and based upon intake assessments of the expected additional intake of Phytrol™ phytosterols,
from use in phytosterol enriched cereal(s), food bar(s), fruit drink(s), and smoothie beverage(s),
would not present any additional risk to consumers-ofsuch products;

4) Are to be consumed in an amount which is at least as great as that identified by FDA as the
minimum efficacious amount for which a coronary heart disease health claim may be permitted.

This report provides a summary of necessary technical, safety and product information and |
considerations to support an evaluation by a qualified expert as to whether the use of Phytrol™ in

i)hytosterol enriched cereal(s), food bar(s), fruit drink(s), and smoothie beverage(s) may be also

considered to be generally recogniied as safe based on scientific procedures. The assessn'lent\ of
safety is based upon the Report to the Expert Panel used to determine the GRAS status of Phytrol™
as it was employed in the Reducol™ vegetable oil spread, provided herein as Appendix 1. Certain
sections of this document, particularly those regarding the safe history of use, structure-activity
relationships, ADME, preciinical and clinical toxicology directly reference the previous Report to
the Expert Panel. Further information regarding the phytosterol source, Phytrol™ product
specifications, constituent chemical identities, and the method of Phytrol™ production at the Quest

facility is provided in the Report Amendment to the GRAS Expert Panel Regarding the Revised

Manufacturing process and Specifications of Phytrol™ for use in a Novartis Consumer Health
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Vegetable Oil Spread, as found in Appendix 2.
1.1 Regulatory Basis for GRAS Status

As described in 62 Fed. Reg. 18938, 18960 (April 17, 1997) (proposed 21 C.F.R. §170.36), Altus
Foods Company wishes to make the determination that the use of Phytrol™ tall oil phytosterols, as
manufactured by Forbes Medi-Tech Inc. at the Quest facility, in phytosterol enriched cereal(s), food
bar(s), fruit drink(s), and smoothie beverage(s) at a level of 0.6 grams free phytosterols in a single
product serving is Generally Recognized as Safe (GRAS). The concentration of Phytrol™ found
in these products will result in a total daily intake of 1.8 grams of phytosterols per day if three
servings per day of the Altus Foods products are consumed as recommend by the manufacturer, The
determination of GRAS status would be supported by a review by an expert qualified by scientific
training and experience to evaluate the safety of food and food ingredients using scientific

procedures and would assert exemption from the pfejfrfiéi‘keif;épproval requirements of the Federal

Food, Drug and Cosmetic Act.

Phytrol™ tall oil phytosterols are derived from coniferous trees at the Quest facility in Houston,

Texas. The composition of Phytrol™ in the proposed products adheres to the same prodlict ’

specifications as that found in the vegetable oil spread Reducol™ and is described in Appendix 2.
The constituent phytosterols within Phytrol™ are also substantially equivalent to the phytosterols
found in Take Control™ and the hydrogenated vegetable oil / tall oil phytosterols in Benecol™. All

three vegetable oil spreads are currently self-determined to be GRAS by their manufacturers and are

available in the marketplace with the full knowledge of the FDA.
This report provides information required by proposed 21 CFR. §170.36(c)(2), (3), and (4) to support

an evaluation by a qualified expert in fulfillment of the requirements of 21 CFR. §170.36(c)(4)D)(c).

The requirements of the proposed regulation are described below in Table 1-1.

October, 2000 : ‘ : 7
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Subset of Requirements for GRAS Determination by Scientific Procedures

Proposed Rule 21 CFR Section

Specific Requirements

Identity and  Specifications:

170.36(c)(2)

Notice must include detailed information about the identity of the notified
substance, including chemical name, structural formula, quantitative
composition, method of manufacture, characteristic properties, specifications, |
etc.

Self-Limiting Levels of Use:
170.36(c)(3)

Notice must include any self-limiting levels of use of the substance.

Technical Evidence of Safety:
170.36(c)(4)(1)(A)

Notice must include a detailed summary of the basis for determination that use
of the substance is GRAS by scientific procedures. Summary should include a
comprehensive discussion of, and citations to, generally available and accepted
scientific data, information, methods, or principles used to establish safety, as
well as consideration of probable consumption and cumulative effect of the
substance in the diet. '

Basis for Concluding Expert
Consensus: 170.36(c}(4)(()(C)

Notice summary of a scientific procedure GRAS determination must include the
basis for concluding that there is a consensus among qualified experts that there
is reasonable certainty that the substance is not harmful under the intended
conditions of use. ' :

The scientific and technical data presented herein, in the original Report to the Expert Panel

[Appendix 1], and in the Amendment Report to the Eﬁpert ﬁéﬁéﬁKﬁpéﬁ&iQZ]' arein support of a

GRAS determination by a qualified expert on behalf of Altus Foods Company for an additional food

use of the Forbes Medi-Tech Phytosterol product Phytrol™ to be consumed in phytosterol enriched
cereal(s), food bar(s), fruit drink(s), and smoothie beverage(s). These supportive materials were

obtained from the following sources and are available for further review by the qualiﬁed expert:

1) The Report to the Expert Panel as prepared for Novartis Consumer Health Inc. This document
is the basis for the GRAS Notification supplied to the FDA by Novartis Consumer Health Inc.
for the vegetable oil spread later marketed as Reducol™. A complete copy of the Report to the
Expert Panel has been provided in Appendix 1 and is intended to serve as a reference to the
health and safety of the Phytrol™ tall oil phytosterol product;

2) Further information regarding the phytosterol source, Phytrol™ product specifications,
constituent chemical identities, and the method of Phytrol™ production at the Quest facility is
provided in the Report Amendment to the GRAS Expert Panel Regarding the Revised
Manufacturing Process and Specifications of Phytrol™ for use in a Novartis Consumer Health
Vegetable Oil Spread, as found in Appendix 2; ‘
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3) An intake assessment based on the 1989 - 1991 USDA CSFII for the consumption of a Phytrol™
phytosterol enriched cereal(s), food bar(s), fruit drink(s), and smoothie beverage(s) is
incorporated into this document. A supplemental intake assessment based upon more recent but
less reliable data (1994 - 1996 USDA CSFII) is included for completeness in Appendix 3;

4) A copy of the original signed statement issued by the Expert Panel following their review of the
information provided in the original Report to the Expert Panel regarding the safety of Phytrol™
when employed in a vegetable oil spread (Reducol™) has been provided in Appendix 4;

5) A copy of the original signed statement issued by the Expert Panel following their review of the

information provided in the Amendment Report to the Expert Panel regarding the phytosterol

* source, Phytrol™ product specifications, constituent chemical identities, and the method of

production at the Quest facility for Phytrol™ when employed in a vegetable oil spread
(Reducol™) has been provided in Appendix 5;

6) A compilation of the scientific literature for data on the safety of sterols, particularly
phytosterols, conducted in the preparation of the Report to the Expert Panel concerning
Phytrol™ and information from recent GRAS notifications for substantially equivalent products
(e.g., Take Control™ and BenecolTM) is supphed in Appendlx 6; .

The determination of GRAS status is based upon affirmation by a qualified expert that the substance
is not harmful under the intended conditions of use and that it is equivalent to other GRAS Phytrol™
phytosterol—contaihing products currently marketed in the United States. By meeting the
requirements outlined in the Proposed Rule for substances Generally Recognized as Safe (21 CFR
Parts 170 et al.) in Volume 62, Number 74 of the April 17, 1997 Federal Register, Pages 18937-
18964, it is assumed that the requirements outlined in Parts 201 et al. of the Federal F ood, Drug, and

Cosmetic Act for this product would have been met.
1.2  Equivalence to Current GRAS Products

The Phytrol™ phytosterols contained within the Altus Foods phytosterol enriched cereal(s), food
bar(s), fruit drink(s), and smoothie beverage(s) are also available in the Novartis Consumer Health
product Reducol™. Phytrol™, which is based upon tall oil phytosterols, is manufactured by Forbes
Medi-Tech Inc. at the Quest facility. PhytrolTM phytosterols in a vegetable oil spread have been
breviously determined as having GRAS status. A chemical analyses of the Phytrol™ phytosterols
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in Reducol™, which are employed in the proposed phytoskerol enriched Altus products, is available
in the Amendment Report to the Expert Panel found in Appendix 2. Inclusion of these phytosterols
in the ﬁropoSed products is not expected to materially affect their physiologic properties. Therefore,
Phytrol™ found in Reducol™ and in the proposed Altus Foods phytosterol enriched cereal(s), food
bai(s), fruit drink(s), and smoothie beverage(s) rhay be considered equivalent with respect to safety,
physiologic properties, product specifications, constituent chemical identities, and the method of
Phytrol™ production at the Quest facility. Accordingly,v the previous Expert Panel Report regarding
the application of Phytrol™ in a vegetable oil spread (Reducol™) has been provided as Appendix
1. The Amendment Report to the Expert Panel regarding the revised manufacturing process and
specifications of Phytrol™ for use in the Novartis Consumer Health vegetable oil spread product

(Reducol™) has been provided as Appendix 2. The Expert Panel statements of conclusion regarding

the GRAS status of the original and the Quest produced Phytrol™ have been provided in Appendices

4 and 5.

1.2.1 Composition

The composition of Phytrol™ exhibits a ratio of major sterol to stanol fractions intermediate to that

of the phytosterols in Téke Control™ and Benecol™. Table 1-2 compares the approximate -

phytosterol composition of each product. Three batches of Phytrol™, manufactured using the Quest
process, were analyzed‘by GC-FID. The results demonstrate that the major phytosterols in the final
product fall within the revised product specifications. GC-FID data presented in the oﬁginal Report
to the Expert Panel are also provided for comparison. While significant natural variation may occur
in specific component content, the data in Table 1-2 indicate that concentration of the major

component phytosterols and stanols in Phytrol™ are comparable to or below the aggregate levels

in the other GRAS phytosterol products.
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Table 1-2:  Analysis of Phytosterol Products by GC-FID

Sitosterol (Y%ow/w) | Sitostanol (%w/w) |Campesterol (%ow/w) Campestanol
_ (Yow/w)

Phytrol™ Batch
Number (Quest)

272 57.8 23 6.5 29

273 61.4 19.8 7 26 .

274 60.9 212 6.4 3.1

Original Phytrol™ 47 26 14 5
‘Take Control™ 42 2 25
‘Benecol™ 4 64 3 23

The variation in constituentrphytosterol profile among the thrée products arises from two main
factors: phytosterol source and use of hydrogenatlon _Ilrggzsgng A third variation arises from fatty
acid esterification of the phytosterols in the GRAS products Take Control™ and Benecol™ in order
to modify solubility properties for product apphcatlon purposes. The safety of ingested phytosterols
has been thoroughly reviewed and discussed in the process of establishing GRAS status for i?hytrolTM

when employed in Reducol™ vegetable oil spread [see Appendix 1].

12.1.1 Source and Hydrogenation

Phytrol™ contains significant levels of sitosterol and campesterol, similar to those occurring in Take
Control™, Unlike Take Control™, Phytrol™ contains only minor quantities of stigmasterol and

other sterols but significant levels of the naturally occurring saturated (stanol) compound sitostanol
and, to a lesser extent, campestanol. Both of these compounds are found in high concentration in
Benecol™. This is due to the extensive hydrogenation process used in Benecol™ production which
saturates most of the double bonds present in the sterol components, converting them to stanols,
predominantly sitostanol and campestanol. This is in contrast to the hydrogenation process
component used to restore Phytrol™ stanol levels to product specifications. The hydrogenation

process component is necessary due to the relocation of the Phytrol™ production site to the Quest
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manufacturing facility in Houston, Texas. This relocation resulted in the inclusion of southern
conifers as the primary source of tall oil phytosterols. This source is naturally lower in stanols and
in order to remain within product specifications, a standard food industry compensatory
hydrogenation process component was added. Further information regarding product specifications

and the manufacturing process is available in the Amendment Report to the Expert Panel in

Appendix 2.

Since many of the minor components in these products are variously unsaturated congeners of the
same saturated structures, hydrogenation may reduce, somewhat, the diversity of minor components.
However, Benecol™ still contains a range of minor phytosterols of up to 6% [ref. Benecol™ GRAS
notification in Appendix 6]. The phytosterols in Take Control™ are not hydrog'engted and contain
up to 8% by weight of minor sterol and non-sterol components. Similarly, Phytrol™ contains a
number of the same minor components, primarily representing variation in the position and / or
number of double bonds within sitosterol (C,,) and calﬁpesterol (C,) structures (see Appendix 2 for

compositional details). Also present are trace quantities of C,;-C,; saturated aliphatic alcohols.

All minor components in Phytrol™ are substances commonly found in the diet and in oné or both
of the other GRAS products. A single minor comi)onent phytosterol was present in the Quest
manufactured Phytrol™, sitosta-6-ene [CAS RN 152914-67-5], which was not present in PhytrolTM
as manufactured originally by Forbes, or in Take Control™ or Benecol™., This compound has been

found in other products employing hydrogenated oil. The following references for this compound

are available:

1. Softly BJ, Huang AS, Finley JW, Petersheim M, Yarger RG, Chrysam MM, Wieczorek RL, Otterburn MS, Manz
A, Templeman GJ. Composition of Representative SALATRIM Preparations. Nabisco Foods Group, East Hanover,

NI 07936, USA

2. 1. Agric. Food Chem., 42(2), 461-467. 1994 CODEN:JAFCAU.ISSN:0021-8561.
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1.2.1.2 Esterification

The Phytrol™ phytosterols in Reducol™ are in a free non-esterified form while those in Take

Control™ and Benecol™ have been esterified to common vegetable oil fatty acids to enhance their

solubility in a vegetable oil product matrix. Esterification does not materially affect the substantial

equivalence of Phytfolfb? to the other products. As discussed in the sections on physiologic
equivalence (1.3.3.1) and safety (1.3.4) as found in the Report to the Expert‘ Panel in Appendix 1,
the ester forms are rapidly de-esterified in vivo through the action of lipase enzymes, yielding the
active free phytosterols. Esterification does affect quantitative parameters of equivalence. The Take
Control™ and Benecol™ products contain fatty acid esterified phytosterols which are approximately
60% by weight phytosterol, the remainder beiﬁg fatty acids. Accordingly, 0.6 grams of Phytrol™
are equivaient to the phyfosterol content of 1.0 grams of the esterified products. - Phytrol™, when

122 Intended Use and Intake

The intended application of Phytrol™ in this instance is to incorporate it into phytosterol énriched
cereal(s), food bar(s), fruit drink(s), and smoothie bevéfégc(s) in an amount of 0.6 grams per product
serving. The proposed products are intended to be consumed three times per day, resulting in a daily
Phytrol™ intake of 1.8 grams, based upon product labelirig. This represents a recommended daily
Phytrol™ intake which is similar to that of the GRAS vegetable oil spread product Reducol™ and
is comparéble to that of the other GRAS vegetable oil spread products, based on free phytost'erolv ~
content. This is further summarized in Table 1-3. The proposed products are intended to pfovide
consumers with additional product choices with the goal of maintaining a healthy cholesterol level.
The 0.6 grams of Phytrol™ per serving have a sterol content of at least 65% or 0.39 grams of plant
sterols, the remainder being stanols. This meets or exceeds the per-serving amoimt designated by

FDA in the Interim Final Rule to permit a labeling health claim regarding coronary heart disease.
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Intended Daily Intake of Existing GRAS Phytosterol Products

Table 1-3:
Take Control™ Reducol™ Benecol™
Per Serving: 1.9 g (esters) 075¢ 1.7 g (esters)
Servings Per Day 1-2 2 Upto3
Daily Esters 1.9-3.8 - 1.7-5.1
Intake: | ppytosterols 1.12-2.24 1.5 1.0-3.0
1.2.3 Physiologic Properties

The phytosterols in Phytrol™ are substantially equivalent in physiologic properties to those in Take
Control™ and Benecol™ products in regards to their active form and their effects on blood
cholesterol parameters, blood phytbsterol levels and absorption of vitamins and nutrients. These
factors were all taken into account in the detennm of GRAS status of Phytrol™ when
incorporated in the Reducol™ vegetable oil spread. Tixe ;1;6morat10n of PhytrolTM into phytosterol
enriched cereal(s), food bar(s), fruit drink(s), and smoothie beverage(s) to provide an aggregate intake

of 1.8 grams per day does not pose any new or differential physiological properties when compared

to the recommended serving of 1.5 grams per day of Phytrol™ found in Reducol™. Furthermore, 0.6

grams per serving of Phytrol™ meets or exceeds the FDA's Interim Final Rule regarding labeling of

health claims and coronary heart disease as Phytrol™ contains at least 65% sterols or 0.39 grams of

~sterol. In order to review the physiological propertieé of Phytrol™, please refer to Section 1.3.3 of

Appendix 1.

