A METHOD AND COVPCSI TI ON FOR NUTRI TI ONALLY | MPROVI NG GLUCOSE CONTROL
AND | NSULI N ACTI ON BACKGROUND OF THE I NVENTION 1. Technical Field The
present invention relates generally to nutrition and nore. particularly
to a nmethod and nutritional conposition for inproving glucose and
insulin balance in an individual. In one enbodinent, the invention
provides a nutritional conposition having a carbohydrate:fat:protein
ratio of about 1:1:1, useful in the treatnent of a disease or condition
associ at ed W METHRDANS COUPRSEI QN FOR MASHTADNALEY AP ROVING abol i ¢
syndronme. 2. Related Art (Obesity and Type 2 diabetes nellitus incidence
in the US has increaGtCOSEGONTHO AND INSURIRSACT|@Ncades, and
especially the past decade. I|Incidence of Type 2 diabetes, and
co-norbidities, such as cardi ovascul ar di sease, has increased in direct
rel.ation to obesity. The epidem c of these chronic diseases has led to

an enphasis on dietarygmmeaRRNDOF FTReEsSINVERTONNSUl i n resi stance.

Intentional weight |oss markedly reduces the risk of Type 2 diabetes
nel i us aqg H@Eg,ilf]g@scul ar risks. Alternative diets such as "Atkins"
or "Ohish’ ﬁave becone i ncreasingly popul ar over the | ast couple of
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individual. In one embodiment, the invention provides a nutritional composition having a
. carbohydrate:fat:protein. ratio of about 1:1:1, useful in fhe treatment of a dis_ease or
condition associated with diabetes, such as cardiovascular disease or metabolic

syndrome.

2. Related Art
Obesity and Type 2 diabefes metlitus incidence in the US has increased
dramatically in the past 3 decades, and especially the past decade. Incidence of Type 2
" diabetes, and co-morbidities, such as cardiovascular disease, has increased in direct
relation to obesity. The epidemic of these chronic diseases has led to an emphasis on
dieté_ry management of obesity and insulin resistance. Intentional weight loss markedly
reduces the risk of Type 2 diabetes meliitus and cardiovascular risks. Aliernative diets
such as “Atkins” or “Ornish” have become increasingly popular over the last couple of
decades. These diels focus on extremes of fat or carbohydrate (high fat or high

carbohydrate diets).



fat in the diet that is optimal for weight managenent and insulin
sensitivity. Few recent studies suggest that high fat/high protein
ket ogeni c diets favor significant weight loss. But, it is not clear
whet her high protein or high fat or |ow carbohydrate, or a conbi nation
of these factors, in these diets are responsible for .the observed

- metabolic effects. Thus, the effect of macronutrient conposition of

di et on i 03 |st ce i.s still- "
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lib diets in femal es have been shown to inpaired insulin sensitivity
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triglycerides and liver esterified cholesterol. (EC). Human studies have
r epStudies sugaeshdhajhigh wdbighi nrntalrmkﬁto@enwaﬁsdaéoroﬁlgmrﬁcarﬁovﬁiﬁlntéass o | ow
fat diets. The | ow carbohydrate diets included foods high in fat and
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the ratio of dietary fat to protein nmay be a critical factor in

r egief tdsegacions, oy tHutleadicr, are despamibia sor the dbseriedhegwolic effeeb. Thus,
-.car bohydr at e diets result in the | owest wei ght gain when caloric i nt ake
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and oxidation has been found to be nore efficiently up-regul ated
acc%hghgg to dietary carbohydrate intake. However, high carbohydrate
di e ave been reported to increase hepatic Iipogenesis and reduce
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Nut ra'c(t: gEféacrUrPentt iPe'?an?l% ﬁéfuc.(eWE%y ajﬁ%s di 69' tyqn males and females.
High-fat diets and high-carbohydrate ad lib diets in females have been shown to
impaired insulin sensitivity. Also, high carbohydrate diets ma'rkedly elevate liver
weights, liver trigltycerides and liver esterified cholesterol (EC). |

| Human studies have reporied rhore weight loss with low carbohydrate diets

compared to tow fat diets. The low carbohydrate diets included fbods high in fat and
protein resulting in high fat/high protein content. This suggests that the ratio of dietary
fét to protein may be a critical factor in regulating energy. balance, -adipos‘e mass and
weight gain. High .carbohydrate diets result in the lowest weight gain wh-en caloric intake
was restricted fo that of high fai/high protein diet. qucose metabolism and oxidation
has been found to be more efficiently up-regulated according to dietary cérbohydrate
intake. However, high carbohydra{e diets have been reported to increase hepatic
lipogenesis and reduce fatly acid oxidation and lipolysis, leading to weight gain, likely

due to excess caloric intake as carbohydrate.



Car bohydrate Intake On Obesity (Yang et al. 2003, AJCN 77:1426) in FIGS.
1-2 shows that high-carbohydrate intake leads to lower insulin
secretion. This-is acconplished wthout significant change in the

| evel s of HbAl c, fasting serumglucose, and insulin. This has been
interpreted in the literature as insulin is nore efficient as

car bohydrat g |ncrea S. rther,_Yang shows that high-fat + :
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greater_insulin secretion wth main shifts occurri n oxi mately -
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Dansinger, M et al (JAMA 2005; 293:45-53) conpared Atkl ns Diet (low
car bo hﬁm‘td{lﬁgi‘y-r;amohﬁdlﬂtesmteﬂ@eads tolomer insutih seatadione This isracopoplishieg fat s
and- carbohydrates), Wight Watchers (low calories, low fat diet) and
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weeks, Om sh, Zone and Weight Watchers all had greater weight | oss than
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4. FIGS. -5-6 illustrate the effect of these diets on weight gain in

Diet | pyepdsesity (DO mice.and insulin tolerance on nale
ApoE-m ce. SUMVARY OF THE | NVENTI ON The present invention relates to a
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Dansinger, M. et al (JAMA 2005; 293:45-53) compared Atkins Diet (low'
carbohydrafe), Zone Diet (30:30:40 ratio of calories from proteins, fais and
carbohydrates), Weight Watchers (low calories, low fat diet) an_d Orni.éh (high
carbc.:h'ydratAe, low faf). The results showed that at 12 weeks, Omish, Zone and Weight
Watchers all had greater weight loss than Atkins (FI1G. 3).
A sample Atkins and Omish ratio is illustrated in FIG. 4. FIGS. 5-6 illustrate the
effect of these diets on weight gain in Diet Induced Obesity (DIO) mice and insulin

tolerance on maie ApoE-mice.

SUMMARY OF THE INVENTION
The present invention relates to a composition or ditary regimen for increasing
insulin sensitivity, lowering insulin resistance, increasing postprandial fat clearance,
delaying the appearance of glucose in the blood, and/or lowering plasma insulin levels

- postprandially, comprising: proteins; fats; and carbohydrates. The present invention



del aying the on-set of Type 2 diabetes and its co-norbidities, useful in
Its continuum from euglycem c and normal insulin production and :
function to insulin dependency and pancreatic exhaustion. The invention
may further be enployed in the treatnment and/or prevention of obesity.
During the experinmentations described in detail below, it was
surprisingly found that when the proteins and the fats are in a 1:1

ratiq, ris) . %: ori-es of
the JUBIRERETR 3 ROPRBRRH o SRR ten it for TRAt G R g e s
appregiably.di mni.s .__The. osif.ion or dietar egi nen. _can he
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dietary reginen, th roteins and fats each are about:. 20% to about 45%
of °t RioM BuabORRIccATEabHRE el RguAon ANy BosyaT: BN depansloncandor a
cal ories of the conposition; 25%to about 40% of the total calories of
the denpwaticieshaustom, the weotionssay durtherde enploved) ip theyeaimenignd/or
conposition; or 30%to about 35% of the total calories of the
conpguetandion of ebesily.conposi tion ‘or dietary regi nen, the proteins and
fats are preferably about: 15%of the total calories of the

conposi t i @ringa@bs ekpetireetiatiohs desaibeskinaletaihbslonniiosist SwprisinglyYooadd t he
total calories of the conposition; 30%of the total calories of the

conpekattiesti the3idteiris &g thelatd arsiher 1:49atib, ddvh comprising about 1B%tef - t he
total calories of the conposition;,_  or 45%of the'total calories of
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greater than about 2% of the total calories of the composition of
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administered to a mammal, and preferably a human.

In the composition or dietary regimen, the proteins and fats each are about: 20%
to about 45% of the total calories of the composition; 20% to about 40% of the total
calories of the co_mposition; 25% to about 40% of the total calories of fhe composition;
25% to about 35% of the total calories of the composition; or 30% to about 35% of the
total caiories of the composition.

In the composition or dietary regimen, the proteins and fats are preferably about:
15% of the total calories of the composition; 20% of the total calories of the composition;
25% of the total calories of the composition; 30% of the total calories of the composition;
35% of the total calories of the composition; 40% of the total calories of the composition;
or 45% of the total calories of the composition, |

The composition or dietary regimen, is comprised of gréater than about 2% of the

total calories of the composition of linoleic acid (18:2). Preferably, the composition or



calories; 3%to about 9% of the total calories; 4%to about 8% of the
total calories; 4%to about 7% of the total calories; or 5%to about 6%
of the total calories. Preferably, the conposition or dietary reginmen
has a linoleic acid (18:2) level of about: 2%of the total calories; 3%
of the total calories; 4%of the total calories; 5%of the total
calories; 6% of the total calories: 7%of the total calories; 8% of the
total diglansregigendwsd lngleicasich(18:2) levelf abgpt: 2o abeud A% phthedatal i es.
In. a particularly preferred enbodi nent, the conposition or dietary
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equal to the proportion of each of fats and proteins. That is, fats,
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ratio. A conposition or dietary regi nen according to the .invention may
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control and/or conorbidities associated with diabetes, such as
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in a 1:1:1 ratio. |
A composition or dietary regimen according to the invention may include one or
more nutritional products capable of improving glycemic control and/or comorbidities
associated with diabetes, such as cardiovascular disease, dyslipidemia, retinopathies,
changes in collagen tissue, inflammation, and insulin resistance. Suitable products
include, for example, Touchi Extract; partially hydrolyzed guar gum, inulin,
fructooligosaccharides, galactooligosaccharides, isomaltulose, Sucromalt, Trehalose,
lipoic acid, 4-hydroxyisoleucine, catechins, cinnamon, banaba exiract, Madegiucyl,
argininge, branched chain amino acids (BCAAs) (i.e., leucine, isoleucine, and valine),
glutamine, glutamate, fish oil, chlorogenic acid, mangosteen, palm oil mili waste,
chromium, vanadium, witch hazel, alispice, bay leaves, nutmeg, cloves, mushrooms,

soluble viscous fiber (including, but not limited to beta—glucan) and saccharomyces

cerevisiae.



The illustrative aspects of the present invention are designed to solve
the problens herein described and other problens not discussed; which
are discoverable by a skilled artisan. DETAILED DESCRI PTI ON As used

t hroughout, ranges are used as a shorthand for describing each and
every value that is within the range. Any value within the range can be
selected as the termnus of the range. Wen used, the phrase "at | east

combi nat | ofep gt BEeRE ST N RentioRlioh R Mo\l dvElY 0T o

conj uncti on an be used
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shor hand.@g A alone, B alone, C alone, A and B, B and C, A and C, or
A an®Vet 8K %@"fﬁﬁﬂ- val ues contai ned throughout this application,
including the clains are deenmed to be approxi mate, whether or not the
term"about" is used, unless specifically stated as exact. A dietary
regi men Includes, but is not limte conbi nati on of food and/or -

dto, a
drink items that fall into REBFAKED PESGRIPION i . €. food and/or drink

itenms that when taken together, contain a ratio of fat to.protein of

1: 1) . The Ascusad toughiout,irasyesiake, usad as a shotthandfareseobingdashsandaquati c
manmmal s, donestic aninmals such as dogs and cats, farm animals such as
sheemvep) gslue tioatds withth thboasgs., Aapdaluenmitisin thih eargjencamise selectenkase i s
used, it is contenplated that it also applies to other aninmals that are
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any one member individually or-any combination of the members. The conjunction
"and” or "or" can be used in the list of members, but the "at least one of"'_ phrase is the
controlling language. For example, at least one of A, B, and C is shorthand for A alone,
B alone, C alone, A and B, B and C, A and C, or A and B and C. |
| All values contained thrbughout this application, including the claims are_deeme'd
to bé approximate, whether or not the term “about” is used, unless specifically stated as
éxact | |

A dietary regimen includes, but ié not limited to, a combination of food and/or
drink items that fall into certain pérameters (i.e. food and/or drink items that when taken
together, contain a ratio of fat to'protein of 1:1). |

The term “mammal’ includes, but is not limited to rodents, aquatic mammals,
domestic animals such as dogs and cats, farm animals such as sheep, pigs, cows, and
horses, and h_unﬁans. Wherein the 'term mammal is used, it is 'contemplated that it also

applies to other animals that are capable of the effect exhibited or intended to be

exhibited, by the mammal.



D abetes as used herein refers to states of physiologic function that
fall along a continuumfrom euglycem c and nornmal insulin production
and function to insulin dependency and pancreatic exhausti on,

i ncluding, but not limted to: inpaired glucose tolerance, insulin

resi stance, decreased insulin sensitivity, insulin dependence, including
Type 1 and Eﬁpe 2 Diabetes Mellitus. Co-norbities of diabetes jnclude:

car di ovascul r'-'lb@‘ie§e?§sfé59d(ﬂﬁ§ﬁind PissiQ staleeei mw&%’%'%unfé‘ﬁaﬁ@@sia' glong a
col lagen tissue, inflammtion, and insulin resistance. The present
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insulin. sensitivity, lowering insulin resistance, increasing

post pr atefieadenay and pancieatic exummhnmctMQamaoblhnmeabfo dhpaivsckgiunosde
bl ood, and/or lowering plasma insulin |levels postprandially,

conpr i stolegandw, diselin sesistante, deuncasal inghiirls@rigiivity lineul aemndame;amt:lwmg
further relates to a conposition or dietary reginmen for treating,

preventTyie RAAJTY egj[gia@mg’ggwgﬂ]ﬁjson set of Type 2 diabetes and its
co-norbities, usé inits continuumfrom euglycem c and nor nal
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25% to about 40% of the total calories of the
postprandially, comprising: protelns fats; and carbohydrates. The present invention

further relaies toa composition or dietary regimen for treating, preventing and /or
delaying the on-set of Type 2 diabetes and its co-morbities, useful in its continuum from
euglycemic and normal insulin production and function to insulin dependency and
pancreatic exhauétion.

During the experimentations described in detail below, it was surpﬁsingly found
that when the proteins and the fats are in a 1:1 ratio, each comprising about 15% o
about 45% of the total calories of the composition, the insulin resistance of the subject
animal was appreciably diminished-. The composition or dietary regimen can be
administered to an animal, preferably a mammal, and most preferably a human.

In the composition or dietary regimen, the p.roteins and fats each are preferably
about: 20% to about 45% of the fotal calorieé of the composition; 20% to about 40% of

the total calories of the composition; 25% to about 40% of the total calories of the



7 conposition; 25%to about 35% of the total calories of the
conposition; or 30%to about 35%of the total calories of the
conposition. In the conposition or dietary reginen, the proteins and
fats are preferably about: 15% of the total calories of the
conposition; 20% of the total calories of the conposition; 25%of the
~total calories of the conposition; 30%of the total calories of the
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to about 9% of the {otal cal ories; 4%to about 8% of the total calories;
4% ta5eshEin totalcsioneref it sPmpapilipme20%f thpdaldl calpyias Gdbe compestional
calories. Preferably, the conposition or dietary regimen has a linoleic
aci 2% ®f ife total selastes of tleeicomposition; 3960 the totall asleriss; of 3he epmpesitiost al
calories; 4%of the total calories; 5%of the total calories; 6% of the
t ot aﬂS%aJIf thd il catoriaks dflilee t:omabsidiah;o#ﬂ%s:;f fi24obdl aatmigsapidhe coEﬂp_msit‘; 9%
of the total calories; or 10% of the total calories. Based on hunman .

st udhrets% vethentotal capaies df tind ebropogitieh.f ects of altering nacronutrient
bal ance in two nouse nodel s nanely diet induced obesity (DO C57BIJ6

and ApoE e donip@sitionl BEdIBRAT régifmeh, IS sinSifdctest drexier the aibduivd oh aek

| ower adi pose mass conpared to DI O mce. Differences between hi gh
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dletgry regimen has a linoleic acid (18:2) Ievel of about: 2% o about 10% of the total
~ calories; 3% to about 9% of the total calories; 4% to about 8% r_af the fotal calories; 4%
to about 7% of the total calories; or 5% to about 6% of the total calories.
- Preferably, the composition or dietary regimen has a linoleic acid (18:2) level of
 about: 2% of the total calories; 3% of the total calories; 4% of the total calories; 5% of
the total calories; 6% of the total calories; 7% of the total calories; 8% of the total -
Calories, 9% of the total calories; or 10% of the total calories.

Based on human studies, we investigated metabolic effects of altering
macronutrient balance in two mouse models namely diet induced obesity (DIO)
C57BL/6 and ApoE (-/-) mice. |

The ApoE {-/-) mice gained lower weight and had lower adipose méss compared
to DIO mice. Differences between high carbohydrate calorie restricted and ad lib fed

animals were not seen in ApoE (—/—)y mice. This is probably due to impaired triglycerides

tfransport/uptake in ApoE (-/-) mice.



transport/uptake in ApoE (-/-) mce. 8 Increasing the protein content of
diet, at noderate fat intake reduced the risk of obesity. A
fat-to-protein ratio of 1.0 with 40% of total calories (%n) from
carbohydrates resulted in | ow weight gain and | ow adi pose deposits.
Substituting protein for carbohydrate in a high carbohydrate diet
significantly inproved obesity and _ cardi ovascul ar risk factors.
However, pr dbeieasingtthk &ratein oouisht plsigh @t modergdaifat iniakal reducechs; iskeft y
and increase kidney weights in DIO mce. Fat substitution of
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These studi es suggest that macronutrient balance in the diet may be a
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and cardi ovascul ar di sease. The fat-to-protein ratio, in addition to
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consi derations in weight-loss diets. STUDI ES e invention is further
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The fai-to-protein ratio, in addition to the overall amount of fat and proteih, appear to be

important considerations in weight-loss diets.

STUDIES

The invention is further described in the following examples. The examples are

| merely illustrative and do not in any way limit the scope of the invention as described

and claimed. |

A total of 17 studies Have been éonducted. The first five studies measured the
effects of dietary fat type and quantity on blocd lipid profile and insulin tolerance. The
objective of the remaining 12 studies was to measure _the gffects of manipulation of
dietary macronutrient distribution on insulin sensitivity and blood lipid profile. |

Two strains of mice were used: the ApoE (-/-), which develop
hypercholesterolemia, atherosclerosis, and insulin resistance with a ¢challenge diet, and

the Diet Induced Obese C57BL/6J, which is a Wild Type mouse that becomes insulin



the Diet |Induced Obese C57BL/6J, which is a WIld Type nouse that becones
insulin 9 resistant and obese, with supporting changes in plasma and
hepatic lipids in response to diet. A key finding is the observation
~that relationships between total fat intake and the diet fat/protein
ratio (as %nergy), which by definition also affects the
fat/carbohydrate ratio, seemto be i nportant to understanding the
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may al so increase the need for lincleic acid; t he |ncreased I nsulin

r esiigt/aabehytiats @i, GRem t@b@dﬁimﬂptoamﬁr@i@ﬁgmﬂhemm@pwt n part,

secondary to the induced deficiency of linoleic acid. Insulin
sensohdsitit y was measured using a technique of measuring bl ood gl ucose
concentrations after insulin injection rather than the conventi onal

appr oach lbwaglsugmisingly fdusddthakthedstcarpeldtion ohiinoletr acid fe8:2pimcamolinggl ucose
over time after a glucose load. The insulin tolerance test is believed

t 0 hgrehite thears 2% oictoraepergyfimpiowdd mshimeéngiivityrid postpraggias fatnce under
the current dietary circunstances. The data in Study 7 were the first to

showbdyahcéhaneas 'flﬂdiﬁps HAEAE XhAt ) AQdiRGIPbEfish ol 8étrahsss IndBlit | N
sensitivity. Ral sing the protein level to 45% of energy with a constant

U bl el e A
C ha”iﬂﬁrea@e |ﬁ§lﬁi1'r@s:§%?1b§tb%?ﬁ?ey May also increase the nead for linoleic acid; 3) the
- increased insulin resistance observed with trans fatty acid coi'isumption' may be, in part,
secondary to the induced deficiency of linoleic acid. |

Insulin sensitivity was measured using a technique of measuring blood giucose
concentrations after insulin injéction rather than the conventional approach of glucose
tolerance tests which monitor appearance of glucose over time after a glucose load.
The insulin folerance test is believed to be the best indicator of insulin function/insulin

' resistahce uhder the current dietary circumstances.

The data in Study 7 were the first to show that the ratio of dietary fat to protein
modulates insulin Sensitivity. Raising the protein level 10 45% of energy with a constant
fat intake (30%) reduced insulin sensitivity. Findings from a follow-up study (#17)
indicated that a fat:protein ratio of 1:1 resuited in no change in insulin resistance, as
would be expected by raising the fat. Insulin resistance was the same when the

~ animals were fed a 1:1 ratio of energy from protein and fat regardless of whether the
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woul d be expected by raising the fat. Insulin resistance was the sane
when the animals were fed a 1:1 ratio of energy fromprotein and fat
regardl ess of whether the 10 amobunts of protein and fat were 40% or 33%
I nsulin resistance was decreased when the aninmals were fed a 1:1 ratio
of protein and fat (40% each) than when the animals received a simlar
amount of protein (45%, but lower anounts of fat (30%. These
obser va@ineulisi of giretgireanithéat wgre 0% ohdd¥ei RSyl resistanneavangesreased when
nodul ation of insulin resistance than the anpunt of dietary protein
al one. ibeiaimels wereretautty ratio phpictein esdifabi4 056 epals)chde pdentise animalsi n
resi stance, and blood glucose |evels were | ower when the animls were
fed a ltetelvetlizosinfilapamioainhot profek (45%)5 bub lgvasrethduntelod fat (B&%).aThess wer e
1:2,.1:3.5, and 1:4. Again, these findings provide evidence that
i nsul i nolsRieatidngi ihdlichte 1PBrhIM éBsrovdisatas Hicke IdbbAaX in Picdulation &f ihadlin S
consuned and that deviating in either direction fromthe 1:1 ratio
I NnCr easgsid ' b i onclusions fromthis series
of expe%?'rr%ﬂ?dg tgrﬁg ﬂlt&(ﬁgt ;| Eegﬁﬁtggafp%{ngﬁﬁién%f di abetes; 1) a higher
I ntake of Ii | ' 4 B); iyt . e ool | k]

I%ihghé:e ﬁ@l‘gﬁ%ﬁ@ﬁ 12 :nd;é%ﬂggﬁ@%&é@?%sﬁé;gﬁg mbiﬁ%{ésiétanoe, and

resi stance; very ain n- e insulin resrs anée
but ingr the . need for,linolei cid: 3) th rof.ei . a
ner ensBRORRGoRE RETEwER Il BrieninB Hrinal werdteR rct LL8id PERI fo rar
resistance; and 4 1:1 ratio of ener fromprofein ~and_fat, and. _
o of or o Gomparer o gt theRtionwies, T2 dr Br b1 . AGRIT. HRRE BnfbEm Pavie: s
is optimal for inprovenent of insulin sensitivity. Study 1 - Fat Type
and Ef f @ddense apingulie sendtiviyds crtinizes woaen adat eatio@iarpismiaiat i exam ne
dietary fatty acids using Leptr (-/-) mce, first with what
: consumed and that deviating in either direction from the 1:1 ratio increases insulin
resistance.
The overall conclusions from this series of experiments are that, in animal
models of diabetes: 1) a higher intake of linoleic acid (18:2) is needed to decrease
insulin resistance; 2) very long chain n-3 fatty acids reduce insulin resistance but
incre_ase the need for linoleic acid; 3) the protein needs are increased a-nd inadequaite
protein nutriture will increase insulin resistance; and 4) a 1:1 ratio of energy from protein

and fat, and preferably a 1:1:1 ratio of energy from protein, fat, and carbohydrates, is

optimal for improvement of insulin sensitivity.

Study 1 - Fat Type and Effect on Lipid Levels and Insulin Tolerance

Experiments to examine dietary fatty acids using Lepir (-/-) mice, first with what
we refer to as TYPE A backcrossed on C57BLK/SJ and subsequently on TYPE B
backcrossed on C57BL/6J. The TYPE A were extremely obese with vety high blood
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we refer to as TYPE A backcrossed on C57BLK/ SJ and subsequently on TYPE
B backcrossed on C57BLJ6J. The TYPE A were extrenely obese with very

hi gh bl ood 11 glucose | evels. They were too fragile and broke down

met abolically under the pressure of dietary challenge. By carefully
blending fats to control all dietary fatty acids, we did nmanage to

gat her basic information about n-3 fatty acids on the insulin resistance

5 Bt By RSN LIS FABRE A ORE W BB AL o b
B oL 5 At MR o RS o e AR L

TYPEMARAGH [ ORERE BES e GHT LR B kg AL i OBt PG SISBOHE B8 an

oral_fat |oad (OFTT | pai red when suppos a neutral oil -

=

, Was | 1p J ed| : .

(ol i Vg d\ﬁagoaf@mp&dfl%{’é.eﬂ wamay aesafbrgad daiavith aply 21‘%6@ fiog) 1%4, designed
question as-to whether another fat/oil would present a nore .

r epriesihiaace aay ehigelseige3 feieacdadiish Qihimproved dheir pirinmsianea ficiermenoi c
acid (EPA) + Docosahexaenoic acid (DHA) aid diabetic glucose netabolism
and ofrisstlinnsansitivitpmod plasna @(ighiderides; suggesting thaitthensd loegrahairefadtyd ™~ ~
about postprandial fat clearance and added wei ght gain. Aso, it

appeatié erd @hhafeidg plikoseryediance. elewerda bt &f tHscraBgiupdlenidited iMviREke
nore than n-3 long chain fatty acid. In sunmmary, evidence suggested that
essenimiae tdriddoasiis nidrawightfaieand SreidieapSide® an ofl fatBaPEOFTe), have
~a higher 18:2 requirenent, which should be factored into any dietary

i nt ' ' Q@é&ﬁ«!r ne : Elghiqt 4 ' ' a

di et% ?‘ﬁpﬂﬁ%@&s&@ﬂéﬂﬁjﬁp sens%tnie\'i‘rr ? 5&2%6%% \é{gﬁg@ﬁﬁdg sgﬂgg?{hgggﬁﬁbs%%ae efi ng

thateoh- FriaQluunsAL HLALASh SS1d Wndfhbf SnathBHFdoiSRSA preddhi GRGr ! ear ance. -

However , mce recelving n
representative challenge (sée Study 4 in WT mice).

_ . n-3 Eicosapeniaenoic acid (EPA) + Docosahexaenoic acid (DHA) aid diabetic
glucose metabolism and insulin tolerance test (ITT), with some questiﬁns being raised
about postprandial fat clearanice and added weight gain. Also, it appeared that 18:3 n-3
may have exacerbated the marginal 18:2 intake more than n-3 long chain fatty acid.

In summary, evidence suggested that essential fatty acid status is key for diabetics; i.e.
maybe they have a higher 18:2 requirement, which should be factofed into any dietary
intervention on their behalf. Therefore, the addition of fish ol to a diet imhroves insulin
sensitivity and plasma triglycerides, suggesting that n-3-polyunsaturated fatty acids
(PUFA) enhance glucose ciearance. | However, all of the mice receiving n-3-
supplementation tended to gain rﬁore adipose weight and their response to an oral {at
load Llsing olive oil was impaired. Thus, glucose control is improved but body weight

was increased. Evidence suggested that essential fatly acid status is key for diabetics
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suppl enment ati on tended to gain nore adi pose weight and their response to
an oral fat |oad using olive oil was inpaired. Thus, glucose control is
i mproved but body wei ght was increased. Evidence suggested that
essential fatty acid status is key for diabetics 12 and they nmay have a
hi gher polyunsaturated fatty acids (18:2) requirenent, which should be
factored into an letary intervention, Study 2 Studies 2 and 5 were
conbi ¥l ey mgy %’m@@ higheg eﬁwﬂé@tunaw@f@tmrpﬁis (18:2) requiremgal, Hhigh t h t he
WIld Type nouse (Study 5) used in the backcross for Leptr (h), i.e.,
C57BUashouldbbe fackeredliio anyadittagdini¢veriidrect s of food restriction on TYPE
B (which over eat like TYPE A because neither have |leptin receptors)
and added the design of increasing 18:2 PUFA-(increnents at 2% 4%
6%n) while assessing the insulin sensitivity response. The TYPE B
nouse SwgyPore stable and better experinental nouse than TYPE A, but
very hard to sustain. They had |ower glucose than TYPE A better

insulin tesdiA@s YMid HIRAERORIAT (RIS Y%)Eﬁlalfé We'comSHrad TYFE BIQRE (-/-)

intolerant, etc. In addition, when T B was restricted to nornal food

1 ks uifint WiaTpaone) S03sY PRERR I e fackihc %P?‘&&*”“%t'-é-““ -
sl Ge7EERL ?ﬁs*%@%%%ov%aﬂﬂ'ﬁﬁd ﬁ%’%ﬁcﬁé’e g5, oRIYRE BWRGr e we
Sudy AreR L&e"?%h@ﬁé”%@%em r VS Tarki) ref a0 el he bty
i nfl uence on nousg insylin nan1cs Also added 16: 2 |n Br andei s

casual NQieasing g2 L{ﬁfe(‘?cr@ﬂ?ﬁ S ﬁh%l%t fites 678Ky While assessingthexeplin han

elther TYPE B or DIOW mice, i. two obese nodel s
sensitivity response The TYPEB mouse was more stable and better experimental

mouse than TYPE A, but very hard to sustain. They had iower glucose than TYPE A,
betier insulin testing, yet became obese and insulin resistant, glucosé intolerant, etc. In
additior_n, when TYPE B was restricted to normal food intake, they had ITT approaching
WT normal mice, indicating that their insulin/obesity problem was directly tied to
overealing (like Type 2 humans). Adding 18:2 to WT mice appeared to increase
sensitivity to insulin, as some mice died with insulin coma upon i.p. insulin before we
could dose them with gluqose..This was the second clue (after n-3 FA in Study 1) that
the type and mass of fatty acid intake can have a big influence on mouse insulin
dynamics. Also, added 18:2 in Brandeis casual WT improved their OFTT, and these
WT had a better OFTT than either TYPE B or DIO WT mice, i.e., two obese models.
Provfding diets with increasing amounts (2, 4 and 6% of energy) of
polyunsaturated fatty acids (1 8:2) to mice that had restricting food intake, because they

have no leptin recepiors and normally overeat, resulted in lower glucose levels and
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Providing diets with increa5|ng amounts (2, 4 and 6% of energy) of
pol yunsaturated fatty acids (18:2) to nice that had restricting food
i nt ake, because they have no leptin receptors and normally overeat,
resulted in |l ower glucose levels and 13 inproved insulin sensitivity
conpared to mce that were not restricted. This indicated that the
I nsul i n/ obesity probleniin this aninmal nodel was directly related to

Fat pRoRat gl skl pERry ST mite e YR g *e%ﬂﬁrg TheARdeg

str or.relati.o bet en .l ake an sk f.or, humans,. we fed
SR8 B RAE RE{eHiE TS iAot R ERediyTSiel i B Botnd 2ol ¢
|n house. wer e gene caII altered IR'IRS-1 +/- diabetic nmice and
ni né’%wcge' r*!&imﬁ‘lﬁsi‘ﬂn'?yﬁﬁ%zf i@h§t88r col ony, for a total of 18 nice,
six per diet. Trans FA intake did inpair ITT relative to control diet
(without trans), and inpairnment was directly associated wth trans
i ntake, but not to the degree seen in the LEPTr (-/-) mice. There was a
t endaéindy 3f-ofransdabtesbol diabetes|sevdrilyi pi ds, but.trans also led to | ower
food intake. Trans-fatty acids may increase 18:2 requirenent and
di abet es Bacausptidnsfaityavids (EA) daye & strong ceprphttiohdefwesnintakesangi tivity
was depressed despite |lower food intake). Trans fat intake inpair.ed

| NS Wiahetbd rigk frdfunang]iniefetictiebeRnst tAHROMK gre ngy 16%8A )i anwllbaiorrenpar ed
to mce on a control diet (0% trans fat). The decreased insulin

S enﬁhicb"dv*e)iaﬁi@ﬁn-h@%iéé"?i\iiﬁé ﬂé?eogéﬁ’ét%ﬁily"a&é\'eﬁhﬂllﬁ@ﬁ‘ %4 @bt R argpvever,

~there was a trend for trans | 'ower blood |ipids, but the diets

CONt 3 0iwle HEAGRY b Ty orh EB!o%gdﬁa?ret?%Z%Eftﬁ?ﬁcé“éigﬁg% B aTRadRl Ry

increase polyuns atty acids
FA intake did impair ITT relative to control diet (without trans), and impairment was

directly ass'ociated with trans intake, but not to the degree seen in the LEPTY (-/-) mice.
There was a tendency for trans to lowér blood lipids, i:iut-trans also led to lower food
intake.

