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Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5 100 Paint Branch Parkway 
College Park, MD 20740-3835 

Re. Notice of a GRAS Exemption Claim 
for Conjugated Linoleic Acid (CLA)-Rich Oil 

To Whom It May Concern: 

On behalf of Lipid Nutrition B.V. (“Lipid Nutrition”) and Cognis GmbH 
(“Cognis”), we hereby provide the following information pursuant to proposed 21 CFR 
170.36(c)(I) (62 Fed. Reg. 18938, 18961; April 17, 1997): 

GRAS Exemption Claim: Lipid Nutrition and Cognis hereby claim that Conjugated 
Linoleic Acid (CLA)-Rich Oil, intended for use in certain specified foods within the 
general categories of soy milk, meal replacement beverages and bars, milk products and 
fruit juices, at a level of 1.5 g CLA per serving, is exempt from the premarket approval 
requirements of the Federal Food, Drug, and Cosmetic Act because the companies have 
determined that this ingredient is Generally Recognized as Safe (GRAS) for such use, 
using scientific procedures. 

(i) Name and Address of Nottjiers: 
Jaap D Kluifhooft 
Director 
Regulatory Affairs 
Lipid Nutrition B.V. 
P .0  Box 4, 1520 AA Wormerveer 
The Netherlands 
Tel. +31 (0)75 629 2432 
Fax. +3 1 (0)75 629 281 7 

Carsten Quast 
Sr. Manager Regulatory Affairs 
Nutrition & Health - Global R&D 
Cognis GmbH 
Rheinpromenade 140789 Monheim 
Germany 
Tel. +49-2173-4995-119 
Fax. +49-21 I-2006-101 19 

(ii) Common or Usual Name of the Substance: Conjugated Linoleic Acid (CLA)-Rich 
Oil 
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(iii) Applicable Conditions of Use: As an ingredient in certain specified foods within 
the general categories of soy milk, meal replacement beverages and bars, milk products 
and fruit juices, at a level of 1.5 g CLA per serving. 

(iv) Busisfor the GRAS Determination: Scientific procedures. 

(v) Statement of Availubilify: The data and information that are the basis for the GRAS 
determination are available for FDA review and copying at reasonable times at the 
offices of the undersigned, and such data and information will be sent to FDA upon 
request. 

Additional required information, including a comprehensive summary of the data 
relied on to establish safety, is enclosed. Confidential exhibits containing manufacturing 
information from Lipid Nutrition and Cognis are provided separately. 

This is a joint submission by two independent companies and it is requested that 
any formal communications be addressed separately to the two companies at the offices 
of their counsel. 

Counsel for Cognis: Diane C. McEnroe 
Sidley Austin, LLP 
787 Seventh Avenue 
New York, New York 100 19 
Tel. 212-839-5621 
Fax. 212-839-5599 

Counsel for Lipid Nutrition: Daniel R. Dwyer (address above). 

Informal communications (e.g., telephone calls with questions) may be directed either to 
Ms McEnroe or Mr. Dwyer. 

Thank you for your attention to this matter. 

enclosure 
Counsel to Lipid Nutrition B V. 
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GRAS NOTIFICATION FOR CONJUGATED LINOLEIC 
ACID (CLA)-RICH OIL FOR USE IN CERTAIN FOODS 

Pursuant to 62 Fed. Reg. 18938, 18960 (April 17, 1997) (proposed 21 CFR 170.36), Cognis 
GmbH and Lipid Nutrition B V. (the Companies) hereby claim that Conjugated Linoleic Acid 
(CLA)-Rich Oil, intended for use in certain specified foods within the general categories of soy 
milk, meal replacement beverages and bars, milk products and fruit juices, at a level of 1.5 g 
CLA per serving, is exempt from the premarket approval requirements of the Federal Food, 
Drug, and Cosmetic Act because the Companies have determined that this ingredient is 
Generally Recognized as Safe (GRAS) for such use, using scientific procedures (U.S. FDA, 
1997). 

This document accompanies the GRAS exemption claim required by proposed 21 CFR 
170.36(~)(1) and provides the detailed information on general recognition of safety required by 
proposed 21 CFR 170 36(c)(2), (3), and (4). This GRAS determination is based on generally 
available and accepted scientific data, information, methods, and principles, and is corroborated 
by information that is unpublished or otherwise not generally available. The Companies' 
conclusion is supported by the views of a panel of independent experts qualified by scientific 
training and experience to evaluate the safety of substances added to food (Expert Panel). 
Accordingly, this GRAS determination meets the requirements of section 201(s) of the Federal 
Food, Drug, and Cosmetic Act, 21 CFR sections 170.3 and 170.30, and the amendments to 
these rules proposed at 62 Fed. Reg. 18960 (U S. FDA, 1997). 

CLA-Rich Oil is a food grade preparation derived from processed safflower oil. It consists of 
78% total CLA isomers and at least 74% of an approximately 50:50 mixture of os-9,trans-ll 
and trans-I O,ns-12 CLA isomers ("50:50 mixture"). 

In this document, quantities of CLA-Rich Oil (and other CLA-containing formulations) are 
expressed in terms of the quantity of CLA provided by those formulations (not including non- 
CLA ingredients in the formulations), unless stated otherwise. 

Conjugated linoleic acid is the term given to a group of positional and geometric isomers of 
octadecadienoic acid. The conjugated double bonds (1  e., the 2 double bonds are separated by 
1 single bond) can be present in either the CIS or trans configuration and are present 
predominantly in positions 8 and 10, 9 and 11, 10 and 12, or 11 and 13. CLA occurs naturally in 
ruminant products such as beef, lamb, and dairy products due to the bacterial biohydrogenation 
of linoleic acid in the rumen, with the crs-9, trans-I 1 (C18 2 c9 , f l l )  isomer accounting for more 
than 90% of CLA intake in the diet. 

Lipid Nutntion / Cognis GmbH 
July 19, 2007 

000013 1 



This dossier outlines the composition and manufacture of CLA, estimates consumer exposure 
under defined conditions of use, and documents the literature regarding the safety of CLA. It IS 

based on a comprehensive and critical review of all relevant data and information. To ensure 
that all relevant data were reviewed, searches of the published scientific literature were 
performed by Cantox Health Sciences International through February 2007. Medline. 
Agricola, JICSP-EPIus, Biosis Previews@, NTIS, and EMBASE served as the primary sources of 
published literature pertinent to the safety of CLA. 

The Expert Panel consisted of the following individuals qualified by scientific training and 
experience to evaluate the safety of substances added to food: 

Joseph F. Borzelleca, PhD 
Medical College of Virginia 

David M. Klurfeld, PhD 
United States Department of Agriculture 
Agricultural Research Service 

Robert J. Nicolosi, PhD, CNS 
University of Massachusetts Lowell 

Walter H Glinsmann, MD 
Glinsmann, Inc. 

John A. Thomas, PhD 
Indiana University School of Medicine 

In addition, several experts in specialized fields provided advice to the expert panel relevant to 
assessing the safety of CLA. The information provided by these experts is provided in 
Appendix B. 

A detailed summary of the data and information on which this GRAS determination is based is 
provided in the Summary and Conclusions of the Expert Panel, in Section 2.0. 

The data and information summarized in this dossier demonstrate that CLA-Rich Oil, meeting 
appropriate food grade specifications and manufactured in accordance with current good 
manufacturing practice (cGMP), is GRAS, based on scientific procedures, under the conditions 
of intended use in foods, as described herein. 
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This section summarizes a determination by a panel of experts qualified by scientific training 
and experience to evaluate the safety of substances added to food ("Expert Panel") that CLA- 
Rich Oil is generally recognized as safe (GRAS) by scientific procedures for its intended use as 
described herein 

CLA-Rich Oil is a food grade preparation derived from processed safflower oil. It consists of 
approximately 78% total conjugated linoleic acid (CLA) isomers and 74% of an approximately 
5050 mixture of cis-9,trans-I 1 and trans-lO,cis-12 CLA isomers ("5050 mixture"). CIA-Rich 
Oil is intended to be added to certain specified foods within the general categories of soy milk, 
meal replacement beverages and bars, milk products and fruit juices. CIA-Rich Oil would be 
added to these foods at a level of 1.5 g per serving. 

MANUFACTURING AND SPECIFICATIONS 

CIA-Rich Oil is produced in accordance with current good manufacturing practice (cGMP) and 
is free from foreign materials and contamination. The materials and processes used to produce 
the substance are generally considered to be safe and suitable for the production of food 
ingredients. The manufacturing processes are adequately controlled to assure that the resulting 
products consistently meet appropriate food-grade specifications. Batch analyses confirm 
production of a consistent product. 

SCIENTIFIC EVIDENCE OF SAFETY 

CLA occurs naturally in ruminant products such as beef, lamb, and dairy products. The cis- 
9,trans-11 CLA isomer accounts for more than 90% of CLA intake in the diet Human intake of 
CLA in the diet is variable and is estimated at approximately 200 mg/day for adult Americans. 

CLA preparations (e.g., in a 50.50 mixture as well as other isomeric forms) are the subject of 
many in-vitro, animal and human studies. In weighing the evidence of safety, human studies 
were accorded highest priority. The order of priority was: 

1. Well-designed and properly executed human studies using a 5050 mixture, of 
appropriate duration and dose; 

Well-designed and properly executed preclinical studies using a 50.50 mixture in 
appropriate animal models and in-vitro, that considered metabolism, dose dependency 
and mechanism of observed effects, and 

2. 

3. Additional clinical and preclinical data on other isomers, to demonstrate that the totality 
of the evidence has been reviewed. 
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The safety of CLA-Rich Oil is supported by extensive published data: 

1. 

2 

3. 

4. 

5. 

CLA is the subject of 32 clinical studies in which the 5050 mixture of isomers was 
evaluated, of which the following studies are considered pivotal to this GRAS 
determination: Gaullier et al. (2004, 2005, 2007), Larsen et al. (2006), and Whigham et 
al. (2004). All of these studies have been published in peer-reviewed scientific journals. 
A comprehensive revlew of the clinical data demonstrates that consumption of CLA at 
levels of up to 6 g/day for up to 1 year (Larsen and Whigham) and 3.4 g/day for up to 2 
years (Gaullier) is safe and is not associated with any significant adverse effects. 

Animal and human studies demonstrate that CLA is likely to be absorbed across the 
human gastrointestinal tract similarly to cis-9,cis-I 2-linoleic acid, the most common 
linoleic isomer in the diet. The human metabolism of CLA is also similar to that of the 
more common isomer of linoleic acid. 

Subchronic and chronic studies in rats demonstrate that CLA at 2,433 and 2,728 mgkg 
body weightlday for males and females, respectively, for periods of 13 weeks to 18 
months, produce no significant adverse effects. 

Reproductive and developmental toxicity studies in rats and pigs demonstrate a rack of 
adverse effects on maternal food consumption and body weight, litter size, or offspring 
growth and development following exposure to CLA (0.25 to 2% in the diet, equivalent to 
250 to 500 mgkg body weightlday) throughout gestation, lactation, and/or during the 
post-weaning penod. 

In vitro assays demonstrate an absence of mutagenicity or genotoxicity. 

The review of CLA-Rich Oil addressed several issues relevant to a safety assessment for CLA, 
as follows: 

Cardiovascular Disease Risk 

- Lipid Metabolism: A number of studies in humans and animals of CLA (50 50 
mixture) report no evidence of adverse effects on blood lipid parameters. Certain 
studies report statistically significant changes from baseline or control values, but 
these effects are not considered to be clinically significant. We conclude, based 
on the weight of the evidence, that CLA (50 50 mixture) intake does not 
adversely affect lipid parameters associated with CVD risk 

Markers of Inflammation: Human studies using the 50:50 mixture show no effect 
on markers of inflammation related to cardiovascular disease risk. Several 
studies report that the 50:50 mixture does not affect C-reactive protein (CRP) 
levels. One study suggests that a single CLA isomer (tlO,c12) may increase 

- 
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CRP levels, but not with the 50:50 mixture. Neither animal studies nor in-vitro 
studies support suppression of relevant inflammatory markers. Results relating 
to a single isomer are not relevant in assessing the safety of CLA-Rich Oil. We 
conclude, based on the weight of the evidence, that CLA (5050 mixture) intake 
does not adversely affect markers of inflammation. 

Markers of Oxidative Stress: Some increase in isoprostanes following CLA 
intake has been observed in humans. The studies demonstrate that this effect 
was not due to oxidative stress because no markers of such stress other than 
isoprostanes increase with CLA consumption. The observed effect on 
isoprostanes appears to be metabolic: the evidence indicates that CLA 
competes with F2-isoprostanes for the same metabolic pathway, with the 
increase in F2-isoprostane levels being the result of a decrease in F2- 
isoprostane catabolism. We conclude, based on the weight of the evidence, that 
the observed effects on isoprostane levels do not represent a harmful effect of 
CLA (50:50 mixture). 

Endothelial Function. Based on the weight of the evidence representing studies 
in various human population groups, we conclude that CLA (5050 mixture) 
demonstrates no significant adverse effects on endothelial function. 

- 

- 

Insulin Sensitivity and Glucose Metabolism: A number of human studies demonstrate no 
adverse effects of CLA (50:50 mixture) on glucose and insulin after periods of up to 6 
months of CLA consumption at levels of 4 glday. CLA does not affect insulin sensitivity 
in healthy, in overweight, or in obese or sedentary individuals. In one human study, an 
increase in insulin resistance was observed, but this was associated with the 
administration of only the t10,c12 isomer. We conclude, based on the weight of the 
evidence. that the 50:50 mixture of CLA isomers does not increase insulin resistance. 

Maternal Milk Fat: The effect of CLA on milk fat production has been studied in cows. 
rodents and pigs, but these data cannot be relied on as evidence of the effect of CLA on 
lipogenesis in humans due to a different mechanism of mobilization of fat stores during 
lactation in humans. One study in humans showed reduction of milk fat associated with 
CLA, whereas a more recent study from the same authors using the same protocol 
except for the use of higher doses and a larger cohort showed no effect. Based on the 
limited available data, there is no evidence to suggest that the consumption of CLA- 
containing foods by lactating women affects milk fat levels beyond the range of normal 
biological variation. We conclude, based on the weight of the evidence, that CLA (50.50 
mixture) would not be harmful with respect to effects on milk fat levels. 
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ESTIMATED EXPOSURE 

The consumption of CLA from all intended food-uses of CLA-Rich Oil was estimated based on 
FDA's Guidance on Estimating Dietary Intake of Substances in Food (August 2006). This is the 
traditional approach to estimating intake of substances added to food and is based on historical 
consumption of the foods to which CLA-Rich Oil would be added. 

CLA-Rich Oil will be added to foods for specific functional uses. Foods to which this ingredient 
is added will be labeled to disclose to consumers the presence of the ingredient and to provide 
directions and/or other relevant information about the functional uses. The functional uses will 
be a primary reason why consumers will purchase and consume the foods. In addition, such 
foods will be priced at a premium as compared to commodity foods that do not contain CLA 
because of the high cost of CLA-Rich Oil. Thus, foods to which CLA-Rich Oil is added will be 
specially labeled, marketed, and priced to reflect a functional use, and such foods will not be 
labeled, marketed, or priced like commodity foods. 

Because the addition of CLA-Rich Oil will cause a food to be materially different from other 
commodity foods of its type, consumption of CLA-Rich Oil cannot be accurately estimated using 
solely a traditional consumption analysis that is based on historical consumption of the 
commodity foods. Instead, the estimate provided by the traditional analysis must be further 
evaluated by considering how CLA-Rich Oil-containing foods will be consumed for functional 
uses. 

Using a traditional consumption analysis, the estimated mean eaters-only intake of CLA is 1.22 
glpersonlday (24.41 mglkg body weightlday). The 90th percentile eaters-only intake of CLA is 
2.33 glpersonlday (49 65 mg/kg body weightlday). On an individual population basis, the 
estimated highest eaters-only intake of CLA by adults is in males, with a mean value of 1.46 
g/person/day and a 90th percentile value of 3.00 g/person/day. 

These consumption estimates are highly conservative for a number of reasons. In particular, 
they assume that all target foods that could contain CLA-Rich Oil will in fact be formulated with 
CLA-Rich Oil at the maximum level of use. Because CLA-Rich Oil is intended for functional 
uses that will alter the intended use (and price) of the foods to which it is added, it is likely that 
only a small number of the target foods will be formulated with CLA-Rich Oil. 

Consumers who intentionally seek CLA and/or the labeled functional use will be able to select 
these foods based on their labeling. At this time, there is not a daily recommended intake level 
for CLA, but the proposed usage level is 1 5 g CLA per serving so that, if consumers choose to 
do so, they can conveniently obtain 3.0 g CLA by consuming two servings of the target foods. It 
is estimated that two servings of the target foods will be the most likely intake level for 
consumers who seek CLA, and that consumers would be unlikely to exceed this level over a 
long term, for the following reasons 
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As the traditional consumption analysis indicates, consumption of sufficient target foods 
to obtain 3.0 g CLA represents a much higher than average level of intake of these foods 
(a level at or above the 90th percentile level of intake) Also, a recent analysis indicates 
that adult males consume about 1 serving of milk per day and adult females consume 
about 0.7 sewings. Thus, although consumers may seek to supplement their diet with 
CLA and may experience a short period of time of increased intake. it is unlikely that 
they will significantly change their habitual intake levels of the target foods over a long 
period of time. 

The GRAS determination covers a narrow range of foods, i e., a limited number of 
beverages, yogurt, and meal replacement bars. Because there is not a wide variety of 
target foods that could contain CLA-Rich Oil, and because few of the target foods would 
in fact be formulated with CLA-Rich Oil, it would be difficult for many consumers to eat 
more than two servings a day of such foods 

In summary, for consumers who intentionally seek CLA-containing foods, consumption is 
estimated at 3.0 g CLA per day It is possible that consumers who intentionally seek CLA- 
containing foods would eat more than two servings per day for a short time -for example, three 
servings per day would provide 4.5 g CLA. However, long-term consumption at this level is 
unlikely for the reasons discussed above For consumers who consume the target foods based 
on historical intake patterns and who do not intentionally seek CLA, consumption is estimated 
based on 90th percentile intake at 2.33 g/day CLA, ranging up to 3.0 g/day for adult males. 
Estimated intake by children aged 3-11, eaters only, at the 90th percentile, is 1.95 g CLA per 
day. 

SUMMARY AND CONCLUSION 

A large number of published studies - including traditional toxicology studies and extensive 
human trials - have assessed the safety of CLA (50:50 mixture). The weight of the evidence 
strongly supports that this ingredient is safe at the levels used in the pivotal human studies: 
from 3.4 to 6 g CLA per day. These levels of consumption represent the maximum consumed in 
these studies and are not an upper safety limit. These levels of safe consumption indicate that 
the range of high consumption estimates discussed above are safe. 

Based on a critical evaluation of the information summarized in this report, the Expert Panel 
concludes that CLA-Rich Oil, meeting appropriate food grade specifications described herein 
and produced by consistent and current good manufacturing practice, is safe for use as an 
ingredient in food as specified herein at levels of up to 1.5 g CLA per serving, with expected use 
of approximately two servings per day. Further, it is the Panel’s opinion that qualified experts in 
the field would generally recognize that CLA-Rich Oil is safe for its intended use as specified 
herein. The Panel further concludes that CLA-Rich Oil is generally recognized as safe (GRAS) 
for its intended use based on scientific procedures, corroborated by the history of dietary 
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consumption of CLA, within the meaning of the Federal Food, Drug, and Cosmetic Act and FDA 
regulations. 

MEMBERS OF THE EXPERT PANEL. 

Joseph F. Borzelleca, Ph.D. 
Medical College of Virginia 

Robert J. Nicolosi, Ph.D. 
University of Massachusetts Lowell 

Walter H. Glinsmann, M.D. 
Glinsmann. Inc. 

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

David M. Klurfeld, Ph.D. 
United States Department of Agriculture, 
Agricultural Research Service 

Conjugated linoleic acid (CLA) is a naturally occurring zoochemical found primarily in dairy 
products and ruminant tissue. CLA was first discovered about 20 years ago, when Pariza and 
coworkers found that ground beef contains an anti-mutagenic factor that consists of a series of 
conjugated dienoic isomers of linoleic acid (Ha et a/., 1987; Pariza et a/., 2001). The conjugated 
double bonds (!.e., the 2 double bonds are separated by 1 single bond) can be present in either 
the cis or trans configuration and are present predominantly in positions 8 and 10, 9 and 11, 10 
and 12, or 11 and 13. 

CLA occurs naturally in ruminant products such as beef, lamb, and dairy products due to the 
bacterial biohydrogenation of linoleic acid in the rumen, with the cis-9, trans-I 1 (C18:2 c9,tll) 
isomer accounting for more than 90% of CLA intake in the diet (Bhattacharya et a/., 2006). CLA 
production in ruminants depends on the type of animal feed and shows seasonal variation. The 
estimated human intake of CLA from the U.S. diet is approximately 200 mg/day (Ritzenthaler et 
a/., 2001). 

Like many foods, CLA appears to have effects on the structure or function of the body based on 
its nutritive value, and a number of potentially functional effects have been studied for CLA 
consisting of an approximately 5050 mixture of cis-9,trans-I 1 and trans-I O,cis-12 CLA isomers 
(5050 mixture). The CLA-Rich Oil produced by the Companies consists of approximately 78% 
total CLA isomers and 74% of the 5050 mixture. The chemical structures of these isomers are 
shown in Figure 3-1, below 
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Figure 3-1 Chemical Structure of the Two Primary CLA Isomers of CLA-Rich Oil 

OH 
tl,C-- / f l 0 , C l Z  

0 

From a nutritional and labeling perspective, CLA is not considered to be a trans fatty acid. The 
United States Food and Drug Administration (FDA) has stated, "Under FDA's definition 
conjugated linoleic acid would be excluded from the definition of trans fat." 68 Fed. Reg. 41433, 
41462 (July 11,2003) (US. FDA, 2003). 

4.1 Manufacturing Process 

Please see Attachment 1 for a description of the confidential good manufacturing practices 
(GMP) manufacturing process for the CLA-Rich Oil product of Cognis GmbH, TonalinB TG80. 
A complete description of the confidential GMP manufacturing process for the CLA-Rich Oil 
product of Lipid Nutrition, ClarinolTM G-80, is provided in Attachment 2. The processes for both 
materials can be summarized as follows: food grade linoleic acid-rich safflower oil triglycerides 
are saponified to free fatty acids and isomerised to form the CLA isomers under conditions of 
high pH and temperature; they are then concentrated and re-esterified with glycerol to form 
triglycerides, followed by extensive purification processes, which are propnetary. Due to the 
high temperature, highly lipophilic environment and the subsequent purification processes, no 
significant protein is present in the final product. 

4.2 Product Specifications (Chemical and Microbiological) 

4.2.1 Chemical Specifications 

The chemical specifications for CLA-Rich Oil are presented in Table 4.2.1-1 below. These 
specifications are for both the Cognis GmbH and Lipid Nutrition products. 
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Table 4.2.1-1 Chemical Specifications for CLA-Rich Oil 

Specification Parameter 

Total Viable Count 

Yeast and mould 

Specification Parameter specification 

CLA total 2 78% 

CLA (c9,flI + tlO.cl2 isomers) 2 74% 

Specification Method 

C 3000 cfulg I S 0  4833 

5300 cfulo I S 0  7954 

CLA &,fl1 isomers 2 36% 

CLA f10,clZ isomers I 236% 

CLA trawtrans I C3% 

Free Fatty Acid 5 1% 

Diglycendes 5 25% 

Monoglycendes I 5 1 %  

Water C 0.1% 

Peroxide Value 

Lead (Pb) 

Arsenic (As) 

High resolution capillary gas chromatography 

Hiah resolution caDillarv aas chromatoaraDhv 

High resolution capillary gas chromatography 

High resolution capillary gas chromatography 

Hioh resolution CaDillarY oas ChromatoaraDhv 

Titration method / IS0 660 
~~ 

by GC, rei. area %I High Derformance size exclusion - .  
chromatography 

~ 

by GC. rel. area % / High performance size exclusion 
chromatography 

H-Ill 3a (92) I IS0 4317 I Karl-Fisher titration method 

AOCS Cd 8b-90 197) 

DIN EN 13805 I 14083 /Atomic absorpbon method 

DIN EN 13805 I 14083 /Atomic absomtion method 

4.2.2 Microbiological Specifications 

The microbiological specifications for CLA-Rich Oil are presented in Table 4.2.2-1 below. 

Table 4.2.2-1 Microbiological Specifications for CLA-Rich Oil I 

Escherichia coli I Absent in 1 g I IS0 16649-2 

Salmonella I Absent in 25 a I IS06579 I 
4.3 Product Analysis 

4.3.1 

Several lots of the products were analyzed to verify that the manufacturing process produced 
consistent products within product specifications. A summary of the physical and chemical 
product analyses for 3 non-consecutive lots of TonaltnB TG80 and ClarinolTM G-80 CLA-Rich 
Oils are presented in Tables 4.3.1-1 and 4.3.1-2, respectively. 

Chemical Analysis of CLA-Rich Oil 
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Table 4.3.1-1 Summary of the Chemical Product Analysis for 3 Lots of TonalinB TG80 
CLA-Rich Oil 

Specification Parameter 

CLA total 

CLA (c9,fll + 11O,c12 isomers) 

CLA c9,fl l  isomers 

Manufacturing Lot 

Lot 63033121 Lot 62753121 Lot 62333121 
Specification 

2 78% 79 3 ao o 80.3 
h 74% 76.8 77 8 78.1 

2 36% 38.7 39.2 39~5 

CLA trans, trans 5 3% o a  0.7 

Free Fatty Acid 5 1% 0.80 0.75 0.90 

Water 

Peroxide Value 

Lead (Pb) 

Arsenic (As) 

1 Monoglycerides I 51% [----E 
5 0 1% 0 01 0.02 0.01 

5 1 meq 0dkg 0.0 0.7 0.0 

5 0.1 ppm 0.07 <005 <DO5 

5 0 l p p m  < 0 1 0  < 0.10 < O l O  

Water 

Peroxide Value 

Lead (Pb) 

Arsenic (As) 

Table 4.3.1-2 Summary of the Chemical Product Analysis for 3 Lots of 
CLA-Rich Oil 

5 0.1 % 0.02 % 001 % 0 05 % 

5 1 meqlkg 0.3 0 0  0.0 

5 O l p p m  ND ND ND 

5 0.1 ppm ND ND ND 
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4.3.2 Microbiological Analysis of CLA-Rich Oil 

Several lots of the products were analyzed to indicate that the manufacturing process produced 
consistent products within the limits of the required microbiological specifications. A summary 
of the microbiological product analyses for 3 non-consecutive lots of TonalinB TG80 and 
ClarinolTM G80 CLA-Rich Oils are presented in Tables 4 3.2-1 and 4.3 2-2. respectively. 

Absent in 25 a 

Table 4.3.2-2 Summary of the Microbiological Product Analysis for 3 Lots of CLARINOL" 
G-80 CLA-Rich Oil 

Manufacturing Lot 
Specification Parameter Specification 

1213 I 1354 I 1423 I 

Total Viable Count 

Yeast and mould 

Escherichia coli 

Salmonella 

4.4 Stability Testing 

Please see Attachment 1 for a description of the stability testing results for TonalinB TG80. A 
complete description of the stability testing results for ClarinolTM G-80 is provided in 
Attachment 2. The results indicate that ClarinolTM G-80 is stable for at least 36 months, if stored 
dry, in the unopened original packaging, preferably at a temperature of 10 to 20°C / 50 to 68"F, 
away from strong odors and not in direct sunlight. Testing on TonalinBTG80 has shown that it 
is stable over a storage period of 24 months at up to 25°C in steel drums or plastic pails. 
Additional studies have demonstrated the stability of CLA-Rich Oil in various food matrices 
(orange juice, milk, yogurt and nutrition bars) and following pasteurization and ultra-high 
temperature (UHT). 

5 3000 cfu/g < 100 < 100 < 10 

5300 du/g < 10 < 10 < 10 

Absent in l g  Absent Absent Absent 

Absent in 25 g Absent Absent Absent 
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5.0 INTENDED USE OF CLA-RICH OIL IN FOOD 

Intended Food-Use 

Specific Soy Milk Beverages 

Specific Meal Replacement 
Beverages 

Meal Replacement Bars 

Specrfic Flavored Milk Products 

CLA-Rich Oil is intended for use in specific foods within the following general food categories: 
beverages and beverage bases, grain and pasta products, milk and milk products, and 
processed fruits and fruit juices. The specific foods in which CLA-Rich Oil is intended for use, 
and the levels of use, are described in Appendix A and summarized in Table 5-1. CLA-Rich Oil 
would be added to these foods at a level of 1.5 g CLA per labeled serving. 

Estimated consumption of CLA-Rich Oil from the intended food uses is described in Section 6.0. 
In estimating consumption, food codes representative of each intended food use were chosen 
from the USDA CSFll 1994-1996 and the 1998 consumption survey (USDA, 2006) and were 
grouped in food use categories according to 21 CFR 5170.3 Serving sizes were assigned 
according to 21 CFR §101.12, Reference Amounts Customarily Consumed per Eating Occasion 
(RACC). Product-specific adjustment factors were developed based on data provided in the 
standard recipe file for the USDA CSFll 1994-1996 and the 1998 survey (USDA, 2006). All food 
codes included in the current intake assessment are listed in Appendix A. 

RACC' Maximum CLA Maximum 
(g or mL) Level Use-Level 

240 1.5 0.625 

240 1 5  0.625 

40 1.5 3 75 

240 1.5 0.625 

(9, serving) (W 

Table 5-1 Summary of the Individual Intended Food Uses and Maximum Use-Levels 
for CLA in the U.S. 

Milk (Filled) 

Food Category 

240 1.5 0 625 

Beverages and Beverage 
Bases 

Grain Products and Pasta 

Milk and Milk Products 

Specific Fruit Juice Products Processed FNitS and 
FNlt Juices 

240 1 5  0 625 
I I I I 

' RACC = Reference Amounts Customarily Consumed per Eating Occasion (21 CFR 5101 12). 
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6.0 ESTIMATED DIETARY CONSUMPTION OF CLA FROM INTENDED 
FOOD USES OF CLA-RICH OIL 

6.1 

For the general U S  population, Ritzenthaler et a/. (2001) estimated the mean background 
dietary CIA intake (from all isomers) to be 212 and 151 mg/day for men and women, 
respectively This study, with 51 men and 51 women between ages of 18 and 60, compared 
3-day food duplicates with dietary records and food-frequency questionnaires. This study is the 
most relevant for purposes of this GRAS determination because it is well designed, completely 
reported, and uses a sample that is representative of the general population. 

Earlier surveys, performed in US. sub-populations, estimated intake to be 137 and 52 mg/day 
in college-aged males and females, respectively (Ritzenthaler et a/., 1998), or 291 and 15 
mg/day in lactating women with high- and low-dairy diets (Park et a/., 1999). Herbel et a/. 
(1998) reported 127 mg/day as the average daily CLA intake in a study with healthy young men 
and women 

Background Dietary Intake of CLA 

Table 6.1-1 Estimated Intake of CLA in Humans from Background Diet (after McGuire 

NR = Not reported 

Thus, the mean daily dietary CLA intake from the background diet can be estimated at 212 and 
151 mg/day for men and women, respectively, in the general U S population, with subgroups 
consuming up to 300 mg/day. This is in line with the findings of other authors around the world 
(see Table 6 1-1). 
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The highest level reported (/.e., 1,000 mg/day) is that found in a Hare Krishna community in 
Australia. High levels of ghee and butter consumption appeared to be the reason for this high 
intake. Also, measurements of the CLA content in the breast milk of women in this population 
resulted in relatively high values, and were related to the high intake of CLA-containing products 
(McGuire and McGuire, 2002). 

As previously noted, the most abundant isomer in dietary CLA is the c9,tll isomer, which 
accounts for more than 90% of CLA intake in the diet (Bhattacharya et a/., 2006) This is 
different from CLA-Rich Oil, which consists of approximately equal proportions of the c9,tll 
isomer and the t10.cI2 isomer. Because background intake levels are low, they do not 
significantly affect the intakes from the intended food uses of CLA-Rich Oil. 

6.2 Estimated Consumption of CLA from Intended Food Uses of CLA-Rich Oil 

The consumption of CLA from all intended food-uses of CLA-Rich Oil was estimated based on 
FDA's Guidance on Estimating Dietary Intake of Substances in Food (August 2006) (U.S. FDA, 
2006). This is the standard approach to estimating intake of substances added to food and 
results in an eaters-only 90th percentile estimated intake of 2.33 g CWperson/day. This 
estimate is based on historical consumption of the foods to which CLA-Rich Oil would be added. 

CLA-Rich Oil will be added to foods for specific functional uses Foods to which this ingredient 
is added will be labeled to disclose to consumers the presence of the ingredient and to provide 
directions and/or other relevant information about the functional uses. The functional uses will 
be a primary reason why consumers will purchase and consume the foods. In addition, such 
foods will be priced at a premium as compared to commodity foods that do not contain CLA 
because of the high cost of CLA-Rich Oil. Thus, foods to which CLA-Rich Oil is added will be 
specially labeled, marketed, and priced to reflect a functional use, and such foods will not be 
labeled, marketed, or priced like commodity foods. In this regard, CLA-Rich Oil is similar to 
plant sterols in the sense that the ingredient is added to food for a functional use that defines 
the intended use of the food to which it is added. 

Because the addition of CLA-Rich Oil will cause a food to be materially different from other 
commodity foods of its type, consumption of CLA-Rich Oil cannot be accurately estimated using 
solely a traditional consumption analysis that is based on historical consumption of the 
commodity foods Instead, the estimate provided by the traditional analysis must be further 
evaluated by considering how CLA-Rich Oil-containing foods will be consumed for functional 
uses. This analysis is provided below. 

6.2.1 

Consumption based on historical intake of the foods to which CLA-Rich Oil would be added was 
estimated using the USDA 1994-1996 Continuing Survey of Food Intakes by Individuals (USDA 

Consumption Estimate of CLA Based on Historical Food Use 

Lipid Nutnbon / Cognis GmbH 
July 19, 2007 (j OOO2'7 

15 



CSFll 1994-1996) and the 1998 Supplemental Children’s Survey (USDA CSFll 1998) (USDA. 
2006). When combined, these surveys provide the best available data for evaluating food use 
and food consumption patterns in the U.S., containing 4 years of data on individuals selected 
via stratified, multistage area probability sampling of American households within all 50 states. 
USDA CSFll (1994-1996, 1998) survey data were collected from individuals and households via 
24-hour dietary recalls administered on 2 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 CSFll 
(1994-1996) contains 2-day dietary food consumption data for more than 15,000 individuals of 
all ages, and I-day data for 16,103 individuals. USDA CSFll (1998) contributes consumption 
data from an additional 5,559 children from birth through 9 years of age to data reported for 
4,253 children of the same ages within USDA CSFll (1994-1996). The overall USDA CSFll 
(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 information on the types and quantities of foods being consumed, USDA CSFll 
(1994-1996, 1998) contains 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 
CSFll (1994-1 996, 1998) data to correct for potential under-representation of intake which 
results from variability in samples due to survey design, non-response, or other factors. 

Estimates for the daily intake of CLA represent projected averages over 2 days (day 1 and day 
2) of USDA CSFll (1994-1996, 1998) data. Individual consumption data were collated by 
computer and the resulting distributions were analyzed statistically. Eaters-only intake refers to 
the intake of CLA by individuals consuming food products to which this ingredient has been 
added, hence the ‘eaters-only’ designation. Individuals were considered users if they consumed 
1 or more food products, in a category for which CLA is intended to be added, on either day 1 or 
day 2 of the survey. The analysis assumes that all foods in the target food groups are 
formulated with the highest possible level of CLA. 

Calculations for the mean and 90th percentile all-person and eaters-only intakes, and percent 
consuming were performed for each of the individual intended food-uses of CLA. Similar 
calculations were used to determine the estimated total intake of CLA from all intended food- 
uses combined. In both cases, the per person and per kilogram body weight intakes were 
reported for the following population groups. 

children, ages 3 to 11; 
female teenagers, ages 12 to 19, 
male teenagers, ages 12 to 19, 
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female adults, ages 20 and up; 
male adults, ages 20 and up; and 
total population (all population and gender groups combined). 

The estimated consumption of CLA in the US. by population group (g/person) from all intended 
food-uses is summarized in Table 6.2-1. Table 6.2-2 presents this data on a per kilogram body 
weight basis. A complete description of the consumption estimates and methodology is 
provided in Appendix A. 

~~ ~ 

Table 6.2-1 Summary of the Estimated Daily Intake of CLA from All Intended Food 
Categories in the U.S. by Population Group (1994-1996,1998 USDA CSFll 
Data) 

Eaters-Only Consumption 
Age Group % Actual # of - 

Population Group (Years) Consumers Total Users Mean I goth Percentile 

Child 

Female Teenager 

Male Teenager 

Female Adult 

Male Adult 

Total Population 

3-1 1 31.4 1,982 103 1 95 

12-19 23 5 165 1.25 2.22 

12-19 25.0 174 128 2.67 

20 and Up 23.9 1,092 1.16 2.13 

20 and Up 19 7 935 146 3 00 

All Ages 24.3 5,002 1.22 2.33 

Population Group 

Child 

Eaters-Only Consumption 
Age Group % Actual #of 

Wean) Consumers Total Users Mean goth Percentile 
(ms/W ( w b )  

3-1 1 31.4 1.982 40 96 I 84 77 

Female Teenager 

Male Teenager 

Female Adult 

The estimated mean eaters-only intake of CLA is 1.22 g/person/day (24.41 mg/kg body 
weighffday) (Tables 6.2-1 and 6.2-2). The 90” percentile eaters-only intake of CLA is 2.33 g/ 
persodday (49.65 mg/kg body weighvday). 

12-19 23.5 165 22 53 40.08 

12-1 9 25 0 174 20.76 39 32 

20 and Up 23.9 1,092 17 87 33.73 
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On an individual population basis, the estimated highest eaters-only intake of CLA is in male 
adults, with a mean value of 1.46 glpersonlday (17.76 mglkg body weightlday), and a 90' 
percentile value of 3.00 glpersonlday (Tables 6 2-1 and 6 2-2). 

These consumption estimates are highly conservative for a number of reasons. In particular, 
they assume that all target foods that could contain CLA-Rich Oil will in fact be formulated with 
CLA-Rich Oil at the maximum level of use. Because CLA-Rich Oil is intended for functional 
uses that will alter the intended use (and price) of the food to which it is added, it IS virtually 
certain that only a small number of the target foods will be formulated with CLA-Rich Oil. 
(Experience with plant sterols is similar in that, although plant sterols can be added to almost all 
food categories, they have in fact been added to very few foods ) 

6.2.2 Consumption Estimate of CLA Based on Intended Use 

CLA-Rich Oil will be added to foods for specific functional uses and the target foods will be 
labeled to disclose to consumers the presence of the ingredient and to provide directions and/or 
other relevant information about the functional uses. Therefore, the labeling of these foods will 
distinguish them from commodity foods that do not contain CLA Consumers who intentionally 
seek CLA and/or the labeled functional use will be able to select these foods based on their 
labeling. 

At this time, there is not a daily recommended intake level for CLA, but the Companies have 
proposed a level of 1.5 g CLA per serving so that, if consumers choose to do so, they can 
conveniently obtain 3.0 g CLA by consuming 2 servings of the target foods. The Companies 
estimate that two servings of the target foods will be the most likely intake level for consumers 
who seek CLA, and that consumers would be unlikely to exceed two servings per day over a 
long term, for the following reasons' 

As the analysis in Section 6.2.1 indicates, consumption of sufficient target foods to 
obtain 3.0 g CLA represents a much higher than average level of intake of these foods 
(a level at or above the 90" percentile level of intake) Thus, although consumers may 
seek to supplement their diet with CLA and may experience a short period of time of 
increased intake, it is unlikely that they will significantly change their habitual intake 
levels of the target foods over a long period of time. 

The GRAS determination covers a narrow range of foods, Le., a limited number of 
beverages, yogurt, and meal replacement bars. Because there is not a wide variety of 
target foods that could contain CLA-Rich Oil, and because very few of the target foods 
would in fact be formulated with CLA-Rich Oil, it would be difficult for many consumers to 
eat more than two servings a day of such foods [This is similar to FDA's analysis of 
likely consumption of plant sterol-containing foods; see 65 Fed. Reg 54685, 54707 
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(September 8. 2000) (U.S. FDA, 2000). In addition, experience with plant sterols 
suggests that few of the target foods will in fact be formulated with CLA.] 

It is possible that consumers who intentionally seek CLA-containing foods would eat more than 
2 servings per day for a short time -for example, 3 servings per day would provide 4.5 g CLA. 
However, long-term consumption at this level is unlikely for the reasons discussed above. 

Foods containing CLA-Rich Oil are intended for use by adults but consumption by children is 
possible. As discussed above, the estimated intake by children aged 3 to 11, eaters only, at the 
90th percentile, is 1.95 g CLA per day. 

6.3 Post-Market Surveillance 

Data from a post-market surveillance study conducted in 2006 in Spain following the launch of a 
range of food products supplemented with Tonalin TG80 CLA-Rich Oil (milk, yogurt, and juice) 
provide some information that is relevant to the consumption analysis discussed above, 
although these data might not be predictive of U S. consumption because of differences in 
labeling and eating habits. This study interviewed 1,235 consumers of CLA-Rich Oil 
supplemented products. Eighty-three percent of consumers were women and the average age 
of respondents was 41 years. For the yogurt product containing 1.5 g CLA-Rich Oil per serving, 
93% of consumers consumed up to 2 servings per day. For juice and milk products where the 
level of CLA-Rich Oil was the same, the percentage of consumers eating up to 2 servings per 
day were 88 and 87% respectively. For both product categories combined, about 6% 
consumed three servings per day; about 3% consumed four servings per day, and less than 1% 
consumed more than 4 daily servings. 

In addition, the post-market surveillance study included data on adverse effects: 98% of 
consumers reported no adverse effects; the most commonly reported effect was diarrhea, 
followed by nausea and dyspepsia Because this was not a controlled study, it is not known 
whether any of the reported adverse effects were actually attributable to CLA-Rich Oil. 

kISHTHE ( ( 1  S4kE'CC.O , -- . 

7.1 Introduction 

When reviewing the safety of fats such as CLA-Rich Oil, it is important to highlight some 
fundamental principles. 

First, the selection of test species is important when studying levels of fat in the diet. 
Laboratory animals, rodents in particular, do not have the same level of adipose tissue, 
and therefore the ability to store fat, as humans - a phenomenon that is of particular 
relevance to CLA studies conducted in mice. Consequently, effects that are often 
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observed in animal models, such as the accumulation of fat in a variety of organs, are 
not necessanly relevant to predicting toxicity in humans. Humans are the most suitable 
model upon which to base accurate conclusions on the safety of CLA. 

Second, the safety evaluation should focus on the relevant isomeric form of CLA, Le., 
the 50:50 mixture. Other isomeric forms do not always produce comparable effects and 
data derived from such studies should be treated with caution. 

Third, both animal and human studies must be well designed, conducted and reported. 
There should be multiple doses, adequate duration of exposure, and a sufficient number 
of subjects to provide statistical power to evaluate comparative safety based on valid 
endpoints and markers. 

Fourth, there should be a clear understanding the absorption and metabolic fate of CLA- 
Rich Oil. 

Based on these principles, the order of priority in weighing the evidence of safety of CLA IS as 
follows: 

1. Well-designed and properly executed human studies using a 50.50 mixture, of 
appropriate duration and dose; 

2 Well-designed and properly executed preclinical studies using a 50.50 mixture in 
appropriate animal models and in-vitro, that considered metabolism. dose dependency 
and mechanism of observed effects, and 

3 Additional clinical and preclinical data on other isomers, to demonstrate that the totality 
of the evidence has been reviewed. 

To summarize the relevant data: 

The metabolism of CLA has been widely studied and reported, and follows the standard 
pathway of dietary triglycerides. Numerous clinical trials have evaluated the effects of 
the 50.50 mixture and a number of other isomers on similar parameters. A 
comprehensive review of the clinical data has demonstrated that consumption of 50:50 
CLA isomers (CLA-Rich Oil) at doses of up to 6 g/day for up to 1 year (Whigham et a/., 
2004, Larsen et a/., 2006) and 3 4 glday for up to 2 years (Gaullier et a/., 2004, 2005, 
2007) IS safe and has no significant effects on cardiovascular parameters (lipid 
metabolism, markers of inflammation, and markers of oxidative stress), insulin sensitivity 
and glucose, or maternal milk fat. For these “pivotal” studies, the levels of consumption 
represent the maximum dose consumed, rather than absolute safety endpoints. A single 
oral dose of up to approximately 15 g of CLA-Rich Oil (containing up to approximately 9 
g of CLA isomers) in bioavailability studies has revealed no adverse events. 
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Preclinical data have demonstrated an absence of significant toxicological, mutagenic, or 
reproductive and developmental effects. The no-observed-adverse-effect level (NOAEL) 
for the 50.50 mixture in the rat, based on a 13-week feeding study, was reported to be 
5% in the diet, the highest level fed, which is equivalent to 2,433 and 2,728 mglkg body 
weightlday for males and females, respectively. The same authors also reported the 
absence of the mutagenic potential of CLA, in two in vitro assays (reverse mutation and 
chromosomal aberration in human lymphocytes) (O'Hagan and Menzel, 2003). Such 
observations on the absence of mutagenicitylgenotoxicity are further supported by 
chronic studies conducted by Park et a/ (2005) who examined the effects of long-term 
feeding of male Fischer 344 rats with a diet containing 1% CLA (41.9% c9,t l l  and 
43.5% tlO,c12) (1,000 mg/kg body weighvday) for a period of 18 months. On a 
molecular structure and metabolic level, it is clear that CLA would not represent a 
carcinogenic risk above that of normal dietary triglycerides. 

Reproductive and developmental toxicity studies in rats and pigs also have 
demonstrated a lack of adverse effects on maternal food consumption and body weight, 
litter size, and offspring growth and development following exposure to CLA (0.25 to 2% 
in the diet) throughout gestation, lactation, and/or during a post-weaning period (Chin et 
a/., 1994; Bee, 2000; Poulos et a/., 2001). 

The weight of the evidence strongly supports that CLA-Rich Oil is safe at the levels used in the 
pivotal studies. The following sections provide a detailed discussion of the totality of the 
generally available clinical and preclinical study data 

7.2 Absorption, Distribution, Metabolism, and Excretion (ADME) 

7.2.1 Absorption and Distribution 

7.2 1.1 Overview 

The CIA 5050 mixtures are triglycerides of predominantly c9,t l l  and t10,cIZ CLA, and a small 
proportion of other fatty acids. Therefore, the general metabolic fate of CLA is comparable to 
that of any triglyceride, as summarized below and in Figure 7.2.1.1-1, and is considered to be 
similar to that of linoleic acid. 

Approximately 95 to 98% of dietary fat is ingested as triglycerides (Linder, 1991). In general, 
ingested triglycerides are enzymatically hydrolyzed by pancreatic lipase in the upper small 
intestine into free fatty acids and 2-monoglycendes (Linder, 1991; Linscheer and Vergroesen, 
1994; Guyton and Hall, 1996; IOM, 2005). These end products are then incorporated into bile 
acid micelles for diffusion to the interior of the intestinal epithelial cells (enterocytes). Within the 
enterocytes, the monoglycerides are reacylated, leading to the formation of new triglycerides. 
Reconstituted triglycerides, together with phospholipids, cholesterol, and apoproteins, are then 
incorporated into chylomicrons (87% triglycerides, 9% phospholipids, 3% cholesterol, 1% 
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apoprotein), which are released into the lymphatic duct and into the blood. As they pass 
through the capillaries of adipose tissue and the liver, chylomicrons are removed from the 
circulating blood by lipoprotein lipase, which hydrolyzes the contained triglycerides and 
phospholipids. releasing free fatty acids to the tissues for metabolism The chylomicron 
remnants are taken up primarily by the liver via specific receptors and endocytosis (Linder, 
1991; Krummel, 1996). Following cellular uptake, fatty acids are re-esterified into triglycerides 
and phospholipids for storage as a source of energy for the body or as structural components of 
cell membranes (Linder, 1991; Linscheer and Vergroesen, 1994; Krummel, 1996; IOM, 2005). 
Incorporation of fatty acids into membrane phospholipids and the lipid configuration of the 
membrane affect the physiochemical characteristics of the membrane and in turn influence the 
function of various membrane proteins such as hormone receptors, ion channels, and enzymes 
(Horrobin, 1992; Graham et a/., 1994). 

The degree of fatty acid absorption may vary depending on the ingested form (/.e.,  triglyceride 
versus ethyl ester versus free fatty acid). Fatty acids in triglyceride form have been reported to 
be absorbed more completely than those in ethyl ester form (El Boustani et a / ,  1987), but not as 
completely as free fatty acids (Lawson and Hughes, 1988a,b). 
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Figure 7.2.1 .I-1 Chemical Schematic Overview of the Absorption, Distribution, Metabolism, and Excretion of 
Triglycerides (e.& 5050 CLA mixtures) 
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7.2.1.2 Studies in Rats 

Sergiel et a/. (2001) compared the absorption and metabolic oxidation of the c9,t l l  and tlO,cl2 
CLA isomers by administering a single radiolabeled dose of the isomers to semi-fasting male 
rats (strain not reported). Rats were placed in metabolism cages and 14C02 was collected for a 
period of 24 hours. At the end of the experiment, 85 to 95% of the ingested radioactivity was 
recovered. 14C02 Production was similar for both isomers and 72 and 70% of the dose of 
radioactivity from c9,tlI and tlO,cl2 CLA isomers, respectively, was recovered in 14C02 These 
values were higher than that obtained for radiolabeled linoleic acid (60% recovery in l4Co2). 
Sergiel et a/. (2001) reported that incorporation of the two CLA isomers was similar to linoleic 
acid in most tissues with the exception of the brain, heart, adrenals, testes and carcass, where 
higher levels of linoleic acid were incorporated. These results indicate similar metabolism of 
both isomers, although competition between the isomers could not be evaluated in this study. It 
is unknown to what extent the metabolites of the CLA isomers contribute to its physiological 
properties. 

The lymphatic absorption and tissue distribution of a mixed isomer preparation of CLA was 
studied in male Sprague-Dawley rats (Sugano et a/., 1997). In lymph cannulated rats, lymphatic 
recovery of total CLA was approximately 55% of a test dose of 200 mg CLA (mixed isomers in 
free fatty acid form), compared to 80% of a test dose of 200 mg of linoleic acid during the 24 
hours post dosing, suggesting a lower level of absorption of total CLA in comparison to linoleic 
acid. Eighty percent of the absorbed dose of total CLA was carried in chylomicrons, the 
remaining 20% in very low density lipoproteins. Approximately 95% of total CLA absorbed was 
incorporated in triglycerides and 5% in phospholipids. A similar pattern was observed with 
linoleic acid. No adverse effects of CLA were reported in this study. 

The isomeric CLA compositions of maternal diet, milk, and liver of suckling Sprague-Dawley rats 
were compared in a study by Yang et a/. (2002). The proportion of each isomer in the milk was 
not different from that in the maternal diet, suggesting similar absorption of all CLA isomers. 
This is in contrast with the results by Sugano et a/. (1997), who reported preferential absorption 
of the transJrans CLA isomers. However, different extraction methods were used and may 
account for the differing results. The CLA isomeric composition in the liver phospholipids and 
triglycerides of suckling rats was different from that in the maternal diet and milk. Total cis,trans 
isomers were lower in the liver compared to the milk and diet. whereas total transJrans isomers 
were higher. As the absorption was reported to be similar for all CLA isomers, the higher 
accumulation of tranqtrans isomers in the liver may be due to slower metabolism of these CLA 
isomers Incorporation of total CLA isomers in liver phospholipids was relatively low, less than 
1.0% of total fatty acids. Approximately 70% of total CLA consisted of cis,trans isomers, and 
approximately 20% consisted of trans,trans isomers. These levels of trans,trans isomers in the 
liver did not result in adverse effects in the suckling rats. 
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7.2.1.3 Studies in Rabbits 

CLA is a chemical isomer of linoleic acid. Linoleic acid is passively diffused across rabbit small 
intestinal brush border membrane vesicles (Ling et a/., 1989). 

7.2.1 4 Studies in Pigs 

In a study by Kramer et a/. (1998), pigs (Landrace boar) were fed a CLA preparation composed 
of several different isomers, primarily c9,tIl; t8,c10, f10,c12 and frans,frans CLA isomers. No 
difference was observed between the isomeric composition in the commercial CLA preparation 
and the isomeric composition in adipose tissue, heart, and liver, suggesting that the relative 
absorption and distribution of all the CLA isomers was very similar. The total CLA content in 
tissue lipids ranged from 1 to 6%, with a higher content in neutral lipids compared to 
phospholipids. 

7.2.1.5 Human Studies 

As previously mentioned, CLA is an isomer of linoleic acid (cis-9, cis-I2 linoleic acid), and it is 
likely that CLA and common linoleic acid are absorbed across the human gastrointestinal tract 
by similar mechanisms (Nilsson and Melin, 1988; Ling et a/., 1989; Gore et a/., 1994; Minich et 
a/., 1999). Gore et a/. (1994) reported that uptake of linoleic acid into isolated intestinal cells 
was carrier mediated. 

The relative bioavailability of CLA from CLA-Rich Oil (TonalinTM TG80) or in free fatty acid form 
was assessed in healthy male volunteers (n=12). Each subject received two treatments as 
single oral administrations. The first was CLA-Rich Oil (14.9 g containing 8.9 g CLA) 
administered on visit 2. Afler a washout period of 9 to 14 days, CLA-free fatty acid (14.7 g 
containing 11.4 g -with a balanced isomer ratio) was administered on visit 4. The bioavailability 
of CLA was measured in the serum as area under the curve (AUC)&*dh. The authors reported 
that CLA in the form of free fatty acid was 1.15-1.19 times greater than CLA in the triglyceride 
form, however they noted that this might be due to the high load of acid, in the case of the free 
fatty acid form, changing the rate of absorption and disposition. The bioavailability of the CLA 
c9, t l 1  was reported to be 1.25 to 1.27 times better than the t10,c12 isomer. The CLA reached 
a peak concentration at 2 to 8 hours (depending on the isomer and form) and afler 24 hours 
there was only a small fraction left. Half-lives of the isomers in the two forms ranged between 
16 and 29 hours. No adverse events were noted during the trial period of 10 to 15 days (Heye 
et a/., 2004). 

A number of studies have found a relationship between diet and the occurrence of CLA isomers 
in human serum, milk, and adipose tissue In a study by Park et a/. (1999), breastfeeding 
women consumed high fat dairy foods for 1 week. Dietary rumenic acid (c9,tlI CLA) intake and 
content in the milk was greater during the high- compared to the low-dairy period. A strong 
relationship between the intake of bovine milk fat and the occurrence of CLA in human adipose 
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tissue was reported by Jiang et a/. (1999). Plasma lipid and phospholipid concentration of CLA 
was significantly higher (19 to 27%) in men following supplementation with cheddar cheese. 
compared to initial concentrations (Huang et a/, 1994). The increase in CLA concentrations in 
plasma, milk, and adipose tissue is linked to dietary intake of CLA, indicating that CLA isomers 
are well-absorbed in the human body. 