124 Safety

The safety of ingested phytosterols has been thoroughly révicwed and discussed in the process of
establishing the GRAS status of Phytrol™ when employed in Reducol™ vegetable oil spreads as
well as Take Control™ and Benecol™. The development of the Lipton product, Take Control™,
has yielded substantial research into the safety of phytosterols, particularly sitosterol, campesterol,

and stigmasterol. Similarly, the development of the McNeil product, Benecol™, has also yielded
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substantial research into the safety of phytosterols, particularly sitostanol, campestanol and
stigmastanol. The information used to establish the safety of the Phytrol™ product was based upon
the principle of substantial equivalence between the constituent phytosterols found in all three of

these products and is discussed in greater detail in Section 1.3.4 of Appendix 1.

- 2.0 CHEMICAL IDENTITY AND COMPOSITION

The constituent phytosterols of which Phytrol™ is composed have been very well characterized.
The composition of Phytrol™ in the proposed Altus Foods products has the same product
specifications as the Phytrol™ employed in the manufacture of the Novartis vegetable oil spread
Reducol™. Phytrol™ is manufactured by the Forbes Medi-Tech Company at the Quest facility and
has been added to these products in order to help promote a healthy cholesterol level in the

respective consumers of phytosterol enriched vegetable oil spread (Reducol™), cereal(s), food

TR

bar(s), fruit drink(s), and smoothie beverage(s). For further detail and information regarding the
chemical identity and composition of Phytrol™, please refer to Section 3.0 of the Report to the
Expert Panel, as contained in Appendix 1 and the Amendment Report to the Ekpert panel, as

contained in Appendix 2.
3.0 PRODUCTION METHODS

The method by which Phytrol™ is manufactured by Forbes Medi-Tech at the Quest facility is well
established and is within compliance of Good Manufacturing Practices (GMPs); Thé relocation of

the production of Phytrol™ to the Quest manufacturing facility in Houston, Texas‘has resulted in
the inclusion of southern conifers as the primary source of tall oil phytosterols. This soufce is
naturally lower in stanols and has resulted in the inclusion of a compensatory standard food industry
hydrogenation ﬁrocess component fo restore the stanol concentrations. The Quest préduction

method of Phytrol is provided in Section 3.0 in Appendix 2.
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4.0 INTENDED USE IN FOOD

Phytoéterols‘ are a group of plant compounds naturally occurring in a variety of foods in the human
diet, such as minor componénts n vegetablevoils. The Altus Foods Company is interested m using
the phytosterols found in the tall oil phytosterol blend Phytrol™, as manufactured by Forbes Medi-
Tech Inc., in phytosterol enriched cereal(s), food bar(s), _ﬁuit drink(s), and smoothie beverage(s). The
projected types of foods, serving size, and the amount of Phytrol™ proposed for use in these food
products has been provided below in Table 4-1. Phytrol™ will be incorporated into these proposed
products in an amount intended to provide a consumer with approximately 1.8 grams of Phytrol™
per day from the cbnsumptidn of three labeled servings of the various Altus Foods products. The
use of Phytrol™ in thése; products is intended fo provide additional choices to consumers of

phytosterol products in order to help maintain healthy cholesterol levels as part of a diet low in

saturated fat and chplesterol.

s g

Table4-1:  Proposed Altus Foods Company Products, Serving Sizes and Projected

Phytrol™ Content

Proposed Food Product Product Serving Size Proposed Phytrol™ Content
Breakfast Cereal(s)

Cereal: Extruded 27 grams per serving | 0.6 grams

Cereal: Flake 49 grams per serving 0.6 grams
Food Bar(s) 48 grams per serving 0.6 grams'
Fruit Drink Beverage(s) 9.5 fluid ounces ‘ 0.6 grams
Smoothie Beverage(s) ' 9.5 fluid ounces 0.6 grams
5.0 CONSUMER EXPOSURE

5.1 Introduction

The intake of the proposed Altus Foods phytosterol enriched cereal(s), food bar(s), fruit drink(s), and
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smoothie beverage(s) in the United States was estimated 1n order to quantify the expected levels of
phytosterol intake which may arise through use of these products. The calculations for intake were
based upon the results of the U.S. Department of Agriculture (USDA) 1989 - 199.1 Continuing
Survey of Food Intakes by Individuals (CSFII). Calculations of the mean all-person intake, and 90®
percentile per-user intake and. percent consuming were made for the intake of cereal(s), food bar(s),
fruit drink(s), and smoothic beverage(s). The intake of the Altus Foods phytosterol enriched
cereal(s), food bar(s), fruit drink(s), and smoothie beverage(s) per person and per kilogram body

weight was calculated for the following population groups based upon available information:

e Infants, ages O to 2;

e Children, ages 3 to 11;

o Female teenagers, ages 12 to 19;

e Male teenagers, ages 12 to 19;

e Female adults, ages 20 and up; e
e Male adults, ages 20 and up; and,

e Total population (all population and gender groups combined).

A supplemental intake assessment, found in Appendix 3 [CanTox, 2000], provides estimates‘.for the
daily intake of Phytrol™ from the consumption of phytosterol enriched cereal(s), food bar(s), fruit
drink(s), and smoothié beverage(s) developed from data contained within the more recent USDA
1994 - 1996 Continuing Survey of Food Intakes by Individuals (USDA CSFII 1994 - 1996) and the

1998 Supplemental Children’s Survey (USDA CSFII 1998). These data indicate an increase in the

number of users compared to the CSFII 1989 - 1991 database. However, the data in the 1994 - 1996
survey were gathered over a 2-day period, whereas the data in the 1989 - 1991 survey were gathered
over a 3-day period. Therefore, the 1989 - 1991 data are generally considered to be more statistically
reliable and scientifically rigorous than the 1994 - 1996 food intake survey and forms the basis for
the following discussion of Phytrol™ phytosterol intake from the proposed food products. The
supplemental intake assessment i)rovided in Appendix 3 is based upon the 1994 - 1996 food intake

survey has been provided as an additional reference for completeness and due diligence.
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5.2 Estimated Total Daily Intake of the Altus Foods Phytosterol Enriched Cereal(s),
Food Bar(s), Fruit Drink(s), and Smoothie Beverage(s)

Food codes representative of all food products proposed to contain Phytrol™ were identified within
the USDA CSFII 1989 - 1991 consumption survey. Ready-to-eat cereals were grouped into tWo
separate categories, extruded (0.6 grams of Phytrol™ per 27gram serving) and flake (0.6 grams of
Phytrol™ per 49 gram serving), according to density and serving size (USDA, 1999). Food codes
for bars (0.6 grams of Phy‘trol““’I per 48 gram serving), fruit drinks (0.6 grams of Phytrol™ per 9.5
fl. oz. serving), and smoothies (0.6 grams PhytrolTM per 9.5 fl. oz. serving) were grouped to allow |
for separate determinations of Phytrol™ intake of from these food sources. The list of all food codes
and the calculated percentages of Phytrol™ by weight used in estimating the intake of Phytrol™
from all assessed food groups remained unchanged between the 1989 - 1991 and 1994 - 1996 CSFII

“surveys. This information has been provided in the supplemental intake assessment [CanTox, 2000]

found in Section A of Appendix 3. m,w, _

Calculated estimates for the daily intake of Phytrol™ from each of the proposed individual food
groups represent 3-day projected averages. Intake data for individuals within the USDA CSFII 1989
- 1991 survey were collated by computer and the resulting distributions analyzed statistically. All-

person intake refers to the intake of Ph.ytrolTM averaged over all people surveyed regardless of |
whether they consumed food products containing Phytrol™, hence the ‘all-person’ designation. Per-
user intake refers to the intake of Phytrol™ by individuals who only consumed foods contajning
Phytrol™, hence the ‘per-user’ designation. Individuals within the survey were defined as ﬁéers if

they consumed one or more of the food products containing Phytrol™ on any 3 days of the survey.

Estimates for the mean and 90™ percentile daily intake of Phytrol™ from each of the individual food
products by population group have been summarized in Tables 5-1 to 5-7 and 5-8 to 5-14, on a -
milligram and mg/ kg body weight per day basis, respectively. Tables 5-7 and 5-14 suinmarize the
estimates for the mean per person Phytrol™ intake by the total population (all ages) from each of
the individual food products in milligram and milligram per kg body weight per day basis,

respectively. Consumption of ready to eat cereals by the total population made the most significant

October, 2000 | 18



()

CANTOX

Conﬁdential GRAS Report for Expert Review o ' HEALTH SCIENCES INTERNATIONAL

contribﬁtion tokthve mean all-pérson intake of Phytrolm, 262 mg/person/day (5.85 mg/kg body
weight/day). The heavy consumer (90" percentile) all-person intake of Phytrol™ from ready to eat
cereals was determined to be 799 mg/person/day (17 .4 mg/kg body weight/day). Approximately
46% of individuals within the total population were determined to be consumers of ready to eat
cereals. All other food products made less si gniﬁéant (< 50 mg/person/day) contributions to the all
person intake of Phytrol™ by the total population. This is expected due to the smaller number of

individuals within the total population consuming these food products (i.e., bars, fruit drinks,

smoothies).

As with the total population, consumption of ready to eat cereals made the most significant
contribution to the all-person intake of Phytrol™ when assessed on an individual population group
basis (Tables 5-1 to 5-6 and Tables 5-8 to 5-13). The highest all-person mean intake of Phytrol™
was reported in male teenagers (aged 12 to 19) consuming ready to eat cereals, 454 mg/person/day

(7.82 mg/kg body weight/day). However, when assessed on a per kilogram body weight baéis,
children (aged 3 to 11) consuming ready to eat cereals, experienced a higher mean all-person intake
of 16.7 mg/kg body weight/day. The highest heavy consumer (90" percentile) all-person intake of
Phytrol™ was also reported in male teenagers (1270 mg/person/day), but on a per kilografn body
weight basis, in children (38.2 mg/kg body weight/day). vThis was expected, since children consume

the largest amounts of food and energy on a body weight basis.

Tables 5-7 and 5-14 summarize the estimates for the mean per-user Phytrol™ intake by the total

~ population (all ages) from each of the individual food products in milligram and mg/kg body

weight/day, respectively. The consumption of ready to eat cereals and ready to drink fruit-drink
mixtures made the most significant contributions to the mean per-user intake of Phytrol™ by the
total population. Estimates for the mean per-user intake of Phytrol™ from ready to eat cereals and
fruit drinks were 573 mg/person/day (12.8 mg/kg Body weight/day) and 350 mg/person/day (7.52
mg/kg body weight/day), respectively. The heavy consumer (90" percentile) per-user intake of

Phytrol™ for the total population from the consumption of ready to eat cereals was 1110

'mg/persdn/day (2‘7.2  nig/kg body weight/day), and 700 fhg/person/day (14.88 mg/kg body

October, 2000 | 19
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| uwei ght/day) fdr fruit dnnks All other food products G e food bars and smoothies) were detenhined

to make less significant (< 550 mg/person/day) contributions to the per user intake of Phytrol™ by

the total population.

As with the total population, ready to eat cereals and fruit drinks also made the most significant
contributions to the mean per-user intake of Phytrol™ when assessed on an individual population
group basis (Tables 5-1 to 5-6 and Tables 5-8 to 5-13). The highest per-user Phytrol™ intake was
reported in male teenagers (aged 12 to 19) consuming ready to eat cereals, 784 mg/person/day (13.5 .
mg/kg body weight/day). Hdwever, when assessed on a per kilogram body weight basis, infants (age

0 to 2) experienced the highest mean per-user intake of 24.9 mg/kg body weight/day from the

consumption of ready to eat cereals. The highest heavy consumer (90 percentile) per-user intakes
were reported in male teenagers and infants consuming ready to eat cereals, 1510 mg/person/day and

47 mg/kg body weight/day, on a per-person and per kilogram body weight basis, respectively.

Table5-1  Estimated Daily Phytrol Intake From The Consumption of Various Food
Products By Infants Aged 0 to 2 Years Within The United States

Food Food Product % Users Actual All-Person Per-User
Category Number Consumption Consumption
f Total
oUs:r: - Mean 90th Mean 90th
¢ (mg) Percentile (mg) Percentile
(mg) v (mg)
Baked goods Bars 0.2 1 0.13 n/a 89.6 89.6
and baking :
mixes
Beverages | Ready to Drink Fruit 13.2 100 344 88.0 260.8 524.0
and Drink Mixtures and
beverage : Blends
bases . a
Smoothies 0.1 2 0.84 n/a 752.0 776.0
Breakfast Ready to Eat © 48,7 407 162.0 456.0 332.0 622.0
cereals Cereals (extruded
and flaked)
October, 2000 20
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Table 5-2 Estimated Daily Phytrol Intake From The Consumption of Various Food
Products By Children Aged 3 to 11 Years Within the United States

Food Food Product % Users Actual All-Person Per-User
Category Number Consumption Consumption
of Total
Users -‘Mean 90th Mean 90th
(mg) Percentile (mg) Percentile
(mg) (mg)
Baked goods Bars 2.1 32 4.53 n/a 221.0 358.0
and baking '
- mixes .
Beverages | Ready to Drink Fruit | 19.2 441 59.2 219.2 308.0 672.0
and Drink Mixtures and .
beverage Blends _
bases 3
- Smoothies 0.9 8 2.64 n/a 2824 338.0
Breakfast Ready to Eat 76.8 1652 414.0 925.0 540.0 1010.0
cereals Cereals (extruded '
and flaked)

October, 2000 21
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Table 5-3 Estimated Daily Phytrol Intake From The Consumption of Various Food
' Products By Female Teenagers Aged 12 to 19 Within the United States
Food Food Product % Users Actual ~ All-Person Per-User
Category Number Consumption Consumption
f Total
oUs;'sa Mean 90th Mean 90th
(mg) Percentile (mg) Percentile
(mg) (mg)
Baked goods Bars 2.1 15 7.09 n/a 341.0 538.0
and baking
mixes _
Beverages | Ready to Drink Fruit 19.9 165 74.4 262.0 3724 700.0
and Drink Mixtures and
beverage Blends
bases Smoothies 0.0 0 n/a n/a n/a n/a
Breakfast Ready to Eat 52.2 395 314.0 855.0 602.0 1040.0
cereals Cereals (extruded
and flaked)
October, 2000 22



b S

Confidential GRAS Report for Expert Review

v

CANTOX

HEALTH SCIENCES INTERNATIONAL

Table 5-4 Estimated Daily Phytrol Intake From The Consumption of Various Food
' Products By Male Teenagers Aged 12 to 19 Years Within the United States
Food Food Product % Users | Actual All-Person Per-User
Category Number Consumption Consumption
of Total
Users Mean 90th Mean 90th
(mg) Percentile (mg) Percentile
(mg) (mg)
Baked goods Bars 3.0 16 11.3 n/a 373.0 896.0
and baking
‘mixes
Beverages | Ready to Drink Fruit 17.5 129 60.0 185.2 341.6 788.0
and Drink Mixtures and
beverage Blends
bases Smoothies 0.6 3 224 wa 3964 | 7400
Breakfast Ready to Eat 579 423 454.0 1270.0 784.0 1510.0
cereals Cereals (extruded :
and flaked)