Trans-faity acidsl may increase 18:2 requirement and diabetes Si.isceptibility while
depressing appetite {insulin sensitivity was depressed despite lower food intake). Trans
fat intake impaired insulin tolerance in mice fed 8 and 16% of energy as trans fat
compared to mice on a controi diet (0% trans fat). The decreased insulin sensitivity was
directly associated with the treins fat intake. However, there was a trend for trans fat to
lower blood lipids, but the _diets containing trans fat-aiso led to a decreased food intake.

Trans fat may increase the polyunsaturated fatty acids (18:2) requitemertt and'
diabetes susceptibility while depressing appetite, as insulin sensitivity was depressed

despite lower food intake, which appears counter intuitive.
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di abetes susceptibility while depressing appetite, as insulin
sensitivity was depressed despite |ower food intake, which appears
counter intuitive. 14 Study 4 - Fat tolerance test Here we asked whet her
the long termintake of a fat type, i.e., a saturated fat-rich contro
(2%n 18:2) or that fat supplenented with +2%n EPA+DPA as fish oil, in

Brandei s casual WI m ce, woul d generate different postprandi al responses

i f the Sty -efgbtoiernacg toshl gavage) were varied. W chal l enged with
heavy cream olive oil, and corn oil to represent saturated,

pol y- unsat urdéredye askedwhethen e iongtienn intakd of afat.iyJdd.o e painesded fadsrich
surprising, both in terns of the long-termfat underlying influence and

t he chatdrtied2%eh 18R Iordiatfat SUpplernbntadaaiti2oeatEPAsDPAGsHBhvE, in to
OFTT as the FO supplenented mce (nore evidence that n-3 PUFA inprove.

t at - i nspdn@eisBisalPWTSMoe, Mdi0geraaid difeHPt pbsPhAidianaspdtiesGomer ol s
while-all fats were about the sSanme in FOmce. Note that in these WI

o | SMeh8E INERAPGATILC) UhBANEA, YFF HalchBoB T Ao d¥TBD ai,ce

i n Study vea“peculrar "laté ouncé" I'n bot
termdi . | | C -
ol oot | 1 S0 e apBfRsBRt Ghvden v ARk RS BEo6 bttty HEf e
studies (prgpbably applicable to,humans. and ot her species, .as 1) .
This is part(9F taponsenue® stimidt ERUEncteime ohite BRETL™ ru Wekfivbies:
I ndi cat,or, of insulin functipn/jnsulin _resistance under our dietar
i consiiueRes Srhing challenge A chRRIERRGIIQMiFG O RQ TesRRTY a8 well 1o OFTT
chal  enges nust al so consi der the mouse nodel that was used. In wld
type ni&ethe agupplemented mies (matgppiidenas thet B3 BUEAdMprovesiatrinssling at
tol erance conpared to leptin receptor deficient mce.
metabolismy), and OO was the worst challenge for conirols while all fats were about the
~ same in FO mice. Note that in these WT mice, long te.rm FO seemed 10 enhance
OFTT, in contrast o TYPE A mice in Study 1. Com oil gave a peculiar “late double-
bounce” in both long term diet groups. The point is that one must choose carefully
when seiectin'g and interpreting resulis of fat challenges (OFTT) in mouse studies
(probably applicable to humans and other species, as well). This is partly why we h_éve -
come to focus on the ITT as the single best indicator of insulin function/insulin |
resistance under our dietary circumstances. Thus, the interpretation of results from fat
challenges must also consider the mouse model that was used. in wild type mice, long-

term fish oil supplementation seemed to enhance fat tolerance compared to leptin

receptor deficient mice.
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15 Study 5 - See Study 2 (WId Type) Adding pol yunsaturated fatty acids
(18:2) to the diets of wild type mce increased their sensitivity to
insulin. In addition, providing 18:2 in the diets of wild type mce

i nproved their oral fat | oad tol erance conpared to two other nouse
nodel s of- obesity. Study 6 - H gh Fat/H gh Protein vs. High

Car bohydrate/Low Fat Diet Effects on Arterial atherosclerosis in apoE
(-/-) mce Mce that were apoE deficient were divided into 3 groups: 1)
contStodly 8i-eBed SHAly 2 6006 ve) 19% protein, 21 % fat); 2) high fat/high
protein diet (Atkins; 11 % CHO 30% protein, 59% fat); and 3) high
car bohy disaidérg pawmsatdnaeéd {2y racids (1312pt6HR dib¥obwild sipe, micklifcdatid
Fasting plasma |ipids, cholesterol, oral glucose tolerance test and

i ns lﬂhélf‘seﬁé?ﬂiﬁfyﬁtﬁql‘?sdhﬁs fIn \eaamoﬁomufmgh afztnﬁrthelale@éldf Witd werkmicef di et

I ntervention. "This study represented our first major experinment with

ath f dred 10 AR gsls s in
mc?@ﬁﬁ@?ﬁeﬁéta a?'*?é@ﬁﬁ%c?g@gce%gﬁﬁ) pr ot etlw% Sﬁﬁr are gu@?ent{)Peélm vogue
for humans and which conceptually play directly into our fatlinsulin:
hypot heses The design had 5 groups with 8 m ce/group and conpared a

con

di eg" i ALY ST LaTooRyd) : DeHak g

of the Or |sh d| et carbohydrate Iowfat) d| ets Thus, Wlthln

At Ki 1pBICE he variations were HIGH-and LOWIevel s of

PUFA as 18:2 in order to f urther tease out an effect.on insulin
sensi ti viMige tha wese apok deficientinese dividasl ko dareurtsrs cogiroldiet (Akvsr ~ f ood
and caloric intake-than Ornish, but surprisi ngly no d| fference in body
wei §¥t% GHR PopeotelnRd Setadh 2) {ighdetfhigh protain gted (Atkins; 11% CHO, 30%
protein, 59% fat); and 3) high carbohydrate/low fat diet (Ornish; 71% CHO, 18% protein,
11% faf). Fésting plasma lipids, cholesterol, oral glucose tolergnce test and insulin
’ tolerance test were conducted after 10 and 12 weeks of diet intervention.
This study represented our first major experiment with atherosclerosis-susceptible,
apoE (-/-) mice, applying diet shifts in macronutrients (carbohydrate, fat, protein) thai
are currently in vogue for humans and which conceptually play directly into our
fatfinsulin hypotheses. The design had 5 groups with 8 mice/group and compared a~
control group with two variations (2.4 v. 6.5%en 18:2) of the Atkins diet (high fat, high
protein) with two variations (().5 v. 1.3%en 18:2) of the Ornish diet (high carbohydrate,
low fat) diets._ Thus, within Atkins/Ornish .diet groups, the variations were HIGH and
LOW levels of PUFA as 18:2 in order to fljrther tease out an effect on insulin sensitivity
by 18:2. | |
Atking mice (high caloric density) had lower food and caloric intake than Ornish,

but surprisingly no difference in body we.ight or adipose. Consequently, Ornish mice ate
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16 nore food and had hi gher -chol esterol intake than Atkins mce. O nish
(male and fenmale) mce had significantly higher plasma TC, |iver EC and
at herosclerosis conpared to' Atkins mce. The high- PUFA intake in

O nish mce tended to reduce atherosclerosis in males, but not in

femal es. Ornish nmal es had higher plasma total cholesterol than fenales,
but liver EC was greater in females, while aortic atherosclerosis was
sihiia r'in nales and' terndies. Male atherosclerosis was sensitive to
di et i meefeed pod hadhighar chiplasterol intakertban idng migthi Caniste fragleArtkr e “nor e
responsive to insulin sensitivity (ITT) with Atkins mce being the nore
r esi st demaleTmise had sigificantly bighey plesnal TQ, iverH@ dndaihetostigiosist f ect by
driving up liver and plasna chol esterol, presunably bec&use the |iver

was f orcofmbared toeAking mice. tTiw nigthUFﬁriata&edrh Oraishynige denddueto redocet ed i t
as fat along with cholesterol in lipoproteins. This resulted in

i ncr eassbrobeloRisistinangled) Mathdt irPietsale@SONEbh nleahhe hitpel plasaissiotali ver
chol esterol was a good predlctor of atherosclerosis, surprisingly even

bett er chbfé@fér@l'tﬁéﬁ?eﬁmﬁle@' eg%eetewaé gkﬁeﬂ if- fe@elesnehfrelaeeldﬂad slightly

Irmre adi pose, tended | ar ger eys, spite a telndency to eat

hgas powerﬁﬁﬂe}osgﬁé% emei' i e aifd 6 ne?ltrese & dherifbrodt \@%Eé_e@me ce

e S S 3 R O  ERREE  pse
Hi bohyd /1 di | .t ed

- or edesinrsaarvng kD wih Ates @ﬁ%&%@ﬁﬁ¥ 0 Seb i Sl 3 ér&?‘%sé% |

as aortic and hepatic chol esterol accumul ati on conpared to hig

f at / hi geNpraYY &xartad an advgreseifeci by driving we b\refm/mwﬁaeheleét%old. et

i nduced insulin resistance and inpaired glucose clearance conpared to
hi gh C@I’Wlmbgpaldﬁﬁ thetlivar was forced to metabolize the carbohydrate direcily and

~ then secreted it as fat along with cholesterol in IlpOprotems. This resutted in increased
hepatic and blood lipids, as well as atherosclerosis. -
| Liver cholesterol was a good predictor of atherosclerosis, surprisingly even better
than blasma total cholesterol levels. Atkins males had slightly more adipose, tended
towards larger kidneys, despiie a tendency to eat less, while ali Ornish had larger livers.
In addition, ail Atkins mice had poor ITT, i.e., became more insulin resistant.

This apoE (-/-) atherosclerosis sensitive model shows good' responses (insulin
sensitivity, blood, aoria and liver lipids, .adipose pools) to macronutrient manipelations.
High carbohydrate/low fat diets resulied in greater food intake and increes_ed total
plasma cholesterol as well as aortic and hepatic cholesterol accumulation compared to
high fat/high protein diet. In contrast, the high fat’high protein diet induced insulin
resistance and impaired glucose clearance compared to high carboh_ydrate/low fat diets.

These results suggest that specific aspects of high fat/high protein diets and high
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These results suggest that specific aspects of high fatthigh protein
diets and high 17 carbohydrate/low fat diets need to be eval uated before
bei ng prescribed to the general population for weight |oss and
reduction in the risk of coronary heart disease and type 2 diabetes.
Study 7 - Effect of Diet Protein (15 30 and 45%en) on plasma |ipids
and insulin sensitivity (ITT) in anCE (-/-) mce This study exam ned

e GifithiiroBlyTafaltd dh o) BRA Gk %ﬁff%tﬁﬂie'ﬁiﬁ %%r'ﬁsﬁtt% e G4 o"

15, 30, 45%en h d f bohydr at | t | hel d
ons RARUIEIOTIB A0 bl ey ANB sk of sPfastery hghn dieeastincived2 "

16wks, the fat was increased to 50%n (high fat, true Atkins). The |ow
pr ot effiab €®8rmal ) diet was best for insulin sensitivity in females, and
high protein was the worst in both sexes. The very high protein greatly
reduced adi pose tissue, enlarged the kidneys, but was w thout effect on
total cholesterol. The reduced adi pose (only with high fat and hi ghest
pr ot eShidyéip Effeakof DibkProteil (i 6, 8@ and ¥af ensompisisata kpids ahd ingulinvi des a

clue why the Atkins diet mght work for weight reduction in humans.

'Repl agémmg[(mw.g@%ig {¥4ytiicgr ot ei n decreased adi pose and body wei ght.
However, kidney weight tended to increase, indicating a decrease in
function. THis sARK dXafiined iR !@ng%oﬁr@Wﬁhlﬂ tHle Sbnfedb At MeOAPKING Uie¢ eased
pl asma chol esterdl levels. The |owest protein d| et (15A) pr ot ei n)

i o1 (I ARPE e SRS Yo Mprdier MRS 4R B RS oyl ot ﬁ*ffenme

M C€. 30, 45%en) exchanged for carbohydrate while fat was initially held constant at 30%en

(normal) for 12wk test period. For fhe subsequent 16wks, the fat was increased to
50%en (high fat, true Atkins). The low protein (normal) diet was best for insulin
sensitivity in females, and high protein was the worst in both sexes. The very high
protein greatly reduced adipose tissue, enlarged the kidneys, but was without effect on
total cholesterol. The reduced adipose (only with high fat and highest protein) explains
the insulin resistance somewhat and also provides a clue why the Atkins diet might work
for weight reduction in humans.

Replacing carbohydrate with protein decreased adipose and body.weight.
However, kidney weight tended to increase, indiCating a decrease in function. I-n
addition, the highest protein diet (45% protein) increased plasma cho_lesterol levels.

The lowest protein diet (15% proiein} improved insulin sensitivity in fefnale micé and the
" highest prdtein diet (45% protein) decreased insulin sensitiirity in both male and female

mice.
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18 M ce that were ApoE deficient were divided into 3 groups: 1) nornal
protein diet (55%CHO, .15% protein, 30%fat); 2) high protein diet
(40% CHO, 30% protein, 30% fat); and 3) highest protein diet (25% CHQ,
45% protein, 30%fat). Fasting plasma |ipids, cholesterol, oral glucose
tolerance test and insulin tol erance test were conducted after 12 weeks
of diet intervention. Study 8 The objective of this experinent was to
det ermi ne t Mice Bragivere pipﬁ’%fiquﬁ’l'ﬁfﬁ wsire didachinie B igko st és)aprmﬂ Rigieimgigh e
model s, in this case with chol esterol-sensitive male apoE (-/-) nice
That | 455%cCHRa 1 Sticpotain 86 Tehied ) igly pEatomalieioNoCHIR. 203 arotein, 30%

at her oscl erosi s devel opnent depend on diet chol esterol, as conpared to

t he ot Hal); arti 8} kighestyeotein dight 5% QIHO 245% prbieing B0Vhtat). thMingi wasmaer e
saturated fat-rich and contained either 0, 0.04% or 0.08% chol esterol
for 12vipkis, dhelssteapobral glucdsartoteranpe tast dneinsidineblprareestesi were coridueted

| evel of chol esterol intake, essentially doubling their "total

chol estyeph 2 hRiape @R didtthieaehfigh. and the highest intake. 19 Study 10 -

Di etary Macronutrient Conposition and Plasma Lipids and I nsulin
Sensitivity in C57BU6J Mce This was a followup to study. 6 and study
7. Mce with diet-induced obesity were random zed to one of 4 diets: 1)
control gﬁ (AHA; 60% CHO, 19%protein, 21 %fat); 2) high fat/high
protein (11 % CHO, 31 % protein, 58%fat); 3) high fat/nornal

bair fed andlf ARsIHES ﬂz'%é%%%ggﬁ%égﬁ getefihe too o lyE FRESIREYT ara
ipids d:é;rh()l ceiwoﬁeesrtgrloi mocrn% mguse models, in this case with cholesterol-sensitive maie
‘ apoE (-/-) mice. That is, to what degree does their hypercholesterolemia and
atheroscle_roéis development depend on diet cholesterol, as compared 1o the other
dietary macro ingredients as a whole? The three diets were éaiurated fat-rich and
contained either 0, 0.04%, or 0.08% cholesterol for 12wks. These apoE {-/-) mice
proved extremely sensitive 10 the level of cholesterol intake, essentially doubling their

total cholestero! between the control and the highest intake.
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tol erance test and insulin tol erance test were conducted after 12 weeks
of diet intervention. As a follow up to Study 6 and Study 7 in apoE
(-/-) mce, this conplinentary experinent represented a major
undertaking in 50 nale and fenale WI mce (C57BU6J) as the DI O nodel to
determ ne whether the ATKINS diet would fair better than ORNISH as it
seemed to do in St idy 6. I.n o der to contrl dlff.e.renc cal ori¢c and

chol edbgy 30 Lictary Magroguire : dr'agine LRk ' HVIWase .
in stud 6), one Ornlsh group (h| gh CHO Iowfat) was palr fed (kcal s)
to A&M@t/hl gh protein) group. These C57BU6J nice were
initially fed a stabilization diret simlar to a typ |caI western diet
for 2 weeKdhijs wakladnbowhyp torséudyf 6 Bndistudy 7.nMca with dpt-induced chiasiy ware
carbohydrate, fat, and protein conposition as indicated: Gp 1. Anmerican
Hear trakdaraizedtio @lme(oéxldﬁdieﬁsom) canitrol e i(AHéd 608G CHIGt19% pootsihe @19614E 12)
carbohydrate; 21 %n fat, and 19%en protein. Gp 2. H gh fat/high

pr ot gligh fﬂwﬁgh g@tfo@eih st (11 LIENO: 81 BOpiRia} %%3&%33) lhigh fatiishmab ?r&@m

pr ot ein. . High fat / nor mal protein diet: provided 11 %n

s car bq*w%f@H@ 1@9@/&& il 7 "O%eaﬁ ARYEP ik Uefbdhydea dlet bR dCRHPLNS ted ©

diet-pair fed: provi ed 70%n car bohydrate, 11 %n Tfat, and 19%en
h Siﬁ?‘% R 155 s PRl R i, bl el e 1
2 bR t%’ﬁt‘%q @@gpﬂbﬂag%ggkgsggveggeppggaed%ﬂepqaw&g%f Rty" fed group

mterventton

As a follow up to Study 6 and Study 7 in apokE (—l—) mice, this comphmentary
experiment represented a major undertaking in 50 male and femaie WT mice
(C57BL/6J } as the DIO model to determine whether the ATKINS diet would fair better
than ORNISH, as i_t seemed to do in Study 6. In order to conirol differences in caloric
and cholesterol intake between Atkins/Ornish groups (which was not the case in study
6), one Ornish group (high CHO, low fat) was pair fed (keals) to Atkins (high fat/high'
protein) group. These C57BL/6J mice were initially fed a stabilization diet similar to a
typical western diet for 2 weeks, followed by one of 5 diets (n=9-_1(_)/grp) that varied in
carbohydrate, fat, and protein composition as iridicated: | |

Grp 1. American Heart Association (AHA) control, modified 1at diet: provided
60%en carbohydrate, 21%en fat, and 19%en protein. |

Grp 2. High fat/high protein diet: provided 11%en carbohydrate, 58%en fat, and

31%en protein.
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The objective of the current study was to investigate the effects of
varying dietary carbohydrate, protein, and fat conposition on wei ght
gain, plasma lipids, and insulin sensitivity in C57BL/6J mce, a wld
type -nouse nodel prone to obesity. Al so, whether nale and fenale
C57BL16J mi ce responded differently to varying macronuttient

conposi tion of the diet was studied. Aninals and diet: Ml e_and fenale
C57BL16J ni Gép nBligh faiepanaliireicl) digt:isevided di %san whohma’m, &0%gndatar - to
a typical western diet for 2 weeks. Mce were then fed one of 5 diets
(n=4- 5andl188terapidteln5 femal es/ grp) varying in CHO, protein and fat
conposition as shown in Table 1. 21 Table 1. Conposition of diets fed

to 0578 USJIGmp deHidiodarbbaydrateadiet-phig fed: aovided 70 HgnadirestiyaraelAl Cisehr ol
protein protein H gh- CHO (CHO Fat:Protein %n) (60:21:19) (11:58:31)

( 11: 7012k 93nd T9%bh: pk8lein. aMiie HaReigrodd We?d Bait48d Baloribalt RAienithoddp 212
141 '95 Dextrose 203 47 52 222 Cornstarch 438 101 110 482 Fat

?Zﬁ mﬁ%ﬁﬁgggga%hﬁgﬁuﬁ #8:22:8 35:26:9 5:4:1.3 Butter 12 92 124 13

Grp 5. High carboliydrate diét~ad iib: Diét composition was iﬁier_ltical to ‘t_h‘e high
carbohydrate-pair fed group 4, but mice in this group were fed ad lib, -

The objective of the current study was to investigate the effecis of varying dietary
carbohydrate, protein, and fat composition on weight gain, piasma lipids, and insulin
sensitivity in C57BL/6J mice, a wild type mouse model prone to cbesity. Also, whether
male and female C57BL/6J mice responded differently to varying macronutrient
composition of the diet was studied. |

Animals and diet: Male and female C57BL/6J mice (n=44) were initially fed a
stabilization diet similar to a typical western diet for 2 weeks. Mice wers then fed one of
5 diets {n=4-5 males and 4-5 females/grp) varying in CHO, protein and fat composiﬁon

as shown in Table 1.
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Lard - 55 74 8 Soybean 48 52 70 7 Fat/protein %n ratio 1.1 1.9 3.7 0.6
koaVg diet 4.2 5.4 6 4 M neral
Vitamn mx 12 15 17 11

Chol

60%en car bohydrate,

est er ol

0.73 0.57 0.

(Hayes
5 0.7

mx 46 58 6

I n sunmary,
19%n protein and 21 %n fat;

protein diet provided 11 %n carbohydrat e,

1 42 (Ausman

31 %n

Hayes)

Cathcart) Chollne chloride 3 4 4 3
the AHA control diet provided
the high fat / high

protein and 58%n

fat; the hi gh fat / regular protein diet provided 11 %n carbohydrate,
22 1 tein_and 7nO/mLf§JaL and the high carbohydrate diet-pair fed
pr ovi Td@%ﬂ %W?ﬁ"“’”c?éq"i%ﬁ PP M8en protein and 11 %n fat (mce | this
grodp were pal r-fed caljorically | to match those in high fat/high pfotein
grogm The high-car bofjydrate diefs g—“@’_myrg@r 0 the nigh
car epalr fed gr t mce Ln this group were fe M ce
wer q?%%fet" e_experinent aﬁmg?og‘#%l for 0fe'week . E&GWEI ah q@%Hg B
det gripi®iEPmeBiRiey) dUt i ng (G119 nt edie@®ITHn' | | r(éUW 1t ol er #8Md:"Pkst was
con uct ed— 12 weeks after dietary. merventlon. “MTce were sacrificed
af t gfetfweeks—en—di-et-5—Blpod—was—golt-ectpa—at—he—timp—oft—gaer i ce
and Cf %'flna | i pids were anal yzed.l Li vgﬁ’ ki dney _and perikenal " adi ppse
't i squegaipwnie harvest edarid Wi ght s. wéi® det r ni neld] 108
‘| Dextrose 203 47 52 222

Comstarch 438 101 110 482

Fat _

SEAMUFA:PUFA (%6n) 777 28:22:8 35:26:9 5:4:1.3

Butter 12 92 124 13

Tallow 40 169 229 24

~ Lard - 55 74

Saybean 48 52 70

' Fat/protein %en ratio 1.1 1.9 3.7 0.6

keallg diet - 4.2 5.4 6 4

Mineral mix 26 58 61 43

(Ausman - Hayes)

Vitamin mix 12 15 17 11

{Hayes - Cathcart)

Choline chioride 3 4 4 3

Cholesterol 0.73 0.57 0.5 0.7

In summary, the AHA contro! dist provided 60%en carbohydrélte, 18%en protein

and 21%en fat; the high fat / high protein diet provided 11%en carbohydrate, 31 %en.

protein and'58%en fat; the high fat / regular protein diet provided 11%en carbohydrate,

22



Daily estimated caloric and cholesterol intake in mce fed diets varying
In macronutrient conposition is presented in Table 2. Mce fed AHA

hi gh fat/high protein, high fat/regular protein and high-

car bohydrate-pair fed mce had simlar caloric intake of approximtely
13kcal / d/ nouse, while high carbohydrate -adlib fed m ce consuned

appr oxi r’i@"ﬁé&?@ﬁﬁ%ﬂd ﬁ%H?ﬁ addih %@mﬁh%wﬁ F@B'p‘?@\h%ﬂ’}m%en

i nt akes mce Ted Variou rotein ets f

o0 aol el (Reaioeh el filofbeh SR R Rl iy
0. 7" 13, 10Tk s da Pl ateteh i bs craLiar w%rﬁgﬁs;%aﬁe ;%ekagf‘@%a%%o
Femal o (BBCAG e SlotEsabphraier-sa 1o sBIRO MR Trdf rouR werer ed Ailgn
carbohydrate diet pair-fed to high fat diets (i.e wth simlar

cal ori c i nt akdicawergfedihe eﬁp@nme@ta!fo@is rce) wgak%eaoeime@ﬁ%wem. ght .

Mce fed high fat diet but with regular protein gained nore.than tw ce
as mich dei¢rglinechwenklytdutiogribe intevantompdnsulindalondnge estivas gahdiciedd Ry
nore wei ght than high carbohydrate adlib
. weeks after dietary intervention. Mice were sacrificed after 17 weeks on diets. Blood
was collecied at the time of saérifice and plasma lipids were analyzed. Liver, kidney
and perirenal adipose tissues were harvested and weights. were determined.
Daily estimated caloric and cholesterol intake in mice fed diets varying in
- macronutrient composition is presented in Table 2. Mice fed AHA, high fat/high protein,
high fat/regular protein and high carbohydrate-pair fed mice had similar caioric intake of
approximately 13kcal/d/mouse, while high carbohydrate -adlib fed mice consumed

appfoximately 18keal/d/mouse.
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fed mce, which consuned approx 5Kcalld nore than the high fattregul ar
protein group.
resulted in | ower weight gain.

wel

the high fat/regular protein fed m ce gaining the highest
femal es, exchanging fat for

not Iomer

Exchanging fat for

Protein (high' fat/high Protein group)

Simlar trend was seen with femal es as

|, with high carbohydrate-pair fed mce

melght galn as nuch as in nales

gai ning the | east weight and

wei ght .
protein (high fat/high Protein group) did

In

24 Table S. Body and organ
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.Body and organ weights of male and female C57BL/6J mice are presented in

Table 3. In maies, mice fed high carbohydrate diet pair-fed to high fat diets (i.e., with

similar caloric intake as AHA and high fat fed mice) gained the least weight. Mice fed

high fat diet but with regular protein gained more than twice as much weight as high

carbohydrate-pair fed mice and significantly more weight than high carbohydrate adlib

fed mice, which consumed approx 5Kcal/d more than the high fat/regular protein group.

Exchanging fat for Protein (high fat/high Protein group) resulied in lower weight gain.

Simiiar trend was seen with females as well, with high carbohydrate-pair fed mice

gaining the least weight and the high fat/regular protein fed mice gaining the highest

weight. In females, exchanging fat for protein (high fat/high Protein group) did not lower

weight gain as much as in males.
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Perirenal

Li ver

3.90.5

2.
1.00.14 1.1 0.03 0.90A6 Perirenal
2.30.5a'b 3.20.7'b

In rrales

adi pose 2.8 0.2a,b 2.30.5'd 3.430.21 1.7 0.7 2.10.2'd Fenales
90.2b 2.90.3b 4.40.3 4.50.2°

Kidney 1.2 0.2 1.00.01

adi pose 2.70.6 3.30.8a'b 4.01.2b

z,n~d -Means in arowwth different superscripts
di ffer (p<0,05) by one-way ANOVA and Fisher's' PLSD test
(as % body wei ght) was hi ghest
fed mal e and fenale m ce.