7.2.2 Metabolism 

7.2.2. I Overview 

Regulation of lipid metabolism is controlled by the liver and involves catabolism of triglycerides 
for use as energy, desaturation, and elongation of fatty acids, and synthesis of triglycerides and 
phospholipids (Krummel, 1996). The metabolism of absorbed fatty acids depends, in part, upon 
their chemical structure. Medium-chain length fatty acids are used mainly as energy sources 
(P-oxidation), longer-chain saturated and monounsaturated fatty acids are generally stored (i.e., 
in adipose tissue as triglycerides), and polyunsaturated fatty acids (PUFAs) are typically taken 
up by cells for incorporation into membrane phospholipids (see Section 7.2 1) (Linder, 1991). 

Energy production from long-chain fatty acids generally occurs in the mitochondria via 
P-oxidation and is initiated by the lipase-dependent hydrolysis of triglycerides to free fatty acids. 
Fatty acids are transported across the mitochondrial membrane in the form of acyl-carnitine and 
subsequently undergo sequential removal of 2-carbon units until the final product, acetyl 
Coenzyme A (CoA), is formed and enters the citric acid cycle for energy production (Linscheer 
and Vergroesen, 1994) 

The metabolism of CLA isomers is very similar to that of linoleic acid (Banni, 2002). CLA is 
metabolized by 2 distinct pathways, desaturation, and oxidation. Desaturation of CLA has been 
investigated more extensively than oxidation; however, both are well-recognized metabolic 
pathways for CLA (Sebedio et a/., 2003). In animal and human tissues, the tlO,cl2 and c9,tlI 
CLA isomers undergo A 6  desaturation, elongation and further A 5  desaturation forming 18:3. 
20:3 and 20:4 fatty acids. Both isomers may also be oxidized in the P-oxidation pathway. 
Studies investigating the metabolism of different CLA preparations are discussed below. 

7.2.2.2 Studies in Rats 

CLA is desaturated by A6 desaturase and A 5  desaturase (Banni et a/., 1996; Belury and 
Kempa-Steczko, 1997; Sebedio et a/., 1997, 2001, Liu and Belury, 1998). The metabolites 
produced are dependent upon the type of fatty acids present in the diet (Sebedio et a/., 1997). 
For instance, when CLA is fed to rats deficient in dietary linoleic and linolenic acids, the c9,tIl 
and c10,t12 CLA isomers are converted into conjugated isomers of arachidonic acids (i.e., 
8,11,13-20:3 and 8,12,14-20:3, respectively) (Banni, 2002). These conjugated arachidonic acid- 
type metabolites are further desaturated into c5,c8,cl1 ,tl3-20:4 and c5,~8,t12,~14-20:4 for 
c9,tlI and c10,f12 CLA isomers, respectively. When rats were fed a fatty acid rich diet, the 
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c9,tll CLA isomer was converted into the c8,cll,t13-20:3 as the final end product (Banni et a/., 
2001). The c10,t12- CLA isomer was converted into c6,tlO,c12-18:3 and into 6,cl0-16:2 (Banni 
et a/., 2001). CLA metabolites are incorporated into the lipid component(s) of adipose tissue, 
liver, heart, and kidney (Sebedio et a/., 2003). 

CLA is also metabolized to carbon dioxide (CO2) by @-oxidation in vivo in rats (Sergiel et a/., 
2001) Sergiel et a/. (2001) demonstrated that 70% of the total oral dose of c9,tll-CLA or 
tlO.cl2-CLA was converted into C02 over a 24-hour period. A significant proportion of CLA 
administered orally was oxidized to C02 in vivo 

In a study by Martin et a/. (2000), the @-oxidation pathways of both individual CIA isomers and a 
mixture were investigated. Male Wistar rats were fed a 6% fat diet, containing 1% of c9,tlI CLA 
isomers, 1% of 110,c12 CLA or an equal mixture of both isomers for 6 weeks. The activity of 2 
rate-limiting enzymes in P-oxidation of CLA was measured: mitochondrial carnitine palmitoyl 
transferase I (CPT-I) and peroxisomal acyl coenzyme A oxidase (ACO). In the liver, these 
activities were not modified afler dietary intake of any of the CLA isomers. In the adipose 
tissue, CPT-I enzyme activity was induced by both isomers. Kinetic studies conducted on 
hepatic mitochondrial CPT-I and peroxisomal ACO using CoA derivatives of the pure isomers 
suggested a greater metabolism of the t10,cIZ CLA in peroxisomal pathways. 

The same researchers studied the metabolites of the CLA isomers further (Sebedio et a/., 
2001). Similar to the previous study by Martin et a/. (2000), each isomer (c9,tl l- and 
tlO,cl2-CLA) was given separately in the diet of Wistar rats for 6 weeks. The tlO,cl2 isomer 
was primarily metabolized into conjugated 16.2 and 18:3 fatty acids, while the c9,t l l  isomer 
was preferentially metabolized into a conjugated 20:3 isomer. Thus, the c9,t l l -  and the 
tlO,cl2-CLA isomers are metabolized differently. It was also reported that the isomers have 
distinct effects on the fatty acid profiles of the liver. Consumption of the t10,c12 CLA isomer 
resulted in a decrease of 38% in liver lipid content compared to the control group. The c9,tll 
CLA isomer also resulted in a decrease in liver lipid content, although this was not statistically 
significant. The tlO,c12 CLA isomer resulted in an increase of the saturated fatty acid stearic 
acid and a decrease in the mono-unsaturated fatty acid oleic acid, indicating an inhibition of A9 
desaturase; however, a similar response was not observed with the c9,t l l  CLA isomer. 
Consumption of both CLA isomers produced a decrease in the arachidonic acid content in liver 
phospholipids, and the t10,c12 CLA isomer resulted in an increase in long-chain PUFA. The 
effects of the individual CLA isomers and their metabolites on liver fatty acid profiles may be 
involved in the biological properties of CLA, although the exact impact of these effects has not 
been fully elucidated 

Further information on the metabolism of the individual isomers was reported by Gruffat ef a/. 
(2003). Rat liver slices were incubated with purified radioactive tlO,c12 CLA, or c9, t l l  CLA. 
Uptake was similar for both isomers and 50% of the isomers incorporated in the cells were 
oxidized. Only 3 0% of total oxidized CIA was fully oxidized to C02. The isomers that were 
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partly or not oxidized were esterified and incorporated into neutral and polar lipids, secreted into 
very low density lipoprotein (VLDL) lipids, or converted into conjugated 18:3, a metabolite with 
as yet unknown biological properties The respective metabolism for both isomers was not 
signrficantly different, except that the secretion as pari of VLDL particles was higher for t10,c12 
CLA. However, it should be noted that the effects of enzyme competition between the different 
isomers could not be analyzed in this study. 

7 2.2.3 Human Studies 

In serum of human subjects taking supplements of CLA (6 g/day, containing -37% c9,tlI CLA 
and -39% tlO.cl2 CLA), accumulation of the A6 desaturase metabolite of the t10.cI2 CLA 
isomer was reported to be higher compared to that of the c9,tlI CLA isomer, further indicating 
more rapid metabolism of the t10,c12 isomer (Belury, 2002). Similarly, a significant increase in 
c9,t l I  CLA content of the plasma lipids was reported after intake of ClarinolTM A80 
supplements, containing a similar isomeric composition. The t10,c12 isomer was not 
detectable, indicating that this isomer is more likely to be metabolized via desaturation and 
elongation pathways or oxidized in P-oxidation pathways (Noone et a/., 2002). 

7.2.3 Excretion 

7.2.3 1 Studies in Rats 

Sergiel et a/. (2001) demonstrated that radiolabeled metabolites of CLA are excreted via expired 
air, urine, and feces in rats (strain not specified). In this study, the primary route of elimination 
was expired air (/.e., 70% of the total dose was excreted in air) over a 24-hour period after oral 
administration. Urine and feces accounted for 1.3 to 2% and <0.5%, respectively, of the total 
dose. The extent to which CLA metabolites were excreted in expired air was time-dependent, 
reaching a plateau after 12 hours. 

7.2.4 Summary and Conclusions (ADME) 

Like most fatty acids, CLA is well absorbed across the gastrointestinal mucosa. It is also widely 
distributed throughout the body, metabolized via oxidation and desaturation, and the 
metabolites extensively excreted from the body in expired air, and lesser amounts in urine and 
feces. 

7.3 Precl inical Toxicological Studies 

7.3.1 Introduction 

Numerous studies were conducted in animals to investigate the potential preclinical toxicity of 
CLA. The published studies presented in the sections below are related primarily to CLA 
preparations that consist of a 50:50 mixture of the c9.tl1 and t10,c12 isomers (i.e,, relevant to 
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CLA-Rich Oil). Studies on the potential subchronic, chronic, and reproductive and 
developmental toxicity of CLA are summarized in Table 7.3-1. 

7.3.2 Acute Toxicity Studies 

An acute oral toxicity study in rats (strain unspecified) was performed using CLA (Tonalin@) 
beadlets consisting of CLA methyl ester (CLA-ME) of unknown purity (Berven et a/., 2002). 
Berven et a/. (2002) concluded that oral administration of CLA-ME to rats was "non-toxic" based 
on an LD- value of >2 glkg. This is the limit dose recommended by the Organization for 
Economic Cooperation and Development (OECD) guidelines [Guideline no. 425 (OECD, 2006)l. 

7.3.3 Subchronic Toxicity Studies 

7.3.3. I Studies in Rats 

Berven et a/. (2002) reported that there were no observed adverse effects in rats (strain not 
specified) fed "beadlet formulations" containing 50,000 ppm or 5 g/kg day CLA-ME or CLA-ethyl 
ester (CLA-EE) for an unspecified period of time. No further details were available. 

OHagan and Menzel(2003) evaluated the subchronic oral toxicity of CLA in a 13-week oral 
toxicity study in male and female Wistar outbred (Crl: (WI)WU BR) rats (20 rats/sex/group). The 
study was conducted in accordance with the OECD principles of Good Laboratory Practices 
(GLP) and in accordance with OECD guideline 408 (OECD, 1998a,b). Control rats were 
administered either a high-fat (HF) (15% w/w safflower oil) or low-fat (LF) (7% w/w safflower oil) 
basal diet. Test groups received the HF basal diet supplemented with 1, 5, or 15% ClarinolTM G- 
80 (containing 79% CLA 50:50 mixture) for 13 weeks, resulting in CLA intakes of 0.48, 2.4, or 
7.2 g/kg, respectively, for males, and 0.54, 2.7, and 8.2 g/kg for females. Total added safflower 
oil and/or ClarinolTM G-80 content in all test diets was 15%. At the end of the 13-week study 
period, recovery groups of 10 ratslsex from each control group and from the high-level CLA 
group (ie., 15% Clarinolm G-80) were observed for a further 4 weeks. Rats in the control 
groups were maintained on their respective diets, while rats in the 15% CLA group were 
switched to the HF control diet for a period of 4 weeks to assess the reversibility of any 
observed effects. The HF-diet also was supplemented with 10% higher levels of protein, 
L-cysteine, cellulose, choline-bitartrate, minerals, and vitamins to compensate for reduced food 
intake in rats fed a high calorie diet and maintain a normal level of nutrient intake. Body weights 
and food and water consumption were monitored throughout the study. Ophthalmoscopic 
observations were performed prior to treatment and after 87 days of treatment in rats of the 
control and highest dose group. Blood was collected for hematology and clinical chemistry 
analysis on treatment day 22 (males), day 24 (females), day 51 (females), and day 52 (males) 
and at the end of the 90-day treatment period and the 4-week recovery period. In the last week 
of the treatment period, urine was collected from 10 rats/sex from all groups for urinalysis and to 
evaluate the concentrating ability of the kidneys These measurements were repeated in all 
male rats in the recovery groups at the end of the recovery period. Clinical assessments were 
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performed weekly throughout the 90-day treatment period, and neurobehavioral tests were 
conducted in the last week of the treatment period. At the end of the treatment and recovery 
periods, animals were euthanized, gross pathological examinations were performed, organs 
were removed, weighed, and prepared for histopathology, and microscopic evaluations of the 
tissues were performed. 

The authors reported no clinical signs or effects on survival attributed to CLA administration, nor 
were there any significant effects noted upon ophthalmoscopic examination (OHagan and 
Menzel, 2003). Food consumption was reported to be significantly decreased during days 7 to 
14 of the treatment period in the 15% CLA group, which was attributed by the authors to poor 
palatability of the diet. As a result of the reduced food consumption, statistically significant 
decreases in body weight were observed in rats of both sexes in the 15% CLA group at day 7 
and in high-level (15% CLA) females at day 14. Feed conversion efficiency was unaffected. 
Water consumption was significantly lower in high-level males and females at week 12 relative 
to both control groups. The authors reported that the reasons for reduced water intake were not 
clear and that there was no indication of any effect on renal function in this group. Urinary 
volume and urine density were not significantly different from control values, nor were there any 
significant effects on urinalysis parameters Furthermore, there were no significant treatment- 
related effects on hematological parameters. 

Clinical chemistry analysis revealed increased levels of alkaline phosphatase (ALP) and alanine 
aminotransferase (ALAT) throughout the treatment period in 15% CLA males and females 
compared to both control groups, and increased aspartate aminotransferase (ASAT) at week 13 
and throughout the treatment period in high-level male and female rats, respectively, compared 
to the LF controls. Sorbitol dehydrogenase (SD) also was reported to be increased in high-level 
females at week 13 relative to both control groups. The changes in ALP, ALAT, and ASAT were 
reported to be reversible, with the exception of ALAT and ASAT in the high-level females, which 
were significantly higher only relative to the low fat controls at the end of the recovery period. 
Compared to both control groups, plasma cholesterol was significantly decreased in males in 
the high level group, while plasma triglycerides were significantly increased in females of the 
high-level group. In addition, both males and females in the high-level group were reported to 
have increased plasma albumin levels. The changes in plasma cholesterol, triglycerides. and 
albumin were reported to be reversible at the end of the recovery period. Males in the high-level 
group had decreased blood glucose at week 8 (compared to LF control) and week 13 
(compared to both control groups) and increased insulin at week 4 (compared to both control 
groups) and week 8 (compared to high fat control). Insulin was not significantly different from 
controls at week 13. Females in the 15% CLA group were reported not to have any significant 
changes in plasma glucose; however, insulin was increased at weeks 8 and 13 relative to both 
control groups. However, insulin levels in both sexes of the 15% CLA group were not 
significantly different from controls at the end of the recovery period. A number of changes in 
organ weights were observed, and included increased relative liver weights in males of the 5 
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and 15% CIA groups and females of the 15% CIA group, increased absolute (15% CLA males) 
and relative liver weights (high-level males and females), increased absolute (15% CLA males) 
and relative spleen weights (15% CIA males and females), increased relative adrenal weights 
(15% CLA males and females), and increased relative pancreas weights (15% CIA females). 
Histopathological examination of the liver revealed hepatocellular vacuolation, which was 
significant in males of the HF control group and 1% CLA group and was reported to be 
reversible in the 1% CLA males. The incidence of hepatocellular hypertrophy was significantly 
higher in 15% CIA female rats (12/20 rats) and was almost completely reversible (2/10 rats). 
There were no histopathological changes in any other organ. The authors suggested that the 
observed liver enlargement and hepatocellular hypertrophy were adaptive effects in response to 
the consumption of high levels of ClarinolTM G-80. Although such adaptive effects in the liver 
may not be considered adverse, based on these effects and the effects on blood insulin levels, 
which were regarded as transient (OHagan and Menzel, 2003), using a self-described 
conservative approach, the authors reported the NOAEL to be 5% ClarinoP G-80 in the diet, 
which is equivalent to 2,433 and 2,728 mg/kg body weighvday for males and females, 
respectively. 

Scimeca (1998) conducted a 36-weeks study investigating the potential subchronic toxicity of 
CLA. Male weanling Fischer 344 rats (20/group) were fed diets containing 0 (control) or 1.5% of 
a synthetic CLA preparation containing 85.5% of a 5050 mix of c9,tll- or 19,clI and tlO,c12 
isomers, 4.3% other CIA isomers, 7.1% linoleic acid, and 3.1% other constituents (not 
specified). Food consumption and body weights were recorded and physical examinations were 
performed weekly throughout the study. At the end of the study period, rats were euthanized 
and necropsied, organ weights were measured and examined histologically, and hematological 
and clinical chemistry parameters were measured The intake of CLA was reported to range 
from 1,970 to 467 mg/kg body weighvday from week 1 to week 36 (mean of 1,218 5 mglkg body 
weighffday). Animals fed CLA were reported not to show any clinical signs of toxicity, nor were 
there any differences in body weight gain or food consumption relative to the control group. 
Likewise, there were no significant compound-related histopathological or microscopic changes 
in the organs, or changes in hematological or clinical chemistry parameters. Based on the 
results of this study, the NOAEL for CLA was determined to be 1,218.5 mglkg body weighffday, 
the only dose tested. 

7.3.3.2 Studies in Dogs 

Berven et a/. (2002) reported that the administration of CLA-ME beadlets (50,000 ppm or 
1.25 g/kg body weighvday) to dogs (strain and study duration not specified) produced no 
adverse effects. Consumption of beadlets containing 50,000 ppm CIA-EE was reported to 
result in mild liver impairment. However, histopathological examination of the liver did not 
reveal any untoward morphological effect. No further information on these studies was 
available. 
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7.3.3.3 Studies in Pigs 

The administration of CLA (as an oil containing 60% of CLA isomers) at concentrations of 0, 
0.48, or 0.95% in the diet (approximately 0, 100, or 200 mg/kg body weighffday) to pigs (strain 
not specified) revealed no histopathological effects (Cook et a/., 1998). Non-treatment related 
morphological changes, apparently due to the method of euthanasia or agona, were observed 
(Cook et a/., 1998). No further details were available. 

7.3.4 Chronic Toxicity I Carcinogenicity Studies 

Park et al. (2005) examined the effects of long-term feeding of CLA in Fischer 344 rats. 
Weanling male rats were administered either a control diet (n=10) or a diet containing 1% CLA 
(41.9% c9,t l l  and 43.5% t10,c12) (n=11) (approximately 1,000 mg/kg body weighffday) for a 
period of 18 months. Body weight and food consumption were measured weekly and twice 
weekly, respectively. After 12 weeks, 3 animals from each group were randomly selected, 
euthanized, and subjected to body fat analysis and water content. At the end of the study 
period, all animals were euthanized and examined for gross pathological changes. Appropriate 
tissues were examined histopathologically. Organ weights, clinical chemistry, and 
hematological parameters were measured. Weight gain, survival rate, and water consumption 
did not differ between treatments; however, food consumption was significantly lower in the 
CLA-fed group compared to controls. Body fat analysis and water content at 12 weeks revealed 
no significant difference between groups in percentage body fat, empty carcass weights, or 
percentage body water. Blood glucose levels were significantly lower and mean corpuscular 
volume was significantly higher in the CLA-fed group compared to controls. Blood urea nitrogen 
and cholesterol levels were elevated beyond the population range in both groups, but were not 
significantly different between groups. Protein was detected in the urine of animals from both 
groups; however, the protein levels in the CLA-fed rats were significantly lower than that of the 
control group. There were no significant differences between groups in organ weights. All 
animals from both groups had chronic renal diseases (chronic interstitial nephritis, nephrosis, 
and/or glomerulosclerosis). The chronic renal failure was thought by the authors to be due to 
the high protein content of the diets and was not considered to be compound-related. The 
incidences of pituitary or testicular tumors, prostatitis, or lymphoma were not significantly 
different between groups. Based on the results of this study, the NOAEL was considered to be 
1% CLA in the diet (1,000 mg/kg body weighffday), the only dose tested. 

Based on the above study and knowledge of the structure and metabolic fate of CLA, one would 
not anticipate that CLA-Rich Oil would represent and increased carcinogenic risk, an 
observation supported by the results of mutagenicity studies discussed below. 

7.3.5 Mutagenicity 

The mutagenic potential of ClarinolTM G-80, a preparation containing 79% CLA isomers, was 
tested in two In vitro assays by O’Hagan and Menzel (2003). In the first assay, ClarinolTM G-80 
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was tested in five strains of Sa/rnone//a typhimuriurn (TA98. TAIOO, TA1535, TA1537, and 
TA102). Each concentration was tested in triplicate in the presence or absence of metabolic 
activation (S9). Positive and negative controls were included. ClarinolTM G-80, tested at 
concentrations up to 5,000 vg/plate, was not mutagenic. 

In the second assay, the potential for ClarinolTM G-80 to induce chromosome aberrations was 
tested in human peripheral blood lymphocyte cultures in the presence and absence of metabolic 
activation (O'Hagan and Menzel, 2003). ClarinolTM G-80 did not induce chromosome 
aberrations when tested at concentrations up to 300 pg/mL (O'Hagan and Menzel, 2003). 

7.3.6 Reproductive and Developmental Toxicity Studies 

7.3.6.1 Studies in Rats 

Berven et a/. (2002) reported no signs of reproductive or developmental toxicity in rats fed CLA 
at doses of up to 1 g/kg body weight/day. No further details were available. 

Chin et a/. (1994) investigated the effects of CLA on neonatal growth and development in 
Fischer 344 rats in 2 experiments. In the first experiment, female rats were mated and then fed 
either a basal diet (corn oil - control) or basal diet supplemented with CLA (0.5% or 500 mg/kg) 
(n=20 per group). On day 20 of gestation, 10 ratdgroup were euthanized and liver, mammary 
gland, skeletal muscle and abdominal adipose tissues were collected. Fetuses were removed, 
weighed, and examined grossly for abnormalities. The remaining rats continued on their 
respective diets and were allowed to deliver at term. In the second experiment, this same 
dosing regimen was followed throughout gestation and lactation: however, 2 additional groups 
were included. A third group was fed the basal diet supplemented with 0.25% CLA (Le., 
250 mglkg) during gestation and lactation, while a fourth group was fed the basal diet 
throughout gestation, followed by the basal diet supplemented with 0.5% CLA during lactation 
only. Immediately after weaning, pups were fed the same diets as their mothers for a period of 
8 to 10 weeks. Body weights and food intakes were monitored weekly. 

In the first experiment, dietary supplementation with 0.5% CLA had no effect on maternal food 
intake, body weights, mammary gland weights, or liver weights. There were no significant 
differences between groups in litter size, fetal body weights, fetal liver and brain weights, or 
gross evidence of fetal abnormality. Mean pup weight was significantly higher in rats fed CLA 
CLA uptake into maternal and fetal tissues was significant. After 20 days of CLA treatment to 
pregnant females (i e., during gestation), the CLA content of maternal liver, muscle, and 
mammary gland was increased 2,100, 1,900, and 2,300%, respectively, over control levels 
CLA content of the fetal liver was increased by 2,200% over control levels, while maternal milk 
levels of CLA were 2,600% higher than control levels. 

In the second experiment, the concentration of CLA in maternal milk increased in proportion to 
the dietary level of CLA. Supplementation with 0.25 or 0.5% CLA throughout gestation and 
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lactation or throughout lactation alone increased CLA content of breast milk by 2,200, 4,800, 
and 4,300%, respectively. Supplementation with CLA had no significant effects on litter size, 
pup development and survival rate, or maternal food consumption. Pup body weights were 
significantly higher on day 10 of lactation in the 0.5% CLA group and in pups fed 0.25 and 0.5% 
CLA for 8 to 10 weeks compared to controls. There was no significant difference between 
groups in food consumption; however, feed efficiency was significantly increased in male pups 
fed 0.5% CLA, and in female pups fed 0.25 and 0 5% CLA. The NOAEL for this study was 
0 5% CLA or 500 mglkg body weightlday, the highest level fed. 

Poulos et a/ (2001) investigated the effect of CLA fed to Sprague-Dawley rats on body weight 
gain and body composition. Pregnant dams were fed either a basal diet (n=l l )  or the basal diet 
supplemented with 0.5% CLA (n=12) from gestation day 7 until lactation day 21 (weaning). 
Litters were standardized to 3 pupskex within 24 hours of birth. At weaning, one male and one 
female pup from each litter were euthanized and inguinal fat pads were removed for fatty acid 
analysis. Of the remaining pups in each litter, 2 pups (1 per sex) were fed the control diet, while 
2 pups (1 per sex) were fed the CLA diet until 11 weeks of age Maternal body weights, liver 
weights, and food consumption, and litter size and weights of whole litters were unaffected by 
CLA treatment. At weaning, female pups of dams fed CLA were significantly heavier than 
control female pups. Male pup weights were unaffected by CLA treatment at weaning, although 
male pups exposed to CLA during gestation, lactation, and until 11 weeks of age were reported 
to be the largest, fastest growing, and most feed efficient of all groups (significance not 
reported). Liver weights of male and female pups also were unaffected by CLA treatment. The 
NOAEL for this study was 0.5% CLA or 500 mg/kg body weighvday, the only level fed. 

7.3.6 2 Studies m Pigs 

Bee (2000) examined the effects of CLA on piglet growth and tissue composition. Swiss Large 
White sows were fed a diet supplemented with 2% linoleic acid-enriched oil (containing 65.79% 
linoleic acid) (n=4) or 2% CLA-enriched oil (containing 58.9% CLA, of which 70% was 
represented by a 50.50 mixture of c9,tll and tlO,c12 isomers) (approximately 450 mg CLA- 
enriched oil/kg body weightlday) (n=6) at the time of mating and throughout pregnancy and 
lactation. Afler 35 days of rearing, piglets from 2 randomly chosen sows were assigned to a 
starter diet supplemented with linoleic acid or CLA for an additional period of 35 days. Body 
weight of each piglet was recorded at birth, weaning and after 35 days fed the supplemented 
starter diet (Le., post-weaning period). There were no significant differences between groups in 
piglet body weight at birth and weaning. Piglets exposed to CLA dunng gestation had 
significantly higher total feed intake, body weight gain, and final body weights, regardless of 
whether they were fed diets containing linoleic acid or CLA afler weaning. No adverse effects 
were reported 
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7.3.7 Summary (Preclinical Studies) 

The available data from animals indicate that dietary administration of CLA is generally well 
tolerated and without adverse effects. Subchronic and chronic studies conducted in rats 
demonstrate that CLA administered in the diet up to a concentration of 5% (2,433 and 
2,728 mg/kg body weightlday for males and females, respectively) for periods of 13 weeks to 18 
months, produced no significant adverse effects (Scimeca, 1998; OHagan and Menzel, 2003; 
Park et a/., 2005). Although the administration of 15% CLA in the diet for 13 weeks induced a 
number of statistically significant changes in clinical chemistry parameters (ALP, ALAT. ASAT, 
SD) and organ weights (liver, spleen, adrenal glands, and pancreas) in males and females, they 
were generally reversible after a 4-week recovery period and were not dose-dependent 
(O'Hagan and Menzel, 2003). Increased relative liver weights, accompanied by hepatocellular 
hypertrophy and vacuolation also were reported in rats fed 15% CLA in the diet; however, the 
authors postulated that these effects may be the result of an adaptive response to the 
consumption of high levels of CLA. Despite the fact that these effects were not considered 
adverse, O'Hagan and Menzel(2003), using a self-described conservative approach, reported 
the NOAEL to be 5% CLA (as ClarinoP G-80) in the diet, which was equivalent to 2,433 and 
2,728 mg/kg body weightlday for males and females, respectively Conventional (2-year) 
carcinogenicity studies were not available; however, Park et a/. (2005) conducted an 18-month 
study in which the tumor incidence in rats fed diets containing 1.5% CLA was reported not to be 
different from that of controls. In vitro assays designed to investigate the potential of CLA to 
induce mutagenicity in 5 different S. typhimurium strains or to induce chromosomal aberrations 
in human lymphocyte cell cultures demonstrated no mutagenic or genotoxic potential (O'Hagan 
and Menzel, 2003). 

Reproductive and developmental toxicity studies in rats and pigs also demonstrated a lack of 
adverse effects on maternal food consumption and body weight, litter size, or offspring growth 
and development following exposure to CLA (0.25 to 2% in the diet) throughout gestation, 
lactation, and/or during a post-weaning period (Chin et a/., 1994, Bee, 2000; Poulos et a / ,  
2001) Pup growth, as evidenced by increased body weights, was reported to be enhanced in 
rats fed 0 25 and 0.5% CLA (Chin et a/., 1994). Chin eta/. (1994) reported significant uptake of 
CLA in maternal mammary gland tissue and milk; however, this was not accompanied by any 
adverse effects. The uptake of CLA into maternal milk is further discussed in Appendix C, 
Section C.3. 

The results of the 13-week study in rats by O'Hagan and Menzel (2003) provide a NOAEL of 
2,433 and 2,728 mg/kg body weightlday for males and females, respectively. 
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11 Table 7.3-1 Summary of Subchronic, Chronic, and Reproductive and Developmental Toxicity Studies on CLA* 

Route of 
(Strain) I1 Species 

Oral 

Diet 

Treatment 

50,000 pprn 
CLA-ME 
provided as 
beadlets 

0 (low-fat 
and high-fat 
control 
groups), 1, 5, 
or 15% 
ClarlnolTM G- 
BO 
[containing 
79% CLA) 

iquivalent Dose 
>f CLA 

i o 0 0  

I ,  480, 2,433, or 
',ZOO (males); 
I ,  054, 2,728, or 
1,200 (females) 

Reported 

No significant adverse effects. No further study details 
were available. 

No significant effects on survival, ophthalmoscopic 
examinations, urinalysis, hematological parameters. 
Food consumption and body weight were 
significantly lower in males and females of the high- 
dose group between days 7 and 14, which was 
attributed to unpalatability of the diet. Significant 
treatment-related effects (relative to one or both 
control groups) were primarily observed in the 
highest dose group (unless otherwise indicated 
below), and included the following: - Males: 
7 ALP', ALA?, ASAT", plasma cholesterol' plasma 
albumin' 
&blood glucoseC (weeks 8,13); ? blood insulinC 
(weeks 4 and 8) 
? absolute liver weights', relative liver weightsC 
(mid- and high-dose males), absolute and relativeC 
spleen weights, and relative adrenal weights' 
Hepatocellular vacuolation (high-fat control group 
and low-dose group males) 
Females: 
? ALP', ALA?, ASAT, SD, plasma triglyceridesc, _ .  
plasma albumin" 
? blood insulinC (weeks 8 and 13) 
? relative liver weights, relative spleen weights, 
relative adrenal weightsc, and relative pancreas 
weights 
Hepatocellular hypertrophy (12/20 females) (present 
in 2/10 animals at end of 4-week recovery perlod) 
The NOAEL was reoorted to be 5% ClarinolTM G-80. 

Reference 

Betven et 
a / ,  2002 
Unpublished 

OHagan 
and 
Menzel, 
2003 
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Table 7.3-1 Summary of Subchronic, Chronic, and Reproductive and Developmental Toxicity Studies on CLA* 

Species 
:Strain) 

Equivalent Dose 
of C I A  
(mglkg bw/d) 

Reported Study 
Duration 

36 weeks 

Route of 
Administration 

Diet 

Treatment 

0 or 1.5% 
C L A ~  

Reference 

Scimeca, 

Park et a/., 

0 or 1.218.5 ?at (male 
-ischer 344) 
'2Oigroup) 

sat (male 
'ischer 344) 
:n=10 or 
1 l/group) 

No significant compound-related effects in any 
parameter tested The NOAEL was considered to be 
1218.5 mg/kg body weighVday 

No significant effects on body weight gain, survival 
rate, water consumption, body fat composition, 
body water composition, or organ weights. CLA-fed 
rats had Significantly reduced food consumption, 
Significantly lower blood glucose levels, and 
significantly higher mean corpuscular volume 
compared to control rats. There were no significant 
compound-related differences in other clinical 
chemistry or hematological parameters, nor were 
there any differences observed following 
histopathological examinations. 

No signnicant effects were reported following 
consumption of CLA-ME Liver impairment was 
reported foilowing consumption of CLA-EE: however. 
this was not accompanied by any histopathological 
lesions No further details were available 

18 months Diet 0 or 1% (85% 
of 5050  mix 
of c9,fl l  and 
fl0,CIZ 
isomers1 

0 or 1,000 

log (strain not 
specified) 

Not 
specified 

Oral 50,000 ppm 
as CLA-ME 
or CLA-EE 
provided as 
beadiets 

1,250 

0,100, or 200 No significant effects, 'ig (strain not 
specified) 

,* \..W"rn> . ~ * * s ~ s w  
8epduclsve.z 

?ats (strain not 
specified) 

Not 
specified 

$-D<riio*p%.m 

Not 
specified 

0. 0 48. or 

CLA isomer 
content) 

Details not 
provided 

0.95% (60% 

No significant effects No further details were available 1.000 

?at (Fischer 
344) 

Diet 0 or 0.5% 
CLA 

0 or 500 Throughout 
gestation 
and 
lactation 
(dams) 

No significant effects on litter size, fetal body weights, 
fetal liver and brain weights, or gross evidence of fetal 
abnormality. Significantly higher mean pup weight in 
CLA-fed rats. Significant update of CLA into maternal 
liver, muscle, mammaty gland, and milk and fetal liver. 
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Table 7.3-1 Summary of Subchronic, Chronic, and Reproductive and Developmental Toxicity Studies on CLA* 

Species 
(Strain) 

Rat (Fischei 
344) 

Rat (Sprague- 
Dawley) 

Pig (Swiss 
Large White) 

*Studies consi( 

~ 

Study 
Duration 

Throughout 
gestation 
and 
lactation 
(dams): up 
to 10 
weeks of 
age (PUPS) 

GD 7 to LD 
21 
(weaning) 

Throughout 
gestation 
and 
lactation 
(sows), UP 
to 35 days 
of age 
(piglets) 
red to be piv, 

Route of 
Administratior 

Diet 

Diet 

Diet 

31 are presented 

Treatment 

0, 0.25 or 
0.5%' CLA 

0 or 0 5% 
CLA 

2% linoleic 
acid-enriched 
oil or 2% 
CLA-ennched 
Oil  

bold 

Equlvalent Dose 
of CLA 
(mg/kg bw/d) 

0,250, or 500 

0 or 500 

450 

Reported 

No significant effects on litter size. pup development and 
survival rate, and maternal food consumptlon 
Significantly higher pup body weights on day 10 of 
lactation in the 0 5% CLA group and in pups fed 0.25 
and 0.5% CLA for 8 to 10 weeks compared to controls. 
No significant difference between groups in food 
consumption: however, feed efficiency was significantly 
increased in male pups fed 0.5% CLA, and in female 
pups fed 0 25 and 0 5% CLA. 

No significant effects on maternal body weights. liver 
weights, and food consumption, and litter size and 
weights of whole litters. CLA-supplemented diet 
significantly enhanced pup growth compared to control 
diet. 

No significant developmental effects CLA exposure 
during gestation resulted in higher feed intake, body 
weight gain, and final body weight of piglets. 

Reference 

Chin et a/., 
1994 

Poulos et 
a / ,  2001 

Bee, 2000 

ALAT = alanine aminotransferase, ALP = alkaline phosphatase, ASAT = aspartate aminotransferase, CLA-EE = conjugated linoleic acid ethyl ester, CLA-ME = 
conjugated linoleic acid methyl ester: GD = gestation day: LD = lactation day; NOAEL = no-observed-adverse-effect level, SD = sorbitol dehydrogenase 

numbers in [ ] correspond to the dose(s) at which the reported effects were observed 
unless stated otherwise, all reported effects are relative to control group(s) 
These effects were reported to be reversible following a 4-week recovery period 
CLA preparation containing 85 5% of a 5050 mix of c9,fll- or 19,cll and t10,c12 isomers, 4 3% other CLA isomers. 7.1% linoleic acid. and 3 1% unknown d 

constituents 
e 0 5% CLA in the diet was provided to 2 groups: one group consumed CLA throughout gestation and lactation, and one group consumed CLA throughout 
lactation only 
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7.4 Additional In Vitro and Animal Studies 

Additional in vitro and animal studies have evaluated the effects of CLA on cardiovascular 
disease risk, insulin sensitivity, maternal milk fat, and biomarkers of oxidation. These are 
predominantly investigative studies of the mechanisms of action of CLA and their relevance to 
the effects observed in clinical studies. Because human data (reviewed in Section 7.5) are 
weighed more heavily than pre-clinical data for purposes of evaluation of safety, these pre- 
clinical data are not discussed in detail here but are provided in Appendix C. In addition, as 
previously noted, studies of CLA isomers other than the 50.50 mixture are accorded significantly 
lower weight. 

To summarize these pre-clinical data: 

In terms of cardiovascular risk biomarkers it has been shown that CLA provides no 
significantly increased risk. Numerous studies have shown inter-species variation in 
cardiovascular risk markers, demonstrating that caution must be exercised when 
attempting to extrapolate to humans. The mouse, in particular, is very sensitive to the 
effects of CLA and is apparently not able to cope with the changes in fat metabolism 
induced by large relative doses. There is no evidence that hepatic lipid accumulation 
due to supplementation with CLA observed in experimental mice is of toxicological 
significance. Furthermore, the majority of data also demonstrate positive effects of CLA 
on inflammatory markers 

With regard to insulin resistance, in concurrence with the effects on adipose tissue, the 
mouse model was demonstrated to be the most sensitive species. Adipose tissue is 
almost completely ablated in the mouse following CLA intervention due to apoptosis 
resulting from decreased glucose uptake in the adipose tissue. Decreased glucose 
uptake is a result of inhibition of GLUT4 by predominantly the t10,c12 CLA isomer at the 
nuclear regulatory level. Blood glucose IS then shunted to the liver and induces hepatic 
lipogenesis in order to deal with the higher amount of glucose that is further transformed 
into serum triglycerides. These effects have been demonstrated to be transient 
(Wargent et a/., 2005). 

Observations of reduced maternal milk fat in animal models, predominantly ruminants, 
are of minimal significance in relation to humans who rely to a lesser degree on de-novo 
fatty acid synthesis for milk fat secretion. 
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7.5 Clinical Studies 

7.5.1 Introduction/OveNiew 

The purpose of this Section is to critically evaluate clinical trials in which parameters relevant to 
safety were evaluated and to draw conclusions regarding the safety of CLA-Rich Oil (50:50 
mixture) that is the subject of this report. 

A summary of the clinical studies on CIA is provided in Tables 7.5.1-1 to 7 5.1-4. The clinical 
studies are divided according to the CLA mixtures or isomers administered in the particular 
study. Following the Tables, a comprehensive discussion of safety is presented, followed by a 
discussion of specific issues relating to cardiovascular disease risk, glucose and insulin 
sensitivity, and maternal milk fat depression. A final summary is presented in Section 7.5.7. 

The primary focus of this discussion will be on the safety of the 50:50 CLA mixtures since this is 
the composition of the products under consideration and are therefore most relevant to the 
current notification. Nonetheless, studies with single isomers or the four isomer mixture have 
been included to show completeness in this body of work and also point to the safety of low 
doses of mixtures that include the 50:50 mixture as well as other isomers. Additionally, two 
human studies have investigated the effects of ingesting CLA-containing foods on various 
health parameters and one human study examined CIA intake from foods; these are 
summarized here. Where possible, all data reported were compared to population reference 
values as reported by Tietz (1995) (see Attachment 3), and were described to be "within 
population range" (WPR), if applicable. 
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Table 7.5.1-1 Summa1 

Reference 

i@ye  et 
3/ . ,  2004 

Lambert et 
a / ,  2007 

c? 
8 
0 
0 cn w 

Study 
Design 

)pen label 

Iouble-blind. 
.andomized, 
ilacebo- 
:ontrolled 
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of Clinical Studies Conducted with 5050 CLA Mixtures* 

Subjects 

12 healthy male 
volunteers 

64 regularly 
exercising men 
and women, 
aged 21 to 45 
years 

Treatment (Levell 
Duration) 

I86 g CLA (4.40 g 
10,cIZ + 4.46 g 
:9,tll) in 
riglyceride form or 
l1.15gCLA(565g 
lO.c12+570g 
9 , t l l )  in free fatty 
icid form. Subjects 
;onsumed a single 
jose of each 
reparation, with a 
j- to 14-day 
vashout penod 
ietween doses. 

3.9 g/day of 
:lannolTM A-60, 
:ontaining 65.9% of 
50.50 CLA mixture 
n FFA form or 
)lacebo (olive oil) 
or 12 weeks 

Endpoints 
Evaluated 

:ompanson of 
iioavaiiability 

30dy 
:omposition, 
ong-term 
safety (clinical 
:hemist!y) 

Results 

'eak serum concentration was reached 
within 2 to 8 hours. The free fatty acid form 
If CLA was 1 15 to 1.19 times more 
iioavailable than the tnglyceride form 
while c9,tl l  CLA was 1 25 to 1.27 times 
nore bioavailable than t10,c12 CLA 

Significant decrease in body fat levels in 
Nomen. 
\lo significant difference in plasma glucose 
evels. 
Significantly lower plasma insulin 
:oncentrations in women 
nsulin sensitivity. as measured by the 
ncrement in glucose concentrations versus 
he increment in insulin concentrations and 
i y  the insulin sensitivity index (ISI) and 
Aantitative insulin Sensitivity Check Index 
:QUCKI) models were not affected by 
:reatment. 
nsulin resistance as measured using the 
iomeostasis Model Assessment (HOMA) 
nodel and fasting giucoselinsulin ratio did 
lot differ significantly between treatment 
and placebo group either. However, these 
ndices may not be as sensitive to change 
n the extreme ranges, and in non-diabetic, 
ion-obese, healthy subjects. No treatment 
,elated effects were found on total 
:holesterol, LDL-cholesterol, and HDL- 
:holesterol. 

Adverse Effects 

The authors noted no 
adverse events 
iollowing CLA 
treatment. 

Occurrence of 
adverse effects, 
including headaches, 
flatulence, skin 
irritation, and fluicoid, 
did not differ between 
groups. 
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3eference 

2aullier et 
I/., 2004 

c? 
0 
0 ea 
u1 
h 

Study 
Deslgn 

Double- 
blind, 
randomized, 
placebo- 
controlled 

Subjects 

180 healthy, 
weweight 
iolunteers (31 
nales, 149 
'emales) 
Data from the 
157 subjects 
NhO completed 
he study were 
ncluded in the 
,esults) 

Treatment (Level/ 
Duration) 

3.4 g/day 5050 
C L A  mlxture (1.7 
$day c9,tll and 
1.7 glday fl0,cIZ) 
n free fatty acid 
:FFA) or glyceride 
:TG) or placebo 
:olive oil) for 52 
NeekS 

Endpoints 
Evaluated 

Body 
composition, 
long-term 
safety (clinical 
chemistry) 

Results 

Slight, but statistically significant 
increase in Lp(a) [321.0 +I- 390 mg/L to 
346.8 +I- 448 mglL for the TG form, 244.1 
+I- 267.0 mg/L to 284.0 +I- 292.0 mg/L for 
the FFA form. Values WPR' (22.0-573.0 
mgIL1 

Statistically significant within-group 
decrease in LDL-C (3.6 to 3.5 mmolIL): 
these were also WPR. They also 
reported a minor, but statistically 
significant within-group decrease in 
HDL-cholesterol with 3.4g/day CLA 
supplementation (1.5 to 1 4 mmol/L: 
mean WPR range=0.72-2.25 mmollL). 

Glycosylated hemoglobin was also 
noted to Increase in both the CLA and 
placebo groups, suggesting this effect 
was not treatment-related. 

All other markers of safety (fasting 
glucose, fastlng insulin, aspartate 
aminotransferase, alanine 
aminotransferase, total cholesterol, 
systolic and diastolic blood pressure, 
heart rate) were unaffected by CLA 
treatment. 

Adverse Effects 

68% of subjects In 
both CLA groups 
and the placebo 
group reported 
adverse events, with 
reports similar for 
all groups 

10 subjects total 
withdrew from the 
study due to 
gastrointestinal or 
musculoskeletal 
complaints. These 
Included nausea, 
diarrhea, and 
abdominal 
discomfort. The 
investigators 
attributed only the 
gastrointestinal 
events to the 
testsubstances 
(Includlng placebo). 
Three other subjects 
withdrew from the 
study due to 
unrelated 
complications such 
as uterine prolapse 
and accidents. All 
adverse events were 
evenly distributed 
among the 
3 study arms 
(including placebo). 
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Reference 

Sauiiier et 
sl., 2005 

d 
0 
Q 
Q 
vr 
vr 

Study 
Design 

Open-label 
one-year 
follow-up 
study 

Subjects 

134 of the 
Jriglnal 157 
iealthy, 
Jverweight 
iolunteers 
:?om Gaullier et 
3/., 2004 (24 
nales, 110 
h a l e s )  

Treatment (Levell 
Duration) 

3.4 glday 5050 Body 
CLA mixture (1.7 composition, 
gldayc9,fll and long-term 
1.7 glday fl0,clZ) safety(clinica1 
in TG form for one 
additional year 
[I04 weeks total) 

chemistry) 

Results 

No change in hemoglobin, bilirubin, 
potassium, chloride, sodium, creatinine, 
erythrocytes, TSH. thyroxln, or IGF-I. 
Systolic and diastolic blood pressure 
and heart rate remained WPR. 

Total serum cholesterol was reduced by 
the group that initially received the free 
fatty acld form of CLA in the first year 
(5.39 to 5.16 mmollL baseline to month 
24: mean WPR-3.37-7.15 mmollL), 
although this was also WPR, and of 
potentlal benefit. 

HDL-C was reduced in 4 participants out 
of 93 subjects on one of 2 CLA 
treatments (4.3%) (n=1 for FFA CLA 
group; n=3 for TG CLA group). These 
individuals had "decreases in HDL 
cholesterol to a level below population 
range at 24 months compared to 0 
months." However, mean values for 
HDL-C were still WPR (1.51 to 1.42 
mmollL mean WPR range=0.72-2.28 
mmollL), even when taking into account 
the standard deviation from the mean, 
the lower limit of these values are still 
WPR. 

Serum insulin levels were significantly 
higher in the TG CLA group at 24 
months (75 to 90.6 pmoilL), however, 
this 2 year mean (90.6 pmollL) is still 
WPR (<118pmollL) and thus is not 
considered a safety risk. 

Total white blood cells were elevated 
from baseline values in both CLA 
groups as well as the placebo group 

Adverse Effects 

4dverse events 
Mere reported by 
j O %  of year 2 trial 
,articipants, 
:ompared to 68% of 
Jarticipants within 
h e  first year of the 
:rial. One hundred 
wenty four adverse 
,vents were 
.eported and of 
:hose, only 7 were 
:onsidered to be 
:reatment related: 
:hese Included 
wimarily 
3astrointestinal 
:omplaints. 

Wnarily GI 
:omplaints 
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Reference 

Whigham 
e t  al., 
2004 

0 
6 e 
Q cn 
Q, 

Study 
Design 

iandomized, 
ilacebo 
:ontrolled 

Subjects 

63 obese 
volunteers (46 
females, 17 
males) 

Treatment (Level/ 
Duration) 

Subjects were 
placed on a very 
low calorie diet 
until they achieved 
20% reduction in 
body weight. 6.0 
g/day of a 50:50 
CLA mixture (3.0 
g/day c9,fl 1 and 
3.0 glday fl0,clZ) 
or placebo control 
(sunflower oil) 
were administered 
during weight loss 
and throughout 
the 12-month 
period 

Endpoints 
Evaluated 

Neight regain, 
safety 
iarameters 

Results 

(FFA form 6.03 to 6.63 x 10% versus TG 
form: 5.30 to 6.19 x IO9/L: mean WPR 
range=4.50-11.0 x 10'lL): again, these 
values are WPR. 

Serum leptin decreased significantly in 
all groups: this is a physiological event 
as It reflects body fat metabolism 
changes and is not considered a clinical 
biomarker, nor are there established 
normal values, rather ieptln is an 
experimental marker of fat metabolism. 

Insulin, glucose, alkaline phosphatase, 
alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) were 
unaffected by CLA treatment and 
remained WPR for this 52-week study 
with the exception of a statistically 
significant spike in glucose levels in 
CLA-consuming volunteers at week 2. 
However, this rise was stili WPR and 
normalized at the next tlme point and 
thereafter for the remainder of the 
study. 

At week 28 (the beginning of the open 
label phase of the trial) CLA-consuming 
volunteers were reported to have 
significantiy higher serum triglyceride 
(160 versus 154 mg/dL, at baseline and 
week 28, respectively: mean WPR 
range=39-327 mg/dL) levels. This level 
was maintained at week 52 compared to 
the placebo group. However, i t  should 
be noted that the placebo group was 
lower at baseline and week 12, making 
the statistical comparison appear 
significant. 

Adverse Effects 

Ten volunteers 
randomized to the 
CLA treatment 
withdrew from the 
study (4 at baseline; 
2 at week 2; 3 at 
week 4 and I at 
week 8). The most 
common reason for 
withdrawal was that 
the volunteers were 
too busy to comply 
with study protocol. 
The only adverse 
went reported In 
the CLA group of 
those who withdrew 
: I O  out of 63) was a 
skin rash that 
nvestigators did no1 
deem related to the 
test product. 

Self-reported 
symptoms included 
skin rash, 
jepression and 
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3eference 

Larsen et 
a/., 2006 

Study 
Design 

?andomized, 
ilacebo- 
:ontrolled 
larailel 
iesign 

Subjects 

122 overweight 
or obese 
volunteers 

Treatment (Level/ 
Duration) 

3.4 g/day 50:50 
CLA mixture or 
placebo (olive oil) 
as a control after a 
very low calorie 
diet for 52 weeks 

I I 

Endpoints 
Evaluated 

Safety, insulin 
asistance, 
3ody 
:omposition 

Resuits 

When the data were compared as an 
analysis of change in measures 
between major time points, the CLA 
group had a significantly smaller 
increase in cholesterol levels from 
weeks 12 to 28 (19.2 i 4.8 vs. 33.1 i 5.3, 
P = 0.054) than the placebo group. The 
control group had a significantly greater 
rise in HDL from weeks 12 to 28 (10.3k 
2.4vs.2.1i2.1mg/dl,p=O.O1),but 
then had a decrease from weeks 28 to 
52 while the CLA group increased HDL 
eveis during that same time (8.3 t 2.4 
vs. 1.5 i 2.1, p = 0.003). All other 
changes between major time points 
Mere not significantly different and 
NPR. 

%en these differences, the biological 
significance of this endpoint is 
questionable and may reflect the issue 
of multiple comparisons and unadjustec 
(Bonferroni adjustment) p 

White blood cell levels were also 
significant1 increased at week 28 (6.16 
to 6.55 x 10 cells/pLc), which is WPR. 
No significant differences in any blood 
parameters were noted, except for an 
increase in leukocytes in the CLA 
group. Values remained within 
reference values. 

Y 

Adverse Effects 

rritability, hair loss 
ind infection, which 
vere reported to 
iccur at lower 
ncidences in the 
:LA group 
:ompared to 
)lacebo. 

Of the total of 563 
adverse events that 
were reporled, 34 
were considered to 
be related to 
treatment (including 
placebo), but no 
differences between 
groups existed. 
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Table 7.5.1-1 Summary of Clinical Studies Conducted with 50:50 CLA Mixtures* 

Reference 

Thom et 
a/,  2001 

Mougios et 
a/, 2001 

Biankson 
et a/, 2000 

Study 
Design 

Randomized, 
piacebo- 
controlled 
double- blind 

Randomized, 
double-blind, 
placebo 
controlled 

Double-blind. 
randomized 

Subjects 

20 healthy 
subjects 
3MI - 23 kg/rn2 
n both 
reatment and 
:ontrol groups 

22 overweight 
adults (13 
nales, 9 
'emales) 

30 overweight 
/olunteers (20 
nales, 40 
emales) 

Treatment (Level/ 
Duration) 

3 giday 50:50 CLA 
mixture (0.54 g/day 
cS,tll, 0.54 giday 
t10,clZ)for 12 
NeekS 

3 7 g/d followed by 
1.4 g/day 50.50 
:LA mixture or 
?lacebo control 
:soybean oil) for 8 
Neeks 

1.7, 3.4, 5.1,or6.8 
$day 50:50 CLA 
nixture or placebo 
:ontrol (olive oil) for 
12 weeks. The CLA 
nixture contained 
32.5% of the c9.111 
somer and 32 5% 
>f the flO,cl2 
somer. 

Endpoints 
Evaluated 

Body fat and 
weight changes 

Body 
composition. 
blood lipids 

Body 
composition, 
blood lipids, 
liver and kidne) 
function 

Results 

Body fat was significantly reduced in the 
CLA group after 4,8, and 12 weeks 
compared to baseline results and placebo 
group Reduction in BMI or body weight for 
both groups was not statistically significant 
during the treatment period. 

Triglycerides. total cholesterol, creatinine 
kinase and cortisol levels remained 
unchanged. There was a statistically 
significant decrease in serum HDL levels 
(baseline=1.42+/-0 29: week 4=1 26 +/- 
0 30: week 8.1 25 +/- 0.32 mmoliL. 
however the change was still WPR and 
poses no safety risk, WPR for mixed 
gender and age vanes between 0.70 and 
2.28 mmoliL) 

All CLA treatment groups (1.7-6.8 g/day 
doses) exhibited significant within-group 
(from baseline) reductions in total 
cholesterol, LDL-C, HDL-C, and serum 
creatinine and platelets: however, they 
flere not outside the range for the 
population. Serum potassium levels were 
also significantly increased. Authors give 
only mean changes in these parameters 
and do not report actual values. A 
significant reduction in creatine 

Adverse Effects 

No serious adverse 
events were noted 
and no participants 
withdrew from the 
study due to adverse 
events There were 2 
reports of transient 
gastrointestinal 
disturbances within 
the first week of 
consumption (one in 
the placebo group 
and one in the CLA 
group) Both subjects 
reported adaptation 
with continuous 
treatment. 

No adverse events 
were reported by any 
of the participants. 

Sixty percent of 
subjects reported 
adverse events, 
although there was no 
difference in 
frequency between 
the placebo and CLA 
groups. Eight 
volunteers withdrew 
from the study (7 CLA 
group and 1 placebo 
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Table 7.5.1-1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures* 

Reference 

Berven et 
a/., 2000 

Study 
Design 

?andomized, 
jouble-blind. 
ilacebo 
:ontrolled 

Subjects 

60 ovetweight or 
obese male and 
female 
volunteers (BMI 
27 5 to 39) 

Treatment (Level/ 
Duration) 

3 4 glday CLA (1.75 
9 c9,flI and 1 75 g 
10.~12) or placebo 
olive oil) for 12 
veeks 

Endpoints 
Evaluated 

Body 
:omposition. 
blood iipids. 
liver function 

Results 

~hosphokinase was seen n the volunteers 
:onsuming 6.8 g/day. However, the 
wthors stated "none of these changes 
Nere considered clinically important". Vital 
jigns such as heart rate and blood 
xessure were unaffected by CLA 
administration at any level. 

Mean bilirubin levels decreased and were 
statistically significantly altered when 
subjects in the CLA group were compared 
:o themselves at baseline (p=O.Ol), 
although a drop from 10 to 9 pmollL is stili 
Neil within the midpoint range for the 
iopulation range for these subjects (5d- 
joy 5-21 umol/L) 
:LA treatment had no effect on a number 
i f  safety parameters including. blood lipid 
ianels, hemoglobin. erythrocytes and total 
Nhite blood cells, platelets, liver enzymes. 
slood electrolytes (calcium, potassium, 
:hloride and sodium), and various markers 
sf whole body macronutrient metabolism 
:e g., creatinine and lipase). 

Vo sianificant chanoes in serum total 
:hol&terol, LDL or-HDL-cholesterol, Lp(a) 

Adverse Effects 

group) due to adverse 
events. The major 
complaints were 
gastrointestinal 
symptoms and were 
reported to disappear 
d t h  continuous 
treatment 

Subjects reported no 
negative effects at 
any level of CLA on 
quality of life indices 
such as sleep, 
appetite, mood, 
stress, and working 
capacity measured 
using a visual analog 
scale (VAS) 
assessment method. 