October, 2000
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Table 5-5 . Estimated Daily Phytrol Intake From The Consumption of Various Food
Products By Female Adults Aged 20 years and Up Within the United States

i

Food Food Product % Users Actual All-Person . Per-User
Category ' Number Consumption Consumption
of Total
Users Mean 90th Mean 90th
(mg) Percentile (mg) Percentile
(mg) (mg)
Baked goods Bars 1.2 53 3.18 n/a 258.0 467.0
and baking
. mixes
Beverages | Ready to Drink Fruit 12.4 637 416, | 1752 334.0 668.0
and Drink Mixtures and
beverage Blends
bases Smoothies 0.2 11 0.48 n/a 241.2 370.4
Breakfast Ready to Eat 39.2 2174 1940 633.0 495.0 965.0
cereals Cereals (extruded
-and flaked)
October, 2000 24
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Table 5-6 Estimated Daily Phytrol Intake From The Consumption of Various Food
Products By Male Adults Aged 20 Years And Up Within the United States
Food Food Product % Users | ~Actual All-Person ~ Per-User
Category Number Consumption Consumption
f Total
Usors | Mean 90th Mean 90th
(mg) Percentile (mg) Percentile
(mg) (mg)
Baked goods Bars 1.0 33 3.39 n/a 347.0 . 717.0
and baking
_ mixes
Beverages | Ready to Drink Fruit 9.6 379 40.4 n/a 4200 | 760.0
and Drink Mixtures and
beverage Blends
bases -
Smoothies <0.01 2 0.02 n/a 260.0 262.8
Breakfast Ready to Eat 36.4 1400 250.0 869.0 687.0 1310.0
cereals Cereals (extruded ' 4
and flaked)
October, 2000 25
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Estimated Daily Phytrol Intake From The ConSumption of Various Food

‘Table 5-7
' Products For The Total U.S. Population (All Ages) Within the United States
Food Food Product % Users Actual All-Person Per-User
Category Number Consumption Consumption
: of Total
Users Mean 90th Mean 90th
(mg) Percentile (mg) Percentile
(mg) (mg)
Baked goods Bars 14 150 3.93 n/a 291.0 538.0-
and baking :
mixes
Beverages | Ready to Drink Fruit 13.2 1851 46.0 175.2 350.0 700.0
and Drink Mixtures and
beverage Blends
bases )
LT Smoothies 0.2 26 0.72 n/a 293.6 388.0
Breakfast Ready to Eat 45.8 6451 262.0 799.0 573.0 1110.0
cereals Cereals (extruded
and flaked)

October, 2000
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Table 5-8 Estimated Daily Per Kilogram Body Weight Phytrol Consumption By
o Infants Aged 0 To 2 Years From Individual Proposed Food-Uses
Food Food Product % Users Actual All-Person Per-User
Category Number Consumption Consumption
of Total
Users Mean 90th Mean 90th
(mg/kg) | Percentile | (mg/kg) | Percentile
(mg/kg) (mg/kg)
Baked goods Bars 0.2 1 0.01 n/a 6.89 . 6.89
- and baking
.mixes
Beverages | Ready to Drink Fruit 13.2 100 2.39 7.32 18.08 440
and Drink Mixtures and
beverage Blends
base‘”f Smoothies 0.1 2 0.05 n/a 45.6 45.6
Breakfast Ready to Eat 48.7 407 121 - 36.1 249 47.0
cereals Cereals (extruded : '
and flaked)

October, 2000
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Table 5-9 Estimated Daily Per Kilogram Body Weight Phytrol Consumption By
Chlldren Aged 3 To11 From Individual Proposed Food-Uses

Food Food Product % Users Actual All-Person Per-User
Category Number Consumption Consumption
of Total
Users Mean 90th Mean 90th
(mg/kg) | Percentile | (mg/kg) | Percentile
' (mg/kg) (mg/kg)
Baked goods - Bars 2.1 32 0.21 n/a 10.2 20.6
and baking ’
_mixes
Beverages | Ready to Drink Fruit | 19.2 441 2.32 8.08 12.04 23.56
and -~ - | Drink Mixtures and
beverage Blends
bases Smoothies 0.9 8 0.13 n/a 13.84 20.4
Breakfast Ready to Eat 76.8 1652 16.7 38.2 21.8 422
cereals Cereals (extruded . _
and flaked)
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Table 5-10  Estimated Daily Per Kilogram Body Weight Phytrol Consumption By
' Female Teenagers Aged 12 To 19 From Individual Proposed Food-Uses

Food Food Product % Users Actual All-Person Per-User
Category Number Consumption Consumption
of Total
Users Mean 90th Mean 90th
(mg/kg) | Percentile | (mg/kg) | Percentile
‘ (mg/kg) (mg/kg)
Baked goods Bars 2.1 15 0.13 n/a 6.41 8.82
and baking
mixes
Beverages | Ready to Drink Fruit 19.7 165 1.42 3.66 7.12 12.24
and Drink Mixtures and ‘
beverage Blends
bases Smoothies 0.0 0 n/a n/a n/a n/a
Breakfast Ready to Eat 522 395 5.98 154 11.5 21.8
cereals Cereals (extruded
and flaked) .
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Table 5-11  Estimated Daily Per Kilogram Body Weight Phytrol Consumption'By Male
Teenagers Aged 12 To 19 From Individual Proposed Food-Uses

Food Food Product % Users | Actual All-Person Per-User
Category Number’ Consumption Consumption
of Total
Users Mean 90th Mean 90th
] (mg/kg) | Percentile | (mg/kg) | Percentile
, (mg/kg) (mg/kg)
3 Baked goods Bars 3.0 16 0.19 /a 6.18 12.8
} and baking ' :
.mixes _
] Beverages | Ready to Drink Fruit 17.5 129 1.02 3.8 5.8 12.36
i and Drink Mixtures and
: beverage Blends
] bascs Smoothies 0.6 3 0.04 n/a 7.32 11.76
! Breakfast Ready to Eat l 57.9 423 7.82 21.1 13.5 26.7
cereals Cereals (extruded
] and flaked)
P
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Table 5-12  Estimated Daily Per Kilogram Body Weight Phytrol Consumption By
' Female Adults Aged 20 Years And Up From Individual Proposed Food-Uses

Food Food Product % Users Actual All-Person Per-User -
Category Number Consumption Consumption
of Total
Users Mean 90th Mean 90th
(mg/kg) | Percentile | (mg/kg) | Percentile
: (mg/kg) (mg/kg)
Baked goods Bars 1.2 53 0.05 n/a 4.29 7.47
and baking
_mixes
Beverages | Ready to Drink Fruit 124 637 0.66 23 5.28 10.48
and Drink Mixtures and
~ beverage Blends
bases Smoothies 0.2 11 0.01 n/a 3.34 39
Breakfast Ready to Eat 392 - 2174 3.04 9.89 7.76 15.5
cereals Cereals (extruded
and flaked)

October, 2000
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Table 5-13  Estimated Daily Per Kilogram Body Weight Phytrol Consumption By Male
Adults Aged 20 Years And Up From Individual Proposed Food-Uses
Food Food Product % Users | - Actual All-Person Per-User - -
Category Number Consumption Consumption
of Total
Users Mean 90th Mean 90th
(mg/kg) Percentile (mg/kg) Percentile
(mg/kg) (mg/kg)
Baked goods Bars 1.0 33 0.04 n/a "3.94 - 933
and baking
_ mixes
Beverages | Ready to Drink Fruit 9.6 379 0.52 1n/a 5.44 10.48
and Drink Mixtures and
beverage Blends ,
bases ]
Smoothies <0.001 2 <0.01 n/a 4.36 452
Breakfast Ready to Eat 36.4 1400 3.14 10.8 8.63 16.8
cereals Cereals (extruded : ‘ ’
and flaked)

October, 2000
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Table 5-14  Estimated Daily Per Kilogram Body Weight Phytrol Consumption For The
Total U.S. Population (All Ages) From Individual Proposed Food-Uses

Food Food Product % Users Actual All-Person Per-User
Category Number Consumption Consumption
of Total
Users Mean 90th Mean 90th
(mg/kg) | Percentile | (mg/kg) | Percentile
(mg/kg) (mg/kg)
Baked goods Bars 14 150 0.08 w/a 5.88 11.2
and baking '
~ mixes
Beverages | Ready to Drink Fruit 13.2 1851 0.99 2.84 7.52 14.88
and Drink Mixtures and
beverage Blends
bases )
Smoothies 02 26 0.02 n/a 10.52 204
Breakfast Ready to Eat 45.8 6451 5.85 17.4 12.8 27.2
cereals Cereals (extruded '
_and flaked)
October, 2000 33
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53 Conclusions

Estimates of means and 90th percentile intakes based on sample sizes of less than 30 and 80,
respectively, or perhaps higher depending on the coefficient of variation may not necessarily be
considered statistically reliable due to limited sampling size. As such, estimates of the intake of
Phytrol™ based on the consumption of smoothies and bars by some individual population groups
may be unreliable. This type of methodology is generally considered to be ‘worst case’ in terms of
potential intake as a result of several conservative assumptions made in estimating consumption.
For example, it is often assumed that all food products within a food category contain the ingredient
at the maximum level of use. In addition, it is well established that the length of a dietary survey
affects the estimated consumption of individual usérs. Short term surveys, such as the typical 3-day
dietary surveys, overestimate consumption of food products which are consumed relatively
infrequently. Nevertheless, this intake assessment specific to Phytrol™, demonstrates a usage
pattern in the total population for the proposed prodt?c?s?éfow the label recommended amount in

the all-person and per user consumption categories for both the mean and heavy (90® percentile)

consumers.

6.0 STRUCTURE-ACTIVITY RELATIONSHIPS

Analysis of structure activity relationships is a useful approach to correlating the molecular structuré
of a chemical with its biological activity [Food and Drug Administration, 1982]. The phytosterols
contained within the tall oil phytosterol product Phytrol™ must therefore be placed into Structure

Category B as the FDA has classified mixtures as belonging to this group. However, the constituent |

phytosterols of Phytrol™ belong in Structure Category A, as having low toxic potential.

Phytosterols also bear a close structural resemblance to the intermediate products of lipid
metabolism in humans, namely cholesterol. In conclusion, the constituent phytosterol contained in
Phytrol™, based upon this type of structure activity relationship, would indicate that this product

would not cause any adverse effects in humans.
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7.0 ABSORPTION, DISTRIBUTION, METABOLISM AND EXCRETION

The absorption, distribution, metabolism, and excretion of the phytosterols constituent to the
Phytrol™ product have been very well characterized in the Report to the Expert Panel providéd in
Appendix 1. The Expert Panel Report was written in support of the use of Phytrol™ in a Novartis
vegetable oil spread (Reducol™). In the case of the Altus Foods phytosterol enriched cereal(s), food
bar(s), fruit drink(s), and smoothie beverage(s), Phytrol™ is provided as a unique ingredient
intended to help the consumer maintain a healthy cholesterol level. The recommended daily intake

of Phytrol™ from the various Altus Foods products is 1.8 grams in total. The Phytrol™ in the

‘proposed products is expected to have exactly the same ADME profile as the Phytrol™ provided in

a vegetable oil spread (Reducol™). In order to prevent a duplication of effort, please refer to Section
8.0 in Appendix 1 for further information on the ADME profile of Phytrol™.

T

8.0 PRECLINICAL TOXICOLOGY
The preclinical toxicological proﬁle of Phytrol™ and the constituent phytosterols has been very well
characterized in the Report to the Expert Panel prowded in Appendlx 1. The Expert Panel Report
was written in support of the use of Phytrol™ in a Novartis vegetable oil spread (Reducol™). In the
case of the proposed Altus Foods phytosterol enriched cereal(s), food bar(s), fruit drink(s), and
smoothie beverage(s), Phytrol™ is provided as an ingredient intended to help the consumer maintain
a healthy cholesterol level. The recommended daily intake of Phytrol™ from the various Altus
Foods products is 1.8 grams in total. The Phytrol™ in the phytosterol enriched cereal(s), food
bar(s), fruit drink(s), and smoothie beverage(s) is expected to have the same preclinical toxicological
profile as the Phytrol™ provided in a vegetable oil spread (Reducol™). Please refer to Section 9.0

in Appendix 1 for further information on the preclinical toxicological profile of Phytrol™.,
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9.0 CLINICAL TOXICOLOGY :

The clinical toxicological profile of Phytrol™ and the constituent phytosterols has been very well
characterized in the Report to the Expert Panel provided in Appendix 1. The Expert Panel Report
was written in support of the use of Phytrol™ in a Novartis vegetable oil spread (Reducol™). In the
case of the proposed Altus Foods products, Phytrol™ is provided as an ingredient intended to help
the consumer maintain a healthy cholesterol level. The recommended daily intake of Phytrol™ from
the various Altus Foods products is 1.8 grams in total. The Phytrol™ in ihe phytosterol enriched
cereal(s), food bar(s), fruit drink(s), and smoothie beverage(s) is expected to have the same clinical
toxicological profile as the Phytrol™ provided in a vegetable oil spread (Reducol™). Please refer

to Section 10.0 in Appendix 1 for further information on the clinical toxicological profile of

Phytrol™, |
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ESTIMATED DAILY INTAKE OF PHYTROL™ FROM THE CONSUMPTION OF
READY TO EAT CEREALS, BARS, FRUIT DRINKS, AND SMOOTHIE BEVERAGES
IN THE UNITED STATES

OVERVIEW

Estimates for the daily intake of Phytrol™ from ready-to-eat cereals, bars, fruit drinks, and smoothie
beverages were developed based on data contained within the United States Department of
Agriculture (USDA) 1994-1996 Continuing Survey of Food Intakes by Individuals (USDA CSFII
1994-1996) and the 1998 Supplemental Children’s Survey (USDA CSFII 1998) (USDA, 2000).
USDA CSFII (1994-1996) provides data on persons of all ages; whereas, USDA CSFII (‘1 998) is
limited to children birth through 9 years of age. Combined, these surveys provide the most up-to-
date data for evaluating food use and food-consumption patterns in the United States, containing 4
years of data on individuals selected via stratified, multistage area probability sampling of American
households within all 50 states.

USDA CSFII (1994-1996, 1998) survey data were collected from individuals and households via
24-hour dietary recalls administered on two non-consecutive days (Day 1 and Day 2) throughout all
4 seasons of the year. Data was collected in-person, a minimum of 3 days apart, on different days
of the week, to achieve the desired degree of statistical independence. USDA CSFII (1994-1996)
contains 2-day dietary food consumption data for more than 15,000 individuals of all ages, and 1-day
data for 16,103 individuals. USDA CSFII (1998) contributes consumption data from an additional
5,559 children birth through 9 years of age to data reported for 4,253 children of the same ages
within USDA CSFII (1994-1996). The overall USDA CSFII (1994-1996, 1998) response rate for
individuals selected for participation in surveys was 81.5 and 77.5% for Day 1 and Day 2,

respectively.

In addition to collecting information on the types and quantities of foods being consumed, USDA
CSFII (1994-1996, 1998) collected physiological and demographic information from individual
participants in the survey, such as sex, age, self-reported height and weight, and other variables
useful in characterizing consumption. The inclusion of this information allows for further
assessment of food intake based on consumption by specific population groups of interest within the
total population. USDA sample weights were developed and incorporated with USDA CSFII (1994-
1996, 1998) data to correct for potential under-representation of intake, that results from variability

in samples due to survey design, non-response, or other factors.
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Calculations of the mean allQperson intake, mean per-user intake, 90" percentile intake, and percent
consuming were performed for each of the following population groups: '

e infants, ages 0 to 2;

e children, ages 3to 11;

¢ female teenagers, ages 12 to 19;

¢ male teenagers, ages 12 to 19;

¢ female adults, ages 20 and up;

e male adults, ages 20 and up; and,

» total population (all population and gender groups combined).