Li ver wei ght
in high carbohydrate pair fed and adiib

k|dney melghts wer e hlgher in hlgh
h

fat/ hig 0
fat/r § f?@""\ﬁ}ﬁ?f ' |“’§hest in {
mal e amd—fem e*nrce 'eqi O T BgILR Fao — Fasting pl asma
t ot al cholestpr N and tndm cgriJ gp eﬂ &J # %F : %%ﬁp% $
pl asma total chol88terjol "ot |si gr’ff"ﬁ cant| y dﬁdf er en#gﬁ ] Ips.
Howev a;g,dyme,gﬁ( yfed high fat/7high protein diet had the |east Incr eﬂ $e in
pl as total olesterol from baseline conpared to mcw fed Al -A}!high
fat, and hlgh carbohydrate diets. Mﬂ%fenales hlgh fat/hlgh prote'n :
di et resgttedr it St age i gsm t—thotes n
i él RPN SN 25,331 4411 1232 !
basel SH' _I‘:?elgezh 2(éla'r;;t‘l:gohy rate dtets bu%? pai Ft 3 dDadI b
fed) hadFtﬁd} 9” f 1GARL gi.eaes Dl asin . kgt al| chghesger ' 3.4 82 17 eks
of injerventjon conparied to highlfat/high ein _and|high fat/regul ar
protel nydymd s| TBpept Asnpd i@ yger idgsaghange thraame b as el fsBeanas
siml ar—in .al groups Ln femal ed Lsi gh-
car bohydr at e- pai r Females
Initial 20.5 21.6 212314 20.6 1.5 21.4 317 21.3+1.8
Final 30.1 x1.9° 34.0 +2.8%° 34.3 2.9 30.4 +3.6° " 345208
Wit gain 9.6 +1.6° 12.8 3:2.4%° 18.7 23,1° 0.3 +2.8° 13.2 £1.9°
Organ weights (% body weight)
' Males
Liver 3.8 20,6%° 2.7 30.2° 3.2 20.8%° 4.1 1.4° 4.5%1,3
Kidney | 1.110.08°° 1.320.2 1.0 20.1° 13204 1.4 20.2%
Perirenal
adipose 2.8 0.2 2,3 +0.6%° 3.4 +0.2" 1.7 20.7° 2.120.2%¢
Females
Liver 3.9 :0.5% 2.920.2° 2.9 :0.3° 44 230.3° 4.5 +0.2°
Kidney 1.220.2 1.0 20.01 1.0 20,14 1.1 20,03 0.9 30,06
Perirenal
. adipose 2.7 20.6° 3.3 20.8%° 4.0 x1.2° 2.8 +0.6%° 3.2:0.7%°
abed Means in & row with different superscripts differ {p<0.05) by one-way ANOVA and Fisher's PLSD test

Liver weight (as % body weight) was highest in high carbohydrate pair fed and

adiib fed male and female mice. In males, kidney weights were higher in high fat/high

protein group and high CHO-pair fed group compared to high fat/regular proiein group.
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fed mce had significantly higher plasma triglycerides than high
carbohydrate ad |ib fed mce. 26 Table 4. Fasting plasnma TOTAL
CHOLESTEROL and TRI GLYCERI DES at baseline and after |7wks on diets
varying in CHO fatl protein conposition T high- fat/high- high-fat/reg
H gh-- CHO Hi gh-CHO, AHA protein protein pair fed adlfb Plasma TOTAL

e N e

Feg?l es Baseline 11229 125 6 11025 132:1L9 111 28 | 7wks 106 25 102 07
10048k 132 6 _T2 4 12 Change -6 -23 -10 -0.2 13 Plasma TRI GLYCERI DE

(nmgl dL) Males Baseline 137 11 112 29 87 10 5 314 64 t9 17wks 138 22
11945 97 asling plaggna totalchnlesterqland triglieerideg argshawadn Tahled iinenalgs, 34 85
13 71 18 89 313 78:07 X
- plasma total cholesterol was not significantly different among groups. However, mice
~ fed high fat/high protein diet had the least increase in plasma total cholestero! from
+ baseling-comparsd te mice-fed AHA, high fat, and high carbohydrate diets. invfemales,
high fat/high protein diet resulted in the most decrease in plasma total cholestero! from
baseline.. Mice fed high carbohydrate diets (both pair-fed and adlib fed) had significantly
greater plasma total cholesterol after 17 weeks of intervention compared to high fat/high
protein and high fat/regular protein diets. The plasma triglycerides change from
‘baseline was similar in all groups. In females, surprisingly, the high- carbohydrate-pair

fed mice had significantly higher plasma triglycerides than high carbohydrate ad lib fed

mice.
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| 7wks 67 27 864 78 18"
row with different superscripts differ
27 Liver

Fi sher'

5. Table 5. Liver
CHQO fai/protein conposition for

s PLSD test

11448 59 10 % Change -6 1 7 25 -16 Means in a
(p<0.05) by one-way ANOVA and
lipid data in male mce are shown in Table
lipids in C57BLUGI mice fed diets varying in
17 VWks High fat/high 1 H gh CHQO pafr

H gh CHO ad AHA Prot High fatlreg prat fed fib Liver lipids,nglg Mles
FC 2.830. 3.81.1' 3.30.4 4.10. 3.56.3' EC 4,81.4s 1.10.56 1.26.36 °
11. 23. 7 Tétle 8Bastg plagh@ TOTEU CHALESTERDL add BRIKOBERDRI 3 béselnd al! ajtdrigwi8 oMilins 1 N
a rOMIVmﬁﬁmgh¢ﬁwmﬂm&aﬁwﬂﬁﬁmmipIS dlffer (p<O 05) by one-way ANOVA and
Fi sher 'rsPESBb~test—HK Tt dat3 = Al 3 W@ﬁ@‘ﬁf‘eﬂ—lﬁﬁ——_ '
FI GS. 1-8, respectlverAHAr1 héf?h¥ﬁe hlgﬁﬁgat§fegular.g&ptelngmﬁro
mce tended to have el evated bl-Eoo- gl ucose A>3  and_ 66 Hin_flol 16
i nsul i n PaR? IS CHPHGHERSIg Y to ot her diets, esgécially_the hlgh -
fat-high protein diet. In females, hilMgescarbohydrate-ad |ib fed nmice aphd
hi gh f cm pr qUedsRimce ﬁmﬂ'@l evared W@d gl[UCoR6 &0 andidau4im n .
f ol | owimg—regld et RizSE gt o g husTthegsiaga ;WWat
i nt ake [fer—hi-aher—calorict-htiake mav i nduce Lo o 1 _ Eor :
pur posas oféggg@eronrarF%on the ratiosiof ca ? ohydriat e at ndtm
protein in _various di ets used throu t hese studies are shown in
FI GS. 9- 10. Baseline 112 £29 125 16 110 225 13239 111 228
17wks 106 2257 102 £7° 100 +12° 18226 124 A2
% Cheange -6 -23 -10 -0.2 IE
Plasma TRIGLYCERIDES (mg/dL)
. Males
Baseine 137 2117 112 2287 87 210° 55 214 64 29"
17wks 188 & 22 1192457 o7 217" 62 +16° 72 210
. % Change 1 7 10 7 -8
Females
Baseline 73+ 34 85 £13 7118 8013 75217
— i7wks 67 27" 86 x4 78 =187 114 246" 59 +10%
% Change -6 1 7 25 -16
T T fieans in a row with diflerent superscripts differ (p<0.05) by one-way ANOVA and Fisher's PLED test
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Body wei ght gain and adi posity. The effects of carbohydrate, fat and
protein conposition of diet on body weight gain and insulin sensitivity
was studied in C57BLJ6J nmle and female mice. Results are shown in
FIGS. 11-12. Mce on high carbohydrate diets consunmed significantly nore
calories per day conpared to those on high fat diets. In order to
.control differences in body weight gain that nmay result fromvarying
cal ori c ilveKipid data igmoalp roicerdre showntin §ableeb.bohydrate diet were
pair-fed to those on high fat dietlhigh protein in this study. Changes

i n. [ZBbleddivertinidsin EiBL/Gionqsdest deisyervineolCHO el meieit samaesttion fedZeks on body wgi ght
gainm and adiposity] in th s-lmyﬁe m ce- nodel , HiglsGHpait] | ViighilTHORHES .
The thigh fat diet praypdihg 7@%en fatpigetked SYEN Pr Ofegi N mducq*,gl hi gher
bodyﬁw nd--adi p C|ty %erhf'l ed—t-oAHA nnnfrn]_ h nh fat/lhi gh
protle ' ng’ h carbohydrate diets, even when caloric |nr ake was___ lfower
conpared to high car bohydrate ad | MA°% ed mce Enhanced | i pogenesi s [by
high fTat F@at ake nefekh&de] r SAAUED i|n | ABr@Esed adi4ge8Aty Rndskody
wei ght gai B¢ Hi gh |f abi.dit ake1mm5bal tier In,epm"l c Ii pmg@m?& enzyﬂsﬂmnc/ or

adi pose—hofgones— SHHAS] Ty TG gotgtl,ll el 3 Imer W chzgdsgrat|

|l eatpd L phdmsynthbs ks ans s PR e DM o
fg}[:) i nt g eans;_llr P& o\/\/hr‘énghnﬁt\j})ﬁrscrms ] ,r(p<E‘05) bg“%‘é-wa rparr;nr'?hehs 'ro IAcr easea ?

|l i polysis and fatty acid oxidation. However, dietary fat up- regul ation
of fatty acid oxidation is reported to be limted. Thus, energy

i mbal ancelTTrdadaferimalesranh fernalesasredorespntaddy M GSsT7-8, s&&pe&tyeelanm limted
|l i polysis and fatty acid oxidation may have resulted in increased body
wei gmalesttrghhith fatreghlap posteiniedinsite tentiednioduveslésated btocahgluGdse/@r30Pr o)
however had significantly | ower weight gain than high fat (70%n tat)

fed andeo nfihdsliowing frisatin adniifisiratier eomparaterdtherf dittegespasiallythertgiange

m)

fat-high pro{ein diet. In females, high carbohydrate-ad iib fed mice and high fat/reg'ular
pfotein micé had elevated blood glucose 30 and 60 min following insulin administration.
Thus, the data suggests that high fat intake or higher caloric intake may induce insulin
resistance. | | |

For purposes of easy comparison, the ratios of carbohydrate, fa, and protein in
various diets used tﬁroughout these studies are shown in FIGS. 9-10.

Body Wer‘ght gain and adiposiy. The effects of carbohydrate, fat and protein
composition of diet on body weight gain and inéulin Sensitivity was studied in C57BL/6J
male and female mice. Resulis are shown in FIGS. 11-12,

Mice on high carbohydrate diets consumed significantly more calories per day
cbmpared to those on high fat diets. In order fo control. differences in body weight gain
thét may result from varying caloric intake, one group of mice on high carbohydrate diet

were pair-fed to those on high fat diet/high protein in this study. Changes in
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for fat prevented body wei ght gain and adi posity. But when caloric

I ntake was restricted, high carbohydrate diet led to | owest wei ght gain
in the wild type nouse nodel in this study. Plasma Lipids: The high
carbohydrate diets elevated plasma TC, especially in fenmales. High
carbohydrate i ntake may have increased hepatic VLDL secretion which nmay

have | Bk ERRR R RS RR A Honlo AR CuI of Bt RAT A6 Bty 1 =
Chol o5 i PR B SShed Mitniar S it avidnE g oo
that very:l ow car bgh high,in fat ﬁ.gd protein eit

decr ead® 18/"%@?(!”{’%[”2% H&%I diaveight g, and pdipesity Eﬁmﬂﬁfﬁrﬁg‘%’c@ﬁﬁr'

di sease (CVD), risk point, diet high in fat and protein did _not appear
to be @eftelnkighiat/hige prateingindikigh carbahydiate slieisrren wherycalprigintakg was
(70%n fat) diet fed mce and high carbohydrate adlib fed mce tended-
t o havewansempadediiabighcattadydeate adi lib fedspicas &Enhaneed ipoganssisikyuhigh fat
adm nistration. Insulin resistance in the high fat fed mce is likely
secondmtake may mave asadtedidn frustasechadipbsitlyantbady weighgbaiat t hi gh protein
mce were simlar to AHA controls in their bl ood gl ucose response to

i nsul.in. ThHigh fatihtdkeomagalter Bégatit lippganid @izyrdistihd/or ddiposkitiedicst 0
i mprove insulin sensitivity. Ih conclusion, a high fat diet induced

vei ght sG& g IeﬁbﬁhﬁRSP‘; ¥nd 8BfHonBEl, Whichk & 8 ARSI atd hh?id‘éy}rﬁhéé!@ﬁhd
C576LI 6 mce. Thus a high fat diet may predi'spose individuals to

o 0% e, ST S WS o Ao BFABTAIGE g™
el evat ?ébo‘?fe?ﬁ%crease lipolysis and faity acid oxidation. However, dietary fat up- |
" regulation of fatty acid oxidation is report'ed to be limited. Thus, energy imbalance
resulting from increased lipid synthesis/storage and limited libolysis and fatty acid
oxidation may have resulted in increased body weight. Higﬁ fathigh brotein diet fed
micé .(SS%en fat and 31%en Pro) however had significantly lower weightﬁagin:’than 'high
fat (70%en fat) fed mic':eT Thus, increasing the protein content of the diet in exchange
for fat prevented body weight gain and adiposity. But when caloric intake was
restricted, high carbohydrate diet led to lowest weight gain in the wild type mouse model
in this study. | _ |
Plasma Lipids: The high carbohydrate diets elevated plasma'TC, especially in
females. High carbohydrate intake may have increased hepatic VLDL secretion which
may have led o increased plasma TC. Plasma cholesterol clearance could also have

been impaired by high carbohydrate diets. The high fat/high protein dief tended to have

the most favorable change in plasma total cholesterol from baseline. Recent human
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TC, especially in females. The high fat/high protein diet in which fat
was exchanged for protein resulted in | ower weight gain, |ower

adi posity, and inproved insulin sensitivity conpared to the high fat

di et. Thus, present study suggests that the ratio of fat to protein may
be an inportant factor regul ating energy bal ance, adiposity, and
obesity. Data fromthese WIld Type C57BL/6J nice, the so-called Dietary

| nduggie | Bl%o G%ﬂed@ﬁ?bawﬁ%%ﬁ%@éﬁeﬂﬁét@qﬁ% ih fal B8d BY&Bn it er_

fat/normal protern diet in Goup3 (70%n fat, 19%nh prot) re__su\te
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car bo
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d'reta especially in males. This suggests that either extra protein or
redu éd'fat had a favorable inpact on obesity in an environnent where
the fat was overabundant. Nh%beepll 3 _nmacronutrients are inportant. and
del i cat el Y1$4in sepadvine, dightabiAP%aibiad diet teg raice anddtgh cadahvgiale adig) e.
This fat/protein ratio may represent a key observation for weight '
cont ieg migectended o have impiratkgiucose clesransedh sgsgonseno giogenaishingulin e
(Ornish) diets conpared to high fat/high protein and high fat/regul ar
pr ot admiricatiors) InsulimedséstanceTihube higheiat Wdemicesis dikely secdndamttar y

chol esterol intake was simlar (unlike Study 6 where kcal and

~ chol mireasyld adipesisy amt bodoweight. cHigh fathigh)proteirgmicaweehyidtiat ¢ Atilet s
dramatically increased |iver EC conpared to. high fat/high protein diet.

ghorgg?ﬂgdrzoig lfm traiy Bl ghicebe irdspiinkbns ikiulih. ITRe] &eUibREMProtéihad a diet
hi'gh in fat appeared to improve insulin sensitivity.
in conclusion, a high fat diet induced weight gain, adiposity, and insufin
resistance in the wild type C57BL/6J mice. Thus a high fat diet may predispose
individuals to metabolic syndrome. High carbohydrate diet did not increase weight gain,
" but mice fed high carbohydrate diets consumed more caiories and had elevated plasma
" . TC, especially in females. The high fat/high protein diet in which fat was exchanged for
protein resulted in lower weight gain, lower adiposi{y, and improved insulin sensitivity
compare_d to the high fat diet. Thus, present study suggests that the ratio of fat to
protein may be an important factor regulating eﬁergy balance, adiposity, and obesity.
Data from these Wild Type C57BL/6J mice, the so-cal!ed Dietary Induced
Obesity (DI'O) model, make several points:
1. The high fat/normal protein diet in Group3 (70%en fat,19%en prot)
resulied in highest'weight gain and adiposity compared to either AHA or high

carbohydrate, pair fed diets. Adding protein to high fat diet in exchange'for
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conpared to other diets. In females, high carbohydrate diet el evated
pl asma total cholesterol conpared to other diets. 4. The high
fat/normal protein diet (Goup 3 male and fermale) mce and high CHO ad
lib fed female mce (Goup 5 had inpaired insulin sensitivity conpared
-to the other 3 diets (Control, high fat/high protein, pair fed
carbohydrate). Thus, high fat intake and/or high caloric intake, in -
general, maydRah (MdtMhMAGbIAA Goo) Rled wWaidth daid &+ adposey Thi s
is would be eel;p ??e(d rom -t hgﬁl | terat urge) in all spegi esiﬁ!ﬁc%l nc udi?yng
humans. Thu | t .. Al ey ot o]
Gempgracly AR ard FighreBoRidige §H6 oBgecialy fhRgeRr T

_protein) indlc esl in

T e e e P
ot Fon. © BERBRB MG HobrBRRER sl Mo hi-BR Gt o iREen

differences in macronutrient conposition, rather than variation in

di etary cholMa¥eidlensesg impadad anddslicaiely halanegd  Presymapbsthenuaipaefi ¢
and plasma lipids (rmuch Iike_current thinking on human experience). In
the apoE (- eaghglsoplays sralay This faypeateio rato may reprasent ggey observation for
(at herosclerosis) was greater in high carbohydrate (O nish) mce
conpar ed t oweigjt coatrohdigts. protein (Atkins) mce but the former had

hi gher food and chol esterol intake, as well. But in Study 10 with Wr
Co57BI J6J m e, whieeeECakas 10 tieves oot Righl caridlaldesie@raish) dietsar , hi gh
carbohydrate diet (Ornish pair fed, Goup 4) still accumul ated nore
liver EC cogpmpased lothibh SavHigh pritein apiddiigh Ratttegllat proteinAGKHPSB) ihRiles)) -

Furthernore, the increase in hepatic EC induced by high carbohydrate

di et in theTALECevBPRh&PERYRE aftiClctvABCHBISHe P irake was similar (unlike Study

6 where kcal and cholestero! intake were poorly controlled), high cafbohydrate

diets dramatically increased liver EC compared to high fat/high protein diet,

3. The high fat/high prbtein Atkins diet lowered plasma toté! cholesterol

compared to other diets. In females, high carbohydrate diet elevated plasma

total cholesterol compared to other diets.

4, The high fat/normal protein diet (Group 3 male and female) mice and high

CHO-ad lib fed female mice (Group 5) had impairéd insulin sensitivity compared

to the other 3 diets (Control, high fat/high protein, pair fed carbohydrate); Thus,

high fat intake and/or high caloric intake, in-general, may impair insufin action

and induce insulin resistance. This is would be expected from the Iliterature in all
- species, including humans.

Thus, th.e high fat diet providiﬁg 70°/oen as fat (and norrﬁal protein) induced

obesity, with increased adiposity and insulin resistance in both male and female
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. dramatic (Study 10) than that seen in apoE (-/-) mce (Study 6).
Further, in Study 10, high CHO pair fed and ad lib fed mce had very
simlar liver EC mass, even though <cholesterol intake in ad lib fed

m ce was higher (2.4 vs 3.4ng/d/ nouse), indicating that the high

car bohydrate content of the diet and not the chol esterol intake was the
primary factor driving hepatic EC accunul ation. Mst |ikely, since

car bgByBL@enide] ks Baypivaladitide Anraticahaliststne alggesty thésmadencdui@bbi ver
extra carbohydrate provides substrate for ACAT- dependant 18:1

est egidd PALILRS sRidideRAbipfore tib1as! ssstctaotthemaeiabblid syRirosRo! |18 SidamtRh,

secretion. Hi gh protein, high fat intake woul d exclude this car bohydrate

ef f egdm ﬁlbﬂ‘izgz ?Bm $ﬁ1d9%’ ANES ch'd S e %aﬁé?éné&ﬁﬁ%é&%nﬁ%%ﬁ?ses the

liver-. normal ~protern ts 1ncrease wei ght gain and adi posity
or oL g ol AR TP Ry ool nton AR ﬁéﬁﬁa'"?%ﬁtoif ty
2‘33‘“&@%{’9@ repatt i Pt RIS CRIEL R Surerddibing S @@fﬁ%ﬁ% HEAL o
centh oo Ees ickhctud 6 Yopalic ﬁ@@f%cﬁéé@%rﬁé Mar o4 10
hi gh fat/normal protein and hi ngl car bohydrate diets. Thus

i nt ageatelyn highefarbohydiate{ eisd) Mice eompated tﬁdﬁ&'@zf&ﬂmﬁupmﬁelﬂééﬂ%fﬂﬁnce
Bot h high fat and hi gh carbohydrate diets have drawbacks and the

i npomicambuivihe fermes haghhighkertined epdcbolestarol ipiakeerd wWell i in Btudsyr 10

chol esterol was higher in the high carbohydrate diets conpared to the
hi ghwith WTRiGHETBb/Gt mice, adetrdCgloric antebolesteropintaksisiweleatimilaPhighma t ot al
chol esterol- was decreased with high tat/high protein diets conpared to
t he bar@bhmmﬁpﬂmusrmatmd Ghroug 4} amr accueaulaleaismerd livea EG bompatest ol .

> Udt{) hlléh fat/high protein diet (true Atkins, Group2). Furthermore, the increase in hepatic
EC induced by high carbohydrate diet in the Wild Type C57BL/8J mice was much more
dramatic (Study 10) than that seen in apok (-/-) mice (Study 8). Further, in Study 10,
high CHO, pair fed and ad lib fed mice had very similar liver EC mass, even though
cholesterol intake' in ad lib fed mice was higher (2.4 vs 3.4mg/dlmousej, indicating that
the high carbohydrate content df the diet and not the cholesterol intake Was the primary
factor driviﬁg hepatic EC accumulation. Most likely, since carbohydrate drives fatty acid
and cholesterol s’ynthésis in the liver, extra carbohydrate provides substrate for ACAT-
dependant 18:1 esterification of hepatic cholesterol and greater liver cholesterol
secretion. High protein, high fat intake would exclude this carbohydrate effect, since fat
is delivered directly to the blood and bypasses the'iiver.. |

| High fat/horfnal protein diets increase weight gain and adiposity compare.d to

high carbohydrate diets. Howevér, increasing the level of protein in exchange for
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This study exam ned the influence of soluble fiber at two fat intakes on
the lipid and insulin sensitivity responses in W C57BL (DIO m ce.
Three diets were fed. Diet 1 was the "sem -Onish", |lowtat control
Wi th no sucrose, and pectin added generously at 6% Diet 2 represented
the AM FAT | oad at 40%n, but bal anced fat with its SSMP ratio, again
with pectin at 6% but the carbohydrate as cornstarch and no sucrose.

Fi nal | yietBiyelat Bwersmeight tiain et hdiposindcormphrecad thakfets highomrboiydiatete
with sucrose. The bottomline here was that D et 3 induced nodest

" obesi tPHys, THedAsieaeb pRstidrad Rdeved fahadanthvbhmlé iasact dnt redating @beSy.

and | TT. This suggests again that the (nmale) D O nouse represents a

ni ce nogR) ragb oﬁdb%teinrtawﬁﬁﬁag bes 12%9; for Mgl icBarSIENSst IIMEiil dehsitRRy Hed!

nuances of diet such as carbohydrate type, fat |load and the tat:protein
ratio, ; i - | :
pecti n.lmgg&) §m®{ Q#Eh(@?ﬂgh ?ggglsde&]?r%[}isozn&%ggﬁ hwgg{/ﬁgﬁa!ﬁg%%@m@e@'gtho
one of j,ets .in ‘\ s igh, fatf LOt-el ' ratio
a1 osRBorABRebT TR righJat ke rSaY it REi P her i shetThiee:
ratio . 2: 1. 10% CHO % pratein, 60%fat);, 3 ery hi fatirequl ar
E)r ot ei dns(q]ﬁgltrpgls%qr@ei Bso%ﬂ)%)&@f@ea% ‘%ﬁ%‘r%@‘i’&?’,dr%"}g% qatg%’f)a,ve%} a‘P’@@?ﬁ%ﬁ‘J &'e
fat/high protein (ratio 1:1; 40% CHO 30% protein, 30% fat); an-d_gSﬁ
moder at'@PRIEAL vatiablepay be (e spapemitank pratein inake chiyel gholesielol Wb diigher 400
fat). Details of the conposition of each diet are shown in Table 6,
bel ow. iBtherhigheagohysivate tirds sempared tedipedigh tatfighpisteln aind higibfadiorgak at
at- different fat levels (%n) |NGREDI ENT gramper 1.0 kilo '

protein diets. Plasma total cholesterol was decreased with high fat’high protein diets

compared to the high carbohydrate diets, which increased plasma total cholesterol.

Study 11
This siudy examined the influence of soluble fiber at two fat intakes on the fipid
-and‘insuiin s'ensitivity responses nWT 057B§_ (DIO) mice. Three diets were fed. Diet
1 was the “semi~0rnish”, low-fat control with no sucrose, and pectin adde'd generouSly
at 6%. Diet 2 represented the AM FAT load at 40%en, but balanced fat_ with its S:M:P
ratio, again with pectin at 6% but the carbohydrate as ‘cornstarch and no sucrose.
“Finally, Diet 3 removed the pectin and replaced half the_darbohydrate with suc}ose. The
bottom line here was that Diet' 3 induced modest “obesity”, modest cholesterdl
_elevation, and the least attractive OGTT and ITT. This suggesis again thét the (malé)
DIO mouse repfesents a nice model of diet-induced obssity, iﬁcluding sensitivity to |
several nuances of diet such as carbohydrate type, fat load and the fat:protein ratio,

cholesterol load, and, in this study, the level of soluble pectin.
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H gh- fat/reg H gh- fat/high- V.high-fat/reg Reg-fat/high mad high- pro
pro pro pro fat/reg pro (CHO Fat:Protein %n ratio) (25:60:15)
(10:60:30) (10:70:20) (40:30:30) (40:40:20) Casein 106 213 142 175 115
Lactal bum n 106 212 141 175 115 Dextrose 115 47 52 140 154 Cornstarch
246 101 111 298 323 Fat: Sutter 92 92 124 39 60 Tallow 169 169 229 72
109 Lard 55 55 74 24 36 Soybean 52 52 70 23 34 Mneral mix 58 58 61
47 50 (Ausman - Hayes) Vitamin mx 15 15 17 12 13 (Hayes - Cathcart) .
Choline chloride 4 4 4 3 3 Cholesterol (added) 0.57 0.57 0.5 0.68 0.64
Tot aé&@&o‘fsterol indiet" 1.01 1.01 1.1 0.85, 0.9 'Cholesterol content
(per |)"is simlar (185ngl 1000lcal) for all diets Diets were prepared

W thout \A@s%{_?gtl)ese mouse modeal) mice were randomized to one of the 5 diets in FIG.
| 9: 1) high fat/regular protein diet (ratio 4:1; 25% CHO, 15% protein, 60% fat); 2) high
| fat/high protein diet (ratio 2:1; 10% ’CHO, 30% protein, 60% fat); 3) very high fat/regular
_protein (ratio 3.5:1; 10% CHO, 20% protein, 70% fat); 4) regular fat/high protein (fatio
. 1:1; 40% CHQ, 30% proteih, 30% fat); and 5) moderate high fat/regu!ar.protein (ratio
2:1; 40% CHOQ, 20% protein, 40% fat). Details of the composition of each diet are

shown in Table 6, below.
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Fasting plasma |ipids, cholesterol, oral glucose tolerance test, and
insulin tolerance test were conducted after 16 weeks of diet
intervention. Data are shown in Table 7 and FIG 16. 35 Table 7. Body
and organ weights and plasma lipids in C57BL/6J mice fed diets varying
in CHO FatlProtein for 1 Swk. H gh- H gh- fat(high- V.high-fat/reg
Reg-fal/high nod high- fat/reg fatlrég pro pro pro pro pro
(CHG Fat: Protein (10:60:30) (10:70:20) %n ratio) (25:60:15) (40:30:30)
(40:40:20) Body weight (g) Initial 21.812.1 22.41.9 21.91.6 21.91.5

0103 0. 076H°BEL oo é
0. 0840] O8BEPIgan wei ght S ((%BV\) granvier 18 KA&D19, 51 3. 21+, _0. 40 3. 340. 2¢
3.35_0 26737351060 a;qb;pm.gﬁ. yv_tpumtﬁggqémgha %ﬁ@
1.270. §8a 1.610.72 Lpldld 5.351.44 adlp%se 5.561.02a b Z 1
3. 931, 44a b 4. 7711 73 F%I nel adi Pose 7, 541P84a 7]161 P88 6, 57 EIPaP
5. 212, F&OFagEgeiBHen _
ratio) {25:60:15) (10:60:30) {10:70:20) - {40:30:30) {40:40:20)
Casein - 106 - - 213 142 _ 176 . h 115
Lactalbumin 106 212 141 175 . 115
Dextrose 115 47 52 140 154
Cornstarch 246 o1 11 298 323
Fat;
Buiter oz o2 124 39 a0
Tallow 169 169 ' 229 ' 72 ' 109
Lard . 55 58 74 24 36
Soyoean 53 52 ' 70 23 3%
Minaral mix 58 58 &1 a7 50
{Ausman - Hayes) i
Vitamin mix 15 15 17 12 13
(Hayes - Cathcart)
Choline chlcride 4 4 4 3 3
Cholesterol (added) - 0.57 0.57 - 05 0.68 0.64
Total cholesterol in ' _
diet* 1.01 1.01 1.1 0.85. 0.9
*Chalesterol content {per keal) is simitar (185mg/1000lcal) for all diets )
Diets were prepared without water/gei

Fasting plasma lipids, cholesterol, oral glucose tolerance tést, and insulin
tolerance test were conducted after 16 weeks of diet intervention. Data are shown in
Table 7 and FIG. 16.
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1.160.14 1.350.13 Kidney a,b a 1.360.14b 1.290.11 1.290.26 0.700.18
Cecum a, b 0.8510. 22 0.850. 15 0.900. 16a 0.890. 19b Pancreas 0.460. 08.
0.550. 10 0.530.06 0.570.09 0.520.14 0.36-0.05 Heart a, b,c 0.410.04

0. 440. 08a 0. 430. 04b 0. 460. 10c

Plasma TOTAL CHOLESTEROL (

ng/ dL)

14535a 12119 106118a, b 12624 135126b TRI GLYCERI DES (ng/dL) 8026 7237

6527 6019 8922 d ucose(ngl dL) 17224 18439a 16122 14724a 15920 Val ues

are

sign
t est
adi p
gl uc
pr ot
and

I nsu

3 LR 2d PEARIp i fed ieQ WABRNG are
égg&ny}; étﬁglé‘; fT?r ent (pcO. 05) usi ng one-way ANOVA and Fi sher's BLSD
alning a fat to proteinratio of 1;1 decreased
pse deposits, inprovedlidhnsul in tol eranceé, and decrleased bl ood
pse | evel s betdig¢ t han i4ihlghos.| Uhigh-fdireg 3| Bled-fa@high 4: [Imod gl e@Rigng t he
il SOy BT 0 L ove T n sensi Ny
(GHi:EadPoieinge. However10:6%30y| §&7828) t he || owest |
%en ratio) (25:60:158) {40:30:30) (40:40:20)
Body weight (g) o _ \ ,
inftial 2188 224219 | 21.9:1.6 51,915 22.0+1.8
Final 36545.1a | 35.0:4.2 | 32.6:3.9 31.4:2.3a B2.535.7
0.11720.03 | 0.103:: 0.076+0.011
Wtgain/day |1abec 0.021d | 0.08620.020a | b,d ' 0.084:0.035¢
QOrgan weights
(7BW)
Liver ' .3.40:0.51 3.2120.40 | 3.3410.26 3.35+0.26 3.35+0.60
Perrenal adipose | 1.9720.62a | 1.80+0.58 | 1.82+0.54 1.2720.68a 1.6120,72
Epididymal 5.35+1.44
adipose 5.56+1.02a |b 4,751 .31 3.93x1.44a,b | 4.77+1,72
Combine adipose | 7.5444.54a 7.16+1.98 | 6.57=1.74 5.2122.07a 6.38+2.39
' 1.1620.14 1.3540.13 .
Kidney ab Na © 11.36:0.14b 1.29:0.11 1.29:0.26
0.70+0.18
Cecum ab 0.8520.22 | 0.85=0.15 0.80+0.16a 0.89x0.1¢b . -
Panhcreas 0.48+0.08 0.55+0.10 | 0.53+0.06 0.57+0.09 0.52+0.14
0.360.05 ' '
Heart a,b,c 0.41+0.04 | 0.44+0.08a 0.43:0.04b - 0.46:0.10c
Plasma
TOTAL
‘CHOLESTEROL _
{mg/dL) 145436a | 12119 | 106+18a,b 126424 135126b
"TRIGLYCERIDES ‘
{mg/dL) 80+26. 72437 6527 .| 60£19 69122
Glucose (mg/dL} | 172224 | 184439a | 16122 147+24a 15920
Valugs are means £5D (n=8-10)
a;b,c.. Means in a row with a common superscrl pt are significantly different (p<0.05) using one-way
| ANOVA and Fisher's PLSD test - -
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total cholesterol levels. The diets with high protein (30% protein)

i ncreased the kidney weight and nay rai ses questions about safety and
ki dney danage. It appears that a 1:1 ratio (Diet 4, with FAT and PROTEI N
both at 30%n) generated the best results, i.e., the adi pose deposits
were less, the ITT glucose netabolismcurve was best, the fasting bl ood
gl ucose was, | owest, .and the cecum largest. A so, .the 3.5:1 ratio was
The worst rAdRtePNtaIRg aiat ol &t G herarsrd ceipase deppfast " when
the protein | evel was at 2%%§3. I ncreasin prot?in fgonl%E%En seenmed to
i mpr ovENRIRYRd srlindalaiance %’ﬁﬂ%ﬁ%@'%%%‘%& elaacHe hga ralinediAi1i n
the future. H gh protein seenmed to raise kidney weights, which is a
consi s8&at and Adi. n@icra@smtheﬂr@i@ire@vehamveoﬁ% ane@y segmaskiodmpyove
questi ons about safety and kidney damage in the long run, so protein

| evel sinsulimsainsiindty Z0wiealoarfor hetst gluoets eontfhe | owest protein produced
the smal |l est kidney size, to reaffirmthe protlkidney rel ationship. As

t he fat: proTies 8.5 htativ adskighedidnsulih Rsistdneeraiaboldreit aEpiwsas Iowest to
deteriorate. This presunably is sonewhat influenced by the absol ute

amount idl chbRestdtbPlegdls, Theldietsiviftt Bigh ?J;rotbﬁﬁ 0RE HfAEIAR MEPedbeaRBS liney

rangi ng between 20-35%n as protein, fromlowest to highest sides,

resWC{vlg%‘t&nd?ﬂaﬁa‘i‘é@é lﬁh%stior?@ab&ﬁ’tr SnbKidie a,ﬂ;@‘é_ary Protein to

Car bohydrat e | nproves sk Factors Cohcerni ng esity, Cardiovascul ar

Di sease andy BrhabelafaGoRaL gg rg‘b%t%”wit TALARG PHSTER 8§th%§bﬁ%§£\) Fat to

Car bohydrate Thé rising epi c of obesity and 1ts relate th

soveropt AR PEDE0 0, L AASLOORENE T e, Pl e

racr OanﬁteEta'beorﬁtsmcgu S %v'ats'b%rét,%e ?&IIS%itl‘lch?gocP geluggsdé Iw'ag ?ox}wenst?zru?c? the cecum

" largest. Also, the 3.5:1 ratio was the worst for ITT, but did prove to yield the lowest TC,
at least when the protein level was at 20%en. Increasing protein from 15%en seemed
to improve that parameter, which could be explored to advantage someday in the future.