There was no 
significant difference 
between treatment- 
related adverse 
effects, which 
included diarrhea, 
gastritis, bad oral 
smell, and 
perspiration, between 
CLA and placebo 
groups. 
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rable 7.5.1.1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures* 

Reference 

3asu et al., 
!000a: 
iiserus et 
91.. 2001 

jmedman 
md 
lessby. 
!001, 
3asu et al, 
!000b 

Study 
Design 

Randomized, 
double-blind. 
placebo 
controlled 

Randomized, 
double-blind, 
placebo 
controlled 

Subjects 

24 sublects with 
3bdominal 
ibesity (BMI 
>32) 

53 healthy 
;ubjects (27 
nales. 26 
emales) 

4.2 giday 50:50 

[olive oil) for 4 peroxidation 
,weeks 

4 2 giday 50:50 Body 
CLA mixture (1 24 g 
z9.tll and 1.24 g 
!1O.c12) or placebo 
:olive oil) for 12 
weeks 

composition, 
blood lipids 

~~ 

Results 

levels or serum triglycerides. All 
parameters remained WPR throughout this 
study. No significant CLA-induced 
changes in vital signs (systolic and diastolic 
blood pressure, heart rate) were noted. 

No significant effects of CLA mixture on 
total cholesterol triglycendes, LDL- 
cholesterol, HDL-cholesterol, fasting 
glucose and insulin levels, free fatty acids 
and blood pressure were noted 

Authors noted an increase in isoprostanes. 

No significant difference in physiological 
parameters such as total cholesterol, HDL 
and LDL-cholesterol, serum triglycerides. 
VLDL-cholesterol, non-esterified fatty acids 
(NEFA), Apolipopmteins A I ,  Apo (a), blood 
glucose, plasma insulin and plasminogen 
activating factor-1 (PAF-1) were noted in 
the CLA group A significant decrease in 
LDL-cholesterol in the control group was 
seen. 

They also reported a small but significant 
increase in Apolipoprotein B (ApoB) 5.77 to 
6 24 g/L' mean WPR range=0.46 to 1.74 
g/L +/- +2 Standard Deviations), although 
they did not indicate this was of clinical 
relevance to their overall study. 

Supplementation with CLA 50:50 mixtures 
increased urinary 8-iso-prostaglandin Fz., 
(morning and 24 hour collection), and 
increased 15-keto-dihydro-prostaglandin 
Fz0, but had no effect of p-MDA or s-a- 
tocopherol levels, markers of oxidation and 
antioxidant status 

Adverse Effects 

ncreased lipid 
ieroxidation was 
sported. There were 
io treatment-related 
3dverse effects. 

ncreased lipid 
ieroxidation was 
sported. There was 
10 other significant 
lifference between 
reatment-related 
adverse effects 
letween CLA and 
Ilacebo groups 
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rable 7.5.1-1 Summary of Clinical Studies Conducted with 5050  CLA Mixtures* 

teference 

Wedman 
it a/.. 2005 

jyvertsen 
it a/., 2006 

Study 
Design 

?andomized, 
jouble-blind. 
ilacebo 
:ontrolled 

?andomized, 
jouble-blind, 
ilacebo- 
:ontrolled 
iarallel 
jesign 

Lipid Nutrition i Cognis GmbH 
July 19, 2007 

Subjects 

53 healthy 
subjects 

83 healthy, 
overweight 
volunteers (18 
males and 65 
females) aged 
18 to 65 years 
with BMI values 
ranging from 28 
to 32 kglm' 

population of 41 
healthy, 
overweight 
volunteers (13 
males, 28 
females) aged 
27 to 64 years 
entered a 
euglycemic 
hyperinsulinemic 
clamp studyd 

A sub- 

Treatment (Level/ 
Duration) 

1.2 g/day 5050 
:LA mixture (1 2 4  g 
:9,tll and 1.24 g 
10.~12 t10,cIZ) or 
iacebo (olive oil) 
or 12 weeks 

3 4 giday CLA or 
)lacebo (olive oil) 
xovided as 6 
:apsules per day for 
j months 

Endpoints 
Evaluated 

Markers of 
nflammation 

Body 
composition. 
insuliniglucose 
levels 

Resu I ts 

rhere was a statistically significant rise in 
3RP levels between control and CLA 
groups However, it should be noted that 
he control group began the study with a 
nedian CRP level of 1.76 mg/L and the 
:LA group began the study with a median 
3 reactive protein (CRP) level of 3.27 
ngiL. The authors did not indicate whether 
laseline values were statistically different, 
:hus the relevance of these results are 
questionable No other inflammatory 
narker [ t  e., TNF-a TNF-a 1 8.2 receptors 
and vascular cell adhesion molecule-1 
:VCAM-l)] changed significantly. 

'40 significant differences were noted in 
iody composition, glycosylated 
iemoglobin. c-peptide, adiponectin, lepitin. 
jlucose uptake, glucose uptake to insulin 
:oncentration ratio. fasting glucose and 
nsulin. HOMA and QUICK1 values in the 
:lamp study population or main study 
)opulation 

Adverse Effects 

Not reported 

While adverse events 
were studied. none 
were mentioned in the 
study paper 



rable 7.5.1-1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures* 

Reference 

Natras et 
3 / .  2007 

Smedman 
et a/., 
2004: 
Basu et a/., 
2OOOa 

Study 
Design 

iandomized, 
louble-blind, 
ilacebo 
:ontrolled 

iandomized. 
3pen-label. 

Subjects 

$0 healthy 
werweight (BMi 
between 25 and 
30 kg/m2) men 
and women 
3etween the 
ages of 18 and 
44 years 

60 adult 
volunteers (25 
males, 35 
females) 
(healthy and 
overweight, BMi 
18to36) 

Treatment (Level/ 
Duration) 

4giday of 78% 
active CLA isomers 
of safflower oil (3.2 
giday CLA) or 
placebo (safflower 
oil) provided as 4 
capsules a day for 6 
months 

COX-2 inhibitor (12 
mg/day rofacoxib), 
alpha-tocopherol, or 
neither for 6 weeks 
The last 4 weeks, 
they were given 
3.5g/day 5050 CLA 
mixture, 4 g/day of a 
CLA treatment (3 6 
g/day of tlO.cl2 
isomer) as control 

Endpoints 
Evaluated 

30dy 
:omposition. 
)load 
:hemistry, 
nsuiin 
'esistance, and 
nflammatory 
3iomarkers 

~ p i d  
seroxidatin 2 
NeekS pre- 
:reatment with 
ditamin E or 
:ox 2 inhibitor 
iollowed by 
:LA. CLA 
alone was 
Aacebo 

Results 

Significant decrease was noted in fat-mass 
weight and percentage compared to 
placebo group and baseline results of CLA 
group. 
Significantly decreased body weight and 
BMI values compared to baseline results of 
CLA group were noted 
Significantly increased resting metabolic 
rate and significantly reduced physical 
activity values compared to CLA baseline 
values were noted. 

No significant differences in any of the liver 
function, cardiovascular, or inflammation 
markers. 
No significant differences in glucose 
concentration, insulin concentration, insulin 
resistance as evaluated by HOMA, or 
lepitin concentrations compared to placebo 
were noted. 

Both CLA treatments induced increases in 
8-iso-PGF-2 and 15-keto-dihydro-PGFZo, 
the largest increase being seen in the pure 
isomer group (t10,clZ CLA). They also 
noted that the COX-2 inhibitor suppressed 
the nse in 15-keto-dihydro-PGF2~1, after 
t10,clZ CLA consumption. but not the 
mixed isomer CLA. 

Adverse Effects 

Jecrease in 
'requency of reported 
jepression and 
nitability in CLA 
group compared to 
iacebo was noted: 
iowever, due to the 
m a i l  number of 
3bseNations. the 
authors reported that 
:he results are likely 
io be meaningless, 

Lipid peroxidation 
increased dose 
dependently. 
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Table 7.5.1-1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures* 

Reference 

Noone et 
a / ,  2002: 
Nugent et 
a/., 2005 

Albers et 
a / ,  2003 

Study 
Design 

Randomized. 
double-blind, 
placebo 
controlled 

Randomized. 
reference- 
:ontrolled, 
jouble-blind 
trial. 

Subjects 

51 healthy, lean 
3dult volunteers 
18 males, 33 
emales) 

'3 Hepatitis-B- 
iaccine 
:hallenged 
)atients 

Treatment (Levell 
Duration) 

3 giday 50'50 CLA 
mixture (1.5 g 
c9.111 and1.5g 
110, CIZ), 8020 
CLA blend, or 
placebo (linoleic 
acid) for 8 weeks 

3g/day 50.50 CLA 
nixture (0 85 g 
%.til and 0.85 g 
'10,cIZ) or placebo 
:ontrol for 12 weeks 

Endpoints 
Evaluated 

Immuno- 
modulation, 
lipid 
metabolism 

Immune 
function 

Results 

No changes were found in plasma lipid, 
glucose, or insulin levels 

Supplementation with the 80 20 CLA 
isomer blend significantly (ps0 05) 
enhanced PHA-induced lymphocyte 
proliferation. CLA decreased basal 
Interleukin (IL)-2 secretion (ps0.01) and 
increased PHA-induced IL-2 and tumor 
necrosis factor alpha (TNF-a) production 
(pS0.01). However, these effects were not 
solely attributable to CLA as similar results 
were observed with linoleic acid CLA 
supplementation had no significant effect 
on penpheral blood mononuclear cells IL-4 
production. or on serum-soluble 
intercellular adhesion molecule-I (SICAM- 
1) or plasma prostaglandin E2 (PGEZ) or 
leukotriene 84 (LTB4) concentrations 

Blood pressure, blood lipid panels, liver 
enzymes. blood glucose and serum insulin 
levels were measured: no changes were 
observed after CLA administration. 

Systolic and diastolic blood pressure, 
fasting serum lipids and the blood 
chemistry parameters (including liver 
enzymes and glucose) were WPR. did not 
differ between groups and were not 
affected by the intervention, apart from a 
slight increase in HDL cholesterol in the 
placebo group. but not in CLA groups 
(P=O 019). 

These included TNF-a, ILI-p, IFNy, 11-2, 
IL-4, and PGE-2 in an ex vivo model before 
and after treatment. These markers 
typically indicate immune stimulation, or 
lack thereof, although many also indicate 

Adverse Effects 

Uo report of any 
3dverse events 
wociated with CLA 
:onsumption 

qo differences in 
idverse events were 
Ibserved between the 
study treatment 
jroups. 
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rable 7.5.1-1 Summary of Clinical Studies Conducted with 50:50 CLA Mixtures* 

3eference 

(amphuis 
?t a / ,  
!003a,b 

Iyjolfson 
3t a / ,  2004 

vloloney et 
3 / . ,  2004 

d 
0 
Q 
€3 
Q, 
lb 

Study Subjects 
Design 

Randomized. 
double-blind. 
slacebo 
sontrolled 

54 healthy, 
overweight 
subjects (26 
males, 28 
females) 

Placebo- 16 young, 
sontrolled sedentary, 

overweight 
adults (4 males, 
12 females) 

overweight 
volunteers (sex 
not reported) 

Treatment (Level/ 
Duration) 

I 8 or 3.6 giday 
5050 CLA mixture 
i r  placebo (oleic 
acid) for 13 weeks 
xfter 3 weeks on a 
iery low calone diet 
VLCD) 

$ giday 5050 CLA 
nixture for 8 weeks 

3g/day 50.50 CLA 
nixture(l.2g 
s,t11, 1.2 g 
'10.~12) for 8 weeks 

Endpoints 
Evaluated 

Weight regain, 
body weight, 
satiety, fullness 
and appetite 

insulin 
sensitivity 

Insulin 
sensitivity. 
blood lipids 

Results 

inflammatory status. The authors noted no 
adverse changes in these markers. 

No effect on was seen fasting blood 
glucose, insulin. substrate oxidation, 
triglycendes and free fatty acids at either 
CLA dose level. 

The 50.50 CLA mixture did not adversely 
influence these parameters, in fact, insulin 
sensitivity indices were improved after 8 
weeks in the CLA group. It should be 
noted that here was high vanability within 
these groups, likely due to the low number 
of volunteers. 

Increased fasting glucose levels by 6.3% in 
this population after an oral glucose 
tolerance test (7.34 to 7 80 mmol/L in the 
CLA group: mean WPR range=venous 
draw ~6 7mmoliL; capillary draw c7.8 
mmoi/L) No effects on postprandial 
glucose, fasting or postprandial insulin. or 
C-peptide levels, area under the 
postprandial curve (AUC), incremental area 
under the postprandial curve ( W C )  
Reduction in the insulin sensitivity index as 
measured by HOMA (2 81 to 3.35 for the 
CLA group: no clinical lab normal values 
for HOMA). Despite this, the levels of 
HbAlc did not change. Furthermore, CLA 
did not adversely influence other safety 
markers such as C-reactive protein or 
interleukind, both markers of long-term 
CVD risk Total HDLcholesterol 
concentrations increased significantly and 
the ratio of LDL to HDL was decreased 
sianificantlv. ADOB levels increased. 

Adverse Effects 

The incidence of 
Idverse events was 
ow and did not differ 
ietween placebo and 
he 2 CLA treatments. 

got reported 

qot reported 
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rable 7.5.1-1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures* 

ieference 

Jasters et 
I/., 2002 

3elury ef 
I/., 2003 

itkinson, 
999 

8 
0 
0 
0 
Q, ul 

Study 
Design 

Double-blind 
:ross-over 
study 

?andomized, 
jouble-blind 
dacebo 
:ontrolled 

Yandomized. 
louble-blind 
2lacebo 
:ontrolled 

Subjects 

9 healthy 
lactating women 

22 adult 
volunteers with 
non-insulin 
dependent 
diabetes mellitus 

80 ovelweight or 
obese 
volunteers (sex 
not reported) 
(BMI 27 to 40) 

Treatment (Levell 
Duration) 

I .2 g CLA 50:50 
md 0 3 g other fatty 
acids or 1.5 g olive 
)ii daily Total dose 
i f  administered CLA 
vas 1 107 giday 

iach intervention 
asted 5 days, with a 
7-day washout 
ierlod between 
reatments 

5 giday of a 50:50 
:LA mixture (2.24 g 
W11, 2.37g 
IO.cl2)or placebo 
or 8 weeks 

? 7 g/day 50:50 
:LA mixture (0.81 
;9,fl1, 0.81 g 
1O,cl2) or placebo 
or 26 weeks 

Endpoints 
Evaluated 

Infant milk 
consumption, 
milk fatty acid 
content, and 
dietary CLA 
consumpQon 
levels 

Fasting insulin 
and glucose. 
leptin 

Body 
cornposition, 
blood lipids 

Results 1 Adverse Effects 

Not reported 

Fasting serum cholesterol. triglycerides 
m d  VLOL cholesterol did not significantly 
zhange. 

Plasma fatty acid profiles were unaffected 
3y CLA administration. but plasma c9,tl l- 
:LA and tlO,clZ-CLA were increased 
:ompared to the placebo. Although total 
nilk fat content was reduced by 25%, CLA 
jupplernentation had no overall effect on 
total infant milk consumption 

.eptin levels decreased 

several weeks, which 
resolved after 
cessation of CLA. 
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Table 7.5.1-1 Summary of Clinical Studies Conducted with 50:50 CLA Mixtures* 

Reference 

Joyle et 
31,2005 

song et 
31.. 2005 

c? 
0 
0 
8 
Q, 
Q, 

Study 
Design 

Randomized 
double-blind 
crossover 
design. 

Randomized, 
double-blind 
placebo 
controlled 

Randomized, 
double-blind, 
placebo- 
controlled 

Subjects 

16 healthy 
nonobese 
sedentary 
Nomen 

60 healthy male 
volunteers 

28 healthy adult 
dunteers 

Treatment (Levell 
Duration) 

2.lgIday of a 50:50 
mixture of CLA or 
placebo for 45 days 

3 g/day 50.50 of a 
50:50 CLA mixture 
or control (palm and 
soybean oil) for 8 
weeks 

3gIday CLA 50.50 
mixture (1 2 c9,t l l ,  
1.2 g t10,clZ) or 
placebo (sunflower 
oil) for 12 weeks. 

Endpoints 
Evaluated 

30dy 
;omposition, 
ilood lipids, 
eptin 

30ne 
netaboiism 

mmune 
2arameters 

Results 

No significant differences were found in 
body fat or serum leptin. TAG, total 
cholesterol, HDL-cholesterol, and alanine 
aminotransferase between CLA and 
placebo The penod of 2 wk after the end 
of CLA supplementation was sufficient for 
its washout from serum lipids. These data 
indicate that supplementation with 2.1 g of 
CLA dally for 45 d increased its levels in 
blood but had no effect on cardiovascular 
safety parameters in these nonobese 
women. 

Markers related to bone metabolism such 
as urinary and serum type I collagen cross- 
linked N telopeptides, urinary creatinine, 
urinary and serum calcium levels, serum 
osteocalcin and bone specific alkaline 
phosphatase as well as serum vitamin D 
status did not change significantly over the 
course of this trial 

Plasma total cho estero. uas not affected 
by C-A suppiementat.on 0-1 the placeoo 
elic tea a small DLI s gn Ccant decrease at 
neek 12. dDL-cholesterol #as aecreased 
stlghtly 0-1 significantly by the CLA 
sdpp ement but not the reference oii. Nhi e 
LDL-cholesterol was not altere0 by emer 
supplement. Tne decrease n dDL-C Has 
stid WPR. P asma tr'glyceride levels were 
unaffected 

Plasma g'ucose an0 insu.in ieve.s uere not 
alfecteo by CLA. P.asma leve s of igA ano 
aM were s antficant.v increased bmle la€, 

Adverse Effects 

reported no further 
Jrobiems over the lasl 
3 months of the study, 
3ppronmately. 

No adverse effects 
,eportedly occurred. 
3ne subject withdrew 
from the study due to 
acute illness 
:influenza) at the 
,equest of the 
jubjecfs physician. 

The authors noted no 
adverse events 
following CLA 
:reatment. 

No adverse events 

Lipid Nutntion I Cognis GmbH 
July 19. 2007 

54 



rable 7.5.1-1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures’ 

ieference 

-ayior et 
I / ,  2006 

e2 
8 
0 
d 
Q, 
4 

?andomized, 40 healthy 
jouble-blind, overweight white 
iiacebo- males 
:ontroiied, 
natched pair 
Jesign. 

Treatment (Levell 
Duration) 

1.5 giday 5050 
:LA mixture or 
dawbo (olive oil) 
or 12 weeks 

Endpoints 
Evaluated 

Body fat, lipid, 
insulin, and 
oxidative 
parameters 

Results Adverse Effects 

a marker of inflammation, was decreased. 
CRP. a marker of inflammation, was 
measured and was cited as not changing 
with CLA treatment In addition, pro- 
inflammatory cytokines such as TNF-a and 
IL-6 were decreased while ii-1p was 
significantly increased in the CLA group 
indicating positive changes in biomarker. 
Expression of adhesion molecules (ICAM-1 
and L-seiectin) was not affected. 

Authors reported all clinical values as 
percent change and made the judgment 
that these changes were not unsafe. As a 
result, it was not possible to compare the 
vaiues to the population range table 

Limb fat thickness as assessed by the 
caliper method was significantly decreased 
afler CLA supplementation, but torso fat, 
liver and spleen sizes did not differ 
between treatments. The authors noted 
that plasma F2-isoprostanes increased 
after CLA administration (-36 i 95 placebo 
versus 94 5 200 pg/mL placebo, p=O.O42]. 
This study was marked by extreme 
variability in samples and safety concerns 
regarding such changes are questionable. 
Furthermore, other markers of 
Inflammation, such as TNF-a and 
adiponectin were not significantly different 
from the placebo. Finally. plasma CRP, 
insulin. glucose and HOMA calculations 
levels were unaffected by CLA 
administration. Likewise, no significant 
differences in total, LDL or HDL cholesterol 
or Serum tngiycerides were found after 
CLA administration. 

None reoorted 
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rable 7.5.1-1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures* 

ieference 

'inkoski et 
3/,2006 

e 
0 
0 
0 
0, 
m 

Study Subjects 

placebo- and female 
controlled resistance- 

trained subjects 

Treatment (Level/ 
Duration) 

5 g/day CLA or 
ilacebo (36.1% 
:9,tll and 36.3% 
'1O,c12 isomer) for 
7 weeks while 
'esistance training 3 
jaysiweek. 17 
subjects crossed 
)ver to the opposite 
group for an 
jdditional 7 weeks 

Endpoints 
Evaluated 

Body 
composition, 
strength, 
myofibrillar and 
bone 
degradation. 
resting 
metabolic rate, 
resting 
substrate 
utilization 

Results Adverse Effects 

Subjects in CLA group had greater 
ncreases In lean tissue mass, greater 
osses of fat mass, and a smaller increase 
in markers of catabolism [myofibnliar 
3egradation as measured by 3- 
nethylhistinine (3MH) and bone resorption 
3s measured by cross-linked N- 
telopeptides (NTx)] compared to placebo. 
Crossover subjects had minimal changes 
n body cornposition, but smaller increase 
n 3MH and NTx while on CLA versus 
placebo. 

No serious adverse 
events occurred. 
Eight subjects in the 
CLA group and 7 in 
the placebo group 
reported adverse 
events that 
investigators 
considered related to 
supplementation 
(including placebo, 
with no significant 
difference between 
groups Two of the 6 
subjects in the CLA 
group and 417 in the 
placebo group 
reported multiple 
adverse events. 
Adverse events In the 
CLA group included 
upset stomach/ 
indigestion, 
heartburn/ reflux and 
nausea Adverse 
events from the 
placebo group 
included upset 
stomach, diarrhea, 
loss of appetite, 
bloating, and 
constipation Adverse 
events were 
Considered to be mild 
to moderate and were 
transient. 

Similar mild to 
moderate adverse 
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rable 7.5.1-1 Summary of Clinical Studies Conducted with 5 0 5 0  CLA Mixtures" 

teference Study Subjects 

jaullier ot 
I/., 2007 

0 
0 
0 
8 
h 
3 

Randomized, 
double- 
zlind, 
p l a c e b  
controlled 

83 overweight 
and obese 
subjects (BMI: 
28-32 kglm') 

Treatment (Level/ 
Duration) 

3.4 glday of a 
50:50 CLA mixture 
or placebo (olive 
oil) for 6 months 

Endpoints 
Evaluated 

30dy 
:omposition, 
nflammatory 
narkers, 
ilood lipids, 
nsulin 
sensitlvity 

Results 

CLA decreased significantly BFM at 
month 3 (A = -0.9 %, P = 0.016) and at 
month 6 (A = -3.4%, P = 0.043) compared 
to placebo. The reduction in fat mass 
was located mostly in the legs (A = - 0.8 
kg, P < O.OOl),  and in women (A = -1.3 
kg, P = 0,046) wlth BMI over 30 (A = -1.9 
kg, P = 0.011), compared to placebo. 
Waistlhip ratio decreased significantly 
(P = 0.043) compared to placebo. LBM 
increased (A = +0.5 kg, P = 0.049) within 
the CLA group. Bone mineral mass was 
not affected (P 5 0.70). All changes 
were independent of diet andlor 
physical exercise. Proinflammatory 
cytokines were unaltered by CLA except 
CRP (A = +1.52 mgll, P = 0.011) that 
remained WPR. All other safety 
parameters Including blood lipids and 
diabetogenic markers were not affected. 

Comparison of the blood lipids between 
the groups demonstrated no significant 
dlfferences In Lp(a) (P = 0.97), total 
cholesterol (P 0.32), HDL cholesterol 
(P = 0.28), LDL cholesterol (P = 0.19), 

Adverse Effects 

events were reported 
during crossover, with 
no significant 
difference between 
groups. Four CLA 
subjects reported 
adverse effects (upset 
stomach, diarrhea) 
while 2 placebo 
subjects reported 
bloating, constipation 
upset stomach, and 
diarrhea. 
Adverse events did 
not differ between 
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Table 7.5.1-1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures* 

3aff et al.. Randomized. 
2006 double-blind. 

placebo- 
controlled 

jteck et Randomized, 
31, 2007 double-blind, 

placebo- 
controlled 

rlazare ef 1 Randomized, 

Subjects 

4ealthy young 
nen (n=60) with 
nean BMi of 
22.5 kg/m2 

iealthy obese 
ion-smoking 
jubjects ( ~ 4 8 :  
13 male, 35 
'emale) between 
18-50 years, 
3MI 30 to 35 

iealthy obese 

Treatment (Level/ 
Duration) 

CLA-rich diet 
providing 4.7 gld of 
a 50.50 mixture of 
CLA isomers or a 
placebo diet for 5 
weeks 

3.2 or 6.4 g/day of a 
50:50 mixture of 
CLA isomers 
(Tonaiin) compared 
to placebo (8 g 
safflower oil) for 12 
weeks 

3.76 g/day of CLA 

Endpoints 
Evaluated 

3lood pressure 
and endothelial 
unction, 
neasured by a 
iolume- 
millometric 
echniaue 

30dy 
:omposition 
by DEXA) and 
inthropometric 
jata, resting 
mergy 
?xpenditure 
REE) and 
espiratory 
potient (RQ) 
neasured by 
ndirect 
:aionmetry. 
ipid profile. 
:RP, IL-6 and 
standard 
:linical blood 
:hemistry 

30dv 

Results 

and triglycerides (P 0.22) levels. After 
6 months with CLA supplementation 
there were also significant increases in 
Lp(a) levels In both CLA group (P = 
0.017) and placebo group ( P =  0.020), 
thus no conclusions as to the safety of 
CLA from the Lp(a) perspective can be 
drawn from this study. HDL cholesterol 
levels decreased in the CLA group (P = 
0.030) compared to baseline, but these 
changes remalned within the population 
ranae. 

No significant effects on systolic or diastolic 
blood pressure or pulse pressure were 
noted No significant effects on isobaric 
arterial elasticity were noted. 

Compared to baseline values, HDL- 
cholesterol significantly decreased in the 
placebo and 6.4 g CLNday groups, while 
CRP. IL-6, WBC counts, and alkaline 
phosphatase increased, and hemoglobin, 
hematocrit. and sodium levels decreased, 
in the 6.4 g CLNday group 

Compared to placebo, the increases in 
CRP, IL-6, and WBC counts in the 6.4 g 
CLNday group were significant. The 
authors reported that all changes remained 
WPR. 

There were no significant changes in any 
measured parameter in the 3 2 g CLNday 
group when compared to baseline or 
Dlacebo 

No sionificant effects on total and HDL 

Adverse Effects 

Vot reported 

Vo adverse effects 
were determined to 
,e related to CLA 
:reatment 

Vot reoorled 
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Table 7.5.1-1 Summary of Clinical Studies Conducted with 5050 CLA Mixtures' 

placebo- 
controlled 

Lopez Randomized, 
Roman et double-blind, 
a/, 2007 placebo- 

controlled 

Subjects 

subjects (n=44, 
22 male, 22 
female): mean 
age 28.9 years 

Healthy obese 
Subjects (n=31; 
15 male, 16 
female) 

ita1 are presented 

Treatment (Levell 
Duration) 

50.50 mixture in 
yogurt, compared to 
placebo yogurt, for 
14 weeks 

3 g/day of CLA 
5050 mixture in 
milk compared to 
milk containing no 
CLA for 4 months 
hnld 

Endpoints Results 
Evaluated 

composition, 
blood lipids. 
blood 
biochemlstry. 

Blood lipids, 
hematological 
and 
biochemical 
oarameters 

cholesterol, triglycerides. blood glucose or 
insulin, plasma leptin, blood cell count, and 
liver enzyme levels No significant 
changes in body composition 

No significant effects on total, HDL, and 
LDL cholesterol or triglycerides No 
significant effects on hematological and 
biochemical parameters, including blood 
alucose levels. 

Adverse Effects 

Not reported 

* Studies considered to be pi --._ 
a WPR = within population range, as established in "A Clinical Guide to Laboratory Tests" (Tietz. 1995) (see Attachment 3) 

In this study, multiple compansons were made from the same data set and statistical adjustments to account for these multiple comparisons were not mentioned 
by the authors (e g., Bonferroni adjustment) Thus, any statistically significant changes are questionable from a safety standpoint and values are still WPR. 

Units for WBC were reported as cells/pL in the text of the publication. but as cells/m3 in all tables. It is assumed that the units reported in the tables were in 
error, and that the values cited in the text should be x I O 3 .  as indicated above 
a In euglycemlc insulin clamp the insulin plasma concentration is raised and maintained at a high level by continuous Infusion of insulin. The plasma glucose level 
concentration is held constant at a basal level by a varlable glucose infusion controlled by repeatedly blood sugar measurements. Under these steady-state 
conditions the glucose infusion rate equals the glucose uptake by all body tissues and is therefore a measure of tissue sensitivity to exogenous insulin 
ALT = alanine aminotransferase: AST = aspartate aminotransferase: BMI = body mass index; CLA = conjugated linoleic acid: CRP = C-reactive protein; FFA = 
free fatty acid: HDL-C = high-density lipoprotein cholesterol; Lp(a) = Liprotein a, LDL-C = low-density lipoprotein cholesterol; NEFA = non-esterified fatty acids; 
PAF = plaminogen activating factor, TG = triglyceride, TSH = thyroid-stimulating hormone, VAS = visual analog scale, VLDL = very low-density lipoprotein: WBC 
=white blood cell 
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rable 7.5.1-2 Summary of Clinical Studies Using Four Isomer Preparations 

Reference 

.owery et a/.. 
1998 

ion Loeffelholz 
?fa/., 2003 

(reider et al , 
!002 

Subjects 

!4 male body 
iuilders 

!1 novice and 
txperienced 
ithletes 

24 
?xperienced, 
rained 
athletes 

Treatment 
(LeveilDuration) 

7.2glday for 6 weeks 
:CLA isomer 
:omposition not 
.eported) 

7 g CLNday for 6 
nonths (providing 
$20 mg 18, c10-, 581 
n g  12. t l  1-, 553 mg 
'10, c12-; and 497 
n g  c1 1 , tl3-CLA 
daily) 

5 glday 4-(+)-isomer 
CLA or placebo for 4 
Meeks (CLA isomer 
somposltion not 
,eported). 

Endpoints Evaluated 

Liver enzymes (AST, ALT). 
bilirubin. 
y-glutamyitransferase, blood 
$ucose and serum insulin and 
,cpid levels 

Body composition. blood 
lipids. 

Body composition, muscle 
strength, liver and lipid 
profiles. blood glucose and 
insulin levels, hemoglobin and 
hematocnt, and markers of 
metabolism such as 
creatinine 

Results 

No significant effect of CLA multiple isomer 
mixtures was seen on any of the safety 
parameters evaluated, including total 
cholesterol LDL-C and HDL-C 

Fasting serum total cholesterol LDL and 
HDL cholesterol and tnglycsrides were 
unchanged after 6 months of CLA 
supplementation in trained athletes and 
HDL-cholesterol and serum triglycerides 
were unchanged in novice volunteers. 
However, the novice group expenenced an 
increase in fasting total cholesterol and 
LDL-cholesterol at 6 months when 
compared to baseline values. They noted 
that in novice athletes, total and LDL- 
cholesterol decreased from baseline to 
month 3, and increased from baseline to 
month 6 No placebo group was included 
for comparison, so it was unclear if effects 
were related to CLA 

No changes on any parameter after 4-(+)- 
isomer CLA administration. including total 
cholesteroi, LDL and HDL-C, triglycerides 
were noted. 

Adverse Effects 

rlot reported 

\lot reported 

rhere were no 
sports of side 
3ffects after CLA 
:onsumption 
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Table 7.5.1-2 Summary of Clinical Studies Using Four Isomer Preparations 

Reference 

Medina et a/.. 
2000, Benito et 
a/., 2001a,b; 
Zambell et a/., 
2000,2001: 
Kelley et al., 
2000,2001 

Emken et ai 
2002 

Subjects 

17 healthy, 
lean female 
adult 
volunteers 

6 healthy adult 
women 

Treatment 
(Level/Duratlon) 

3.9 a/dav of a 4-(+\- 
isomer CLA 
preparation or 
placebo (sunflower 
oil) for 64 days 
(providing 881.4 mg 
t l  0, c l  2-, 920.4 mg 
c l l ,  f13-: 686.4 mg 
&,f11-: and 647 4 
mg f8. clO-CLA 
dailv). 

Normal diets 
supplemented with 6 
g/d of sunflower oil or 
3.9 g/d of 4-(+)- 
isomer CLA for 63 
days (providing 881.4 
mg f10, c12-, 920.4 
mg c l  1 , tl3-: 686.4 
mg &, t i  I-: and 
647.4 mg t8. c10- 
CLA daily) 

Endpoints Evaluated 

Lipids, immune parameters, 
glucose and Insulin levels, 
platelet function, blood 
coagulation, and fat oxidation 

Results 

No significant differences were noted in 
these parameters afler treatment. 

Fatty acid metabolism CLA supplementation had no effect on the 
metabolism of the deutenum-labeled FA 
These metabolic results were consistent 
with the general lack of a CLA diet effect on 
a variety of physiological responses 
previously reported for these women. In 
conclusion. no effect of dietary CLA was 
observed, absorption of CLA was less than 
that of c9-18:1, CLA positional isomers were 

Adverse Effects 

Authors indicated 
no safety 
concerns or 
adverse events 
following CLA 
treatment. 

Not reported 
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rable 7.5.1-3 Summary of Clinical Studies with Single CLA Isomer 

Reference 

hedman 
?f a/.. 2004 

-neon ef a/, 
!004a,b 

c 
0 
0 
Q 
4 + 

Subjects 

$0 healthy 
weweight 
iolunteers 

$9 healthy male 
iolunteers (BMI 18 
o 25) 

Treatment 
(Level/Duration) 

The control group in a 
50.50 isomer trial 
received of 4 g/day (3 6 
g/day f10,c12 CLA 
isomer for 4 weeks 

0.59. 1.19 or2 38g/day 
c9,fll CLA isomer or 
0 63, 1 26, or 2.52giday 
t10.cl2 CLA isomer for 6- 
months (6 month 
crossover, 2 month 
sequential dose with 
6-week washout period) 

Endpoints Evaluated 

Lipid peroxidation 

?kid metabolism 

Results 

Both CLA treatments induced increases 
in 8-iso-PGF-2 and 15-keto-dihydro- 
PGF2 a, the largest increase being 
seen in the pure isomergroup (f10,c12 
CLA). They also noted that the COX-2 
inhibitor suppressed the rise in 15-keto- 
dihydro-PGF2o after flO.cl2 CLA 
consumption, but not the mixed isomer 
CLA. 

Glucose and insulin levels were 
unaffected by these doses. Further, the 
c9,f l l  form decreased total 
cholesterol.HDL, while the f10,clZ CLA 
isomer increased this parameter 
Ratios of lipoproteins are not clinical 
markers and are thus not compared 
according to standard clinical limits 

Mean plasma triglycenda 
concentrations were higher after 
supplementation with the f10,c12 CLA 
isomer, independent of dose compared 
to the c9,f l l  isomer. In addition, 
significant effects on total cholesterol 
were seen with both isomers. the c9,f l l  
CLA isomer decreased total cholesterol 
compared to baseline values while the 
flO.cl2 CLA isomer increased total 
cholesterol values compared to 
baseline values No effect on plasma 
HDL cholesterol concentrations was 
observed with either isomer. As we 
have seen with other clinical 
biomarkers. these changes are 
statistically significant although the 
mean values still fall WPR and are not 
considered a safety risk Furthermore, 
the lack of a control group in the Tricon 
study makes it Impossible to conclude 

Adverse Effects 

Dose-dependent nse in 
lipid peroxidation products 

No adverse events were 
reported. 
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rable 7.5.1-3 Summary of Clinical Studies with Single CLA Isomer 

Reference 

3urdge el 
I/., 2004 

Subjects 

Lipid Nutntion / Cognis GmbH 
July 19. 2007 

Treatment 
(LevelIDuration) 

Endpoints Evaluated 

~ 

Effects of each pure isomer 
an incorporation into plasma 
and cellular lioids 

Results 

that any effects observed for the 2 CLA 
isomers are truly different from no 
intervention 
TNF-a, IL-10, IL-6. IL-lp. and iL-8 
levels were not significantly changed, 
nor were there any effects on CRP 
There was a dose-response with both 
isomers in the production of TNF-a and 
IL-IP. However, there was no 
significant isomer x dose interaction on 
the production of these cytokines. 
indicating no inflammatory issues 

Both isomers were incorporated in a 
dose-dependent manner into plasma 
phosphatidylcholine (PC) and 
cholesteryl ester (CE) Only t10.cI2 
isomer was enriched in plasma 
nonestenfied fatty acids. Both c9,l l l  
and t10,c12 CLA were incorporated 
linearly into PBMC total lipids The 
highest concentrations of c9,tlI and 
llO.cl2 CLA in PBMC lipids were 3- to 
4-fold lower than those in plasma PC 
and CE These data suggest that the 
level of intake is a majordeteninant of 
plasma and PBMC CLA content, 
although PBMCs appear to incorporate 
both CLA isomers less readilv 

Adverse Effects 

Not reported 
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11 Table 7.5.1-3 Summary of Clinical Studies with Single CLA Isomer 

Reference It--- 
Burdge et 
a/.. 2005 

Malpuech- 
BNgere et 
a/.. 2004 

Thijssen et 
a/., 2005 

Subjects 

31 healthy men 

30 male and 
female overweight 

25 healthy, 
wetweight men 
and women (BMi 
25 to 30) 

Treatment 
(LeveVDuration) 

Daiw Droducts naturaliv 
enriched in c9,fl l  CLAby 
modification of cattle feed 
to provide 1.43 glday 
c9,tll CLA intake in 
CLA-enriched group or 
0.17 g/dayc9,tlI CLA 
intake in control group for 
6 weeks, with a 7-week 
washout between 
treatments 

1.5 or 3giday of c9,tll or 
t10,c12 CLAfor 18 weeks 

All subjects consumed a 
dnnkable dairy product 
containing 3 g of oil that 
was rich in oleic acid for 6 
weeks For the next 18 
weeks, control group (n = 
7) continued to use this 
product while 9 subjects 
each consumed products 
with 3 g of purified c9,tll 
CLA or t10,c12 CLA for 
18 weeks 

Endpoints Evaluated 

Effects of consumption of 
c9, f I l  CLA on plasma and 
cellular lipids 

Body composition 

Plasma incorporation plasma 
and cellular lipids 

Results 

Consuming the CLA-enriched dairy 
products increased the c9,tl l  CLA 
concentration in plasma 
phosphatidylcholine. triacylglycerol and 
cholesteryl esters, and in penpheral 
blood mononuclear cells. c9, f l l  CLA 
concentration in plasma lipids was 
lower after consuming the control 
products, which may reflect the 2-fold 
greater c9,tlI CLA content of the 
commercial oroducts 

Eighty-two volunteers completed this 
study. most dropped out prior to CLA 
intervention (run-in penod), one 
dropped out in each CLA flO.cl2 group 
and one was dropped by the 
investigators due to non-compliance. 
They found no changes in glucose or 
insulin levels at any dose, nor did liver 
echography reveal changes in liver 
morphology among groups 

For each gram of c9,tll CLA 
consumed, the proportion in plasma 
phospholipids increased by 0.26% and 
0.20% for the tlO,cl2 CLA. The 
f10,c12 CLA isomer increased piasma 
TAG levels of conjugated 18:3. 
whereas c9,tl l  CLA increased those of 
both conjugated 18.3 and 20.3. The 
authors concluded that incorporation of 
c9,tl l  and t10,cIZ CLA into plasma 
lipids reflects dietary intakes No other 
safety parameters were measured. 

Adverse Effects 

rlot reported. 

Authors reported no 
reatment-related adverse 
?vents. 

qotreported 
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rable 7.5.1-3 Summary of Clinical Studies with Single CLA Isomer 

Reference 

iasin et a/,  
lo05 

qaumann ef 
d.,  2006 

iiserus et 
3/., 2004a 

Subjects Treatment 
(LevellDuration) 

12 lactating 750 mg/d of c9,tll-CLA. 
Nomen flO,cl2-CLA. or control 

(olive oil) for 5 days, with 
3ecause body fat 9-day washout periods 
nay modify the between treatments 
effect of CLA on 
milk fat, women 
#ere also 
slassified into. 
high body fat 
:>30% body faty' 
and "low body fat 
[<30% body fat)" 
groups 

87 overweight 
volunteers with 
LDL phenotype 6 

A drinkable dairy product 
not ennched with CLA 
(placebo, n=34), the 
same dairy product 
enriched with 3 g c9,flI 
CLA (n=34), or the dairy 
product enriched with 3 g 
flO,cl2 CLA(n=lS)for 
13 weeks. 

25 obese 
volunteers isomer for 12 weeks 

3 glday c9,t l l  CLA 

Endpoints Evaluated 

Milk fat 

Lipid parameters Effects on 
plasma glucose and insulin 
concentrations and on clinical 
parameters were also 
examined 

insulin sensitivity, lipid 
peroxidation. and body 
composition 

Results 

The authors noted that there was no 
interaction between treatment and body 
fat on milk fat, protein or lactose. 
Likewise, there were no independent 
effects of treatment or body fat on these 
variables. Treatment and body fat 
interacted to influence 14 1, 15:0, 16'1, 
and 17:O (pc0 10). No independent 
effect of body fat was found on any of 
the milk fatty acids examined, except 
for c9,tlI-CLA and tlO,cl2-CLA which 
increased dunng their respective 
treatments. These data suggest that 
neither tlO,cl2-CLA nor c9,tll-CLA. 
when consumed individually, decreases 
milk fat in humans. 

Median changes in the proportions of 
plasma small dense LDL were -2.0% in 
the control group and -0 1% in the 
c9,fl l  CLA and flO,cl2 CLA groups 
(p=O 981 for the differences between 
the groups). c9,flI CLA or t10,clZ 
CLA did not affect serum 
concentrations of LDL and HDL 
cholesterol. or triacylglycerol. Plasma 
concentrations of glucose and insulin 
were also unaffected. 

No significant changes in total 
cholesterol HDL cholesterol, 
triglycerides or free fatty acids were 
seen, but a significant decrease in 
insulin sensitivity and increase in 
markers of lioid Deroxidation was noted 

Adverse Effects 

\lot reported 

Uot reported 

3ecrease in insulin 
sensitivity and increase in 
narkers of lipid 
3eroxidation 
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rable 7.5.1-3 Summary of Clinical Studies with Single CLA Isomer 

Reference 

iiserus et 
3/,, 2002a.b. 
!004b 

iamakers 
$ f  a i ,  2005 

Subjects 

57 obese men 

12 men and 
Nomen with high 
.isk of CHD 
:moderately 
Jveweight with 
DL-phenotype B) 

Treatment 
(LevellDuration) 

1.95 g/day f10,c12 CLA 
or 3.4 g/day 5050 CLA 
mixture to overweight 
males with Syndrome X 
for 12 weeks. 

3 glday of &,ti 1 CLA or 
t10.cI2 CLA for 13 weeks 

- 
Endpoints Evaluated 

Blood glucose and insulin. 
insulin sensitivity. Lipid 
peroxidation. inflammatory 
markers 

inflammatory markers (iL-6, 
iL-8, TNF-a. CRP) 

Results 

The 50.50 CLA mixture lowered HDL- 
cholesterol No other significant 
changes were noted except for a within- 
group change in VLDL-cholesterol with 
the f10,c12 isomer but not the 5050 
CLA or the placebo. 

No significant difference in blood 
glucose or serum insulin levels but 
noted a decrease in insulin sensitivity 
and an increase in lipid peroxidation in 
the group receiving the 110.~12 CLA 
isomer. No such affect was observed 
in the 50.50 treatment group confirming 
the data from the previous trials No 
other inflammatory markers (iL-6, CRP. 
TNF-0) differed significantly 

No significant effects on ex vivo 
lipopolysaccharide (LPS)-stimulated IL- 
6, IL-8, TNF-o production, and whole 
blood and plasma CRP were noted. 

Both CLA isomers induced a specific 
inflammatory signature as evidenced by 
cytokine expression profile. The cS.tl1 
isomer was reported to show more 
activity in terms of the number of 
proteins regulated, which suggests 
enhanced immune function. 

Adverse Effects 

lecrease in insulin 
Sensitivity and an increase 
n lipid peroxidation in the 
lroup receiving the tlO. 
A2 CLA isomer 

\lot reported. 

c 
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rable 7.5.1-4 Summary of Clinical Studies with Naturally Occurring CLA (e.g., c9, t l l  isomer) 

Reference 

Wenthaler 
! fa/,  2005 

Iesroches 
%f a/., 2005 

e: 
0 
6 
Q 
-i 
CD 

Subjects 

36 lactating women 

16 men 

36.6 +/- 12 4 y; 
3ody mass index 
31 2 +/- 4.4 kg/mz: 

%e 

Treatment (LevellDuration) 

4 low-CLA containing cheese 
xoviding 160mg/day of the c9,f l l  
:LA isomer, a high-CLA cheese 
xoviding 346 mg/day the c9.111 CLA 
somer. or a control for 8 weeks 

Subjects were fed each of the 2 
sxperimental isoenergetic diets, 
zoviding 15% of energy as protein, 
4.5% as carbohydrates, and 40% as 
ipids, of which >60% was derived 
'rom expenmental fats, for 4 wk. The 
jiets differed with respect to the 
nclusion of a modified butter 
iaturally ennched with CLA (4.22 g 
:LA/IOO g butter fat) by the addition 
if sunflower oil to the diet of dairy 
:ows versus a control butter that was 
ow in CLA (0.38 g CLN100 g butter 
'at). An 8-wk washout period was 
ncluded between treatments 

Endpoints Evaluated 

Milk fat and immune 
parameters, CVD risk 
factors 

Body composition, 
cholesterol 

Results 

No change in plasma triglycendes, 
total cholesterol, HDL-cholesterol. 
LDL-cholesterol or VLDL-cholesterol 
among groups were noted They 
also measured lymphocyte subsets 
(T-helper cells, T-cytotoxic cells, B 
cells and natural killer cells at 
baseline, 4 and 8 weeks and found 
no treatment-related effects. Finally, 
they reported that although c9,fl l  
CLA content of breast milk was 
higher in the high CLA group, total 
milk fat yield. lactose, or protein 
levels were unaffected by either CLA 
level. This study shows that CLA in 
the form of the naturally occurring do 
not alter milk fat levels in lactating 
humans. 

Consumption of the CLA diet 
induced a significantly (p e 0.05) 
smaller reduction in plasma total 
cholesterol and in the ratio of total to 
HDL cholesterol (-0 02 mmol/L and - 
0.00, respectively) than did 
consumption of the control diet (- 
0 26 mrnolIL and-0.34, respectively) 
The authors suggest that a IO-fold 
CLA enrichment of butter fat does 
not induce beneficial metabolic 
effects in overweight or obese men. 

Adverse 
Effects 

Vot reported. 

Vo safety 
:oncerns 
Nere 
.eported in 
:his study. 
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Reference 

women, mean age 68 6 

Subjects Treatment (LevellDuration) Endpoints Evaluated Results 

Dietary intake of CLA (63 1 +/- 46.8 
mg, mean +I- SD) was a significant 
predictor of Ward's tnangie BMD 
(p = 0.040) in a multiple regression 
model containing years since 
menopause (18.5 +/- 8.4 y), lean 
tissue, energy intake (1691 +/- 382 
kcal/day) dietary calcium (873 +/- 
365 mg), protein (70.6 +/- 18.6 g), fat 
(57.9 +/- 23.9 g), zinc (19 2 +/- 13.6 
mg), and current and past physical 
activity, with R(Z)(adj) = 0.286 
Subjects were also divided into 
groups below (Group 1) and above 
(Group 2) the median intake for 
CLA. Group 2 had higher BMD in the 
forearm, p = 0.042, and higher BMD 
in the hip. lumbar spine and whole 
body, however statistical 
significance was not reached. The 
authors indicated that these findings 
indicate dietary CLA may positively 
benefit BMD in postmenopausal 
women. 

Eighty-two volunteers completed this 
study: most dropped out prior to CLA 
intervention (run-in penod), one 
dropped out in each CLA tlO.cl2 
group and one was dropped by the 
investigators due to non-compliance 
They found no changes in glucose 
or insulin levels at any dose, nor did 
liver echography reveal changes in 
liver morphology. 

Adverse 
Effects 

No safety 
concerns 
were 
reported in 
this study 

No 
treatment. 
related 
adverse 
events 
reported. 
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rable 7.5.1-4 Summary of Clinical Studies with Naturally Occurring CLA (e.g., c9, t i l  isomer) 

Reference 

rhijssen et 
3I.2005 

iasin et a/.. 
2005 

Subjects 

25 healthy, overweight 
men and women (BMI 
25 to 30) 

12 lactating women 

Because body fat may 
modify the effect of CLA 
on milk fat, women were 
also classified into' high 
body fat p30% body 
fat)" and "low body fat 
(~30% body fatr 
groups 

Treatment (LevellDuratlon) 

All subjects consumed a dnnkable 
dairy product containing 3 g of oil that 
was rich in oleic acid for 6 weeks 
For the next 18 weeks, control group 
(n = 7) continued to use this product 
while 9 subjects each consumed 
products with 3 g of punfied c9,tl l  
CLA or t10.cl2 CLA for 18 weeks 

750 mg/d of CSJll-CLA, 110.~12- 
CLA, or control (olive oil) for 5 days, 
with 9-day washout periods between 
treatments 

Endpoints Evaluated 

Plasma incorporation 
plasma and cellular 
lipids 

Milk fat 

Results 

For each gram of c9, t l l  CLA 
consumed, the proportion in plasma 
phospholipids increased by 0.26% 
and 0.20% for the t10,clZ CLA The 
110.~12 CLA isomer increased 
plasma TAG levels of conjugated 
18:3, whereas c9,tl l  CLA increased 
those of both conjugated 183 and 
20:3 The authors concluded that 
incorporation of c9.111 and 110.c12 
CLA into plasma lipids reflects 
dietaly intakes. No other safety 
parameters were measured 

There was no interaction between 
CLA and body fat that produced any 
significant effects on milk fat, protein 
or lactose. Likewise, there were no 
independent effects of treatment or 
body fat on these variables 
Treatment and body fat Interacted to 
influence 14.1, 15.0, 16:1,and 17:O 
(p<O.IO). No independent effect of 
body fat was found on any of the 
milk fatty acids examined. except for 
c9,tll-CLA and flO,clZ-CLA which 
increased dunng their respective 
treatments. These data suggest that 
neither tlO,clZ-CLA nor c9,tll-CLA. 
when consumed individually, 
decreases milk fat in humans. 

Adverse 
Effects 

Not reported, 

Not reported 
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rable 7.5.1-4 Summary of Clinical Studies with Naturally Occurring CLA (e.& c9, t i l  isomer) 

Reference 

-ricon et 
$ I ,  2006 

Subjects 

32 healthy male 
dolunteers, aged 34 to 
30 years 

Treatment (Level/Duration) 

1.421 mg/dofc9.tll-CLAor 1,508 
mgid total CLA during CLA phase of 
intervention or 151 mgld of c9,tl l- 
:LA or 168 mg/d total CLA during 
:ontrol phase of intervention for 6 
Neeks with a 7-week washout period 
3etween phases 

Endpoints Evaluated Results 

3lOOd lipid profile. No significant effects were reported 
atherogenlcity of LDL, on body weight, plasma glucose, 
3nd markers of insulin, interleukin 6, soluble 
nflammation and vascular cell adhesion molecule 1, 
nsulin resistance, soluble intercellular adhesion 
Jody composition molecule 1, soluble E-selectin, or 

serum C-reactive protein 
concentrations, plasma 
trlacylglycerols, total cholesterol, or 
noesterified fatty acid 
concentrations. The authors 
reported that the change In the ratio 
of LDL to HDL cholesterol was 
significantly different. but this is 
expected not to be of biological 
significance as the individual levels 
of HDL-cholesterol and LDL- 
cholesterol were within the 
acceptable range and did not 
significantly change within the study 
period 

Also, there was no significant effect 
on the homeostasis model for insulin 
resistance or the revised quantitative 
insulin sensitivity check index 

Adverse 
Effects 

Not reported 
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As highlighted in these tables, 52 human clinical trials have been conducted on over 2,000 
human volunteers (resulting in 66 peer-reviewed publications) with doses ranging from 0.7 to 
7.2 g/day for time periods ranging from 5 days (Masters et a/., 2002) to 2 years (Gaullier et a/.. 
2005). 

Of these 66 publications, 38 utilized the 50:50 isomer mixture. Table 7.5.1-1 summarizes these 
intervention trials investigating doses from 0.7 to 6.8 g/day of the 50:50 mixture in over 1,700 
human subjects for periods of 12 weeks to 2 years. The conclusions outlined in this dossier are 
based pnmarily on the studies conducted by Gaullier et a/. (2004, 2005, 2007), Larsen et a/. 
(2006), and Whigham et a/. (2004). These studies provided CLA (50:50 mixture) at doses 
ranging from 3.4 g/day for up to 2 years and 6 g/day for up to 1 year and measured numerous 
endpoints related to safety, including blood lipids, blood glucose and insulin, blood liver enzyme 
levels and other clinical chemistry parameters, markers of inflammation, and blood pressure. 
These studies, which demonstrated no significant adverse effects, are therefore considered 
pivotal to the safety of CLA-Rich Oil. Other shorter-term studies (up to 6 months in duration) 
providing doses ranging from 0.7 to 6.8 g CWday also measured various parameters related to 
safety, including cardiovascular disease risk, glucose and insulin sensitivity, and maternal milk 
fat depression, and provide additional support for the safety of CLA-Rich Oil. 

Eleven publications represent trials using 4-isomer mixtures. Summarized in Table 7.5.1-2, 
these 5 intervention trials range from doses of 0.7 glday to 7.2 glday for periods of 4 weeks to 6 
months in 92 human subjects. No adverse events were reported. 

Finally, 14 publications used purified-isomer mixtures. As shown in Table 7.5.1-3, this 
represents 11 intervention trials ranging in doses of 0.59 to 3.6 g/day for periods of 4 to 18 
weeks in at least 400 individuals. Two of these studies did not publish any observations of 
adverse events. However. 3 studies (Tricon et a/., 2004a,b; Malpuech-Brugere et a/., 2004) 
raised issues relating to cardiovascular disease risk and insulin resistance. 