Foods reported as being consumed during USDA CSFII (1994-1996, 1998) survey were coded
according to a system developed by the USDA. The USDA database of food codes contains
descriptions and portion size weights for greater than 7,500 food products and food mixtures as
consumed by individuals. Ready-to-eat cereals were grouped into two separate categories, extruded
(0.6 g Phytrol™ per 27 g serving) and flake (0.6 g Phytrol™ per 49 g ser{'ing), according to density
and NLEA serving size (USDA, 1999). Food codes forbars (0.6 g Phytrol™ per 48 g serving), fruit
drinks (0.6 g Phytrol™ per 9.5 fl. oz. serving), and smoothies (0.6 g Phytrol™ per 9.5 fl. oz. serving)
were grouped to allow for separate determinations of the intake of Phytrol™ from these food
sources. A summary of all food codes, use-levels, and adjustment factors included in our current

intake assessment is provided in Section 1.

Estimates for the daily intake of Phytrol™ represent projected averages over 2 days (Day 1 and Day
2) of USDA CSF II (1994-96, 1998) data. Individual consumption data was collated by computer
and the resulting distributions were analyzed statistically. All-person intake refers to the intake of
Phytrol™ averaged over all people surveyed regardless of whether they consumed food products

~ formulated with Phytrol™, hence the ‘all-person’ designation. Per-user intake refers only to the

intake of Phytrol™ by individuals consuming food products formulated with Phytrol™, hence the
‘per-user’ designation. Individuals were considered users if they consumed one or more food
products formulated with Phytrol™ on either Day 1 or Day 2 of the survey.

Estimates for the mean and 90® percentile intake of Phytrol™ from each of the individual food
products by population group are summarized in Tables 2-1 to 2-7 and 3-1 to 3-7 of Section 2 and
C, on a mg and mg per kg body weight per day basis, respectively. Tables 2-7 and 3-7 summarize v
the intake of Phytrol™ by the total population (all ages) from each of the individually assessed food-

products on a mg and mg/kg body weight/day basis, respectively. :
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Consumption of ready to eat cereals by the total population made the most significant contribution
to the mean all-person intake of Phytrol™, 299.00 mg/person/day (6.65 mg/kg body weight/day). ‘
Heavy consumer (90" percentile) all-person intake of Phytrol™ by the total population from ready
to eat cereals was 966.00 mg/person/day (20.80 mg/kg body weight/day). Approximately 40% of
individuals within the total population were determined to be consumers of ready to eat cereals.
Ready to drink fruit drink mixtures (105.00 mg/person/day) and bars (12.40 mg/person/day) proved
to be less significant sources of Phytrol™ for the total population. Smoothies made the smallest (<
1.4 mg/person/day) contribution to the all person intake of Phytrol™, with less then 1% of
individuals within the total population considered to be consumers of smoothies.

As with the total population, consumption of ready to eat cereals made the most significant
contribution to the all-person intake of Phytrol™ on an individual population group basis (Tables
2-1 to 2-6 and Tables 3-1 to 3-6). The highest mean all-person intake of Phytrol™ was reported in
male teenagers (aged 12 to 19) consuming ready to eat cereals, 503.00 mg/person/day (8.55 mg/kg
body weight/day). However, on a per kilogram body weight basis, in children (aged 3 to 11)
consuming ready to eat cereals, 20.20 mg/kg body weight/day. Heavy consumer (90™ percentile)
all-person intake of Phytrol™ was also the highest in malé teenagers consuming ready to eat cereals
(1490.00 mg/person/day), but on a per kilogram body weight basis, in children (48.60 mg/kg body
weight/day). This is expected, since children consume the largest amounts of food and energy on

a body weight basis.

Tables 2-7 and 3-7 summarize the estimates for the mean per user Phytrol™ intake by the total
population (all ages) from each of the individual food products in mg and mg/kg body weight/day,
réSpectively. Consumption of ready to eat cereals and ready to drink fruit drink mixtures made the
most significant contributions to the mean per-user intake of Phytrol™ by the total population.

Estimates for the mean per-user intake of Phytrol™ from ready to eat cereals and ready to drink fruit
drink mixtures were 751.0 mg/person/day (16.70 mg/kg body weight/day) and 555.00 mg/person/day
(12.50 mg/kg body weight/day), respectively. Heavy consumer (90" percentile) per-user intake of "
Phytrol’rM by the total population was 1390.00 mg/person/day (35.00 g/kg body weight/day) from
ready to eat cereals and 1060.00 mg/person/day (26.70 mg/kg body weight/day) from ready to drink
fruit drink mixtures. Estimates of the mean user and heavy consumer intake of Phytrol™ by the total
population from the consumption of bars and smoothies were less significant (< 783 mg/person/day)

but similar.

As with the total population, ready to eat cereals and ready to drink fruit drink mixtures made the
most significant contributions to the mean per-user intake of Phytrol™ in most individual population
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( v_,ab ‘,__s_"f‘2-1 to 2- 6 and Tables 3 1 to 3 6) Male teenagers :(aged 12 to 19) consummg ready
o eat cereals expenenced the hlghest per-user mtake of PhytrolTM 1120 00 mg/person/day (19 00
mg/kg body welght/day) However on a per kllo oramm body weig ght ba515 mfants (age 0 to 2)
' G e highes ser PhytrolTM 1ntak:"of 31 50
 consumer (90 percentlle) per-u
: v t/day were reported in male teenagers and

“Only 73 1nd1v1dua1s within-the total population were considered to be consumers of smoothies
it d w1th Phytrol"‘M Of Wthh 43 consumers were determmed to be chlldren between the
v of 310 11. Mean and 90th percentlle mtake esnmates based on sample sxzes of less than 30 and
N ‘ ‘svt'really rehable due to 11m1ted sampling size (LSRO, 1995). As such estimates of

i :the 1ntake of PhytrolTM ‘based on the consumption of smoothies by some individual population

a groups are 11kely unreliable.

- This type of methodology is generally considered to be “Worst-case’ in terms of potential intake as
v a result of several conservative assumptions made in estimating consumption. For example, it is
' :assumed all food products within a food category contain Phytrol™ at the maximum specified level
~of use. In addition, the length of a dietary survey can affect the accuracy of estimates of
R consumptlon for individual users. Short term surveys, e.g., 1 or 2-day surveys, are well known to
' overestimate consumptlon of food products that are consumed on a relatively infrequent-basis.
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SECTION 1

Representative USDA CSF II 1994-1996, 1998 Food Codes for
Ready to Eat Cereals, Bars, Fruit Drinks, and Smoothie Beverages

it e
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Ready' -To-Eat Cereals

Extruded (0.6 g Phytrol™ per 27 g serving size)

[Phytrol™] =222 %

57000000
57000050
57000100
57100100
57101000
57101020
57101500
57103000
57103020
57103050
57103100
57103400
57103450
57104000
57106250
57107000
57109000
57110000
57117000
57117500
57119000
57119500
57120000
57123000
57124000
57124200
57124500
57125000
57125900
57126000
57126500
57127000
57128000
57128880

Cereal, NFS

rui Drinks, and Smo
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Kashi Cereal, Not Specified as to Ready-to-eat or Cooked

Oat Cereal, NFS

Cereal, Ready-to-eat, NFS

All-bran Cereal

All Bran Cereal with Extra Fibre
Almond Delight Cereal

Alpha-bits Cereal

Alpha-bits with Marshmallows Cereal
Amaranth Flakes Cereal
Apple Cinnamon Cheerios
Apple Cinnamon Oh’s Cereal
Apple Cinnamon Rice Krispies Cereal

Apple Jacks Cereal

Berry Berry Kix

Booberry Cereal

Body Buddies Cereal, Natural Fruit Flavor
Bran Buds Cereal '

Cap’n Crunch Cereal

Christmas Crunch

Cap’n Crunch’s Crunch Berries Cereal

Cap’n Crunch’s Deep Sea Crunch Cereal
Cap'n Crunch’s Peanut Butter Crunch Cereal
Cheerios

Chex Cereal, NFS

Chocolate flavored Frosted puffed corn Cereal

P e e A

~ Cinnamon Grahams Cereal, Gereral Mills

Cinnamon Toast Crunch Cereal
Clusters Cereal

Cocoa Krispies Cereal

Cocoa Blasts Cereal, Quaker

Cocoa Pebbles Cereal

Cocoa Puffs Cereal

Common Sense Oat Bran Cereal, Plain
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57128900

57130000

57131000
57132000
57134000
57134090
57135000
57137000
57138000
57139000
57144000
57148000
57148500
57151000
57205260
57206700
57211000
57212100
57213000
57213800
57213850
57214100
57215000
57218000
57219000
57220000
57221000
57221600
57221700
57221800
57223000
57223200
57224000
57231000
57232120
57235600
57237000
57237100
57237300
57238000
57239000
57239100
57240100
57241000
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Cemmon Sense Oat Bran Cereal, with Raisins
Cookie-crisp Cereal (Includes All Flavors)
Crunchy Bran Cereal

Corn Chex Cereal

Corn Flakes, NFS (Includes Store Brands)
Corn Flakes, Low Sodium

Com Flakes, Kellogg

Corn Puffs Cereal

Corn Total Cereal

Count Chocula Cereal

Crisp Crunch Cereal

Crispix Cereal

Crispy Brown Rice Cereal

Crispy Rice Cereal

Double Dip Crunch, Kellogg's

Fibre One Cereal '

Frankenberry Cereal :
French Toast Crunch Cereal, Gereral Mills
Froot Loops Cereal

Frosted Bran, Kellogg'’s
Frosted Cheerios Cereal
Frosted Wheat Bites

Frosty O’s Cereal

Frosted Rice Krispies Cereal -
Fruit 'N Fibre Cereal, NFS
Fruit 'N Fibre Cereal, with Apples and Cinnamon

Fruit 'N Fibre Cereal, with Dates, Raisins, and Walnuts

Fruit and fibre Cereal with Peach, Raisin, Almond and Oat Clusters
Fruit Rings, NFS (Includes Store Brands)

Fruit Whirls Cereal

Fruity Pebbles Cereal

Fruity Yummy Mummy Cereal

Golden Grahams Cereal

Grape-nut Flakes

Healthy Choice Multi-grain Flakes Cereal, Kellogg's
Heartwise with Fruit Nuggets Cereal

Honey Bran Cereal

Honey Bunches of Oats Cereal

Honey Bunches of Oats with Almonds, Post -
Honeycomb Cereal, Plain '
Honeycomb Cereal, Strawberry

Honey Crunch Corn Flakes Cereal, Kellogg’s
Honey Nut Chex Cereal

Honey Nut Cheerios
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57241200
57243000
57243870
57301100
57301500
57302100
57303100
57305100
57305150
57305170
57305180
57305200
57305500
57305600
57306100
57306120
57306500
57306700
57306800
57307100
57307150
57307500
57307550
57308220
57308400
57308410
57312100
57315000
57316100
57316200
57316300
57316700
57316710
57316750
57317200
57322500
57323000

57323050

57323200
57325000
57327450
57328000

- 57335530
57335550

'&AIMsTﬂmomé
Honey Nut Shredded Wheat Cereal, Post
Honey Smacks Cereal
Jenny O’s
Kabbom Cereal
Kashi, Puffed
King Vitamin Cereal
Kix Cereal )
Lucky Charms Cereal
Frosted Oat Cereal with Marshmallows
Malt-o-meal Coco-Roos Cereal
Malt-meal Corn Bursts Cereal
Malt-o-meal Crisp Rice Cereal
Malt-o-meal Honey and Nut Toasty O’s Cereal
Malt-o-meal marshmallow mateys Cereal
Malt-o-meal puffed rice Cereal
Malt-o-meal puffed wheat Cereal
Malt-o-meal Sugar Puffs Cereal
Malt-o-meal Toasted Oat Cereal
Malt-o-meal Tootie Fruities (Rte Cereal)
Fruity Marshmallow Krispies Cereal
Marshmallow Safari Cereal, Quaker ——— ="
Millet, Puffed (Cereal)
Mini Buns Cereal (Cinnamon)
Strawberry Muesli w/pecans & raisins Ralston
Multi-Grain Cherrios
Multi-Grain Cherrios Plus Cereal
Nutri-grain Biscuits, Shredded Wheat Cereal
Nutri-grain Wheat Cereal
Nutri-grain Almond Raisin Cereal
Nutty Nuggets (Ralston)
Oat Bran Flakes, Health Valley
Oh's, Crunchy Nut Cereal
Oh's, Honey Graham Cereal
Oh’s Fruitangy Cereal
Oat Flakes Cereal, Post
Oreo’s Cereal, Post
Popeye Cereal
Sweet Puffs Cereal, Quaker
Pop Tarts Crunch Cereal
Product 19 Cereal
Quaker Oat Bran Cereal
Quisp Cereal
Razzle Dazzle Rice Krispies Cereal
Reese's Peanut Butter Puffs Cereal
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57336000
57337000
57339000
57339500
57340000
57340200
57340210
57342500
57344000
57344050
57344100
57346200
57346500
57347000
57348000
57349000
57349010
57350000
57352000
57353000
57354000
57355000
57401100
57402000
57402600
57402610
57403100
57404100
57406100
57406200
57407100
57409100
57410000
57411000
57416000
57416010
57417000
57417500
57418000
57418200
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Rice Chex Cereal

Rice Flakes, NFS

Rice Krispies Cereal

Rice Krispies Treats Cereal (Kellogg's)
Puffed Rice Cereal '
Ripple Crisp Golden Corn

Ripple Crisp Honey Bran Cereal, General Mills
S*'mores Crunch Cereal

Special K Cereal

Spider-man Cereal, Ralston

Sprinkle Sprangle Cereal

Sun Crunchers Cereal, General Mills
Toasted Oatmeal, Honey Nut (Quaker)
Corn Pops Cereal

Frosted Comn Flakes, NFS

Frosted Flakes, Kellogg

Cocoa Frosted Flakes Cereal, Kellogg's
Frosted Flakes, Ralston Purina
Sugar-sparkled Flakes
Sugar-sparkled Rice Krinkles Cereal
Sun Flakes Cereal

Super Golden Crisp Cereal
Tasteeos Cereal

Team Cereal
Temptations Cereal, French Vanilla Almond Kellogg's

Temptations Cereal, Honey Roasted Pecan, Kellogg's
Toasties, Post '
Toasty O's Cereal

Total Cereal

Triples (Rte Cereal)

Trix Cereal

Waffle Crisp Cereal, Post

Weetabix Whole Wheat Cereal

Wheat Chex Cereal

Puffed Wheat Cereal, Plain

Wheat, Puffed, presweetened w/sugar
Shredded Wheat, 100%

Shredded Wheat with Oat Bran (Rte Cereal)

Wheaties Cereal
Wheaties Cereal, Honey Frosted (Formerly Wheaties Honey Gold)

Flake (0.6 g Phytrol™ per 49 g serving size)

[Phytrol™] =122 %
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57102000
57103500
57105000
57106050
57106100
57106530
57111000
57112000
57143000

sl W-<aTaY2Y2Y

J/104UUU
57205250
57206000
57206800
57207000
57208000
57209000
57210100
57214000
57216000
57217000
57222500
57225000
57227000
57228000
57229000
57229500
57230000
57231200
57231250
57232100
57232110
57233000
57234000
57235000
57240000
57244000
57245000
57304100
57308150
57308160
57308170
57308180

57308190

Alpen Cereal

Apple Cinnamon Squares Cereal
Apple Raisin Crisp Cereal

Banana Nut Crunch Cereal, Post
Basic 4 (Rte Cereal)

Blueberry Morning, Post

Bran Chex Cereal

Branola Cereal

Cracklin’ Oat Bran Cereal

Crispy Wheats'n Raisins Cereal
Double Chex Cereal

Familia Cereal

Fiber 7 Flakes Cereal, Health Valley
40% Bran Flakes, NFS

40% Bran Flakes, Kellogg

Natural Bran Flakes Cereal, Post

40+ Bran Flakes Cereal

Frosted Mini-wheats Cereal (Includes All Flavors)
Frosted Rice Cereal, NFS

Frosted Rice Krinkles Cereal

Fruit Wheats Cereal

Golden Harvest Proteinola Cereal
Granola, NFS

Granola, Homemade

Granola, Lowfat, Kellogg’s ,
Granola W/Raisins, Lowfat, Kellogg's
Grape-nuts Cereal
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Great Grains, Raisins, Date & Pecan, Whole Grain Cereal, Post