High protein seemed 1o raise kidney weights, which is a consistent finding in our
studies. That observation raises many questions about safety and kidney damage in |
the long run, éo protéin levels much above 30%en are questionablle. The lowest protein
produced the smallest kidney size, o reaffirm the proVkidney relationship.

As the fat:protein ratio rises above 1.0, the metabolic responses tend tol .
deteriorate. This presumably is somewhat influenced by the absolute amount of the
proteih, with limits for best performance probably ranging between 20-35%en as

protein, from lowest to highest sides, respectively.
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to pronote weight |loss and aneliorate its related risk factors.
Specifically, there has been nuch controversy over what the optinal
carbohydrate-to-tat-to-protein ratio should be. This controversy. has
been enbodied in the Atkins (high-fat, high-protein) versus QOmsh
(lowfat, high-carbohydrate) diet debate. C57BIJ6J (obese nouse nodel)
m ce were randonm zed to one of 6 diets: 1) normal protein/high

car beiue 3 = 9 plrdsLelGH ol et et o O8oohine Rptbesemle | |
~ protein/highTcarbo y rate diet oprotern, 10% 3) high
B WEEIR @ae@@\/aéaa@r @Qg’aﬁ g8 Dol o3 chpids do ¥6
di et ﬁ% §1Cr f %ag/g 0%; d 6 derate high fat/noderat
c:';erb[ &? Qgﬁ %?ﬁ?p?g [V?Pat%oa/onf atg m)Dete;?IE o:‘ geacﬁ1 o;mt ﬁregee
di et bJ B T
o oI B B 008 g O e B

Diet # 5 3 54 55 56 mal - Nbd t e-
g‘r C° g pindrase erpélsi.lrgﬁmeﬁpa 2 ahersieThing onuiars heS RBHBPAAL. o GO
gh-_ CHO CHO Al CHO Fat: Protein %n 75: 10: 15 68: 10: 22 60: 10: 30

15 1sionticest iatpres) ln@owh@wa@jpﬂgtr@at@mﬁpqshmef dishcan he grodified in order

to promote weight loss and ameliorate its related risk factors. Specifically, there has
. been much controversy over what the optimal .carbohydrate-to-fat-io-protein ratio should
be. This controversy has been embodied in the Atkins (high-fat, high_-protein) versus
Omish (low-fat, high-carbohydrate) diet debate. |
C578L/6J (obese mouse' model} mice were randomizéd to one of G diets: 1)

nomal proiein/high carbohydrate diet (75% GHO, 15% protein, 10% fat); 2) Moderate
protein/high carbohydrate diet (68% CHO, 22% protein, 10% fat); 3) high protein/high

- carbohydrate (60% CHQ, 30% protein, 10% fat); 4) very high protein/moderate
carbbhydrate (45% CHo, 45% protein, 10% fat); 5) AHA diet (55% CHO, 15% protein,
30% fat); and 6) moderate high fat/moderate carbohydrate (40% CHO, 15% prbtein,

45% fat). Details of each of these diets are shown in Table 8.
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Lactal bumn 75 110 150 224 85 93 Dextrose 239 217 191 144 197 158
- Cornstarch 509 461 407 306 418 335 Fat SFA: MUFA: PUF A (%en) 3.3:3.13.3
3.3:3.3:3.33.3:3.3:3.3 3.3:3.3:3.3 10:10: 10 15:15:15 Butter fat 6 6 6
6 19 34 Tallow 15 15 15 15 51 85 Soybean 23 23 23 23 80 131
Fat/protein %n ratio 0.67 0.45 0.33 0.22 2 3 kcavg diet (drywt.) 3.988
3.988 .3.988 3.988 4.49 4.966 Mneral mx 44 44 44 44 50 55 (Ausnman
Hayes) Vitamin mx 11 11 11 11 12 13 (Hayes Cathcart) Choline
chloride 3 3 3 3 3 3 Cholesterol 0.7 0.7 0.7 0.7 0.73 0.75 39 Fasting

pl asme| TableiadBict Cinglositiersr loiph CORBOH YPRATE®Ee1E aiteraahtdattoesbtemrdniem dad o n
- C57BL/6J mice o
Diet # _ 51 52| 53 541 55° 56
Vetry High- | Moderaie
MNormal- Moderate- Pro -' High- Fat
Pro High-  Pro High- High- Pro | Moderate Moderate-
CHO CHO High- CHO | CHO AHA CHO
' ['CAGFat:Protein T T ‘
%en 75:10:15 68:10:22 60:10:30 45:10:45 | 55:30:15 40:45:15
olkg _ . .
Casein 75 110 150 224 85 93
Lactalbumin 75 110 150 224 85 93
Dextrose 239 217 191 144 197 158
Cofmstarch 509 461 407 306| 418 335
Fat
SFA:MUFA:PUF
A (%en) 3.3:3.3:3.3 3.3:3.3:3.3 |3.3:3.333 [3.3:3.333 10:10:10 15:15:15
Butter fat 6 6 6 -6 19 34
Tallow 15 15 15 15 51 85
Soybean 23 23 23 23 80 131
Fatfprbtein %en
| ratio 0.67 0.45 0.33 0.22 2 3
kcal/g diet _
(drywt.) 3.988 3.988 3,988 3.988 4.49 4.966
Mineral mix 44 44 44 44 50 56
(Ausman - '
Hayes)
Vitarmin mix 1 11 Ti T1 12 T3
{Hayes -
Cathcart)
Choline chloride 3 3 3 3 3 3
Cholesterol 0.7 0.7 0.7 0.7 0.73 - 0.75
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tolerance test were conducted after 16 weeks, of diet intervention. Data
reported in the Iliterature and collected by the Hayes |l ab thus far have
provi ded evidence favoring a diet high in fat and protein over the nore
conventionally accepted | owfat, high-carbohydrate diet in ternms of

. decreased wei ght gain, adipose reserves, and risk for cardi ovascul ar

di sease. While our primary focus has been the fat-to-carbohydrate ratio,
i nsight h bee aiped o h | mport.ance of , the fat-to- ro.ein ratio
in the coﬂ%ec';d F@ﬂs,fcg}o ptﬁ?%ftorp lrﬁgcqsgc@}ﬁram%@t @f‘ﬁﬁ]ﬁ iR educed
fat:protein ratio (the hi ghest protein jntake) in the  context of a

hi gh- tpéﬁramﬁegﬂesbwsmqmwad aitar 16 waeksof @gglnm@mﬂong Maarﬁaowtmthm asma
chol esterol than high-fat with normal protein intake. These findings

have liteigture arkecollngisditiydbe Hayeatlab tussanbayprayidededenaediauoringa diejr

| ower carbohydrate protein ratios in a high-carbohydrate diet. -

Ther efigh & fafand yrdigin ecrdies more cheverdionally dceaed povofad) highatairioohydratee
context of a high-carbohydrate diet in order to elucidate the

~ i npor dighindemhs bhdiecre@éécbwépht gaial adipote resHresd, tand rivkiier cardlovassilar and
di abetes. A substitution of fat-for-car bohydrate with protein constant

was Caiashiel EWhIIé‘ ogﬂbﬁﬂnbfﬂv fons ﬁé@‘b@bﬁiﬁ@f&t%—@ﬁ%ﬁfﬁﬂ?&t@ rilid, indight Ay and

constant (Diets 1- I n order to provi de a direct corrparl son bet ween
the t
1 860 gIRaah 1 i A, GRET g o St

RS e N
o L B R SRR Bl et 1
Sk B i e P e e R R A
hypothesis that the same patiérn might hold true for lower carbohydrate:protein ratios in
a high-carbohydrate diet.

Therefore, Study 13.focused on the carbohydrate:protein ratio in the context of a
high-carbohydrate diet in order to elucidate the importance of this ratio in relation to
obesity, atherosclerosis and diabetes. A substitution of fat-for-carbehydrate with protein
constant was conducted in parallel to protein-for-carbohydrate with fat low and constant
(Diets 1-4) in order to provide a direct comparison between the two concepts in the
same study. Male C57BL/6J mice (a strain known to be susceptible t6 diet-induced -
obesity) were split into six diﬁerent diet groups. Amohg the 6 diﬁerent diet groups, 1-4
had substitutions of protein for carbohydrate to cover a 3-fold range in protein frem

* 15%en to 45%en (keeping energy from fat constant at 10%) and 3 diets were designed

to show the substitution of fat for carbohydrate over a 4.5-fold range from 10-45%en
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fromthe protein-carbohydrate matrix. See Table 8. Results of the study
are shown in Tables 9-26 and FIGS. 17-31. these results reveal ed that
repl aci ng carbohydrate with protein (increasing the protein:carbohydrate
ratio) resulted in decreased plasnma total cholesterol and liver
esterified cholesterol (EC), sonewhat increasing plasma and nuscle
triglygeride content whi|e decreasi,n insulin sensitivit i €.

" epl allKREPOSBHRPANPIRIAH CRIRR 9 178 nbie lellehfoigpatson sharedaroup
metabolismat thjs |ow fat intake._ So grotein_rray not be so good if fat
i nt akelTP@ hgRroteiRegaraehydate By 98 EaPB fat (i.e., the transition
fromthe highest carbohydrate to the highest fat diet) decreased |iver
esterified Beaulisxidheptughdre sbpwadedables -26 apd OGS, 17131, Thasedesulis
suggesting that adding fat at the expense of carbohydrate did not favor
gl ucoseveakedahal replacinguearhenydrats, witin pidteint(inergasingethe protesn:catmwhpdrater
carbohydrate, increasing the fat:carbohydrate ratio significantly

i ncr eamtio) exbulted in searedsed plaismadiata) chslcstsrbl aml livelr estarifiedieholesteraind
liver triglycerides. Thus, high fat is not good. While the design of

this strely sam@maﬂin@féafsng Plesingl AhdRLEA8 YiGIdRicRsbritde viale deﬁrrééﬁiﬁ@r ate

rati os, these results also contribute to our know edge of the

pr ot ei sk sﬁ%@h £, feifadif] babohidicte Wi pFRFRda richSEbIoHRNSILbYAY ¥

I ncreased, a y signi fil antly e plasma a I ver
Snor eshBigloiS A 59 (ANE, 54 el AL USEL & BelBlaRERAE R b,
voul | ARG b 88t T e Rl 9 R 4 G B
ool . Rlahedral o6 ot BT EPE S e CRILERN S TR nblit sl ©
also suggesting that adding fat at the expense of carbohydrate did not favor glucose
metabolism. N
Furthermore, unlike the protein substitution for carbohydrate, increasing the
fat:darbohydrate ratio significantly increased adiposity and \_ﬂ.reight gain as well as
plasma, muscle, and liver triglycerides. Thus, high fat is not good. While the design of |
this study focused on the protein:carbohydrate and the fat:carbohydrate ratios, these
results also COntribute to our knowledge of the proteinifat ratio. As the latter. ratio
increased, insulin sensitivity increased, adiposity significantly decreased», whilé plasma
énd liver cholesterol as well as piasma, liver, and muscle triglycerides decreased.
Thus, the decreased insulin sensitivity of Atkins diets would appear o be from fat. This
means that too higﬁ fat is bad, but too low protein is little better, so substitute into the

carbohydrate pool, all of which would suggest a convergence somewhere in the middie

of the triangle.
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In summary, replacing carbohydrate with protein had a beneficial effect
on risk of obesity, diabetes, and cardi ovascul ar di sease up to 30%n as
protein. Increasing the protein:carbohydrate ratio induced higher
insulin sensitivity, significantly | ower adi pose- reserves, and | ower

pl asma, nuscle, and liver triglyceride content than mce fed diets of
conpar abl e substitutions of fat for carbohydrate. Therefore, when

reduci ng the carbohydrate content of a high-carpohydrate diet, .

Gubst i 1 ot IO RUTTRAY pegIe FRIBaRvrafawin roain 4 S DeOpkIBLees) on skt es.
and at herosclerosis than substitution with fat in this nouse nodel. The
benefQbeshy, dalbeies 2nst caidignasciiabdiseaseoup i Ge%en asopnotain.. Mefeasing e ur
when fat intake is too | ow. Replacing carbohydrate with protein

decr queteih:parbehydrata witio iadiulesShighe inaulin $ensivityssignificanily lower agiposel

| evels. It also increased plasma and nuscle triglyceride content |evels
whi | gesérvdecarshlper plasoid, missts iandvivey trigBeoerifle @onfetit tharhmmied fedediets of -
repl aci ng carbohydrate with protein did not seemto help gl ucose

net atmjlmmrabletsu@sfit@tipmswbﬁf@efc:rfc_aiwﬁgmatenmr@yefolﬁemm rgucikglihbydr at e
with fat decreased liver esterified cholesterol and decreased insulin

sensidarysiydrateadnterbof é&ﬁdgn-aé%h?ew gl el Hshﬁﬁioﬁcdﬂihlﬁﬂoié]ﬁ réduiishf a

expense of carbohydrate did not favor glucose netabolism Furthernore,

unl i Hﬁu;/i%rhﬁsk B QiR bisteb iid gfyhefragcl&aegqgarg gaﬁanuﬂt@w@g@ﬂtﬁﬁ wige fat:

car bohydrate ratio’'signifricant I ncrease | pOSI wei ght gain as

wel | - muscle, and liver triglycerides. Thus, high fat is not
good.rﬂ@é%ll @@ﬁglé carbohydrate with protein had a beneficial effect on

ok of OHSR el BREUED: QR R VESRAE oSSR AOSuT PR oo
hi gheread slsu{oioqofv? 'ﬁéﬁlééfhéj %arbsoil'n% bt %?tﬂtﬁrxtéir? ggé'reased plasma total |
cholesterol énd liver esterified choles’te_rql levels. 1t also increased plasma énd muscle

_triglyceride content levels while it decreased insulin sensitivity (See FIG. 17).
Therefore, repl_acing carbohydrate with protein did not seem 1o help glucose metabo!isfn'
at a fat intake of 10% of energy. |
| Replacing carbohydrate with fat deéreased liver esterified cholestero! and

decreased insulin sensitivity (See FIG. 18), also suggesting that adding fat at the
expense of carbohydrate did not favor glucoge -metébolism. Furthérmoré, unlike the

. protein substitution for carbohyd.rate,. increasing the fat:carbohydrate ratio significantI'y

- increased adiposity and weight gain as well as plaéma, muscle, and liver triglycerides.
Thus, high fat is not good.

Replacing carbohydrate with protein had a beneficial effect on risk of obesity,

diabetes, and cardiovascular disease up to 30%of energy as protein. Increasing the .

- protein io carbohyd_rate ratio induced higher insulin sensitivity, significantly lower
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42 adi pose reserves, and |l ower plasma, nuscle, and liver triglyceride
content than mce fed diets of conparable substitutions of fat for

car bohydrate. Therefore, when reducing the carbohydrate content of a

hi gh- car bohydrate diet, substitution with protein results in a |ower
risk of obesity, diabetes and atherosclerosis than substitution with fat

in this, nmouse nodel . bl e 9. ori,c-and.chal.esterol | in nmale
Co 761 989PRTR EreeEpea pag L0y REs ey SORE, BRIV e Sishea b Rofinglera: o
Very H gh-, Moderate Normal Pro Prq H gh- Pro Pro HA_Hi gh- - Fat = Hi gh-
' b Ol T gRraRiSie IDHNSS SidaboRcaehu el THEISIPle: WeB Toducid 15
68:10: 22 60: 10: 30 45:10: 45 55:30: 15 40:45: 15 Caloric intake 18.20.6

18. 21. ex@raohydrae pontent of atgistapohydisde giet, ubsliiuisn $éihdapleitreaultsirr ol
intake 3.5 3.3 as 3 3.5 3.2 (ng/nnuse/day) 43 Table 10: Liver Free

Chol esa évedr, riskrf lobesidy, slialmies and atheTegakrosierhaESussiiuken with fakin ghies7BL
16J mce fed diets with increasing substitutions of protein for

car bohyduae enddst.nal Pro Moderate Pro High- Pro Very Hi gh- Pro Hi gh- CHO

H gh- CHO Hi gh- CHO Mbderate CHO CHO Fat:Pro 75:10: 15 68:10: 22 60:10: 30 .
45:10: 45 .

Table 2: Caloric and cholesterol intakes in male C57BL/6J mice fed diets of various macronutrient
composition : )
Moderate Very High- Moderate
Normal Pro | Pro High- Pro | Pro AHA High- Fat
High- ' High- _ Moderate
High- CHO | CHO CHO Moderate CHO CHO
CHO:Fat:Pro 75:10:15 68:10:22 60:10:30 45:10:45 | 55:30:15 -40:45:15
Caloric intake 18206 | 182216 |18.1+1.6 | 16.3=2.0. |188=1.0 | 17.56=1.6
{kcal/mouse/day) _
i Cholesterol intake 3.5 3.3 3.3 .3 3.5 3.2
{mg/mouse/day)




“iver'lipids (ng/g liver) FC 6.2 5.8 6 6 0.7 113 *1,3 1.5 EC 7.2a,b,c
4.7a,d,e 2,7b,d,f 0.8c,e,f 3.2 1.5 1.3 a0.3 TC 13.4a,b,c 10.6a,d 8.7b
6.8c,d 2.9 2.6 *2.2 1.6 liver TRIGLYCEH DES (ng/g liver) 82.1 100.7
77.9 71.1 35 21 16 31 a,b,c,d,e,f - Means in a rowwith different
superscripts differ (p<0.05) by one-way ANOVA and Fisher's PLSD test 44
Table 11: Liver Free Cholesterol, Cholesterol Ester and TRI GLYCERI DES
Content in nmale C57BLI6J. nice fed diets with increasing substitutions
of faJtTaibtsﬂOcla\rebﬁméfhd%efnloﬁmsfw Estﬂl-mdm\’%mﬁsg@nt@bt Hi gh- CHO .

Moder g o d
liver}p FC 6—’1° 5- 7h Q.Oa,—b 0'.7 0.9 1'.2 EC 7.2&,b 3.2:1 2—2b 3.2 13
x-0. 8 ‘
Normal Pro Moderate Pro High- Pro Very High- Pro
_ |High— CHO High- CHO High- CHO | M_aderate CHO
CHO:Fat:Pro ' 75:10:15 68:10:22 60:10:30 45:10:45
fiverTipids (mg/g Tiver]
1FC _ 6.2 5.8 - 6 B
0.7 +1.3 +1.3 +1.5
EC 7.2abc 4.7a,d,e _ .| 2.7b,d,f - | 0.8c,8,f
TH2Z 1.5 1.3 1203
TC ' 348,00 10.6a,d 87D 6.80,d
+2.9 +2.6 D2 ' 1.6
liver TRIGLYCERIDES
(mg/g liver) 82.1 100.7 77.9 711
+35 _ 421 - 18 +31
a,b,c,d.e f - Means in a row with different superscripis differ (p<0.05) by one-way ANOVA and Fisher's
PLSD test '
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TC 13.4a,b 8.9a 10.1b 2.9 X2.1 1.7
82.1a,b 98.8a t03.6b 35 -36 42 a,b -

superscripts differ (p<0.05) by one-way ANOVA and Fisher's PLSD
mal es
i ncreasing protein substitution for
- Pro

Tabl e 12: Organ Weights (expressed as % of Body Weight) for
C57BUGJ mice fed diets with
car bohydrate Nor mal

Pro Mbderate Pro Hi gh-

Proj

Very H| gh

i ver TRIGLYCERIDES (nglg |iver)
Means in arowwith different

test 45

Hi gh-

gg.ol g I %bléﬁi JL@EﬂE‘ee Glagenterm@lmswo( %terfandbﬁliﬁLM@ElglﬁE}a Gomeeﬂrm malB BB?B]JGJ
4. 090, %c&e@@etgantﬁlm%gsn?g&nubﬁﬁﬁlbnsro@ﬁ%rt?a%dﬁﬁﬁﬁe1 081.0 1.42+.0:5 1.22 0.4
0. 850. di dymai Adi pose 2.531 4.361.1 3.72.0.8 3,101.5 Kidney
R AL A ST RS
Initig— 2114 2113 2] hngﬁ— 5&6 I Moderaie CHO
CHO:Fat:Pro T 55:30:15 | 40:45:15
liver lipids (mg/g liver)
FC 6.2a [570 8.0a,b
0.7 0.9 1.2
EC 7.2ab 3.2a 2.éb
3.2 +1.3 +0.8
TC 13.4a,b 8.9a oo
2.9 2.1 1.7
liver TRIGLYCERIDES
(mg/g liver) 82.1a,b 98.8a 103.6b
+35 +36 :t42

test

a,b - Means in a row with different superscripts differ (p<0.05) by cne-way ANOVA and Fisher's PLSD '
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Fi nal
7.71,
(p<0.05) by one-way ANOVA and Fisher's

29,6-3.3 30.92.7 29.21.2 2642.6 W Gain 8.52,3 10.01.9 8.30.8

0 a,b,c -

Means in a rowwth different superscripts differ
PLSD test 46 Table 13: Organ

Wei ghts (expressed as % of Body Weight) for male C57BL.6J nice fed diet

w th

I ncreasing fat substitution for carbohydrate Nornal
Fat Moderate CHO CHO Fat:Pro 75:10:15 55:30: 15

AHA Moder at e Hi gh-
40:45:15 Organ Wights (% of body weight) Liver 4.350.3a,b 3.650.26a

3.40
Adi p
Cecu
Body
37.3
dirff

PLSD;.

Pro Hi gh- CHO

k12 G Wihis (ptehseee v Eopy gt e

ningregd®. nrotein pagtitptiop for pgrbohvdsdleart 0. 50. 05a, b 0. 430. 04a 0. 390. 10b

Tigeeg ¢ERugh

I dyngl
1. 0pR02b

ight lnitial-21-1.421 0 721 1 . Final 2963, 3a b 34 62 2a
5.9b W Gai n 8.|3%rBal,fre 13. 61 Maderdi6 P65. 1pHigh-Pre  Meaingery Higa- RBrow Wi t h
prent _superscripts differ (pa0.0%) by one-way ANOVA and Fisher's
test 47 High- GHO Migh-CHO | High- CHO Moderate CHO

| CHO:Fat:Pro 75:10:15 68:10:22. 60:10:30 45:10:45
Organ Weights
(% of body weight)
ver 4,35:0.3 4.00:0.33 3.9640,22 4.0320.28
Peri-renal adipose 1.08+1.0 .1.42¢o.5 1,2210.4 0.85:0.5
Epididymal Adipose - é.53:i:1.2 4.3631.1 3.72+0.8 | 3.1021.5
Kidney 1.24:0.11a 1.31:0.07b 1.3120.08c | 1.5120.1a,b.c
Cecum 0.8820.1 0.7240.1 0.9840.1 0.98+0.2
Heart 050,05 0.48+0.05 | 0.48+0.04 0.5-110.0'3
dey“.;veight
Iniial 21214 21213 21£1.3 2121

| Finat 29.6 % 3.3 30927 29212 28.4 % 2.6
Wi Gain 85223 10.0£1.9 8.3+0.8 7.7:1.0

"PLSD test

a,b,c - Means in a row with different superscripts differ {(p<0.05) by one-way ANOV/

A and Fisher's
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Tabl e 14: Fasting plasma total cholesterol and triglycerides 1 Oaks and
1l4wks after diet intervention in male C57BLI6J mce fed diets of

i ncreasi ng protein substitution for carbohydrate Normal Pro Moderate Pro
H gh- Pro Very Hi gh- Pro High- CHO Hi gh- CHO H gh- CHO Moderate CHO
CHO Fat: Pro 75:10:15 68:10: 22- 60:1020 45:10:45 Plasma TOTAL
CHOLESTEROL ( nul dL) 10vvks 1377 13911a 1471Cb 122t 14a, b 14V\:kS 12715
13320a : ‘
11441 9baple h3 rgan M@M&S @’W@S%ﬁ/"/mﬁ)ftﬁ?%\’“ﬂg@ oA F‘%@# Wt?ﬁée‘i'dilleﬁ P
( pa0. O5inclaysiartet-substituddiGhiadntyddisher' s PLSD test Tabl e 15: "Fasting

pl asma| TOTAL _CHO ESTERQ. and TRl GLYCERI DES-_ | _ : f i et
intervention in male O5NGBhii®o RighacH®d digets of | npesRaRIgAGaf Rbderate CHO
substitution for carbohydrate Normal Rro Hi gh- CHO AHA Moderate Hi gh-
Fat M [Fat: Pro 75 520 4b| 40:45: 15 Pl asmyy, L
maEer&%_F%%rrg/dL) 10wks 1377a, B"%&ri‘]?rﬁ asé% 17327b 27 14 \M<s 2&@61 b
16023a | Drrad WEighy (0T BadWeigh ERT DES (70/ dL) —TOWKS 9416a, b 140 45a 10525b
ab o ; e s . Y 56905
one- way HMMOVA and Fi shet3%0BaBD test |3.6520.26a | 3.420.57b

Peri-renal adipose | 1.08x1.0a,b 2.09:0.5a | 2.02x1.1b,

Epididymal Adipose 2.53x1.2a,b 5.8+1.1a 6.1822.3b

Kidney 124201120 1120152 | 1.02:0.2b

{ Cecum | 0.880.1 1079102 | 0.77:0.3

Heart 0.520.052,b 0.43:0.04a | 0.39:0,10b

Body Weight _

Initial 2114 21 £0.7 21 %1

Final . | 20.6+33ab 34.6+22a |37.3x5.9h

Wt Gain 8.5 + 2.3a,b 183.6+1.9a | 16.6x5.1b

a,b - Means in a row with ditferent superscripts differ (p<0.05) by ane-way ANOVA and Fisher's PLSD
test : ' '
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48 Tabl e 16A: Macronutrient Proportions- protein substitutions Nornmal

Pro Moderate Pro High- Pro Very H gh- Pro H gh- CHO H gh- CHO Hi gh- CHO
Moderate CHO CHO Fat:Protein (%an) 75:10:15 68:10:22 60: 10: 30 45:10: 45
"Prot: Fat (%n) 1.5 2.2 3 4,5 Table 168: Macronutrient Proportions-
protein-substitutions alorio nfake Diet CHO Fat:Pro (%n) Pro: CHO (%en)
(g/ mouse/ day) Normal Pro H gh- CHO 75:10:15 0.2 18.2 Modderate Pro

H gh- CHO 68:10:22 0.3 18.2 Hi gh- Pro High- CHO 60:10:30 0.5 18.1 \Very

Hi gh-—Pro—M)‘dETaTgCHO—d'S: 10745 1°716. 3. Tapie 16C. _Nacronutrient —

Pr opgrePiBid.-Fapife Pegpa iqi EWGSWED?WW@YCBWS15)3‘6?&“99@“’@ F- s nterygniign ey
AHA Vet GF7BLEHQce@kCidia ol iRraasii@/pmieinABbslidtidgrblob&ri3Byd8e 40: 45: 15 Pro: Rat
(%en)_ 1.5 0.5 0.33 _**SFA: MIFA: PUEA kept at 1:1 %en_T e_16D:
Macr gnut ri ent "Propor t iNagd Ploat S ulidsdetats Prans | G- Pat - Pr atveiyiHigialPay i C |
Intake Diet (%n) Fat:CHO (%en) |(a/nouse/day) Normal Pro_Hi gh- CHO

75:10:15 0.1 18.2 | pigh-cHO High- CHO High- CHO Moderate CHO

A\

| cHO:Fat:Pro C7EI0:15 | 68:10:22 | 60:10:30 45:10:45
1 - l -

[ Plasma TOTAL CHOLESTEROL (mg/dL)

10wks 13727 139x11a 147+10b 122:x14a,b

14 wks - 12715 133£20a 1317b 111£7a,b

Plasma TRIGLYCERIDES {mg/dL)

10wks . 94416 10034 - 114041 9029

a,b - Means ih a row with different superscripis differ (p<0.05) by one-way ANOVA and Fisher's PLSD
test

Table 15: Fasting plasma TOTAL CHOLESTEROL and TRIGLYCERIDES- 10wks and 14wks after diet
intervention in male C57BL/6J mice fed dists of _increasing fat substiiution for carbohydrate

Normal Pro High- CHO | AHA - |'Moderate High- Fat Moderate CHO
CHO:Fat:Pro 75110:15 55:30:15 40:35:15

Plasma TOTAL CHOLESTEROL (mg/dL})

10wks 137+7a,b =7 174x17a =17 173227b 227
14 wks 127x158,b 1602232 152+26h
Plasma TRIGLYCERIDES (mg/dL) )
10wks | 94216a,b 140245a | 105625b
-a,b - Means in a row with different superscripts differ (p<0.05) by ohe-way ANOVA and Figher's PLSD
test
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Normal fat Moderate High- CHO 55:30:15 0.5 18.8 Moderate Hi gh- Fat
Moderate CHO 40:45:15 0.9 17.5 49 Table 17: Wi ght Gain and Adi posity-

Protein Substitution Nornal

Hi gh-'

60: 10: 30 45:10:45 Body Wi ght

Pro CHO Hi

Initial

Pro H gh- Mdderate Pro Hi gh- Pro High- Very
gh- CHO CHO Moderate CHO CHO Fat:Pro 75:10:15 68:10: 22
211.4 211.3 21*1.3 212.1. Final

29.6 3.3 30.92.7 29.2 1.2 28.412.6 W Gain 8.52.3 10.01.9 8.30.8 7.71.0

Organ Weights Ped-renal adipose 1.081.0 1.420.5 1.22*U.4 0.850.5 (% of
Body \Wraigdh1gA: MabbeutdeBt Prddritpng- pseimsisittutiéds posi ty- Fat Substitution
Nor mal—Pro—vbderate Hrghrmmt TIgEEE SR THce Fre CHOAREREER ) Fat :-Pro
75: 101555 30 15._40- U5 18 e o LS 210 7 211 Final
29.63/3a, b _34. 6a2. 2a FFB{HI%hHHiohy CRG n| BlobLHR | Mogerale CH| 16. 65. 1b
Or gan | BEOgHat:Brotein (%en) 75:10:15 68:10:22 60:10:30 45:10:45

Prot:Fat (%en) 1.5 2.2 3 . 4.5

lﬁble T68; Macronutrient Proportions- protein-substitutions ,
] ' ’ T Caloric Intake

Diet CHO:Fat:Pro (%en) Pro:CHO (%en) | {(g/mouse/day)

Normal Pro High- CHO 75:10:15 02 18.2

Moderate Pro High- CHO 68:10:22 0.3 18.2

High- Pro High- CHO 60:10:30 0.5 18.1

Very High- Pro Moderate GHO 45:10:45 ‘ 1 16.3

Table 16C: Macronutrient Proportions- fat substitutions

Normal Pro Moderate High-Fat
High CHO AHA Moderate CHO

CHO:Fat:Pro (%en) 7510015 55:30:15 40:45:15

Pro:Fat (Y%en) 1.5 0.5 0.33

TSEAMUEAPUFA kept at 1:7:1 %en

Table 16D: Macronutrient Proportions- fat substitutions _

- GHO:Fat:Protein | Caloric Intake

Diet (%en) Fat:CHQ (%en) (g/mousa/day)

Normal Pro High- CHO 75:10:15 0.1 18.2

Normal fat Moderate High- CHO 58:30:15 0.5 18.8

Mcderate High- Fat Moderate CHO 40:45:15 0.9 17.5
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(% of Body Weight) Peri-renal adipose 1.081.0a,b 2.090.5a 2.02: A | to
50 Table 19: Plasma, Liver and Muscle Triglyceride Content- Protein
Substitution Very Hi gh- Normal Pro Moderate Pro High- Pro Pro Moderate
H gh- CHO Hi gh- CHO Hi gh- CHO CHO CHO Fat: Pro 75:10: 15 6B: 10: 22 60: 10: 30
. 45:10:45 Plasma TRt GLYCERI DES 93a 120 129a 120 (ng/dL) 24 20 18 *26.0
Liver TRIGLYCERI DES 82.1 100,7 77.9 71.1 (nmglg liver) 35 *21 16 31
pMJUSCl eTRI GLYCERI DES 7.85a 11.07 12.81a 11.65 (ng(g nuscle) 2.1 *5.1
2,3 3.65 51 Table 20: Plasnmm, Liver and Miscle_Triglyceride Content-

Fat U'Pa%iel f74veaR cdPaa rA%ﬁsa@s:tg@rH@ﬂn DbQuihoh- Fat  Hi gh- CHO AHA Mobder jit e
CHO CHO Fat:Pro 75:10:1 30: 15 40:45:15 Plasma TRI GLYCERI DES 93a, b
159a 1446 (797 AU 7 A5 L] Vbherd PR O RS prdfigh® 1 Very gl 03| 6D
: CHO High- CHO CHO : Moderate CHO
CHO:Fat:Pro 75:10:15 68:10:22 60:10:30 45:10:45
Body Weight
| mitial 121214 2113 21£13 21224

Final 20.6+3.3 30.9227 20.2%1.2 28.4£2.6

Wt Gain 8.5+2.3 10.021.9 8.3x08 7.7£1.0

Organ' Weights

Peri-renal adipos_e 1.08%1.0 1.4220.5 1.22:0.4 | 0.85+0.5

{% of Body Weight} -

Table 18: Weight Gain and Adiposity- Fat Substitution

Normal Pro .| . Moderate High- Fat Moderate
High- CHO AHA CHO .