Additionally, two intervention trials have been conducted using CLA occurring in foods in 52 
volunteers for 8 weeks. These 2 trials resulted in 2 publications and reported no adverse events 
from CLA-enriched foods. One trial measured CLA intake from foods in 136 volunteers by 
collecting dietary information 

Of the adverse events reported in clinical trials, the most frequent complaints were 
gastrointestinal in nature (Blankson et a/., 2000; Smedman and Vessby, 2001), a common 
complaint with high fat diets and with people taking dietary supplement capsules. Several 
studies also reported rapid adaptation to dietary CLA addition. Some investigators suggested 
that the gastrointestinal upset could be due to either the CLA oil itself or the large number of 
gelatin capsules administered in most of these trials [up to 12 in the case of Blankson et a/. 
(200011. Other studies do not report such effects, including the study by Whigham et a/. (2004) 
whereby 6 gelatin capsules containing CLA TG form were administered. Gastrointestinal 
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complaints were evenly distributed between treatment and placebo groups in many studies, 
suggesting these complaints were not treatment related. Furthermore in the 3-arm study by 
Gaullier et a/. (2004), more gastrointestinal effects were reported in the free fatty acid group 
than in the placebo or CLA TG (triglyceride) group, suggesting that the free fatty acid form 
caused more GI upset compared with the more natural TG form commonly consumed in the 
diet. A single oral dosage of approximately 15 g of CLA-Rich Oil (containing up to 
approximately 9 g of CLA isomers) in bioavailability studies has revealed no adverse events. 
Additionally, post market surveillance data from Spain suggest that, of consumers of CLA-Rich 
Oil supplemented dairy and juice products, at up to 4 daily servings (6 g CLA-Rich Oil per day), 
only 2% of the 1,235 respondents noticed adverse effects The most common adverse effect 
was diarrhea with 0.7% of the total number of interviews. Other adverse effects were nausea 
with 0.2% and dyspepsia with 0.2% (Anadon et a/.. 2006). 

Although some statistically significant changes in various hematological or clinical chemistry 
parameters were reported in some studies, these changes are not considered to be outside of 
population range or to represent changes of clinical or toxicological significance. 

The following sections provide further detailed discussion of 3 issues that have been raised in 
certain studies of CLA, namely (1) cardiovascular disease risk; (2) insulin sensitivity; and (3) 
maternal milk fat. 

Several experts in specialized fields provided advice relevant to assessing the safety of CLA 
relating to these three issues. The information provided by these experts is included as 
Appendix B. 

Based on the totality of the clinical data, the weight of the evidence demonstrates that estimated 
consumption of 5050 CLA isomers (CLA-Rich Oil) is safe. In particular, the pivotal studies 
report safe use of up to 6 g/day for up to 1 year (Larsen et a/., 2006 and Whigham et a/., 2004) 
and 3.4 g/day for up to 2 years (Gaullier et a/., 2004, 2005, 2007). Further, the weight of the 
evidence demonstrates no significant effects on cardiovascular parameters (lipid metabolism, 
markers of inflammation, and markers of oxidative stress), insulin sensitivity and glucose, and 
maternal milk fat. 

7.5.2 Cardiovascular Disease 

The following section is divided into 2 sub-sections for clarity. The first sub-section addresses 
blood lipid parameters, while the second sub-section addresses inflammatory and anti- 
inflammatory markers related to cardiovascular health. The human clinical trials using the 5050 
CLA mixture will be presented first, followed by studies using the pure isomer and mixed isomer. 
The range of values for the population that were reviewed in the overall safety section will be 
referred to with respect to the overall safety for the 5050 CLA mixtures and their impact on 
cardiovascular health . 
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7.5 2.1 Lipid Metabolism 

Studies using 50:50 CLA Mixtures 

In 21 human intervention studies from 4 to 104 weeks in duration with doses ranging from 0.7 to 
6.8 g/day using several subpopulations (healthy, overweight. obese; athletes, or syndrome X 
patients), the majority of trials (n=14) reported no effect on lipid parameters, while 3 trials 
showed a beneficial effect and 4 trials showed statistically significant adverse changes in lipid 
parameters that remained within population range. 

LDL-Cholesterol 

Smedman and Vessby (2001) conducted a randomized, double-blind placebo controlled study 
in 53 healthy subjects consuming 4 2 g/day of CLA for 12 weeks. They reported a significant 
increase in LDL-cholesterol as compared to baseline, but not as compared to the olive oil 
control. This effect on LDL-cholesterol was not observed in 13 other clinical trials with longer 
interventions at higher doses and with larger populations suggesting that the effect is unique to 
this study and not an effect of CLA Since this effect was not observed in any of the other trials, 
it is concluded that 5050 mixtures of CLA had no adverse effect of on LDL-cholesterol levels. 

Apo B Level (g/L) 

c 1.04 

1.04-1.21 

1 22-1.39 

Apo B 

Apo B is the primary apolipoprotein of low density lipoproteins (e.g.. LDL cholesterol) and is 
responsible for transporting cholesterol to tissues. Apo B is involved in the pathogenesis of 
atherosclerosis, and several recent prospective studies have shown that ApoB is a better 
predictor of cardiovascular risk than LDL-cholesterol (LDL-C). The relationship between Apo 6 
and cardiovascular risk has been quantified as follows: 

Risk of Coronary Artery Disease 

Low 

Moderate 

High 

1.40 Very High 

Smedman and Vessby (2001) and Moloney ef a/. (2004) were the only 2 clinical trials to 
measure ApoB levels. Smedman and Vessby (2001) reported significantly increased plasma 
ApoB concentrations from baseline and from the control group in subjects who consumed 
4.2 glday of a 50:50 CLA isomer mix over a period of weeks. Reported baseline values for 
ApoB were 100-fold higher for the CLA group; however, the authors reported that there were no 
statistically significant differences between groups in baseline parameters, suggesting that there 
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was an error in the reporting of the baseline values. LDL triglyceride concentrations decreased 
significantly within the control group, which resulted in a significant difference from the CLA 
group. The authors stated that "when all participants were included in the statistical analyses, 
there were no significant differences between the changes in serum lipid and apolipoprotein 
concentrations in the two groups"; however, the authors did not elaborate to provide any context 
to this statement. LDL cholesterol and total cholesterol also were reported to significantly 
increase within the CLA group from baseline; however, these changes were not significantly 
different from the control group. There were no significant changes in other lipid-related 
markers (HDL-cholesterol, LDL-HDL ratio, triglycerides, VLDL-cholesterol, or Apo AI). 

Moloney et a/. (2004) conducted a randomized double-blind clinical investigation in 32 type 2 
diabetics with a test dose of 3 g/day and reported that, with the 50:50 mixture, VLDL ApoB 
levels increased afler CLA administration. However, these values were still on the lower end of 
the population range, and significant only between groups at the very end of the study. In 
addition, ApoB levels in the control group were shown to decrease (using a mixture of palm and 
soya oil), which has previously been shown to lower cholesterol, suggesting that the placebo 
may not have been an optimal comparison for lipid parameters. Because of changes in both 
CLA and placebo groups, it is difficult to interpret any risk associated with CLA. It is noted that 
the Canadian Cardiovascular Society considers an Apo B level of <0.9 g/L (or <900 pglmL) to 
be optimal in patients at high cardiovascular risk. Comparison of these values to those of the 
subjects in the Moloney et a/. (2004) trial, who had levels between 39 and 49 pg/mL, indicates 
little cause for concern. 

HDL-Cholesterol 

Three studies (Mougios et ah, 2001; Blankson et a/., 2000; Song et a/., 2005) reported 
decreases in HDL-cholesterol. In a double-blind study, 2 groups of healthy volunteers received 
either supplements of a 1.1 mixture of the c9,flI and tlO,c12 CLA-isomers, or soybean oil 
(control) for a period of 8 weeks (Mougios et a/., 2001). The dose was 0.7 and 1.4 g/d for the 
first and the second 4 weeks, respectively. Blood was sampled at baseline and after 4 and 8 
weeks for analysis of serum total and HDL cholesterol as well as triglycerides. The fatty acid 
composition of the different serum lipid classes was examined as well. The only significant 
change in the CLA groups was a decrease in HDL cholesterol in weeks 4 and 8. However, the 
change was significant within-group only and not when compared to the placebo group. The 
apparent decrease of HDL cholesterol may, therefore, not be a treatment-related effect, but the 
indirect consequence of a high baseline value. This interpretation is supported by the fact that 
the increased CLA dose, which was applied from week 4 to 8, did not affect HDL cholesterol 
levels. No significant differences were found between the two groups at the three sampling 
times However, the number of subjects in this study was relatively small (CLA group: 10; 
placebo group: 12). This effect is not evident in pivotal trials with a much greater power per 
treatment group 

Lipid Nutntion / Cognis GmbH 
July 19, 2007 0006386 

74 



Blankson et a/. (2000) conducted a double-blind, randomized, dose response trial on 60 human 
volunteers using 1.7, 3.4, 5.1, or 6.8 g/day 50:50 CLA mixture or 4.5 g/day olive oil placebo for 
12 weeks. Statistically significant reductions in total cholesterol, HDL and LDL-cholesterol were 
reported in the CLA groups (within-group change from baseline); however, these changes were 
deemed by the authors not to be clinically important. The magnitude of risk in this study is 
difficult to evaluate since Blankson et a/ (2000) only reported changes within the groups and not 
actual mean values. Furthermore, the authors only assessed the within-group changes from 
baseline, and did not compare the results for each CLA group to those of the placebo group. 
Data presented for the placebo group also demonstrate within-group changes in total 
cholesterol, HDL cholesterol, and LDL cholesterol, which were not significant from baseline 
within the placebo group. Nonetheless, without any between-group comparisons, it is not 
possible to adequately interpret these data 

Song et a/. (2005) investigated the effects of 3 g/day 50:50 CLA mixture compared to placebo 
(sunflower oil) on 28 healthy adult human volunteers for 12 weeks using a double-blind, 
randomized study design. They found that the CLA supplement did not affect plasma total 
cholesterol, LDL-cholesterol, or plasma triglyceride concentrations. HDL-cholesterol was 
decreased slightly but significantly by the CLA supplement but not the reference oil, while 
LDL-cholesterol was not altered by either supplement. The decrease in HDL-cholesterol was 
still within the population range. 

The sample size per group for each of the three trials (Mougios et a!., 2001; Blankson et a/., 
2000; Song et a/., 2005) was < I  1, much smaller in comparison to the other studies that found 
no effect on HDL cholesterol [(Gaullier et a/. (2004) (n=180), Kamphuis et a/. (2003a,b) (n=54), 
Noone et a/. (2002) (n=51), Moloney et a/. (2004) (n=32) and Atkinson (1999) (n=80), Whigham 
et a/. (2004) (n=60), Taylor et a/. (2006) (n=40)] In addition, the HDL-cholesterol levels 
observed in all studies are within the population range (WPR), and greater than 40 mg/dL, the 
recommended level (in the U S,). Thus, the weight of evidence indicates that 5050 CLA 
mixtures do not have a significant adverse effect on HDL cholesterol. Some studies have even 
suggested a potential benefit. For example, Moloney et a/. (2004), as part of their study on the 
effects of 3 g/day 5050 CLA mixtures on glucose and insulin parameters in type 2 diabetic 
volunteers, also measured blood lipid panels. They noted that after 8 weeks of CLA 
supplementation, total HDL-cholesterol concentrations increased significantly while fasting 
serum cholesterol, triglycerides and VLDL cholesterol were unchanged. According to an NIH 
Consensus Statement (1993), for every 0.03 rnmollL increase in HDL concentrations, there is a 
2 to 3% reduction in coronary heart disease risk. Thus, the 8% increase in HDL-cholesterol 
seen in the CLA group could result in a 7.3 to 11% risk reduction in this population. This may 
be significant since increasing HDL-cholesterol promotes reverse cholesterol transport, a lipid 
metabolism phenomenon that is impaired in type 2 diabetics. Fibrinogen levels, an increase of 
which is associated with increased risk of coronary heart disease (CHD), were also lowered in 
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the CLA group. The authors suggest a clinical benefit of CLA 50:50 mixtures in type 2 diabetics 
with respect to lipid metabolism. 

Triglycerides (TG) 

In a I-year, randomized, double-blind, placebo-controlled safety study of 6 g/day 5050 CLA 
mixture, Whigham et a/. (2004) found no significant changes in fasting serum total cholesterol or 
LDL-cholesterol values. Although the clinical trial was not designed to investigate changes in 
TG, at weeks 28 and 52, CLA subjects had significantly higher TG (154.7 f 11 4 vs. 114.9 & 

12.3 mg/dL, p 2 0.02). Despite the statistical significance of the changes, values remained 
within population range. In addition, the CLA subjects started with higher TG and white blood 
cell (WBC) counts at baseline (in both cases p = NS compared to the placebo), and the patterns 
of change with treatments were similar. Therefore, the differences at week 28 were felt not to 
be clinically meaningful. The changes that existed between the groups at baseline may be 
responsible for the significant drfference between the groups at week 52. 

Notably, other authors (Berven et a/., 2000; Mougios et a/., 2001; Smedman and Vessby, 2001; 
Song et a/., 2005; Larsen et a/., 2006; Taylor et a/., 2006; Gaullier et a/., 2007; Lopez Roman et 
a/., 2007; Nazare et a/., 2007) have reported that CLA treatment had no significant adverse 
effects on triglyceride values, with some (Noone et a / ,  2002; Moloney et a/., 2004) studies 
showing a potential beneficial (lowering) effect. 

Lipoprotein (a) [Lp(a)] 

As part of their randomized, double blind, placebo-controlled study on the long-term safety of 
3.4 g/day 50.50 CLA mixtures, Gaullier et a/. (2004, 2005), noted a slight, but statistically 
significant increase in Lp(a) with both the FFA and TG forms of CLA when paired t-tests were 
run on these data at 12 and 24 months. It should be noted that the variances in Lp(a) levels 
exceeded the mean values and thus caution is warranted when interpreting these data. 
Although when these data are compared to the baseline values, they are statistically 
significantly different, the data are clearly within the population range. 

Similarly, Gaullier et a/. (2007) reported that after 6 months with CLA supplementation there 
were significant increases from baseline in Lp(a) levels in both CLA group (P  2 0.01 7) and 
placebo group (p 5 0.020) 

Lp(a) was measured in 2 other smaller studies, where it was shown to be unaffected by CLA 
Blankson et a/. (2000) conducted a double-blind, randomized, dose response trial on 60 human 
volunteers using 1.7, 3.4, 5.1, or 6 8 g/day 50:50 CLA mixture or 4.5 g/day olive oil placebo for 
12 weeks. Regardless of the dose, Lp(a) levels were unaffected by CLA. Since the authors did 
not cite actual clinical means, but rather differences within each group, it is difficult to evaluate 
the significance of these findings. Likewise, Berven et a/. (2000) administered 3.4 g/day CLA 
50’50 mixture or a placebo control (4.5 g/day olive oil) to 60 overweight or obese human 
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volunteers for 12 weeks. They also measured blood lipids, and found no significant changes in 
Lp(a) levels or any other parameter, all values remained WPR. 

The evidence therefore does not support a conclusion that 50.50 CLA mixtures have an adverse 
effect on Lp(a) levels in humans. 

Studies Using Multiple CLA Isomer Mixtures 

Five studies have been conducted in humans using multiple CLA mixtures that resulted in 11 
publications. Of these 11 publications, 4 have reported on lipid parameters (3 individual studies 
and 2 reports from one trial). Only one of these studies that measured lipid parameters reported 
an adverse influence of CLA multiple isomer. von Loeffelholz et a/. (2003) noted that in novice 
athletes, total and LDL-cholesterol decreased from baseline to month 3, and increased from 
baseline to month 6. However, the trial design was limited as it was not placebo-controlled and 
contained only 7 volunteers. Despite these limitations, the LDL-cholesterol levels remained 
within population range. 

No other studies using the 4-isomer mixture produced clinically relevant or statistically 
significant effects on blood lipid parameters. 

Studies Using Single CLA Isomers 

Six studies have measured the effects of single isomers of CLA on lipid parameters. Tricon et 
a/. (2004a,b) examined the effects of 3 doses of c9,t l l  CLA (0 59, 1.19, or 2.38 g/day) or 
t10,c12 CLA (0.63, 1.26 or 2.52 g/day) on blood lipid panels in healthy men during an 8-week 
intervention period. They found opposing effects of the 2 isomers. For example, mean plasma 
triglyceride concentrations were higher after supplementation with the tlO,cl2 CLA isomer, 
independent of dose compared to the c9,t l l  isomer. In addition, significant effects on total 
cholesterol were seen with both isomers: the c9,t l l  CLA isomer decreased total cholesterol 
compared to baseline values while the t10,c12 CLA isomer increased total cholesterol values 
compared to baseline values. No effect on plasma HDL cholesterol concentrations was 
observed with either isomer. As seen with other clinical biomarkers, these changes are 
statistically significant although the mean values still fall within population ranges and are not 
considered a safety risk. Furthermore, the lack of a control group in the Tricon study makes it 
impossible to conclude that any effects observed for the 2 CLA isomers are different from no 
intervention. The lack of randomization of the dose assignment makes it impossible to 
determine the true nature of the observed (or the lack thereof) dose-response effect. Other 
studies (Riserus et a / ,  2004c; Desroches et a/., 2005; Ritzenthaler et a/., 2005; Naumann et a/., 
2006, Tricon et a/., 2006) reported significant changes in blood lipids that are outside the 
population ranges. 
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Discussion 

In addition to the considerations discussed above, it should be noted that adverse CVD lipid 
biomarker effects may be attributable to the fact that subjects were all free-living volunteers. 
Thus. lifestyle, diet, and seasonal variation during long-duration trials all may have impacted 
these changes, independent of treatment effect. Also, these effects are not supported by the 
animal studies discussed in Appendix C. Section C.1. 

Conclusions about the effect of CLA on Lp(a) could not be drawn based on the available data. 
While two studies on Lp(a) reported statistically significant changes from baseline, the biological 
significance of the results of these studies remains to be established. Considering the weight of 
the evidence, these studies do not indicate an increased nsk of CVD. 

Information from an expert in the field, Dr. W. Virgil Brown, Professor of Medicine, Emory 
University School of Medicine, Atlanta Department of Veterans Affairs Medml Center, is 
provided in Appendix B. 

The weight of the evidence from the most relevant human trials demonstrates that CLA does not 
adversely affect lipid parameters that may be associated with CVD risk 

7.5.2.2 Markers of Inflammation 

Derangements in cardiovascular health have been correlated to inflammation and changes in 
platelet surface chemistry that may influence plaque formation. Ten studies have measured 
some aspect of inflammatory or anti-inflammatory biomarkers related to 5050 mixtures, as did 
one trial related to a 4 isomer mixture and two trials using pure isomers. The most common 
biomarkers used in these 11 studies attributed to cardioprotective or cardiovascular risk were IL- 
ID,  TNF-a, C-reactive protein, IL-6, IL-2 and 11-10, It is prudent to also include the human 
studies that measured cytokines and other biomarkers of inflammation in these safety analyses. 

Smedman et a/. (2005) reviewed indicators of inflammation from the randomized, double-blind 
placebo controlled study in 53 healthy subjects consuming 4.2 glday of CLA for 12 weeks that 
was conducted earlier by Smedman and Vessby (2001). They measured CRP, TNF-a, TNF-a 1 
and 2 receptors and vascular cell adhesion molecule-I (VCAM-I), and found that there was a 
statistically significant rise in CRP levels between control and CLA groups. It should be noted 
that when the control group began the study the median CRP level was 1.76 mglL, and that 
when the CLA group began the study the median CRP level was 3 27 mglL. The authors did 
not indicate whether baseline values were statistically different, thus the relevance of these 
results are questionable No other inflammatory marker changed significantly. Steck et a/. 
(2007) investigated the efficacy and safety of supplementation of 3.2 and 6.4 g/day of CLA for a 
period of 12 weeks in obese subjects and reported no significant changes in inflammatory 
markers at the 3.2 glday dose. In the 6.4 g/day group, CRP and IL-6 increased significantly 
from baseline; however, values remained within population range. The absolute values of IL-6 
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and CRP did not differ significantly between groups, and changes were almost completely 
attributable to different baseline values of the 3 groups. Six additional studies (Albers et a/., 
2003; Gaullier et a/., 2004; Moloney et a/., 2004; Nugent et a/., 2005; Ritzenthaler et a/., 2005; 
Song et a/., 2005) all show no adverse effects on inflammatory markers such as TNF-a, IL-6 
and IL-10. Collectively, these studies show that 50:50 CLA mixtures do not adversely influence 
inflammatory biomarkers of cardiovascular health, especially CRP. Thus, these data support 
the safety of CLA 50 50 mixtures on inflammatory markers of CVD. 

Four studies have been conducted in humans using multiple CLA mixtures that resulted in 10 
publications. Of these 10 publications, 7 have reported on cytokines and interleukins 
(specifically TNF-alpha, 11-2 and ILI-p) parameters (7 reports emanate from one trial). Only the 
t10,cIZ CLA isomer in the Riserus study (Riserus et a/., 2002a,b, 2004b) showed an increase in 
CRP levels, while the Moloney et a/. (2004) trial showed a 15% (not significant) decrease in 
CRP levels that accompanied a significant decrease in fibrinogen levels. This suggests an 
isomer-specific effect of the tlO,cl2 since the same response was not apparent for the 50.50 
mixture when used in the same study design. However, the Tricon study showed no effect at 
any dose of either isomer when given to healthy men. Taken together (and considering the fact 
that lipid levels were not adversely affected by CLA administration), this does not indicate a 
cardiovascular risk associated with inflammation or otherwise for CLA 50:50 mixtures and may 
indicate some benefit for the attenuation of thrombosis in type 2 diabetics [with the reduction of 
fibrinogen levels seen in the Moloney et a/. (2004) trial] (Kelley et a/., 2000, 2001; Medina et a/, 
2000; Zambell et a/., 2000, 2001; Benito et a/., 2001a). There were no significant differences in 
TNF-a, IL-Ip, or IL-2 secretion in stimulated human white blood cell and, no changes in platelet 
function or cytokine production 

In a separate study divided into 3 publications, Riserus and colleagues administered 1.95 g/day 
t10,cIZ CLA or 3.4 g/day 50:50 CLA mixture to overweight males with metabolic syndrome for 
12 weeks (Riserus et a/, 2002a,b, 2004b). They reported no significant difference in TNF-a or 
IL-6 after CLA administration. However, they noted a significant (p<0.007) increase in CRP 
levels after administration of the t10,cIZ isomer, but not the 50:50 CLA mixture. These 50:50 
CLA mixture results agree with the data from Song et a/. (2005) and from Moloney et a/. (2004), 
demonstrating no effect of CLA on CRP, suggesting that this may be an isomer specific effect 
related to the tlO,c12 isomer when it is present in a purtfied form. 

It is likely that the transient increase in insulin resistance caused by the 10, 12 isomer in the 
syndrome X population is linked to the increase in CRP. Riserus et a/. (2002a,b, 2004b). It 
must be further noted that CRP levels may rise at the onset of an infection by several orders of 
magnitude, which may lead to a statistically significant increase for an entire group when only 
one individual is affected. Thus, single biomarker measurements must be considered cautiously 
and should be viewed in the context of the overall findings. 
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Tricon et a/. (2004a,b) also investigated the effects of different doses of either c9,tlI or fIO,cl2 
CLA isomers on various cytokines and inflammatory biomarkers. They randomized 49 healthy 
men into groups who subsequently consumed 1, 2, or 4 capsules containing 0.59, 1.19, or 
2.38 g/day c9,tlI CLA or 0.63, 1.26, or 2.52 g/day t10,c12 CLA for consecutive 8-week periods. 
They measured TNF-a, IL-10, IL-6, IL-lp, and IL-8 levels, and found that there were no 
significant effects of either isomer on the production of these cytokines. However, there was a 
dose-response with both isomers in the production of TNF-a and IL-1p. There was no 
significant 'isomer x dose' interaction on the production of these cytokines, indicating an 
absence of inflammation. They also measured CRP and noted that none of the doses or 
isomers altered serum CRP levels. Similarly, Ramakers et a/. (2005) reported no significant 
effects on ex vivo lipopolysaccharide (LPS)-stimulated IL-6, IL-8, TNF-a production, or whole 
blood and plasma CRP, in subjects with high risk of developing coronary heart disease who 
consumed 3 g/day of either c9,t l I  CLA or t10,c12 CLA for 13 weeks. 

Discussion 

Overall, the human studies using the 50.50 mixture show no effect on biomarkers of 
inflammation related to cardiovascular disease risk. Riserus et a/. (2002a,b, 2004b) reported 
that single isomers showed that the tlO,cl2 CLA isomer increased CRP levels, but not the 
5050 CLA mixture. Tricon et a/. (2004a,b) using healthy men showed no adverse effects of 
either isomer on CRP levels. All other parameters remained within population range for these 
biomarkers. The animal studies (Section 7.4) also support the conclusion of a lack of effect of 
50:50 CLA mixtures on inflammatory biomarkers, except for the Yang et a/. (2000) study on 
lupus mouse models. However, their follow-up study indicated a benefit of CLA to lupus mice 
as it increased lifespan and reduced cachexia. Overall, these in vitro and animal studies 
support the human clinical studies that show no overall negative effect from 50:50 CLA mixtures 
on inflammatory biomarkers related to cardiovascular risk. 

Indirect supporting evidence of the safety of CIA mixtures with regard to CVD can be further 
assured by the results of the work by Wilson et a/. (2005). They performed a prospective 
observational cohort study of 1,949 men and 2,497 women without CVD from the Framingham 
Heart Study. The investigators assessed traditional risk factors such as age, gender, smoking, 
lipid levels, and inflammatory biomarkers such as CRP After adjusting for age and gender and 
multiple variables, they found that a rise in traditional risk factors and CRP levels indicated CVD 
risk, whereas elevated CRP levels alone provided no further prognostic information beyond 
traditional office examination risk factor assessment to predict future CVD events. 

7.5.2.3 Markers of Oxidative Stress 

Oxidative stress is a term commonly used to denote the imbalance between increased exposure 
to free radicals, principally derived from oxygen, and the anti-oxidative defense mechanisms of 
the body Such an imbalance plays a pivotal role in many pathological conditions such as 
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cancer and cardiovascular disease. Lipids are a major target of free radical attack, which 
induces lipid peroxidation Lipid peroxidation is a self-propagating phenomenon terminated by 
anti-oxidants. 

A condition of oxidative stress or inflammatory stimuli can result in 2 different scenarios. First, 
free radicals generated during oxidative stress may attack esterified arachidonrc acid (and other 
polyunsaturated fatty acids), eventually resulting in the formation of a range of esterified 
F,-isoprostanes, such as 8-iso-PGF2,. The F2-isoprostanes may then be released from the 
phospholipid through the action of phospholipases (Morrow et a/., 1992; Li et a/., 1999; Bessard 
et a/., 2001). Secondly, oxidative stress may trigger the activation of phospholipase 2, 
subsequently releasing arachidonic acid from the sn-2 position on the phospholipid. This may 
be followed by conversion to a series of potent eicosanoids through the action of 
cyclooxygenase or lipoxigenase forming a host of highly biologically active compounds (Klein et 
a/., 1997). Prostaglandins may subsequently be metabolized, forming 15-keto-dihydro-PGF2, 
and other metabolites (Granstrom and Samuelsson, 1971). F,-isoprostanes also may be 
metabolized by a number of metabolic pathways, including @-oxidation. @-Oxidation in the 
peroxisomes to form 2,bdiinor (DIN) is thought to be the preferred pathway (lannone et a/., 
2007, In Press). 

Free radical induced peroxidation of membrane lipids can be very damaging because it may 
lead to alterations in the biophysical properties of membranes, such as fluidity and rnembrane- 
receptor function, which in turn may impair cellular function. Measurements of products of lipid 
peroxidation, including F2-isoprostanes, malondialdehyde, lipid hydroperoxides, conjugated 
dienes and protein carbonyls, have been commonly used to assess oxidative stress. These 
resulting products of lipid peroxidation can be measured in body fluids such as urine and blood. 
One of the indirect methods to measure lipid peroxidation is the detection of F2-tsoprostanes. 
8-iso-prostaglandin Fz0 and 15-keto-dihydro-prostaglandin Fz0, enzymatic and non-enzymatic 
(free radical induced) products of arachidonic acid, respectively. 

Increased levels of urinary isoprostanes have been detected in most diseases involving 
inflammation and oxidative stress. However, detectable levels of F,-isoprostanes have also 
been found in all normal animal and human biological fluids as well, indicating that there is a 
certain level of ongoing lipid peroxidation that is incompletely suppressed by antioxidant 
defenses, even in the normal state (Roberts and Morrow, 1997). Since these biomarkers are 
research markers, no clinical laboratory population ranges have been assigned. Further, no 
threshold has been established at which the level of F,-isoprostanes would indicate an 
increased oxidative stress. 

Since human clinical trials using CLA have demonstrated increases in levels of isoprostanes, 
such a response appears to contradict the anti-inflammatory and anti-oxidant properties of CLA. 
It was therefore important to determine whether there was other evidence of oxidative stress 
triggered by CLA treatment or whether the increase of urinary isoprostanes may be explained 
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by mechanisms other than lipid peroxidation. Evidence is presented below to establish that the 
use of 50:50 CLA does not increase lipid peroxidation. 

Most of the work on measuring F2-isoprostanes as markers of oxidative stress has used the 
electron capture negative ionization gas chromatography-mass spectrometry (GC-MS) method 
(Montuschi et a/., 2004). The other method that has been used is the radioimmunoassay 
method (University of Uppsala, Sweden) Two groups suggest that comparisons of these 2 
methods are problematic since they do not correlate well and measure different classes of 
compounds (Proudfoot. et a/., 1999; Bessard et a/., 2001). In fact, Lawson et a/. (1999) 
reported that up to 64 isomers in four structural classes can be generated by free radical attack 
on arachidonic acid. Thus, investigators such as Cracowski suggest that immunoassays should 
be considered as semi-quantitative indices of F2-isoprostanes rather than definitive indices of 
relative risk (Cracowski et a/., 2002). Some researchers have begun to use a newer (non-t 
validated) rabbit polyclonal antibody, but the specificity of this immunoassay is questionable. 
Given these methodological discrepancies, it cannot be excluded that CLA, or one of its 
metabolites or catabolites IS actually being measured instead of isoprostanes. The inherent 
variability and flux of isoprostane levels throughout the day is also an issue. Like many 
metabolites, the levels of isoprostanes can vary within one day and from day to day (up to 40%) 
and from events unrelated to treatment (such as smoking, pregnancy, consuming other dietary 
components or even changing altitude) (Dietrich et a/., 2002). 

Thompson et a/. (2005) reported on urinary isoprostane output levels and suggests that they 
vary considerably between days. To circumvent highly variable data and potential 
misinterpretation of results seen with single sampling and single-day multiple sampling 
methods, they have altered their sampling methodology to include sequential first-voids (e.g., 
first urine collection of the day) for 3 consecutive days as pooled samples containing 
antioxidants to inhibit further oxidative generation. In a field of low oxidative stress interventions 
(e.g., fruit and vegetable intake and oxidative markers), high levels of variability inherent in this 
biomarker questions the rigidity of sampling and interpreting data. Thus, isoprostanes should 
ideally be measured on several consecutive days to adequately determine the average 
isoprostane level in an individual. To date, such sampling methodology has not been utilized in 
the current CLA studies and so only limited conclusions may be drawn from these studies. 
Another major shortcoming of the method used in the CLA clinical trials is that only free 
F2-isoprostanes have been measured. It has been noted by several authors that the majority of 
F2-isoprostanes are esterified in phospholipids rather than in free form (Li et a/., 1999, Roberts 
and Morrow, 2000; Bessard et a/., 2001). Due to the possible interference of CLA with the 
release and metabolism of F2-isoprostanes, it is necessary to measure both free and esterified 
levels (in plasma) of F2-isoprostanes to adequately address whether CLA indeed increases the 
formation of F2-isoprostanes. 
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Finally, correct statistical methods and interpretation of results is critical to understanding the 
safety of CLA for human use. This will be discussed in detail in the text below. 

In summary, although the measurement of isoprostanes as an indication of oxidative stress is a 
widely used method. caution should be taken in interpreting the results of these measurements. 
In addition to potential problems with methodology and statistical analysis, much evidence 
exists that the observed increase in isoprostanes is unlikely to be the result of oxidative stress in 
the case of CLA. 

Several investigations (Basu et a/., 2000a,b; Riserus et a/., 2002b, 2004a,b; Smedman et a/., 
2004, Taylor et a/., 2006) have measured urinary prostaglandin F2,, isoprostanes after 
administration of the 50:50 CLA mixture or the CLA isomers using a newly developed 
radioimmunoassay for 8-iso-prostaglandin Fzo and 15-keto-dihydro-prostaglandin. Doses 
ranges were from 3 to 4.2 g/day for 4 to 12 weeks and included healthy, overweight and 
Syndrome X patients. The variation was widespread with a range from 35 to 405% change over 
baseline. Given that the doses and durations of these studies did not greatly differ (e.g., 3 to 
4.2 g/day for 4 to 12 weeks), it may be concluded that methodological comparisons, sampling, 
and handling differences accounted for at least part of the large variation. 

Basu et a/. (2000b) reported that supplementation with CLA 50:50 mixtures increased urinary 
8-iso-prostaglandin Fzo (morning and 24-hour collection), and increased 15-keto-dihydro- 
prostaglandin Fza, but had no effect of p-MDA or s-a-tocopherol levels, markers of oxidation and 
antioxidant activity. It should be noted, however, that the baseline values appear to be higher 
for the CLA group compared to the placebo group, although the authors do not account for 
significant differences at baseline with any Chi-square values. It should also be noted that the 
plasma 8-iso-prostaglandin FZa, analysis contained only 63% of the subject population due to 
hemolysis in the samples rendering them unusable for an radioimmunoassay and thus raising 
doubts about the quality and interpretation of data from the remaining samples that were 
analyzed. Furthermore, if antioxidants were not added to the samples, then auto-oxidation 
could have occurred after sampling (this was not detailed in the methods and is also a major 
issue for urine samples) The authors concluded that, since the 8-iso-prostaglandin Fz0, 
changes were much more pronounced than the 15-keto-dihydro-prostaglandin Fz0, the CLA 
mixtures were likely to have a more direct effect on non-enzymatic lipid peroxidation pathways. 

Riserus et a/. (2002b) examined the effects of CLA on urinary isoprostanes in abdominally 
obese men with metabolic syndrome. Subjects received 3.4 g/day of a commercial CLA mixture 
(CLA 50:50 mix) and a CLA preparation containing mainly the tlO,cl2 CLA isomer or olive oil 
(control) for a period of 12 weeks in this double-blind, placebo-controlled trial. Urinary 
isoprostane levels and serum tocopherol levels were measured at baseline and at week 12 of 
the study using methods described by Basu et a/. (2000a,b) studies The investigators reported 
that the 5050 CLA mixture elicited an increase in urinary 8-iso-prostaglandin Fzu and 15-keto- 
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dihydro-prostaglandin FZa levels compared to the control, while the tlO,c12 CLA isomer elicited 
an even greater response. However, the authors did not report actual means, as in previous 
studies, but instead relied on changes from baseline in graphical representation and correlation 
coefficients. No other inflammatory biomarkers (IL-6, CRP, TNF-a) were affected by CLA 
administration 

Smedman et a/. (2004) investigated the effect of CLA supplementation in 60 healthy overweight 
humans. The study investigated 2 different CLA preparations, one with the 50:50 CLA mixture 
and one with mainly the tlO,cl2 CLA isomer. There was no placebo oil in this trial. The study 
also investigated the effects of a-tocopherol and a cyclo-oxygenase9 inhibitor on the effects of 
CLA and CLA tlO,c12 isomers. Both plasma and urinary levels of 8-iso-PGF,, and 15-keto- 
dihydro-PGF,, were increased by both CLA supplements, but the increase was greater in the 
CLA flO,cl2 group, suggesting an isomer-specific effect. The levels of isoprostanes were not 
decreased by supplementation with a-tocopherol, which would be expected if the increases 
were due to oxidative stress (Rosen et a/., 1998; Jialal et a/., 2002). The levels of 15-keto- 
dihydro-PGF,, were not affected by supplementation with a COX-2 inhibitor (rofecoxib), apart 
from a smaller increase in subjects receiving CLA t10,c12 and the COX-2 inhibitor (Smedman et 
a / ,  2004). 

Taylor et a/. (2006) studied the effects of 4.5 g/day 50:50 CLA mixture or olive oil placebo on fat, 
lipid, blood cell and oxidative parameters in 40 healthy overweight white men in a randomized, 
double-blind, matched pair experimental design. The authors noted that plasma 
F2-isoprostanes increased after CLA administration [-36 t 95 placebo versus 94 f 200 pg/mL 
CLA; pSO.O42] However, given the extreme variabiltty in these samples, it is difficult to draw 
any accurate conclusions from this study. Other markers of inflammation, such as TNF-a and 
adiponectin were not significantly different from the placebo. Thus the wide variation seen in 
the responses may either be due to methodology, variability, or inadequate consecutive 
sampling to decrease sampling “noise” of the CLA treatment. It is also not clear from the 
methodology what extraction method was used and whether exogeneous anti-oxidants were 
spiked to the urine and blood samples. Lipids are rapidly oxidized and if anti-oxidants are not 
added directly after sampling, isoprostanes might have been formed after sampling due to 
oxidation, thus being an artifact of the method 

Discussion 

Of the 7 published human trials that measured oxidative markers such as isoprostanes, there is 
a demonstrated wide variation in changes both before and afler CIA administration. All have 
demonstrated a significant increase in isoprostanes following CLA supplementation. If 
comparing the percent changes to the reported daily variation (40% as reported by Helmersson 
and Basu, ZOOI), the 15-keto form showed about half (3 out of 6 trials) that were generally 
within the normal variance for isoprostanes. Although the 8-is0 form has much higher levels 
post-CLA administration, the trial by Riserus et a/. (2004a), who administered 3 glday of the 
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c9.tl1 CLA isomer for 12 weeks showed a modest increase that was nearly identical to the 
average daily changes reported for isoprostanes in individuals receiving no dietary 
supplementation (Helmersson and Basu, 2001). 

The question of whether increased F2-isoprostanes reflect a safety concern for CLA depends on 
whether the increase results from increased oxidative stress or a metabolic interaction. An 
association between isoprostanes and CVD risk remains to be conclusively established. since 
no clinical laboratory population range has been established at which the level of F2- 
isoprostanes indicates increased oxidative stress. Nevertheless, it is unlikely that CLA induces 
oxidative stress itself, because no biornarkers other than isoprostanes increased following CLA 
consumption. 

Indeed, it is likely that CIA competes with F2-isoprostanes for the same metabolic pathway. as 
both undergo P-oxidation in the peroxisomes (Basu, 1998; Chiabrando et a/., 1999; Sebedio et 
a/., 2001; Banni et a/., 2004). A higher affinity for CLA would be reflected by an increase in free 
F2-isoprostanes levels, both in plasma and in urine The increase in F2-isoprostane levels would 
be the result of a decrease in F2-isoprostane catabolism, rather than an increase in oxidative 
stress. This is further supported by the in wfro and in vivo results of lannone et a/. [2007-ln 
press] in which the levels of the peroxisomal P-oxidation product of CLA, CD16:3, increased, 
and 2,3-diinor (DIN), the P-oxidation product of 8-iso-PGF2,, decreased, in the livers of rats fed 
CLA and treated with CCI4, a known pro-oxidant, and in human fibroblast cell cultures incubated 
with CLA and 8-iso-PGFz0 This data is discussed in more detail in Appendix C Sections 
C.1.3.1 and C.1.3.2. 

The precursors of isoprostanes, arachidonic acid and prostaglandins, have been demonstrated 
in many studies to be decreased by CLA. In addition, treatment with the anti-oxidant tocopherol 
did not affect the levels of isoprostanes, which seems contradictory if oxidative stress caused 
the increase in isoprostanes. A more logical explanation for an increase in isoprostane levels 
after CLA intake would be an increased availability rather than an increased formation of 
F2-isoprostanes. Most likely, the increased availability of F2-isoprostanes appears to be the 
result of an inhibition of their metabolism by competition with CLA. 

Accordingly, based on the weight of the evidence, the observed effects on F2-isoprostane levels 
do not represent a harmful effect of CLA preparation under its intended conditions of use. 

Information from experts in the field, Prof. Giovanni Davi, Universita' Degli Studi Di Chieti "G 
Dannunzio", Centre of Excellence on Aging; and Prof. Dr Jhrgen Schrezenmeir; is provided in 
Appendix B. 

7.5.2.4 Endothelial Function 

A small number of studies have evaluated the potential effects of 5050 CLA isomer mixtures on 
endothelial function. Taylor et a/. (2006) reported impaired endothelial function, as 
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demonstrated by a significant decrease in brachial artery flow-mediated dilatation, measured 
using the wrist cuff technique, in healthy overweight men who consumed 4.5 glday of a 5050 
CLA mixture for a period of 12 weeks. This study was marked by extreme vanability in samples 
thus preventing any reliable conclusions to be drawn. In contrast, Raff et a/. (2006) reported no 
significant effects on arterial elasticity, measured by a volume-oscillometric technique, in healthy 
lean men who consumed 4.7 g/day of a 5050 CLA isomer mix for a period of 5 weeks. 
Similarly, in a longer-term study in which healthy overweight subjects consumed 3.2 g/day of a 
50:50 CLA isomer mix for 6 months, Watras et a/. (2007) reported that soluble vascular cell 
adhesion molecule (sVCAM-I), a plasma biomarker of endothelial dysfunction, significantly 
decreased in the CLA group when compared to the placebo group, indicating no adverse effects 
on endothelial function. 

In a double-blind, placebo controlled study 42 men with symptoms of metabolic syndrome were 
randomly assigned to one of four treatments: safflower oil, olive oil, heated safflower oil, or CLA 
mix. Endothelial function, measured as finger pulse by EndoPat (an FDA-cleared method to 
determine endothelial function) was unaffected with CLA nor did the atherosclerotic marker 
(adhesion molecules) change. Some secondary endpoints, such as LDL-cholesterol and blood 
pressure, improved significantly during CLA supplementation, compared to placebo groups 
(Pfeuffer et a/., 2007). 

Discussion 

Of the 4 studies that measured endothelial function, 3 studies demonstrated no significant 
adverse effects at doses of 3.2 to 4.7 mg CLA 5050 midday (Raff et a/., 2006; Pfeuffer et a/., 
2007; Watras et a/., 2007) and the 4" study is marked by variability in methodologies. The 
results of these studies demonstrate that CLA 50:50 isomer mixtures do not impair endothelial 
function. 

7.5.3 Insulin Sensitivity and Glucose Metabolism 

Several human studies with CLA have measured glucose and insulin parameters. These 
studies vary in length of time, dose, population, number of volunteers and form of CLA 
administered. Most of these studies rely on fasting serum glucose and insulin measures as 
biomarkers of metabolic change. From a clinical safety perspective, fasting serum levels are 
the initial diagnostic tool to assess derangements in glucose and insulin metabolism. The 
Homeostasis Model Assessment (HOMA) model is also used to assess insulin sensitivity in 6 of 
the human clinical trials that will be discussed below. 

Given the inherent variation (Le., reliability) of methods, coupled with the available data on 
glucose and insulin parameters in these publications, fasting glucose and insulin levels will be 
noted in the following text when measured but will not be considered pivotal to the safety of a 
5050 CLA mixtures with respect to insulin sensitivity. Rather, the trials that report oral glucose 
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tolerance and clamp techniques will be used to validate the safety of the 50:50 mixtures with 
respect to the issue of insulin sensitivity. 

Out of 33 clinical trials (resulting in 38 publications) relating to the 50:50 CLA mixtures, 20 
measured, and reported in the peer-reviewed literature, some aspect of insulin and/or glucose 
measurements. Of the 5 trials (resulting in 8 publications) from the multiple-isomer studies, 5 
have reported effects on the glucose and insulin. Of the 5 pure isomer studies (resulting in 9 
publications), 4 have investigated effects on glucose and insulin. 

In 20 intervention studies, glucose and insulin have been measured using predominantly fasting 
levels, oral glucose tolerance test ( O G n )  was utilized in four studies, three studies utilized a 
euglycemic clamp. The majonty of these studies were conducted using the 50:50 CLA isomer 
composition. Three trials investigated four CLA isomer preparations and found no effect. 
Further, four trials used pure isomers to investigate effects on glucose and insulin metabolism 
and only 2 demonstrated significant effects. As this Section demonstrates, any changes in 
insulin or glucose levels with the 5050 mixture were within population ranges. 

At least 17 studies showed that 50:50 mixtures of CLA had no effect on insulin and glucose 
measures (Blankson et a/., 2000; Riserus et a/., 2001; Smedman and Vessby, 2001; Noone et 
a/., 2002; Albers et a/., 2003; Kamphius et a/., 2003a; Gaullier et a/., 2004, 2005, 2007, 
Whigham et a/., 2004; Song et a/., 2005; Syvertsen et a/., 2006; Taylor et a/., 2006; Lambert et 
a/., 2007; Lopez Roman et a/., 2007; Nazare et a/., 2007; Watras et a/., 2007) Two studies 
showed an improvement in insulin sensitivity (Belury et a/., 2003; Eyjolfson et a/., 2004), and 
only one publication noted a decrease in insulin sensitivity in human volunteers (Moloney et a/., 
2004). 

In a separate study divided into 3 publications (Riserus et a/., 2002a,b, 2004b), Riserus and 
colleagues administered 1.95 glday t10,c12 CLA or 3.4 g/day 50:50 CLA mixture or placebo to 
overweight males with Syndrome X for 12 weeks. They reported no significant difference in 
blood glucose or serum insulin levels or insulin sensitivity as measured by hyperinsulinemic 
euglycemic clamp in the group receiving the 50.50 CLA compared with the placebo (note also 
that findings were different for the pure isomer but this is discussed in the pure isomer Section). 
As the clamp procedure is considered the gold standard for insulin resistance, this confirms the 
finding of other studies using methods of fasting levels or OGTT demonstrating no effect of the 
50:50 mixture on insulin resistance. 

Syvertsen et a/. (2006) studied the effects of 50:50 CLA mixtures or an olive oil placebo in 83 
subjects (BMI: 28-32 kg/m2) in a double blind, placebo-controlled trial. Subjects were 
randomized into two groups supplemented with either 3.4 g/day CLA or placebo for 6 months. 
Glucose uptake was measured by euglycemic insulin clamp in a total of 49 volunteers from the 
main study population (with 37 of these subjects completing the study). With the euglycemic 
insulin clamp the insulin plasma concentration is raised and maintained at a high level by 
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continuous infusion of insulin. The plasma glucose level concentration is held constant at a 
basal level by a variable glucose infusion controlled by repeated blood sugar measurements. 
Under these steady-state conditions the glucose infusion rate equals the glucose uptake by all 
body tissues and is therefore a measure of tissue sensitivity to exogenous insulin. There were 
no significant differences from baseline or between groups in glucose uptake or glucose update 
to insulin concentration ratio during the clamp procedure. HOMA and quantitative insulin 
sensitivity check index (QUICKI) values and fasting glucose, fasting insulin, glucohemoglobin, c- 
peptide, adiponectin, and lepitin levels for the clamp population also did not differ significantly 
from baseline or between groups. Likewise, HOMA and QUICK1 values measured in the total 
study population were not significantly different. These findings confirm the results of Riserus et 
a/. (2002a,b, 2004b) that the 50.50 mixture does not affect insulin sensitivity. 

Discussion 

In summary, there are numerous publications that have addressed the effect of 5050 mixtures 
of CLA on glucose and insulin parameters and have reported no adverse effect and there is only 
one study that reported an adverse effect (Moloney et a/., 2004). 

Three studies using the clamp method, considered to be the most reliable, have also 
demonstrated no adverse effects on glucose and insulin after periods of up to 6 months of CLA 
consumption at a dose of 4 g/day. 

Collectively, the human studies, with support from the animal and in vitro studies, indicate that 
5050 CLA mixtures do not adversely affect glucose and insulin parameters at levels ranging 
from 1 7 to 6 8 g/day for periods of time between 1 and 24 months Furthermore, 5050 CLA 
mixtures do not negatively affect insulin sensitivity in healthy, overweight, obese, or sedentary 
individuals. However, pure CLA isomers may transiently affect insulin sensitivity in syndrome X 
as indicated by short-term studies. Thus, the data show that CLA 5050 mixtures pose no long- 
term risk of insulin resistance in humans. Functional adaptation to CLA in the diet and 
increased in blood glucose results in compensatory insulin action that normalizes within 10 
weeks. This also reflects the response reported by Whigham et a/. (2004), human study where 
an initial rise was seen at 2 weeks, which rapidly disappeared thereafter. 

Information from experts in the field, George Seiner, M D., F.R.C P.(C) Emeritus Professor of 
Medicine and former Head, Division of Endocrinology, University of Toronto and Toronto 
General Hospital, and Prof. Dr JOrgen Schrezenmeir, Head of the Institute for Physiology and 
Biochemistry of Nutrition, Federal Research Centre for Nutrition and Food, Germany, and 
Professor of the Johannes Gutenberg University Mainz, Germany; is provided in Appendix B. 

7.5.4 Maternal Milk Fat 

Several studies have investigated the effects of feeding dairy products containing naturally 
occurring CLA to lactating women and measuring the occurrence of CLA in breast milk (e.g., 
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Fogerty et a/., 1988; Park et a/., 1999). Collectively, these studies indicate that consuming dairy 
products (which contain naturally occurring CLA) results in measurable increases of the CLA 
content of breast milk and adipose tissue in human volunteers without altering total milk fat 
levels in humans. Studies have also investigated whether addition of 50:50 CLA mixtures or 
purified c9,tlI or t10,c12 CLA isomers would similarly impact milk fat CLA levels or amounts of 
total milk fat. 

Masters et a/. (2002) found that maternal consumption of a CLA 50:50 mixture decreased milk 
fat in humans. Nine healthy lactating women took part in a 17-day study consisting of 3 periods: 
intervention 1(5 days), washout (7 days), and intervention II (5 days). During the intervention 
period, subjects consumed supplements containing 1.2 g CLA 5050 and 0.3 g other fatty acids 
or 1.5 g olive oil daily. Total dose of administered CLA was 1.107 g/day. Infant milk 
consumption, milk fatty acid content, and dietary CLA consumption levels were assessed. 
Baseline dietary levels of CLA were found to be similar between placebo and treatment groups 
prior to intervention Total milk fat content was reduced by 25% compared to placebo: Post- 
treatment levels of milk fat (%) were approximately 3% in the olive oil group and 2.3% in the 
CLA group. The authors concluded that CLA 5050 mixture supplementation had no overall 
effect on infant breast-milk consumption. 

While some of these data represent a statistically significant change between placebo and 
treatment groups, this change may not be biologically relevant to the safety of CLA mixtures for 
four reasons: Firstly, the observations for the placebo group are at the very lower end of the 
population range for average milk fat content of human breast milk of 3 to 5%, especially taking 
into consideration that subjects were recruited at at least 1 month post-partum and taking into 
account that the fat content of breast milk increases with the time of nursing (Jenness, 1979). 
Secondly, U.S. infant formula requirements permit a fat level of between 2 and 4.2%, as fed 
(based on 3 3 to 6 g/lOO kcal and assuming 60 kcal/g) (US. FDA, 2007~). Thirdly, the 
observations are within the normal inter- and intra-individual milk fat composition resulting from 
several factors which have been well-established as playing a role in milk fat variation besides 
dietary manipulation. These include right vs. left breast volume differences, fore-milk (pre- 
breast-feeding) vs. hind-milk (post-breast-feeding) sampling, diurnal variation in milk fat 
production, and stage of lactation (Mitoulas et a/., 2002). Mitoulas et a/. (2002) found that 
differences in milk fat production varied as much as 2 to 8% in the same human volunteers 
without dietary intervention. They studied the effects of breast volume, time of feeding, and total 
volume expressed per feeding in 17 human volunteers and found that all these factors 
contribute to significant differences in milk fat percentage variation. Within this established 
framework and accepted variation, the change in the CLA-fed group in Masters et al. (2002) is 
still well within the population range. Fourthly and finally, a crossover design was used in this 
study which means that the dietary interventions were assessed at different stages of lactation. 
An expert opinion (Appendix B) suggests that not only the experimental design, but the number 
of subjects does not allow for a conclusive result. 
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Recent work by Mosley et a/. (2007) demonstrated that feeding up to 4 g/day 50:50 CLA mixture 
has no adverse effects on milk fat. Twelve lactating women were randomized to a 3x3 factorial 
design with 3 treatments: control, 2 or 4 g/day CLA 50:50 mixture. Treatments were 
administered for 5 days and included 9-day washouts between treatments. CLA had no 
significant effects on milk yield or milk fat percentages, milk protein, lactose, or cholesterol. 
Another study (Masters et a/., 2002) showed that administering doses 2-fold greater than those 
used by Mosley et a/. (2007) resulted in no MFD or any adverse effects. Again, an expert 
opinion (Appendix B) suggests that the experimental design does not allow for a conclusive 
result. 

Ritzenthaler et a/. (2005) examined the effects of CLA consumption in the form of cheese as a 
delivery food on milk fat and immune parameters as well as CVD risk factors in humans. They 
randomized 36 lactating women to one of three treatments in this 8-week intervention: a low- 
CLA cheese providing 160 mg/day of the c9,tlI CLA isomer, a high-CLA cheese providing 
346 mg/day the c9,tll CLA isomer, and a control group They reported that although c9,tll 
CLA content of breast milk was higher in the high CLA group, total milk fat yield, lactose, or 
protein levels were unaffected by either CLA treatment. This study showed that CLA in the form 
of the naturally occurring isomers (predominantly c9,tl1, as well as tIO,c12, and f9,tll/tlO,tl2) 
do not alter milk fat levels in lactating humans. 

Hasin et a/. (2005) conducted a human trial to examine the safety effects of individual isomers 
of CLA (the c9,tlI and the tlO,c12) Twelve lactating women were subjected to 3 different 
treatments over time in a latin-square designed trial: 750 mg/day c9,tlI CLA. 750 mg/day 
t10,c12 CLA, or olive oil as a placebo, for 5 days with 9-day washout periods between each 
treatment. Neither the c9,t l I  nor the tlO,c12 CLA isomers significantly altered milk fat in 
humans. 

Mosley et a/. (2005) also found a portion of dietary trans-I 1 octadecanoic acid (trans-vaccenic 
acid, TVA) can be endogenously converted to the c9,tll CIA isomer and excreted in the 
expressed breast milk of postpartum women. Overall, apart from one study (Masters et a/., 
2002), these results indicate that CLA 50.50 mixtures and individual CLA isomers have no effect 
in lactating women in doses ranging between 0.75 to 4.0 g/day. 

Discussion 

Numerous naturally occurring dietary and biological phenomena can alter milk fat production in 
humans With the exception of Masters et al. (2002) no significant effect on milk fat deposition 
was reported in these human studies The changes in milk fat percentage after CLA treatment 
in the Masters et a/. (2002) study do not fall outside the range of acceptable milk fat levels. 
These results are in contrast to the animal studies described earlier, which have clearly 
demonstrated milk fat deposition after CLA administration, prompting initial investigation in 
humans. 
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In animals the contribution of the fatty acids derived from de novo synthesis in milk fat is 
relatively higher than in humans and CLA (tIO,c12) seems to specifically inhibit de novo 
synthesis in animals 

Figure 7.5.4-1 shows the contribution of different lipid pools to maternal milk fat in humans. 
Species differences in the physiology and biochemistry of lipogenesis between ruminants, 
rodents, and humans exist. For example, ruminants gain most of their energy for milk 
production from carbohydrate sources and efficiently convert carbohydrates to fats, thus de 
novo fatty acid synthesis. Conversely, in humans, very low activity of citrate lyase glucose-6- 
phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, and Nicotinamide adenine 
dinucleotide phosphate (NADP)-malate dehydrogenase help to explain the low level of 
lipogenesis found in humans (Leitch and Jones, 1993). Thus, the predominant sources of lipids 
for human milk fat are dietary sources and adipose tissue reserves. 