Great Grains Double Pecan Whole Grain Cereal, Post
Healthy Choice Almond Crunch Cereal W/Raisins
Healthy Choice Multi-Grain Squares, Kellogg's
Heartland Natural Cereal, Plain

Heartland Natural Cereal, with Raisins

Heartland Natural Cereal, with Coconut

Honey Graham Chex Cereal

Just Right Cereal

Just Right with Raisins, Dates, and Nuts Cereal

Life Cereal (Plain and Cinnamon)

Mueslix Bran Muesli Cereal(includes Mueslix, NFS)
Muesli with Raisins, Walnuts, and Cranberries
Muesli with Raisins, Peaches and Pecans

Mueslix Five Grain Muesli Cereal

Muesli with Raisins, Dates, and Almonds
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57308200
57308210
57308300
57308900
57309100
57310000
57311000

57311700

57311800
57316400
57316410
57316450

57316500 -

57317000
57318000
57319000
57319500
57320500
57321000
57321500
57327500
57329000
57330000
57330500
57331000
57332000
57332050
57332100
57332300
57333000
57334000
57335500

- 57341000
57347500

57408100
57412000
57413000
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Mueslix Golden Crunch Cereal

Muesli, with Apples and Almonds, Ralston Purina
Multi Bran Chex

Natural Muesli, Jenny's Cuisine

Nature Valley Granola, with Fruit and Nuts

Nature Valley Granola, with Cinnamon and Raisins
Nature Valley Granola, Toasted Oat Mixture

Nu System Cuisine Toasted Grain Circles Cereal
Nut and Honey Crunch Flakes Cereal

QOatmeal Crisp (Rte Cereal)

Apple Cinnamon Oatmeal Crisp Cereal (Oatmeal Crisp w/Apples)
Oatmeal Crisp w/Almonds Cereal

Oatmeal Raisin Crisp Cereal

Oat Flakes, Fortified

100% Bran Cereal

100% Natural Cereal, Plain

Sun Country 100% Natural Granola, with Almonds

100% Natural Cereal, w/Qats, Honey & Raisins, Quaker

100% Natural Cereal, with Raisins and Dates

100% Natural Wholegrain Cereal w/Ralsms Lowfat Quaker
Quaker Oat Squares Cereal e

Raisin Bran Cereal, NFS

Raisin Bran Cereal, Kellogg

Raisin Bran Cereal, Nutri/system

Raisin Bran Cereal, Post

Raisin Bran Cereal, Ralston Purina

Raisin Bran, Total

Raisin Nut Bran Cereal

Super Raisin Bran, New Morning

Raisin Grape-nuts Cereal

Raisin Life Cereal

Raisin Squares Mini -Wheats Cereal (formerly Raisin Squares)
Shredded Wheat N’ Bran Cereal

Strawberry Squares Cereal

- Uncle Sam's Hi Fibre Cereal

Wheat Germ Cereal, Plain
Wheat Germ Cereal, with Sugar and Honey
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Bars

(0.6 g Phytrol™ per 48 g bar)

[Phytrol™] =125 %

41435010
41435110
41435200
41460010
53540000
53540100
53540200
53540500
53542100
53543100
53544100
53544200
53544220
53544250
53544300
53544400

4

High Protein Bar, Soy Base

High Protein Bar, Candy-like, Soy and Milk Base
High Protein Bar, Cookie Type, Soy and Milk Base
High-protein Wafers

Breakfast Bar, NFS

Breakfast Bar, Cake-like

Breakfast Bar, Cereal Crust, with Fruit Filling
Breakfast Bar, Date, with Yogurt Coating

Granola Bar with Oats, Sugar, Raisins, Coconut
Granola Bar with Peanuts, Oats, Sugar, Wheat Germ
Granola Bar, with Nougat

Granola Bar, Chocolate-coated

Granola Bar with Nuts, Chocolate-coated

Granola Bar, Coated with Nonchocolate Coating
Granola Bar, High Fibre, Yogurt Coating, Not Choc
Granola Bars, with Rice Cereal
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Fruit Drinks
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(0.6 g Phytrol™ per 9.5 F1 0z)

Phytrol™ = 0.214 %

92510110
92510120
92510150
92510200
92510220
92510310
92510410
92510610
92510630
92510650
92510720
92510730
92510810
92510820
92510910
92510950
92511010
92511020
92511110
92511200
92511220
92511230
92511240
92511250

92511260

92511270
92511280
92511290
92511310
92511340
92511400
92511510
92530110
92530210
92530310
92530410
92530510

Apple Drink

Apple-Cherry Drink

Apple Juice Drink

Apple-Orange-Pineapple Juice Drink
Apricot-Pineapple Juice Drink

Banana-Orange Drink

Black Cherry Drink

Fruit Drink (Includes Fruit Punch and Fruit Ade)
Fruit Juice Drink, NFS | ' '
Tamarind Drink, P.R. (Refresco De Tamarindo)
Fruit Punch, Made with Fruit Juice and Soda
Fruit Punch, Made with Soda, Fruit Juice and Sherbet
Grapeade and Grape Drink e
Grape Juice Drink

Grapefruit Juice Drink

Guava Drink

Lemonade

Lemon-Limeade

Limeade

Orange-Mango Juice Drink

Orange Drink

Orange-Apricot Juice Drink

Orange-Lemon Drink

Citrus Fruit Juice Drink (60% fruit juice)
Orange-Cranberry Juice Drink

Orange-Peach Juice Drink
Orange-Grape-Banana Juice Drink

' Papaya Juice Drink

Pineapple-Grapefruit Juice Drink
Pineapple-Orange Juice Drink
Raspberry-Flavored Drink
Strawberry-Flavored Drink

Apple Drink With Vitamin C Added

Black Cherry Drink With Vitamin C Added
Cherry Drink With Vitamin C Added

Citrus Drink With Vitamin C Added
Cranberry Juice Drink With Vitamin C Added

1-8
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92530520

92530610
92530710
92530810
92530840
92530910
92531010
92531020
92531110
92531120
92531150
92531210
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Cranberry-Apple Juice Drink With Vitamin C Added

Fruit Punch, Fruit Drinks, or Fruitades With Vitamin C Added
Grape Drink With Vitamin C Added

Grapefruit Juice Drink With Vitamin C Added

Guava Juice Drink With Vitamin C Added

Lemonade With Vitamin C Added

Orange Drink and Orangeade With Vitamin C Added

Orange Breakfast Drink, From Frozen Concentrate
Pineapple-Grapefruit Juice Drink With Vitamin C Added
Pineapple-Orange Juice Drink With Vitamin C Added
Pineapple-Orange-Grapefiuit Juice Drink with Vitamin C Added
Strawberry-Flavored Drink With Vitamin C Added

Smoothie Beverages

(0.6 g Phytrol™ per 9.5 fl 0z)

Phytrol™=0.214 %

11551050
11551100
11552200
11553000
11553100
11560000
11560020
11560100
11560110

Milk Fruit Drink (Includes Licuado). ™ =

Milk Fruit Drink, Hispanic Style

Milk-based Fruit Drink (Includes Orange Julius)

Fruit Smoothie drink, w/fruit and dairy products

Fruit Smoothie drink, NFS

Choc-flavored Drink, Whey-&milk-based (includes Y00-hoo)
Milk Drink, Whey&milk-base, Not Chocolate(Includes Y00-hoo)
Flav Milk Drink,skim Milk&cream-based,not Choc

Chocolate Flav Milk Drink, Skim Milk and Cream-based

1-9
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" Table 2-1 Estimated Daily Phytrol Intake From The Consumption of Various Food Products By Infants Aged 0 to 2
Years Within The United States

Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category of Total :
Users Mean 90th Percentile ~ Mean 90th Percentile
(mg) (mg) (mg) (mg)

Baked goods.and baking mixes
Bars 39 116 . 10.00 n/a 258.00 463.00

Beverages and beverage bases

Fruit Drink 20.1 632 81.60 268.00 405.00 803.00

Mixtures and
Blends (Ready to
Drink)

i .
Smoothies 0.1 7 0.14; wa 125.00 261.00

Breakfast cereals

Cereals 48.6 1543 196.00 622.00 404.00 799.00 .

(Ready to Eat)
(extruded and flaked)
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~ Table 2-2 Estimated Daily Phytrol Intake From The Consum"pti’bn of Various Food Products By Children Aged 3 To 11
: Within The United States

Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category of Total
Users Mean 90th Percentile Mean 90th Percentile
(mg) ___(mg) (mg) (mg)

Baked goods and baking mixes

Bars 6.4 356 . 18.20 n/a 284.00 500.00

Beverages and beverage bases

Fruit Drink 37.2 2293 172.00 541.00 464.00 862.00
Mixtures and
Blends (Ready to
Drink)

Smoothies - 0.8 48 3.20: n/a 412.00 1040.00

Breakfast cereals

Cereals 69.2 4367 494.00 - 1150.00 715.00 1330.00

(Ready to Eat)
(extruded and flaked)

2-2



M CANT

| T Lod  Ld L L ond Lnd  Ledd bdd led ed edd Leed A

HEALTH SCIENCES INTERNATIONAL

" Table 2-3 Estimated Daily Phytrol Intake From The Consumption of Various Food Products By Female Teenagers

Aged 12 To 19 Within The United States

Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category of Total
Users Mean 90th Percentile Mean 90th Percentile
(mg) (mg) (mg) (mg)

Baked goods and baking mixes

Bars 6.2 37 . 20.20 n/a 327.00 463.00

Beverages and beverage bases

Fruit Drink 304 213 168.00 531.00 551.00 1060.00
Mixtures and ’

Blends (Ready to
Drink)

Smoothies 0.5 3 o 2.83% n/a © 604.00 769.00

Breakfast cereals

Cereals 46.7 320 342.00 999.00 - 732.00 1330.00
(Ready to Eat) :
(extruded and flaked)
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~ Table 2-4 Estimated Daily Phytrol Intake From The Consumption of Various Food Products By Male Teenagers Aged
12 To 19 Within The United States

Food Food Product % Users  Actual# All-Person Consumption Per-User Consumption
Category ' of Total :
Users Mean 90th Percentile Mean 90th Percentile
(mg) (mg) (mg) (mg)

Baked goods and baking mixes

Bars . 43 31 1470 . n/a 340.00 538.00

Beverages and beverage bases

Fruit Drink 24.2 175 185.00 ' 751.00 ’ 765.00 1590.00
Mixtures and .

Blends (Ready to
Drink)

“Smoothies 0.3 2 1.89"’2 n/a ©561.00 561.00

Breakfast cereals

Cereals 45.1 325 503.00 1490.00 1120.00 2090.00
(Ready to Eat)

(extruded and flaked)

| | 24
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" Table 2-5 Estimated Daily Phytrol Intake From The Consumption of Various Food Products By Female Adults Aged 20
Years And Up Within The United States

Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category of Total '
Users Mean 90th Percentile Mean 90th Percentile
(mg) (mg) (mg) (mg)

Baked goods and baking mixes

Bars 3.0 120 . 997 wa 32900 538.00

Beverages and beverage bases

Fruit Drink 13.7 653 68.10 265.00 497.00 929.00
Mixtures and

Blends (Ready to
Drink)

Smoothies 02 9 103, n/a © 501.00 770.00

Breakfast cereals

Cereals 349 1627 223.00 733.00 638.00 1180.00
(Ready to Eat) ' :
(extruded and flaked)

2-5
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~ Table 2-6 Estimated Daily Phytrol Intake From The Consumption of Various Food Products By Male Adults Aged 20
Years And Up Within The United States

Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category _ of Total
Users Mean 90th Percentile Mean 90th Percentile
(mg) (mg) (mg) (mg)

Baked goods and baking mixes

Bars 2.6 109 11.30 n/a 426.00 806.00

Beverages and beverage bases

Fruit Drink 14.4 T 661 97.00 383.00 671.00 1200.00
Mixtures and

Blends (Ready to
Drink)

Smoothies 0.1 4 - 071 n/a - 627.00 1040.00

Breakfast cereals

Cereals 30.8 1599 277.00 1010.00 900.00 1670.00
(Ready to Eat)

(extruded and flaked)
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Table 2-7 Estimated Daily Phytrol Intake From The Consumptlon of Various Food Products For The Total U.S.
Population (All Ages) Within The United States

Food Food Product % Users  Actunal # All-Person Consumption Per-User Consumption
Category ‘ of Total
Users Mean 90th Percentile Mean 90th Percentile
(mg) (mg) (mg) (mg)

Baked goods and baking mixes

Bars 3.6 769 - 12.40 n/a 341.00 538.00

Beverages and beverage bases

Fruit Drink 18.8 4627 105.00 398.00 555.00 1060.00
Mixtures and '
Blends (Ready to
Drink)

Smoothies 0.3 73 1.31} n/a 494.00 783.00

Breakfast cereals

Cereals 39.8 9781 299.00 966.00 751.00 13%0.00
(Ready to Eat) '
(extruded and flaked)
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v ] ‘ Estimated Daily per Kilogram Body Weight Phytrol™ Intake Resulting from the
'Consumption of Ready to Eat Cereals, Bars, Fruit Drinks, and Smoothie Beverages by
] - Different Population Groups Within the United States
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" Table 3-1 Estimated Daily Per Kilogram Body Weight Phytrol Intake From The Consumption of Various Food
Products By Infants Aged 0 to 2 Years Within The United States

Food Food Product % Users  Actual # All-Person Consumption | Per-User Consumption
Category : of Total
Users Mean 90th Percentile Mean 90th Percentile
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

Baked goods and baking mixes

Bars 39 116 0.80 n/a 20.40 . 35.30

Beverages and beverage bases

Fruit Drink 20.1 632 6.40 22.80 31.80 68.40
Mixtures and

Blends (Ready to
Drink)

Smoothies 0.1 7 0.01! na 10.40 21.10

Breakfast cereals

Cereals 48.6 1543 15.30 45.80 31.50 61.40
(Ready to Eat)

(extruded and flaked)
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Table 3-2 Fetlmated Daily Per Kilogram Body Weight Phytrol Intake From The Consumption of Various Food

Products By Children Aged 3To 11 Within The U ited States

Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category of Total
‘ Users Mean 90th Percentile Mean 90th Percentile
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Baked goods and baking mixes
Bars 6.4 356 . 0.75 n/a 11.60 20.50

Beverages and beverage bases

Fruit Drink 37.2 2293 7.14 23.40 19.20 ‘ 3740

Mixtures and
Rlandc Maadvy ta

APICIRUD LANCAUY W

Drink)
| ,
Smoothies 0.8 48 , 0. 14;:. n/a 18.70 . 40.50
Breakfast cereals
Cereals 69.2 4367 20.20 48.60 29.30 55.40

Maady ta Hat)
\aRaay W Lavy

(extruded and flaked)
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" Table 3-3 Estimated Daily Per Kilogram Body Weight Phytrol Intake From The Consumption of Various Food

Products By Female Teenagers Aged 12 To 19 Within The United States

Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category : of Total '
Users Mean 90th Percentile Mean 90th Percentile
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

Baked goods and baking mixes

Bars 6.2 37 - 0.38 n/a 6.11 10.90

Beverages and beverage bases

Fruit Drink 304 213 . 3.08 10.10 10.10 17.80
Mixtures and :
Blends (Ready to
Drink)

Smoothies 0.5 3 0.05 " oh 11.20 14.40

Breakfast cereals

Cereals 46.7 320 6.42 18.20 13.70 24.00
(Ready to Eat) :
(extruded and flaked)
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" Table 3-4 Estimated Daily Per Kilogram Body Weight Phytrol Intake From The Consumption of Various Food
Products By Male Teenagers Aged 12 To 19 Within The United States

Food Food Product % Users  Actual # All-Person Consumption ' Per-User Consumption
Category of Total
| Users Mean 90th Percentile Mean 90th Percentile
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

Baked goods and baking mixes
Bars 43 31 g 028 nfa 6.37 12.70

Beverages and beverage bases

Fruit Drink 24.2 175 293 11.10 12.10 25.60
Mixtures and
Blends (Ready to
Drink)