CHO:FatPro ' 7510:15 55:30:15 40:45:15

Body Weight _ '

Initial ' 21 x1.4 2107 21 =1

Final 29.6+3.3a,b | 34.6x22a | 37.3x5.9

‘Wt Gain 85x23ab |136x19% |166x5.1b \

Organ Weights '

(% of Body Waight)

Peri-renal adipose T1.08:1.0a,b | 2.09+0.5a 2.02+1.1b
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(mg/g liver) 35 36 42 Miscle TRIGYCERIDES 7.85a,b 15.21a 19, 69b
muscle) 2.1 3.6 7.6 0.2 0,32 0.5 Pro: CARBOHYDRATE (Fat 10%n) 93 120
129 0.13 0.54 1.13 Fat: CARBOHYDRATE (Protein 15%n) 93 159 144 Nor nal
Pro Moderate Pro Hi gh- Hi
75:10: 15 68:10: 22 60: 10: 30 Plasma TO 127 133a 131 b (ng/dL) +15 20 *7
(ng/g I|ver) 3 2 421 51.3 I\/bderate

Li ver

Nor nal
55: 30:
EC-7.2

H gh- CHO Hi

EC72abc47ade27bdf

—
-

gh- CHO Hi

B°“5 *23 26 L

b32a22b

_ Very High-

Normal Pro | Moderate Pro | High- Pro Pro Moderate

High- CHO | High- CHO | High- CHO CHO
CHOQ:Fat:Pro 75:10:15 6B8:10:22 60:10:30 45:10:45
Plasma TRIGLYCERIDES 93a 120 129a 120
(mg/dL) 24 350 | 118 6.0
Liver TRIGLYCERIDES 821 100.7 779 A
{mg/g liver) +35 +21 +16 +31
Muscle TRIGLYCERIDES 7.85a 11,07 12.81a 11.85
{rmafg muscls) 2,1 5.1 +2.3 +3.65
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(my/g liver) 3.2 11.3 0.8 52 Tabl e 21: Bl ood  ucose- Taken 12 weeks

After Diet

Macronutri ent Conposition Nor nal
H gh- CHO Hi

Pro Moderate High- Fat

| ntervention from Mal e C57BL/63 M ce Fed Diets of Varying

Pro Moderate Pro Hi gh- Pro Very Hi gh-

gh- CHO Hi

gh- CHO Mbderate CHO AHA

Mbderate CHO 75:10:15 68: 1022 60: 10: 30 45: 10: 45 55: 30: 15 40: 45: 15

134.83 138.9 142.4c 125.5 138.33 181Ja,
11.3 Tabl e 22 Organ Wi ghts (absol ute val ues) for

1C1

, €

22.8 21 12,7 39.3 10
mal es C57BL/ 63 mce

fed diets w Nor mal -
Pro High- Wa?lésn% biveiagh MussisoTriglvggiide Gaptgnitfa§ UbsBiuion CHO Hi gh-| CHO CHO.
Moderate [CHO CHO Fat: Pro 75: 10715 68:10: 22]60: 10: 30 4Hoddaids Body
Weight Injtial _ 211.4 211.3 2111. g“}%'%’gg'j" Fi hal 29.63.3 ﬁQ Fga 7 29. 21 2
28.42.6 W &Gin 8.52,3 10.01. 9’ .30.8 7.71{0 Organ ég) Li ver
1.30.15 1 310.15 1.20.05 1.180. 1Yiahpei®- r enaftHAdi pose MO %595 ol 440. 21
0. 360. 14 [CR@®a=tHmo Epi denal 75:10:15 55:30:15 40:45:75
Plasma TRIGLYCERIDES QSa,b 1588a 144b
{mg/dL) 324 +45 +43
Liver TRIGLYCERIDES | T 82.3ab 96.8a 1036
(mg/g fiver) | 235 36 =02
Muscle TRIGLYCERIDES 7.85a,b 16.21a 12.68b
{mg/g muscle) +2,1 +3.6 +7.6
02 0.32 0.5
Pro:CARBOHYDRATE (Fat : ‘
10%en) ' 93 120 129
_ 0.13 0.54 1.13
Fat:CARBOHYDRATE (Protein :
15%en} 93 159 144
Normal Pro Moderate Pro  High- Pro
- High- CHO High- CHO High- CHO
CHO:Fat:Pro 756:10:15 68:10:22 60:10:30
Plasma 10 127 [ 133a 1310
{mg/dL} =15 220 =7
Liver EC 7.23,b,6 4.7a,d,e 2.7b,d,f
{mg/g liver) +3.2 +1.5 1.3
_ Moderate
Normal Pro High- Fat
High- CHO AHA Moderate CHO
CHO:Fat:Pro 75:10:15 55:30:15 40:45:15
Plasma 1C_ 1273, 160a T152b
{mg/dL) | =15 +23 +26
Liver EC 7.28,b 3.2a 2.2b
{mg/g liver) 3.2 +1.3 +0.8
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Adi pose 0. 750. 43a 1.353=0.453 1.080.27 0, 870. 45.

Tot al

Adi pose

1. 053=0.57 1,800.70 1.550.27 1.080.64 Kidney 0, 350.043, 0.400.033
0.380: 03 0.410.05 Cecum 0.250.04 0.210.01 0.280.04 0.270.07 Heart
0.140.01 0.150.01 0,140.02 0.1430.02 Means in arowwth different
superscripts differ (pa0.05) by one-way ANOVA and Fisher's PLSD test 53

Tabl e 23: .Organ Wi ghts (absol ute val ues) for.

mal e C57811/63 m ce fed

di et
Fat
55: 30:

'(faBIe 21n @&@S@mgosxearram whkéks! Aﬂfbrfm& & rDeneRl Ade Médes adige g
CHO Fat: Pro 75::10: 15

T3, el sTots oF B anarcine P, SO

POSIEON, 910.7 21 1 Fi-nal 29.63.

3!

34.6 2.

(g) Li
0. 740.

Adi pog

al

Horfal RyG f 3M5de@atew: Cabigh-8r62 [ 3Vel3idd-Arog [16. 6} 5. 1 | Uptremie NIGh-Ghl s
V @iighlcHRD . |15kigh-2RO0. D6High- 8HO. 33 Modeede clional adimpose| 0 n&iier%cho
8710 o deRiGRdi Pose BBt 43p 25 PR 4ba 248589 T
050, . 1129 lKidney 0.350.04 0280103 0 370 02
134, 138. 142, 255 138.3° 181 780REET
+22.8 £21 +312.7 +39.3 +10 +11.3

Table 22: Organ Weights {absolute values) for males C57BL/6] mice fed diets with
increasing protein substitution for carbohydrate

Normal Pro High- Moderate Pro High- Pro High- Very High- Pro
CHO High- CHO ~CHO Moderate CHO
CHO:Fat:Pro 75:10:16 68:10:22 60:10:30 - " 45:10:45
Body Weight .
Initial 21+14 21x1.3 21 x1.8 21+21
Final 20633 30027 292212 28426
Wit Gain 85223 10.0+1.9 8308 7.7+£1.0
Organ Weights (g) ,
Liver 1.3+0.15 1,31+0.15 1.2:40.05 1.18+0,17
Peri-renal ' _
adipose 0.31+0.28 0.44%0.21 0.360.14 0.242:0.15
Epidemal .
Adipose 0.75+0.43° 1,35+0.45° 1.08+0,27 0,87+0.45
Tofal Adipose 1.054-0.57 1.80:0.70 1.55:0.27 1.0840.64
Kidney 0.35%0,04%% 0.40+0.03° 0.38%0.03 0.41%:0.05°
Cecum 0.25+:0.04 0.21£0.01 0.28+0.04 0.27%0.07
Heart 0.14+0.01 0.15%0.01 0.14:0.02 0.144:0.02

- Means in a row with different superscripts differ (p<0.05) by one-way ANOVA and

Fisher's PLSD test
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Cecum 0. 250. 04 0. 280.06 0.270.05 Heart 0.140.01 0.150.01 0.140.02 a' -
Means In arowwth different superscripts differ' (p<0.05) by one-way
ANOVA and Fisher's PLSD test Table 24: Macronutrlent Proportions-
protein substitutions Very H gh- Normal Pro Moderate Pro Hi gh- Pro Pro
Moderate Hi gh- CHO Hi gh- CHO H gh- CHO CHO CHO Fat: Protein (%en)
75:10:15 68:10:22 60:10: 30 45:10:45 Prot:-Fat (%n) 1.5 2.2 3 4.5 54

Tabl e_25: Macronutrjient Proportions- fat substitutions Normal Pro Hi gh--
Mbder] ableH3g BroaraeigbtetadseluteCratisaHir opfie CEHABL-ISAmice tadediet Witken) 75: 1D: 15
55: 3( |rgc$eef§91g4r§t éurbsf)ﬁﬁfonl:fé‘ltcaﬁ'ﬁ(m)drélte5 0.5 0.33 "SFA  MJFA: PUFA kept al
1:1: 1. % n Table 26 Macronutrient Proportions- protejn substitutions
CHO Hat: Pro Pro: CHO Diet (%n) (%n)| Caloric Intake [ glffseaisAglyhat :
Normal Pro Hi gh- CHO| 7prmgPioign-8HAgl 2 Modefdte Pro H| ghlloderats @ 10: p2
0. 3 I®RPFaifrgh- Pro H gh- BH@160: 10: 0 0. 55884 20:45:15
* | Body Weight
Initial 2114 2107 21 21
Rinal ! 29633 { 34.6222° e W BZ2xEE
“WiGan 86523 T 186700 662517
Organ Weights (g) ' ‘
Liver 1.3+0.15 1,370.06 -1.34+0.33
Peri-renal adipose 0.314,28%P 0.74%0.217 0.81+0.56°
Epidemal Adipose 0.75%0.43%P 2.06+0.46° 2.4+1.09°
Total Adipose 1.05£0.57%° 2.77£0.7° 3.1%1.29°
Kidnéy 0.35%0.04 0.38+0.03 0.37+0.02
Cecum 0.25:£0.04 0.28x0.06 0.27+0.05
Heart 0.14+0.01 0.1540.01 0.144-0.02
- Means in a row with different superscrlpts differ (p<0.05) by one~-way ANOVA and
Fisher's PLSD test

Table 24: Macronutrlent Proportions- protein substitutions
Very High-
Normal Pro | Moderate Pro High- Pro | Pro Moderate
High- CHO High- CHO High- CHO CHO
CHO:Fat:Protein {%en) 7510015 "68:1 0:22 60:10:30 45:10:45
Prot:Fat (%en) 1.5 2.2 3 4.5
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Very Hi gh- Pro Mbderate CHO 45:10:45 1 16.3 Table 27: Macronutrient
Proportions- fat substitutions CHO FatProtoin Fat:CHO Diet (% n) (%en)
Caloric Intake (g/nouse/day) Normal Pro Hi gh- CHO 75:10:15 0.1 18,2
Normal fat Moderate Hi gh CHO 55:30:15 0.5 18.8 Modderate Hi gh- Fat
Moderate CHO 40:45:15 0.9 17.5 55 Study 14 The objective of this study
was to investigate the effect of a statin (Mevacor) on chol esterol

| evel s. Each of three groups of ApoE (-1-) mice was fed one of three

diets, each diet containing a different cholesterol |evel (|. e.; O,

0.4, and-0.8 g/kg).—A fou — G he di.e cont ai ala BN o/ kg
of- chqlT8RIESsMagianHtignt PFQRe a\’iél-"?&titﬁtt'\orl?f 0.5 g/kg of a statin
(i.e.,/ Mevacor). Detai [ sNaaltPretigh-ef  conposi t i ons MadezztpHigh-Fdidibdemte Tabl e
28. 56 Table 28: APCE r*muse csﬁoudy d ets w|-mh vary| ng chobget erol |eyels
+ st atH - }F&m—-@ﬁ o #66—0%%-AHA @44%% # 68
0. 08%LA 'Fﬁi'% 6% hol 07 Gebn rﬁg_:? gl ue_chal J?proq,‘!:sf-lmin VWALt e
Casei n PIatget {%s0) 100 100 L5 0.33

“*SFAMUFAPUFA kept at 1:1:1 %en

Table 26: Macronutrient Proportlons- protein substitutions

CHO:Fat:Pro Pro:CHO
Diet (%_en} (%en) Caloric Intake (g/mousefday)
Normal Pro High- CHO 75:10:15 0.2 - 18.2
Moderate Pro High- CHO 68:10:22 . 0.3 18.2
High-~ Pro High- CHO 60:10:30 0.5 | 18.1
Very High- Pro Moderate CHO 45:10:45 1 16.3

Table 27: Macronutrient Proportions- fat substitutions

CHO:Fat:Protein Fat:CHO _
Diet {%en) (%en) Caloric Intake {g/mouse/day)

Normal Pro High- CHO - 75:10:15 0.1 _ 18.2

Normal fat Moderate High-~
CHO 55:30:15 0.5 18.8

Moderate High- Fat |
Moderate CHO | _ 40:45:15 0.9 17.5
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Lact ai bum n 100 100 100 100 Dextrose 187 187 187 187 Cornstarch 338
(+60g In gel) 338 {+60g in gel) 338 (+60g in gel) 338 (+60g in gel) Fat
Butter-chol stripped 18 18 18 18 Tallowchol stripped 60 60 60 60
Soybean 72 72 72 72 Mmneral mx (Ausman - Hayes) 50 50 50 50 Vitamn
m x (Hayes - Cathcart) 12 12 12 12 Choline chloride 3 3 3 3 Mevacor 0
0 00.6 Cholesterol 0 0.4 0.8 0.8 60g starch in 800n. water for gel
prepaddfly d&A 57 Liver, aortal, and plasma chol esterol levels follow ng 14
weeks of diet admnistration are shown in Table 29. Mce receiving the
di et havi ridiet dliectiveraidiis study \was ta bivesiigate temefieaiof adtatin levaadrhont ati n
exhibited a significant reduction in Iliver, aortal, and plasm

chol adiolstérol levelss Eechad ipseagiotps thApek ifi/d enice eeisviedgriehef thesgndietd et

but no statin. Significant reductions in epididymal and conbi ned

pgri r@@;g'die;g'ﬁﬂ'ntﬁﬁir@i diyliffeterdhplesroEipadii(i.and, 0dcand A®h/Kghv alfourhe al so
observed.

group was fed the diet containing 0.8 g/kg of cholesterol with the furiher inclusion of 0.5
“9/kg of a statin (i.e., Mevacor). Details of the diet compositions are provided in Table

. 28.
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Tabl e 29: ApoE (-/-) mice fed for 14wk diet with 0; 0.04 or 0.0%% chol
or 0.08%hol + Mevacor Diet 0%hol 0.04% ChO1 0.06% ChOl1 0. 08%

chol +statins Body weight(g) Initial 29.6}2.8 29.81.6 29.531.8 29. 7#1, 3
final (after 14 wks) 34.332.6 32.72.3 34.52.3 33.22.0 UWer weight (YBW
3.880.13 3.82Q 33 3.031Q@27 3.7910.%0 Kidney wei ght(%8W 1.190.10 1.16
0.09 1:1130.07 1.233.0.10 Adipose weight (YBW Perirenal 1.090.72

0, 390.20 1.060.50 0.5530.62 Epidl dymi .2.9111.20?7.1.610.39 3.111,22'"
1.6211.25 Conbine Ped + Epi 4.001.86 1.990.57 4.171.710'c 2.3611.87

chol ogt er ol (/a3 B g oy e Mot Mo el S e 3 112
or ot el |15 3510, 17266 12 R B 607,50  £C 0. 560. 930 7. 010161
Pi asni| TOTAL CHoLESTERGE T al ) VB370% 4T ht =UBEL, oo Yo
. chol Gree chol Blue chol Red | statin White

Caseln o 100 Sf00 0 | vi00 100

Lactalbumin . 100 100 100 T

Dextrose 187 187 187 | 187

Cornstarch 338 (+60gingel} | 338 (+60gingel} | 338 (+609_in gel} 338 (+64y i;1 gel)

| Fat -
Butiér-chal stripped 18 18 18 18
Tallow-chol stripped - 60 | 60 ’ 60
| Soybean 72 72 72 72

Mineral mix - . _

(Ausman - Hayes) 50 50 50 50

Vitamin mix

{Hayes - Catheart) 12 12 12 12

Choline chloride 3 - 3 3 8

Mevacor 0 0 . ] _ 0.5

éholesterol o 0.4 | 0.8 . 0.8

60q starch in 800mL water for gel preparation
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TRI GLYCERI CES (ng/dl-) 1095 69_*13 10617 7037 Retinal (pgldL) 3252,
2150i 0' " 3111 274c,c - Tocopherol (pgldL) 15892440 1663Y8B 1974t 174?A
14593334 aToc/ Chcl nolar ratio 226#.29'' " 1 96019'?" 1 420l 2n' Ca
1.740.14"." Values are Mean80 (n-7) a,b,c Means in a row sharing a
commoN superscri pt are slgnlflcanty different (p<0.06) using one-way
ANOVA and Fisher's PLSO tesL 59 Study 15 The objective of this study was

to gat her |npseagdedl, Bhe ipkesnshtiroloste Al heictsRIIeWIR) $ weks BEJIBPOE nouse to.
go with the obesmy/l nsulin data in the C57BLj nouse of earlier

st Ud' i S%t'oﬁtﬂrérshbﬂwﬁtnh'%bibzzg TMldé\%beﬁﬁfb th\%@léﬁfb Vdﬂﬂe% hest

At Ki ns conparisons in these .apoE (-/-) mce o ust ai ned

per | othdbsidfitksmobeithd eFRisibasIas] em i‘téda ke teduoRon in

| rref protein ratio osee

g @%?:P%&éaﬁ@%ﬂ@%ﬁ&%ﬁ%ﬁﬁ ByFR ﬁaﬁﬂnﬁarfsﬁ%kﬁ% @h@?@é&ﬁi@%ﬁde -
(250 0P ¢ ﬁ&%ﬂ'e{s‘@ i S acsreﬁe%&%sdh epgdec?watmﬁab B, GO
30% 0% 3 70%CHO 20%
pr ot 2";"?15 gl‘i’%%ymafllaﬂ‘ﬁg&ﬁdﬂ’@)@vﬁ gﬁg}ﬂﬁfﬁt@;’g ‘gﬁae(ra% gi’gé&géel n (70% CHO,
20% protein, 10%fat). Details of the conpositions of each diet are

shown in TabI e 31. 60 Table 30A. Body and organ wei ghts and pl asnma

i pids' in MALE ApoEl- mice fed diets varying in CHO.Fat/Protein for
| 8wk. . -
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H gh-fat/reg H gh-fat/high- V.high-tatlrog H gh- CHO reg H gh- CHO reg

pr o'

3.7 1.6 3.7 10.6 '

pro"

pro' pro'

pro"

Fat :
6.7 8.0 1.4 1.4 Body wei ght

Pr ot

(CHO Fat:Protein %n ratio) (25:60:15)
(10:60:30) (10:70:20) (70:10:20) (7010:20)
0.6. 18:2 n-6 (%n) 6.7

ein ratio (%n)

(9) Initial 25.31,7 25,42.0 25 51.0 25.51.7 25.01. 2 Fina4 35.65.5
34. 53.435775,8.29.92.-3"32"21 3 —WygarTy 0820 006720051 ,
0, 0810, 046 T b g% - mcistiey 16‘1‘5‘1‘9"@“&51‘?104\)%? Qﬁ{‘t‘g“"("ﬁwc'ﬁi’ YMeveger 130, 4
8.820.[22"¢c 3.780.33 ' 4. 540 25 ' ' 4, 31023 Peii renal adi pose 1.491. 2
1, 850144 1.781.33 0.97029-6-566— 2 Ki-dney—1;22622—31-326-68—1,26003
1.160,{07 1,180, 09 Cecum 0.%%6w! 34 0: ‘?W@S’ 0.]620088omol 0| 78¢5%choltriabEQ.
Spl eeng y %5&9 0, 300.10 0.360.16 0.260.05 0.300.07 Blood d ucose
(mol dPY)—33824-—16010—16039—1447-149320—Pl-asha—FOFAL—CHOEESFERO—
(gl dL) 75@897 991240 7(932_43;9_5193814 6 9%94381@ 29.5:1.8 28.741.3
final {after 14 wks) 34.312.6 32.7+2.3 34.542.3 33.242.0
Livar waight (%BW) 3.86:0.13 3.8240.33 3.83:0.27 , 3.79£0.20
Kidney weight (%BW) 1.1940.10 1.1620.00 1.1120,07 1.2820,10 -
Adipose weight {%BW)
Perirenal 1.0020.72° 0.3920.20*" 1.0640.50° 0.550.62
Epididymal .2.91+1.20° 1.6120.39" 3.11x1,22% 1.82+1.25°
Combine Peri + Epi 4.00+1.86° 1.99£0,57*% 4472171 2.36x1.87°
Cecurn welght (%BW) 0.600,12*° 0.84+0.07° 0.7320,18"° 0.91:0.18%¢
Liver cholestero! (ma/g)
FC 4.0:1.3 41210 4.241.8 3315
EC 2.321.0 21312 2.8:1.6 1.7£1.1
TC 8.242.2 6.142,1 7.0£1.8 5.0£2.6
Aorta chalestera) (ugfg protein)
FC 7.113.95 10.17£2.86 12.2125.44 8.6947.59
EC 0.56:0.93% 1.0120.81° 5.20+4,03%0 0.26:0.42°
TC 7.67:4.21° 11.1832.60 17.4448.72°" B8.95+7.59"
Plasma -
TOTAL CHOLESTEROL {mg/dL) 627370 769+120°° 1261136 748£111°
TRIGLYGERIDES (mg/dL) 10915 6913 106217 70237
Retinal {ug/dL) 3a5Ib p12EMA 81:1° 27447
Tocopherol {pg/dL) 158012447 1663+188" 1974174°0F 1459:334°
2-Toc/ Chol molar ratio 2261029 1.8610.19> 1.42:0.12°°° 1,740,148

Values are MeantSD {n=7)

a,b.c Mesansin a row sharlng a common superscript are significanily different {p<0.08) vsing one-way ANCVA and Fisher's PLSD fest.
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TRI GLYCERI DES (ng/dL) 15476 16333 16376 13725 12021 Val ues are neans SD
(Mal e n=5-6 and Femal e n=4-5) "'First four groups of mce were fed sane
anounts of kcal/day. **Mce fed ad |ibituma,b,c.. Means in a rowwth-
a comon superscript are.significantly different (p<0.05) using one-way
ANOVA and Fisher's PLSD test 61 Tabl e 306. Body and organ wei ghts and
plasma |ipids In FEMALE ApoE-1-mce fed diets varying in
CHC)’Fsm(;] ﬁgl ein for 18wk. Hi gh- fat/reg Hi'gh- fat/hi gh- V hi gh iatlreg -
Hi gh- pro’ pro* pro' pro** CHO Fat: Protel n
%en rati o)The( qlae%ts'eﬁ)ihlé f@!cwwg@}o gq@evm%)ﬂetqudamn @mrqwl@r@ﬁls
Fat:Protein ratio (%n) 3.7 1.9 . 3.7.0.8 0.6 18:2n-6 (0/.en) Q7 6.7
e.q inihaApoBguguasdiogle witltha abesitylineulinadata ipthe52BRimouss: of earien. 0
20.80.8 Final 29.03.7" 25.71.6 26.1-2.8 22.91.6" 24.46.9 W gain
0. O6(iudies; particladp Sty 130306 irat @8, Gedod Gimilar AtkiDaEInEbscondpaymonadn ght s
(9BW Liver 4.210.20 4.080.39 ' 4.060.20 4.640.51 5.160.59

these apoE (-/-) mice over a sustained period of 18wks, so sufficient atherosclerosm

+ would develop. Ineffect, wetested the fat:protein ratio to ses how it might impact
athefogeneSis. We also used both males and females to see if that made a big
difference on outcome variables examined. '
| Mice that were ApoE deficieﬁt were divided into 4 groups: 1)', high fat/regular
p__roteiﬁ diet (25% CHO, 15% protein, 60% fat); 2) high fat/high protein diet (10% CHO,
30% protein, 60% fat); 3) very high fat/regular protein (70% GHO, 20% protein, 10%
fat); and 4) high carbohydrate/regular protein (70% CHO, 20% protein, 10% fat).

Detalls of the compositions of each diet are shown in Table 31.
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Perirenal adi pose 2.440.90 1.890.57 ' 2.120.24 0.760.20 0.840.35 ' '
Ki dney 1.120.06 f.270.10" 1.160.08 1.210,06 1,120.06 Cecum 0.820.149'0
0.880.06u " 0.580.0 1.020.081-1-9 0.940.06 Spleen 0.460.08 0.460.17
0. 450. 09 0.490.15 0.410.04 Blood ducose(ng/dL) 156l 2a'bc 11914a'd
14319" 11312ba 11111c’ Plasma TOTAL CHOLESTERCL (ng/dL) 679142a -
817134 60394b c, d 874135x 0 1316205 TRI GLYCERI DES (nmg/ dL) 125+14ab
11410 2 £ a : : d
Femal ¢ n=4'8% ¢ a"fi 8@?" bkl @dBPs'ﬂ"i‘ : :
koal lday. *"Mce fed ad |i b| t H?fﬁaf{?f%em“owéﬂm*fs inarowwth a common
supergcript are si pnHifi- Gkt | y Hipftatdigenl (ipetfatbdy) UM GHOMR- Waoh-ANO¥sg and
Fi sherl's PLSD test| Tabhg- 31: ApoEmm)usb st l,;ﬁl,y d.pﬁt S hjpgh injfat prot
CARBGWW ui’yli".g leyets—of——p tCI f HNGREBHENT UI afrper 10
5 ol oL 1 B © ol 1
Fat; Prateln ratio _
! {%tn) 37 1.3 + 3.7 ‘ oo ge ! N X
18:2 n-6 (%en) 6.7 6.7 8.0 T4 T4
Body weight {g)
Initial . 25.8+1.7 25.432.0 25.521.0 25.541.7 25.021.2
Final 35.6z5.5" 34.5+3.4 36.745.8" 29.9+2 3% 32.2+1.3
Wit gain/day 0.082:0,051% 0.072+0.051 - 0,081£0.0486" 0.035+0,021*" 0.0570,015
Organ weights (%BW} i
Liver 4.13+0.40° 3.82i0.22""° 3.78x0.33" 4,540,255 4,91:0.23%°
Perirenal adipose 1.49+1.22 1.85x0.44% 1.78x1 33" 0.97x0.29 0.5010.22%"
Kidney 1.2240,22 1.32:0.08 1.20x0.26 1.18+0.07 1,1820.09
Cecum 0.86+0.34° 0.72:0.09 0.620.18™ - 0.7820.12 6.51=0.08°
Spleen 0.32:0.19 0.30£0,10 0.36+0.16 0.26+0.05 0.30+0.07
Blood Glucase
(mg/dL) 188421 16010 16039 14727 149420
Plasma
TOTAL
CHOLESTEROL .
{mg/dL) 7582397 9913240 763241 938125 924+84
TRIGLYCERIDES T
(mg/dL) 154276 16333 163276 187225 120221
Values are means 8D (Male n=5-6 and Female n=4-5)
*First four groups of mice were fed same amounts of kdalfday.
*Mice fed ad libitum
a,b,c.. Means in a row with a commen suparseript are significantly different {p<0.08) using one-way ANCVA and
Fisher's PLSD test '
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Casein 106 213 142 95 Lactal bumn 106 212 141 95 Dextrose 115 47 52

222 Cornstarch 246 101 111 4B2 Fat:
169 229 24 Lard 55 55 74 8

soybean 52 52 70 7 M neral

Butter

92 92 124 13 Tallow 169
m x 58 58 61 42

(Ausman - Hayes) Vitamin mx 15 15 17 11 (Hayes - Cathcart) Choline
chloride 4 4 4 Chol esterol (added) 0.57 0.57 0.5 0.7 *No water or
starch_gel is added. Diet wll be prepared in dryfor LN | asma
|i pi ds, TREIPERBefEANd opgpr peigit Y LS Rqs IR BRMALE Spokshmice fredletsyarvinginer ance
test |were conducted after 16 OW@Kat/Profeindioet8wknt erventi on. Lipid,
chol gsterol;anp HigRoalregl UCHge ralagha [an/Sigh 15006 || THight Chmireg O HiBnd CHO/BE| €
and flemal e mce,| regpectively.,Jnsullin tgl.erance tegs data argi,showp
in. BLGS_32-34 1 Hi.gh-fat definitely lincreased meight gainl—as-in 'BL
mi.ce |(FEPETERy[ in  fenmlds) relative to the high-carbohyfirate intake.
Hi gh-| gr0t@n di di nde5®gfk eqt  BPY galt879:2P) ma) esOHEAD it | dil6P:10RD
f emal| &st:ProMdirsratiof ejral es wer e jmuch | ess jaf fected by hi gh-fat
{%en) 3.7 19 . a7 0.6 0.6
18:2n-6 (%en) 6.7 6.7 8.0 1.4 1.4
1 Body weight {a) _ .
Initial 21414 20.2x1.3 27.1x0.6 22.11.0 20.820.8
Finat 20.0:3.75%° 25.741.6° 26.122.8" 22.9:16™ 24.410.9°
Wit gain 0.060+0.026™ | 0.044:0.016° | 0.089z0.023° | 0.006:0.011"°" | 0.028x0.005°
Drgan weights (%BW)} '
Civer 4.2130.207 4,0630.38 | 4.0620.20%° 46420517 5,16z0.597°
Perirenal adipose 2.441+0.90% 1.89x0.51"" 2,1210.24™ 0.76:0.20°"° .| 0.84x0.85"
Kidney 1.12:0.06" 1.27:0.1057 1.1620.08° 1.2120.06 71.120.06
Cecum 0.8220.14%° 0.8820.065" | 0.68x0.067 | 1.02x0.08™9 0.94:0.06"
Spleen 0.4620.08 0.4620.17 0.4510.09 0.490.18 0.41+0.04
Biood
Glucose(mg/dL) 156x12%0¢ 119+14*° 143x19% 118z12° 1111 1c"
Plasma
TOTAL
'CHOLESTEROL
{mg/dL) 879x142° 8172134 6082049 8742135%° 816220851
TRIGLYCERIDES ' :
{mg/di) 12621470 114210° 121220% 8621324 954125

Values are means 8D (Male n=5-6 and Female n=4FS}

*First four groups of mice were fed same amounts of kealiday.