Figure 7.5.4-$ Contribution of Lipid Pools to Maternal Milk Fat 
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In addition to differences in lipogenic rates between species, milk fatty acid composition 
differences also vary between species. Human milk contains mainly long chain saturated fatty 
acids, (predominantly palmitic acid) and unsaturated fatty acids that are derived by uptake of 
fatty acids from plasma, while medium chain fatty acids represent only about 13% of human 
milk fatty acids (Hachey et a/., 1989). Rodent milk contains high amounts of the medium chain 
fatty acids. Fernando-Warnakulasuriya et a/. (1981) calculated that approximately 35% of total 
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milk fatty acids are derived from de novo lipogenesis in the rat mammary gland. Similarly, 
ruminant milk is also very high in medium chain and short chain fatty acids, which together 
represent about 50% of cow's milk fatty acids (Schroeder et a / ,  2003). 

These species differences demonstrate that inhibition of de novo fatty acid synthesis by CLA is 
of much greater significance in rodents and cows than in humans, since de novo fatty acid 
synthesis in humans is of much lower significance to milk fatty acid secretion (Bee, 2000) 

The phenomenon of milk fat depression has been widely reported in the dairy industry, and 
followed up in studies on other animal models. However, human milk synthesis has been 
demonstrated to be different in fat source accretion than other animal milk synthesis systems. It 
is acknowledged that the body of work on milk fat depression after CLA administration is limited 
and the early study (Masters et a/., 2002) pointed to a safety concern for humans. However, the 
newer data by Hasin et a/. (2005) by this same research group is in contrast to that of Masters 
et a/. (2002) and showed no apparent risk, as evidenced by the absence of adverse effects of 
CLA on milk fat levels during lactation. 

The partitioning and metabolic effects of CLA on milk fatty acid distribution in humans are not 
unique. Most fatty acids administered have measurable effects on alterations in maternal milk 
fat composition. In fact, Francois et a/. (1998) demonstrated that a IO-week administration of 
various lipid treatments [e.g., either menhaden (20 g bi-weekly); herring (7 g/bi-weekly); 
safflower oil (40 g/bi-weekly), canola oil (40 g/bi-weekly); coconut oil ( 40 g/bi-weekly); or cocoa 
butter (40 g/bi-weekly)] resulted in a reduction in total polyunsaturated fatty acids (PUFA) , total 
monounsaturated fatty acids (MUFA), and total saturated fatty acids (SFA) in milk of women 
consuming such lipid diets. The investigators concluded that these dietary-induced changes in 
fatty acid composition were not biologically significant. 

In summary, the effect of CLA on milk fat production has been studied in cows, rodents and 
pigs, but these data cannot be relied on as evidence of the effect of CLA on lipogenesis in 
humans due to a different mechanism of mobilization of fat stores during lactation in humans. 
One study in humans showed reduction of milk fat associated with CLA, whereas a more recent 
study from the same authors using the same protocol except for the use of higher doses and a 
larger cohort showed no effect. Based on the limited available data, there is no evidence to 
suggest that the consumption of CLA-containing foods by lactating women affects milk fat levels 
beyond the range of normal biological variation. Based on the weight of the evidence, CLA 
(5050 mixture) would not be harmful with respect to effects on milk fat levels. 

Information from an expert in the field, Sheila Innis, Ph.D., Professor in the Department of 
Pediatrics at the University of British Columbia, is provided in Appendix B. 
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7.5.5 Summary with respect to Clinical Studies 

Based on the totality of the clinical data, the weight of the evidence demonstrates that estimated 
consumption of 5050 CLA isomers (CLA-Rich Oil) is safe In particular, the pivotal studies 
report safe use of up to 6 glday for up to 1 year (Larsen et a/., 2006 and Whigham et a/., 2004) 
and 3.4 g/day for up to 2 years (Gaullier et a/., 2004, 2005, 2007). Further, the weight of the 
evidence demonstrates no significant effects on cardiovascular parameters (lipid metabolism, 
markers of inflammation, and markers of oxidative stress), insulin sensitivity and glucose, and 
maternal milk fat. 

7.6 Summary and Conclusions 

A large number of published studies - including traditional toxicology studies and extensive 
human trials - have assessed the safety of CLA (50.50 mixture). 

Numerous clinical trials have evaluated the effects of the 5050 mixture and a number of 
other isomers on similar parameters. A comprehensive review of the clinical data has 
demonstrated that consumption of 50 50 CLA isomers (CLA-Rich Oil) at levels up to 
6 glday for up to 1 year (Whigham et a/., 2004; Larsen et al., 2006) and 3.4 glday for up 
to 2 years (Gaullier et a/., 2004, 2005, 2007) is safe and has no significant effects on 
cardiovascular parameters (lipid metabolism, markers of inflammation, and markers of 
oxidative stress), insulin sensitivity and glucose, and milk fat deposition. For these 
"pivotal" studies, the levels of consumption represent the maximum dose consumed, 
rather than the absolute safety endpoints. A single oral dose of approximately 15 g of 
CLA-Rich Oil (containing up to approximately 9 g of CLA isomers) in bioavailability 
studies has revealed no adverse events 

Preclinical data have demonstrated an absence of significant toxicological, mutagenic, or 
reproductive and developmental effects. 

The metabolism of CLA has been widely studied and reported, and follows the standard 
pathway of dietary triglycerides 

Accordingly, the weight of the evidence strongly supports that this ingredient is safe at the levels 
used in the pivotal human studies. 

As discussed in section 6.0, consumption is estimated at 3.0 g CLA per day for consumers who 
intentionally seek CLA-containing foods, recognizing that short-term consumption may be higher 
(e.g., three servings per day would provide 4.5 g CLA) but that long-term consumption at this 
level is unlikely. For consumers who consume the target foods based on historical intake 
patterns and who do not intentionally seek CLA, consumption is estimated based on 90th 
percentile intake at 2.33 glday CLA, ranging up to 3.0 glday for adult males. Estimated intake 
by children aged 3-1 1, eaters only, at the 90th percentile, is 1 95 g CLA per day. The studied 
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levels of safe use discussed above indicate that these ranges of consumption estimates are 
safe. 

8.0 SUMMARY OF GRAS STATUS 

GRAS status is based on common knowledge about the substance throughout the scientific 
community knowledgeable about the safety of substances added to food. A GRAS evaluation 
through scientific procedures is based on “generally available and accepted scientific data, 
information, methods, or principles, which ordinarily are published and may be corroborated by 
unpublished scientific data, information, or methods.” Proposed 21 CFR 170.30(b); 62 Fed. 
Reg. 18960 (April 17, 1997). See also 21 CFR 170.3(h); 170.30(a), (b) (US. FDA, 1997). 
There must be a “consensus among qualified experts about the safety of the substance for its 
intended use.” 62 Fed. Reg. 18940 (US. FDA, 1997). This section summarizes why there is a 
basis for concluding that there is a consensus among qualified experts that there is reasonable 
certainty that CLARich Oil will not be harmful under the intended conditions of use. 

8.1 The GRAS Determination is Based on Generally Available Information, and 
Corroborated by Unpublished Information 

This GRAS notification sets forth the scientific data and information that is published or 
otherwise generally available on the safety of CIA-Rich Oil and related compounds in humans 
and animals, and also refers to unpublished corroborative information. 

8.2. The GRAS Determination is Based on a Consensus Among Qualified 
Experts 

Based on a critical evaluation of the information summarized in this report, an independent 
panel of qualified experts convened by the Companies unanimously concluded that the use of 
CLA-Rich Oil, meeting appropriate specifications and produced by current good manufacturing 
practice, is safe for its intended use as an ingredient in certain foods. It is also the Expert 
Panel’s opinion that qualified experts in the field would generally recognize that CIA-Rich Oil is 
safe for such use. 

As discussed above, the panel consists of individuals who are recognized as qualified experts in 
their fields (additional information on the qualifications of these individuals is available on 
request). As a result of the qualifications of these experts, their individual and collective 
opinions provide a strong basis for concluding that CLA-Rich Oil is GRAS by experts qualified 
by scientific training and experience to evaluate its safety, as required by section 201(s) of the 
Federal Food, Drug, and Cosmetic Act 
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Accordingly, the Companies conclude that its GRAS determination is based on a consensus 
among qualified experts that there is reasonable certainty that the substance will not be harmful 
under the intended conditions of use. 

8.3 GRAS Determination 

Based on the information summarized in this dossier, the Companies determine that CLA-Rich 
Oil, intended for use in certain foods as described herein, is generally recognized as safe within 
the meaning of section 201(s) of the Federal Food, Drug, and Cosmetic Act, 21 C.F.R. 170.3 
and 170.30; and the proposed rules described at 62 Fed. Reg. 18960 (April 17, 1997). 
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ESTIMATED DAILY INTAKE OF CONJUGATED 

U.S. POPULATION FROM INTENDED FOOD USES 
LINOLEIC ACID (CLA) FROM CLA-RICH OIL BY THE 

A-1.0 INTRODUCTION 

Cantox Health Sciences International (Cantox) has completed an estimate of the consumption 
of CLA from CLA-Rich Oil by the U S. population for use in certain specified beverages and 
beverage bases (soy milk, meal replacement beverages), grain and pasta products (meal 
replacement bars), milk and milk products (flavored milk, milk, yogurt), and processed fruits and 
fruit juices (fruit juices) (a list of specified foods is provided in Appendix A-C). 

Estimates for the intake of CLA were based on these intended food uses and use-levels in 
conjunction with food consumption data included in the United States Department of 
Agriculture's (USDA) 1994-1996 Continuing Survey of Food Intakes by Individuals (CSFII 1994- 
1996) and the 1998 Supplemental Children's Survey (CSFII 1998) (USDA, 2000) Calculations 
for the mean and 90th percentile all-person and eaters-only intakes, and percent consuming 
were performed for each of the individual intended food uses of CLA. Similar calculations were 
used to determine the estimated total intake of CIA from all intended food uses combined In 
both cases, the per person and per kilogram body weight intakes were reported for the following 
population groups' 

children, ages 3 to 11, 
female teenagers, ages 12 to 19; 
male teenagers, ages 12 to 19; 
female adults, ages 20 and up, 
male adults, ages 20 and up; and 
total population (all population and gender groups combined) 

A-2.0 FOOD CONSUMPTION SURVEY DATA 

A-2.1 Survey Description 

Nationwide dietary intake data for the years 2001-2002 are now available for public use; 
however, only Day 1 interview data are included in the present release It is well established 
that the length of a dietary survey affects the estimated consumption of individual users and that 
short-term surveys, such as the typical I-day dietary survey, overestimate consumption over 
longer time periods (Anderson, 1988) Because two 24-hour dietary recalls administered on 2 
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non-consecutive days (Day 1 and Day 2) are available from the CSFll 1994-1996, 1998 
surveys, these data were used to generate estimates for the current intake analysis. 

USDA CSFll 1994-1996 provides food consumption data on persons of all ages, whereas, 
CSFll 1998 is limited to children from birth through 9 years of age Combined, these surveys 
provide the most appropriate data for evaluating food use and food consumption patterns in the 
United States, containing 4 years of data on individuals selected vla stratified, multistage area 
probability sampling of American households within all 50 states 

CSFll 1994-1996, 1998 survey data were collected from individuals and households via 24-hour 
dietary recalls administered on 2 non-consecutive days (Day 1 and Day 2) throughout all 4 
seasons of the year. Data were collected in-person, a minimum of 3 days apart, on different 
days of the week, to achieve the desired degree of statistical independence. CSFll 1994-1996 
contains 2-day dietary food consumption data for more than 15,000 individuals of all ages, and 
I-day data for 16,103 individuals CSFll 1998 contributes 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 CSFll 1994-1996. The overall CSFll 1994-1996, 1998 response rate for individuals 
selected for participation in the survey 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, CSFll 
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 CSFll 
1994-1 996, 1998 to compensate for the potential under-representation of intakes from specific 
population groups as a result of sample variability due to survey design, differential non- 
response rates, or other factors, such as deficiencies in the sampling frame (USDA, 2000) 

A-2.2 Statistical Methods 

Consumption data from individual dietary records, detailing food items ingested by each survey 
participant on each of the 2 survey days, were collated by computer and used to generate 
estimates for the intake of CLA from all intended food uses by the U S  population Estimates 
for the daily intake of CLA from all intended food uses represent projected 2-day averages for 
each individual from Day 1 and Day 2 of CSFll 1994-96, 1998 data These average amounts 
comprised the distribution from which mean and percentile intake estimates were produced 
Mean and percentile estimates were generated using ratio estimation and non-parametric 
techniques, respectively, incorporating USDA survey weights in order to provide representative 
intakes for the entire U S population All-person intake refers to the estimated intake of CLA 
averaged over all individuals surveyed, regardless of whether they consumed food products in 
which CLA-Rich Oil is used, and therefore includes "zero" consumers (those who reported no 
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intake of food products that may contain CLA during the 2 survey days) Eaters-only intake 
refers to the estimated intake of CLA by those individuals consuming food products in which 
CLA-Rich Oil is intended for use, hence the 'eaters-only' designation. Individuals were 
considered users if they consumed 1 or more food products in which CLA-Rich Oil IS intended 
for use on either Day 1 or Day 2 of the survey. 

A-2.3 Sample Size Criteria 

Mean or percentile intake estimates based on small sample sizes or with high variability relative 
to the mean [assessed using the coefficient of variation (CV)] may be less statistically reliable 
than estimates based on adequate sample sizes or low variability relative to the mean (LSRO, 
1995). Data presented herein for the estimated daily intake of CLA follow the guidelines 
proposed by the Human Nutrition Information ServicelNational Center for Health Statistics 
Analytic Working Group for evaluating the reliability of statistical estimates adopted in the "Third 
Report on Nutrition Monitoring in the United States", whereby an estimated mean may be 
unreliable if the CV is equal to or greater than 30% (LSRO, 1995) The CV is the ratio of the 
estimated standard error of the mean to the estimated mean, expressed as a percentage 
(LSRO, 1995) Therefore, for the estimated intakes of CLA presented herein, values were 
considered statistically unreliable if the CV was equal to or greater than 30% These values 
were not considered when assessing the relative contribution of specific food uses to total CLA 
consumption and are marked with an asterisk 

A-3.0 FOOD USAGE DATA 

The individual intended food uses and use-levels for CLA-Rich Oil employed in the current 
intake analysis are summarized in Table A-3-1. Food codes representative of each food use 
were chosen from the CSFll 1994-1996, 1998 (USDA. 2000) and grouped in food use 
categories according to Title 21, Section §I 70 3 of the Code of Federal Regulations (CFR, 
2006) Product-specific adjustment factors were developed based on data provided in the 
standard recipe file for the CSFll 1994-1996, 1998 survey (USDA, 2000) All food codes 
included in the current intake assessment are listed in Appendix A-C 
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Table A-3-1 Summary of the Individual Intended Food Uses and Use-Levels for CLA in 
the U.S. 

Food Category Intended Food Use 

Beverages and Beverage 
Bases Specific Meal Replacement 

Specific Soy Milk Beverages 

Beveraoes 

RACC' CLA Level Use Level 

240 1 5  0 625 

240 1 5  0 625 

(9 or (gkerving) (W 

Grain Products and Pasta I Meal Replacement Bars 

II . I II 

40 1 5  3 75 

Milk and Milk Products 

Processed Fruits and 
Fruit Juices 

A-4.0 FOOD SURVEY RESULTS 

Milk (Filled) 240 1 5  0 625 

Specific Yogurt Products 225 1 5  0 667 

Specific Fruit Juice Products 240 1 5  0 625 

- 

Estimates for the total daily intakes of CLA from all intended food uses are provided in Tables A- 
4 1-1 and A-4.1-2. Estimates for the daily intake of CLA from individual food uses in the U S 
are summarized in Tables A-I to A-7 and 8-1 to 8-7 of Appendices A-A and A-B, respectively. 
Tables A-A-I to A-A-7 provide estimates for the daily intake of CLA per person (mglday), 
whereas Tables A-B-1 to A-8-7 provide estimates for the daily intake of CLA on a per kilogram 
body weight basis (mglkg body weighffday) 

A-4.1 Estimated Daily Intake of CLA from All Intended Food Uses 

The estimated total intake of CLA from all intended food uses in the U.S by population group is 
summarized in Table A-4.1-1 Table A-4 1-2 presents this data on a per kilogram body weight 
basis. 

Consumption of foods in which CLA-Rich Oil is intended for use by the total U S  population IS 

estimated to result in mean all-person and eaters-only intakes of CLA of 0 30 glpersonlday 
(5.96 mglkg body weighffday) and 1 22 glpersonlday (24.41 mglkg body weighffday), 
respectively (Tables A-4 1-1 and A-4.1-2) (assuming that all such foods are formulated with the 
maximum level of CLA-Rich Oil, which is a highly conservative assumption) The corresponding 

weighffday) and 2 33 glpersonlday (49 65 mglkg body weighffday), respectively. 

On an individual population basis, the greatest mean eaters-only intake of CLA on an absolute 
basis was estimated in male adults, with a value of 1 46 glpersonlday (17 76 mglkg body 

percentile all-person and eaters-only intake is 1.04 glpersonlday (19.97 mglkg body 

Lipid Nutntion & Cognis 
February 6,2007 

A-4 
000137 



weighffday). Children had the lowest mean eaters-only intake of CLA on an absolute basis, at 
1 03 glpersonlday. On a body weight basis, mean eaters-only intake of CLA was highest in 
children, with an estimated intake of 40 96 mglkg body weightlday The lowest mean eaters- 
only intake on a per kilogram body weight basis was estimated in male adults, with a value of 
17 76 mglkg body weighffday (Table A-4 2-2) 

Table A-4.1-1 Summary of the Estimated Daily Intake of CLA from All Intended Food 
Categories in the U.S. by Population Group (1994-1996, 1998 USDA CSFll 
Data) 

Population Group 

When heavy consumers percentile) were assessed, eaters-only intake was estimated to be 
highest in male adults (3 00 glpersonl day) The lowest 90th percentile eaters-only intake was in 
children at 1 95 glpersonlday on an absolute basis (Table A-4 1-1). On a body weight basis, 
children were estimated to have the greatest eaters-only 90th percentile intake of CLA at 84 22 
mglkg body weighffday (Table A-4 1-2) The lowest 90th percentile intake of CLA on a body 
weight basis for eaters-only intake was in female adults (33.73 mg/kg body weightlday). 

Eaters-Only 
All-Person Consumption Consurnptlon Actual # 

goth 9Olh 
Age Group % OfTotal 

(Years) Users 
Users Mean Percentile Mean Percentile 

(mg'kg) (mg/kg) (rng/kg) (rng/kg) 

Table A-4.1-2 Summary of the Estimated Daily Per Kilogram Body Weight Intake of CLA 
from All Intended Food Categories in the U.S. by Population Group (1994- 
1996, 1998 USDA CSFll Data) 

Child 

Female Teenager 

Mi le  Teenannr 

3-1 1 31 4 1,982 14 15 45 48 40 98 84 22 

12-19 23 5 165 5 47 20 92 22 53 40 08 

12-19 25 0 174 5 38 19 27 20 76 39 32 

Female Adult 20andUp I 239  I 1,092 I 4 50 16 04 1787 I 33 73 

Male Adult I 2 0 a n d U ~  I 197 1 935 3 55 
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CANTOX 
HEALTH IClfNCES INTERNATIONAL 

A-4.1.1 All-Person Intakes 

Estimates for the mean and 90th percentile daily intakes of CLA from each individual intended 
food category are summarized in Tables A-A-I to A-A-7 and A-B-1 to A-B-7 on a glday and 
mglkg body weightlday basis, respectively Tables A-A-7 and A-6-7 summarize the estimates 
for the mean all-person intakes of CLA by the total population (all ages) from each of the 
individual food uses on a glpersodday and mglkg body weightlday basis, respectively. The 
total US. population was identified as being significant consumers of yogurt (9.60% users), fruit 
juice (7 00 %), and flavored milk (6.34%). 

Consumption of fruit juice accounted for the highest estimated mean all-person intakes of CLA, 
however due to the higher number of users, yogurt made the most significant contribution to the 
mean all-person intakes of CLA, at 0.07 glpersonlday (1 45 mglkg body weightlday). A 
significant impact on the mean all-person intakes of CLA was made from the consumption of 
fruit juice (0 08 glpersonl day), and flavored milk (0 07 glpersonlday). On a body weight basis, 
mean all-person intakes for flavored milk was 1 64 mglkg body weightlday, for yogurt was 1 45 
mglkg body weightlday, and for fruit juice was 1.39 mg/kg body weightlday Soy milk and filled 
milk had a negligible impact on the all-person intake estimates of CLA. 

Of the individual population groups, the consumption of flavored milk made the most significant 
contribution to the mean all-person intake estimates of CLA (Tables A-A-I to A-A-6 and Tables 
A-B-I to A-8-6). The highest mean all-person intakes of CLA, on an absolute basis, were 
estimated in children consuming flavored milk, at 0 17 glpersonlday. On a body weight basis, 
consumption of flavored milk led to the highest mean all-person intake of CLA in children (6 37 
mg/kg body weightlday). 

A-4.1.2 Eaters-Only Intakes 

Tables A-7 and 8-7 also summarize the estimates for the mean eaters-only intakes of CLA by 
the total population (all ages) from each of the individual food uses on a glpersonlday and 
mg/kg body weightlday, respectively Similar to the results observed for the all-person intakes, 
taking into account the number of users, yogurts were estimated as making the greatest 
contribution to potential CLA intake. Although meal replacement beverages accounted for the 
highest estimated mean and 
much less than that of yogurt The mean and 
yogurts were 0 78 and 1 51 glpersonl day, respectively (15 98 and 31 . I9 mglkg body 
weightlday, respectively). Of the other food categories with a significant number of users in the 
total population, consumption of flavored milk and fruit juice also made significant contributions 
to the estimates for the mean (1 . I 7  and 1 01 g/ persodday, respectively) and percentile 
(1 95 and 1.76 g/person/day. respectively) eaters-only intakes of CLA by the total population 

percentile intakes of CLA, the number of consumers were 
percentile eaters-only intakes of CLA for 
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On an individual population group basis, the consumption of flavored milk made the most 
significant contribution to the eaters-only estimated intakes of CLA (Tables A-A-I to A-A-6 and 
Tables A-B-I to A-B-6). Adjusting for the number of users, male teenagers consuming flavored 
milk were estimated to have the highest mean and 90th percentile eaters-only intake of CLA of 
1 17 and 2 34 glpersonlday (18.71 and 34 38 mglkg body weighffday) On a per kilogram body 
weight basis, children consuming soy milk were estimated with the highest reliable mean and 
90th percentile eaters-only intakes of CLA at 93.87 and 223.71 mglkg body weighvday, 
respectively 

The estimated intakes of CLA were considered statistically unreliable if the CV was equal to or 
greater than 30% Assessing the CV for eaters-only intake estimates found the intake for meal 
replacement beverages to be statistically unreliable in the female teenager population group 
Soy milks were statistically unreliable in the female and male teenager population groups Soy 
milk also had a low number of users in most population groups resulting in higher CV values. 
The filled milk category contained no users thus there was no intake of CLA from this category. 

A-5.0 CONCLUSIONS 

Consumption data and information pertaining to the individual intended food uses of CLA-Rich 
Oil were used to estimate the all-person and eaters-only intakes of CLA for specific 
demographic groups and for the total U S population This type of intake methodology is 
generally considered to be 'worst case' as a result of several conservative assumptions made in 
the consumption estimates For example, it is assumed that all food products within a food 
category contain the ingredient at the maximum specified level of use In addition, it is well 
established that the length of a dietary survey affects the estimated consumption of individual 
users. Short-term surveys, such as the typical 2- or 3-day dietary surveys, overestimate the 
consumption of food products that are consumed relatively infrequently 

In summary, on an eaters-only basis, the mean intake of CLA by the total U S population from 
all intended food uses was estimated to be 1 22 glpersonlday or 24.41 mglkg body weighffday 
The heavy consumer (goth percentile) eaters-only intake of CLA by the total US.  population 
from all intended food uses was estimated to be 2 33 glpersonlday or 49 65 mg/kg body 
weighffday. 
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CANPLX 

All-Person Consumption 
Actual # of 

Food Use Category % Users Total Users Mean goth Percentile 
(9) (9) 

Eaters only Consumption 

Mean goth Percentile 
(9) (9) 

Specific Soy Milk Products 0 27 17 < 0 01' na 

'Indicates an intake estimate that may not be statistically reliable, as the CV of the mean IS equal to or greater than 30% (see Section A-2 3) 

1 86 3 25 
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I 
~ 

Table A-A-2 Estimated Daily Intake of CLA from individual Intended Food Uses by Female Teenagers Aged 12 to 19 Years 
Within the United States (1994-1996, 1998 USDA CSFll Data) ir 

Food Use Category 

Beveraaes and Beveraae Bases 

Specific Soy Milk Products - 
Specific Meal Replacement Beverages 

All-Person Consumption Eaters only Consumption 
Actual #of 

soth Percentile ''' Users Total Users Mean goth Percentile Mean 
(9) (a) (9) (9) 

0 14 1 < 0 01' na 0 77' 0 77' 

0 71 5 0.04' na 5 55' 24 00' 

Meal ReDlacement Bars 1 5 1 3  1 36 I 0 05 I na 

Specific Yogurt Products 1 6 1 3  1 43 0 04 na 0 71 121 

Processed Fruits and Fruit Juices 

Specific Fruit Juice Products 7 69 54 0 08 na 101 1 56 

"Indicates an intake estimate that may not be statistically reliable, as the CV of the mean IS equal to or greater than 30% (see Section A-2 3) 

0 88 I 1 22 
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Specific Flavored Milk Beverages 7 69 

A-A-2 

54 0 09 na 112 1 56 

Milk (Filled) I 0 I 0 na na na na 



All-Person Consumption 
Actual # of 

% Users Total Users Mean 9 0 ' ~  Percentile Food Use Category 

(9) (9) 

Eaters only Consumption 

Mean 9 0 ' ~  Percentile 
(9) (9) 

II Soecific Meal ReDlacement Beveraaes I 0 5 7  I 4 I 002' I na 1 2 4 8  I 370 11 

Beveraaes and Beverage Bases 

Soecific Sov Milk Products I 014 I 1 < 0 01' na 115* 115* I 
Meal Replacement Bars 4 89 34 0 05 na 
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Specific Flavored Milk Beverages 11 35 79 0 14 o 78 
Milk (Filled) 0 0 na na 

SDecific Yoaurt Products 4 45 31 0 04 na 

1 1 7  2 34 

na na 

0 91 1 67 

Specific Fruit Juice Products 7 04 49 0 08 na 1 08 1 56 



Table A-A-4 Estimated Daily Intake of CLA from Individual Intended Food Uses by Female Adults Aged 20 and Over Within 
the United States (1994-1996, 1998 USDA CSFll Data) 

Actual # of 
% Users Total Users Food Use Category 

All-Person Consumption Eaters only Consumption 

goth Percentile Mean goth Percentile Mean 
(9) (9) (9) (9) 

Beveraaes and Beveraae Bases II 

3 70 

Specific Soy Milk Products 0 26 12 .= 0 01* na 0 67 

Specific Meal Replacement Beverages I 1 6 6  I 76 0 04 na 2 22 

'Indicates an intake estimate that may not be statistically reliable. as the CV of the mean IS equal to or greater than 30% (see Section A-2 3) 
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CANTLX 

Food Use Category 

Beveraues and Beveraue Bases 

Specific Soy Milk Products 

Specific Meal Replacement Beverages 

Table A-A-5 Estimated Daily Intake of CLA from Individual Intended Food Uses by Male Adults Aged 20 and Over Within 
the United States (1994-1996, 1998 USDA CSFll Data) I 

All-Person Consumption Eaters only Consumption 
Actual # of - 

% Users Total Users Mean goth Percentile Mean 9 0 ' ~  Percentile 
(9) (9) (9) (9) 

0 15 7 < 0 01' na 1 24 2 30 

126 60 0 05 na 3 67 8.70 

Grain and Pasta Products 

Meal ReDlacernent Bars I 257  I 122 0 04 na 1 29 2 44 I 
Milk and Milk Products 

Specific Flavored Milk Beverages 3 24 154 0 05 na 1 37 2 34 

Milk (Filled) 0 0 na na na na 

Specific Yogurt Products 6 78 322 0 06 na 0 87 151 

Processed Fruits and Fruit Juices 

Specific Fruit Juice Products 7 96 378 0 09 na 1 24 2 33 

'Indicates an intake esbmate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section A-2.3) 
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Food Use Category 

Beveraaes and Beveraae Bases 

Specific Soy Milk Products 

Specific Meal Replacement Beverages 

Lipid Nutrition 8 Cognis 
FebNaV 6,2007 

All-Person Consumption Eaters only Consumption 
Actual # of 
Total Users Mean goth Percentile Mean 9 0 ' ~  Percentile 

(9) (9) (9) (9) 

0 23 48 c 0 01 na 110 2 30 

0 85 175 0 04 na 2 79 5 80 

A-A-6 

Meal Replacement Bars 3 90 804 0 04 na 1 02 1 70 

Specific Flavored Milk Beverages 

Milk (Filled) 

Specific Yogurt Products 

6 34 1,307 0 07 na 117 1 95 

0 0 na na na na 

9 60 1,978 0 07 na o 78 151 

Specific FNlt Juice Products I 700 1,442 0 08 na 101 1 76 
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All-Person Consumption 
Actual #of 

Food Use Category YO Users Total Users Mean 9 0 ' ~  Percentile 
( W k g )  (mdkg) 

Beveraaes and Beveraae Bases 

Specific Soy Milk Products 0 27 17 0 19' na 

Speclfic Meal Replacement Beverages 0 40 25 0 26 na 

Q 
0 
0 

Eaters only Consumption 

Mean 9 0 ' ~  Percentile 
(mg/kg) (mg/kg) 

93 87 223 71 

54 89 96 90 
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Meal Replacement Bars 5 76 363 2 37 

A-6-1 

na 35 17 63 09 

Specific Flavored Milk Beverages 11 85 747 6 37 

Milk (Filled) 0 0 na 

Specific Yogurt Products 11 33 714 2 54 

25 28 40 41 78 74 

na na na 

2 10 24 97 43 83 



Table A-B-2 Estimated Daily Per Kilogram Body Weight Intake of CLA from Individual Intended Food Uses by Female 
Teenagers Aged 12 to 19 Years Within the United States (1994-1996,1998 USDA CSFll Data) 

All-Person Consumption Eaters only Consumption 
Actual # of 

Food Use Category % Users Total Users Mean goth Percentile Mean goth Percentile 
(mglkg) (mglkg) I m g M  ( m g W  

Meal Replacement Bars 5 13 

Beveraaes and Beverage Bases 

Swcific Soy Milk Products I 014 1 1 0 01' na 1604' 16 04* 

36 0 93 na 1561 25 11 

I1 Specific Meal Replacement Beverages I 071 I 5 I 057. 1 na I 7374' I 301 71. 11 

Specific Flavored Milk Beverages 7 69 54 1 7 7  na 

Milk (Filled) 0 0 na na 

Soecific Yoaurt Products 6 13 43 0 75 na 

22 05 37 64 

na na 

12 36 20 98 

Processed Fruits and Fruit Juices 

Specific Fruit Juice Products 

*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section A-2 3) 
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CANTuX 

Actual # of 
Total Users 

% Users 

Teenagers Aged 12 to 19 Years Within the United States (1994-1996, 1998 USDA CSFll Data) 

All-Person Consumption Eaters only Consumption 

Mean goth Percentile Mean goth Percentile 
(mg/kg) ( m g W  (mg/kg) (mglkg) 

Food Use Category 

SDecific Sov Milk Products 1 014 1 1 0 03' na 18 66' 18 66' 

Meal Replacement Bars 4 89 34 0 91 na 18 68 

II SDecific Meal ReDlacement Beveraaes I 057 I 4 1 024' I na I 3746 I 4284 11 

37 95 

Milk (Filled) 0 0 na na na na 

Processed Fruits and Fruit Juices 

Specific Fruit Juice Products 7 04 49 117 na 16 59 29 01 

I Soecitic Yoaurt Products I 445 I 31 0 74 

*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section A-2.3) 

I na 14 96 22 23 
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Table A-6-4 Estimated Daily Per Kilogram Body Weight intake of CLA from individual Intended Food Uses by Female 
Adults Aged 20 and Over Within the United States (1994-1996, 1998 USDA CSFll Data) 

Food Use Category 
All-Person Consumption Eaters only Consumption 

Actual # of 
Total Users Mean goLh Percentile Mean soLh Percentile 

(mglkg) ( m g W  (mglkg) ( m g W  

Specific Soy Milk Products 0 26 12 0 03' na 11 19 20 21 

Specific Meal Replacement Beverages 1 66 76 0 61 na 
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32 21 62 86 

A-B-4 

Grain and Pasta Products 

Meal Renlarernent Ram I 293 I 134 I 0 54 I na 15 27 30 53 I 
-Milk and MilkProducts 

Specific Flavored Milk Beverages 3 74 171 0 69 na 17 55 29 38 

Milk (Filled) 0 0 na na na na 

Specific Yogurt Products 11 15 510 1 49 5 24 12 86 23 85 

Processed Fruits and Fruit Juices 



Food Use Category 

Milk (Filled) 0 0 na na na na 

Specific Yogurt Products I 678 322 0 73 

c 

na 10 42 20 94 
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Specific Fruit Juice Products I 796 378 117 

A-B-5 

na 15 37 32 10 



CANTUX 

% Users 

Table A-B-6 Estimated Daily Per Kilogram Body Weight Intake of CLA from Individual Intended Food Uses by the Total 
PoDulation (All Ages) Within the United States (1994-1996, 1998 USDA CSFll Data) 

All-Person Consumption Eaters only Consumption 
Actual # of 
Total Users Mean 9 0 ' ~  Percentile Mean 9 0 ' ~  Percentile 

(mdkg) (mglkg) (mdkg) (mglkg) 

Food Use Category 

~~ ~ ~ 

Beveraaes and Beveraae Bases 

Soecific Sov Milk Products I 023 I 48 0 07 na 33 41 84 22 I 
Meal Replacement Bars 3 90 804 0 89 na 21 93 

11 ~ Soecific Meal Reolacement Beveraaes I 085 I 175 I 0 5 1  I na I 3980 I 7604 11 

44 34 

Specific Flavored Milk Beverages 

Milk (Filled) 

Specific Yogurt Products 

6 34 1,307 1 64 na 27 32 52 88 
0 0 na na na na 

9 60 1,978 145 na 15 98 31 19 1 
Processed Fruits and Fruit Juices 

Soecific Fruit Juice Products 1,442 1 39 na 18 57 35 81 
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APPENDIX A-C 

Representative USDA CSFll 1994-1996, 1998 Food Codes for All Intended 
Food Uses of CLA from CLA-Rich Oil in the United States 

0 0 01 5 6 



ReDresentative CSFll 1994-1996, 1998 Food Codes for All Intended 
Food Uses of CLA in the United States 

Beveraqes and Beveraqe Bases 

Soymilk 
[CLA] = 0 625 Yo 

11310000 
1 I320000 
11330000 

Meal Replacement Beverages 
[CLA] = 0.625 % 

Milk, Imitation, Fluid, Soy Based 
Milk, Soy, Ready-to-Drink, Not Baby 
Milk, Soy, Dry, Reconstituted, Not Baby 

11611000 
1 161 2000 
1161 3000 
11621000 
11622000 
1 1623000 
1 1631000 
1 1641 000 
11651010 
1 1830940 
1 1832500 

Instant breakfast, fluid, canned 
Instant breakfast, powder, milk added 
Instant bfast, pwdr, swt wl lo cal swt, milk added 
Diet beverage, liquid, canned 
Diet beverage powder, milk added 
Meal supplement l replacement, prepared, rtd 
High calorie bev, canned or powdered, reconstituted 
Meal replacement, milk based, high protein, liquid 
Meal replacement, cambridge, reconst, all flavors 
Meal replacement, protein, milk based, fruit juice mix 
Meal replacement, protein type, milk base, wlsugar &art 

Adjusted Meal Replacement Beverage Content for 15 g Concentrate or Powder 
[CLA] = 10 Yo 

1 1830800 
1 183081 0 
1 1830850 
11830900 
1 1  830950 
1 1830960 
1 1830970 
1 1830980 
1 1830990 
1 1  831 500 
1 1832000 
1 1835000 
1 18351 00 
11835150 
11835200 

Instant breakfast powder, not reconstituted 
Instant bfast, pwdr, swt wl lo cal swt, not reconst 
High calorie milk beverage, powder, not reconst 
Protein supplement, milk based, dry powder 
Nutrient supp, milk based, powdered, not reconstituted 
Protein supp, milk base, sodium controlled, powder 
Meal replacement, protein type, milk base, powder 
Protein supp, milk base, powder (incl sustacal) 
Nutrient supp, milk base, powder (incl sustagen) 
Nutrient supplement, milk base, high prot, not reconst 
Meal replacement, milk &soy base, powder, not reconst 
Meal replacement, Cambridge, powder, not reconst 
Meal replacement, positrim drink mix, dry powder 
Dynatrim, meal replacement, powder 
Lose it (nanci), meal replacement, powder 
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Grain Products and Pastas 

Meal Replacement Bars 
[CLA] = 3 75 % 

41435200 
53540000 
53540100 
53540200 
53540250 
53540500 
53541 100 
53541 200 
53542100 
53542200 
5354221 0 
53543100 
535441 00 
53544200 
5354421 0 
53544220 
53544250 
53544300 
53544400 
53544450 

High protein bar cookie-like soy & milk base 
Breakfast bar, nfs 
Breakfast bar, cake like 
Breakfast bar, cereal crust wl fruit filling, lowfat 
Breakfast bar, cereal crust wl fruit filling, fat free 
Breakfast bar, date, wl yogurt coating 
Breakfast bar, diet meal type 
Meal replacement bar (incl slim fast bar) 
Granola bar wl oats, sugar, raisins, coconut 
Granola bar, oats, fruit, nuts, lowfat 
Granola bar, nonfat 
Granola bar wl peanuts, oats, sugar, wheat germ 
Granola bar, wl nougat 
Granola bar, chocolate coated 
Granola bar, wl coconut, chocolate coated 
Granola bar w/ nuts, chocolate coated 
Granola bar, coated wl nonchocolate coating 
Granola bar, high fiber, yogurt coating, not choc 
Granola bars, wl rice cereal 
Powerbar (fortified high energy bar) 

Milk and Milk Products 

Flavored Milk 
(CLA] = 0 625 % 

1 1541 500 
11541510 
11 51 1200 
11513100 
11513150 
1 151 3200 
11 51 3400 
11513500 
1 151 3550 
11 51 3600 
11 51 41 00 
1 151 4300 
11514500 
11 51 51 00 
1 151 6000 
11 519000 
1 151 9050 
11519100 
1 1520000 

Milk shake, made wl skim milk, chocolate 
Milk shake, made wl skim milk, not chocolate 
Milk, chocolate, reduced fat milk based 
Cocoa & sugar mixture, whole milk added 
Cocoa & sugar mix, red fat milk added 
Cocoa & sugar mixture, lowfat milk added 
Chocolate syrup milk added, ns as to type of milk 
Chocolate syrup, whole milk added 
Chocolate syrup, red fat milk added 
Chocolate syrup, lowfat milk added 
Cocoa, sugar, & dry milk mixture, water added 
Cocoa wl nf dry milk, lo cal sweetener, water added 
Cocoa w/ whey, lo cal sweetnr, fortifd, water added 
Cocoa & sugar wl milk, fortified, Puerto Rican 
Cocoa, whey, lo cal sweetner mix, lowfat milk added 
Milk beverage, not chocolate, wl whole milk 
Milk, not chocolate, whole milk based 
Milk beverage, beads, whole milk added 
Milk, malted, unfortified, flavor ns 
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1 1521 000 
1 1522000 
1 1525000 
1 1526000 
1 1  527000 
1 1541 000 
11551050 
1 1560000 
1 1560020 
1 1561 01 0 

Milk, malted, unfortified, chocolate flavor 
Milk, malted, unfortified, natural flavor 
Milk, malted, fortified, natural flavor (incl ovaltine) 
Milk, malted, fortified, chocolate (incl ovaltine) 
Milk, malted, fortified, (incl ovaltine) 
Milk shake, ns as to flavor or type 
Milk fruit drink (incl licuado) 
Choc flavored drink, whey & milk based (incl yo0 hoo) 
Milk drink, whey & milk base, not choc (incl yo0 hoo) 
Cafe con leche prepared w/ sugar 

Milk 
[CLA] = 0 625 Yo 

1 1  114000 
1 1  114100 
1 1  114200 

Milk, cow's, fluid, filled w/ veg oil, ns as to fat 
Milk, cow's, fluid, filled w/ veg oil, whole 
Milk, cow's, fluid, filled w/ veg oil, lowfat 

Yogurt 
:LA] = 0.667 Yo 

1411300 
1423000 
1424000 
1427000 
1433000 
1460190 

1 1460200 
1 1  460300 
1 1460400 
1 146041 0 
1141 0000 
1141 I010 
1141 1100 
1 1  41 1200 
1 I420000 
11421000 
1 1422000 
1 1425000 
1 1426000 
11430000 
1 1431 000 
1 1  432000 
1 1433500 
1 1444000 
1 1445000 
1 1459990 
11460000 
11460100 
I1460150 
1 14601 60 

Yogurt, plain, nonfat milk 
Yogurt, vanilla, lemon, coffee, nonfat milk 
Yogurt, vanilla, lemon, coffee, nonfat milk, low cal sweet 
Yogurt, chocolate, nonfat milk 
Yogurt, fruit variety, nonfat milk 
Yogurt, frozen, ns as to flavor, nonfat milk 
Yogurt, frozen, chocolate, nonfat milk 
Yogurt, frozen, not chocolate, nonfat milk 
Yogurt, frz, chocolate, nonfat milk, w/ low cal sweet 
Yogurt, frz, not choc, nonfat milk, w/ low cal sweet 
Yogurt, ns as to type of milklflavor 
Yogurt, plain, ns as to type of milk 
Yogurt, plain, whole milk 
Yogurt, plain, lowfat milk 
Yogurt, vanilla, lemon, coffee, ns as to milk type 
Yogurt, vanilla, lemon, coffee, whole milk 
Yogurt, vanilla, lemon, coffee, lowfat milk 
Yogurt, chocolate, ns as to type of milk 
Yogurt, chocolate, whole milk 
Yogurt, fruit variety, ns as to milk type 
Yogurt, fruit variety, whole milk 
Yogurt, fruit variety, lowfat milk 
Yogurt, fruited, nonfat milk, low cal sweetener 
Yogurt, fruit & nuts, ns as to type of milk 
Yogurt, fruit & nuts, lowfat milk 
Yogurt, frozen, ns as to flavor, ns to type of milk 
Yogurt, frozen, not chocolate, type of milk ns 
Yogurt, frozen, chocolate, type of milk ns 
Yogurt, frozen, ns as to flavor, lowfat milk 
Yogurt, frozen, chocolate, lowfat milk 
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1 14601 70 
11460250 
1 1460420 
11460430 
1 1460440 
1 1461 000 
1 1461 100 
11461200 
11461250 
1 1461 260 
11 461270 
11461280 

Yogurt, frozen, not chocolate, lowfat milk 
Yogurt, frozen, not chocolate, w/ sorbetlsorbet coated 
Yogurt, frozen, ns as to flavor, whole milk 
Yogurt, frozen, chocolate, whole milk 
Yogurt, frozen, not chocolate, whole milk 
Yogurt, frozen, chocolate coated 
Yogurt. frozen, carob coated 
Yogurt, frozen, sandwich 
Yogurt, frozen, cone, chocolate 
Yogurt, frozen, cone, not chocolate 
Yogurt, frozen, cone, not chocolate, lowfat milk 
Yogurt, froz, cone, chocolate, lowfat milk 

Processed Fruits and Fruit Juices 

Fruit Juice 
[CLA] = 0 625 Yo 

61200500 
61201 000 
61 201 01 0 
61201020 
61201220 
61 201 230 
61201240 
61 21 0000 
6121 001 0 
61 21 0230 
61 21 0250 
61216000 
61216010 
61216220 
61 216230 
641001 00 
641 3201 0 
641 32020 
641 32030 
641 34000 
74301 100 
74302000 
74303000 

acerola juice 
Grapefruit juice, nfs 
Grapefruit juice, freshly squeezed 
Grapefruit juice, unsweetened, ns as to form 
Grapefruit juice, canned, bottled, carton, unsweet 
Grapefruit juice, canned, bottled, carton, w/ sugar 
Grapefruit juice, cannedlbottlelcarton, wl low cal sweetener 
Orange juice, nfs 
Orange juice, freshly squeezed 
Orange juice, cannedlbottledlcarton, w l  sugar 
Orange juice, w/ calcium, can/bottle/carton, unsweetened 
Grapefruit & orange juice, nfs 
Grapefruit & orange juice, fresh 
Grapefruit & orange juice, canned, unsweetened 
Grapefruit & orange juice, canned, wl sugar 
Fruit juice, nfs (include mixed fruit juices) 
Prune juice, ns as to added sweetener 
Prune juice, unsweetened 
Prune juice, w/ sugar 
Fruit smoothie drink, w/ fruit only 
Tomato juice 
Tomato juice cocktail 
Tomato & vegetable juice, mostly tomato 
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Jwe  5 ,  3006 

To wliom it may concern 

I have been asked to review the Ittt~ature and a document prepdrrd for submission to ihc FDA on 
the cafery of conjuptcd linolcic acid (CLX). There is an extensibe list ofpublication5 that have 
cxamincd both efficacy in changing blood lipids, inflammatory markers, adipose tissue mass and 
indicators of glucose metabohmi and insulin resistaticc in humans and antinal inodcls Although 
there ate suggestions ofbeneficial effects In these measures. the niajor question put to this 
ievie\~er was the existence of hami to those given these suh?tance\ CLA has been available in 

niixtures of the trans-IO, CIS-I2 (110, c12) and the cis-9, tians-I1 (c9, t i  I )  5liuclures in many 
countries as a dietaiy supplement Soine studies have used preparations o i  thcae isomers ab 
separate entities This lcttcr probidcs my suniinaiy opinion as to the weight oftlie c\idence on 
the miel). ofthece sub5tances. I !lave not prowled spciific referenccs since the Sot-mal 
submisswii curitains a complete htbliogiapliy ot  this liteiature 

I hirty tuo (human studies) ofCLA as the mixtures or as the individual isomers hme been 
rcportcd 
of ('I,& have ranged iron1 0.35 to 7 2 grains per day The duration of the studies has usually been 
in thc four to twelve week range Howe\ei the largest study was been the longest, observing IS0 
volunteers for 52 weeks with a follow on of an ddditional 52 wccks in I57 ot these indrvidudls 
In  summary, no significant change was obsened in lipoprotein lewis VC'hen change was 
obscned, it was inconiistcnt and %as uftcn countcr to the directioii and inagnitude of the same 
parameter in another comparable study 1 believe that i t  is appiopnate to say lhdt there is no 
LonvinLing evidence that CLA used in the doses tested in these studies has any significant effect 
on any lipoprotein parameter in humdns 

Intlammatory markers w r e  niso exziniinsd in human m d i r s  including leukocyte count n.-6, IL- 
8, Thka  and CRY Only CRI' showed some tendency IO rise but this was qgi f icant  in only one 
i i i idy Two othcr >tudic\ found no change. i'RP is known to be highly vanablc from visit to visit 
in human populations and only in a rclativcly large g u u p  nould convincing data be generated 
Kasu's g-oup have found elevations of urinary isoprostnncs (8-iso-prostaglandin F2u dnd 15- 
kclo-dehydro-pi ustaglandin) 'I Iiese studies uted monounsaturated fatty acids (olive o i l )  or no 
3dded supplements as the control inierwmlion Olhrrs have had no controls An tiicrcase i n  theqe 
pni'aiiicteis iroin 50% to 400% have been reported. Ilo\i,ever, there has been no other nicdsure 
that might indicate ouidsti\c damage I:urthcimorc. the increase in these suhstanczs IC nut 
surprising since similar findings have bcen made mith a Lariety of  polynsaturated fats gnen  as 
oral siipplrmmts Oniega-3 and omega4 fatty acidy cause an increase in these and other 
cvideiice of oxidJtion of lipids including thc cuncenlrdtionb of nidloriyldidldehyde modified 
proleins and lipoproteins These lalter fatty acids have genei-ally been zissuciated with reduced 

I h a c  hive iiivolved ~olioiis ianging from 16 to I SO individual pdrticipants and doses 



iiicidence of vascular disease and thcre is no evidence that CLA has a negative vdscular cifect In 
rcrmspect, these siudies ivould hare bccn more insiructibe if the control groups had ieceived 
comparable ainouiits of>egerahle oil5 or oniega-3 iish oils 11s the comparator It is quite possible 
that there would have been little or no difference in the gencration of these isoprostanes The 
saiiie studies indicating iiicrcased isoprostanes are unique i i i  finding ebideiice of increased insulin 
resibtance aiid plasma glucose The problem with proper coiin-ols i i  also evident in this data 2nd 
at present. it requires funher siudy to determine isothers can reproduce these results 

Animal studies, in contrast to human trials have found reductions in artcnosclerotic lesions This 
has been most dramlltic and cuiiaistent in rabbits but these studies suffer from the relatively large 
doses and the very nbnornial lipid partems produced by high cholcstcrol diets in this model The 
relevance to human metabolism remdins to be proven On the other hand, studies in the hamster 
are larcsr in number and are relatively consistent in showing reduced LDL and incrcased HDL 
n hile reducing the fatty I i \ e r  oftcn seen in these animals on a high fat atid cholesterol diet 
Arterial lesions have been reported to he less than in controls. Again. ihe relcvancc to liunian 
rnctabolism is in question Studies in different strains of mice and in those with genetic 
inodifiiations in lipoprotein metabolism have been less consisleiit 
reviewed aiid in general, CL.4 \*.as found to reduce both higlycendes and LLIL with out changing 
HDL coiiipaied to saturated fat in the control diets No significant vascular findings hdve been 
reponed In none of these animal models has toxicity attnbutable to  the CLA been evident 

The measurr 0 1  a vancty oilnilammatory markers has been ieported in vai-ious cell lines in vitro 
and in a 5erics of animals including hamsters, mice, rats and swiiie Most studies have found 
iupprcssion oCihe5e measures Reduction i n  animal models of inflammatory bowel disease and 
prolniigation of [he life \pan in micc uith a lupus like syndrome haw been dcscnhed Negative 
iinpact of CLA in these Fystemc has not been descnbed 

In suminary, CL.4 in either the combined form or the individual isomers has been studied 
cxtmsivrly in both human trials and iii animal models ceeking evidence of harm in metabolic and 
intlammatory $)stems without convincing evidence that there is such harm At the doses used 
previously in other nationdities. CLA appears to be safe for huinan consumption. 

Yours s incedy.  

Six studies in rats w r e  

W Virgil Brown. MD 
Charles Hou ard 
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CLA and lipid peroxidation. 

Recently 5 studies in humans have reported an increase in prostaglandin Fzo- 
isoprostanes after dietary CLA intake. Increased levels of isoprostanes have been 
detected in most diseases involving oxidative stress and inflammation and the 
increased levels reported after C IA  intake in humans therefore appear to contradict 
the anti-inflammatory and anti-oxidant properties of CLA reported in the literature. To 
be able to evaluate the safety of CLA it is essential to determine whether there is 
indeed a real increase in isoprostanes and if so, IS this increase due to oxidative stress 
triggered by CLA treatment or due to other mechanisms than lipid peroxidation. 

To date, five human trials conducted all by the same group of investigators in 
Sweden, have reported an increase in prostaglandin Fza isoprostanes after CLA intake, 
measured by a newly developed radioimmunoassay for 8-iso-prostaglandin Fz0 and 
15-keto-dihydro-prostaglandin (Basu et al., 2000a; Basu et al., 2000b; Riserus et al., 
2002b; Smedman et al., 2004). I n  this assay, a rabbit polyclonal antiserum was 
developed and used. While the authors reported little to no cross reaction to other 
isoprostanes other than the intended 8-iso-PGF2, and 15-keto-dihydro-PGFzO, the 
number of F2-isoprostanes tested was limited. It should be pointed out that almost all 
work suggesting that F2-isoprostanes are markers of oxidative stress, have used the 
electron capture negative ionization gas chromatography-mass spectrometry (GC-MS) 
method. Comparison of this method with the radioimmunoassay used by this group of 
investigators is problematic, as both methods do not correlate well and do not 
measure the same compounds (Bessard et al., 2001; Proudfoot et  al., 1999). Up to 64 
isomers in four structural classes can be generated by free radical attack of 
arachidonic acid (Lawson et al., 1999). It has therefore been suggested that 
immunoassays should be considered as semi-quantitative indices of F2-isoprostanes 
(Cracowski et al., 2002). Furthermore, because of the use of a new unvalidated rabbit 
polyclonal antibody, the specificity of this immunoassay is questionable. Therefore, at 
the moment it cannot be excluded that CIA, or one of its metabolites or catabolites 
was measured instead of isoprostanes. 
A second methodological remark concerns the variability of isoprostane levels. I t  is 
known that the levels of isoprostanes can vary from day to day (up to 40% variation) 
and therefore isoprostanes should ideally be measured on several consecutive days to 
be able to adequately determine the average isoprostane level. It is not clear from the 
Basu et al, Riserus et al and Smedman et al papers whether such measurements were 
indeed carried out on consecutive days. It is also not clear from their papers what 
extraction method they used and whether they added anti-oxidants to the obtained 
urine and blood samples. Lipids are rapidly oxidized and so if they didn't add anti- 
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oxidants directly after sampling, isoprostanes might have been formed after sampling, 
and thus might be an artifact of their method. Thus, currently there is no convincing 
evidence that isoprostanes are increased after CIA intake. 

I f  the increase in isoprostanes turns out to be real then the main question is if it 
reflects a harmful effect. This depends on whether the increase results from increased 
oxidative stress, or from the development of an inflammatory state. Although it is well 
recognized that a higher level of F,-isoprostanes is found in most human diseases 
(review Davi 2004), an increase does not necessarily imply increased oxidative stress 
or inflammation. I n  general, nothing is known about the relevance of a small increase 
as observed in human trials on CLA, as no threshold has been established at which 
the level of F2-isoprostanes indicates increased oxidative stress. 
I n  the case of dietary intake of CLA, an increase in F2-isoprostanes is likely unrelated 
to oxidative stress as there are no indications that CLA induces an inflammatory state. 
The findings of increased oxidative stress have been based on a single method 
measuring F2-isoprostanes and cannot be related to other markers of oxidative stress 
or inflammation, making the evidence rather weak. I n  fact, more evidence exists that 
CIA decreases oxidative stress and inflammation. The precursors of isoprostanes, 
arachidonic acid and prostaglandins, have been demonstrated in many studies to be 
decreased by CLA. I n  addition, treatment with anti-oxidant (tocopherol) did not affect 
the levels of isoprostanes measured, which seems contradictory if oxidative stress was 
the cause of the increase in isoprostanes Therefore, a more logical explanation for an 
increase in isoprostane levels after CLA intake would be an increased availability 
rather than an increased formation of F2-isoprostanes. The most logical explanation 
for the increased availability of F2-isoprostanes appears to be the result of an 
inhibition of their metabolism by competition with CLA. 