Smoothies 0.3 2 0.04 | n/a | 1050 10.80

Breakfast cereals

Cereals 45.1 325 8.55 26.00 19.00 34.80
(Ready to Eat) ’ »
(extruded and flaked)

3.4
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Table 3-5 Estimated Daily Per Kilogram Body Weight Phytrol Intake From The Consumption of Various Food
Products By Female Adults Aged 20 Years And Up Within The United States
Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category ’ : of Total : A
Users Mean 90th Percentile Mean 90th Perceitile
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Baked goods and baking mixes
Bars 30 120 - 0.16 na 5.25 9.68
Beverages and beverage bases
Fruit Drink 13.7 653 1.03 3.80 7.55 14.80
Mixtures and :
Blends (Ready to
Drink)
Smoothies 0.2 9 0.02 . n/a 831 12.20
Breakfast cereals
Cereals 349 1627 3.49 11.50 10.00 19.40
(Ready to Eat)
(extruded and flaked)
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Table 3-6 Estimated Daily Per Kilogram Body Weight Phytrol Intake From The Consumption of Various Food
Products By Male Adults Aged 20 Years And Up Within The United States

Food Food Product % Users  Actual # All-Person Consumption Per-User Consumption
Category of Total
Users Mean 90th Percentile Mean 90th Perceftile
(ng/kg) (mg/kg) (mg/kg) (mg/kg)

Baked goods and baking mixes

Bars - 2.6 109 - 0.14 n/a 5.14 9.39

Beverages and beverage bases

Fruit Drink 144 661 122 4.19 8.44 15.80
Mixtures and

Blends (Ready to
Drink)

Smoothies 0l 4 001 na " 9.19 1660

Breakfast cereals

Cereals 30.8 1599 345 12.40 11.20 21.30
(Ready to Eat) '
(extruded and flaked)
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Table 3-7 Estimated Dally Per Kilogram Body Weight Phytrol Intake From The Consumption of Varlous Food
Products For The Total U.S. Population (All Ages) Within The United States

Food Food Product % Users  Actual # All-Person Consumption - Per-User Consumption
Category of Total
Users Mean 90th Percentile ~ Mean 90th Percentile
(mg/kg) _(mg/kg) (mg/kg) (mg/kg)

‘Baked goods and baking mixes

Bars 3.6 769 - 0.28 . n/a 7.57 14.90

Beverages and beverage bases

Fruit Drink 18.8 4627 2.36 771 12.50 26.70
Mixtures and

Blends (Ready to
Drink)

Smoothies 0.3 73 0.03' n/a 12.90 18.80

Breakfast cereals

Cereals 39.8 9781 6.65 20.80 16.70 35.00
(Ready to Eat)

(extruded and flaked)

3-7
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AN EXPERT OPINION STATEMENT

GRAS Status of Reducol™ (Phytrol™) Phytosterols Used as an Ingredient

of Cereals, Food Bars, Fruit Drinks and Smoothie Beverages

The undersigned, an independent recognized expert (hereinafter referred to as Expert), qualified
by scientific training and relevant national and international experience to evaluate the safety of
food and food ingredients, was requested by Novartis Consumer Health, Inc. on behalf of Altus
Foods Co. to determine the Generally Recognized as Sa}fe (GRAS). status of the use of Reducol™

" in Cereals, Food Bars, Fruit Drinks and Smoothie Beverages. These products are to be

manufactured and marketed by Altus Foods Co., a joint venture between Novartis Consumer

Health, Inc. and Quaker Oats Company.

Reducol™, originally named Phytrol™, is a tall-oil derived mixture of non-esterified phytosterols

and stanols and would be incorporated as an ingredient in Cereals, Food Bars, Fruit Drinks and e
Smoothie Beverages at a concentration sufficient to provide a total of 1.8 grams phytosterols and
stanols obtained daily through consumption of three servings from among the products (0.6

grams/serving), for the purpose of helping to maintain normal cholesterol blood levels.

Reducol™ is currentlybmanufactured by Forbes Medi-Tech, Inc. at the Quest facility in Houston
Texas. Its use in a vegetable oil-based spread product at a level up to 12% has been previously
determined to be GRAS by Novartis Consumer Health, Inc. Novartis Consumer Health, Inc. |
subsequently submitted to FDA a notification ‘(GRNB 9) that it had determined that Reducol™
(then termed Phytrol™) phytosterols are GRAS for use in vegetable oil spreads. The FDA -
completed a review of the Novartis notification and on April 24, 2000 replied that it had no

questions at that time regarding Novartis” determination.

Subsequent to Novartis’ GRAS determination and FDA review of their notification, the
manufacture of Reducol™ was relocated to the Quest facility in Houston, Texas. This resulted in
a change in ReducolTM’s proﬁle of constituent phytosterols and necessitated a change in product
specifications to accommodate a somewhat hlgher range of sitosterol content and lower ranges of

content for sitostanol, campesterol and campestanol. The Quest manufacturing process and
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resultant Reducol™ composition were reassessed by the Expert Panel originally requested by
Novartis to evaluate PhyTrolTM’s GRAS status for use in a vegetable oil-based spread. The Panel,

of which this Expert was a member concluded that the change in manufacture and component

spemﬁcanons were 1nconsequent1al with respect to safety and physmloglc propertles and that

Reducol™, as manufactured at the Quest facility, continues to be GRAS when used in a

vegetable oil-based spread at the level previously established.

In conduéting the assessment of the GRAS status of the use of Reducol™ in the Altus Foods Co.
products, this Expért had available and considered the information and data made available -
during the previous considerations of Phytrol™’s GRAS status for use in a vegetable oil-based
spread. A report by CANTOX U.S. INC. providing detailed information regarding Cereals,

Food Bars, Fruit Drinks and Smoothie Beverages product compositions, intended and estimated

. consumer exposures, as well as, summary safety information facilitated the work of this Expert.

In this regard, FDA’s recent publication of an Interim Final Rule which authorized, with certain
conditions, the use of a‘ coronary heart disease health claim for plant sterol esters and plant stanol
esters was considered relevant to this review. The Interim Final Rule, which is currently
undergoing a comment period, authorizes the health claim for several product forms wherein a
single product serving contains at least 0.65 grams of plant sterol esters or 1.7 grams of plant
sténol esters. FDA did not raise safety concerns regarding consumer exposure to plant sterols
and stanols arising through possible use of multiple products in which they may be incorporated.
FDA’s position is considered consistent with and supporting the safety and effectiveness of
consuming phytosterols and stanols for the purpoée of maintaining healthy cholesterol blood
levels. Attention is drawn to the consistency of the proposed use of Reducol™ in the Altus

Foods Co. products with that authorized by FDA'’s health claim regulation.

With respect to critical evaluation of consumer exposure, this Expert considered the
mahufactur_ers’ recommendation for daily product intake to represent best the intended
conditions of use of the product. The recommended consumption of up to three servings from
among the Cereals, Food Bars, Fruit Drinks and Smoothie Beverages products, providing a total

of 1.8 grams of Reducol™ phytosterols and stanols, was determined to be similar with the intake

associated with the recommended use of Reducol™ in a vegetable oil-based spread, as well as,

similar in amount to other currently marketed products containing added phytosterols and

stanols. While formal intake estimations based on data for Cereals, Food Bars, Fruit Drinks and -

Smoothie Beverage usage reported in the USDA CSFII surveys for 1989-1991 as well as more
: ' 2
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‘recently for 1994-1996 were provided, the Expert found them to be of limited statisticél

reliability owing to the very small number (N) of users represented for certain product

below, values projected for mean and 90™ pefcentile daily intake of Reducol™ among all users |

categories, particularly for Food Bars and Smoothie Beverages. Nevertheless, as tabulated

of the individual pfoducts, based on the CSFII surveys, were comparable to or less than the 1.8

grams derived from recommended product use.

Table 1:

and Smoothie Beverage Users

Projected Daily Reducol™ Intake Among Cereals, Food Bars, Fruit Drinks

Intake Amount (gram Reducol™/day)

1994-1996 CSFII

Per Label 1989-1991 CSFII
.Product and Reducol™ ™) - Mean 90" % ™) Mean 905 o
content per :
Serving size _
Food Bars (150) 0.291 0.538 (769) 0.341 0.538
0.62/48g 18 o
Fruit Drinks 3 cervi (1851) 0.35 0.700 (4627) 0.555 1.060
0.6g/9.5 fluid ounces ( sf:v:gs g
Smoothies among (26) 0.294 0.388 (73) 0.494 0.783
0.6g/9.5 fluid ounces product)
Cereals, (6451) 0.573 1.110. (9781) 0.751 1.390
laked: | | | -
0.6g/49 grams
Extruded:
0.6g/27 grams

The composition of Reducol™ phytosterols and _stahbls to be incorporated into the Cereals, Food

Bars, Fruit Drinks and Smoothie Beverage products was determined to be the same as that
incorporated into the vegetable oil-based spread and which has been determined by Novartis

Consumer Health, Inc. to be GRAS. Following critical evaluation, no factors were identified

which would suggest incorporation of Reducol™ into Cereals, Food Bars, Fruit Drinks and

Smoothie Beverage products would materially alter its physiologic properties and effectiveness

or create new or intensify previous safety considerations, including those regarding vitamin and

nutrient availability.
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* Based on the critical evaluations discussed above and consistent with the authorized uses of

phylosterols granted by FDA’s Interim Final Rule (sée above discussion), this Expert has

~ concluded that Reducol™ is generally recognized a safe (GRAS) by scientific procedures when

uscd in Cereals, Food Bars, Fruit Drinks and Smoothie Beverages for the purpose of helping to
maintain a healthy cholesterol blood level, providing it is used in accordance with current good

manufacturing practice (21 CFR § 182,1(b)) in an amount to provide 0.6 grams phytosterols and

~ phytostanols per serving.

7 7
W. Gary Flamm, Ph.D., FA.C.T., FATS.
President, Flamm Associates '
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Analytical Services

Phytrol Content in Smoothie Drinks — Modified to include Internal

Principle Extraction / Silylation / Capillary Gaschromatography

Reference solution

Internal Standard Stock for Reference Solution (IS-R): Weigh 80 mg 5-a-cholestane
(Internal Standard) into a 25 mL volumetric flask. Dissolve in pyridine. Dilute to volume with
pyridine. Mix thoroughly. '

Reference Solution Preparation: Accurately weigh 15 mg phytrol reference substance into a
10 ml reaction vial. Pipette 2 mL internal stock standard solution (IS-R) into this reaction
vial. Add 600 pl of BSTFA (1) and 1 ml pyridine. Close the reaction vial tightly and warm to
90 °C for 1 hour. Cool to room temperature and transfer. the solution quantitatively with small
portions of toluene into a 10 ml volumetric flask. Dilute to volume with toluene.

Sample solution
Internal Standard Stock for Sample Solution (IS-S): Weigh 80 mg 5-a-cholestane (Internal

Standard) into a 50 mL volumetric flask. Dissolve in toluene. Dilute to volume with toluene.
Mix thoroughly.

Sample Solution Preparation; Accurately weight an amount of sample corresponding to 15
mg phytrol in a erlenmeyer flask. Pipette 4 mL of internal stock standard solution (IS-S) to the
sample. Add 50 ml of toluene and 50 ml distilled water. Close the erlenmeyer flask with a
stopper and stirr (magnetic stirrer) for 15 minutes. Transfer the mixture quantitatively into a
separatory funnel and separate the layers. Extract the aqueous phase with 40 mi Toluene
and unify the toluene layers in a second separatory funnel. Reject the aqueous layer. Wash
the unified toluene layers twice with 20 ml distilled water and once with 20 mi sodium
chloride solution (saturated). Add approx. 5 g of Na2SO4 sicc. and filter (glass frit/vacuum)
the toluene extract quantitatively into a 250 ml round bottomned flask. Rinse the separatory
funnel and the NaSO4 sicc. with small quantities of toluene. Evaporate to dryness on rotary
evaporator at 50 °C.

Dissolve the dry residue in 3 ml pyridine and transfer the solution with small quantities

(3 x 1 ml) of toluene quantitatively into a 10 ml reaction vial. Add 600 ! of BSTFA(1), close
the reaction vial tightly and warm to 90 °C for 1 hour. Cool to room temperature and transfer
the solution quantitatively with small portions of toluene into a 10 ml volumetric flask. Dilute
to volume with toluene.

Remark: (1) N,O-Bis(trimethylsilyl)trifluoroacetamide

Capillary Gaschromatography (Conditions)

Column Fused Silica, 5 % phenyl- / 95 % methylpolysiloxane 0,25 pm,
length: 25 m, internal diameter: 0,25 mm (e.g. Optima 5,
Machery Nagel, Oensingen, Switzerland)

Autosampler Met.hyod Injected Volume:1.0 pi, split ratio =100:1
Carrier | Helium, 40 cm/ s

Detector Parameters Detector FID




g

Heated Zones

Oven Program

Calculation

A
SAg
PT
10

Range: 1 o
Time Constant:200
Auto Zero: ON

Injector 275 °C
Detector 340 °C

Initial Temp.: 230 °C

Equlibration Time: 2.0 min

Initial Hold: 1.00 min

Equilibration Time: 2.0 min _ ,
Ramp: 3.0 °C/min to 300 °C, hold for 6 min

g Phytrol / 100 g = (Pr X ZA71)/( ZAg x Pr x 10)

weight of reference substance in mg _

sum of peak areas of the sterols in the sample solution
sum of peak areas of the sterols in the reference solution
weight of sample in g

conversion factor to g/100 g
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1 .' Effects on serum lipids, lipoproteins and fat soluble antioxidant

concentrations of consumption frequency of margarines and
shortenings enriched with plant stanol esters

J Plat'*;, ENM van Onselen!, MMA van Heugten! and RP Mensink!

‘Department of Human Bislogy, Maastricht University, Maastricht, The Netherlands

Objective: To examine in humas the offects on scrum lipids, lipoproteins and fat-soluble antioxidants of a daily
consumption of 2.5 g plant gtanols, consumed cither once per day at lunch of divided over the three meals.
Design: A randomized, double-blind, placebo-controlled, cross-over design.

Subfects: Thirty-nine healthy normocholesterolemic or mildly hypercholesterolemic subjects participated.
Interventions; Each subject consumed in random order; no plant stanols; 2.5 g plant stanols at lunch; and 2.5 g

~ plarii gidnols divided over the three meals (0.42 g at broakfast, 0.84 g at lunch and 1,25 g st dinncr, which is

proportional to dietary cholcsterof intake). Each period lasted 4 weeks. Plant stanols were esterified with farty
scids from low erucic rapcseed oil (LEAR) and incorporated into margarines or shortenings,

Results: Consumption of 2.5g plent stanols st lunch results in a similer low-density lipoprotein (LDL)-
cholestcrol-lowering efficacy compared to consumption of 2.5 g plant stanols divided over the three mcals

{~0.29 mmol/1 compared with the control period (P < 0.001; 95% CI, ~0.19 to —0.39 mmol/1) for the once per

day diet and ~0.31 mmol/] (P < 0.001; 95% CI, —0.20 to —D.41 mmol/I)) for the three times per day period).
High-density Lipoprotein (HDL) cholesterol and triacylglycerol concentrations did not change. After standardi-
zation for LDL cholesterol, the sum of the most lipophylic hydrocarbon carotenoids (ie a-carotene, S-carotene
and lycopene) in particular was slightly, though not significantly, lowered by ~0,017 + 0.018 pmol/mmol LDL
cholesterol (P==0.307) after the once per day period and by —0.032 + 0,016 umol/mmol LDL cholestezol
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(P=0.049) after the three times per day period..

Conclngions: Our findings suggest that for lowering LDL cholesterol concentrations it is not nccessary to
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consume products rich in plant stanol cster at each meal or sitnultaneously with dictary cholesterol.

Sponsorship: Raisio Group, Raisjo, Finland.