Mice fed &d hbium

a,b,0.. Means i a fow with & common superscript are significantly different (p<0.05) using one-way ANOVA and
Fisher's PLSD test

" Table 31: ApoE mouse study diets high in fat or CARBOHYDRATE with varying levels of protein

INGREDIENT __ gram per 1.0KIo
762 High- | #63 High- -
fatfreg pro | fat/high pro | #64 V.high-fatireg | #65 High-CHO/reg
 White Green pro Red pro Blue
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t han nal es,
"on the cecum
functi on.

| ar ge

bowel

in terns of weight gain.
reducing its size,

even as |

t

Very high fat had a negative effect
woul d seemto do in human
63 Bl ood gl ucose was nore affected in fenales,

whereas | owprotein or very high- fat (increased fat:protein ratio)

rai sed gl ucose.

A high-fat diet was worse than a hi gh- carbohydrate

diet, with respect tjo glycose; i.,e.,, diet c 2thyd'ate | gad favered the
gl uco \é&aﬁ%‘f abolic s ster?nge\(m asz%“l”t id inﬁ{ e C5VBL m)g e. Pl ﬂEsma
total |deedlegnierol tgnded®®o be hi2dher |i n t h##thi gh- car boh§Rirate diet,
especia@dkdosen T emal s, ayen t houody (ri1|gl YCEBRAES Were Togger i n hoth
sexes MLﬁg h%gh carbchgﬁg&te AFqH?.c %e%a%Tﬁheles er-ol- iBh abolit
IOOrrg/g?On 8ﬁér t han jmal és"on the “sanme diet. -1TT was_beST wt
hi gh- dd®bohydrate, -gspecial | y|in femalles, whereas the high-fat,
hi gh- preoieei N and hi gh-1 a2 regul ag2 prat €1 n wer € especi al iy bad iin nal es,
whi ch gyt he—worstadiqggse Tespggse {t o fatsg tmepsenceg; a high
f at : prieterr—+ato-has—a—getri-entgl —afH-fect—on—tFH-H-ghfat-di-ets are
defini 8 a_problem evEn inlt hpsgalani f\_.-\./.glm’rmuqe ~which tends| to
m mi c tAESS7BL (Stddy- 1% . Obesi®®y id great’®r with added.fat, while
gl ucose netabolisml|is better | w th higher carbohydfate. Fat ness!was,
bet t eriegRABL T ated 1 W t#FE — Femaigg apqE ougg. BIopd totgs cthotest er ol
I s consistentty-hi-ghest—w-t-h—hi-gh-—carbehydrate—i-nthese-studies (driven
by t hd BEPA-MPP8 ~ las precur$or to bilood pool ), but _that nay al so
depend sonewhat on tihe type of fat fed, a point that has not begn
expl orfggay@imif PUT Wi Ch {55 UNCGETWRY i1 1] apOE{@i C€e) . 19

{Hayes - Cathcart) '

" [ Cholifie chioride Z i 7 3
Cholesterol (added) 057 057 05 07
*No water or starch gel Is added, Diet will be prepared in dry form.

Fasting plasma lipids, cholesterol, oral glucose tolerance test and insulin

tolerance test were conducted after 16 weeks of diet intervention. Lipid, cholesterol,

and blood glucose data are shown in FIGS. 30A-B for male and female mice,

respectively. Insulin tolerance test data are shown in FIGS. 32-34.

High-fat definitely increased weight gain, as in C57BL mice (especially in

females) relative to the high-carbohydrate intake. High-protein did not correct weight

gain in males, but it did in females. Aiso females were much less affected by high-fat

than males, in terms of weight gain.

Very high fat had a negative effect on the cecum, reducing its size, even as it

‘would seem 1o do in human large bowe] function.
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High fat diets increased weight gain, as conpared to high carbohydrate
diets. The low protein diet and high fat diet increased bl ood gl ucose

| evel s and the high fat diet had higher glucose |evels than the high
carbohydrate diet. The insulin tolerance was best with high '

car bohydrate diet, whereas the high fat/high protein and high 64
fat/regular protein increased adi pose weight. In essence, a high
fat:protein ratio has a detrinental effect on insulin tolerance, Plasm
total chol %‘Q‘P&Q COB@ MASINR® Hteqled indemales, nhaipah lavapiaiREr Mgy Biobr |
especially in femal es, even though triglycerides were |ower in both
sexedah(ingreased falgroteaiebohipirast duerssa. . Aglﬁ'!;fatf digtsvagrwarserthan ahightded
fat, while glucose netabolismis better wth higher carbohydrate diets.,
Bl ooccarboladratiealiels withabspast do gRicssentd. ydikt carbshyavatchload favarkd the
carbohydrate diet in these studies. Study 17 C57BLI 6J (obese nouse

nmodel glucoszemetabelic aystom, zeen ke iodid wthe3CHYBL smouke. | ow  car bohydrate (20%
CHO 40% protein, 40%fat); 2) balanced diet (33% CHO, 33% protein, 33%

fat); and Bhshhabtatendlestst] amdbRkbelighe PRt HjIEEaboRpifattint, Det ai | s

of each diet are shown in Tables 32-33. 65 Table 32: diet conpositions:

Di et R - : i SHEBEY _mal
Cs 7T By el it feritiod eyish tHosh i CBRILS wifle IeT I g W high- el ©

CHO: Falbhytirte? PéRal8otiPciflestdrat far 308 Fobrigidl lower than males on the

éame diet.

ITT was best with high-carbohydrate, especiélly in females, whereas the high-fat, "
high-protein and high-fat, régular protein were especially bad in mal'es, which had the
worst adipose response to fat. In essence, a high fai:protein ratio has a detrimental
effect on ITT.

High fat diets are definitely a problem, even in the a_poE (-/-) mouse, which tends
to mimic the C57BL (Study 12). Obesity is greater with added fat, while glucose
metabolisrh is better with higher carbohydrate. Fatnéss was‘be.tter demonstrated in ‘the
female apc.aE'mouse. Blood total cholesterol is consistently highesf with high-
carbohydrate in these studies (driven by the EC in liver, as precursor to blood pool), but
that may also depend somewhat on the type of fat fed, a point that has not been .
explored yet (but which is undeﬁmay in apoE mice).

High fat diets increased weight gain, as compared to high carboﬁydrate diets.
The low protein diet and.high fat dietl increased blood glucose levels Iand the high fat
diet had higher glucqse levels than the high carbohydrate diet. The insulin tolerance

was best with hig'h carbohydrate diet, wﬁereas the high fat/high protein and high
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g/ kg Casein 240 192 108 "Lactalbur”™.in 249 1.92 , 10.8 Dextrose 78 123
204 Cornstarch 162 260 425 Fat SFA: MUFA: PUFA (%en) 13.3:13.3:13.3
11:11:11 6.7:6.7:6.7 Butter fat 29 23 14 Tallow 75 60 33 Soybean 110
87 49 Fat/protein %n ratio 0.67 0.45 0.67 kcal/g diet (drywt.) 3.988
3.988 3.988 Mneral mx 50 48 45 (Ausman - Hayes) Vitamn mx 13 12 11
(Hayes - Cathcart) Choline chloride 3 3 3 Cholesterol 0.73 0.73 0.71

Chol esterol ,(fromfat)** .d5) (0.1 0. 07 *s mount .
ohol esdieuidyah BB Poigeog donike ol dhiehhesn, SRR AR Flio hase
tall ow,Q6 Tabl e, 33: Cal Olil’if and chol esterol intakes in nmale C57BL/6J
m ce faRinmeRIal SHES osal faigtance. _
Plasma total cholesterol tended to be higher in the high carbohydrate diet,
especially in females, even though triglycerides were lower in both sexes with the high
carbohydrate diet. Obesity is greater with added fat, while glucose metabolism Is better

with higher carbohydrate diets. Blood total cholesterol is consistently highest with a

high carbohydrate diet in these studies.

‘Study 17

C57BL/6J (obese mouse model) mice were randomized to one of 3 diets: 1) low
carbohydrate (20% CHO, 40% protein, 40% fat); 2) balanced diet (33% CHO, 33%
protein, 33% fat); and 3) high carbohydrate (60% CHO, 20% protein, 20% fat). Details

of each diet are shown in Tables 32-33.
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car bohydrate content Diet # 80 81 82 CHO Fat: Protein %n Low CHO

20: 40: 40 Bal anced 33:33:33 Hi gh- CHO 60:20:20 Caloric Intake
(kcal / mouse/day) 12.6 2.7 14.3 1.7 14.9 1.8 Cholesterol intake

(rmg/ mouse/day) 2.3 2.6 2.7 Fasting plasma |ipids, cholesterol, oral

gl ucose tolerance test and insulin tolerance test were conducted after
16 weeks of diet intervention. Body and organ melght data are shown in

Tabl e~ Sholigst B ARRGHYBIATE ™ ]
Tabl esﬁ@,&ae ?9 d;?ﬁdo'f‘r?ﬁb'srtloh% e@g%;%ib\lﬁgls | é;J-‘LO\‘q/"el:}cillrgv‘f\k/?I éi‘lgépro eln.fa ;ratic of

1:1. stmmal&:@lﬂﬁiﬁﬁﬁmee content decreased, the bl ood gl ucose cont ral

| ncr egsEdy However, tie —Tow carpohydggte di ety (progger m 4099 g5 eased
ki dndy wel ght, suggesti ng a decrease 1n_ Ki dne\y functlon Therefore, ithe
protdin:fat ratio of 1:1 was best WiMfHRe carpotBAfede |codt@nfHO

bal ancedb wet:Prokdig opept el n andjTal Tpnspdo 101 ratlsasame N1 ghen:20:20

car bghyd+at-e—dr-et—i-hereasedtH-ver—t+iglyreeri-degs—and—t otal—cholesterol

| evel|s conpared @’59 t he | ow cafrbohydrate and bal anced di et|. No difference
was ndiaseied in the nuscle triglycerizdes |evells (S48 Tablle 36)10867 Tabl e

34: BodyapidnO gam YT ghts (eXpressegags 76 of —bodygeT ghtl)— forggete
ety afb] : . PTE . _ _ ;
constﬁtr‘is.el rati o of Protein|Fat Di e%g# 80 81| 82 153 . 204

-Gomstarch 162 260 425
Fat , _ _ ,
SFA:MUFA:PUFA (%en) : 13.3:13.3:13.3 111111 6.7:6.7.6.7
Butter fat 29 23 . 14
Tallow - 75 60 33
Soybean 110 87 49
Fat/protein %en ratio 0.67 0.45 0.67
keal/g diet (drywt.) 3.088 3.988 - 3.088
Mineral mix : 50 48 45

{Ausman - Hayes)

Vitamin mix 13 _ 12 e
{Hayes - Cathcart)

Choline chloride -3 3 3
Cholestarol ' 0.73 0.73 0.71

Cholesterol (from fai)*™ {0.15) _ (0.12) {0.07)
*same amaunt of cholesterol per keal of diet '

**cholesterol provided from butter and tallow
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Low CHO Bal anced H gh- CHO CHO Fat: Protein %n 20: 40: 40 38: 33: 33

60: 20: 20 Body W

Initial

39.2 } 4.5 38.93=3.239t 2.9 Final

35. 4:

2.12 39.9 3.52 42 f 3.711 W Gain (-)3.76 3.4a" 1.13 f 3.93 3 a: 23

Organ Ws (% body wt)
Peri -renal

Adi pos
9.65 f
0. 188
f 0.07
0. 39.
Val ues
Means
ANOVA

CHOLES]

. Liver 3.19 0.25 3.28 3: 0.362 3.96 th 0,642
adi pose 2.25 3. 0.658 3.05 0.558 2.81 f 0.71 Epidenal

02 9.65 1511

%%fgehﬁd@atw“”??%% 0.63

Ki dney 1.29

0,2111 1.15

ETabld 23 3Calerid i BhdlestéroPihtdkedh Mald @?BL}@I rﬂice’*@'d&@é%@ off m@r@asﬂag%» '

17 1,01

0.11 0.58 0,098 I\/USCIe 0 45 0.078 O.

BDI.EB& f 0.098 Pancreas
09 0 41-+0. 06 0. 38 :L

B R RO o0 £ 1 or o

Y80 f f er ent

e 0.6 8®.26 0O
0.03 Spleen

sl

56 a: &.18 0.
D. 210. 04 0. 210}

$ 8%?@?%?3%(48%

02 '0.23 0.02

ok 8 ekenzy

and  FiCaheic'istal SD t es
TEROL (a8 mbRhHER D

t 68 Table 35

S w37 |

Fasting pl as
317

,f
o

e TOTAL
149+ 1.8

Cholesterol intake
(mg/mouse/day)

2.3

2.6

2.7

Fasting plasma lipids, cholesterol, oral glucose tolerance test and insulin

shown in Tables 35-39.

tolerance test were conducted after 16 weeks of diet intervention. Body and organ

weight data are shown in Table 34. Cholesterol, triglyceride, and glucbse data are

Insulin tolerance was improved with a protein:iat ratio of 1:1. Asthe

carbohydrate content decreased, the blood giucose control increased. However, the

low carbohydrate diet (protein 40%;) increased kidney weight, suggesting a decrease in

kidney function. Therefore, the proteinidat ratio of 1:1 was best with the carbohydrate

content balanced with the protein and fat in a 1:1:1 ratio.

The high carbohydrate diet increased liver triglycerides and total cholesterol

leveis compared 1o the low carbohydrate and balanced diet. No difference was noticed

in the muscle triglycerides levels (See Table 36).
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after diet intervention in male C57BL/63 mce fed diets with increasing
carbohydrate content and a constant 1:1 ratio of Protein: Fat Diet # 80
81 82 Low CHO Bal anced Hi gh- CHO CHO Fat:Protein %en 20:40: 40
33:33:33 6020:20 Plasma TC Initial 178.1 40.7 182.1 * 20.3 179.4 f
27.8 10wks 145.9 ; 24.33" 170.8 19.93 209.4 48.6 termnal 121.8 f
21.73" 154.2 f 16.3a,c 181.6 38 7 ,¢c % change frominitial (using
termnal values) (-) 30.3 -1 9.5a'b (-)14.9 a: 8.3" 1.4 16.1b,c Plasm"
TRIGQLYCERIDES Initial 125.2 56.8 112.8 + 33.4 133.1 +27.7 . 10wks 62.4

a= 24.74Ble39: Hody agld O8mn VERghtsl(Exptesstdamiorofibody6yetoht) i28matla CEAM/63 riicf@d 43" | 98
i-g {]3:9 %[ts/ﬂltﬁ n\%ﬁﬁ%d;{f%#%t%g&‘ter{t a)lcﬂ-é C&lsi%nt 2'5 rét’t?b éf:‘:'rcﬁem$g(: 4a:9( R) 25. 51 f
Val uePigr % Mean*SD (n=12 for Bgilhétv:s gb andBéZ n—13 for di g’f 81) 3 c|
- NEansﬁlmr} aEir (BY,VAYV-I tph g ff?LMH@uper SCr BBLEECE.de f pr (pl<Q-J.@51:ley one- w\?,)r
ol ¢ (GIBEPET RBE bd i efL 4 | rir ed8VRE" caf bohyar 876 Bbnt ent dnd 2
constiasBudyWitl rati o of [Protein: Fat
Initial 39.2 £ 4.5 38.9 £ 3.2 39 %29
Final 35.4 & 2,13° 39.9 + 3.5 42 & 3.7°
Wt Gain (-)3.76 = 3.4°° 1.13 = 3.9° 3 % 2.3°
Organ Wts
(% body wi) ‘
Liver 3,19 + 0,25 3.28 % 0,367 3,96 = 0.64%°
Peri-renal adipose 2.25 + 0.65%P 3,05 + 0.55° 2.81 £ 0.71°
Epldemal Adipose 572 + 1,44° 6.6 4: 0,94 6.84 + 0.83%
Total Adipose 7.97 + 1,86%° 9.65 + 1,302 9,65 & 1,157
Kidney 1,20 £ 0,218 1.15*+ 0,17 1.01 +0.18°
Cecum 0.69 + 0.09° 0.63 £ 0.11 0.58 *+ 0,092
Muscle 0.45 £ 0.07° 0.42 £ 0.07 0.38 £ 0.09°
Pancrease 0.6 £ 0.26 0.56 * 0.18 G.53 £ 0.14
Heart 0.39 £ 0.09 0.41 £ 0.06 0.38 £ 0.03
Spleen 0.21+ 0.04 0.21 & 0,02 0.23 £ 0.02
Va!ues are Meanisb {n=12 for diets 80 and 82, n=13 for diet 81) .
- Means in a row with different superscripts differ {(p<0.05) by one-way ANOVA and
Fisher's PLSD test ]
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Diet #

Chol est

80 81 82
r

erol Ester

E 5.6 5.3 6.

7
Li ver
nal e

Low CHO Bal anced H gh- CHO CHO Fat:Protein %n
20:40: 40 33:33:33 60:20:20 Muscle Triglyceride 17.8 19.7 19.4
TRI GLYCERI DES/ g |iver)
diets 80 and 82,

(ng

Val ues are MeanSD (n=12 for
n=13 for diet 81) 69 Table 37:
and TRI GLYCERI DES Content for

Free Chol esterol,
C57BL/ 63 mce fed

diets with |ncreaS| ng car bohydrate content and a constant 1:1 ratio of

) 1) 4
| aftgr cT et BéervETicd. I8 made 657EL/ 7] B fed dws WlthT@F@aﬁB’lg ¢E®b(71wdnate cONtEBL

2.6 0
8.8 2. Eﬁ%lt liver 23.0 7.5a 42.2 " 14.9" 96.5
35. 1a, %ﬁgglcﬁé‘lét\égt:%l%gﬂrjé \n% #nor diets 80 and 82, n=13 for diet )
a,*-" {Didahs in a row with di®Perent superscPipts differ (p% 05) by
one- way ANOVA and—Frsher™s #md est [abte ermmal
Chem stries- |\/hj-]QI.II’ es_of I\/Ilcrr; e ntn)d Hepat i PBIQ‘%?{E?:?\/ f ol mr%@ﬁ?@%u /Rh
mce f eGP ERLRiIM%eAc|easi #4484 bohydr at e 3BERBeNt afd a EBR%EANt 1{1
rati o .¢Pblasma TC :
initial 178.1 £+ 40.7 182.1 % 2b.3 179.4 £ 27.8
10wks 145.9 x 24,3%P 170.8 % 19.9° 209.4 + 48.6°
terminal - 121.8 21,720 181.6 = 38.7°¢

154.2 £ 16.3%¢.

% change from initial
{using terminal

values) {(-) 30,3 & 9,5%b (-)14.9 & 8.3%¢ 1.4 % 16.1°¢
Plasma TRIGLYCERIDES _
Tnitlal 125.2 = 56.8 1128334 133.1 + 27.7
10wks 62.4 = 24,77 90.4 & 30.9%° 88 & 17.4°
terminal 96,7 * 23,37 118.2 & 23,4%P 98 + 19.5°
% change from initial (-)14.8 £ 25.4° 11.5 & 30,47 (-)25.5 * 13.8°
Plasma Glucose terminal 2055 % 37.32_"b 250.8 + 56.7° 252..6 + 42.1°

Values are Mean®SD (n=12 for diets 80 and 82, n=13 for diet 81)

Fisher's PLSD test

- Means in a row with different superscripts differ (p<0.05) by one-way ANOVA and

Table 36: Muscie Triglyceride Content for male C57BL/6] mice fed diets with increasing
carbohydrate content and a constant 1:1 ratio of Protein:Fat

Diet # 80 81 82
Low CHO Balanced High- CHO
CHO:Fat:Protein %en 20:40:40 33:33:33 60:20:20
Muscle Triglyceride 17.8 19.7 19.4
{mg TRIGLYCERIDES/qg liver) + 5.6 +5.3 + 6.7

Values are Mean%SD (n=12 for diets 80 and 82, n=13 for diet 81)
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Protein: Fat (termnal plasm sanples were pooled fromall mce from
each group for analysis) Diet # 80 81 82 Low CHO Bal anced Hi gh- CHO
CHO Fat: Protein %n 20:4D: 40 33:33:33 60:20:20 Plasma Chem (11U L) ALT
(SGPT) 24** 43 19** AST(SGOT) 102* 106* 64 CK 492* 455* 209* *-Means
val ue i s above normal clinical values for male C57BL/ 63 m ce **-Means
val ue is bel ow normal clinical values for male C57BL/ 63 mice 70 Table
39: Terminal Plasma Chenistries- I\/Easures of Renal Functlon for rral e
C57BL S S Carhohys C

const le e T :591 h ? aptd JRT ES’E@%@I‘H fh‘ag
Hi gh- & r{jégqé'} aet cgr Stel n[ t/en - 40: ICICH : 8(5 ?rrg/ dL)
24 24 é#uedtlnrpgng rg/m_) o3 O- 3 of 2+ _B/*s,lmatlo 80 80 TQ9" li um
(ﬁq/m aB2 | Potasstunt (IEgf L)~ 6.9 6.7 ‘.:TWWW‘ZS.
23 liver lipids (mg/g liver) Low CHO 20:40:40 Balanced 33:33:33 60:20:20 -
' FC 2.5 %= 0.3% | 2.6 £ 0.3 2.7 + 0.3®
EC 0.8 + 0.6 1.7 £0.7° | 6.0%2.8
. TC ) 3.3+07° . 4.2+ Q.7° , 8.8+ 20% |
hver TRIGLYCERIDES
(ma/g liver) 23.0 + 7.5 42.2 & 14.9° 96.5 + 35.1%"

Va[ues are Mean£SD (n=12 for diets 80 and 82, n=13 for diet 81)

- Means in a row with different superscripts differ (p<0.05) by one-way ANOVA and
Flshers PLSD test

Table 38: Terminal Plasma C_hemistries— Measures of Muscle and Hepatic Injury for male
.| C57BL/6] mice fed diets with increasing carbohydrate content and a constant 1:1 ratio of
Protein:Fat (terminal plasma samples were pooled from all mice from each group for

analysis)

Diet # 80 81 82

| Low GHO Balanced High- CHO _

CHO: Fat:Protein %en . 20:40:40 33:33:33 50:20:20
Plasma Chem {IU/L) ' '

ALT (SGPT) | 2AFF 43 To%*

AST (SGOT) D 162+ 106+ 64

cK ' 492+ 455+ 209%

*-Means value is above normal clinical values for male C57BL/6] mice

**_-Means value is below normal dlinlcal values for male C57BL/6} mice
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Sodium (mEg/L)

168*

“168*

162%*

Potassium (mEg/L)

6.9

6.7

6.5

Na/K Ratio

24

25

25

TCO2 (mEg/L)

21

20

21

Phosphorus (mg/dL)

6.6

7.6

6.7

*-Means value is above normal clinical values for male C57BL/6] mice

¥*-Means value is below normal clinical vaiues for male C57BL/6] mice
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of diabetes and its conorbidities, but for other indications where
glycem c control may be beneficial. For exanple, recovery from physical
trauma (e.g., surgery, burns, etc.), cancer, obesity, and chronic

di sease (e.g., chronic respiratory di sease, ulcers, etc.) has been
shown to be inproved by "fight" glycemc control. Typically, such
glycem c control 72 |ncludes the admnistration of a | ow glycemc

ol.includes,.intensive insuli
Bk @@Jﬁﬁﬁ%&@fw@&&a@m ation of

|ntensrve nsul I n - thera onpt es nt hesi s t when used -
in conbi nQ'ﬁ'@ﬂeﬁﬁaﬂqﬁ[ CGHdo Scﬁ‘!ﬂrg) ﬂQWéﬁ Oé?r'i‘% %W)@S‘Em)

and/ or ut ami ne/ gl utanmate it pronotes roteln nt hesis, potentially
a6 1 HIEbpEs 3 PeRraatyiok asiels. JrorexaTIALS.dRVIcuAs wilh Righioss cal

trauma, cancer, obesity, and chronic di sease. Preferably, the
nut ripressie (i. esupmwaammmﬂga;,ra knewh &V rigk iagty, areshiongrealeisitiod and/ or
nmet abol i zed sugar. Suitable sugars include, for exanple, isomalt,

I somadavelopirey Typeed eliaistes {hmaagatimrﬁeidualam'cwh'@ natendl bioud predswecr omal t .
Suppl ement ati ons such as those above have been shown to inprove insulin

sensigimilaty, ipdididuaRulieh Righateritg lipsprotais BholebleroiS BIDLDINeNsIS of BS Meg/dl
allowing a better netabolic response, including inproved nitrogen

bal angqesét tﬂgy gﬁd@(’mpfeﬁ?é@'d? 259¥ﬁé/ﬂﬁ$:lr$nor’éxﬁ§!h' KRS R factdis #61S1 ve

i nsulin thera I ncl uding am no acid suppl enentati on was shown to:

ol ut Sy o AR GF A A ﬁ%‘f“}?‘éﬁ%ﬁ?‘éﬁbﬁq@r’eﬁﬁr‘ %S concent 1t on of
e i n 1t agior chaBGE ol oY 63 Colidhian 9% ik RABFYDS. B Yohvidh v pne
fom r’been ) orrrm"[hafa Sersongmet% Type 2 diabetes have a high incidence of death at time of

acute myocardial infarction and have a relatively poor prognosis for long-term survival

after myocardial infarction, The data above suggest, therefore, that it is advisable to

treat an individual with diabetes as though he or she waé at increased risk for CVD,

even if the individual does not have other CVD risk factors.

Supplemented Intensive Insulin Therapy

Tight g!ycémic contro! and the use of supplementing specific nutrients has
benefits above what can be derived frcrm the use of either alone. The resuits of the
studies above provide valuable information not only for the prevention and/or treatment
of diabetes and its comorbidities, but for other indicatiorls where glycemic control may
be beneficial. For exampie, recovery from physical trauma (e.g., surgery, bums, etc.),
cancet, obesity, and chronic disease (e.g., chronic respiratory disease, ulcers, etc.) has

been shown to be improved by “tight” glycemic control. Typically, such glycemic control
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decrease | eucine oxidation (15. v. 32 nnol / mn / 100 nL | eg vol une);
and i ncrease de novo glutam ne synthesis (94 v. 41 nnol / mn 1100 nL
| eg volune). Muscle glutamine is reportedly depressed in post-surgical
patients and in those wth chronic disease. As such, increasing
glutam ne content in the patient would be expected to inprove their
condition. Mre broadly, because glycenic control is a 73 benefici al
goal iWclges & %dmél‘ﬁi@pﬂriﬁ o Ipwralynenaic €arbahydiata serrags dettepi dpesiie ger v,
t he adm nistration of an enteral or sip-fed nutritional conposition
conpr i oMl incluslgsdnigsivednsuliatber#pir at e source, BCAAs, and gl ut anae
and/ or glutanmate has the potential to inprove the recovery of such
pati ents t hBupghinglys itdasddeprioturd thas et Siepplamentadipplod irdensive msulbid
Nutritional Formula with-1:1:1 Carbohvd rate: Protein: Fat.Ratio As
descr i thechpimromotes giutaminesyathebis; bul whé@vsed iracdmbindtion with one or more
carbohydrate: protein:fat ratio is beneficial in treating or managing .

di abet BgnaR&d Bhaih Ta$mﬁ@ Rl (BOA S Saridfo Iutanﬁﬁé/glwa/rﬂéf’elil Pforﬁbté@@ﬁﬂemr enal
di sease, etc.). The higher protéin co ent aids in ear insulin

rel eas éﬂlﬁ@s!@%ér‘lt@i‘y Eﬂﬁ%réd?ﬁe ﬂ&ﬁrangrrﬁ}n%éfd? Bné‘qﬁclhﬂﬁglpih%kai

car boh ate ‘conten management of "'ucosel'evel s

mmve{raurﬁa“é%ﬁce?'c{ﬂe%l% @Ld%r@n*&%féé&ea ﬁreﬂer%Slgh{ﬁ'gmutg@t;ou aptio may be

further one or nore’ingre i n inmproving

?LZ?ES%&PD@%@%“%&@? éthf'ﬁeﬁe@&l?%% %3@W%@shfed"e‘i@%g%ﬁ??%%@y%ﬁ%ﬁ&zed

samat e B, éé{ﬁ““‘) Paf CaPhefase B HARAE, WHORG co,

4- hy'dr8 )¥t| sol eyci ne reen tea Ieaves and extracts, cinnanon, banaba
ext r act® z"i"@u seeds, arginine, fish oil, chl orogeni c acid,

mangost een, pal m
' Supplementations such as those above have been shown o improve insulin

sensitivity and reduce blood and/or plasma glucose concentrations, allowing a better
metabolic response, including improved nitrogen balance and endogenous protein
synthesis. Experimehtally, intensive insulin therapy including amine acid
supplementation was shown to: increase plasma concentrations of leucine (129 v. 112
pmol/L) and glutamine (381 v. 248 pmol/L); reduce the circulating concentration of
glucose (109 v. 173 mg/dL); improve protein net balance (-3 v. 11 nmol Phe / min / 100
mL leg volume) and protein synthesis (42 v. 21 nmol Phe / min / 100 mL leg volume);
decrease leucine oxidation (15 v. 32 nmol/ min/ 100 mL leg volume); and increase de
novo glutamine synthesis (94 v. 41 nmol/ min / 100 mL leg volume). |

| Muscle glutamine is reportedly debressed in post-surgical patients and in those
with chronic disease. As such, increasing glutamine content in the patient would be

expected to improve their condition. More broadly, because glycemic control is a
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fruit juice, chromum and vanadium It is believed that the use of two
or nore of such ingredients, with or without a nutritional fornula
having a 1:1 protein:fat ratio, will yield additive or synergistic
results in delaying the appearance of glucose in the blood, |owering
post -prandi al plasma insulin levels, |owering glucose resistance, and/or .
i ncreasi ng glucose sensitivity. Physiological and other characteristics
of susdnefidial gouldal peiitsis accovdeingfidne ghpsicaltraufue bhenddryolng hebégytd t hat -
the use of two or nore of such ingredients, with or without a

nut r i gdrmadtratien BEAA cReMENEr sip-led nirabsalcongosiiin comiidihg aowIgiyaepsict i ve
or synergistic results in treating or preventing cardiovascul ar di sease

yner oot s 1 reventing c:
or idthSpirate é&é:géség rqtm@, amuf&hhﬁé aPBA: YRt has m&f pSEatial to

i ngredi ent’s are- w. Touch! EXtract Touc Extract (TE) is

SoyndRESYS LB RaBRIER sGin pRIGREIRLGRHRESR TP syIBECT, (20 poen

shown to inhibit a-glucosidase activity leading to | ower bl ood gl ucose

| evel s and HbAIc values in individuals with Type 2 diabetes, sinmlar to
Acar hgse and Vagli bpse.. TE.inhibits A Iacsihd excl us,f_.v .and does
not RS = O YUHIoNa L QUBLIG ALY 1t e ' -+ B5in,
chynotrypsjn. or lipase. Due to its ability, cgr bohydr at
absor pti orf*s qiesqnge@@i’a%e@nyw pnaidornyip "lﬁi’i"&%“%é P@éb&é'ya@aﬁ %i@%f%t
concentration of glucagon-like peptide-1 (GP-1) and gl ucagon-I|i ke
pept i 1alo 6 benslicia In epading prsmanagingskrbatemand/er B epmodddities k¢ -One
endocrine L cells located in the distal small intestine and col on.
GLP- aidioyasalartdisadse; engll disesse cependbathigherproigin senjent aida in aady bet a
~cell proliferation and neogenesis. GLP-1 is secreted in response to

o insulin release. In addition, both the higher protein content and the lower carbohydrate

content help in the management of blood glucose levels.