It is proven that both isoprostanes and CLA are metabolized via the same peroxisomal 
pathway and therefore CLA likely causes a decline in metabolism of already-formed 
F2-isoprostanes by competing with F2-isoprostanes for the same metabolic pathways. 
As a result, levels of isoprostanes appear higher in the presence of CLA because fewer 
F2-isoprostanes are metabolized into a different form. I n  fact, preliminary results from 
an ex vivo study shows that addition of CLA to human fibroblast leads to an increase 
in isoprostanes, whereas CLA does not lead to a relative isoprostane increase in 
fibroblasts obtained from peroxisome-deficient patients, indicating that CLA may 
indeed compete for the same peroxisomal pathway. That this effect is specific for CLA 
is proven by the fact that oleic acid, for instance, did not lead to an increase in 
isoprostanes in normal human or peroxisome-deficient fibroblasts (Banni, unpublished 
results). 
Accordingly, based on the weight of the evidence, it is reasonably certain that the 
observed effects on F2-isoprostane levels do not represent a harmful effect of CLA 
preparation under i ts intended conditions of use. 

Prof. Giovanni Davi 
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Dear Mr. Dwyer, 

Re: Safety of CLA: effects on milk fat depression in lactating women 

Conjugated linolenic acids (CLA) are naturally occurring isomers of the essential fatty acid linoleic 
acid that contain a conjugated rather than methylene interrupted double bond. CLA are present in the 
diet as components of dairy fats and in the tissue fats (meat) of ruminant animals. CLA are well 
absorbed and are present in tissue, plasma and breast milk lipids in amounts proportional to that in the 
diet. This letter addresses the issue of whether CLA from foods supplemented with this fatty acid is 
likely to have a significant effect on milk fat production m lactating women, assuming CLA intake of 
about 2.13 g/day (which is the 90" percentile upper intake estimate). 

A number of studies have provided convincing data to show that CLA inhibit lipogenesis through 
down-regulating the expression of genes for regulatory enzymes of fatty acid and triglyceride 
synthesis. Cis omega 6 and omega 3 polyunsaturated fatty acids, in particular the n-3 polyunsaturated 
fatty acids eicosapentaenoic acid (EPA, 2051-3) and docosahexaenoic acid (DHA, 22:6n-3) also 
reduce triglyceride synthesis through down-regulation of lipogenesis, involving regulation of 
transcription factors that control multiple genes for enzymes involved in lipogenesis (Clarke 2004, 
Jump 2002). Thus, inhibition of triglyceride synthesis with intakes of CLA in the range of 2-4 grams 
per day is consistent with the hypotriglyceridemic action of other dietary polyunsaturated fany acids 
that are considered to be generally recognized as safe by the Food and Drug Administration. 

The effects of CLA on milk fat production have been extensively studied in dairy cattle and 
rodents, and to a lesser extent in pigs, and demonstrate the potential for CLA to inhibit fatty acid 
synthesis in organs other than the liver, and the mechanisms through which this occurs. However, 
there are important differences between these animals and humans in the physiology and biochemistry 
of lipogenesis, the composition of milk fatty acids, and the importance of mammary gland lipogenesis 
to milk fat secretion. In addition, the data in pigs are too limited to provide a basis for any conclusion. 
As a result, these animal data cannot be relied on as evidence of any effect of CLA on lipogenesis in 
humans. 
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In addition to the differences in fatty acid metabolism secondary to digestion and metabolism of 
dietary lipids in the rumen and its microflora, cattle and rodents typically consume diets in which the 
major energy source is carhohydrate and fat is low. Lipogenesis from carbohydrate derived carbons is 
high in these species, whereas lipogenesis is low in humans (Jones 1996, Leitch and Jones 1993). The 
low lipogenic activity of human adipose tissue is explained by very low activity of citrate lyase 
glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, and NADP-malate 
dehydrogenase; these enzymes can be induced by fasting-refeedmg with a high carbohydrate diet, 
indicating that down regulation of adipose tissue lipogenesis in humans may reflect higher fat intakes 
(Pate1 et al. 1975, Swierczynski et al. 2000). 

The fatty acid components of milk triglycerides are derived from two sources: by uptake of 
circulating plasma triglyceride fatty acids following hydrolysis by the mammary gland lipoprotein 
lipase (LPL), and by de novo lipogenesis from glucose in the mammary gland. The mammary gland, 
unlike other tissues, truncates de novo fatty acid synthesis at the level of 14:O via the action of the 
mammary specific enzyme thioesterase 11, rather than at palmitic acid (16:O) as in the liver (Nolin et a1 
1982, Thompson and Smith 1985); the activity of the mammary gland fatty acid synthesis pathway, 
however, is also lower in humans than rodents (Thompson and Smith 1985). Rat milk, unlike human 
milk contains high amounts of the medium fatty acids, representing about 35% of total milk fatty acids, 
these being derived by de novo lipogenesis in the rat mammary gland (Fernando-Wamakulasuriya et al 
1981). Cows’ milk is also very high in medium chain as well as short chain fatty acids, which together 
represent about 50% of cow milk fatty acids (Schroeder et a1 2003). Human milk contains much higher 
proportions of the long chain saturated fatty acids, predominately palmitic acid and unsaturated fatty 
acids that are derived by uptake of fatty acids from plasma, while medium chain fatty acids represent 
only about 13% of human milk fatty acids (Hachey et a1 1989). Diets containing high amounts of 
carbohydrate and very low in fat (So/, energy) result in a small increase in the contribution of medium 
fatty acids to about 16% milk fatty acids in humans (Hachey et al 1989). Medium chain fatty acids are 
also relatively low in pig milk, similar to that in human milk. These species differences suggest that 
any inhibition of mammary gland fatty acid synthesis by CLA may be of much greater significance in 
rodents and cows than it would be if it occurred in humans, since mammary gland lipogenesis in 
humans is of much lower significance to milk fatty acid secretion. In addition, the ability to detect 
statistically significant effects of CLA on milk fatty acids in humans may be influenced by the 
background diet, in particular both the amount of dietary energy denved from fat versus carbohydrate 
and the intake of CIS polyunsaturated fatty acids. 

Importantly, there is no reliable evidence to suggest that CLA inhibits mammary gland fatty acid 
synthesis in humans. A recent study reported that rumenic acid (c9,tl1-18:2) (rumenic acid; RA) in 
cheese at up to 346 mg W d a y  did not affect milk fat, protein, or lactose concentrations (Ritzenthaler 
et al2005). Other studies by the same group reported that 5 days supplementation in 9 lactating women 
with 1.5g CLA lowered milk fat to a mean of 2.25 g/dL compared to 3g/dL during supplementation 
with olive oil (Masters 2002). The average content of fat in milk for the group of women in this study 
is well below the usual averages found in studies on human milk of about 3.5-3.7g fat/dL, with the 
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mean value below the lower limit of the normal range. It is unclear from this study whether some 
aspect of the milk fat collection or analysis resulted in fat loss, causing the group to appear abnormal; 
it is also unclear whether CLA had any negative effect as compared with olive oil (which may have 
had a positive effect) Mosley et al. (2005) reported that a CLA 50:50 mixture and individual CLA 
isomers show no effect on milk fat in lactating women in doses ranging between 0.75 to 4.0 g/day, 
although again the methodology used does not permit any firm conclusion to be drawn from these 
results. 

Sincerely, 

Sheila M. Innis, Ph.D. 
Director, Nutrition Research Program 
Child & Family Research Institute 
University of British Columbia 
950 W. 28th Avenue 
Vancouver, BC V5Z 4H4 
sinnis@interchange.ubc.ca 
604 875.2431 
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Jean-Michel Gaullier et al conducted a study on the long-time effects of conjugated linoleic 

acid (CLA) on body composition and safety in healthy overweight adults (Gaullier et al , 2004) 

180 volunteers aged 18-65 with body mass indices (BMI) of 25-30 were supplemented for 

one year with either CLA-free fatty acid (CLA-FFA. n=61), CLA-triacylglycerol (CLA-TG. 

n=60), or placebo (olive oil, n=59) 157 volunteers finished the study 

CLA preparations were 50 50 mixtures of os-9, trans-11 (c9, t l l )  and trans-10, os-12 

(t10,clZ) CLA isomers 

The fatty acid (FA) composition of the CLA-FFA preparation was c9, t l l  CLA 39%, t10,clZ 

CLA 41%, 16.0 FA 1 3%, 18.0 FA 2 3%. 18.1 FA 9 4%, 18 2 FA 0.7%, others 2.3% 

The fatty acid cornposition of the CLA-TG preparation was. c9,t l l  CLA 38%, t10,clZ CLA 

38%. 16 0 FA2 7%, 180 FA2.6%, 18.1 FA 10 6%, 18.2 F A 0  9%. others 3 3% 

Supplementation with CLA. either as FFA or TG, for 12 months significantly lowered body fat 

mass (BFM) whereas BFM in the placebo group did not significantly change Accordingly, the 

alteration of lean body mass (LBM) was more pronounced in the CLA groups than in the 

placebo group Body weight and BMI showed similar differences. Daily caloric intake did not 

differ significantly between groups This suggests that the observed effects of CLA on body 

composition were independent of diet (Gauilier et al ,2004) 

The fasting glucose levels did not significantly change during intervention in all groups and 

the alteration during intervention did not significantly differ between the three groups (Gaullier 

et al ,2004) 

The HbAI, significantly increased in all groups. But the alterations during intervention did not 

differ between the groups (Gaullier et al ,2004) 

There were no data given on insulin sensitivity. Insulin resistance is considered to be a risk 

factor and a crucial feature of the metabolic syndrome 

In order to assess insulin sensitivity in Gaullier's long-term study, COGNIS GmbH 8 Co KG 

provided us with the crude data set of this study. We reanalyzed the data using the 

Homeostasis Model Assessment (HOMA-IR) index The HOMA-IR index is reflecting insulin 

sensitivity in normal and diabetic patients. It is calculated as fasting glucose (mmolil) *fasting 

insulin (pU/rnl) / 22.5 The HOMA-IR index has been shown to correlate well both, with the 

gold-standard euglycemic hyperinsulinemic clamp and the minimal model method in 

diabetics and normal subjects (Fukushima et al , 1999, Malhews et al , 1985, Haffner el al , 1996, Bonora 

et al ,2000) 

There were data of serum insulin and serum glucose from 147 study subjects (123 females 

and 24 males) The data set of these subjects was the basis of further statistics. 

Comparisons between treatment groups were performed by using ANOVA on ranks 

008173 
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(Kruskal-Wallis-Test), and Mann-Whitney rank sum test. lntraindividual comparisons during 

intervention were performed by using Wilcoxon signed rank test 

In the reevaluated subset the alterations of BMI during intervention differed significantly 

(ANOVA p-0 004) between the intervention groups in all subjects as well as in the male and 

female subgroup (Fig 1, 2. 3) Whereas the BMI m the control group did not significantly 

increase, it decreased significantly in the CLA-FFA group (p=O 031) and in the CLA-TG 

group (pc0.001) In males the alterations were similar. In females only the BMI in the CLA- 

TG group significantly decreased. Evaluation of the differences of the alterations during 

intervention (A BMI) by the Mann-Whitney test showed according results (Fig 1, 2. 3) 

Neither CLA-TG nor CLA-FFA supplementation had a negative influence on insulin sensitivity 

measured by HOMA-IR index during the 12 month period 

No differences were found in absolute values (Fig 4) as well in the intraindividual alterations 

during intervention between the CLA-TG. the CLA-FFA, and the placebo group (Fig 5) 

In male subjects, CLA-TG decreased HOMA-IR index compared to placebo indicating an 

increase of insulin sensitivity (Fig. 6 and 7) This. however, should be interpreted with caution 

since there were only 9 male subjects in the placebo group and 7 in the CIA-TG group and 

since the CLA-TG group started with somewhat higher HOMA-IR-indices (n s )(Fig 6) 

In females no significant effect was seen (Fig 8 and 9). 

Interestingly, in males the alteration of HOMA-IR during intervention correlated with the 

alteration of BMI (Fig l l ) ,  whereas this was not the case in females (Fig 12) This would 

indicate that males may benefit more from a reduction of BMI than females. 

Other studies on the effect of CLA on insulin sensitivity were mainly short term studies with 

an observation period up to 3 months (Table 1) Because of this, they are less useful to 

estimate long-term benefits and risks of CLA intake Furthermore, providing data on insulin 

sensitivity differ in CLA composition. The CLA isomers ~9,111 and tlO.cl2 were shown to 

explicit differing effects (Riserus et al , 2002) and to interact with PPAR ligands in a complex way 

(Brown et a i ,  2001, Brown et al ,2003, Brown 8 McIntosh, 2003) A weakness of some studies was the 

choice of placebo preparation. In some studies olive oil was used which is known to have 

effects on metabolism that seem to be attributed to minor components (Perez-Jimenez, 2005) 

differing from safflower oil. which is the basis of CLA preparations 

Medina et al (2000) showed a non significant increase of plasma insulin levels in 24 healthy 

women after 64 days supplementation with a CLA mixture compared to baseline Plasma 

glucose was unchanged In this study a CLA mixture with another composition of isomers 
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was used (Table 1). Thus, it cannot be compared with studies on CLA mixtures with -40% 

c9,t l l  isomer and -40% tlO.cl2 isomer (50 50) 

Smedman and Vessby (2001) found during a 12 week intervention with c9,tl l  t10.cl2 (50.50) 

CLA mixture a borderline significant difference between the changes of fasting blood glucose 

in the CLA and placebo group that received olive oil (p=0.053) The increase in the CLA 

group was not significant For plasma insulin no differences were seen (Smedman & Vessby, 

2001) 

The 8 week intervention in 51 healthy volunteers by Noone et al. showed no change in 

plasma glucose and plasma insulin by both, c9,tll t10,clZ (50 50) CLA mixture and 

c9.111 tlO.cl2 (80.20) CLA mixture throughout the study (Ncone el a l ,  2002) 

In the study by Riserus et al no effects of a CLA mixture (50.50) on insulin sensitivity and 

fasting glucose were observed after 12 weeks supplementation (Riserus et al , 2002) 

A clinical trial with 21 volunteers by Belury et al. revealed a decrease of fasting glucose in 

type 2 diabetics after 8 weeks supplementation with a CLA mixture (Belury et a1 ,2003) In this 

study a comparable CLA-mixture was used and safflower oil was chosen as control (Belury et 

al ,2003). 

Eyjolfson et al found a decrease in fasting insulin and an improvement in insulin sensitivity 

index (ISI) in young sedentary volunteers after 8 weeks supplementation with a CLA mixture. 

whereas there were no alterations in the placebo group. In this study also a comparable 

CIA-mixture was used and safflower oil was chosen as control (Eyjolfson et al ,2004) 

The study by Moloney et al. (2004) on the influence of CLA on insulin sensitivity and 

lipoprotein metabolism in patients with type 2 diabetes mellitus showed a significantly 

reduced insulin sensitivity measured by HOMA-IR index in the CLA group after 8 weeks 

supplementation compared to the control group that received a blend of palm and soya bean 

oil Quantitative insulin sensitivity check index (QUICKI)’ and HbA1, were not affected by 

CIA supplementation It is noteable, that the responses to an oral glucose load differed 

between the groups at baseline and these differences were maintained at the end of the 

intervention There does not appear to be a significant effect of CLA at the end of 

intervention compared to baseline For that reason, these findings should be interpreted with 

care Furthermore, the blend of palm and soya bean oil may not be a good control group for 

CLA as the composition of fatty acids and possibly other components is different. 

The only other long-term study on CLA to the best of our knowledge was conducted by 

Whigham and coworkers Supplementing Clarinol@ (37 3% c9,t11, 37 6% t10,clZ) or high 

oleic sunflower oil for 12 months they found no change in serum insulin, serum glucose or 

’ QUlCKl = 1 I [Icg fasting insulin (pU/ml)+ log fastingglucose (mgldL = mmollL’18,182)] (Katz et al ,2000) 
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HOMA-IR index between groups at any time throughout the study No subject with a normal 

baseline glucose developed glucose intolerance during the study (Whigham el  al., 2004). 

In summary, in two long-term intervention studies over 12 months (Gaullieret al reevaluated here 

and Whigham et al, 2004) no unfavorable effect on insulin sensitivity was observed In Gaullier’s 

study even a significant increase was seen in males, this, however, needs to be confirmed in 

studies with a higher sample size. 

Based on these long-term studies there does not seem to be a matter of concern from effects 

of CLA on insulin sensitivity. 

Kiel, August 14Ih 2006 

Prof. Dr Jurgen Schrezenmeir 
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Figure 1. A Body Mass Index (differences month 12 -month 0. mean + SEM). 
Alterations during the study were significantly different between the CLA-TG and the placebo group 

I 

ANOVA p=0.035 

O CLA FFA ("=a) 
p=0.034' 

p=0.030' 

0,5 'Mann-Whttney rank sum test 

Figure 2. A Body Mass Index in males (differences month 12 -month 0, mean + SEM). 
Alterations during the study were significantly different between the CLA-TG and the placebo folive oil 
group as well as between the CLA-FFA and the placebo group uooim 
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Figure 3. A Body Mass Index in females (differences month 12 -month 0, mean + SEM). 
Alterations durlng the study were slgnlflcantly dfferent between the CLA-TG and the placebo (ollve 011 
group 
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Figure 4. HOMA indices (means + SEM) after 0 , 3 ,  and 12 months of treatment. 
There were no significant dlfferences between the CLA-FFA. CLA-TG, and placebo (ollve 011) group at 
any time of the study 
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Figure 5. A HOMA indices (differences month 12 - month 0, mean + SEM). 
There were no significant dlfferences between the CLA-FFA, CLA-TG, and placebo (oilve 011) group 
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Figure 6 HOMA indices in males (means + SEM) after 0.3, and 12 months of treatment. 
There were no signlflcant differences between the CLA-FFA. CLA-TG. and placebo (ollve oil) group at 
any time of the study 
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Figure 7. A HOMA indices in males (dlfferences month 12 - month 0, mean + SEM). 
Alterations during the study were significantly different between the CLA-TG and the placebo (olive 011) 
group 
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Figure 8. HOMA indices in females (means + SEM) after 0, 3, and 12 months of treatment. 
There were no significant differences between the CLA-FFA, CLA-TG, and placebo (olive oil) group at 
any time of the study 
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Figure 9. A HOMA indices in females (differences month 12 -month 0, mean + SEM). 
There were no significant differences between the CLA-FFA, CLA-TG, and placebo (olive 011) group 
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Figure I O .  Correlatlon of A HOMA with A BMI in all treatment groups (CLA-FFA. CLA-TG, and 
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No correlation was found 
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Figure 11. Correlation of A HOMA with A BMI in males in all treatment groups (CLA-FFA, CLA- 
TG, and placebo, n=24). 
The patr(s) of variables with positlve correlation coefficients and P values below 0,050 tend to increase 
together For the pairs with negative correlation coefficients and P values below 0,050, one variable 
tends to decrease while the other increases For pairs with P values greater than 0,050, there is no 
significant relationship between the two variables 
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Figure 12. Correlation of A HOMA with A BMI in fernsin= in =I1 +m=tmslt 
TG, and placebo, n=147). 
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Table 1. Overview of studies on CLA and insulin sensltlvlty 
~ 

control objective duratior result 
study 

pOpYlallOn 

healthy 
women 
(n=24) 

Medina el  a1 , 
2000 

sunflower 
011 

effects on 
circulating leptin 
concentrations 
and appetite 

64 d tl0,ClZ 22 
C11.113 17 
c9.111 16 
19,111 7. 
110.112 7 
other isomers 11 

plasma insulin levels * 
(n s ) 

plasma glucose a 

olive 011 
n.24 

healthy 
volunteers 

metabolic effects 12w 
~~ ~ 

Serum glucose* (n s ) 
plasma insulin 0 

plasma glucose a 
Plasma insulin a 

Smedman 8 
Vessby. 2001 

Noone el  a1 , 
2002 

C9,tll 110.c12 
(50 50) n=26 

c9.111 llO,C12 
(50 50) 

IlnOleiC 
acid 

healthy 
volunteers 
(n.51) 

modulation of 
cardiovascular 
disease risk 
factors by CLA 

effect Of 110 c12 
isomer or CLA 
mixture on insulin 
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Metabolism of isoprostanes 

The 15-Fz,-lsoprostane (short names 15-F2,-lsoP or F2-lsoP, formerly named 8-iso-PGFJ and rts major 

urmary metabolite 2,3-dmor-5,6-dlhydr0-S-iso-PGF~~, are considered to be the most sensitive and 

specific biomarkers of oxldant stress (lipid peroxidation) m nvo Elevated levels are associated with a 

number of disorders like hypercholesterolemia, diabetes, obesity and with s m o h g  (Morrow ATVB 

05, Crakowski EurHJ 04, Dam et al CPLipids 2004) Increased con~entrations are found m 

atherosclerotic plaques (Morrow ATVB 2005) and m unnary samples of patients wrth coronary heart 

dsease (Schwedhelm et al Circ 2004) 

lsoprostanes are stucturally close to prostaglandms There is a whole range of isoprostanes, wrth D,E 

and F-Rmgs, as well as isdhromboxanes and isoketals (Crakowski and Ormezzano EurHJ 2004, 

Morrow and Robe- ProgLR 1997) There are vanous isoforms wrthln each group Dz/E2-isoprostanes 

can fulther undergo dehydrmon to form AJIz-isoprostanes (Chen e al JBC 1999) IsoP A2 readily 

adducts to glutathione (GSH) or a l b u m ,  to the same extent as PG AI (Chen et a1 JBC 1999) 

Interestmgly, after adduction with GSH, the biological activny of lsoP Az is lost Thus, this is likely a 

mechanism to detoxlfythese molecules Such c~nj~gated metabolltes of IsoP AZ are found m unne 

(Milne et al 2005) 

While prostaglandms (PG) ongmate from enzymatic synthesis, with cyclooxygenase (COX) as a key 

enzyme, isoprostanes are generated non-enzymafically upon oxidative stress from the precursor 

arachidonic acid Yet, there are excepuons to this rule lsoP Fz can be synthesized enzymatically 

(Watkms et al BJ 1999, Jourdan et al FASEB J 1999), and DZ and E? prostaglandms can be 

synthesized n a  the isoprostane way to a considerable extent, i e with the correspondmg D2 and E2 
isoprostanes as intermediates (Gao et al JBC 2003) Enzymatic synthesis of prostaglandms occurs 

after the precursor fatty acids arachidonic acid (20 4w6) or eicosapentaeno~c acid (20.503) has been 

released from a phospholipid molecule, while isoprostanes are formed in situ, I e while arachidonic or 

eicosapentaenoic acid are still at the sn2position of a phospholipid molecule Thus, isoprostanes east  

m a “storage depot” and may be released lateron Isoprostane-contammg phospholipids are remarkably 

kinked molecules Therefore, it can be imagmed that their presence m membranes does affect fluidity 

and integnty and may thus m t n b u t e  to cellular dysfunction, and that release of free isoprostanes 

would be a measure to restore membrane mtegnty (Morrow PNAS 1992) Lipid peroxidation leads to 

loss of phospholipid asymmetry m plasma membranes, causlng membrane vesiculation Oxidized 

rmcrovesicles may play a role m the mitiatlon and amplification of chronic inflammatory processes 

Whether isoprostane-comammg phospholipids were mvolved is not clear (renewed m Leitmger COL 

2003) In all, their role m membranes has been surpnsmgly little addressed 
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CCbmtoxication is a well-charaaenzed model of free radical-mnrated damage, which causes lipld 

peroxidation Admmistration of CCLto rats mcreased F2- isoprostanes (Morrow et al PNAS 1992) in 

liver tissues estenfied on phospholipids, and lateron appeared m plasma m its free form lsoP DdEt 

and IsoP ALII2 were llkewise mcreased m livers of rats exposed to CCb (Chen et al JBC 1999) 

Jourdan et al (FASEB 1 1999) and others (remewed in Jourdan et al FASEB J 1999) showed that 

cytokmes stunulate release of both IsoP FZ and PG EZ m various cell systems Stmulation of both lsoP 

Fz and PG El  was blocked by COX2 inhibitors. Treatment of smooth muscle cells with the 

superoxideproducmg enzyme xanthme oxldase also stimulated both IsoP Fz and PG Ez release, hut m 

this case the COX-2 lnhibitor prevented only PG Et, but not 1soP Fz release (Jourdan et al FASEB J 

1999) In the presence of GSH, however, more IsoP Fz than IsoP DZE2 are produced m peroxidimg 

rat liver microsomes as well as m liven of rats suhjected to CCL-treatment In parallel, GSH favours 

synthesis of PG Fz as compared to PG D@Z (Morrow et al ABB 1998) Marathe et a1 (JLR 2001) 

confirmed that m livers of CCb-treated rats predonunantly IsoP Fz are formed, as endogenous 

substances reduce the isoprostane endoperoxlde mtermediate to F-nng compounds They confirmed 

that these lsoP Fz are platelet activatmg factor (PAF) receptor agonists, that estenfication to 

phospholipid is required for acxivlty, but that a m m y  was around I ,000-fold less than the natural 

ligand PAF, which was also produced 

Focus is usually on the measurement of F2-IsoP, because of its chemical stability It has 

vasoconstnctmg properks and m model systems it stimulated mitogenesis, monocyte adhesion to 

endothelial cells and mduced necrosis (Crakowski EurHJ 2004) Other isoprostanes are biologically 

actlve as well, the most potent ones bemg the isoprosfanes from the E-series Potency of IS-E,-lsoP as 

a vascoconstnctor is 10 tunes that of F2-IsoP (Crakowski EurHJ 2004) In fact, F&oP has dual 

funct~ons, dependmg on the biologcal sectmg It may modulate vascular tone by a direct action on the 

thromboxane (TP) receptor to cause contractmn On the other hand it may cause dilatation ma another 

receptor, leadmg to the release of nltnc oxlde (NO) (Jourdan et al. J Pharmacol 1997) It did lnhibit 

arachidmic acid-ulduced platelet aggregation (Morrow et a1 P 1992) and monocyte adhesion to 

microvascular endothelial cells ma either the TP receptor or another mdependent mechanism (Kumar 

et a1 FASEB 1 2005) Distinct antirnflammatory properties were also observed for Az/Jz-IsoP (Musiek 

et al JBC 2005) and for lsoP F,, which can be formed from eicosapentaenoic acid m VIVO (Gao et a1 

JBC 2006). All the ohserved hiologxal actinties are those of the free isoprostanes In plasma, 

however, the majonty of IsoP F2 are m fact present in the estenfied form (Moore CPLipids 2004) 

One ofthe earliest steps m the development of the atherosclerotic lesion is the accumulation of 

monocyte/macrophages wahm the vessel wall, leadmg to formation of fatty streaks Oxidized lipids 

present m m m l l y  modhd-low darslty lipoprdems (MM-LDL) contribute to this process by 

actrvatmg endothelial cells to express monocyte-specific adhesion molecules and chemoattradant 
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factors lke monccyte chemotactic p r a m - l  (MCP-I) or mterleuh-8 (1L-8) When a certam critical 

concentration of so-called seedmg molecules mcluding hydroperoxyoctadecadienoic acid (HPODE) 

and hydroperoxyeicosatetraenoic acid (HPETE) is reached, the nonenzymaoc oxidation of LDL 

phosphohpids begms a senes of biologically actlve, oud~zed phospholipids are produced that mediate 

the cellular events leadmg to fatty streaks The biologically most active molecules are oudized 

derivauves of I -palmitoyl-sn-2-arachidonylphosphadidylcholme (Ox-PAPC), namely 1 -palmltoyl-2- 

(5-oxovaleroyl)-pbosphatidylcholme (POVPC) and 1 -palrmtoyl-2-glutaroyl-sn-glycero-3 - 
phosphorylcholme (PGPC), and Ipalmitoyl-2-(5,6-perox)lsoprostane E2)-sn-glycero-3- 

phosphatidylcholine (PEIPC) (see Navab et al COL 2002 for more references) But also 

epoxypentenone phospholipids (PECPC), dehydrated denvatives of PEIPC, are biologically active 

(Subbanagounder et al JBC 2002) Isoketals are among the Ox-PAPC that modi@ apoltpoprotem B III 

LDL, thus promotmg atherogenic propemes hurther (Brame et al JBC 2004) The various Ox-PAPC 

have not ident~cal effects Chemical structure of POVPC and PGPC is vely similar to platelet- 

activatmg-factor (PAF) Nevertheless, even the effects of POVPC and PGPC are not identical 

(Leitmger et al PNAS 1999) PEIPC and PECPC mitiate the hallmark event, the expression of MCP-I 

and 1L-8 on endothelial cells (Subbanagounder et al JBC ZOOZ), actlng through the prostaglandm E2 
receptor subtype 2 (Mouillesseaux et al Circ Res 2006) Ofnote, oxidized LDL and Ox-PAPC 

mduced COX expression and COX-Zdependent secretion ofthe promflammatory eicosanoid PG E2 

from pnmary monocytes, but isoprostanes were not mvolved m this action (Pontsler JBC 2003) Ox- 

PAPC are found m atherosclerotic lesions 

Contmued oxldauve m d f i c a t m  tums MM-LDL mto Ox-LDL Durmg this process, Ox-PAPC are 

lncreasmgly destroyed, yeldmg, amongst others, lysophosphatidylcholme (lyso-PC) and free 
isoprostanes Lyro-PC is also vasoactive and stunulates smooth muscle cell proliferation, but clearly 

less than Ox-PAPC Ox-LDL, as compared to MM-LDL, is thus less stimulatory, but becomes 

mcreasmgly cytotoxic (Berlmer et al 1995) Isoprostanes as a whole (Marathe et a1 JLR 2001) or 

specifically PEIPC and PECPC (Subbanagounder et a1 IBC 2002) are only active as mtact 

phospholipids, nd as free (modified) Fday acids. The hydrolysis of Ox-PAPC IS therefore considered a 

protective mechanism 

lsoP F2 are also formed dunng LDL oxidallon (Goupal et al FEBS L 1994, Lynch et a1 K l n v  1994, 

Proudfwt et al 1995, Marathe et al ILR 2001) DuMg contmued oxidation rn wtro, estenfied lsoP F2 

are lost and free lsoP F, mcrease (Lynch et al JClnv 1994) The kmetics of fonnatlcn of isoprostane 

F2sontainmg phosphatidylcholmes and PAF-lke substances is largely identical (Marathe et al JLR 

2001) But, as mentioned above, isoprostane-ccntammg Ox-PAPC with ET rather than F 2 - ~ g  

structure are the most potent ones, while Fi-rmg isoprostanes have only a weak effect (Marathe et al 

JLR 2001). Of note, premcubation wrth oudized LDL or Ox-PAPC stimulated synthesis of GSH m 



cultured endothelial cells, and this made the cells resistant to omdative stress unposed lateron 

(Mcellenng JBC 2002) Such a response suggests an adaptive mechanism The chenucal structure of 

the Ox-PAPC was not determined m this study 

CLA effects on isoprostane metabolism 

An mcrease of U M e  lsoP F2 levels was observed m humans (RIS~NS et al Circ 2002, hserus et al 

AJCN 2004). as well as an mcrease of serum IsoP Fi (Taylor et al ATVB 2006) In all these studies, 

olive oil was used as control fat An mcrease mduced by the tlO.cl2 isomer as compared to sunflower 

oil as cmtrol was observed m rmce The c9,tl I-CLA had no effect. (Rajakangas et al IN 2003) 

Cell culture (Ma et al Nutr Cancer 2002) and anunal experunents (Turek et al JNB 1998, Li and 

WatJuns Lipids 1998, Liu and Belury Cancer Letters 1998, Sugano et a1 Lipids 1998) fairly 

consistently showed that PG Ez release or PG levels are decreased followmg CLA treatment PG E2 
synthesis was lower m PBMC isolated from pigs on a CLA diet (Changhua et al IN 2005) There was 

a concormtant tncrease m PG F2 (Miller et al Lipids 2001) or PG F2 and lsoP F2 (Miller et al BIN 

2003) m cultured cells In humans, no change m serum PG El levels were observed m companson to 

lmoleic acid (Nugent et ai EurJCN 2005) CLA as compared to sunflower oil d d  n u  alter the m vfiro 

secretion of PG E2 m PBMC stunulated WI& LPS (Kelley a al Lipids 200 I), but there was a trend 

towards lower levels m another study (Albers et al ElCN 2003) Reduced PG El synthesis was also 

observed in Raw264 7 macrophages and m mouse lung m vivo, due to decreased COX expression 

Inhibition of NF-KB was we ofthe mechanisms for the reduced COX-2 expression The tlO.cl2- 

isomer was more active than c9,tl I-CLA (Li a al JLR 2005) Both tlO,clZ-CLA and c9,tl I-CLA 

exerted such an effect u1 normal and malignant mammary cells In this system a reduced expression of 

both COX-2 and the PG El receptor subtype EP2 was observed (Wang et al Anticanc Res 2006) 

Reduction of PG Ez production is considered beneficial, and It IS yet not be examed whether a 

concomitantly mcreased production of IsoP F2 would outweigh this beneficial effect 

In ntro systems show that CLA affects several pathways through which IsoP may be regdated CLA 

suppressed PAF production m endothelial cells (Sneddon et a1 BBA 2006) This antunflammatory 

effect could suppress monocyte adherence to the endothelium Furthermore, as t IO, c 12-CLA reduced 

the productron ofthe 5-hpoxygenase metabollte of llnoleic acid, 5-hydroxyeicosatetraenoic acid (5- 

HETE) (Kim BBA 2005), it may be assumed that CLA inhibits Iipoxygenase activity That effect was 

not seen with c9, t I I -CLA or lmoleic acid Reduction of Iipoxygenase actimty would transfer to a 

reduced number of precursors (“seedmg molecules’? for IsoP synthesis and thus be protective CLA, 

like troglitame, preventedthe destabilisation ofthe ATP bmdmg cassette transporter AI (ABCAI) in 

macrophages, brought about by the saturated fatty acids palmnate and stearate (Wang et al JLR 2004) 
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ABCAl transfen cholesterol and phospholipids to free apolipoprotem AI or to HDL This process IS 

essential for the cells to get nd of excess cholesterol and also phospholipids, possibly also Ox-PAPC 

This mght ensure mtegdy ofthe cell membrane, but m tum it  might also mean enhanced transfer of 

oxldized lipids onto Iipoprotems, challengmg the Iipoprotem antloxidatlve systems CLA IS amony the 

lipids that regulate glutathione peroxldase (GPx4), an antioxldant enzyme that directly reduces 

phosphohpid hydroperoxldes withm membranes CLA d a n c e d  selenium-induced GPx4 mRN A 

levels, while enzyme activlty was unaffected (Sneddon Atherosclerosis 2003) Dimmished 

concentrations of these “seedmg molecules’’ would protect Iipoprotems m the microvasculature. and 

probably also membranes, to expenenw a more extensive oxidative modification GPx4 activlties 

were also mduced m MCF-7 cells exposed to mlk fat over 8 days (OShea et al Anticanc Res 2000) 

In splenocytes of CLA-fed mce. concentration of GSH was increased, paralleled by d m i s h e d  

NFwB amvation In wtro, 25 pM CLA enhanced mtracellular GSH concentration, but with 100 pM 
this effect was reversed (Bergamo et al ILR 2006, m press, onlme) As outlmed before, GSH acts UI a 

protectwe way, by mducmg a shift from lsoP E D 2  to IsoP F2 Furthermore conjugates of IsoP A2 

(and probably also IsoP J2) with GSH are formed, rendeMg these molecules biologically mactive 

CLA mcreases plasma levels ofytocopherol m humans (Basu 

free re#nol and a decreased rat10 r m y l  ester/retmol was found m annnal tissues (Cam et al 

PLEssFA 2002) This could be due to a mere shift of these m m m s  between compattments, or release 

from storage depots , but at least rt makes is the more unllkely that CLA consumption is associated 

with an mcreased oxldative mess 

al FEBS L 2000) Increased levels of 

Conclusions 

At this pomt It i s  not entirely clear whether mcreased levels of free lsoP F2 are due to an mcreased 

productmn of ]SOP F2 and thus a truly mcreased oxidative stress, or rather to an enhanced release of 

free IsoP from phospholipids, which would reflect an mcreased cleranng function, or rather to a shift 

from more potent IsoP D2E2 to less potent IsoP F2 There are even findmgs which mdicate an 

antioxidative action of CLA Of course, several mechanisms may apply Until this is clarified, one 

should be cautlous to draw premature conclusions or even deduce a risk for the use of CLA One 

should also pay attention to the oil chosen as control Phenols and terpens m olive oil may have an 

I I  culture studies are to be 

of CLA were chosen, as 

mhibitory effect M isoprostane formation oftherr own 

regarded with caution unless physiologically reasonable 

effects may be dose-dependent (Bergamo et al JLR 

Kiel, August 14,2006 

Prof Dr Juergen Schrezenmeir 
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OPINION RE: THE EFFECTS OF CLA ISOMER MIXTURES ON INSULIN 
SENSITIVITY. 

GEORGE STEINER 

1 have been asked to comment on the question of conjugate linoleic acid (CLA) and 
insulin sensitivity. The basis for this lies in the disparate information that is available in 
the literature. That information covers both human and animal studies. The animal data 
may support, question or indicate investigations that are needed in humans. They may 
also suggest modes of action. However, until these questions are tested in humans, they 
will not help in deciding on safety with respect to insulin sensitivity in humans. Thus, in 
my mind, the human studies will weigh more heavily in considerations about this aspect 
of CLA use in humans. 

In preparing my opinion, 1 have been supplied with an overall document prepared 
by the company and repnnts of several articles that I have requested. In addition I have 
had a telephone conversation with Dr. O’Shea. 

The company has asked me to comment on a mixture of CLA isomers, trans-1 0, 
cis-12 (t10,c12) and CIS-9, trans-I 1 (c9,tll). Each isomer appears to have different 
effects on insulin sensitivity. In addition, the effects appear to differ in relation to the 
time for which the CLA is used. The vast majority of studies have used fasting insulin 
and glucose or an index denved from these values to reflect insulin sensitivity. The “gold 
standard’ glucose-insulin clamp method has only been used in a few and the other widely 
accepted method, the frequent sampling intravenous glucose tolerance test has not been 
used In any. In assaying insulin levels one must be certain to use an assay for insulin that 
is specific. The studies that are considered have done so. 

In those studies that have measured several time points it appears that any 
deterioration In insulin sensitivity that might be noted is seen at an early time point but 
not later. One example is Whigham et a/. (2004) In which there was an apparent 
deterioration at two weeks but not later up to I year. However, it should be noted that 
there were 10 statistical compansons made and only the two week data for glucose 
showed a p <0.05 difference. When multiple statistical examinations are made there is a 
1/20 chance of a difference being significant by chance alone. Thus corrections for 
multiple compansons should be made. This does not seem to have been done and so even 
the two week point would not be significant and one would argue that, in this study, there 
IS no detenoration in glucose. at any time. This is further born out by the failure to find 
any change over time in insulin sensitivity. 

A number of studies in humans with the mixture failed to show any effect on 
fasting insulin or glucose levels. Only three have measured insulin sensitivity itself. 
Moloney (2004) and Tricon (2004b) used the HOMA or QUICK1 indices to reflect 
insulin sensitivity. As noted earlier these indices are is not the gold standard and are an 
index calculated from fasting insulin and glucose. Thus all of the studies to this point 
have inferred that there is no change in insulin sensitivity. However, in people without 
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diabetes there is a good correlation between fasting levels of insulin and insulin 
sensitivity. That plus the number of studies done suggests that the mixture does not 
reduce insulin sensitivity. Pure isomers were studied by Malpeuch Brugere studies et al. 
In individuals with a BMI of approximately 27.5 (overweight), they found no change in 
insulin sensitivity as retlected by the concentrations of glucose and insulin. Tncon et al 
(2004b) examined the effects of pure isomers in individuals with an average BMI of 
approximately 24.5 (not overweight). However, their protocol admitted people with a 
BMI up to 34 so they might have had some overweight and even some obese members in 
the study group. Their publication did not include an examination of individuals 
categorized by their degree of obesity. They evaluated two parameters somewhat more 
retlective of insulin resistance: HOMA and QLJICKI. Using these calculated estimates, 
they also found no effect of the pure isomers on insulin sensitivity. The confusion that 
can be raised with such indices is apparent in Moloney’s study. That study examine the 
effects of a mixture of CLA isomers in men and women with diabetes. It used four 
different indices: HOMA (showed CLA to increase insulin sensitivity vs the control 
group); QUICK1 ( revealed no change in insulin sensitivity) and IS1 and OGlS (both of 
which suggested a decrease in insulin sensitivity vs the control group).This confusion IS 

compounded by the problems ofinterpreting insulin assays in those with diabetes The 
one group that used clamp methodology to evaluate insulin sensitivity was that of Riserus 
(2002a, 2002b, 2004b - these are all the same study - and 2004c. they found that there 
was an increase in insulin resistance in those given tlO.cl2 They also were the only 
group to find that the c9,tI 1 increased insulin resistance in humans (Riserus 2004~).  It 
should be noted that in the c9,tll study the difference in insulin sensitivity was p < 0.05. 
Sixteen statistical comparisons were made and no apparent allowance was made for 
multiple comparisons in that study. In the study with tIO,c12 there was no increase in 
insulin resistance when the mixed isomers were given. This supported other studies with 
the mixed isomers. Preliminary data fiom another clamp study in humans and found no 
change in sensitivity giving the mixed isomers to an overweight and obese population 
(Gaullier et ai.). Thus, although there may be some uncertainty about the impact ofthe 
pure isomers on insulin sensitivity all human studies a p e  that there is no effect of the 
CLA mixture on insulin sensitivity. Another interesting point of note is that Riserus’ 
study with t10,c12 was done in those with the metabolic syndrome, their study wlth 
c9,tI 1 was conducted in obese individuals who might have had the metabolic syndrome. 
It is intnguing to speculate that insulin resistance with the pure CLA isomers is only seen 
in those who can not compensate adequately ( i s .  those with the metabolic syndrome) and 
not in healthy or perhaps even diabetic individuals. 

Some may ask whether the lack of effect of a CLA mixture on insulin sensitivity, 
in the face of an increase in resistance in those receiving t10,c12 might reflect the mixture 
providing a lower dose ofthe t 10,12 isomer. However, that does not appear to be the case 
as there are studies with the single isomer in which doses similar to those that would be 
given in the mixture still produced an increase in insulin resistance. There is no readily 
apparent explanation of how a mixture would protect against the effects o f t  10,cl2 on 
insulin sensitivity. 



A number of animal studies, primarily in rats and mice but also in hamsters and 
pigs, have been consistent with the observations in humans. There was little effect on 
insulin sensitivity and, where it was seen, it was transient and generally occurred only 
with the pure t10,c12 isomer. These studies and those conducted in cell cultures have 
raised several possible explanations for any observed effects. They have suggested that a 
fatty liver and reduced adipose tissue mass occurs with CLA. They have raised the 
possibility of a number of mechanisms whereby this might occur: changes in PPAR, 
particularly PPAR-gamma; changes in TNF-alpha; changes in the glucose transporter, 
GLUT4, and changes in certain adipokines (adiponectin and leptin) 

In summary, the most important information with respect to any safety effects on 
g1ucose/insulin metabolism is that obtained in the human studies. If anything only one 
group (Risenus) observed increases insulin resistance in humans. Where this was 
observed, it appeared to be when pure isomers were given alone and, if this is a true 
phenomenon, it remains to be explained. Administration of the mixture of CLA isomers 
does not increase insulin resistance. 

George Steiner, M.D., F.R.C.P.(C) 
Emeritus Professor of Medicine and former Head, Division of Endocrinology, 
University of Toronto and Toronto General Hospital 

November 4,2005 
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Appendix C 

Additional In vitro and Animal Studies 
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APPENDIX C 
ADDITIONAL IN VlTRO AND ANIMAL STUDIES 

Within this appendix we provide a detailed review of additional in-v!tro and exploratory animal 
studies on CLA and CLA-rich oils As explained in the main dossier, because of the nature of 
how CLA is metabolized in humans compared to animals and because of the exploratory rather 
than safety focus of such studies in many cases, these data are not considered pivotal. They 
do in some cases provide further explanation of effects observed in human clinical studies and 
classic pre-clinical toxicity studies, and in such cases more specific reference is made to parts 
of this appendix in the main text. However, whilst we present this detailed review of the data, to 
show that the totality of the evidence in relation to the safety of CLA-rich oil has been 
considered, we present it as an appendix to allow the reviewer to focus with greater clarity on 
the pivotal data and the structure of the risk assessment that is presented in the main dossier. 

C.l Cardiovascular Disease 

Animal studies evaluating cardiovascular disease risk factors are summarized in Table 
C 1.6.3-1 below. 

c.1.2 Lipid Metabolism Parameters 

c.1.2.1 In Vitro Studies 

Pal et a/. (2005) studied the effects of a mixture of CLA isomers (isomers not specified) on very 
low density IipoproteinVLDL metabolism. The responses of HepG2 liver cells to a CLA mixture, 
a saturated fatty acid (palmitic acid), an n-6 fatty acid (linoleic acid), and a control were 
compared. It was demonstrated that apolipoprotein BIOO (apoB100) and intracellular 
cholesterol levels were significantly decreased in cells exposed to CLA compared to control 
cells. The authors concluded that CLA reduces apoBlOO production and secretion compared to 
saturated and polyunsaturated fatty acids, potentially by limiting the availability of free 
cholesterol (required for apoBlOO production). A reduction in apoBlOO production in the body 
would decrease the levels of VLDL and low density lipoprotein (LDL) and thus decrease the risk 
of developing cardiovascular disease. 

c.1 2.2 Animal Studies 

Studies in Mice 

Several investigators have studied the effects of 50:50 CLAs mixture and the individual c9,tlI 
and t10,c12 CLA isomers on vanous aspects of lipid biology in mice. Wargent et a/. (2005) 
observed a transient rise in triglycerides in mice fed CLA, which normalized after 3 weeks. 
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However, with the exception of this study, 5050 CLA mixtures have been reported not to 
produce deleterious effects on lipid parameters in mice (Munday et a/., 1999; Hamura et a/., 
2001a,b). 

Several studies revealed that the c9,tlI isomer either has no effect or significantly decreases 
serum triglycerides (Roche et a/., 2002; de Roos et a/., 2005; Degrace et a/., 2003) and that the 
tlO,c12 CLA isomer appears to have variable, strain-dependent effects on serum triglycerides 
by either lowering, elevating, or having no effect on serum lipids (Roche et a/., 2002; Degrace et 
a/., 2003; de Roos et a/., 2005). 

Studies in Rats 

Preclinical tnals reported in Section 7.3.3 above, show that serum lipids were either unchanged 
or altered in a beneficial way regarding cardiovascular health [e.g., decreased plasma 
cholesterol in male rats as reported by OHagan and Menzel(2003)l in the rat model. The 
5050 mixture and the pure isomers showed no adverse effects to lipid parameters. 

Studies in Rabbits 

The rabbit has been used extensively to study cholesterol metabolism since they quickly 
develop atherosclerotic plaques when fed a cholesterol-rich diet. Lee et a/. (1994) reported that 
a 5050 mixture of CLA isomers (0.5 g CLNrabbitlday) administration for 22 weeks reduced 
total and LDL cholesterol and triglycerides and reduced atherosclerosis. Similarly, Kritchevsky 
et a/. (2000) reported that dietary levels as low as 0.1% CLA (43.29% c9,tIl and 44.07% 
t10,c12) for 90 days inhibited atherogenesis, while levels of 1% caused 30% regression of 
established atherosclerosis. In another study, Kritchevsky et a/. (2004) demonstrated that the 2 
CLA isomers and the isomer mix were equally effective at reducing the severity of pre-existing 
atheromatous lesions in rabbits fed diets containing CLA for a period of 90 days. Corino et a/. 
(2002) reported that a 5050 mixture of CLA reduced triglycerides and total cholesterol in 
plasma, but serum leptin levels tended to increase 

Studies in Hamsters 

Numerous studies have investigated the effects of CLA on plaque formation, lipid metabolism, 
and cholesterol levels in hamsters. Studies in which hamsters were fed a proatherogenic diet 
demonstrated a decrease in early atherosclerosis and improved serum lipid parameters 
(Nicolosi et a/., 1997; Valeille et a/., 2004) Three studies that investigated the effects of a 50:50 
CLA mixture demonstrated no consistent effects on lipid metabolism (Bouthegourd et a/., 2002; 
Sher et a/., 2003; Valeille et a/., 2004) 

Navarro et a/. (2005) reported that the t10,c12 isomer decreased hepatic cholesterol levels and 
Mitchell et a/. (2005) reported an increase in high density lipoprotein (HDL) cholesterol. Sher et 
a/ (2003) and Navarro et a/. (2003) reported an increase in LDL-cholesterol and a decrease in 
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LDL-cholesterol, respectively. The c9,tl l  CLA isomer also had variable effects on lipid 
parameters, either showing no effect (Bouthegourd et a/., 2002; Navarro et a/., 2003; Zabala et 
a/., 2004; Macarulla et a/., 2005) or improved lipid parameters (Valeille et a/., 2004). 

C.1.2.3 Summary 

Based on the weight of the evidence, in vitro and animal feeding studies (different species) 
indicate either a benefit or no significant risk from the consumption of a CLA 5050 isomer 
mixture. 

C 1.3 

C.1.3.1 In Vitro Studies 

Flintoff-Dye and Omaye (2005) examined the effects of individual CLA isomers on LDL 
oxidation. The authors reported that CLA isomers were prooxidant at low concentrations, 
protective against oxidation at medium concentrations, and prooxidant again at high 
concentrations. 

Markers of Oxidative Stress 

An in vitro study by lannone et a/. (2007) offers supporting data relating to the safety of CLA 
mixtures as they relate to oxidative stress. The authors noted that previous studies 
demonstrated that CLA increases plasma 8-iso-PGFZ, levels and is metabolized in peroxisomes 
to form the metabolite CD16:2. In this study, skin fibroblasts were obtained from normal 
subjects (control) and patients affected by X-linked adrenoleukodystrophy (ALD), a 
neurodegenerative disorder in which peroxisomal beta-oxidation is impaired, resulting in the 
accumulation of very long chain fatty acids. Both cell cultures were incubated 8-iso-PGF2, 
alone or in combination with a 5050 mixture of CLA isomers. The incorporation of 8-iso-PGFzo 
and its metabolite 2,3-diinor (DIN) into cell lipids was measured, as was the formation of CD 
16.2. The authors reported that 8-iso-PGFz, was not well incorporated into the lipids of normal 
culture cells and was only present in the free form, which indicates that it was not incorporated 
into the fatty acids DIN was detected in esterified form and was efficiently incorporated into cell 
lipids. In ALD fibroblasts, the formation of DIN was lower than that in the control cells. In the 
presence of CLA, the formation of DIN was significantly lower in both cell cultures, with a 
greater reduction in ALD cells. The formation of CD16:2 was significantly lower in ALD cells 
compared to normal cells; however, incubation with 8-iso-PGF2, did not significantly affect the 
formation of CD16:2 In addition, the tlO,c12 C IA  isomer was more efficiently metabolized to 
CD 16.2 than the c9,t l l  isomer. These results suggest that CLA affects the metabolism of 
8-iso-PGF2, in the peroxisomes, and thus competes for the same metabolic pathway. This 
mechanism provides a clear explanation for why an increase in isoprostanes is seen following 
CLA intervention. This coupled with the lack of effect on oxidative stress markers other than 
isoprostanes clearly shows that CLA does not cause oxidative stress (lannone et a/., 2007). 
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C.1.3.2 Animals Studies 

Further to their in vitro study, lannone et a/. (2007) assessed isoprostane formation in vivo in 
male Sprague-Dawley rats. A total of 16 rats were fed diets containing 0 or 1% of a 5050 
mixture of CLA isomers for a period of 2 weeks. At the end of the feeding period, an 
unspecified number of control rats and rats fed CLA were administered carbon tetrachloride 
(CCI,), a known pro-oxidant and hepatotoxin, in mineral oil, while the remainder of the rats 
received an equal volume of mineral oil alone. Rats were then euthanized 4 hours afler CCI4 
intoxication. The livers of each animal were then evaluated for the presence of each CLA 
isomer, CLA metabolites, levels of 8-iso-PGF2, and its metabolite, DIN. The metabolic products 
of CLA were incorporated into liver lipids, and incorporation of c9,tl l  CLA, tlO,c12 CLA and 
their metabolites CD16:2 and CD18.3 were significantly higher. and CD20:4 was lower, in the 
livers of rats treated with CLA + CCI4 compared to CLA alone. Esterified 8-iso-PGF2, was 
significantly higher in CCI,-treated rats compared to rats not treated with CCI4. CLA 
consumption did not influence the levels of esterified 8-iso-PGF2, detected. Similar results were 
reported for arachidonic acid hydroperoxides. The formation of DIN, however, was reported to 
be significantly decreased in rats treated with CLA + CCI.,. The decrease in DIN formation, 
together with the increase in CD16:2 in the livers of rats treated with CLA + CCI4, suggest that 
CLA competes for the same peroxisomal p-oxidation pathway that metabolizes 8-iso-PGF2, to 
DIN 

Other in vivo studies into the effects of CLA on markers of oxidation have largely been confined 
to humans. These studies and the mechanisms involved are discussed in detail in Section 7.5.6 
below. 

C. 1.4 Hepatic Lipid Accumulation 

C.1.4.1 In Vitro Studies 

CLA has been shown to activate peroxisomal proliferator-activated receptor (PPAR)-a in vitro 
(Moya-Camarena et ab, 1999; Evans et a/., 2001). This mechanism has been proposed as 
being responsible for the effects observed in vivo predominantly in the mouse model (see 
Section C.1.4.2). 

C.1 4.2 Animal Studies 

Studies in Mice 

Several studies demonstrated that feeding high concentrations of CLA to mice resulted in 
increased hepatic lipid accumulation (Belury and Kempa-Steczko, 1997; DeLany et a/., 1999; 
Tsuboyama-Kasaoka et a/., 2000; Clement et a/., 2002). Several hypotheses have been 
proposed that might explain this phenomenon (Belury and Kempa-Steczko, 1997; Moya- 
Camarena et a/., 1999; Clement et a/., 2002). These proposed mechanisms include (1) 
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activation of a PPAR (Moya-Camarena et a/., 1999), (2) increased plasma insulin and/or 
reduced leptin concentrations (Clement et a/., 2002), and (3) uptake of CLA into fat stores of the 
liver (Belury and Kempa-Steczko, 1997). 

Activation of PPAR is known to induce the transcription of proteins involved in lipid metabolism 
transport and intracellular binding (Dreyer et a/., 1993; Kaikaus et a/.. 1993; Keller et a/., 1993; 
Barbier et a/., 2002; Duplus and Forest, 2002). In support of this mechanism, CLA activates 
PPAR-y in mice in vivo and in vitro (Clement et a/., 2002; Takahashi et a/., 2002; Kang et a/., 
2003; Wang and Tafuri, 2003). PPAR-y may be the important isoform because Clement et a/. 
(2002) demonstrated that the tlO,cI2-CLA isomer induces the expression of PPAR-y target 
genes @e., FATED36 and ALBP). Further, Clement et a/. (2002) demonstrated that the 
activation of PPARs responsible for hepatic lipid accumulation is an indirect effect, rather than a 
direct effect of CLA, which is further supported by in vivo data from Poirier et a/. (2001), Peters 
et a/. (2001), and by in vivo data on other polyunsaturated fatty acids (Yoshikawa et a/.. 2002). 

Hepatic lipid accumulation may be the result of increased plasma insulin and/or reduced leptin 
concentrations observed in mice fed CLA. For instance, Tsuboyama-Kasaoka et a/. (2000) 
provided data demonstrating that hepatic lipid accumulation can be reversed by subcutaneous 
injection of leptin. Alternatively, insulin, rather than leptin, may be the mediator of hepatic lipid 
accumulation as proposed by Clement et a/. (2002). 