Descriptors: plant stanols; consumption frequency; diet; serum lipids; serum lipoproteins; fat-soluble anti-

axidants

European Journal of Clinical Nutrition (2000) 54, 671677

Introduction

Plant stanols are useful hypocholesterolemic agents since a
daily intake of 2~3 g lowers LDL cholestero] concentra-
tiong by 10—15% as found in various populations (Wester,
1999; Law, 2000). The proposed mechanism is that plant
stanols reduce the micellar solubility of cholesterol and
consequently lower intestinal absorption of both exogenous
and endogenous cholesterol (Heinemann et al, 1991). This
suggesta that plant stanol esters should be consumed at cach
meal to obtain 2 maximal cholestercl-lowering effect.
However, consuming plant stanol esters at lunch and
dinner only (Weststrate & Meijer, 1998) showed a decrease
in LDL cholesterol comparable to that when consumed
three times daily (Miettinen e? al, 1995; Plat & Mensink,
2000). This suggests that plant stanols are active in the
intestinal tract for at least a few hours. It has, however,
never systematically been evaluated whether the efficacy of
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plant stanols to lower serum LDL cholesterol depends on’
consumption frequency.

- The main purpose of the present study therefore was to
examine in a normocholesterolemic and mildly hyperchel-
esterolemic population the effects on serum lipids and
lipoproteins of a margarine and shortening enriched with
plant stanol esters, consumed three times per day, vs an
equal dose of plant stanol esters, consumed once per day.
Also effects on plasma fat soluble antioxidant concentra-
tions were evaluated, as thess may be affected by con-
sumption of plant sterol and stanol esters (Weststrate &
Meijer, 1998; Gylling & Miettinen, 1999).

Methods

Subjects :
Forty-three subjects from Maastricht and surrounding areas
applied for the study. Twenty-six of these volunteers had
participated in a previous study on the cffects of plant
stanol esters on serum lipids and lipoproteins (Plat &
Mengink, 2000), while the others were recruited via posters
in public buildings. Subjects were invited for a screcning
visit to see if they met our eligibility eriteria: age 1865y,
fasting serum tatal cholestercl concentration < 6.5 mmol/1
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(251 mg/dl), fasting serum ftriacylglycerol concentration
< 3.0mmol/]), body mass index <30kg/m?, digstolic

blood pressure < 95mmHg, ~systolic blood pressur--

e < 160mmHg, no presence of proteinuria or glucosuris,
no use of medication or a diet known to sffect serum lipids,
and no history of coronary heart disease. Volunteers had
not donated blood at least 4 weeks before or during this
trial, and did not participate in another biomedical study.
All subjects gave their written informed consent before the
start of the study. A population of nommocholestero-
Iemic and mildly hypercholesterolemic subjects was used,
since the serum cholesterol lowering efficacy of plant
stanol esters—expressed 2 a percentage—does not
depend on initial serum LDL cholesterol concentrations
(Wester, 1999; Law, 2000). Hypercholesterolemic subjects
were not included, as many of these patients have a history

. of cardiovascular disease, or use medication or a diet

known to affect serum lipids, which were all exclusion
criteria. '

One subject was excluded for a serum total cholesterol
concentration >6.5 mmol/l and two subjects decided not to
participate. Consequently, the study started with 40 volun-
tecrs, One subject dropped out during the first week,
because she could not combine the study protocol with
her lifestyle. The remaining 39 volunteers, 28 women and
11 men, completed the study successfully. These partici-
pants were 31 4+ 14y of age (mean £ s.d,) and had 8 body
mass index of 22.7 + 2.6kg/m?, Before the study started,
mean serum tota] cholesterol anid triacylglycerol concentrs-
tions were 4.74 + 0.85:mmol/] (range 2.83—6.28 mmol/1)
and 0.99 + 0.39mmol/l (range 0.39-1.84mmol/l) in
women and 4.94 + 89mmol/l (range 3.37-6.15 mmol/1)

and 097 £ 0.53 mmol/l (raoge 0.44-2.02mmol/l) in

men. Seventeen women had cholesterol concentrations
below 5.0 mmol/l (normocholesterolemic) and 11 women
had cholesterol concentrations between 5.0 and 6.5 mmol/1
(mildly hypercholesterolemic). For men, these figures were
seven and four, respectively. One man and three women
smoked cigarettes, 19 women used oral contraceptives and
one womap was postmenopausal.

Design and diets

The study, which was approved by the Medica] Ethics
Committee of Maastricht University, had a double-blind,
placebo-gontrolled cross-over design (Figure 1). Each sub-
ject received three different diets for 4 weeks in one of the
six possible treatment orders. There was no washout period
between the three different dietary periods. Before the start

—
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B Comtrel ] Once peraay § Three times per day

rt

tweeks
0 8 4

Tt
7 8

Figure 1 Experimenta{ desiga of the swdy.
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of the study, the subjects were randomly allocated to one of
the six groups. The participants were instructed to maintain
their customary lifestyles and home diets throughout the
study. During the study, they recorded in disries any
symptoms, visits to physicians, medication used, menstrual
phase, alcohol use and any deviation from the protocol,
Body weight was recorded weekly.

During the study, the subjects were required to replace at
breakfast and at lunch their habitual margarines for an
experimental margarine of which, at breakfast 10 and at
lunch 20 g, had to be consumed. Withisi 1k after dinner,
each participant also had to eat a cake or cookie, which
contsined 10 g of an experimental shortening. These cakes
and cockies were prepared every week by a local bakery
especially for thie study. To control fat and fatty acid intake
as much ag possible, each participant also received during
each period a shortening without plant stanol esters that had
to be used for baking and cooking,

One experimental margarine contained 4.2 g/100 g plant
stanols as its fatty acid (low plant stanol ester margarine),
and another margarine 12.5 2/100 g (high plant stanocl ester
margarine). The plant stanol concentration in the experi-
mental shortening was 12.5g/100g. Products provided

during the control period did not contain any plant stanol

esters. ..
The mixture of vegetable oil and pinewood-derived
plant stanols contzined approximately 76% sitostanol and
24% campestanol, Sitostanol was prepared from S-sito-
sterol and stigmasterol, and campestanol from campesterol,
both by hydrogenation. Free sitostanol and campestanol
were transesterified with rapeseed oil fatty acids, forming
fat-soluble sitostanol and campestanol esters. The plant

garines and shortening. The plant stanol esters were added
to the experimental margarines at the expense of water and
to the experimental shortening at the expense of absorbable
fats. All the margarines and shortenings were prepared
from low erucic acid rapeseed oil (LEAR) and contained
68% (margarines), 99% (control shortening) or 86%
(experimental shortening) absorbable fats. All margarines
and the shortening were fortified with normal amounts of

vitamin A and D, S-Carotene was used as a coloring agent, -

while vitamin E was present as a natural compound. The
margarites and shortenings were produced and provided by
the Raisio Group, Raisio, Finland.

At a daily intake of 10g margarine at breakfast, 20g
margarine at lunch, and 10g shortening incorporated into
the cakes and cookies after dinner, the aimed plant stano!
intake during the experimental periods was 2.5g. The
distribution of plant stanol intake over the day, however,
was different (Figure 2). During the once per day period the
2.5 g of plant stanols were consumed once per day at lunch,
while during the three times per day period the plant stanols
were provided in amounts proportional to cholesterol intake
(Ministeries van Welzijn, Volksgezondheid en Cultuur en
van Landbouw, Namurbeheer en Visserij, 1993). Thus,

0.42 g plant stanols were consumed at breakfast, 0.84 g at

lunch and 1.25 g at dinner.

The volunteers had o come at least once a week to the
Department to receive 2 new supply of products. The
experimental margarines were given in color-labeled tubs,
which contained 75 g margarine (breakfast) or 145 g mar-
garine (lunch), The cookies or ceke: were provided in
similarly color-labeled bags. The tubs and the bags pro-
vided margarine, cakes and cookies for one week. Parts of

stano! esters were then mixed with the experimental mar-
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Breakfast Lunch Dinner
10 g control | | 20 g control eontrel control
-Control | margarine margarine | { shonening caks or
. cockie
10 o contre! 20 g stanci control oontrol
Once magrgarri'ne margarine | | shortening |1 eske or
per day (high) cookle
Three [1ogstand| {20gstanol control take or
times margerine |- | margarine ghorlening | | cookie with
(fow) (low) slanols
per day
low concantration atanoi margarine: 4.2 g stanols /100 g
high concentration stanol margarine: 12.5 g gtanals /100 g
cake of cackis with stanola: 1.26 g stanois /piece

Figure 2 Digiribution of plant stagol intake over the day.

all experimental products that were left over at the end of
the week had to be returned and were weighed back to

calculate the' cofisumption of the experimental margarines
and shortening for that week. The shortening without plant -

stanol esters was packed in a tub of 200 g, which could be
used for more than one week.

During the last week of cach period, the participants had
to fill in a food frequency questionnaire about their eating
habits of the previous 4 weeks, in order to estimate their

" energy and nutrient intakes. Details of the food frequency

questionnaire have been published before (Plat & Mensink,
2000). A dietician immediately checked the questionnaires
in presence of the subject, for completeness and incon-
sistencies, Food intake was divided over breakfast, between
breakfast and Junch (moming snacks), lunch, afternoon
snacks, dinner and evening 8nacks. Composition of the
diets was calculated as described befote (Plat & Mensink,

2000).

Blood sampling

‘Blood was sampled after an ovemnight fast and after

abstinence from drinking alcohol the preceding day and

- smoking on the morning before blood sampling. All veni-

-punctures were performed by the same person, at the same

location and approximately at the same time of the day. No
blood was sampled on Mondays. Blood was sampled once
at the beginning of the study (day 1) and twice at the end of
each dietary period (weeks 3 and 4, 7 and 8, 11 and 12).
A 10ml clotting tube was always sampled (CORVAC,
integrated serum seperator tube, Sherwood Medical Com-
pany, St Louis, MO, USA). Serum was obtained by low-
gpeed centrifugation at 2000 g for 1Smin at4°C, atleast 1 h
after venipuncture, and then immediately stored in small
portions at —80°C, Serum was used for lipids and lipopro-
tein analysis. At weeks 0, 4, 8 and 12 blood was also
sampled using a 10ml EDTA tube (Sherwood Medical,
Monoject). Plasma was prepared from EDTA blood by
centrifuging at 2000 g for 30min at 4°C. Aliquots were

" ep-frozen and stored directly at —80°C for analysis of

- «atioxidants, Serum and EDTA blood were also used for

analysis of parameters for liver and kidney function, C-
resctive protein concentrations and hematological para-
meters. These parameters were not affected by the diets
(Plat & Mensink, 1999). :

23572 P.S
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Chemical analysis _

All samples from one subject were analyzed in the same
analytical sun for total and HDL cholesterol and triscylgly-
cerol concentrations as described before (Plat & Mensink,
2000). The coefficients of variation within runs were 1.9%
for scrum total cholesterol 2.0% for HDL cholesterol and
3.4% for triacylglycerol. LDL cholesterol concentrations
were calculated using the Friedewald equation (Friedewald
et al, 1972).

Plasma concentrations of tocopherols (a-tocopherol,
é-tocopherol, B+ y-tocopherol), several carotenoids (z-car-
otene, fS-carotene, lycopene, lutein/zeaxanthin, B-cryptox-
anthin and phytofluene) and retinol were determined
simultancously, as described (Hess et al, 1991; Oostenbrug
et al, 1997). Briefty, plasma samples were extracted twice
with hexane, while retinylacetate was used as internal
standard. Antioxidant concentrations were deternmined by
reversed-phase  high-pressure  liquid  chromatography
(HPLC). Samples from one subject of weeks 3, § and 12
were analyzed in the same analytical run. The mean
recovery of retinylacetate was 96.0 £ 7.9%,

Statistical analysis ‘

The data were analyzed with the General Linear Models
(GLM) procedure of the SAS program (SAS Institute Inc.,
1985). For each subject, lipid and lipoprotein concentra-
tions of weeks 3 and 4, of 7 and 8, and of weeks 11 and 12
were first averaged. The model t0 examine diet effects
included subject, diet, period, carry-over effect and diet x
sex as independent variables. Since the carry-over effect,
period aud the dietx sex interaction tenin never reached
statistical significance, these terms were subsequently

~-omitted" from~the model, Thus the final model included

subject and dict, When the analysis indicated a significant
effect of diet (P <0.05), the Tukey method was used to
compare the diets pairwise. All values are presented as their

means + standard deviations (3.d.), except in Figure 3, in -

which values are presented as means + s.c.

Resuits

Dietary intakes and body weight
Table 1 shows the estimated daily plant sterol and stanol
intakes, as derived from the experimental margarines and
shortenings. As expected, total intskes of plant stanols
during the once per day diet (2468 + 173 mg) and during
the three times per day diet (2456 + 121 mg) were signifi-
cantly higher than those during the control diet (P < 0.001).
Total plant stanol (P=0.672) and sitostanol (P=0.578)
intake was similar during the once per day period and the
three times per day period, The slightly higher campestanol
intake of 23mg or 4%, during the once per day period,
compared to the three times per day period, was significant
(P <0.,001). This difference was due to a slight difference
in the sitostanol/campestano] ratio of the plant stanol ester
mixmnures used for the preparation of the low and the high
stanol ester margarines,

The daily energy intake and the proportion of cnergy
from the macronutrients and alcohol, as well as cholesterol

and fiber consumption, were essentially the same during the

three periods of the study. Slight, statistically significant,
differences existed in the intakes of fatty acids. This was
mainly due to the slightly lower absorbable fat content of
the stanol ester shortening compared with the control

shortening,

87
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g Table 1  Estimated daily intake of plant sterols and plant stanols, energy and nutrients, during the three different diets®
Control period Once per day period Three times per day period
o Toul plant sterols (mg)® 228+ ¢4 2729 4 199 2682 % l46¥
R Of which plant stanols (ng) 00 2468 4 173* 2456 + 121*
Sitosterol (mg) 2422 132 4 22¢ 123 4 21
Sitostanol (mg) _ 00 1867 £ 131¢ 1879 + 92¢
Campesterol (mg) Bl+15 97 + {5¢ 82 £ 15°
Campestanol (mg) 040 601 & 42% 578 & 28+t
Energy (M) 110+ 24 111425 110+ 24
Fat (energy¥) 383444 389+ 4l 3824 4.3
SAFA 133+19 128418 135420
MUFA 162422 164+ 2.1 157420
PUFA T4+ 13 77110 71512
Livoleic acid 57+ L1 6009 55+ 1.1t
a-Linolenic acid 13402 1302 11102t
Cholesterol (mg/MJ) 21445 21459 21t a5
Protein (energy%) 1294 1.5 127415 26314
Carbolrydrates (energy%) 458+ 1.2 4614 4.8 457453
Alcohol (energy%) 1.9+ 1.8 164 14 1.8+ 19
Fiber (mg/MJ) 2.4+ 0.5 25405 25+ 05

*Values are meana 4 s.d. Thirty-ninc subjects consumed no plant stanols (control period), 2.5 g plant stanols once s day (at
lunch), or 2.5 g plant stanolz divided over three meals (042 g at breakfast, 0.84 g at junch and 1,25 g at dinner), Each period
lasted .4 weeks, All plant stanols were mansesterified with rapesecd oil fatty acids and were administered ss its fatty acid

eaters.

“Estimatod plant sterol and stanol intake as derived from the experimental margarines and shortcnings, Dietary intakes were
calculated from food frequency lists filled in during thc last week of each period. SAFA: saturatcd fatty acids; MUFA:
monounsaturated fatty acids; PUFA: polyunsaturated fatty scids. ‘ .

*P < 0.001 compared with the control peried. **P < 0.01 compared with die control period,

1P <0.001 compared with the onee per day period. *P < 0,04 compared with the once per day period.

buring the control i:eriod, mean estimated. daily mar-
garine intake at brealdfast was 10.1 + 0.6 g, and at lunch
was 18.8 £ 1.8 g, while the estimated shortening incorpor-

‘ated into the cakes and cookies consumed afier dinner was

9.6 + 0.8 g. For the once per day period, these values were

" respectively 10.1 + 0.6, 19.3 + 1.4 and 9.6 + 0.8 g, and for
-~ the three times per day period respectively 10.2 1 0.6,

18.8 1+ 1.7 and 9.6 £ 0.6g. Table 2 shows the estimated
plant stanol intakes as derived from the margarines and
shortening, as well as the cholesterol intakes as divided
over breakfast, lunch and dinner, which were all as antici-
pated. The cakes or cookies prepared with the experimental
shortenings were consumed approximately 22 + 20min
after dinner with no difference between the three periods.