However, a nutritional formula having a 1:1 protein:fat ratio may be further
supplemented with one or more ingredients useful in improving glycemic control,
treating diabetes, its comorbidities, or symptoms thereof. Such ingredients include
Touchi Extract, partially hydrolyzed guar gum, inulin, fruciooligosaccharides,

- galactooligosaccharides, isomaltulose, slowly digestible carbohydrates, lipoic acid,
fenugreek, 4-hydroxyisoleucine, green tea leaifes and exiracts, cinnamon, banaba
extract, syzygium cumini seeds, arginine, fish o‘il, chlorogenic abid, mangosteen, palm
fruit juice, chromium, and vanadium. It is believed that the use of two or more of such
ingredients, with or without a nutritional formula having a 1:1 protein:fat ratio, will yield
addilive or synergistic resulis in delaying the appearanc.:e of glucose in the blood,
lowering post-prandial plasma insulin levels, lowering glucose resistance, and/or

increasing glucose sensitivity. Phyéiological and other characteristics of such

74



nutritional, hornmonal and neural stinulation, with the primary stinulus
being enteral nutrition. TE is a natural a-glucosidase inhibitor that

i nhibits the breakdown of carbohydrates, prolonging the tine
carbohydrates are present in the intestine. Therefore, a greater anount
of carbohydrates may reach the distal small intestine and interact with

the L fifhedichts apb UENEAIG KoiBi FREHER 1O Bolie2d hAEMBARRDLIRNAITdre of

concentration I nprove glycemc control 1 n addition to the

ef f ect Ny ' . d. .
ar 2 sERelehs OB WAGLER RERRATRILE niHE AL bRl B L
in the . distal. small intestine and colon, G P-2 acts.to enhapnce

ot g GRS et trstlts SRt e Seperin £ Bl Bl BEEase or
architectur d .increasing,enzyne and tranpsporfer activities.. P-2 is
secr et Rant, BBpeIRdg oAl and BinarichAtacIeRyeR Oh ato Rgrerients Are EeRgibed on
w'th the primary stinulus being enteral nutrition. TE is a natural '
a-glucb@b@bse inhibitor that inhibits the breakdown of carbohydrates,
prol onging the tinme carbohydrates are present in the intestine.
Therefore, a greater anount of carbohydrates may reach the distal snal
Intestine and interact with the L cells to stinmulate G.P-2 secretion.

The i ndpeelsidtkiragt asma concentration of GLP-2 will inprove intestinal
structure and function and reduce intestinal inflammuation. Benefiber

Benef i ber (WPandhi @Extinach{id)as uardesarivad pojvdes obfanmentez] doybebhnonak igi ber
that is extracted fromguar gum The original high viscosity of guar

gum i s geAved itol SoybBahe that A6 bebk derMertb® withttdpeegiillis @fyZade Al Rasli tion

to liquid foods and nutritional fornulas. The chain | ength of Benefi ber

can bepasy, Bhghin 35 iftifif Y RT-RIRB M ebding to Mk er H1BEE Ylklose levels and
HbA1c values in individuals with Type 2 diabetes, similar to Acarbose and Voglibose.
“TE inhibits a-glucosidase exclusively and does not inhibit other digestive enzymes like
amylase, pepsin, trypsin, chymotrypsin or lipase. Due to its ability to inhibit
carbohydrate absorption, it is proposed that TE will act to increase the plaéma
concentration of glucagon-like pepiide-1 (GLP-1) and glucagon-like peptide-2 (GLP-2).

GLP-1 is a hormone that is secreted from the endoctine L cells iocated in the

distal small intestine and colon. GLP-1 acts to stimulate glucose-dependent insulin
secretion, and beta cell proliferation and neogenesis.- GLP-1 is secreted iﬁ response to
nutritional, hormonal and neural stimulation, with the primary stimulus being enteral
nutrition. TE is a natural o-glucosidase inhibitor that inhibits the breakdown of
carbohydrates, prolonging the time carbohydrates are present in the intestine.
Therefore, a greater amount of carbohydrates may reach the distal small intestine and

interact with the L cells to stimulate GLP-1 secretion. The increased plasma
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but the majority of Benefiber has an average chain | ength between 80 and
200. Many of the beneficial effects of Benefiber are likely due to its
ability to be conpletely fernented in the colon and produce
significantly nore butyrate than other soluble fibers. Butyrate may act
on the L cell to increase the expression of proglucagon, the gene that
codes for GP-1 and G.P-2, thus providing additional GP-1 and G.P-2 to
ge S @Bhe&smrhtibh dM@IPﬁWiMﬁFc% dhcetit @bAtroNA dddRbnSio tHE effeeemate pn of .

E with Benefiber. wi have an additive effect on increasing the plasma

conc ILa{é@{q @gaacﬁr?&gr{ﬁc}gocﬁyu%ggr@-igTheTB%oH.ncorporat iron of TE along with

Bene mul atiron wll i ncrease GLP-1 and G.P-2

S 'th ?32&?;@?&5?%%gﬁﬂﬁﬁﬁéﬁﬁ?@ééﬁ%@%ﬁ@&%sﬁﬁﬁéﬁfféab%éﬁsi g °|§?1i*ﬁ%"r rore
agencieiial ke SRR, GEP2RAR h Bundies WGP BRER SE Gl aqes

G.P-1 and G P-2. The' additive effect of TE and Benefiber to increase
Che. 1Y AREOGEHERIV IS SerieCire and Jicioaging Sn2umg Ac I NRORET PEATIAS.  on
of diﬁel%t I dyl peptidase-1V would further inprove glycemc  control and
i nt eSlifrglis seergtad indespenaedrdiutaronal.hosaenal @ netngl plarladonswitithes have
shown that Benefiber is beneficial in mintaining bowel function,

hel piprigndm stimeiussreiog eateralofuttitiarh TdE isra adarad ndglucosidaseimhikdior thedpeci al | y
in patients receiving enteral nutrition and other popul ations sensitive

t o i iitabitd thel breakdviti 8NerboRYdratise Pfﬁlorﬁ’@?ﬁ@fﬁ&ﬁhe‘%&%@ﬂd@&t@s afslprdsmel

beneficial effects as it is conpletely fernmented and produces

Subs GafHd iﬁ{esﬁﬁ@.uﬂhéréf?érle%tgféaite?arrﬁﬁiﬁ%f baboR{igratds Pay rasdiHgRdistan t he

fornula in a range o to 10 g per serving (based on 240 m per
- SerVigh{llintestine and interact with the L cells to stimulate GLP-2 secretion. The increased

plasma concentration of GLP-2 will improve intestinal structure and function and reduce

intestinal inflammation.

Benefiber

Behefiber (partially hydrolyzed guar gum) is & unique functional fiber that is ‘
‘extracted from guar gum. The 6riginal high viscosity of guar gum is nearly eliminated
after hydrolysis, making it an ideal addition 1o liquid foods and nutritional formulas. The
chain length of Benefiber can be as high as 600 galactomannon units linked together,
but the majority of Benefiber has an average chain length between 80 and 200. Many
of the beneficial effects of Benefiber are likely due to its ability to be cofnpletely
fermented in the-colo.n and produce significantly more butyrate.than other soluble fibers.
Butyrate may act on the L cell 1o increase the ex_pression of progl'ucagon, the gene that

codes for GLP-1 and GLP-2, thus providing additional GLP-1 and GLP-2 fo be secreted
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The total amount of TE provided per serving (based on 240 m per
serving) should be between 0.1 to 10 g. This would allow for a range
that includes the mninum effective dose to the dose where the
beneficial effect reaches a plateau, Foods that are lowin glycemc

I ndex can lead to decreased insulin-like growh factor-1 (1G--1) that
can lead to a decreased incidence and progression of cancer. TE

o oo sl 18 bR E BPRRARHET Ahe AbihafEEECPE S iRl biNhave,

response an eases t comc resp OI’ISE ore

ble t d f
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extracted fromchicory roots. Inulinis readl | y wat er-sol uble and -

exhi bi intestiset slagdunerand iwseliensed reduck mi‘ue@h@%lsnﬂa;nmﬁaom Ferbemore] g i n
can be prepared fromhot water extraction of chicory roots and has a
degr eeeti¢éct qouldenhrancatiine potetiapadtions @f phatmasologiealsagenihhahinhibigt h of 12
to 25. Inulinis a highly fernentable fiber with a strong prebiotic

acti vi thpepiititpeptidaden] v ithe prataasdihabhdegladds GLP-harel GBI aTtesladdithve
i nulin has specific bifidogenic effects. Like Benefiber, some studies

have sbfuet df TE andBEh&NIERR0 hﬁ‘ﬂé@@ hBlddrik coficalitaniohen GIERS Mpenimat i on
of inulin and Benefiber may have a greater effect on gut health than

s SRRSO iR irle el v okl e BRenat
I nuli ncbﬁtroﬁtahﬁ'?ﬂ%é_’uﬁé]%ﬂu@ﬁf?@%ha?unctﬂﬂymver

In addition, a number of studies have shown that Benefiber is beneficial in
maintaining bowel function, helping in the management of both diarrhea and
constipation, especially in patients receiving enteral nutrition and other populations
sensi;tive o iﬁtestinal intolerance.

The use of Benefiber would have additional beneficial effects as it is completely
fermented and produces substantial amounts of butyrate. Benefiber should be included
inthe fdrmula in a range of 1 10 10 g per serving (based on 240 m‘I per serving).

The total amount of TE provided per serving (based on 240 ml per serving)
should be between 0..1 to 10 g. This would allow for a range that includes the minimum
effective dose to the dose where the beneficial effect reaches a plateau,

Foods that are low in glycemic index can lead fo decreésed ihsulin-like growth

factor-1 (IGF-1) that can lead to a decreased incidence and progression of cancer. TE

decreases the available carbohydrate so it decreases the insulin response and

77



Benefi ber produces nore butyrate. Wien a blend of inulin and Benefi ber
I's consunmed, the fernmentation tine in the intestinal tract would be

| engt hened, producing a greater variety of short-chain fatty acids
(SCFA; acetate, propionate and butyrate) and a blend of the two fibers
may enhanced the growth of beneficial bacterial strains, bitidobacteria
and Iactobacilli better than or equivalent to either fiber alone. 78
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chi cog artic sparagus _an as Well as synthesized from
sucr o@ C(?PS%WF‘S'EP&?Q%P(?W |@gp§%§gb§eﬂe§ 'nulin and ol i gofructose are
readi | y water-soluble and exhibit sweetness that decreases wth

I ncreasing chain length. Inulin can be prepared from hot water
extraction of chicory roots and ol igofructose.is obtained by parti al
enzyngelubleribeiBleads — Ineli @ Benefibels i nulin and ollgotructose differ
fromeach other by their chal n length or degree of polynerization.

A i gof r uctingln conwiste of ynediiredergthchams FFEED fhursares likgddyy RE-1 linkages.

pol ymeri zation of less than 9 with an average chain |length of 3 to 5,

and i |pid 4 Raltedl fod ﬁ@é@@nt@fcdmhmmam ircdlleRiry SobdsAné0dingtdhictry,aver age
chain length of 12 to 25. FOSis a highly ferrrentable firrber wth

pr ebi @‘g tho l@t h¥h ef(égué Qg:? oﬁﬁdr{“éb‘%egsaé &&rﬁéﬂ‘f}rﬂnpéhlcg}/frb&%mﬁﬁ!ﬁﬁha and

| acto e Benefi ber i es have own th FOS can prevent

or alj eﬁﬂgfgvggeﬁ%ﬁgﬂlggbg%ﬁh%r %m@@ﬁ%&%ﬁﬁm G rBGEQONIA RAESSIRG LASR 160%R)

are non-
Inulm can be prepared from hot water exiraction of chicory roots and has a degree of

polymerization of up to 60 with an average chain length of 1210 25. Inulinis a highly
fermentable fiber with a strong prebiotic activity. Numerous in vitro and human studies
have indicated that inulin has specific bifidogenic effects. Like Benefiber, some studies
‘have shown that inulin can reduce the risk of diarthea. |
The combination of inulin and Benefiber may have a greater effect on gut health
‘than either one alone. Each fiber has a distinct fermentation rate and specific intestinal |
regions of activity. The prebiotic potential of inuiin is stronger than Ben:afiber. However,
Benefiber produces more butyrate. When a blénd of inulin and Benefiber is consumed,
the fermentation time in the intestinal fract would be lengthened, producing a greater
variety of shori-chain fatty acids (SCFA; acetate, propionate and butyraté) and a blend
of the two fibers may enhanced the growth of beneﬁcia‘I bacterial strains, hifidobacteria

and lactobacilli, better than or equivalent to either fiber alone. .
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produced from | actose by an enzymatic reaction. They serve as substrates
for endogenous colonic bacteria and are highly fernentable in the
colon. GOS stinulate the growh of gut bifidobacteria and |actobacilli,
i ncrease SCFA concentrations and decrease colonic pH, therefore, they
are caon |dered and are beneficial for the

gast r G2hY'eS al2le 2= The conbination of FOS and GOS i s’
reported to have a greater preblotlc effect on gut health than if

ei t her one Fagiodligesaatharideswe sbothand meghundenrgth cheinsed -Biruckansnot i ng
the grom h of beneficial bacteria. A blend of FOS and GOS significantly

i ncr eamred b G- QinkAgsd. Riufih dpBatigeiicosndrd Aatsiaeht! i nore than either
one alone. Tn additron, the SCFA product i on and subst rat e assimlation

.7, S TRGTaE b ST D nP QUSRI SonliiRy B P e
ol ena BPeHRELanGEH B %‘iwﬁtr'f bR érretft%%‘fﬁéﬁ‘?%&ﬂﬁ e

that a maxi mum ? np gr ffere t speci es, especially bifidobact erl a
and | &UCHFEANgXirac eEIafFP'BrC WOWW %Idltlon it has been reported that the
bl end of FCS and G0S al so increases the production of SCFA and st ool
frequency, 'afia ewlﬂlrgqfreatqsﬁﬁred@@@W@N@tﬁesoleb&%q @Fﬂ!?‘t greslngss that|
addi tion, butyrate may act on the L cell to increase the expression of
pr ogl (Hesiprases il ineisasingahado eegttt. onulia pan bgieparedron hokwgiedvi di ng
additional G.P- 1 and GLP-2 to be secreted when stinulated by enteral
nut r i extractiorooleshicary Posts parh dligofruetgsdecie wbiain @l by pagiaganyyrmakic aytitolysisn of
viscous dietary fiber and isolated viscous fibers to a

of inulin. Thus, inulin and oligofructose differ from each other by their chain length or -

degree of polymerization. Oligofruciose, commonly referred to as FOS, has a degree of
polymerization of less than 9 with an average chain length of 3 o 5, and inulin has a
degree of polymerization of up to 60 with an average chain length of 1210 25. FOS is a
highly fermentable fiber with prebiotic acti\rity, that stimulates the growth of
bifidobacteria and lactobacilli. Like Benefiber, studies have shown that FOS can r:)revent
or alleviate constipation and diarrhea. |
Galactooligosaccharides {GOS) are non-digestible carbohgrdrates that are

produced from lactose by an enzymatic reaction. They serve as subsirates for

- endogenocus colohic bacteria and are highly fermentable in the colon. GOS stimulate
the growth of gut bifidobacteria and lactobacilli, increase SCFA concentrations and
decrease colon_ic' pH; therefore, they are considered strong prebiotics and are beneficial

for the gastrointestinal environment.
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car bohydr at e-cont ai ni ng neal has been found to result in significant

i nprovenents in blood glucose and insulin responses in nunerous
controlled clinical trials. Large, rapid increases in blood glucose

| evel s are potent signals to the beta-cells of the pancreas to increase
insulin secretion. Over tinme, recurrent elevations in blood glucose and

ChcerSlve ISk agos i R AREaROU ok b RRAS B el ete,
S R AR T AER erR G A i S BRI oo
(R Y AT RN ISR N

Mel litus Increasing intakes of refined carbohydrates, and decreasing .

i nt akigeregses fsograwih oh ifidokadia e apd lagtolacit re¢re thag ciihey ere aleBGallénce of
type 2 diabetes nmellitus (DM to near epidenic proportions. Nunerous

pr os paddiliare the BERA progartien aad subsiaie asaimilatinads aisetenhaneed by the blend.
particularly cereal fiber fromwhole grains, are associated with

si gni f i carfumenhuststodiss have kraminskd toe diectoipFAE agwd&OS bnasrt hough no
Intervention trials have evaluated the effect of increasing dietary

f i berenhaEnelng iatestinaldiadieneaind Bhbroping\siodlicharadiedsticsrho irffamis. iRdsatigent i on
trials found that a conbination of lifestyle nodifications that

| ncl ugdidateBaEaR Blend bhshoteB hakeficlacihRRsAS hditerid Fka sindlgisat aiyd t ype
2 DMin adults with inpaired glucose tolerance. Al though multiple .

f.act opgs a nitliMdhPSumBeesH diﬂerehfﬁédi%é, TeXéPéEiﬂl ig?ﬁiﬁ%?b&ctbﬁ& ABSactbhadifase
the risk of devel oping type 2- the Tresults of observational studies
and | G Uhuditidre i hals Mlehdrbfotéd hat s brehti%t FHS bRd GOS also
increases the production of SCFA and stool frequency, and significantly sofiens the
consistency of stools.
In addition, butyrate may act on the L cell fo increase the expression of

proglucagon, the gene that codes for GLP-1 and GLP-2, thus providing additiona! GLP-

1 and GLP-2 to be secreted when stimulaied by enteral nuirients.

Lowering Postprandial Givcemia (Blood Sugar)

The addition of viscous dietary fiber and isolated viscous fibers to a
carbohydrate-containing meal has baen found 1o result in significant improvements in
blood glucose and insulin responses in numerous controlled clinical trials. Large,
rapid increases in blood glucose levels are potent signéls to the beta-cells of the
pancreas o increase insulin secretion. Over tirﬁe, recurrent elevaﬁons in blood glucose

and excessive insulin secretion are thought to increase the risk of developing type 2
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i nprove glucose tol erance and decrease the risk of type 2 DM
particularly in high-risk individuals. 81 Isonaltul ose Isomaltulose is
a naturally occurring disaccharide that has simlar physical
characteristics to sucrose, thus it is a potential alternative to
sucrose. The nost inportant distinction between |Isomaltul ose and
sucr osediabeiehendliitos (Dhhtasiweehad cardivastar tigdasd (soedDisgade Pesteintian
enzynmes at a slower rate than sucrose. This leads to a slower rise in
bl ood ¢klswnse, -fructose, and insulin levels in both healthy and diabetic
subj ects. One study reported that in healthy subjects blood glucose
gradual |y | pefi@rgREdriotydiateRonterRof #ld nalghsh ,Cihe??es@hc@o‘ﬁﬁ@éﬁ,er
adm nistration of 50 g of Isonmaltul ose, while 5 g of sucrose caused a
gl UCOSg)aﬁﬁfﬁ r@fv’éﬁs_:ﬁbeﬁ-g}dé%l re8lits3P dRhANR B ﬁldrégggtag%‘iﬂh&%ﬁgeé f the
ar I'n di |

fastin evel . sirm esponse was al so note abetil c subjects.

gt o) DO o FBne AR LIS IRRIEL, on 1% Cont ract . after

sucrose ingestion, a peak level of 237 12 ng/dl was reached within 60
mn. In addition, the change in insulin concentration was significantly

smal ler_with_j onaltuwose (41.1 7.4 pUm) conpared .to sucrose
ingestﬂaﬂgggaﬂggﬁﬁiﬂgﬂﬂﬁyn1). Anot her study exanmined the short- and
|l ong-termeffects of an Isonaltul ose- based fornul a pn_carbohgdrape and
lipid met ab#lareasing intakes ofmelinechearbobyginatas and decrepsingdniakes ahlibesiindim
glucose levels were lower in the rats receiving the isonaltul ose- based
f or nul A% baypariieledithe inreasing pravalencetaityee A diakeies reliius OMh BB n.
after admnistration. In addition, the area under the curve was smaller
for t hepidemialprepatens. Numerous prospective cohort studies have found that that
diets rich in fiber, particulatly cereal fiber from whole grains, are associated with
significant reductions in the risk of developing type 2 DM. Alihough no intervention trials
have evaluated the effect of increasing dietary fiber intake alone on type 2 DM
prevention, two important intervention trials found that a combination of lifestyle
modifications that included increaéing fiber intake decreased the risk of developing type
2 DM in adults with impaired glucose tolerance. Although multiple factors, including
obesity, inactivity and genetic factors, increase the risk of developing type 2.DM, the
results of observational studies and infervention trials indicate that fiber-rich diets -
improve giucose tolerance and decrease the risk of type 2 DM, particularly in high-risk

individuals.
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based fornmula (162.0 14.2 mmol x mn/L) conpared to the dextrin-based
standard formula (279.5 -~ 28.5 mmol x mn/L). The insulinogenic index
~did not differ anong the groups, indicating that isomaltul ose-based
fornmulas may not affect early phase insulin 82 response. After two
nont hs of the isomaltul ose-based forrmula adm nistration, body weight
did not differ, but serumtriglycerides (0.54 0.04 vs. 1.31 0.12

”"D|Lko§@ﬂmdsBSU|in (50.2 3.7 vs. 74.2 2.0. pnol/L) levels were

decre ng with inproved insulin sensitivity in peripheral tissues

(0940 Roifpitulded s a hoiaFBEAI AT URkopHAe #E ABE sANFRHILEU™!

nmesenteric a retrope.r I SSue roup

recei yi ]S 0$e- ed I [ of i ver and
pancréﬁaag'gm\tﬁggté&sl tﬁ%ﬁ%@dMg%a%P{%%bﬂ&c@?ﬁ%h@&%tsﬁgtéﬁehe-ggl&'gg lts are
primarily due. t.o the |low qlycem c index and i.nprove cenm.c control
P aucepdiey Sistlelalt baBeenfdmalifes, AT SuoREe e aEbA IEERGIEE B oy
i somal tul ose can increase nental concentration in aﬂﬁ%hi.-The aut hor s
concl byfEalyzed PYigaual ¢neyees ey aisigueinars NeRUe KRed ggls 1o a siower
concentration in adults in the same way as sucrose, but that the effect
of i demial hloed ghicospdadctese, laagtinguindeyels imbothi haaithinasdrdighetigoubionis.
estimated to be nore than 5 g. Additional studies are being done to
det er @hastudyerepodbd Matin healivheubjéste idadglusesediacually Incosadeditbdtse i s
slowy and conpletely digested in the small intestine, providing a

s1 owepedN ofot (WY uohs engldbaii 6Gmin aftereximinktratidhios 50 pofdsoraalivivee, while 50
isomaltul ose is potentially beneficial and nay support its use in’

oo e e esBramh s s Toomhgi o |
decrease to the fasting level. A similar response was also noted in diabetic subjects.
The plasma glucose level gradually increased to its peék level (1 95 = 14 mg/dl) at 120
min. after isomaltulose ingestion. In contrast, afier sucrose ingestion, a peak level of
237 + 12 mg/d! was reached within 60 min. In addition, the change in insulin
concentration was significantly smaller with isomaltulose (41.1 7.4 uU/ml) compared
to sucrose ingestion (59.3 = 12.0 pU/ml). '

Another study examined the short- and long-_te'rm éffects of an isﬁmaltulose-
based formula on carbohydrate énd lipid metabolism in rats. The shori-term effecté _
revealed that plasma glucose [evéls were lower in the rats receiving the isorhaltulose—
based formula compared to the dextrin-based standard formula at 15 and 3_0 min after
administration. [n addition, the area under the curve was smaller for the isomaltulose-
based formula (162.0 = 14.2 mmol x min/L) oompar_ed to the dextrin-based standard

formula (272.5 + 28.5 mmol x min/L). The insulinogenic index did not differ among the

groups, indicating that isomaltulose-based formulas may not affect early phase insulin
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I mportant for hel ping individuals wth di abetes nmanage bl ood gl ucose but
they also increase the anount of carbohydrate that reaches the distal
portion of the small intestine leading to increased contact of the L
cell with carbohydrates and potentially an 83 increase production of
G.P-1 and GLP-2. Sucromalt and Trehal ose have simlar characteristics

to isomal tul ose _and have the sane potential to i o :
managefRSRONSS: HHEN YQimenths,pit ﬁeéﬁoﬁ%@i')é%se -legiradiREm rTB %Cfrﬂgfﬁlf@gan’fl?%
sucrose and naltose. Trehal ose is conposed of gé ucose units and one

gl ucosweight dislinet qier, Gpbseremisalycetses (024 &6 %tés ot-Bbe: 0.1 mppel/l) ase

ot her carbohydrates that are slowly absorbed could be contained within
t he nuthsutin (R Y vel 3420020/ pmelddilevals wehritigergaeedaiongavitivimpmeed cel |
to increase the expression of proglucagon, the gene that codes for

GLP- 1 msdlitkéndtivitytin pepipbeial tisgiesd0i94 00413 v&. B-76L+ &8 @l:rR;llkgimlnlueThe
secreted when stinulated by enteral nutrients. Lipoic Acid Lipoic acid’

(LA) hasidhtefhepieiiyiis dmteentaric ane réieparkomsa ladifoseltise0s evete towditie thé| ood
of diabetics and also to prevent tissue damage through anti oxi dant

act i ongrdup reasivingy tﬁ@ iSaRadb-PRsEd R)?fhuiahﬁutlﬁélg@lfs &PtheaReE&sd pahdreas

associ at ed with polyneuropathy, a troubling condition in which diabetes

ISt heyRRs inchoEERN QSFg RFfcIUARE A tﬂ@éé/?elahe & Og glﬁﬁ ¢ Iﬁ‘ﬁh% low-

racem ¢ mxture of R- stereo i SOMers ty of

(R - Lk PP b i R oo b B, ani o

resear er eol soner e ect i ve than
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concentration in adults. The authors concluded that isomaltulose significantly increased
‘ mental concentration in adulis in the same way as sucrose, but that the efféct of -
isomaltulose tended to last ionger. The minimum effect dose was estimated to be more
- than 5 g. Additional studies are being done to determine the mechanism for the
isomaltulose effect.
Isomaltulose is slowly and completely digested in the small intestine, providing a
slower blood glucose and insulin response. This cHaracteristic of isomaltuloée is

potentially beneficial and may support its use in diabetic products.

Slowly Digestible Carbohydrate Sources

Nutritional formulations that include carbohydrates that are slowly diges’tible are
important for helping individuals with diabetes manage blood glucose but they also
increase the amount of carbohydrate that reaches the distal portion of the small

intestine leading to increased contact of the L cell with carbohydrates and potentially an
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be reduced with the ingestion of food, suggesting that for maxi mum
efficacy of low dose-LA it should be adm nistered while the stonmach is
enpty. 84 Supplenenting the diets of spontaneously hypertensive rats
with LA (500 ng LA/kg diet) |lowered both bl ood glucose and insulin

| evel s, systolic blood pressure, and cytosolic [Ca2li.

Streptozotoci n-i nduced (STZ) diabetic rats diets were supplenented wth

LA (488e8se lafadm)ione_ﬂ CAPL£and QIFP-ROBUciéfutt ahl TreR@ose hhpodingilarcose was
significantly lower in LA rats versus non-treated control, but there was

no diJhE%&@%@ics@@ﬁéﬁt%M&‘esaﬁd Rfethe¥dnhe Ia@te‘ﬁ'ﬁ?i 0IMprdve dibicdsg esul t, it

was report that prolonged supplenentation of the diet”of STZ-diabetic

rats Lnec f e ' : NP~ B -
Far e et rRAAAGAE N bkt SUBldh sy eRHCM LaERbRana,
resul i.n rL.RE g 1,N-S 1tz ed by a
13% rb@&?@t i-@ﬁﬁ ?lﬁ)b?Eéﬁpggﬁﬁe@qﬁg@%ﬁteu@@%gar@:{é@%by.@%%mgﬂ% avenous
insulin. tolerance,. testing. Suppl nt i digts wiih 30 LA/ kg BW
for SPZ! eﬁ%‘%ﬁﬂf"éﬁ)&%@ s Frpgﬁ’@@ééﬁgfr%ﬁ?hﬁﬁﬁséﬁ& éjpd"’ﬂ&?lﬁi one
content above er antioxidants. LA was reported to be an effective
t ool 8Dgot %&Bﬁﬂoﬁwlﬂﬁ&‘@m@}ﬁﬁh%F‘H’Fr't’@ﬂﬁ'o{é)frﬁél{ﬁ&'ﬁﬂury. An uncontrolled"’
study with 20 Type 2 di abetics showed that 1200 ng LA (oral) for 4-wks
i mproved Headditien, bty @ie nwyadtendbe i eathtomsrease Mg exmpressen #bnt, |actate
and pyruvate were reduced by 45% after oral glucose | oadi ng. Oally, LA
aci d preglueaga, thelgene that satles far Gig™+1cantBGbPry/thus pPravidiag additionalsGllP- 600
~nmg LA In another pilot study with 20 Type 2 di abetics, oral
admi i and &i Ped imbe 86Cretdd@henstimuBiied irylehtdral nutnipnisved
i nsulin-stinulated glucose di sposal as conpared to placebo control.

I'nsulin sensitivity was reported to have inproved 17% with LA
treatment. There were no

Lipoic Acid

Lipoic acid (LA) has been repdrted to improve the removal of glucose from the
blood of diabetics and also to prevent tissue damage through antioxidant action. It has
also been claimed that the use of LA'reduces paih associated .with polyneuropathy, a
troubling condition in which diabetes is the most commeon cause of peripheral nerve'
damage.