Studies in Rats 

In rats, CLA has been shown to activate peroxisome-proliferator activated receptor gamma 
(PPAR-y) in vivo (Houseknecht et a!., 1998). This phenomenon has been more extensively 
studied in the mouse model (Section C.1.4.2). 

Studies in Pigs 

CLA has also been shown to activate PPAR-y in pigs in vivo (Meadus et a/., 2002; Meadus, 
2003). 

c. 1.4.3 Summary 

Hepatic lipid accumulation is associated with certain pathologic states induced by xenobiotics 
that might result in liver injury. However, it is possible that hepatic lipid accumulation observed 
in mice is a species-specific phenomenon that is dependent on body fat turnover (i.e., rodents 
have higher fat turnover than humans) (Pariza et a/., 2001). Studies in which mice were fed 
CLA did not demonstrate any pathological or reduced functional consequence due to hepatic 
lipid accumulation. There is no evidence that hepatic lipid accumulation due to dietary 
supplementation with CLA observed in experimental mice, rats or pigs is of toxicological 
significance. A further discussion of the relationship of hepatic lipid accumulation to insulin 
effects is discussed in Section C.1.2.2. 
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A clear link between the adipose tissue reducing effects of CLA and the observed liver lipid and 
insulin effects was demonstrated by Tsuboyama-Kasaoka et a/. (2003). The authors reported 
that CLA treatment in combination with an increase of the dietary fat level to 34% resulted in a 
more moderate fat decrease in mice, and subsequent insulin resistance and hepatomegaly 
were no longer observed. These results demonstrated that the marked loss of functional 
adipose tissue rather than direct effects of CLA were responsible for the observed insulin 
resistance and hepatomegaly. The loss of functional adipose tissue resulted in a lack of 
lipogenic adipocytes with the capacity to take up more fat, increasing the lipogenic burden of 
non-adipose tissues such as muscle and liver, resulting in a decreased sensitivity to insulin 
action. Insulin resistance has been reported to be associated with elevated amounts of 
triglycerides in muscle tissues (Storlien et a/., 1991; Krssak et a/., 1999; Kelley and Goodpaster, 
2001). 

C. 1.5 Aortic Fat Deposition 

C.1.5.1 In Vitro Studies 

No in vitro studies of significance to this report have been conducted on aortic fat deposition. 

C.1.5.2 Animal Studies 

Studies in Mice 

Munday et a/. (1999) has reported that CLA might result in fatty streak formation in mice. 
Female C57BU6 mice were fed either a high-fat diet (control), high-fat diet supplemented with 
2 5 g/kg diet ( i  e., 0.375 g/kg body weight) of 5050 CLA along with 2.5 g/kg diet of linoleic acid, 
as well as other fat-containing components, or a high-fat diet supplemented with 5 g/kg diet (;.e., 
0.75 glkg body weight) of CLA (no linoleic acid) for 15 weeks. Body weights, food intake, mean 
serum total cholesterol concentration and mean serum HDL cholesterol concentration were 
unaffected by CLA treatment. Mean serum HDL cholesterol to total cholesterol ratio and mean 
serum triglycerylglycerol concentrations were increased 26% and reduced 16%, respectively, in 
mice fed 0 75 glkg CLA. Serum HDL cholesterol to total cholesterol ratio and mean serum 
triglycerylglycerol concentrations were unaffected in mice fed 0.375 g/kg CLA. Mean total aortic 
fatty streak area was increased 150% in mice fed 0.375 glkg CLA and unaffected in mice fed 
the higher dose of 0.75 glkg CLA. 

Based on the plasma HDL cholesterol and triglycerylglycerol data, the investigators concluded 
that CLA treatment produced a lipoprotein profile that is indicative of reduced atherogenic 
potential Fatty streak formation increased in CLAtreated mice, which, according to the 
investigators, might indicate a pro-fatty streak effect by CLA (Munday et a/., 1999). The authors 
suggested an immune mechanism may be involved in stimulation of atherogenesis 
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Studies in Rabbits 

Lee et a/. (1994) fed New Zealand White rabbits a semi-synthetic diet augmented with 5050 
CLA mixtures (0.5 g CLNrabbit per day). By 12 weeks, total and LDL cholesterol and 
triglycerides were markedly lower in the CLA-fed group. The LDL cholesterol to HDL 
cholesterol ratio and total cholesterol to HDL cholesterol ratio also were significantly reduced in 
CLA-fed rabbits. Examination of the aortas of CLA-fed rabbits showed less atherosclerosis. 

Kritchevsky et a/. (2000) reported that at dietary levels as low as 0.1%, CLA (43.29% c9,tll and 
44.07% tlO,c12) inhibited atherogenesis in New Zealand White rabbits. For establishment of 
atherosclerosis, rabbits were fed a semipurified diet containing 0.1 to 0.2% cholesterol for 90 
days. Administration of CLA for 90 days at a dietary level of 1% resulted in substantial (30%) 
regression of established atherosclerosis. 

Studies in Hamsters 

Nicolosi et a/. (1997) fed hamsters (strain not specified) with diets of up to 1.1% of a 5050 CLA 
isomer mix for up to 11 weeks. Morphometric analysis of aortas revealed less early 
atherosclerosis in the conjugated linoleic acid and linoleic acid-fed hamsters compared to the 
control group. 

c.1.5.3 Summary 

The evidence is insufficient to conclusively determine that CLA induces fatty streaks in 
experimental animals because this effect is reported in only one study (Munday et a/., 1999). 
Actually, there are several other studies demonstrating an anti-fatty streak effect in experimental 
animals (Lee et a/., 1994; Nicolosi et a/., 1997; Kritchevsky, 2000). The association between 
hyperinsulinemia observed in experimental rodent models and the development of fatty streaks 
is speculative. Hence, based on this single report, the effect of CLA on inducing fatty streaks In 
vivo is equivocal (see Section 7.5.2 for a discussion of the effects in human trials). 

C. 1.6 Markers of inflammation 

C.1.6 1 In Vitro Studies 

/n vitro studies support the anti-inflammatory effects of CLA mixtures and isomers that decrease 
inflammatory markers such as TNF-a and some interleukins (ILs) related to inflammation. 
Furthermore, the down regulation of these inflammatory markers appears to also be regulated 
through the PPAR system. This concurs with the in vitro investigations in other sections of this 
dossier (e.g., blood lipids) showing regulation through the PPAR system. 
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C.1.6.2 Animal Studies 

Studies in Mice 

Mice have also been used as animal models to study the effect of CLA on inflammatory 
parameters. 

CLA mixtures or isomers reduce inflammatory mediators in mice. Yang et a/. (2000) and Yang 
and Cook (2003) reported that the 50:50 CLA mixture prolonged survival time in NZBMl F1 
lupus mice, while Yang and Cook (2003) also reported reduced cachectic symptoms associated 
with lupus. 

Studies in Rats 

Studies by Sisk et a/. (2001) and Nagao et a/. (2003a,b) report an attenuation or reduction in 
blood pressure and a reduction in TNF-a levels in 3 rat models (lean and obese Zucker rats, 
Otsuka Long-Evans Tokushima fatty rats, and Zucker diabetic fatty rats). These data support 
findings reported in mice (Section C.1.6.2). 

Studies in Pigs 

Changhua et a/. (2005) investigated the anti-inflammatory role of CLA in inflammation- 
challenged weaned pigs. Dietary supplementation with 2% CLA alleviated growth depression 
and prevented the elevations in production and mRNA expression of pro-inflammatory cytokines 
({.e., IL-6 and TNF-a) induced by the lipopolysaccharide challenge. CLA enhanced the 
expression of IL-10 and PPAR-y in spleen and thymus. 

To further elucidate the inhibitory effects and the mechanism of action of CLA on cytokine 
profiles (e.g.. IL-16, IL-6, and TNF-a), PBMCs were isolated from weaned pigs and cultured in 
media containing c9,tl l  CLA and tlO,cl2 CLA. Each CLA isomer suppressed the production 
and expression of IL-16, IL-6, and TNF-a, and enhanced PPAR-y activation and gene 
expression in cultured PBMCs. At the molecular level, the inhibitory actions of CLA on IL-lp, 
IL-6, and TNF-a are attributable mainly to tlO,cl2-CLA and the anti-inflammatory properties of 
CLA are mediated, at least in part, through a PPAR-y-dependent mechanism. 

Hontecillas et a/. (2002) investigated the anti-inflammatory actions and molecular mechanisms 
underlying the regulation of colonic health by CLA 5050  isomer mix (1.33% CLA in the diet for 
49 or 72 days) Inflammation of the colonic mucosa was triggered by challenging pigs fed either 
soybean oil-supplemented or CLA-supplemented diets with an enteric bacterial pathogen. 
Supplementation of CLA in the diet before the induction of colitis decreased mucosal damage; 
maintained interferon-gamma (IFN-y) and IL-10 levels and lymphocyte subset distributions (Le., 
CD4+ and CD8+), similar to noninfected pigs; enhanced colonic expression of PPAR-y; and 
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attenuated growth failure. The authors concluded that CLA fed prophylactically before the onset 
of enteric disease attenuated inflammatory lesion development and growth failure. 

Bassaganya-Riera et a/. (2003) showed that CLA (1.33% in the diet for 42 days) ameliorates 
viral disease in a viral challenge model of pigs infected with type-2 porcine circovirus (PCV2) 

Cook et a/. (1993) reported that CLA (0.5% in the diet for an unspecified duration) was effective 
in preventing the catabolic effect of immune stimulation of chickens. 

C.1.6.3 Summary 

Studies in animals demonstrate that CLA mixtures or individual isomers reduced inflammatory 
mediators, including TNF-a levels in rats (Sisk et a/., 2001; Nagao et a/., 2003a,b). decreased 
mRNA expression of the pro-inflammatory cytokines IL-6 and TNF-a in pigs (Changhua et a/., 
2005), and attenuated the development of inflammatory lesions in pigs (Hontecillas et a/., 2002). 
Yang et a/. (2000) and Yang and Cook (2003) reported prolonged survival time in mice with 
lupus, while Yang and Cook (2003) also reported decreased cachectic symptoms associated 
with lupus. The majority of studies demonstrate the anti-inflammatory effects of CLA on 
inflammatory mediators. 
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Table C.1.6.3-I 

Strain I Duration CLA Isomer I Dose (mglkg bw/d)' 1 Effect' 1 Reference 

Summary of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors 

Lipid metabolisi 

Mouse (Female 
C57BL/6 
/epob//epob) 

C57BL-6 ob/ob) 

Mouse (Male 

dbldb) 

apoiipoprotein 
knockout) 

Mouse (Female 

0 

3 weeks 

11 weeks 

4 weeks 

12 weeks 

12 weeks 

12 weeks 

15 weeks 

50.50c9. t I l - a n d t l 0 ,  
cl2-CLA (Ciarinoi A-60) 

50.50 c9, t l l -  and t10, 
cl2-CLA (Ciarinol A-60) 

50.50 c9, fll- and t10, 
cl2-CLA (Ciannol A-60): 
Clarinol A-60 enriched 
with 90% t10. cl2-CLA: 
Clarinoi A-60 ennched 
with c9. t l l -CLA 

50.50~9, t l l - a n d t l 0 ,  
cl2-CLA 

c9, tl1-CLA 

f l O .  cl2-CLA 

c9, tl1-CLAortlO, c12- 
CLA 
50.50 c9, t l1 -  and t l O .  
cl2-CLA 

c9. t i  1-CLA 

t10, c12-CLA 

NR 

2,250 

3,750 

3,750 

1,500 (low) or 3,750 
(high) 

6,645 

6.885 

1,500 

1.800 

10,500 

2,500 (low) or 5,000 
(high) 

Wargent et a / ,  2005 Significantly plasma TG 

Significantly 1 plasma TG 

CLA enriched with 90% c9, t l  1-CLA 
significantly T plasma TG in the beginning of 
the expenment, however, by the end of 3 
weeks, T was not statistically significant. 
CLA mixture and CLA mixture enriched with 
90% 110, cl2-CLA significantly 1 piasma TG 
by the end of the expenment. 

After 2 weeks, low-CLA significantly T plasma 
TG: however, by the end of 11 weeks, no 
statistically significant T in plasma TG was 
present. 

Significantly 1 serum TG and NEFA. No 
significant change in serum C. 

No significant changes in serum TG, NEFA, or 
C 

Significantly 1 plasma TG 

Significantly T plasma FFA after 6 weeks of 
treatment, but significantly 1 after 12 weeks 
No significant change in plasma TG or total C. 

significantly 1 plasma TG and NEFA. 

Significantly T plasma TG and NEFA. 

Roche et a/, 2002 

Degrace et a/., 2003 

Hamura et a/, 2001a 

de Roos et a/., 2005 

In low-CLA group, no significant changes in 
serum total C. HDL-C, HDL-C:totai C, or TG. 
in high-CLA group, significantly serum HDL- 
C.totai C and significantly 1 serum TG No 
sianificant chanaes in serum total C or HDL-C 

Munday et a/., 1999 
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Table C.1.6.3-1 Summary of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors 

Strain 

Mouse (Male 

~epr~”/iepP’) 
C57BLKS- 

Rat (Male and 
female Wistar 
outbred 
[Crl.(WI)WU 
BRI) 

Rabbit (Male 
and female New 
Zeaiand White) 

Rabbit (Male 
New Zealand 
White) 

Rabbit (Male 
New Zeaiand 
White) 

Rabbit (Male 
and female New 
Zealand White) 

Hamster (Male) 

Hamster (Male 
Syrian Golden) 

h ra t ion  

!3 weeks 

13 weeks 

7 weeks 

13 weeks 

13 weeks 

22 weeks 

I weeks 

5 weeks 

CLA Isomer 

50:50 c9, 111- and 110, 
s12-CLA 

50 50 c9,t l  1- and t10, 
cl2-CLA (Ciarinol G80) 

50.50 c9, t l1- and fl0, 
cl2-CLA 

5050 c9. t l1- and 110, 
cl2-CLA 

c9. t i l -CLA 

110, cl2-CLA 

50 50 c9, 111- and 110, 
cl2-CLA 

NR 

50:50c9. t l l - a n d f l 0 ,  
cl2-CLA 

c9. f l  1-CLA 

110, ~12-CLA 

Dose (mglkg bwld)’ 
795 (low) or 1,800 
(high) 

1,500 (low), 7,500 
(mid), or 22,500 
(high) 

75 (low) or 150 (high) 

30 (low), 150 (mid). or 
300 (high) 

150 

1.875 

30 (low) 60 (mid), or 
600 (high) 

60 

Effect’ 

Significantly 1 plasma TG after 2, 4, and 6 
weeks of treatment in the low-CLA group and 
after 4 and 6 weeks in the high-CLA group At 
the end of the treatment period, no significant 
changes in plasma TG. total C, or FFA were 
obsetved. 

Significantly 1 plasma C in high-dose males 
after 4,8. and 13 weeks of treatment, but 
significantly T plasma C in mid-dose females 
after 4.8. and 13 weeks of treatment 
Significantly T plasma TG in high-dose 
females after 4, 8. and 13 weeks of treatment 
and in mid-dose males after 13 weeks of 
treatment. 

Significantly 1 plasma total C and TG in both 
dose groups. No significant changes in 
plasma leptin or NEFA. 

No significant changes in serum C, HDL-C, or 
TG. 

No significant changes in serum C or TG. 

Significantly 1 plasma LDL-C and LDL-CHDL- 
C from 12 to 22 weeks. No significant change 
in plasma total C. TG. or total C.HDL-C 

significantly 1 plasma total C and non-HDL-C 
in ail dose groups, and plasma TG in the low- 
and mid-dose arouos. No sianificant chanaes 
in piasma HDCC. ’ 

No sianificant chanaes in hepatic TG content 

- - 

compared to LA supplemented control 
hamsters. 

Significantly 1 hepatic TG content compared 
to LA SuDolemented control hamsters 

Reference 

Hamura et a/ ,  2001 b 

OHagan and Menzel, 
2003 

Corino ef a/.. 2002 

Kritchevsky et a/, 
2000 

Kritchevsky e1 a/., 
2004 

Lee et a/., 1994 

Nicolosi et a/ ,  1997 

Zabala et a/., 2004 
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Table C.l.6.3-1 Summary of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors 

Strain 

Hamster (Male 
Synan Golden) 

Hamster (Male 
Syrian Golden) 

Hamster (Male 
Syrian Golden) 

Hamster (Male 
Syrian LPN) 

Hamster (Male 
Syrian LPN) 

Iuration 

3 weeks 

3 weeks 

5 weeks 

3 weeks 

8 weeks 

Hamster(Ma1e 12 weeks 
Syrian) 

7 weeks 

outbred Syrian 
Golden 

CLA Isomer 

c9, t l l -CLA 

t10, cl2-CLA 

c9. tl1-CLA 

f l O ,  cl2-CLA 

f10, cl2-CLA 

c9. 11 1-CLA 

50.50 c9, t l1- and t10, 
c l  2-CLA 

c9, f l l -CLA 

50:50 c9. f l l -  and t10. 
cl2-CLA 

50.50~9.  111-andtl0. 
cl2-CLA 

c9, t l l-CLA 

tlO, cl2-CLA 

Dose (mglkg bw/d)’ Effec? 

220.8 No significant changes in serum total C, HDL- 
C. LDL-C, VLDL-C, or TG compared to LA 
supplemented control hamsters. 

Significantly 1 serum total C and LDL-C, 
compared to LA supplemented control 
hamsters No sianificant chanaes in serum 

239.3 

1 HDL-C, VLDL-Cror TG. 
- 

600 1 No sianificant chanaes in serum TG levels 1 compared to LA suGplemented control 
hamsters. 

Significantly 1 serum TG levels compared to 
LA SuDDlemented control hamsters. 

600 

720 

Significantly t serum total C, HDL-C and 
VLDV-C, but 1 serum LDL-C. 

Significantly T plasma total C and HDL-C:LDL- 
C. No significant changes in plasma TG or 
phospholipids 

Significantly T plasma TG. No significant 
changes in plasma total C, HDL-C:LDL-C, or 
phospholipids. 

Significantly T whole body TG 

No significant changes in whole body TG. 

1,440 

720 

1,440 

576 No significant changes in plasma total C o r  I TG. 

1,200 

1,200 

Significantly T plasma TG, but did not 
significantly change plasma total C 

No significant changes in plasma total C. TG. 
VLDL-C, VLDL-TG. LDL-C, HDL-C, or non- 
HDL-C:HDL-C compared to LA supplemented 
control hamsters. 

7eference 

‘4avarro et a/., 200 

Wacarulla eta/., 2( 

Vavarro et a/., 200 

talieile et a/.. 200’ 

3outhegourd et a/ 
2002 

Sher et a/, 2003 

Mitchell et a/., 200 
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Table C.i.6.34 

Strain Duration 1   isomer I Dose (mg/kg bwld)’ I Effect’ Reference 
Markers of Oxidative Stress 

Rat (male 2 weeks 50.50 c9, t l1- and t10. 500 Significantly 1 DIN in rats fed CLA and lannone et a/., In 
Sprague- cl2-CLA intoxicated with CC14 No significant changes Press 
Dawley) 

Summary of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors 

in esterified 8-iso-PGFz., or arachidonic acid 
hydroperoxides compared to rats treated with 
CC14 alone. 

Hepatic Lipid Accumulation 

Mouse (male 
ICR) 

57BLI6J) 

50~5Oc9, f l l -andt lO,  
cl2-CLA 

c9. tl1-CLA 

110, cl2-CLA 

3,000 

300 

Significantly 1 serum TG and FFA, and mRNA 
expression of leptin and PPARy in epididymal 
WAT. No significant changes in mRNA 
expressions on perirenal WAT 

No significant changes in serum lipid levels, 
mRNA expressions of ieptin or PPARy in 
epididymal or perirenal WAT 

No significant changes in liver mass, hepatic 
lipid content. mRNA expression of PPARo. 
PPARW6. PPARy, FAT/CD36, ALBP, 
SREBPla, SREBPlc, SREBP2. FAS. or 
PEPCK, or plasma leptin levels. 

Significantly T liver mass, hepatic lipid content, 
or mRNA expression of PPARy, FATICD36. 
ALBP. and FAS. Significantly 1 PEPCK and 
Dlasma W i n  levels. No sianificant chanaes 
in mRNA expression of PPKRo. PPARWE. 
SREBPlc. orSREBP2. 

Takahashi et a/.. 2002 

Cldment et a/., 2002 
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rable c.1.6.3-1 Summary of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors 

strain 

blouse (male 
:57BL/6n wild- 
ype or PPARa- 
iuli type) 

Mouse (Harlan 
jprague- 
lawley) 

blouse (Male 
4KR/J) 

Mouse (Female 
257BLi6J) 

?at [male 
Lucker diabetic 
atty (fa/fa, 
!DF/GMI)] 

Juration 

I weeks 

> weeks 

>weeks 

1 to 12 weeks 

I days to 8 
nonths 

?weeks 

CLA Isomer 

50:50 c9, t l1- and t10. 
312-CLA 

50'50 c9. 111- and 110, 
$1 2-CLA 

50.50 c9, t l1- and t10, 
-1 2-CLA 

50:50 c9, f l l -  and t10, 
31 2-CLA 

5050c9,t l l -andt10, 
31 2-CLA 

Dose (mg/kg bwld)' 

750 

750 (low), 1,500 
[mid), or 2,250 (high) 

375, 750, 1,125, or 
1,500 

1,500 

1,500 

17.120 

Effect' 

Significantly t liver weight in both genotypes, 
but significantly 1 serum TG and significantly 1 
fat in terms of body fat composition. Two-, 4-, 
and 6-fold increases in hepatic ACO, 
CYP4A1, and CPT-11 mRNA levels, 
respectively, among wild-type mice, compared 
to wild-type controls. Less than a 2-fold 
reduction of hepatic apolipoprotein Cill in wiid- 
type mice, but not mutants. Modest inductions 
(1.5- to 4-fold) of hepatic SCAL, MCAD, 
LCAD. and VLCAD levels in both genotypes, 
2- to 3-fold induction of UCP2 in both 
genotypes, and significant induction of FAS. 
514, and SCD-1 in both genotypes compared 
to their respective controls. 

Significantly and dose-dependentlv t the IiDid 
concentration in the iiver. 

Significantly T cytoplasmic vacuolation in liver 
and no significant change in lipid accumulation 
in group administered highest dose. No 
significant changes in any other dose groups. 

significantly centrilobular fatty change in the 
liver. 

Significantly enlarged and very pale livers of 
CLA-fed mice suggesting deposition of fat. 
Histopathological examination revealed 
paniobuiar macrovesicular steatosis. 
Significantly L mRNA expression of PPARy, 
FAS, and ACC. No Significant changes in 
SREBP-1, ACS. or LPL. 

Significantly 1 plasma FFA and significantly 7 
aP2 mRNA levels in epididymal fat. 

qeference 

'eters et a/., 2001 

3elury and Kempa- 
jteczko. 1997 

JeLany et a/., 1999 

rsuboyama-Kasaoka 
3t a/., 2000 

iouseknecht et a/., 
I998 
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Table C.1.6.3-1 Summary of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors 
Strain 

Rat (female 
Sprague- 
Dawley) 

Rat (male 
Sprague- 
Dawley) 

Pig (male. 
castrated, 
Landrace X 
Large White) 

Duration CLA Isomer 

Jp to 6 weeks 50'50 ~9,111- and 110, 
cl2-CLA 

I 

5 weeks NR 

)ose (mg/kg bw/d)' 
io0 (low), 1,000 
mid), and 1,500 
high) 

i ,500 

171.4 

Pig (male, 5 weeks NR 471.4 
castrated, 
Landrace X 
Large White) 

Aortic Fat DeDOSitiOn 

Mouse (female 15 weeks 
C57BLi6) 

Rabbit (male 
New Zealand 
White) 

13 weeks 

NR 

Effect' 

Significantly 1 hepatic lipid content in low-dose 
females, no significant change in mid-dose 
females, and significantly T hepatic lipid 
content in high-dose females. Significant T in 
L-FABP mRNA levels among low- and mid- 
dose rats, but no significant changes in ACO 
and CYP4A1 mRNA levels in any dose group. 

significantly T ACO and L-FABP mRNA 
expressions. No significant changes in total 
hepatic lipid content or CYP4A1 mRNA 
expression. 

Significantly T percentage in lean fat, 
expressed as percentagesikg body weight and 
T percentage of intramuscular fat, expressed 
as g of lipidig of muscle on a dry matter basis 
Significantly 1 subcutaneous fat, expressed as 
a percentagdkg body weight. 
Significantly T mRNA levels of GFAT, AFABP, 
and PPARy in muscle. No significant changes 
in m-caiDaln. PPARa. and ACO. 

significantly T mRNA levels of GFAT. AFABP, 
and PPARy in muscle. No significant changes 
in m-calpain, PPARa, and ACO. 

2,500 (low) or 5,000 
(high) 

Significantly T total aortic fatty streak area in 
low-dose group. When data from both dose 
groups were combined, significantly T aortic 
fatty streak development was observed. 
Intima of aortic sinus of all mice had Iipid- 
containina lesions. 

50.50 c9, f l l -  and 110, 
cl2-CLA 

30 (low), 150 (mid), or 
300 (high) 

Significantly 1 atherosclerotic lesions in the 
thoracic aorta and aortic arch in the mid- and 
high-dose groups. No significant changes in 
the low-dose woua 

Reference 

Moya-Camarena e l  
31.. 1999 

Meadus e l  a/., 2002 

Meadus, 2003 

Munday et a/., 1999 

Kritchevsky et a/., 
2000 
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Table C.l.6.3-1 Summary of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors 

Strain Duration CLA Isomer Dose (mg/kg bwld)' Effect' Reference 

Rabbit (male 22 weeks NR 1,875 No significant changes in thoracic and Lee et a/., 1994 
and female New 
Zealand White) 

abdominal maximal thickness of plaque, or 
thoracic and abdominal plaque to wall volume 
ratio. Also, no significant changes in lipid 
deposition in thoracic or abdominal aorta 

cl2-CLA 600 (high) among individual groups; however, when 
Hamster (male) 4 weeks 5050 c9. t l1- and l10, 30 (low) 60 (mid), or No significant changes in aortic fatty streak Nicolost ef a/, 1997 

results were pooled, a significant 1 was 
Observed. 

Markers of Inflammation 

Mouse (female Up to 44 50.50 c9. f l l -  and (10, 750 
SLE-prone weeks cl2-CLA 
NZBM F I )  (lifetime) 

Mouse (female 1 NR (lifetime) 
NZBM F1) cl2-CLA 

1 50 50 c9, 111- and l10, 1 750 

1 500 I 3weeks 
Rat (male 
Otsuka Lona- 
Evans 
Tokushima 
fatty) 

t---- tlO, cl2-CLA 

Rat (female lean 8 weeks 50 50 c9, t l1- and f10, Lean: 300, Obese. 
and obese cl2-CLA 240 
Zucker) 

Rat [male 8 weeks 50.50 c9. t l1- and f10, 480 
Zucker diabetic cl2-CLA 

significantly earlier onset of proteinuria, and 
development of anti-ss DNA and anti-ds DNA 
antibodies. Significantly longer survival post- 
onset of proteinuna. 

Significantly T survival after onset of 
proteinuria and lost significantly more weight 

No significant changes in blood pressure, 
perirenal WAT. epididymal WAT, 
anaiotensinoaen. or IeDtin. 

Yang e l  a/., 2000 

Yang and Cook, 2003 

Nagao ef a/, 2003a 

Significantly 1 blood pressure, perirenal WAT, 
epididymal WAT. angiotensinogen, and leptin. 

No significant changes in TNFo levels. Sisk et a/., 2001 

Significantly lower in systolic blood pressure. Nagao et a/., 2003b 

C 
0 
0 
F3 
P 
N 
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rable C.l.6.3-1 Summ y of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors - 

lose (mglkg bw/d)' 

35.7 

Effect' Duration :LA Isomer Reference 

Changhua eta/, 2005 

itrain 

'ig (large White 
: Landrace) 

4 weeks i0.50 c9, 11 1- and 110, 
:IZ-CLA 

Pigs not challenged with LPS: Significantly 1 
in IL-6. Significantly T PPARy mRNA levels in 
the spleen. No significant changes in IL-1p. 
IL-6. TNFa. or IL-10 mRNA levels in the 
spleen, or IL-Ip, IL-6, TNFa, IL-IO, and 
PPARy mRNA levels in the thymus. 
Pigs challenged with LPS, Significantly IL- 
16, IL-6, TNFa, and PGE2. Significantly T IL- 
10. Significantly 1 IL-6 and TNFa mRNA 
expression in the spleen and thymus 
Significantly in IL-10 and PPARy mRNA 
expression in the spleen and thymus No 
significant changes in IL-1p in either organ. 

No significant changes in immune responses 
or relative proliferation index of CD8'T cells. 
Sianificantlv t Dercentaae of CDE'CD4' and 

'ig (strain not 
jentified) 

9 weeks j0'50 c9, t l l -and f10, 
:12-CLA 

100 (unchallenged 
with PCVZ) 

Bassaganya-Riera et 
a/ ,  2003 

C68' thymocyies and percentage of 
CD8'CD29iow and CDE'CD45RC' PBMC. 
Significantly IL-18 mRNA expression and no 
significant changes in Bcl-XI, Bak, PPARa, 
PPARy, IL-12, and IL-2. 

Sionificantlv T Dercentaoe of CD8'CD4* and 393 (challenged with 
'CV2) C b '  thymbcyies. percentage of 

CDB*CD45RC' and CD8'CD25' in PBMC. 
~ ~. ~~~ ~ ~ ~ ~~ 

and relative proliferation index of CD8' T cells. 
significantly L IFN-y production in CD4' T 
cells, but not CD8' T cells. Significantly 
prevented depletion of B cells and significantly 
T mRNA expression of Bcl-XI. PPARy, and IL- 
2. significantly 1 PPARa and IL-2 mRNA 
expressions No significant changes to Bak 
and IL-18 mRNA exDressions 
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(II 

Table C.1.6.3-1 Summary of CLA Animal Feeding Studies on Cardiovascular Disease Risk Factors 

Strain 

zig (strain not 
dentified) 

luratlon 

Jpto11 
veeks 

:LA Isomer 

50 50 c9. t l1- and f10. 
:12-CLA 

lose  (mg/kg bwld)' 

30 

>hicken NR 5050 c9, 11 1- and 110, 0.5% supplemented 
c l  2-CLA diet 

E f f e d  

Unchallenged pigs with Brachyspira 
hyodysenferiae: No significant changes in 
colonic histology sections examining mucosal 
thickness and epithelial erosion. Also. no 
significant changes in CD markers. 
Challenged pigs with 5. hyodysenferiae. 
Significantly 1 wlonic mucosal thickness and 
epithelial erosion. Significantly T CD4 and 
CD8o levels. No significant changes in CD3 
or TCR@. mRNA levels of IFN-y and IL-10 
were similar to unchallenged pigs. 

Significantly prevented weight loss following 
immune stimulation 

Reference 

Hontecillas et a/., 
2002 

Cook et a/., 1993 

ACC = acetyl CoA carboxylase, ACO = peroxisomal acryi-CoA oxidase, ACS = acyl-CoA synthetase: AFABP = adipocyte fatty acid binding protein : ALBP = 
adipocyte lipid-binding proteln; aP2 = adipocyte fatty acid binding protein; C = cholesterol: CC14 = carbon tetrachloride: CD = cluster of differentiation: CLA = 
conjugated linoleic acid; CPT= carnitine palmttoyi transferase: CYP4A1 = microsomai cytochrome P450 4A1: DIN = 2,3 diinor : ds = double strand; FAT = fatty 
acid transporter; FAS = fatty acid synthase; FFA = free fatty acids, GFAT = glutamine-fructose aminotransferase: HDL-C = high density lipoprotein cholesterol; 
IFN = interferon: IL= interleukin; L-FABP = liver fatty acid binding protein; LA = linoleic acid; LCAD = mitochondnal long-chain acyl-CoA dehydrogenase, LDL-C = 
low density lipoprotein cholesterol; LPL = lipoprotein lipase: LPS = lipopolysacchande, MCAD = mitochondnal medium-chain acyl-CoA dehydrogenase, mRNA = 
messenger RNA; NEFA = non estenfied fatty acid; NR = not reported, PBMC = peripheral blood mononuclear cell; PCV2 = type-2 porcine circovirus; PEPCK = 
phosphenolpyruvate carboxykinase; PG = prostaglandin: PPAR = peroxisomal proliferator-activated receptor: S I 4  = spot 14, SCD= stearoyi CoA desaturase: 
SCAL = mitochondrial short-chain acyl-CoA dehydrogenase, SREBP = sterol responsive element-binding protein; ss = single strand: TCR = T cell antigen 
receptor: TG = triglyceride; TNF = tumor necrosis factor; UCP = mitochondrial uncoupling proteins: VLCAD = mitochondnai very long-chain acyl-CoA 
qehydrogenase, VLDL-C = very low density lipoprotein cholesterol: WAT = white adipose tissue 

CLA adminislered in the diet, unless otherwise noted 
Treatment groups compared to respective wntroi group, unless otherwise noted. 2 

0 
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C.2 Insulin Sensitivity and Glucose Metabolism 

In order to put the effects of high dietary levels of CLA on insulin in animal models into context. 
it is perhaps appropriate to provide a brief introduction to the biochemistry. Carbohydrate and fat 
metabolism are tightly controlled processes that are both influenced by insulin (Stryer, 1995). 
Following consumption of a meal, increased blood glucose stimulates insulin secretion, which 
stimulates glycogen synthesis and inhibits lipolysis and gluconeogenesis As a result, blood 
glucose is converted to glycogen stores and fatty acid synthesis is stimulated in the liver, 
resulting in increased storage of triacylglycerols. In contrast, during a fasting state, insulin 
secretion is decreased, while glucagon secretion is increased, resulting in glycogen degradation 
to release glucose, which is readily available for glycolysis and subsequent metabolism in the 
citric acid cycle. Fatty acids in turn are metabolized by p-oxidation. In times of carbohydrate 
stress, fatty acids are converted to ketone bodies to provide fuel, and eventually the body shifts 
from carbohydrate metabolism to fatty acid metabolism as a source of energy. 

Experiments focused on the effects of CLA on insulin and glucose metabolism have been 
conducted using both in wtro and animal models. In vitro data suggest that the t10,c12 CLA 
isomer is involved in the regulation of fatty acid synthesis and the reduction of lipid in 
adipocytes; however, the relevance of the results from these studies is not clear. Studies in 
animal models show that adaptation and normalization of glucose and insulin levels occurs, 
supporting the hypothesis that CLA induces an adaptive effect, but does not produce 
deleterious effects. Initial studies in rodents showed a rise in fasting glucose levels afler CLA 
administration and a decrease in insulin sensitivity. Subsequent investigation has demonstrated 
that this effect is transient in animals. Animals, particularly mice, are extremely sensitive to the 
effects of CLA on fat metabolism. Differences also exist between strains of the same species 
(e.g , lean vs. obese strains of mice) that suggest extreme sensitivity to CLA. The available 
human data support the lower sensitivity to CLA with respect to body fat-reduction and changes 
in glucose metabolism. However, the apparent differences in sensitivity could be related to 
different doses; for example, mice received doses that were 30 times the human dose. The 
other possible explanation is that, as indicated above, mice have a high metabolic rate and 
therefore are highly sensitive to CLA. 

c.2.1 In Vitro Studies 

Numerous In vitro studies suggest that the t10,c12 CLA isomer is responsible for fat reduction 
(Brown and McIntosh 2003; Granlund et a/., 2003; Kang et a/., 2003; Kennedy et a/., 2005). 
Collectively, these in vitro studies show that the t10,c12 CLA isomer inhibits PPAR-.I (Granlund 
et a/., 2003; Kang et a/., 2003; Kennedy et a/., 2005), resulting in numerous downstream events 
that culminate in the down-regulation of genes related to insulin status. The suite of genes 
involved (e.g., GLUT4, LPL, FAB) relate to an increase in insulin resistance in cell culture 
systems (Brown et a/., 2003; de Roos et a/., 2005). These changes in glucose and insulin 
metabolism also appear to be regulated by the increase in IL-6 seen after t10,c12 CLA isomer 
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administration (Provo et a/., 2005), and potentially through the down-regulation of the IGF- 
receptor (Kim et a/., 2003). These alterations are seen in some animal species as transient 
effects. 

c.2.2 Animal Studies 

Numerous animal studies in rodents and pigs have documented varying effects of both a 5050 
CLA mixtures and the c9,tlI and t10,c12 CLA isomers on insulin sensitivity and glucose 
tolerance. Studies in mice and hamsters indicate that CLA administration may promote insulin 
resistance but this is not shown in rat studies.. 

Studies in Mice 

Poirier et a/. (2005) administered a 1% isomeric mixture of CLA by gavage to C57BU6J female 
mice (approximately 1,500 mg/kg body weightlday) for 2 to 28 days. It was reported that levels 
of leptin and adiponectin sharply decreased after 2 days of CLA feeding, although adipose 
tissue mass only decreased after day 6. Hyperinsulinemia developed at day 6 and worsened up 
to day 28, in parallel with increases in hepatic lipid content. Islet cells from CLA-fed mice 
displayed 3- to +fold increased rates of glucose-stimulated insulin secretion, both in the 
absence and presence of isobutyl methylxanthine or carbachol. The increased insulin-releasing 
capacity of islet cells from CLA-fed mice was apparently due to an increase in pancreatic beta 
cell mass and number. The authors suggested that CLA supplementation induced a reduction 
of leptinemia and adiponectinemia, followed by hyperinsulinemia due to the increased secretory 
capacity of pancreatic islets, leading to liver steatosis. 

Ohashi et al. (2004) examined the plasma and mRNA expresston levels of several 
adipocytokines thought to be involved in the regulation of insulin sensitivity in normal C57BL, 
mildly obese/diabetic KK and morbidly obese/diabetic KKAy mice. CLA oil, 0.5% (approximately 
750 mg/kg body weightlday) and consisting of 30.5% c9,tll-CLA and 28.9% tlO,cl2-CLA was 
administered by gavage for 4 weeks. They reported an increase in liver weight with excess 
accumulation of triglyceride, and insulin resistance associated with hyperglycemia and 
hyperinsulinemia in the CLA groups compared to the placebo. Levels of leptin in white adipose 
tissue and plasma were higher in all mice, whereas adiponectin levels were higher only in 
C57BL (normal) mice. CLA-feeding decreased the levels of leptin, adiponectin, and resistin, 
especially in KK (mild obesity) and KKAy (morbid obesity) mice. In contrast, tumor necrosis 
factor-alpha (TNFa) mRNA levels were higher in KK (mild obesity) and KKAy (morbid obesity) 
mice than in C57BL (normal) mice, were increased by CLA feeding. The authors concluded 
feeding CLA promotes insulin resistance in obesddiabetic mice compared to normal control 
mice by inverse regulation of leptin, adiponectin, and TNFa. Adipocytokines are known to either 
ameliorate or deteriorate insulin sensitivity. It should be noted that although this was a short- 
term study, normal mice were not adversely influenced by CLA addition to the diet, while 
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genetically modified mice such as the KK and KKay mouse models experienced decreased 
insulin sensitivity after CLA. 

Bhattacharya et a/. (2005) examined the effect of a low concentration of either safflower oil as 
control (0.5%) or mixed isomers of CLA (0.4% or approximately 600 mg/kg body weightlday) for 
14 weeks along with treadmill exercise on body composition in male Balb/C mice fed a high-fat 
diet (20% corn oil) in a 2 x 2 factorialdesign. They reported that CLA consumption reduced fat 
mass (P < 0.001)confirming the results of other studies, and change in fat massdecreased 
further (P c 0.001) with CLA and exercise. Thiseffect was accompanied by decreased serum 
leptin levels and lower leptin mRNA expression in peritoneal fat ( P  < 0.001). Serum insulin, 
glucose, TNFa, and interleukin6were lower in CIA-fed mice than in controls (P < 0.05). There 
was no increase in insulin resistance observed in this study. A study on male C57BU6 mice 
was conducted to investigate whether torpor (state of inactivity) in rodent models was 
dependent on the inability of mice to use lipids as energy substrates (Bouthegourd et a/., 2004). 
Mice were fed a standard synthetic diet or a diet augmented with 1.0% of a 5050 CLA free fatty 
acid mixture (approximately 1,500 mg/kg body weighffday) for 2 or 6 weeks. Plasma glucose, 
insulin or leptin levels were not affected by dietary CLA. 

DeLany et a/. (1999) investigated the effect of CLA on plasma leptin and insulin levels in male 
AKWJ mice fed a basal high-fat diet (control) or the basal high-fat diet supplemented with CLA 
(0, 0.25, 0.5, 0.75, or 1.0%) for 39 days Plasma leptin and insulin concentrations were 
measured in fasted mice. In the dose-response study (Le., 0, 375, 750, 1,125. or 1,500 mg 
C W k g  body weightlday for 39 days), plasma leptin concentrations were unaffected by CLA 
treatment. CLA consumption resulted in a hyperinsulinemic state in mice fed a high-fat diet and 
the highest dose of CLA (1,500 mg/kg body weightlday) at weeks 8 and 12 of the study, but not 
in mice fed lower doses (375,750, or 1,125 mg C W k g  body weighffday) of CLA At low doses, 
plasma insulin appeared to increase with increases in dose, but the magnitude of change was 
not statistically significant from the control group. In the time-course study (Le., 1,500 mg/kg for 
12 weeks), plasma leptin was reduced -70% only at week 6 of treatment. However, plasma 
insulin concentration was increased -150 and -160% on weeks 8 and 12; respectively, 
compared to the control group. Plasma insulin concentrations were unaffected by CLA at the 
earlier time points. The investigators described the effect on plasma insulin as "paradoxical' 
because a reduction in adipose tissue weights is usually associated with decreased plasma 
insulin levels (Markovic et a/., 1998). Further, the investigators acknowledged that the AKWJ 
mouse strain has "higher insulin levels and respond to a high-fat diet with higher insulin levels" 
than SWWJ mice (Eberhart et a/., 1994; West et a/., 1995). The authors speculated that the 
biological significance of the increased plasma insulin concentration may lead to "_ mild insulin 
resistance." Importantly, neither tissue pathology nor reduced tissue function of any organ was 
reported in this obese mouse model treated with CLA. 
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West et a/. (2000) investigated the effect of CLA (1% in the diet for 5 weeks) on metabolic rate, 
plasma growth hormone, insulin, and glucose levels in male AKWJ mice and reported no effect 
on plasma insulin concentration. The authors attributed the discrepancy in their findings 
between other studies by the lack of appropriate plasma sampling techniques. These 
investigators stated that the lack of appropriate fasting "...likely accounts for the large variation 
in insulin and glucose measures and obscures true differences in insulin levels between control 
and CLA-treated mice" (West et al., 2000). 

Tsuboyama-Kasaoka et al. (2000) investigated the effect of CLA on plasma leptin and insulin 
concentration in female C57BU6J mice. Mice were fed a low-fat control (n=14) diet (containing 
safflower oil) or the low-fat diet supplemented with CLA (1% or 1,500 mglkg body weightlday, 
n=14) for up to 8 months. Oral glucose tolerance testing conducted after 17 weeks of CLA 
supplementation revealed no difference in blood glucose levels compared to controls; however, 
insulin tolerance test, conducted after 9 weeks of CLA supplementation, was reported to 
demonstrate marked insulin resistance. After 5 months of CLA treatment, fasting and non- 
fasting plasma insulin concentrations were reported to be 4- and 8-fold higher, respectively, 
than control values, while plasma leptin concentrations were reduced by 49 and 79% in fasted 
and non-fasted CLA-treated mice, respectively. To determine whether the observed insulin 
resistance was due to leptin depletion, mice that had been fed 1% CLA in the diet for a period of 
8 months were infused with leptin (5 pg/day for 12 days) via subcutaneous implanted mini- 
pumps or saline. In CLA-treated mice infused with saline, plasma leptin concentration remained 
low (4 ng/mL), while plasma insulin concentration increased -150%. In CLA-treated mice 
infused with leptin, plasma leptin concentration increased 900%, while plasma insulin 
concentration decreased 80% Thus, increasing plasma leptin concentration resulted in 
reduced plasma insulin in CLA treated mice. The investigators concluded that CLA treatment of 
female C57BU6J mice resulted in insulin resistance as demonstrated by the higher plasma 
insulin concentrations and absence of hypoglycemia observed in the insulin tolerance test. The 
investigators hypothesized that the mechanism of increased plasma insulin concentration may 
be due to the reduced plasma leptin concentration. However, the modulation of plasma insulin 
by leptin was demonstrated in only 2 mice. The main source for cytokines such as leptin is the 
adipose tissue and the leptin deficiency may have been due to the extreme adipose tissue 
reduction. 

Clement et al. (2002) investigated the effect of CLA on plasma insulin and leptin concentrations 
in female C57BU6J mice. Mice were fed a basal diet (control) or basal diet supplemented with 
c9,tll- or tl0,clZCLA isoforms (0.4% or 600 mglkg body weight) for 4 weeks. Plasma leptin 
and insulin concentrations were unaffected by c9,tll-CLA treatment. However, plasma leptin 
concentration was reduced -47% and plasma insulin concentration was increased -900% in 
tlO,cl2-CLA treated mice. Neither c9,t l l -  nor tIO,cl2-CLA treatments altered blood glucose 
concentration. These data indicate that the tlO,cl2-CLA isoform, but not c9,tlI-CLA, results in 
hyperinsulinemia in female mice. The investigators did not determine the dose-response 
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relationship for the hyperinsulinemic effect in these mice. Lowest and maximum doses that 
elicit hyperinsulinemia in non-diabetic mice remain unknown. Although hepatic lipid 
accumulation was associated with increases in plasma insulin concentration, effects on tissue 
pathology or function were not reported. The biological significance of these changes (i.e., 
hepatic lipid accumulation and increased plasma insulin concentration) is unknown (Clement et 
a/., 2002). 

Another mechanism for liver lipid accumulation by the t10,c12 CLA isomer was suggested by 
Warren et a/ (2003). Female C57BU6N mice were fed 0.5% of the purified tlO.cl2 CLA isomer 
or the c9,fl l  CLA isomer (approximately 750 mglkg body weighvday) at the expense of corn oil 
for 8 weeks. Simultaneous with decreased adipose tissue and increased liver lipids and 
weights, the CLA tlO,cl2 diet decreased transcription of leptin and adiponectin levels. Levels of 
peroxisome proliferator-activated receptor alpha (PPARa) mRNA in liver were decreased by the 
CLA tlO,cl2 diet, but increased by the CLA c9,tlI diet. Both diets increased acyl CoA oxidase 
levels, but CYP4A1, LPL and UCP2 levels were not affected. Levels of serum lipids and 
weights of heart, soleus muscle and spleen likewise were not affected. These data suggest that 
the increase in liver weight and lipids does not involve PPARa activation. Instead, the effects of 
the CLA tlO,c12 diet appeared to be linked to the decreased transcription of leptin and 
adiponectin levels, possibly by increasing lipolysis and hepatic glucose production. 

The decrease of adiponectin, another recently discovered cytokine from the adipose tissue, has 
also been implicated in the observed insulin effects of CLA. Adiponectin reduces hepatic 
glucose production, therefore, a reduction in adiponectin could increase hepatic glucose 
production that may be used for fatty acid synthesis (Warren et a/., 2003). 

It is possible that several mechanisms involved with insulin resistance occur simultaneously in 
mice supplemented with CLA. The factors playing a role in these mechanisms are, in part, 
regulated by the adipose tissue It is clear that the insulin resistance is linked to the significant 
decreases in adipose tissue and subsequent changes in metabolic regulators secreted from the 
adipocytes. 

The conclusion from lean (Le, normal) mouse model studies is that some short-term studies 
show insulin resistance; longer term >41 days do not show insulin resistance. Furthermore, the 
occurrence of insulin resistance may depend on the metabolic state (diabetic or obese mice 
being more resistant than normal mice) (Ohashi et a/., 2004). 

Lean and obese mice were very sensitive to the fat mass reducing properties of CLA. These 
effects were also associated with increased liver weights and insulin levels. However, after 
long-term supplementation with CLA. insulin levels decreased and insulin sensitivity was 
improved. Wargent et a/. (2005) and Roche et a/. (2002) reported the effects of feeding CLA 
preparations enriched with either c9,tlI or tlO,c12 CLA isomers in leptin-deficient obese 
C57B116 oblob mice. Feeding CLA, specifically the f10,c12 CLA isomer, caused a significant 
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decrease in adipose tissue weights. Both isomers caused increased liver weights. An initial 
increase in insulin resistance was also observed in mice fed the tIO.cl2 CLA isomer However, 
in the long-term study with C57BU6 ob/ob mice, this effect was almost reversed after treatment 
for 35 days (Wargent et a/., 2005). At the end of the study (11 weeks), insulin sensitivity was 
significantly improved (Wargent et a/., 2005). A similar beneficial effect on insulin sensitivity 
was found in a study in diabetic leptin receptor-deficient mice by Hamura et a/. (2001a). Studies 
in obese mice demonstrate (1) an improvement in glucose and insulin levels after CLA 
administration (Hamura et a/., 2001a,b); (2) a transient rise in insulin levels followed by 
normalization (Hamura et a/., 2001b; Wargent et a/., 2005); and (3) a rise in insulin levels in 
short term trials (which may also have normalized if the trial was carried out for longer penod of 
time). Human studies also report a transient rise, followed by normalization, of insulin and 
glucose patterns. 

The results of the studies with lean and obese mice are fairly consistent in that in all studies 
dietary CLA treatment decreased adipose tissue and increased liver weight, which was often 
accompanied by liver lipid accumulation. In addition, dietary CLA elevated fasting insulin levels 
in lean mice, but no effects were found on plasma glucose levels. The effect on insulin was only 
seen in short-term interventions, but not in long-term interventions, suggesting transience of this 
effect. 

Among the lean and obese mouse models, 2 studies reported on the effect of CLA on enzyme 
expression and activities of insulin and glucose related genes. Clement et a/. (2002) showed 
that CLA isomers (both c9,tlI and tlO,cl2 forms) activated liver PPAR-y activity in lean mice. 
Similarly, Wargent eta/. (2005) noted that the tlO,c12 CLA isomer increased PPAR-y and a 
mediated reported gene activity and the authors asserted that CLA initially decreases insulin 
sensitivity, but that subsequently, (a time effect) that insulin sensitivity is increased in the leplob 
mouse model. Thus it may be concluded that activation of the PPAR system may contribute to 
improving insulin sensitivity in a time-dependent manner. 

Further support for this hypothesis may be found in various in markers such as glucose 
transport. For example, a decrease of GLUT4 in adipose tissue may restrict glucose from 
entering the cells and as such may contribute to development of insulin resistance (de Roos et 
a/., 2005). In addition, TNFa exerts its effects on insulin levels via the induction of lipolysis, 
causing a rise in free fatty acids. Increased plasma free fatty acid levels inhibit glucose 
utilization (Randle cycle [Randle et a/., 19631) and would trigger insulin secretion (Girard, 1997). 
TNFa also impairs tissue insulin sensitivity by interfering with the catalytic activity of the insulin 
receptor, transduction signaling pathway of insulin and the GLUT4 gene expression, thereby 
decreasing glucose transport (Hotamisligil, 2000; Cederberg and Enerback, 2003; Kim et a/., 
2003). 

Collectively, these mouse studies [especially Hamura et a/. (2001a,b) and Wargent et a/. (2005)l 
support the hypothesis of a transient effect of CLA mixtures on insulin and glucose sensitivity. 
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Both lean and obese mice are very sensitive to the fat mass reducing properties of a 50:50 C I A  
mixture, and especially to the tlO.cl2 isomer. These effects were also associated with 
increased insulin levels. However, afler long-term supplementation with a 5050 CLA mixture. 
insulin levels decreased and insulin sensitivity was improved. This indicates a transient, time- 
sensitive effect of CLA isomers on insulin-related events. The effects in obese mice, as noted 
earlier, either reflect no effect, a transient effect, or an improvement in glucose tolerance. 
However, the apparent trend is an adaptive response which appears rooted in an alteration in 
gene expression vra the PPAR-y system. 

Studies in Rats 

The effects of CLA on insulin sensitivity in different rat models seem to show that CLA increases 
insulin sensitivity, with only one exception showing a rise in insulin levels at a threshold dose of 
at least 5% CLA 5050 mixtures (OHagan and Menzel, 2003). 

As noted in Section 7.3.3.1, increased plasma insulin levels were observed in both males and 
females rats fed 15% 5050 CLA mixture. The onset of the increase occurred later in females 
than in males. In male rats the increase appeared to be transient, and by the end of the 
13-week experimental period there were no significant dtfferences between high intake and 
control values. 

In male rats fed 15% of the 50.50 CLA mixture, the data suggested a trend toward decreased 
glucose levels from week 8. At the end of the recovery phase, glucose levels in CLA-fed males 
remained significantly lower compared with low fat control rats. No treatment-related effect on 
plasma glucose levels was observed in female rats throughout the study. Glucose levels were 
not measured in females after the recovery period since no effect was observed previously. It is 
uncertain whether the increased plasma insulin levels in males and females and the decreased 
glucose levels in the males were related to a physiological adaptation to high levels (15%) of a 
5050 CLA mixture. Such effects did not result in any adverse functional changes (e.g., on 
blood glucose or in the pancreas in both sexes). Thus, levels in the range of 1 to 5% did not 
negatively influence insulin sensitivity, whereas only in the high level (15%) was there an 
increase in insulin levels compared to controls. This increase in insulin levels after the 15% 
CLA dose decreased during the recovery period, indicating that the CLA-induced rise in insulin 
levels was recoverable at cessation. It should be noted that this was a safety and toxicity study, 
and levels such as 5 or 15% in the human diet would never be achieved. 

Stangl (2000) looked at the effects of 1, 3, or 5% CLA vs. a sunflower oil control in male Wistar 
rats for 5 weeks and found that glucose levels were unaffected in the 1 and 3% CLA mixtures, 
but were elevated at the 5% level compared to the control. These data are supported by the 
work of OHagan and Menzel(2003) who found that levels of the 5050 CLA mixture at 15% 
raised serum glucose levels in rat models. Thus, there appears to be a threshold of tolerance in 
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these animal models that supports safety in humans since levels that are intended for human 
consumption do not reach these levels. 

In contrast, other authors (e.g., Ryder et a/., 2001; Henriksen et a/., 2003; Nagao et a/., 2003b; 
Teachey et a/., 2003; Zhou et a/. , 2005), reported beneficial metabolic responses in rat models, 
including enhanced gluwsehsulin metabolism. 

CLA induced decreases in adipose tissue are found in rats. but these effects were moderate 
compared to mice. One study reported a decrease in adipose tissue in lean rats, but an 
increase in obese rat (Sisk et a/., 2001). A suggested mechanism by which CLA decreased fat 
in lean rats but increased fat in obese rats was the normalized glucose tolerance paired with the 
hyperphagia of obese animals, resulting in more glucose availability as a substrate for an 
enlarged fat mass. This model of metabolic shifting could explain the transient change in insulin 
or glucose levels that normalizes with time. 

CLA or CLA isomers do not elicit consistent responses in rat models. Studies with mice and 
rats are difficult to compare, due to the different models and assessed parameters. In addition, 
not many studies with rats have looked at the mode of action of CLA at the enzymatic level. 
However, it is clear that the effects of comparable levels of dietary CLA supplementation exert 
less drastic effects on adipose tissue, liver weight, and insulin and glucose levels in rats than in 
mice, which is likely due to the higher metabolic rate of mice. Such species differences have 
been pointed out in other publications (Pariza, 2004). 