During the different periods of the study, changes in-

body weight were marginal. At the start of the study mean
body weight was 64.5 £ 10kg for women and 75.2 + 9kg
for men. At the end of the control period body weight was
64.7 £ 10kg for women and 75.7 + 9kg for men and at the
end of the once per day diet and the three times per day
diet, mean body weights were 64.2 + 10 and 64.5 1+ 10kg
for women and 75.3 £ 9 and 75.7 + 9kg for men, respec-
tively. These values were not significantly different
(P=10.982 for the diet of diet for women and P=0.993
for men).

Table 2 Plant stanol aud cholesterol intakes st “breakfast, lunch and,

" dinoer during the three differefit diets" .

Breakfass Lunch Dinner
Corgrol Period
Total plant stanols® (mg) 00+ 00 00£00 00400
Cholestero! (mg) 40 4 31 46+ 27 1224+ 36

- Onceperdayperiod. . .

. Tota] plant stanols (mg} 00£00 2468+173¢ 00400
Cholesterof (mg) 341 34 S0+ 38 [19+ 41
Three imes per day period
Total plant stanols (mg) 436+ 26*7 806+ 73%T 1215 4 697
Cholesterol (mg) 38+ 32 444 32 113438
*See Table 1.

®Estimated plant stanol intake as derived from the experimeats] margerines

and shortenings.
*P < 0,001 comparcd with the control period.

P < 0.001 compared with the once per day period.

Serum lipids and lipoproteins

Table 3 shows that plant stanol ester consumption once &
day lowered serum total cholestere] concentrations by
0.32mmol/l or 12mg/dl compared with the control
period, 2 reduction of 6.3% + 6.2% (P < 0.001; 95% con-

fidence interval (CI), —0.20 to —0.44 mmol/I). Consumnp-
tion of a similar amount of plant stanol esters, distributed

Table 3 Peating lipid and lipoprotein concentrations st the end of the three different diets®

Control period Oncee per day period Three times per day period
Total cholesterol 5,02 + 0.88 4.70 1 0.35* 4,694 091*
LDL cholesterol 3.04 4-0.86 2.74 % 0.81 2.73 & 0R7*
HDL cholesterol. 1.50 £ 0.39 148 1 041 1.49 4 0.37
Triscylglycerol 1.05 4 0.44 1.06 £ 045 1.02 £ 0.43
Total to HDL cholesterol ratio 36415 34+ 144 344 140

*See Tablc 1. Concentrations ate expresacd in mmol/l, except for the total choleaterol to HDL cholestercl ratio. To convert

vaiyes for total, HDL and LDL cholcsterol to milligrams
trizcylglycerols to milligrams per deciliter, multiply by 88.54.

per desiliter, multiply by 38.67. To convent values for

*P «0,00] comparcd with the control period. ¥ < 0,01 compared with the control pericd.
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over the day with the three meals, lowered total cholesterol
concentrations by 0.33 mmol/1 or 13 mg/dl, a reduction of
6.6%  7.8% compared with the control period (P < 0.001;
95% CI, ~0.21 to —0.45mmol/l). The difference of
0.0! mmol/l for total cholesterol between the omce per
day period and the threc times per day period was not
significant (P = 0.808; 95% CI, ~0.11 to - 0.13 mmol/l).

Effects of plant stanol esters on serum total cholesterol
were mainly caused by effects on serum LDL cholesterol
which were, compared with the control period, significantly
decregsed by 0.29mmol/l or 12mg/dl (~9.4% + 9.1%,;
P < 0001; 95% CI, =0.19 to —0.39 mmol/1) after the once
per day period and with 0.31mmol/l or }12mp/dl
(~10.4% £ 11.9%; P<0.001; 95% CI-0.20 to ~0.41
mmol/l) after the three times per day period. As for total
cholosterol, the difference of 0.02 mmol/1 for LDL choles-
terol concentrations between the once per day period and
the three times per day period was not significantly differ-
ent (P=0.764; 95% CI,—0.09 to+0.11 mmol/l). Serum
HDL cholesterol and triacylglycerol concentrations were
not changed by the diets. Thercfore, the total to HDL

cholesterol ratios. were significantly lower at the end of

the once per day period (3.4 % 1.4; P=0.002) and at the
end of the three times per day period (3.4 3 1.3;
P <0.,001), compared to the control diet (3.6 £ 1.5).

Fat soluble antioxidants

- Consumption of plant stanol esters, cither once or three

times a day, significantly lowered absolute &-tocopherol

and f-carotene  concentrations (Table 4). The reduced

lycopene snd B-cryptoxanthin concentrations nearly
reached significance after the once per day period
(P=0.044 and 0.032, respectively), while concentrations
of both antioxidants were significantly lower after the throe

" times per day period (both-£=0.001).-In addition, during

P.7
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the three times per day period also phytofluene (P = 0.008),
and f+y tocopherol (£=0.007) concentrations were sig-
nificantly decreased, and changes in lutein/zcaxanthin
concentrations nearly reached significance (P=0,023).
Retinol concentrations were not affected by plant stanol
ester consumption,

Although differences between the once and the three
times per day period never reached statistical significance,
changes for all antioxidants studied were more pronounced
after the three times per day period. Also, changes were
larger for the sum of the less polar hydrocarbon carotenoids
(ie w-carotene, B-carotene and lycopene) compared with
reductions for the sum of the more polar oxygenated
carotenoids (jc lutein/zeaxanthin and S-cryptoxanthin)
and the sum of the tocopherols, which are more polar
than the carotenoids.

After standardization of the antioxidant concentrations
for LDL cholesterol (Table §), none of the antioxidant
concentrations was significantly different from the con-
centrations at the end of the control period. Changes in LDL
cholesterol standardized hydrocarbon carotenoids were
still slightly negative on the once per dsy diet
(—0.017 & 0.018 umol/mmo! LDL cholesterol; P==0.307)
and ~0.032 + 0.016 umol/mmol LDL cholesterol (P=
0.049) on the three times per day diet. In contrast, after
standardization for LDL cholesterol, changes were slightly
positive for the oxygenated carotenoids and the tocopherols

(Fi_gure 3). e

Discussion

Many studies have demonstrated that plant stanol esters,
when consumed three times 2 day with each meal (Mietti-
nen et al, 1995; Gylling et al, 1997; Plat & Mensink, 2000)

or twice a day at lunch and dinner (Weststrate & Meijer, .

Table 4 Retinol and fat soluble antjoxidsnt conconirations a¢ the end of the throe différent dicts®

Control periad Once per day perlod Three fimes per day period
Retinol 212+ 041 2.10 + 0.38 2141 04!
&-Tocapheral 021 +0.16 0.18 + 0.08 017 £ 007
§+v-Tocopherol 267+ 1.06 258+ 095 2.32 4 0.80"
#-Tocop) 24,40 4 4,19 2332 +3.78¢ 2258+ 3.50°
Phytofluenc 037+ 0,16 0344021 - 0.32 3 020"
Lutsin/zcsxanthin 043 £ 0.15 0.41£012 040+ 0.13
B-Cryptoxanthin 0.33 £0.12 0311014 030+ 0.14'
Lycopenc 0722 0.28 0.64 £ 0.27 0.60 4 0.28°
a-Carotone 0.05 = 0.04 0.04 + 0.03 0.04 £ 0,03
p-Carotene 032+ 0.8 0.26 & 0.13* 0.25 1 0.13*

*Sce Table I, Concentrations are expressed in pmol/l, exccpt for phytofluene, which is expressed in mV*min/yl

(amplificstion 100),

*P < 0.00! a8 compared with the control period. 12 < 0,01 as compared with the controf pericd.

Table 5 LDL cholesterol standardizcd antioxidant concentrations at the cad of the three different diets®

Conrol period Once per day period Three times per day peviod

d-Tocopherol 0,07 & 0.04 0.07 £ 0.03 0.07 + 0.03

B +y-Tocopherol 092 +0.32 0.96 £ 0.32 051 4 0.36

a-Tocopherol 8.68 £+ 2.30 8911232 9,05 & 2.51

Fhytofluene 0.13 % 0.06 0.14 £ 0.08 0.12 % 0.08
Lutein/zeaxanthin 0.15 + 0.08 0.16 &+ 0,07 0.16 % 0.07
B-Cryptoxsnthin 0.12 £ 0.06 0.13 3 0,08 0,13 £ 0.08

_ Lysopsoe 0.25 £ 0.11 0.2 & 0.12 023+ 0.1
- a-Carotene 0.02 4 0.02 0.02 £ 0.02 0.02 & 0.02
B-Carotene 0.12 £ 0.07 0.10 + 0.07 0.10 % 0.07

*Sce Table {, Concentrations are expressed in Lmol/mmol LDL choleaterol, except for phytofluenc which is expressed in

mV¥min/nmol LDL cholesterol (amplification 100).
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Figure 3 Percentage changes of LDL cholesterol standardized plasma
hydrocarbon carotenoid, oxygenated carotennid and tocopherol concentra-
tions (wmol/mmol LDL cholcsterol) at the end of the once per day period
and the three times per day period, both compared with the concentrations
at the end of the control period (means + s.e.). Hydrocarbon carotenoids
were caloulsted as the sum of f-carotene, a-corotene sod lycopene,
oxygenated carotenoids as the sum of lutein/zcaxanthin and S-cryptox-
aqthin, and tocopherols as the sum of a~tocophcrol, £+ p-tocophers! and
d-tocopherol.

-~y

1998), lower serum total and LDL cholesterol concentra-
tions. We have now demonstrated that a daily intake of -

2.5 g plant stanols as its fatty acid esters, either consumed
once per day (at Junch) or divided over three meals (0.4 g at
- breakfast, 0.8 g at lunch and 1.2 g at dinner), resulted in a
similar decrease in serum total and LDL cholesterol. The
_.amount of plant stanols-in the latter period was divided
over the three meals in such a way that the largest intake
was at dinner and the lowest intake at breakfast, This
differentiation is largely in correspondence with the dis-
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25-30% of the sitostanol is still in the intcstinal tract after

- one day, However, when rats were fed 0.5% cholesterol and
~ 0.5% sitostanol (W/W) for 18 days, the daily fecal excre-

tion of sitostanol showed a recovery of approximately
100% (Sugano er al, 1977). This implies that in rats, at
least within 18 days, a steady stalc was reached and
sitostanol intake equaled sitostano] excretion. This still
does not elucidate whether sitostano! remains in the intest-
inal Jumen, and if s0, in which part, or in the enterocytes. It
also does not answer the question of how long plant stanols
are active in the intestine. Studics with caco-2 cells have

addressed the question whether micellar 4C-labeled sitos-

terol could be taken up in the enterocyte and subsequently
be cxcreted across the basolateral ‘membrane (Field er al,
1997). To our knowledge no such studies with sitostanol
have been published. It appearcd that sitosterol was indeed

associated with the caco-2 cells. It was, however, not-

esterified intracellular and not excreted to the basolateral
medium. This implies that sitosterol can indeed remain in
or can be associated with enterocytes. The functional

significance of these findings, however, iz unknown. Theor-

etically gitosterol could remain associated with the entero-

cytes only temporarily, be released into the lumen after .

several hours, and consequently affect micellar solubility of
intestinal cholesterol at that moment. It can, however, also
be speculated that plant sterols or stanols not only affect
micellar solubility of cholesterol, but have additional

- effects on intestinal lipoprotein metabolism as well.

In this study, serum LDL cholesterol concentrations

““were significantly reduced by 9—10%, when plant stanol |
esters were consumed. In a previous study, also in 8 -

normocholesterolemic and mildly hypercholesterolemic
population, serum LDL cholesterol . concentrations

__mibution of cholesterol intake over the day (Ministeries van_
~==Welzijn, Volksgezondheid en Cultuur en vsn Landbouw, ..

Natuurbeheer en Visserij, 1993; Table 2). Our findings
therefore demonstrate that it is not necessary to consume
plant stano] ester products simultaneously with dietary
cholesterol or with each meal. Thit provides variety and
may increase compliance for potential consumiers, Like in
other studies, serum HDL cholesterol and triacylglycerol
concentrations were not affected. As a result, the total to
HDL cholesterol ratio was significantly lower at the end of
both the once per day and the three times per day period, as
compared with the control period.

The mechanism by which plant stanol esters affect
lipoprotein metabolism and lower serum cholesterol con-
centrations has only partly been elucidated. It is, however,
generally assumed that the intestinal absorption of both
dietary and biliary cholesterol is reduced in the prescnce of
plant stanols, since the micellar solubility of cholesterol is
lowered (Ikeda ef al, 1989). Therefore, it has been sug-
gested that plant sterols, which also lower the micellar
solubility of cholesterol, should be consumed at each
cholesterol-containing meal to achieve an optimal effect
(Martson er al, 1982). However, this suggestion is not

~ supported by our findings. We therefore hypothesize that
plant stanols, or plant stanol esters, remain in the intestinal
lumen or in the enterocytes for a while. Indeed, only 70%
of an orally administered single bolus of '“C labeled

gitostanol to male Wistar rats is found in the feces after

24h (Ikeda & Sugano, 1978). After 2 and 3 days the
cumulative fecal excretions were 90% and 97%, respec-
tively. Thus, when the low absorption of sitostano} into the
circulation (Hassan & Rampone, 1979) is neglected, at least
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decreased by 11~13%, when 3.8 or 4.0 g plant stagols as

its fatty acid esters were consumed (Plat & Mensink, 2000).

Ag already discussed (Mensink & Plat, 1998; Woester,
1999), hardly any additional benefit is obtained when
daily intake of plant stanols exceeds 2.2g.

' Although total fat consumption during the three diet
periods was similar, the fatty acid campositions of the diets
were not entirely comparable. This was due to the slightly
lower absorbable fat content of the stanol ester shortening
compared with the control shortening. However, the mar-
ginal differences in the dietary fatty acid compositions were
too small to have a major impact on serum lipoproteins.
The LDL-cholesterol-lowering effect of the once per day

period might have been overcstimated by 0.02mmol/l

compared with the control period, while the LDL-choles-
terol-lowering effect of the three times per day djet might
have been underestimated by 0.01 and 0.04 mmol/l, when
compared with the control period and the once per day
period, respectively (Mensink & Katan, 1992).
Consumption of 2.5g plant stanols three times a day
significantly lowered most of the carotenoid and tocopherol
isomers studied. In contrast, consumption of & similar
amount of plant stanols once day at lunch only resulted
in reduced ‘absolute a-tocopherol and f-carotenc concen-
trations. In addition, all antioxidants studied showed
slightly lower concentrations at the end of the three times
per day period comparcd with the concentrations at the end
of the once per day period (Tables 4 and 5). These absolute
reductions can be explained largely by a reduced number of
LDL particles in the circulation, which arc major carriers of
the fat-soluble antioxidants. Therefore, the differences were
no longer significant after standardization for LDL choles-
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terol. Furthermore, we have shown that, in particular, the
maost lipophylic hydrocatbon carotencid concentrations (ie
w-carotene, f-carotene and lycopene) were lowered by
plant stanol ester consumption. The mechanism and the
biological significance of these effects, however, remain to
be clucidated.

From our results we conclude that a daily consumption
of 2.5 ¢ plant stanols as fatty acid esters either at lunch or
divided over the threc meals does not affect its serum LDL-
cholesterol-lowering efficacy. This implies that it iz not
necessary to conswme plant stanol esters simultaneously
with dietary cholesterol or with each meal. We therefore
hypothesize that plent stanols, or plant stanol esters, remain
in the intestinal lumen, or possibly in or associated with the

enterocytes. It can also be speculated that plant stanols not

only affect micellar solubility of cholesterol, but have other
intestinal effects on lipoprotein metabolism as well. There-
fore, further research will be neccessary to elucidate the
mechanism by which plant stanols lower LDL cholesterol.
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