The effects of CIA on insulin and glucose levels in rats have been studied mostly in diabetic 
obese models such as the ZDF Zucker rat. These models are characterized by obesity, insulin 
resistance and impaired glucose tolerance. A number of studies reported an improvement of 
glucose tolerance and a reduction of insulin levels by CLA (Houseknecht et a/., 1998, Ryder et 
a/., 2001; Sisk et a/., 2001; Henriksen et a/., 2003; Zhou et a/., 2005). although part of this effect 
may be indirectly due to a reduced food intake (Ryder et a/., 2001). It was suggested that the 
mechanism of action for this effect is that CLA acts as an insulin sensitizer by activating PPARy 
which is highly expressed in adipose tissue (Houseknecht et a/., 1998). Two studies reported 
an increase in glucose levels: (1) after 5 weeks of a 5% dose of a CLA mixture (Stangl, 2000) 
and (2) after 4 weeks of 1 % dose of CLA FFA mixture in diabetic rats (Rahman et a/., 2001). 

The improvement in glucose tolerance seen in most of these studies may also be a direct effect 
of the reduction in fat tissue, muscle triglyceride content or decreased oxidative stress 
(Henriksen et a/., 2003). The findings of improved glucose tolerance, insulin stimulated glucose 
transport and insulin stimulated glycogen synthase have been attributed to the f10,c12 CLA 
isomer specifically ( Ryder et a/., 2001; Henriksen et a/., 2003). In the non-insulin dependent 
diabetes mellitus model (i e , OLETF rats), no effect of CLA on insulin levels was reported 
(Rahman et a/., 2001). 
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Only a few studies with lean rat models have evaluated the effect of CLA on glucose 
metabolism (Houseknecht et a/., 1998; O’Hagan and Menzel, 2003). Although elevated glucose 
levels after CLA administration were reported, they still remained within normal ranges. 

Studies in Hamsters 

Bouthegourd et a/. (2002) reported that the administration of a purfied diet augmented with 
c9,t l l  CLA isomer to 0.6% or CLA 5050 to 1.2% in purified diets to male Syrian hamsters for a 
period of 6 weeks or 8 weeks resulted in significantly higher plasma glucose levels in the group 
receiving the CLA mixed isomers compared with the other groups. Plasma insulin levels did not 
differ significantly between the groups. The homeostatic model assessment (HOMA) for insulin 
resistance was calculated using the insulin and glucose values and insulin resistance was found 
to be significantly increased in the group receiving the CLA mixed isomers compared to the 
other groups. 

Studies in Pigs 

It should be noted that of the species that have been studied, the pig is the most closely related 
to humans, and in this model there is no evidence for negative effects on glucose and/or insulin 
metabolism. 

Stangl et a/. (1999) reported that the administration of basal diets containing 1.0% of a CLA 
preparation containing 34.6% c9,tl l  CLA and 18.4% t10,c12 CLA for a period of 6 weeks to 
adult female pigs resulted in non-significant increases in plasma insulin concentrations. The 
authors suggested that stimulated insulin secretion might be caused by increased glucose 
oxidation, although glucose levels remained unaffected by CLA. Ramsay et a/. (2001) found 
that the administration of 0.25, 0.5 1.0, or 2.0% CLA preparations (25% of the c9,t l I  CLA 
isomer and 35% of the tIO,c12 CLA isomer) to male and female crossbred grower pigs 
(Yorkshire x Landrace) had no effect on serum glucose and insulin levels 

The effect of CLA treatment on plasma variables related to lipolysis and lipogenesis in growing 
pigs and their metabolic responses to the homeostatic signals, adrenalin, or insulin were 
investigated by Ostrowska et a/. (2002). Sixteen female cross-bred (Large White x Landrace) 
pigs were randomly allocated to 4 treatment groups in a 2x2 factorial design, including a dietary 
fat (25 or 100 g/kg diet) group and a CLA-55 (0 or 10 g/kg diet) group for 8 days. CLA did not 
affect plasma glucose or insulin levels. 

C.2.3 Summary 

Numerous studies have been conducted in in vitro cell culture systems, rodent models, pigs and 
humans to evaluate insulin resistance due to CLA. A decrease in leptin levels has been 
reported in several published studies with CLA (DeLany et a/., 1999; Tsuboyama-Kasaoka et 
a/., 2000). However, due to the complex interactive regulation of leptin and insulin, it is not clear 
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whether a decrease in leptin levels in CLA treated lean mice is the result or cause of insulin 
resistance. 

Most studies evaluating the effects of CLA on insulin resistance were conducted in rodents and 
humans. Responses to CLA are speciesdependent (Pariza, 2004). Collectively, these studies, 
on the effects of CLA on various aspects of insulin and glucose biology. differed greatly among 
the animal models (species and strain, sex, age, and metabolic state) and experimental design 
(dose levels that are relevant to what we assert as safe for humans, CLA isomer compositions, 
diet and fat levels, control diets used, length of study, variety of parameters and their time of 
measurement). As a result, interpretation of data is very complicated. In addition, inherent to 
studies on dietary ingredients, the observed effects may be secondary to the effect on food 
intake and body fat stores, although most studies accounted for this. 

Different modes of action of CLA on the decrease of adipose tissue have been suggested. In 
mice, CLA was reportedly causing a decrease in (a) adipose tissue weights. (b) fatty acid 
oxidation via PPARa, (c) fat deposition in adipose tissue via the SREBP-1 or PPARy pathway, 
and (d) an increase in lipolysis and apoptosis, all pathways that have been suggested as 
underlying mechanisms. Some researchers suggest that the increase in fatty acid oxidation 
enzymes may be due to modulation of eicosanoid production, since various eicosanoids are 
potent activators of PPARs. The mechanisms are not mutually exclusive and may therefore 
occur simultaneously (Belury, 2002; Belury et a/., 2003; Brown et a/., 2003). 

Hyperinsulinemic effects of CLA have been found mainly in obese mice suggesting that these 
effects may be linked to the decrease in adipose tissue. The adipose tissue is the source for 
many factors that influence lipid metabolism, such as leptin, adiponectin, GLUT4, and TNFa. 
Indeed, leptin infusion in CLA-fed mice reduced insulin levels, and also reduced the increase in 
liver weight and vacuolization produced by CLA. The decrease in adipose tissue together with 
the down-regulation of GLUT4 may result in a compensatory increase in hepatic lipogenesis to 
metabolize glucose (Tsuboyarna-Kasaoka et a/., 2000). The same researchers recently 
reported that CLA intake did not cause the extreme adipose tissue loss, increased hepatic 
lipids, and hyperinsulinemia in mice supplemented with a very high fat diet. This clearly 
indicated that the lipodystrophic effects are not caused by CLA directly but by the ablated or 
dysfunctional adipose tissue response (Tsuboyama-Kasaoka et a/., 2003). 

Clement et a/. (2002) suggests that the decrease in adipose tissue and the increase in liver 
weight and insulin levels are mainly due to effects of the t10,c12 CLA isomer. This is further 
supported by the study by Ryder et a/. (2001) who found effects on insulin action, leptin and free 
fatty acid levels in rats fed a CLA 5050 diet, but not in rats fed a diet enriched with the only 
c9,t l l  isomer. CLA may thus deteriorate insulin-dependent glucose disposal due, in part, to an 
increase in lipolysis and fatty acid oxidation through the Randal-glucose-fatty acid cycle 
(Wargent et a/., 2005). 
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The hyperinsulinemia seen in the mouse is the result of the sensitivity of the mouse to CLA and 
its apparent inability to cope with the changes in fat metabolism induced by CLA administration. 
Indeed, this may be the result of the lower fat content of the mouse diets (approximately 10% 
fat), compared to the average human diet, which contains about 30% fat. Further, the loss of 
adipose tissue may involve genetic mechanisms and an adaptive response due to the metabolic 
switching of enzymes linked to glucose and lipid metabolism (Hamura et a/., 2001a,b; Wargent 
et a/., 2005). 

From the in vitro and animal studies, a collective interpretation regarding CLA and insulin 
resistance in mice afler CLA administration may be summarized with the following conclusions: 
(1) adipose tissue is almost completely ablated in the mouse following CLA intervention due to 
apoptosis resulting from decreased glucose uptake in the adipose tissue; (2) decreased glucose 
uptake as a result of inhibition of GLUT4 by predominantly the tlO.cl2 CLA isomer at the 
nuclear regulatory level; (3) blood glucose is shunted to the liver and induces hepatic 
lipogenesis in response to the higher amount of glucose that is further transformed into serum 
triglycerides. 

In concurrence with the moderate effects on adipose tissue, CLA did not affect insulin levels, 
liver weights or hepatic lipid content in most studies in rats, hamsters, and pigs. A normalizing, 
physiological effect of CLA on glucose and insulin levels was reported in obese rat models 
(Houseknecht et a/., 1998; Ryder et a/., 2001; Sisk et a/., 2001). CLA may act as a PPARy 
agonist in obese models (Houseknecht eta/.. 1998) or exert its effect via the reduction in fat 
tissue, muscle triglyceride content or decreased oxidative stress (Henriksen et a/., 2003). 
Humans are clearly less sensitive than mice to the adipose tissue reducing effects of CLA. 
Human studies conducted with CLA have reported decreases in body fat mass in the range of 
3.0 to 9 0% In contrast, body fat mass in mice was almost completely ablated. Terpstra (2001) 
has calculated that the different effects of CLA between mice and humans can be explained for 
the greater part by the higher metabolic rate of mice. Studies on CLA in mice reported effects 
on liver and insulin levels as a result of the loss of functional adipose tissue and related 
deregulation of cyfokines and fat distribution. Consumption of CLA supplements in humans did 
not result in such effects on adipose tissue. In conclusion, CLA mixtures in obese animal rodent 
models cause short term increases in insulin resistance. Some obese rodent models appear to 
be particularly susceptible to the CLA-induced reduction in adipose tissue stores. As a result of 
this loss in functional adipose tissue, the liver initially compensates and lipodystrophy occurs. 
However, as Hamura et a/. (2001a,b) and Wargent et a/. (2005) showed in some rodent strains, 
there is functional adaptation to CLA in the diet and the increased blood glucose results in 
compensatory insulin action that normalizes within 10 weeks (Section 7.5.4 discusses the 
results of clinical trials on insulin and glucose levels). Animal studies on insulin sensitivity and 
glucose metabolism are summarized in Table C.2.3-1 below. 
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Table C.2.3-1 Summary of CLA Animal Feeding Studies on Insulin Sensitivity and Glucose Metabolism 

Strain 

Mouse (female 
C57BL) 

Mouse (female KK) 

Mouse (female 
KKAY) 

Iuration 

I weeks 

I weeks 

I weeks 

- 

CIA Isomer 

50.50~9, t l l -andt l0 ,  
cl2-CLA 

50:50 c9. 111- and (10, 
cl2-CLA 

5050 c9, 111- and t10, 
$1 2-CLA 

Dose (mglkg bwld)' 

707 05 

614.61 

636.49 

Effect2 

Significantly t plasma glucose, plasma 
insulin, HOMA-R value, and mRNA 
expression of TNFa. Significantly 1 
plasma adiponectin and resistin. No 
significant changes in plasma leptin and 
TNFa, or mRNA expression of leptin 
adiponectin, and resistin After insulin 
tolerance test, no significant changes in 
plasma glucose levels. 

Significantly T plasma insulin, HOMA-R 
and TNFa mRNA expression. 
Significantly 1 plasma adiponectin and 
resistin, and mRNA expression of leptin 
and adiponectin. No significant 
changes in plasma glucose. leptin, 
TNFo. or mRNA exmession of resistin 

Significantly t plasma glucose, plasma 
insulin, and HOMA-R value. 
Significantly 1 plasma leptin, 
adiponectin, and resistin, or mRNA 
expression of leptin, adiponectin, and 
resistin. No significant changes in 
plasma TNFo or mRNA expression of 
TNFa Afler insulin tolerance test, no 
significant changes in plasma glucose, 
however, significantly less integrated 
changes in plasma glucose were 
observed. 

3eference 

3hashi et a/., 2004 

Shashi et a/, 2004 

3hashi et a/, 2004 
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rable C.2.3-1 Summary of CLA Animal Feeding Studies on Insulin Sensitivity and Glucose Metabolism 

itrain 

Aouse (female 
:57BL/6J) 

Mouse (male 
C57BL-6 ob/ob) ! 
Mouse (male I AKRIJ) 

c 
8 
0 
N 
N 
4 

Juration 

4 weeks 

CLA isomer 

50 50 c9. 111- and 110. 
cl2-CLA 

l o s e  (mglkg bwld)' 
1,500 

4 weeks c9, tl1-CLA 

I weeks I c9, 111-CLA 1 6,645 

1 t10, cl2-CLA 1 6,885 

Effect? 

Significantly T plasma insulin levels. No 
significant changes to blood glucose 
levels Significantly 1 adiponectin and 
plasma leptin levels by day 2 and 6, 
respectively. Significant positive 
correlation between hepatic lipid content 
and plasma insulin was observed. 
Pancreatic islet cells from CLA-fed mice 
displayed significantly T (3- to 4-fold) 
rates of glucose-stimulated insulin 
secretion in the presence and absence 
of isobutyl methylxanthine or carbachol. 
Also. mice had significantly T islet sizes, 
beta cell mass, beta cell density, and 
islet areaipancreas area. 

Reference 

Joirier et a/., 2005 

No significant changes in plasma leptin, 
plasma insulin or blood glucose 

Significantly 1 plasma leptin and 
significantly T plasma insulin. No 
significant changes in blood glucose. 

No significant changes In blood glucose 
and insulin 

Significantly T serum glucose and 
insulin levels. 

Clement et a/., 2002 

Roche et a/., 2002 

L,^ -:-..:.m ---. ^L ̂ __^^ :.. _I ̂̂ _^ 
I"" b?jlllllW,ll uld,lyas 111 IJMslrld 

glucose or insulin levels, although the 
mean of insulin levels were almost 2- 
fold higher in the CLA group compared 
to the control arouD 
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Table C.2.3-1 Summary of CLA Animal Feeding Studies on Insulin Sensitivity and Glucose Metabolism 

Strain 

Mouse (female 
257BLi6 
'epobi/epob) 

Mouse (Male 
AKRIJ) 

hrat ion 

$weeks 

I1 weeks 

j weeks 

I to 12 weeks 

C I A  Isomer 

50.50c9,t11-andHO. 
cl2-CLA (Clarinol A-60) 

50:50 c9, f l l -  and t10. 
cl2-CLA (Clannoi A-60) 

50:50 c9. tl1- and t10. 
cl2-CLA (Ciarinol A- 
60); Clannol A-60 
enriched with 90% t10, 
cl2-CLA: Clarinol A-60 
ennched with c9. t l l -  
CLA 

50.50c9,tl l-andtl0, 
cl2-CLA 

50~50c9,t l l -andtlO. 
cl2-CLA 

Dose (mg/kg bw/d)' 

2,250 

3,750 

3,750 

1,500 (low) or 3,750 
(high) 

375, 750, 1,125, or 1,500 

1,500 

Effect' 

Significantly T plasma insulin. No 
significant changes in blood glucose 
levels dunna the OGTT 

Significantly T plasma insulin Animals 
fed mixed CLA had significantly T blood 
glucose levels during the OGTT. 

CLA mixture significantly T plasma 
insulin on days 13 and 22. tlO, c12- 
CLA significantly T piasma insulin on 
day 13,21, and 22. c9, tl1-CLA T 
plasma insulin on day 21. CLA mixture 
and t10, cl2-CLA significantly T blood 
glucose levels dunng the OGTT. 

Both doses significantly plasma insulin 
and insulin sensitivity index on day 14 
and day 35, but piasma insulin levels 
and insulin sensitivity index were 
significantly 1 on day 70. By day 70. 
high-dose CLA significantly 1 blood 
glucose levels during the OGTT. 
whereas, the low-dose CLA did not 
significantly change the blood glucose 
levels. 

Dose-dependently T plasma insulin. 
reaching statistical significance in the 
highest dose No significant changes in 
Dlasma IeDtin or Dlasma alucose. 

Significantly 1 plasma leptin 
concentration at week 6 only. 
Significantly plasma insulin 
concentration at weeks E and 12. No 
significant changes in piasma glucose 
levels. 

hference 
Nargent et a / ,  2005 

3eLany et a/., 1999 
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Table C.2.3-I Summary of CLA Animal Feeding Studies on Insulin Sensitivity and Glucose Metabolism 

Strain 

Mouse (Male 
dbldb) 

Mouse (Male 
apolipoprotein 
knockout) 

Mouse (male 
Balblc) 

Juration 

I2  weeks 

CLA Isomer Dose (mglkg bwld)' 

50 50 c9. tl1- and t10. 
cl2-CLA 

1,800 

c9, tl1-CLA 10,500 

tlO, cl2-CLA 

12 weeks 

14 weeks 5050 c9, 111- and t10. 
cl2-CLA 

403 (sedentary) or 463 
(exercised) 

Effect' 

Significantly suppressed T in blood 
glucose after glucose administration 
during OGTT and significantly 1 AUC 
Significantly r insulin concentration 
reported during OGTT after 5 weeks of 
treatment, but significantly 1 insulin 
levels after 11 weeks of treatment. 
No significant changes in blood glucose 
or insulin. 

Sianificantlv I Diasma alucose. dasma 
iniulin. and HOMA-R. -SSignificantiy 7 
QUiCKi. 

Significantly T plasma glucose. 
Sianificantlv I QUICKI. No sianificant 
cGnges in'piasma insulin or ~ O M A - R  
Sedentalv mice: Sianificantlv I serum 
glucose, ku l in .  le$in, TNF&,and iL-6 
Significantly 1 mRNA expression of 
leptin No significant changes in plasma 
adiponectin levels, or mRNA expression 
of adiponectin or TNFo. 
Exercised mice: Significantly 1 serum 
glucose, insulin, leptin, and TNFa. 
Significantly 1 mRNA expression of 
leptin and TNFo. No significant 
changes in serum adiponectin and IL-6, 
or mRNA expression of adiponectin. 
Aiso, compared to sedentary mice, 
exercised mice had significantly 1 
serum glucose and leptin. significantly 
serum TNFa, and significantly J mRNA 
expression of ieptin. No significant 
changes in serum insulin, adiponectin, 
and IL-6, or mRNA expression of 
adiponectin and TNFo. 

3eference 

iamura et ai.. 2001a 

l e  Roos et a/.. 2005 

3hattacharya et a/., 
2005 
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rable C.2.3-I Summary of CLA Animal Feeding Studies on Insulin Sensitivity and Glucose Metabolism 

strain 

vlouse (Male 
X7BLKS- 
.epPb/iepPb) 

vlouse (Female 
57BLiGJ) 

?at [male Zucker 
Iiabetic Fatty 
ZDGIGMI: faifa)] 

?at [male Zucker 
liabetic fatty (faifa: 
'DFiGMI)] 

Duration 

23 weeks 

4 days to 8 
months 

2 weeks 

2 weeks 

CLA isomer 

5 0 5 0 ~ 5 ,  t l l - a n d t l 0 ,  
c12-CLA 

50 50 c9, t l1-  and t10. 
cl2-CLA 

c9, tl1-CLA 

50 50 c9, t l 1 ~  and t l 0 ,  
cl2-CLA 

50:50c9,fl1-andtlO. 
cl2-CLA 

Dose (mg/kg bwld)' 

795 (low) or 1,800 (high) 

1.500 

750 

17,120 

Effect' Reference 

No significant changes in blood glucose 
or insulin concentrations 

Significantly 1 plasma insulin and 
significantly 1 plasma leptln 
concentrations. No significant changes 
in blood glucose during OGTT. 
Significantly T blood glucose during I T  
Continuous infusion with leptin plasma 
leptin concentrations, but 1 plasma 
Insulin concentrations, compared to 
saline Infused animals These results 
were not statistically analyzed 

Significantly hyperglycemic compared to 
baseline values. After oral glucose 
challenge, no significant changes in 
glucose tolerance were observed. No 
significant changes in plasma insulin or 
leotin. 

Hamura et a/., 2001b 

Tsuboyama-Kasaoka 
et a/.. 2000 

Ryder et a / ,  2001 

No significant changes in glycemia. 
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rable C.2.3-1 Summary of CLA Animal Feeding Studies on Insulin Sensitivity and Glucose Metabolism 

strain 

?at lfemale obese 
!ucker 
Hsd/ola.ZUCKER- 

?at [female obese 
7ucker 
Hsd/ola,ZUCKER- 

I cg7 tll-CLA 
3 weeks 

Duration I  isomer Dose (mg/kg bwld)' 
1,140 (gavage) 

I 
t10. cIZ-CLA I 1.350 (aavaae) 

i ._ - . 
,~ \_. 50.50 c9, t i  1- and t10, 

cl2-CLA 
1.500 (oavage) 

3 weeks 50'50 c9, fll- and tlO, 300 (gavage) 
cl2-CLA 

1,500 (gavage) 

Vo significant changes in plasma 
3lucose or insulin throughout the 
sxperimental penod or during the 
3GTT No significant changes in AUC 
for glucose and insulin, or glucose- 
nsulin index. 

Significantly 1 plasma glucose and 
insulin throughout the experimental 
period or during the OGTT. 
Significantly 1 AUC for glucose and 
insulin dunng OGTT and glucose-insulin 
index. Significantly T insulin-mediated 
glucose transport in epitrochiearis and 
soleus muscles. 
significantly 1 plasma glucose No 
significant changes in plasma insulin 
Significantly 1 plasma glucose 30 min 
after glucose challenge with no 
significant changes in plasma insulin 
levels. Significantly 1 glucose AUC 
dunng OGTT and glucose-insulin index. 
but no significant changes in insulin 
AUC during OGTT. Significantly T 
insulin-mediated glucose transport in 
epitrochlearis muscle, but no significant 
changes in soleus muscle. 

Sianlficantlv 1 Dlasma insulin. No 

epitrochlearis muscle, but no significant 
changes in soleus muscle. 

Sianlficantlv 1 Dlasma insulin. No 
si&ificant changes in plasma glucose. 
Significantly 1 plasma glucose 30 min 
after glucose challenge. Significantly 1 
plasma insulin up to 90 min after oral 
glucose challenge. Significantly 1 
glucose AUC and insulin AUC during 
OGTT and glucose-insulin index. 
Significantly t insulin-mediated glucose 
transport in epitrochlearis and soleus 
muscle 

leference 

ienriksen et a/, 2003 

reachey et a/, 2003 
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Table C.2.3-1 Summary of CLA Animal Feeding Studies on Insulin Sensitivity and Glucose Metabolism 

Strain 

?.at [male Otsuka 
.ong Evans 
rokushima Fatty 
OLETF)] 

?.at (male SPF 
jprague-Dawley) 

?at (female lean 
and obese Zucker) 

?at [male Zucker 
jiabetic fatty (faifa)] 

?at (male and 
'emale Wistar 
iutbred 
:Crl.(Wl)WU BR]) 

?at (male Wistar) 

Duration 

4 weeks 

5 weeks 

8 weeks 

8 weeks 

13 weeks 

NR 

:LA Isomer 

50.50 c9, f l l -  and tlO, 
:12-CLA 

5050c9,t l l -andf lO. 
:12-CLA 

50.50c9, I l l - a n d t l 0 .  
:12-CLA 

50.50 c9, 11 1- and 110, 
:IZ-CLA 

50~50c9, t l l -andf l0 ,  
:12-CLA (Clarinol G80) 

VR 

Dose (mglkg bw/d)' 

1,000 (CLA TG mixture) 

1,000 (CLA FFA mixture) 

500 (low). 1,500 (mid), or 
2,500 (high) 

Lean: 300: Obese: 240 

480 

1,500 (low). 7,500 (mid), 
or 22,500 (high) 

375 (low), 750 (mid), and 
1,500 (high) 

Effect' 

Significantly 1 serum leptin levels. No 
significant changes in serum insulin or 
glucose. 

Significantly T serum glucose. 
Sionificantlv 1 serum leotin. No 

I -  

si& ficant changes n s e r m  nsLl n 

Sianifcant v . blooo aILcose leve s n 
the high-dose. No significant changes 
in blood glucose levels in the low- and 
mid-dose qrouus. 

No significant changes in insulin levels 
in obese or lean rats 

Significantly 1 plasma insulin and 
glucose levels, resulting in improved 
insulin sensitivity. Significantly T 
plasma adiponectin and mRNA 
expression of adiponectin in WAT. No 
significant change in plasma leptin 
levels 

Males: Significantly J blood glucose in 
high-dose in week 13 and afler recovery 
period. Significantly T plasma insulin 
levels in hlghdose at week 4: however 
the effect was statistically not significant 
by week 13. 

Females: Significantly T plasma insulin 
levels at week 8 and 13. No significant 
changes in blood glucose and insulin 
levels during testing penod or afler 
recovery period. 

Significantly 1 serum insulin and 
glucose in high-dose group 
Significantly 1 serum glucose in mid- 
dose group, but no significant changes 
in serum insulin. No significant changes 
in serum glucose or insulin in the low- 
dose group 

leference 

iahman et a/.. 2001 

jtangl, 2000 

hsk e1 a/., 2001 

Jagao et a/., 2003b 

YHagan and Menzel, 
?003 

Zhou et a/.. 2005 
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11 Table C.2.3-1 Summary of CLA Animal Feeding Studies on Insulin Sensitivity and Glucose Metabolism I 

Pigs (male and 
female Yorkshire X 35% MO, cl2-CLA 1,636.4 levels at any dose. Significant 1 in 
Landrace) 

Up to 7 weeks 25% c9. fl I-CLA and 204.5, 409 1, 818.2, or No significant changes in blood insulin 

blood glucose levels in pigs 
administered 810.2 mgikg bw/d, but no 
significant changes in any other dose 

Ramsay et a/., 2001 

AUC = area under cuwe, CLA = conjugated linoleic acid: HOMA-R = homeostasis model for insulin resistance; iL= interleukin; I T  = Insulin tolerance test, mRNA 
= messenger ribonucleic acid; NR = not reported: NS = not significant, OGTT = oral glucose tolerance test; QUICK1 = quantitative insulin sensitivity check index: 
TNF =tumor necrosis factor; WAT = white adipose tissue 

CLA administered in the diet, unless otherwise noted 
Treatment groups compared to respective control group, unless otherwise noted 2 
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C.3 Milk Fat Deposition (MFD) (Bovine) 

Two main dietary alterations have been found to influence MFD in cattle: high carbohydrate/low 
fiber diets (e.g., high grain, low roughage) and high-oil diets consisting of oils high in 
polyunsaturated fatty acids (e.g., plant and fish oils) (Grurnmer, 1991). A low roughage diet 
alters ruminant bacterial bio-hydrogenation and appears to be a major factor in the induction of 
MFD. Likewise, a diet rich in plant or fish oils that provide unsaturated fatty acid precursors also 
appears to lower the threshold for MFD due to low roughage diets (Griinari and Bauman. 2001). 
A low roughage diet supplemented with plant or fish oils results in MFD via changes in ruminant 
bacteria enzyme processes. 

While it is not the intent of this dossier to provide a thorough review of ruminant MFD, this 
Section will highlight pivotal studies relating to the mechanism(s) whereby CLA induces MFD in 
ruminants. The CLA isomer responsible for MFD has been reported by several research groups 
and will be discussed in this review 

C.3.1 In Vitro Studies 

No in-vitro studies of significance to this report have been conducted into milk fat deposition. 

C.3.2 Animal Studies 

Bovine/Ruminant Studies 

In bovine animals, CLA is formed via the enzymatic biohydrogenation of linoleic acid by 
ruminant microorganisms (Loor and Herbein, 1998). The first isomerization step converts 
linoleic acid to the c9,tlI form, which is the principal isomer found in dairy foods (Fujimoto et a/., 
1993). 

Mackle et a/. (2003) administered CLA at doses of 0, 20, 40, or 80 g/day CLA for 4 days by 
abomasal infusion techniques, thereby bypassing the bacterial biohydrogenation step that 
synthesizes de novo CLA from dietary fatty acids. Milk fat concentrations were decreased in 
proportion to the increase in CLA infusions (e.g., 36, 43, and 62%). They also noted an 
increase in milk yield in the 40 g/day infusion. Mackle et al. (2003) concluded that de novo fatty 
acid synthesis and desaturation were most profoundly affected by CLA infusion. This study 
showed that despite bypassing bio-hydrogenation steps, CLA can still impact milk fat yield in a 
ruminant model. 

Peterson et al. (2003) reported the role of tlO,cl2 CLA in suppressing lipogenic enzymes and 
thus de novo synthesis of fat in milk resulting overall in less milk fat yield in ruminants These 
findings are supported by the finding of by Loor and Herbein (2003), who reported a decrease in 
fatty acid synthase and desaturation after exogenous administration of the tlO,cl2 CLA isomer. 
They fed 4 Holstein cows diets with either high-oleic sunflower oil or high-linoleic safflower oil 

Lipid Nutntion I Cognis GmbH 
July 19,2007 

c-38 

6300234 



and infused with either c9,tl l  or tlO,cl2 CLA isomers. Although milk yield was unaffected by 
these treatments, milk fat in the tIO,cl2-infused samples decreased by 25% compared to the 
c9,tl I-infused samples. Baumgard et a/. (2000, 2002) have further elucidated that the t10,c12 
CLA isomer is responsible for MFD in ruminants. In a collection of works in abomasally infused 
dairy cows, they found that infusing the tlO.cl2 CLA isomer results in a decrease in mRNA 
expression of numerous enzymes involved in de novo fatty acid synthesis. 

While the effects of diet and CIA addition have consistent effects on milk fat depression in 
ruminants, the ruminant animal is difficult to compare to humans from a comparative 
physiological standpoint. However, they may be useful to help understand the underlying 
mechanisms of such effects, due to their long lactation period and large organ size. Such 
attributes allow for greater ease and accuracy of conducting biopsies and, therefore, of 
measuring biochemical effects. Ruminants have four stomachs and the bulk of fermentation 
occurs in these spaces. Conversely, monogastric animals such as pigs and some rodents 
provide a more similar gastric physiology to humans on which to model diet-induced changes in 
MFD after CLA administration. However, as the following Section will show, the rodent model 
also has shortcomings with respect to consistent biological responses. 

Studies in Mice 

Loor et a/. (2003) examined litter growth and lipogenic enzyme activity in CD-1 mouse dams. 
They administered diets containing individual isomers (c9,tlI or tlO.cl2) with or without 
trans1 1:18;1 vs. a rapeseed oil control diet and found that the tlO,c12 CLA isomer reduced food 
intake and carcass fat compared to other treatments. Further, they noted the t10,c12 CLA 
isomer reduced milk fat as well as the levels of delta-9 desaturase and elongase activity. They 
concluded that the tlO,cl2 CLA isomer was likely responsible for a reduction in de novo fatty 
acid synthesis. This mouse model agrees with experimental outcomes in ruminants in that 
lipogenic enzyme activity is reduced afler addition of the 11O,cl2 CLA isomer to the diet. The 
c9,t l I  isomer, however, did not cause any change in milk fat. In a continuation of this study, the 
investigators also measured mRNA of enzymes involved in fatty acid synthesis. They noted 
that levels of acetyl CoA-carboxylase were reduced by both CLA isomers. Further, steroyl CoA 
desaturase 1 levels were reduced in mice receiving the tlO,cl2 CLA isomer. They concluded 
that the tlO.cl2 CLA isomer is a more potent inhibitor of mammary lipogenesis and enzymes of 
desaturation than is the c9,tlI CLA isomer (Lin et a/., 2004). 

Rat 

The effect of CLA consumption on milk fat has been investigated in Fischer rats (Chin et a/., 
1994). Although the milk fat content was found to decrease after CLA administration, 
supplementation with CLA did not affect litter size nor induce abnormalities in rats (Chin et a/., 
1994). Actually, feeding CLA to the rat dams during gestation and lactation improved the 
postnatal body weight gain of pups. Pups that continued to receive the CLA-supplemented diet 
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afler weaning had significantly greater body weight gain and improved feed efficiency relative to 
control animals. 

Ringseis et a/. (2004) fed 2 groups of female Sprague-Dawley rats either 14.7 glkg diet of CLA 
(735 mgkg body weigh/day) or sunflower oil control during growth, pregnancy, and lactation. 
The major findings in the CLA-fed group were significant decreases in fatty acid synthase 
activity, and lower plasma triglyceride concentrations. They also reported a decrease in the 
number of pups per litter, pup weights, and total litter weights in the CLA treated group. It 
should also be pointed out that the pups were not randomized and thus these findings cannot 
be attributed solely to CLA-effects but may contain artefacts of experimental design bias. 
However, the CLA preparation administered provided 54% CLA as lipid contribution to the diet, 
a total not representative of the amounts fed in other rodent trials (0.5 to 5%). nor would it be 
relevant to the percent CLA as contributed to total dietary fat in human studies. Importantly, this 
CLA preparation is not representative of the product under review in this dossier as it contained 
22 isomers, and levels of the relevant isomers were very low (18.5% of tlO,c12 CLA; 15.6% of 
c9,tll CLA). 

The effect of CLA on rodents with respect to MFD seem to be dependent upon amount fed and 
isomeric composition. 

Studies in Pigs 

Bee (2000) reported that polyunsaturated fatty acids such as CLA administered to pigs during 
lactation increased piglet growth rates A CLA blend consisting of 6 major isomers was 
administered to 12 multiparous sows during gestation and lactation. All major CLA isomers 
were found in tissues and milk fat, compared to a linoleic acid control, similar to the findings of 
Bee (2000). They also estimated transfer efficiency of CLA into tissue and mature milk and 
found that the transfer efficiency of CLA isomers into tissue ranged from 41 to 52%, while the 
transfer efficiency into milk was between 55 to 69%. Furthermore, Bee (2000) reported that the 
c9,tIl CLA isomer had the highest rate of incorporation. Overall, they reported no adverse 
effects of CLA in pigs. This is contrary to the bovine literature and further points to the species- 
specific effects of CLA-based research results. 

Poulos et a/. (2004) examined the long-term effects of CLA administered at 0.83% (representing 
a concentration of 0.5% CLA at a 60% isomer purity) on neonatal growth and development 
compared to soy oil controls. Sows were treated from day 40 or 75 of gestation and through 
weaning on day 28. The authors noted that CLA did not change sow feed intake, body weight, 
back fat, or litter size and weight at birth Although CLA was shown to decrease milk fat by 
17%. and decrease growth up to day 14 in piglets on the CLA treatments (presumably due to a 
decrease in fat in sow's milk), overall growth rates at weaning were not different from control, 
suggesting that compensatory mechanisms are in place. 
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c. 3.3 Summary 

Given the numerous perturbations that are possible in the diet, coupled with evidence in the 
ruminant that any plant or fish oil may provide unsaturated fatty acids that contribute to MFD 
when coupled with low roughage feed, it is not surprising that many other dietary fat sources 
induce MFD in rodent models and that the effect seen for CLA is by no means unique 

These species differences demonstrate that inhibition of de novo fatty acid synthesis by CLA is 
of much greater significance in rodents and cows than in humans, since de novo fatty acid 
synthesis in humans is of much lower significance to milk fatty acid secretion (Bee, 2000). 

Section 7.5.5 discusses the effect of CLA on human maternal milk fat deposition. Animal 
studies on milk fat deposition are summarized in Table C.3.3-1 below. 
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Table C.3.3-I Summary of CLA Animal Feeding Studies on Milk Fat Deposition 

Strain 

Mouse (female) 

Mouse (CD-1 dams 
& iitters) 

Rat (Fischer dams 
and pups 

C 
8 
0 
N w 
Q1 

Duration 

12 days 

12 days 

20 days 

Male pups. 
weanedafter 
12 days, then 
fed treatment 
for 8 weeks 

Female pups 
weaned after 
12 days, then 
fed treatment 
for 10 weeks 

CLA isomer 

39, tl1-CLA 

!IO. cl2-CLA 

c9. tl1-CLA 

HO. cl2-CLA 

NR 

NR 

Dose (mglkg bwld)’ 

1.500 

1,500 

1,500 

1,500 

For dams: 250 
For pups. 500 

Pups: 250,500 

Effec? 

No significant change in total fatly acid 
concentration in mammary tissue; 
however, significantly t concentrabon 
of treatment isomer in mammary tissue. 
Significant 1 in mammary mRNA 
abundance of SCD, ACC. and FAS. 
and activity of ACC No significant 
changes in hepatic mRNA abundance 
and enwme activitv of ACC or FAS 

No s gnificant changes in fat height n 
dams and Ltters, mi,k fat concentration 
n oams, or body fat content in i ners. 

Signifcantiy . m ik fat concentrat on of 
me darns. S gnificantiy . boay weignt. 
carcass fat, protein. an0 ash weight n 
pups. S,gnificantiy . eveis of SCD ana 
e.ongase activity in dams and pups. 
ho  sign.6cant cnanges in total FA of 
carcass and I ver t i s s ~ e  of pups. 

ho sign ficant cnanges on Mer sizes 
ana fetal oody ueignts, and no signs of 
fetal aonormalsies. Significantly 7 
postnatal body weight ga.n .n pups 
receiving C-A axing gestation ano 
lactation 

Signifcant y ? total booy weignt gain in 
PJPS tnat cont w e d  CLA treated aiet at 
ootn doses. 

ieference 

.in et a/.. 2004 

-oor et a/., 2003 

2hin et a/., 1994 
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Bovine (Holstein 
COWS) 

concentration and individual CLA 
isomer concentration in the milk of all 

48 h c9. tl1-CLA 0.625 g/hr (abomasal No significant changes in milk fat Loor and Herbein, 
infusion) percentage and yield. 1998 
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Table C.3.3-1 Summary of CLA Animal Feeding Studies on Milk Fat Deposition 

Strain 

Pig (Swiss Large 
White) 

Pig (SOWS) 

Duration 

35 days 

40 or 75 days 
of gestation + 
26 days 
lactation 

CLA Isomer I Dose lmalka bw/dl’ 

50.50 c9, tl1- and (10. 
cl2-CLA 

360 

50.50~9, 111-andtl0. 
cl2-CLA 

I 

Effect’ 

Significantly t piglet growth rates in 
animals nursed by mothers fed CLA 
compared with LA group. Significantly 

total saturated FA and significantly 1 
monosaturated FA in back fat tissue, 
omental fat and longissimus dorsi 
muscle in progeny of sows compared 
with LA group. No changes in mRNA 
abundance of FAS In adipose tissue of 
arowina Dias. 

No significant changes in litter size and 
weight at birth; however, body weight of 
offspring significantly 1 from day 7 to 
day 14. The decrease was not 
maintained post-weaning. No 
significant changes in relative organ 
weights of the offspring. Significantly 1 
total milk fat of sows. 

ieference 

3ee, 2000 

Poulos et a / ,  2004 

: acyiglycerol phosphate acyltransferase. CLA = conjugated linoleic acid: FA =fatty acids; FABP =fatty acid binding 
= glycerol phosphate acyltransferase: LA = linoleic acid; LPL = lipoprotein lipase, NR = not reported: SCD = stearoyi CoA 

desaturase: TG = biglycedde 

2Treatment groups compared to respective control group, unless otherwise noted. 
CLA administered in the diet, unless otherwise noted. 1 
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C.4 Peroxisomal Proliferation (PP) 

Conjugated linoleic acid has been demonstrated to induce hepatic peroxisomal proliferation in 
experimental animals (Belury et a/., 1997; de Deckere et a/., 1999; Jones et a/., 1999; Moya- 
Camarena et a/.. 1999). Peroxisomal proliferation may have toxicological significance because 
peroxisomal proliferators are considered non-genotoxic hepatocarcinogens in rodents (Roberts, 
1999). Peroxisomal proliferation may not be relevant to the discussion of the potential effects of 
CLA (e.g., cardiovascular parameters, insulin sensitivity and glucose, milk fat deposition, and 
markers of oxidative stress), and is not discussed further in the discussion of clinical data 
(Section 7.5), it has been included in the sections below. 

C.4. I In Vitro Studies 

Xenobiotic-induced peroxisome proliferation is mediated by activation of PPAR-a (Lee et a/. , 
1995; Peters et a/., 1997). CLA has been shown to activate PPAR-a in in vitro trans-activation 
assays (Moya-Camarena et a/., 1999; Clement et a/., 2002). Moya-Camarena et a/. (1999) 
reported that the c9,tlI- isomer was the most effective isomer at inducing PPAR-a in vitro. 
Clement et a/. (2002) reported that both tlO,cl2- and c9,tll- isomers activated PPAR-a in vitro. 

C.4.2 Animal Studies 

Mouse 

Belury et a/. (1997) investigated the effect of CLA on several hepatic indicators of peroxisomal 
proliferation (i.e., mRNA expression of acyl-CoA oxidase (ACO), cytochrome P4504A1 
(CYP4A1), and liver fatty acid binding protein (FABP), as well as ornithine decarboxylase (ODC) 
activity) in female SENCAR mice. Dietary CLA induced accumulation of peroxisome-associated 
enzymes. Hepatic mRNA expression of ACO, CYP4AI and FABP were dose dependently 
increased with the maximum occurring in mice fed 1.0% CLA. Although ACO, CYP4AI and 
FABP mRNA levels were increased in the 1.5% CLA group compared to control, expression of 
these proteins was lower relative to the 1 .O% CLA group. ODC activity was increased, relative 
to control, in mice fed 1 .O% CLA (-700%) and 1.5% CLA (-800%) groups. However, this study 
has several limitations because only indirect measures of peroxisome proliferation were 
quantified, rather than evaluating peroxisome number by microscopy. Liver weights were not 
reported and histopathological analysis was not performed. It is unknown whether CLA 
increased hepatic lipid accumulation. 

Rat 

Jones et a/. (1999) suggested that CLA does not induce peroxisome proliferation in the rat since 
no effect on PCoA oxidase activity, CAT activity or total cytochrome P450 content was reported. 
However the use of a CLA mixture with a low isomer content and lack of supporting data leaves 
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the possibility that the lack of an effect in this study could have been dose related (i.e., the dose 
was insufficient to elicit a response). 

Moya-Camarena et a/. (1999) investigated the effect of CLA' on peroxisome proliferation in male 
and female Sprague-Dawley rats and found that in male rats fed CLA, increases in hepatic ACO 
and FABP mRNA are not a reliable indicator of peroxisome proliferation in vivo. However, 
hepatic FABP mRNA was unaffected in female rats fed 1,500 mg/kg CLA, and hepatic CYP4A1 
was unaffected by CLA treatment in both male and female rats. Furthermore, histological 
examination of livers from male rats fed the highest dose of CLA (1,500 mglkg), revealed no 
effect on the number of peroxisomes. 

Hamster 

Results from a study by de Deckere et a/. (1999) indicate that CLA does not affect peroxisome 
proliferation indices in hamsters. The dose of CIA used in this study was high (6 g/kg/day), 
thus, the lack of response would not seem to be due to inappropriate dose selection. 

Pig 

Meadus (2003) reported that PPAR-a was not activated in vivo in CLA treated pigs. 

c.4.3 Summary 

Following critical evaluation of the available literature on species differences of peroxisomal 
proliferation, Roberts (1999) concluded that "...humans differ from rodents in their response to 
PPs and the weight of evidence supports the supposition that PPs do not pose a carcinogenic 
risk to humans." 

C.5 Summary and Conclusions 

Additional in vitro and animal studies have identified areas of further discussion in relation to the 
effects of CLA on cardiovascular disease; insulin sensitivity; maternal milk fat deposition and 
biomarkers of oxidation. 

In terms of cardiovascular risk biomarkers it has been shown that CLA provides no increased 
risk. Numerous studies have shown inter-species variation in cardiovascular risk markers, 
demonstrating that caution must be exercised when attempting to extrapolate to humans The 
mouse, in particular, is very sensitive to the effects of CLA and is apparently not able to cope 
with the changes in fat metabolism induced by large relative doses. There is no evidence that 
hepatic lipid accumulation due to supplementation with CIA observed in experimental mice is of 

Isomers in administered CLA were f9,cll- and c9,fl l- (43%). ~10,112- (45%), 19,t11-, t10,t12-, c9,c11-, clO,c12- 1 

(6%), linoleic acid (2%) and unidentified constituents (4%) 
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toxicological significance. Furthermore, the majority of data also demonstrate positive effects of 
CLA on inflammatory markers. 

With regard to insulin resistance, in concurrence with the effects on adipose tissue, the mouse 
model was demonstrated to be the most sensitive species. Adipose tissue is almost completely 
ablated in the mouse following CLA intervention due to apoptosis resulting from decreased 
glucose uptake in the adipose tissue. Decreased glucose uptake is a result of inhibition of 
GLUT4 by predominantly the tlO,cl2 CLA isomer at the nuclear regulatory level. Blood glucose 
is then shunted to the liver and induces hepatic lipogenesis in order to deal with the higher 
amount of glucose that is further transformed into serum triglycerides. These effects have been 
demonstrated to be transient (Wargent et a/., 2005). 

Observations of reduced milk fat deposition in animal models, predominantly ruminants, are of 
minimal significance in relation to humans who rely to a lesser degree on de-novo fatty acid 
synthesis for milk fat secretion. 
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Cantox Health Sciences International 
2233 Argentia Road, Suite 308 
Mississauga. Ontario, Canada 
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ATTACHMENT 3 

Range in USA 

6 8-820 mg/dL 
(adult median=58mg/dL) 

30.34~ M 138-254 ma/dL 

CONVENTIONAL CLINICAL REFERENCE RANGES 

Alternate Unit Range 

68-8200 pg/L 
(adult median=580 pg/L) 

30-34v M 3 57-6 58 mmol/L 

As discussed in the dossier entitled ”GRAS Notification for Conjugated Linoleic Acid (CLA)-Rich 
Oil for Use in Certain Foods”, a number of parameters evaluated in clinical studies on CLA were 
compared to clinically normal ranges as published by Tietz (1995). These values, excerpted 
from Tietz (1 9954, are presented in Table 1. 

W O O  mg/dL Recommended 
200-239 mg/dL Moderate Risk 
>240 mg/dL High Risk 

30.34~ M 28-63 mg/dL 
F 36-77 

35-39y M 29-62 
F 34-82 

40-44y M 27-67 
F 34-88 

45-49y M 30-64 
F 34-87 

30-34y M.78-185 mg/dL 
F 70-156 

35-39y M 81-189 
F 75-1 72 

TABLE 1 Conventional Clinical Reference Ranges with International 
Recommended Units for Safety Parameters Measured in Clinical 
Trials (Tietz, 1995) 

30-34y M 0 72-1 63 mmol/L 
F 0 93-1 99 

35-39y M 0 75-1 60 
F 0 88-2 12 

40-44y M 0 70-1 73 
F 0 88-2 28 

45-49y M 0 78-1 66 
F 0 88-2 25 

30-34y M 2 01-4 74 mmol/L 
F 1 79-4 00 

35-39y M 2 08-4 85 
F 1 92-4 41 

Endpoint 

C Reactive Protein 

Cholesterol, total 

High-density 
Lipoprotein 
Cholesterol 
(HDL-C) 

Low-density 
Lipoprotein 
Cholesterol 
(LDL-C) 

~ 

F 130-230 
35-39v M 146-270 

F 140-242 
40-44y M 151-268 

F 147-252 
45-49y M 158-276 

F 152-265 

F 3 37-5 96 I 35-39; M 3 78-6 99 
I ~~ ~ ’ F363-627 

40-44y M 3 91-6 94 
F 3 81-6 53 

45-49y M 4.09-7 15 
F 3 94-6 86 

40-44y M 87-186 
F 74-174 

45-49y M 97-202 
F 79-186 

40-44y M 2 23-4 77 
F 1 90-4 46 

45.49~ M 2 49-5 18 
F 1 95-4 77 

CEO14271 

1 



TABLE 1 Conventional Clinical Reference Ranges with International 
Recommended Units for Safety Parameters Measured in Clinical 
Trials (Tietz, 1995) 

Endooint 

Serum Triglycerides 

Fasting Serum Insulin 

Alkaline Phosphatase 

Aspartate Aminotransferase 

Alanine Aminotransferase 

Hemoglobin, total 

Leukocyte Count (WBC 
count) 

Erythrocyte Count 

Ranoe in USA 

30-34y M 50-266 mg/dL 
F 39-150 

35-39y M 54-321 
F 40-176 

40-44y M 55-320 
F 45-191 

45-49y M 58-327 
F 46-214 

'Range reflects 5-95Ih percentile 

4 7  pU/mL 

Method deoendent results 
K ng-Armstrong Method 

Adult 4 5-13 units/dL 

Bowers McComb method. 
Male 25-100 U/L 
Female 25-100 U/L 

'conversion factor of x7 1 

Method deoendenf results 
Optimized Henry Method 
Adults 8-20 U/L 

SMAC 37% 
M 25 6 +/-I9 5 (SD) 
F 20 4 +/- 7 8 fSDI 

Method deoendent results 
IFCC P-SP, 37OC 

12mo-60yM.10-40 U/L 
12mo-60yF 7-35 U/L 

M 25 9 +/-30 5 (SD) 
F 176+/-124(SD) 

18-44y M 13 2-17 3 g/dL 
F 11 7-155 

45-64y M 13 1-17 2 
F 1 1  7-160 

65-74y M 12 6-17 4 
F 11 7-16 1 

SMAC 37% 

Adults. 4 5-1 1 0 x103 cells/pl 

Number x 106cells/pl 
18-44v M 4 3-5 7 

F 3 8-5 1 
45-64y M.4 2-5.6 

F 3 8-5 3 
65-74y M 3 8-5 8 

F 3 8-5 2 

Alternate Unit Range 

30-34y M 0 56-3 01 mmol/L 
F 0 44-1 70 

35-39y M 0 61-3 62 
F 0 45-1 99 

40-44v M 0 62-3 61 
F 0 51-2 16 

45-49v M 0 65-3 70 
F 0 52-2 42 

'Range reflects 5-95Ih percentile 

c l 1 8  pmol/L 

King-Armstrong Method 
Adult 32-92 U/L 

Bowers McComb method: 
Male 0 43-1 70 
Female 0 42-1 70 

Optimized Henry Method 
Adults 0 14-0 34 pKaVL 

IFCC 37OC 
24 mo-6Oy M 0 26-0 68 

F 0 22-0 60 
SMAC 37% 

M 0 44+/-0 33 (SD) 
F 0 35+/-0 13 (SDI 

IFCC P-5'P, 37OC 
12mo-60yM 0 170 68 pKaVL 
12mo-60yF 0 12-0 60 pKaVL 

SMAC 37OC 
M 0 44+/-0 52 (SD) 
F 0 30+/-0 21 (SD) 

18-44~ M 132-173 g/L 
F 117-155 

45-64y M 131-172 
F 117-160 

65-74y M 126-174 
F 117-161 

Adults 4 5-1 1 0 x109 cellsit 

Number x 10'2cells/L 
18.44~ M 4 3-5 7 

F 3 8-5 1 
45-64y M 4 2-5 6 

F 3 8-5 3 
65-74y M 3 8-5 8 

F 3 8-5 2 

0002'72 
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TABLE 1 Conventional Clinical Reference Ranges with International 
Recommended Units for Safety Parameters Measured in Clinical 
Trials (Tietz, 1995) 

Seomented 
Adults 1 5-6 7 x103 cells/pL 

11 Endpoint 

Seomented 
Adults 1 5-6 7 xlOgcells/L 

Basophils 

Adults 135-449 ng/mL 

Adults 136-185 mEq/L 

Adults 98-107 mEq/L 

Adults 3 5-5 1 mEq/L 

II Platelet Count 

Adults 135449 pg/L 

Adults 132-146 mmol/L 

Adults 98-107 mmol/L 

Adults 3 5-5 1 mmol/L 

Sodium, 
serum or plasma 

Chloride, 
eerum 

Potassium. 

Bilirubin Adults<GOy 0 3-1 2 mg/dL 

Creatinine. I1 serum 

Adults<GOy 5-21 pmol/L 

Creatinine, /I urine 

American Monitor Parallel 

F 4-25 
16-6Oy M 7-47 U/L 

RIA 
2 03-5 52 pg/mL 

Adult fluxes dunng day 
0800h 5-23 pgidL 
1600h 3-16 
2000h (<50% 0800h) 

y-glutamyl transferase (yGT) r American Monitor Parallel 
16-6Oy M 0 12-0 80 pKaVL 

F 0 07-0 43 
RIA 

Adult fluxes dunng day 
0800h. 138-635 nmol/L 
1600h 83-441 
2000h ( ~ 5 0 %  0800h) 

2 03-5 52 mg/L 

COrtlSOl 

Range in USA 

Adults 0 22-0 95 x103 cells/pL 

I Alternate Unit Range 

I Adults 0 22-0 95 xlOqcells/L 

% Packed Ercs Volume Volume Fraction 
18-44y M 39-49 

F 35-45 
45-64y M 39-50 

F 35-47 
65-74y M 37-51 

F 35-47 

Caucasians(5-95percentile) 
M 2 2-49 4 mgIdL 
F 2 1-57 3 

Afro-amencans 
M 4 8-71 8 
F 4 4-75 0 

18-44y M.0 39-0 49 
F 0 35-0 45 

45-64y M 0 39-0 50 
F 0 35-0 47 

65-74y M 0 37-0 51 
F 0 35-0 47 

M 0 022-0494 g/L 
F 0 021-0 573 

Afro-americans 
M 0 046-0 718 
F 0 044-0 750 

Adult M 0 62-1 10 mg/dL Adult M 55-96 pmol/L 
F 0 45-0 75 1 F 404% 

Adult M 14-26 mgidL 
F 11-20 

Adult M 124-230 pmol/L 
F 97-177 

02'73 
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TABLE 1 Conventional Clinical Reference Ranges with International 
Recommended Units for Safety Parameters Measured in Clinical 
Trials (Tietz, 1995) 

Lipase, serum 
(Triacylglycerol hydrolase) 

Bilirubin, total 

Apolipoprotein A-I 
(ApoA-I) 

Endpoint I Range in USA 

Turbidim Method' 

>60y 0-320 
Adults 13-141 U/L 

Optimized Turbidim (BMD) 
Adults 20-6Oy 31.186 U/L 

>Soy 26-267 

5d-60y 0 3-1 2 mg/dL 
60-9Oy 0 2-1 1 

>90 0 2-0 9 

20-29y M 81-153 mg/dL 
F 80-184 

30-39y M 79-155 
F 83-187 

Apolipoprotein B 
@POW 

1 40-49y M 100-140 
F 93-181 

50-59y M 81-169 
F 76-204 

60-65y M 86-166 
F 122-214 

Adults 
M 46-174 mg/dL +/-2SD 
F 46.142 

Alternate Unit Range 

Turbidim Method 
Adults 0 22-2 40 I KaffL 

>60y 0-5 13 

Optimized Turbidim (BMD) 
Adults 20-6Oy.O 53-3 16 pKat /L 

5d-60y 5-21 I mol/L 
60-9Oy 3-19 

>90 3-15 

>goy 0 44-4 54 

20-29y M 0 81-1 53 g/L 
F 0 80-1 84 

30-39y M 0 79-1 55 
F 0 83-1 87 

40-49y M 1 00.1 40 
F 093.1 81 

50-59y M 081-1 69 
F 0.76-204 

60-65y M 0 86-1 66 
F 122-2 14 

Adults 
M 0 46-1 74 g/L +/-2SD 
F 0 46-1 42 

680274 
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