LA may be a racemic mixture of R- and S-stereoisomers. The hioavailability of

. {R)-LA is reported to be greater than (S)-LA. In addition, animal research has shown

the R- sterecisomer to be more effective than either S- or the racemic mixture of LA on
improving insulin sensitivity. The overali bioavailability of 600 mg LA has been shown to
be reduced with the inéestion of food, suggesting that for maximum efficacy of low

dose-LA it should be administered while the stomach is empty.
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observed di fferences anong the three concentrations of LA This may

I ndicate no additional benefits above 600 ng LA/d. 85 Diabetic patients
given a tablet of LA (600 ng/d) for 3 nb. were reported to have Iess
oxi dative stress as nmeasured by the ratio of plasnma |ipid peroxides/(Vit
E/ Chol esterol). No correlation between glycemc control and lipid
peroxides or the ratio of lipid peroxides to (Vit E/ chol esterol) was
observed. The evidence presented here suggests that- lipoic acid o
suppl enent aBupplemaptingHndigls cfsraatanepualyihybernensive 18 sligH-A RGWONg
measures of glucose netabolismand also inprove bl ood gl ucose

regul atAvdg.dieh) lepseres potioblend gheosEandgnadin Iseels) systaivitiesd preseergeandh

wi th fenugreek (Trigonella foenum graecum) seeds investigated the .

ef f ect cydbsalic§CabTiubSeepiozetociniaducen (§ B ediabetialaty digid weteostppiemgnted
control of elevations in blood glucose associated with di abetes. _
Howev efith Liag480Tnne L Atligd ahd -aftey d i Saing Ydb Fernog ktoddylldsEy was anot her

bi oacti ve conponent of fenugreek seeds that al so appears to have a

posi ti gnHtARELloRBr H US98 verslls in-irate@tonfeH hubiries /RdeiY difféieneat i cs.
Fenugreek seeds have been reported to contain between 20 and 30% protein

and apBétﬂ{?ieﬁ%%' tYea'iQ&’%@rﬁol%?‘?HﬂEMﬂ{ 2hEa rbgléii,?f\ﬁéﬁf E%Bﬂefighgﬁ ﬁt@bﬁtg!eﬁer . The

am no aci extracted fr enugr eek see par ti cul ar

non pr SIRE R Teh Bf kLG T AR S Wil EANRSSTeeBRairof el
Type. 2o Recmien Falbalnhl, SERBIeM BOLAS By S p RS et

rats resulted in a peripheral insulin-sensitizing effect as demonstrated by a 13%
reduction in the area under the glucose curve following intravenous insulin folerance
testing. Supplementing diets with LA {30 mg LA/kg BW) for STZ-inducéd diabetic rais
increased renal cortical glutathione content above other antidxidants. LA was reported
to be an effective tool in the prevention of glomerular diabetic injury. |

An uncontrolled study with 20 Type 2 diabetics showed that 1200 mg LA (oral)
for 4-wks improved measures of giucose metabolism. Following LA treatment, lactate
and pyruvate were reduced by 45% after oral glucose loading. Orally, LA acid is
reported to be safe at up to 1800 mg/d given as 3 doses of 600 mé LA. In another pilot
study with 20 Type 2 diabetics, oral administration 6f 600, 1200 and 1800 mg/d LA
improved Insulin-stimulated glucose disposal as compared to placebo control. Insulin
sensitivity was reported to have improved 17% with LA treatment. There ;.Mere no
observed differences among the three concentrations of LA. This may indicate no

additional benefits above 600 mg LA/d.
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response to glucose in pancreatic beta-cells and (2) enhanced insulin
activation of 86 insulin receptor substrate (I RS) and phosphoi nosit ol
(Pl') 3-kinase in extrapancreatic tissues. Several animl research
trials have investigated the glycem c control effect of fenugreek and
its extracts. In a recent study, obese, insulin-resistant Zucker fa/fa
rats given 100 ng/kg I D-1101 for 3-weeks had reduced hyperinsulinema
conpar ed \Riabeticheatieptogives giteklet atld 46820 my/d)dnt Baho.ckersaeparied (Pbaves) .
The aut hors concluded that 1D 1101 exerts insulin-sensitizing effects

i ndepesglexitihijvecsiresssas meadtirad thydhe catid diephsmaHipidiperesikiesf{vite seed powder
(5% in the diet) was adm nistered to all oxan- induced di abetic Wstar

rat s H/Gholeierel) Welksoriatgtiondsativeer ghloevtit edntreisdridpid berskided! srahaeati®
control concentrations. The therapeutic role of fenugreek in Type 1

di abeff sid (SeOxiB8s & Vit BitheRstdol) Masldgard! gl ucose and lipid
nmet abol | ziing enzyne activities to nore normal val.ues, thus stabilizing
l'i ver and i ' ' of :

i abei oo e RbrEEdSESDaNRAS LAt TR B S| o oo ARHE B )
subfragct.Lon= A ‘ ) chiop: i ' [ (19..69 and
cubt-grHE ARG et 08 FhBtiftEHeRRurch o giikosh sEPole e o
(52.8%.. Each traction iven to dogs mxed with two dally neals.
Subf EHOE Qﬁ’gﬁiqg‘fﬂﬁeﬁeg\ﬁﬁﬁgﬁwent decreased hypergl yceni a,

gl ycosuria, high plasma glucagon and somatostatin |evels. Subtraction-A
al so decreased the hyperglycem c response to the oral glucose tol erance
test. In contrast, Subfractjon-B had no effect on hyperglycema or
panc LIOXYISRNERE (FRNUMIgEk dogs. The antidi abetic properties of
fenugreek seeds are believed to be in testa and endosperm and al t hough
“this subf Pseyipuslyi @sea@h with fenugreek (Trigonella foenum-graecum) seeds

investigated the effect of its soluble fiber fraction (specifically galactomannan) on control
of élevations in blood glucose associated with diabetes. However, the aminoc-acid (4-
hydroxyisoleucine; aka ID-1 101) is another bicactive component of fenugresk seeds
that also appears to have a positive effect on glucose control in non-insulin dependent
diabetics. | |
Fenugreek seeds have been reported to contain between 20 and 30% protein
and approximately 50% as carbohydrate, in the form of dietary fiber. The amino acid
extracted from fenugreek seeds (ID-1101) is of‘particular interest because it is solely
produced by fenugreek plant and is a non-protsinogenic-branched-chain amino acid.
The action of ID-1101 is believed to work through two separate and essential
- dysfunctions of Type 2 diabetes. These mechanisms include (1) improvement of insulin

response to glucose in pancreatic beta~cells and (2) enhanced insulin activation -of
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fibers (high viscosity; 115 cP), it is not possible to exclude the

exi stence of one or nore 87 unknown active pharnmacol ogi cal conpounds in
this subfraction of the seed (gibes et al. 1986). Fenugreek

adm nistered orally at 2 and 8 g/ kg dose to normal and all oxan i nduced
di abetic rats produced a significant fall (P c 0.05) in blood glucose

vas dodk TESbROT AL URST3nd g gRhGnaRIS PN SRl aReatf o'

decoct it@Qu d an ethanol extract of Trigenolla foenum graceum seeds on
the serum gl'ucose levels of normal and all oxan diabetic mce were

studied. A gingle 0.5 . 40- 8009 ' Jalels S
well as al S&%gFﬁ??QW%mS%eO% t'?%? F‘Sﬁ%H‘%ﬁ%ﬁ@ﬁ%&ﬁgﬁ‘%@g@Sggjﬁo er a
6- h period. Reduction in blood.glucose concentration.wa i ghl _

o ont T fediireck A5 s Bikaflea 8 Tredk i g RasSan bl ApisIRR Zlcder tota rats
hypogl ycem a cau?ed bi t he et hanol extract (200-400, m;f/ kgzr@i n . '
al | oxariREY 197 BW/k@iD-3} Abidsswerlshhad ErduceddypednsinegTiagsmesrashiib e i n
effect to 200 ng/ kg tol butam de. Extract of fenugreek seeds was orally
adm ni dregregsive intigash kinenire! ebesanatsi(P<l.6bkt The adibora eonahpd thet Kb

ng/ kg BWfor 15 d. Treatnent significantly attenuated the gl ucose

t ol er anld®1mxevts insuliniaepsbizingeafiecimindapendantiyd itsringLdiaotropis @ffientst esponse, -
suggesting the hypogl ycem c effect is nmediated through stinulating

i nsul i n syntReaspgeekaviiie sese poeten (6% nmtheéied) vead ddmiristetegrigadioxan-
admnistration at 50 ng/kg BWfor 30 d to severely diabetic rabbits (n

= 5) siigdudedadiaibdtic Wisierrats forsiiresgvddkeathdoletansd sldvated fadtinlg bidogvat e t he

fasti-ng seruminsulin level to a nuch |ower extent, which suggests an

extra- glucose to control concentrations. The therapeutic role of fenugreek in Type 1 diabetes
can be attributed to the change of glucose and lipid metabolizing enzyme activities to
more normal values, thus stabilizing liver and kidney glucose homeostasis. |

The effet;ts of fenugreek on diabetes in a canine model was addressed using two

subfréctions: subfraction-A: testa and endospenm fraction; rich in fibers (79.6%) and
subfraction-B; cotyledons and axes; rich in saponins (7.2%) and proteins (52.8%). Each
subfraction was given to dogs mixed with two daily meals. Subfraction-a and insulin
‘treatment decreased hyperglycemia, glycosuria, high plasma glucagon and
somatostatin levels. Subfraction-A also decreased the hyperglycemic response to-the
oral glucose tolera_nce test. In contrast, Subfraction-B had no effect on hyperglycemia_
or pancreatic hormones in diabetic dogs. The antidiabetic properties of fenugreek

seeds are believed to be in festa and endosperm and although this subfraction is rich in

fibers (high viscosity; 115 cP), it is not possible to exclude the existence of one or more
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pancreatic node of action for the active principle. The effect may al so
be by increasing the sensitivity of tissues to available insulin. The
hypogl ycem ¢ ef fect was observed to 88 be sl ow but sustained, wthout
any risk of devel opi ng severe hypogl ycem a. Because 4-hydroxyi sol euci ne
and isol euci ne may have the.same nechani smof action, a very brief

or cs et Pt ERuBLTRERRL N Gow e ALy BRich HEBR R B is Rl
pl as | ucose in 7-wk old rats, as conpared to |eucine and valine

treat s. Branched chain am no acids have been shown to stinulate
secretion of insulin., Leucine and isol euc) ne used together at a-

physi ol ogi CRIULeRKBHNINSIEES qrellyp st dapdig okg dope e BopaaldyIaxgn doubl e
insulin secretion fromthe pancreas. Stinulation of insulin release by
br ancigdced diabatiarata sreducad o signifizantdsll (B midRgLINdleodplusose boihiBriBase i n
02 consunption and coincided with an increase in the islet NADPH NADPi
rat i onomel asprelkas difbeticaais and the hypoglyomuric efiectwas dose relatBidgKdbsiacst
insulin release through BCAAs is causally linked to an increase in

cat aball 1895)l uxes and secretagogues acting in the islet cells as fuel
(glutam ne) or an enzyne activator. Fenugreek, in summary, appears to

exert nodeFite hypuglycengoeffeciardi a eddoetios ahd anngthane exdtiacest Trigamallaol  as
determ ned by review of animal research data. Thus, Fenugreek and its

conpopentm dgrakein®eeds oRanskeium WRBse ilarms BPRGHh®E ahataMoRamdidbetic onal
regi men designed to address diabetic-related dysfunctions. Catechins

X e R e S A
" cat eqRixafized BB Was¥8lovedd b yBbhiFEsmiaPleveiépedt Sver a 6-h period. '
| Reduction in blood glucos_e concentration was highly significant,. was maximum at 6 h

and was do'se-depende-nt. The hypoglycemia caused by the ethanol extract (200-400
mg/kg) in alloxanized mice was also dose-dependent and 200 mg/kg was comparable in
effect to 200 mg/kg tolbutamide.

Extract of fenugreek seeds was orally administered to sub-diabetic and mild |
diabetic rabbits (n=5) at 50 mg/kg BW for 15 d. Treatment significantly attenuatéd the
giucose tolerance curve and improvement in the glucose induced insulin fesponse,
suggesting the hypoglycemic effect is mediated' through stimulating insulin synthesis
and/or secretion from beta cells. Prolonged administration at 50 mg/kg BW for 30 d to
severely diabetic rabbits (n = 5) significantly lowered fasting blood glucose, but could
elevate the faéting serum insulin level to a much lower extent, which suggests an extra-

pancreatic mode of action for the active principle. The effect may also be by increasing

the sensitivily of tissues to available insulin. The hypoglycemic effect was observed to
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catechins tested on glucose transport fromerythrocytes indicates that
gal l ation of epigallocatechin (EGC to epigallocatechin gallate (EGCG
increases its affinity for the 84 glucose transporter by 2 to 4 orders
of magnitude. Thus, EGCG is thought to have the greatest bioactive
potential of the catechins. Al though nost experinental data focuses on
t he rolbe siéwdbpbsudgtainedavitbtutreny(rbBabdevelopingegavere hypegiycabiger ved i n
vivo are suggested to require the conbi ned actions of several conpounds
found i n t e@egadsadihydiaxyisoineincsSanetisaleutirchmay fase sy sammeaneghanims efl as
to how the tea catechins act on diabetes. Inhibition of glucose uptake

f rom t hetiomt £esiyigiel sveniewethabadmimstetionest itcleudind vpgyiitazediptihkeciese.
Evi dence supporting the inhibitory activity of catechins on glucose

t r ansp@résdriied Uded is@eusihé QN3IgkaBVOSHRIs 98dicporisateiecRade pMdngd Pl asma

gl ucose concentration by green tea extract. In addition, tea extract

al so_dofifeRasd 7. MeolAATBE By 1d lbucHeoiBf M tidathBnie! Biaeed Bidin

gl ucose transport was Inhibit and the reduction in Na' extrusion from
oI €T 0GB oBeSIa BB A AL SEEGTI N, Qb VPSS
i b CBEy Ot & B GeBeL R hpfiod (0.5 Btio o) ERTERBIFI I e Cha
gl 1 oy I0EB el BRI P G PalPRRS” SR ahCL PR DNCRIRR ) veMfretor o
oo o8 i PORRT e TR v oo 5 R ! a5
D T 45 B e AP RABATabb, Al 6P B S on®

cyclic AMP concentration. Therefore, insulin release through BQAAS is‘causally linked

to an increase in catabolic fluxes and secretagogues acting in the islet cells as fuel

(gluta_mine) br an enzyme activator. Fenugreek, in summary, appearé to exert modest,

but significanf, effects to improve glycemic control as determined by review of animal -

research data, Thus, Fenugreek and its components may provide benefits when

incorporated into a nutritional regimen designed to address diabetic-related -

dysfunctions.

" Catechins (EGCG)/Green Tea on Diabetes

Green tea is rich in polyphenolic compounds that may make up o 30% of dry iea
weight and include the flavonols or “catechins.” Comparison of the effects of various
catechins tested on glucose transport from erythrocytes indicates that gallation of

epigallocatechin (EGC) to epigallocatechin gallate (EGCG) increases its affinity for the
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manner. EGCG also mmcs insulin by increasing Pl 3-kinase. H gh doses
of green tea catechins, enough to raise plasma EGCGto 1 mM reduced

t he el evati on of serum glucose concentrations in normal rats chall enged
with 90 gavaging 2g glucose / kg BW In addition, catechins (20-50 pM
al so reduced plasma glucose in alloxan-treated rats. Feeding rats

Teavi goTM % i I hats. . (1% f.Qr,5 eks

¢ el Sla0he Tahepisilet B ia Ede ol R D ThE AE s widdardd v %

gl ucose ,concent.ratipon,.by -57 and,-50%. respectively.. An 11 day study
Usi nooteales Dative PeBvRLR 1P saRingo IHGTRE Fage ok st el foslses
decrease in fasted_blood glu y,- 16% apd -32% respectively. Oal

gl ucoSs therale ah%*aeqﬁwp@%e@%n%fﬁé&(ﬁnweﬁ@w ERW1§§$P§EW?§JPi%VQ #€r eased and
there was al so a decrease in Iliver nRNA for gl uconeogenic enzymes

( PEPGRUGUESEIthiopquice Sumceshinedractiens ahgsvsialgararPrynsisHayad ihtea and not
anti-hyperglycemc effect in fasting STZ-induced diabetic mce at 300
g/ kgjusbame.not at 30 or 150 ngyl kg. There was .-no change in blood insulin
concentrations during the fall in blood glucose concentrations. The

aut hor speBeverabmethanisinsdave dieenipopafedppeinhow the teapeatecking acbbwod

gl ucose concentration is to pronote insulin action in peripheral

t i ssudiabef@spphisibitiohioh glucose wptake frérh hhe ntestineda op@.rhgchangrigropesdd to
tea/100m ) in fructose- fed rats exhibiting insulin resistance inproved

the i pejukt bisdd glutede dEGHERES SuptUram@ihRnghibitbsoadtiviy ofsgidchime dir esence -
of GLUT4 on adi pocytes. The author summarized that green tea :

aneulTL@na&@trhmpdri i@l FeARIBNRNARicOsYH GIDESElptaRe baTRMabKRERRST ON Of

glucose concéntration by green tea exiract. In addition, tea exiract also decreased
Na’*—KI+ ATPase activity. Therefore, it is believed that glucose transport was inhibited
and the reduction in Na* extrusion from enierocytes by eliminating the gradient
necessary for Na*-assisted glucose transport. ‘Gallated’ polyphenols (EGCG vs EGC)
a_ré thought to be the active form because both gallic acid and EGC alone have little
inhibitory activity on glucose transport. Therefare, it is believed that the catechin |
compbnent of the compound may increase access of the galloyl residue {o the binding
‘sites of gludose transporters to promote inhibitigﬁn. |

Another proposed mechanism is an insulin-like actioh of EGCG because it has
been shown to increase insulin réceptor tyrosine phosphorylation and receptor
substrate-1 (IRS-1') and reduce PEPCK gene expression iﬁ a P! 3-kinase-dependent
manner. EGCG also mimics insulin by increasing Pl 3-kinase.

High doses of gréen tea catechins, enough 1o raise plasma EGCG to 1mM,

reduced the elevation of serum glucose concentrations in normal rats challenged with
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Al | oxan-i nduced di abetic rats dosed with " Epicatechin" (30 ng/kg Lp. -
2X/d) for 4-5 days decreased bl ood sugar concentrations to normal and
hi st ol ogy showed regeneration of P-cells necrosed by all oxan.

| munor eactive insulin studies showed the cells to be functional. 91
Sheehan et at. (1983) al so dosed alloxan-treated rats with 30 ng/ kg

282?22%3%@8%2%'“. &R a%éﬁfglqjt eﬁ%&ﬁ g0 ?@tf*ﬂﬁé% fé@#”eic‘érlé@% 0

I S , B 1985
gr!sét: ﬁlﬂ{@ g % @%‘aggéﬁaﬁg %gfntep\llmc;t echleﬁ ?gvgﬁseg al : gggﬁ-'elt ngucec(j :
or rever se FESTRBIRGH vmoaﬂéf»éé‘ > GrvrlRaRQEE) :%LP@EHNEP&E digkts OROUERE o
be related to the poor st abil %/ of epicatechin, but ysis showed it

st abl e Wagks sesyliegdi aa;i%aﬁeneﬁdg @!ﬁqr@aﬁe inreoth fed and Fﬁsct%qi glqoﬁcg lygpse

suggest that the anti-diabetic effects of EGCG and the. tea catechins
ar e t héonegfratiopfoyi-aRiapic-£6%. sespactivelyi da 1 Hray stdlytusingsgriagewith } -

G ucose transporter). An additional view is that high EGCG (>10 UM

~ pr evenflsanigod B land cifi0ampiko/d) riisdoiasulied b1 adeoreage i fsted blogd Ribyase) .
However, it is inportant to note that the concentrations of catechins
used i r16f’/hasé-$ﬂ%,— eispectbaly. t Orallghucse tblekaricg imipgined nh@th arabt@%y.abl e in
humans and difficult to obtain through oral supplenmentation alone. Ten

heal t hyPlasrha istitin noregeest &l thebe Wailadsd=8506craCETh Ieel mRN# for nat i on
T1/2 of 3.9 h. At 24 h, EGCG had returned to base | evels. Peak naxi mum

for EGglaconesgdnid eRirhes IPEPYR & G8PHgepd i nterconversion (EGCO to EGG)
occurred indicati ngﬂ?hat %pdegal | ati onS%?s not required for uptake. EGCG

e o) SRRt e R sqhypstae s aritinrstnge |
STZ-induced diabetic mice at 300 mg/kg, but not at 30 or 150 mg/kg. ‘There was no
change in blood insulin concentrations during the fall in blood glucose concentrations.
The aﬁthor speculates that the mechanism of green tea compounds on blood glucose
concentration is to promote insulin action in peripheral tissues.

-Supplementiné the water with green tea (0.5¢g lyophilized tea/1 OOmI) in fructose-
fed rats exhibiting insulin resistance improved the insu[in—stimulatgd glucose uptake and
also increased the presence 6f GLUT4 on adipocytes.- The author summarized that
green tea ameliorated insulin reéistance possibly through increased expression of “
GLUT4. |

Alloxan-induced diabetic rats dosed with “Epicatechin” (30 mg/kg i.p. — 2X/d) for
4-5 days decreased blood sugar concentrations to normal and histology showéd

regeneration of B-cells necrosed by alloxan. Immunoreactive insulin studies showed the

cells to be functional.
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C nnanon C nnanon is derived fromthe inner bark of a tropical evergreen
tree. The two main varieties are C nnanonum cassi a and C nnanonum
zeylanicum C. cassia is an aromatic bark, simlar to C zeyl ani cum
~but differing in strength and quality. C. cassia 92 bark is darker,

t hi cker and coarser. The corky outer bark often acconpanies this
variety. C. zeylanicumis also known as Ceyl on ci nnanon or "true

ci nnanon’ subbiedh eisa:amgseg Rfs®rdoeeliaioRawliRafvRas Wih B0TWERYIpicdi®¢in
delicate flavor than C. cassia. C nnanon has been shovvn to contain

et hyl, ft

tyromﬁgéj%%ﬁai g@g&fegﬁ]yﬁﬁ? b&'@g@ @ry‘r&%ﬁtdn osp opé t??: t hat

enco t he hor atl in of the ins re r

(3 SER PRyl fUadihRce o FBeids o oS L SAEHERLE | ons
lin b Ia_tlon of the nsullnre tor and

P edubbabRIog lﬁ@@%ﬁ”@@%ﬁ @ateéy Hamshehs legt@cbws—waea ligan-

i ndi viduals. with insulin resistance, .as ci nnanon. stinulate the

nec eﬂ'@b‘ﬁ?d Sizbelanintrats and oyed g 'G@@@@’Eﬁaﬂ'@k@ COB%H‘@)&%&EPV reverse

Lagerstrem a speciosa L., also known as Banaba, is a plant grown in :

t r oppelgblishesi diebetes. Diifereacesyin lesukswergihonebt to beirelategdp #y&pagr chi na,

and Australia. Leaves of this tropical plant have been used as a folk

medi siability ofrepicatechivabutearalysiis ahawed 8 siabkelforldi deas) Sdiaysds soluting. | eaves

contain a large amount of corosolic acid, which as been shown to

possess afhé pri-alrdcaldinginygsesugigest thatthe egﬂmlabeﬂm effenis of EGGGadihes. The
effect on blood glucose | evel due to decoction of banaba |eaves was

I PveMa wml?@areemel rgsals oflhibition ﬁanmsanal@mrse trdrespoytblaryGhutose ef f ect
’ e;;;:\::otrte?). An additional view is that high EGCG (>10 pM) prevents hyperglycemia by
inhibiting gluconeogenesis (e.g. PEP-kinase). However, it is important to note that the
concentrations of catechins used in these pre-clinical trials are likely higher than
achievablé in humans and difficult to obtain through oral supplementation alone.
Ten heaithy volunteers ingested 1.5 mmole EGCG. EGCG had an elimination
T1/2 of 3.9 h. At 24 h, EGCG had returned to base levels. Peak maximum for EGCG
was 1.3 umol._ I, Very limited interconversion (EGCG to EGC)_ occurred indicating that

degallation is not required for uptake. EGCG was not detected in the u}ine. No

stafistically significant increase in plasma antioxidant activity was found with EGCG.

Cinnamon
Cinnamon is derived from the inner bark of a tropical evergreen tree. The two
main varieties are Cinnamomum cassia and Cinnamomum zeylanicum. C. cassia is an

aromatic bark, similar to C. zeylanicum, but differing in strength and quality. C. cassia
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Lagerstrem a speciosa L. was eval uated by Kakuda et at. in 1996, in a
di abetic nouse nodel (Type 2). The animals were fed for 5 weeks with a
diet containing extracts from Lagerstrem a speciosa L. Results showed
that the elevation of plasma glucose level in diabetic mce was
suppressed by the addition of HWE (hot water extract) or HPME 93

(et harwdrk &l degkér, thicleriaml) cdavsdrh dheaurkybuigr ebrk citarpagromeshivg this a
decrease water intake. Mreover, the seruminsulin |evel neasured at

St h weelgrigfy. fGedyRgiden lls)élsmowﬁl%sr@@,ﬂ@ﬁi cinmabritg dWrLE icRinagiont! whidhnis a
anot her study, banaba extract (BE) has been used to examne its

ant i ObQ‘ﬁpfae?‘ co%?%ﬁatpos%@ihn?r’a"ﬁ%ét&' ﬁ&@ﬂ&h@a’fé‘ﬂaﬁé{r 1FhAC. Waksiaf ed a test

diet co ni ng 5% of wat er “extract from banaba | eaves i nstead of

Fhey showed CIVEAK hek BEh oAl SoHERP el BRI eReeitipdiy (Aaee ou
the actiinppareb H bR Rupf Héﬁf’hg?@"%%%%1‘@*6@’5@%&@9310%@&%%4 &
(non- | HEFPRORRER taR S onkieBes M ibBEo oo 4iBelt ftﬁfgiri%ahoed a

daily oral dose of O ucosol TM (extract fromthe |eaves of Lagerst roem a’
speci oJaceprbrstbenit 0Q Tyver115040¢ dvod b 1-c Theiedyre; M@E@‘le%’ﬂh‘?cﬂcﬁpﬂs 8f hard
gelatine capsule formfor 2 weeks. A statistically significant -

r educt iiosulinbylallosdng phosoryletien ofdhs indidierreeeptonaiy peduczsdiledibglucose
patients receiving 48ng per day of G ucosol supplied in soft or hard gel
form Idsier Chelagsm mta desisdriefigiall fdr dndividaslswiteinelifressisiande) as efhnaimun.

bl ood gl ucose as it . owed a 30% decrease in blood glucose vs 20% w th

t he harrda;@@ﬂmixl@te’ﬂhelrmo@séa@mcadew hbﬁea%blgwcosfehﬁat@ﬁé ects of BE on
gl ucose transport and adi pocyte ,

Banaba Extract

_ lLagerstremia speczosa L., also known as Banaba, is a plant grown in tropical
countries mcludlng the PhlIlppznes India, Malaysia, China, and Australia. Leaves of this
tropical plant have been used as a folk medicine for the treatment of diabetes and
kidney disease. The leaves contain & large amount of corosolic acid, which as been

" shown to possess anti-diabetic properties and significant amounts of tannins.

The effect on blood glucose level due fo decobtion of banaba leaves was
investigated as early as 1940 by Garcia. Later, the hypoglycemic effect of extract of
Lagerstremia speci_osa L. was evaluated by Kakuda &t al. in 1996, in a diébetic mousé
model (Type 2). The animals were fed forls weeks with a diet containing extracts from
Lagerstremia speciosa L. Results showed that the elevation of plasma glucose level in

diabetic mice was suppressed by the addition of HWE (hot water extract) or HPME
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differentiation in 3T3-Li cells were studied. They showed that both

hot -wat er and nethanol extracts but not the extract eluted with
distilled water, stimulated glucose uptake in 3T3-L1 cells, suggesting
that the effective conponent(s) in BE is water soluble and heat stable
(tested during extract preparation which need to be boiled and heat

evagﬁfeﬁieﬁ’ﬂ)) eluBhefraciiat) es thatortas eistpictompuatc®REAVestrabddwatd). 1 to
g/L of 94 BE (240 nnoVL of insulin induced the greatest uptake of

% IE;mgi ., M;:!ré@vérsth% s?erhmrmunrmaw rh@@snrba%t BRW BB el SRRRI WEE W th

r tolnsum BE need maxi mum 15 m nutes to i nduce

mXid&@&bHQHﬁfeeHW@ ttgg?}]%hl S study they checked whether an additive

or synergic e ct exis etween - BE and I nsulin but glucose uptake

Symer oi c 1 BPPREP el Ehadl ol %C%E%M%% e Coad 1o SRS RraEREY Ton o
o - BebRaliEhe @h%mﬁldﬂeﬁ}fﬁgﬁi%t %Sg%?é f%ﬁ@#’i%feﬁ%%ﬁ Eirgbdg afr RS-
e- dependent. i.n

'(235%?% Satactiiont Fefaby lasbs esortayblose &0y f%wént?negtbw alicose

preadi pocyte into adipocytes) preadipocytes. Mreover, Liu et al.

i nvdexalywerRinehanpresssic i Ahes shoveed aisigrificant riaere@ﬁep@t%@f thend
observed that BE greatly inhibits nRNA expression of PPARL2 in a
dos eontpdaverin t@iﬂﬁh@ﬁ:ﬁ’f@d@ldﬂ@@ﬂea@e Thisdewenss wis dusiva (eRiuciy e

GLUT4 are markers of differentiation). This group of researchers

contacoumdlatioe of iwggedriget i on on the identity of the -conponent in BE
responsi bl e for the glucose transport stinulation and inhibition of
adi pocyt én 2003 ehelytetal.| parfomneT: Sfdmldmlzéd clifibehtrinEipeoivind Typat2 t he 2

activities of interest of
diabetics patients (hon-insulin-dependent diabetes mellitus, NIDDM). Subjects recelved
a daily oral dose of Glucosol™ (exiract from the leaves of Lagerstroemia speciosa
standardized fo 1% corosolic acid) in a soft gel or in a hard gelatine capsuie form for 2
wéeks. A stétistically significant reduction in blood glucose level was observed in Type
2 diabetic patients receiving 48mg per day of Glucosol sﬁpplied in soft.or hard gel form.
Nevertheless, the soft gel form was more effective in 'redubingr}plqod- glucose as it
showed a 30% decrease in blood glucose vs 20% with the hard gel form. |

In a recent in vitro study; fhe effects of B‘E on glucose transport and adipocyte

differentiation in 3T3-L1 cells were studied. They showed that both hot-water and
methanol exiracis but not the extract eluted with distilled water, stimulated glucose
uptake in 3T3-L1 cells, suggesting that the effective corﬁpcnen_t(s) in BE is water

soluble and heat stable (fested during exiract preparation which need to be boiled and

heat evaporated). The greatest glucose uptake was observed within 0.1 to 0.25¢/L of
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BE reside in the tannin fraction of BE. They perforned further
experinments with tannic acid (TA), a m xture of several structurally
rel at ed gal | ot anni n conpounds purchased from Signma and observed that TA
stinul ates glucose transport with a profile simlar to that of insulin
suggesting a potentially simlar pathway. Using inhibitor of the

i nsul i BE (@40mea)/- aftiesulistodieed thatgreatasi vidlake af glugess avhieh isdditimegas

bl ocked when insulin receptor was inhibited. Finally, 95 they

denons o b hatmadmiunhUpliake chdepedywithsBH).f Siniaitio nsulin, BEfmesdialg genes
involved in the adi pogenesis process, such as PPARy, and

di f f er praixiratmoid pimtess iadede amximimsylusse) uptalendincthisystudy Hyi ohecked:
pol yphenol i ¢ conmpounds found in foods such as vegetables,. fruits and

bever ag@ethBren dtiitRe'@RYNERAC EFeRaSGR6E boderBE abidahodinanlt gheddsei ti es
including anticancer, antioxidant, and antimcrobial activities.

Gener al hihke AR NA it IEHGRoR thAGSARINP JIGTPRRRALING O SRS ESyn

ﬁecg e
effects can be instantaneous li1ke astrigency or~a bitter or unmasant
taste gg.&an have a del ayed response related to antinutritional/toxic
effectS. TAis a mxture of tannin conpounds and the nost effective

of adi pocyt syl e HeroPrghy 163Ge ARRRIHIGH brMeBbIRRBE R "
Eugeni SOPRRESE Ao AT IPoL 5 GreRKT S REIGE SceRnce Fean RORVES et .
Java plum black plumand | ndi an bl ack, berry. The janun tree_ is | ar ge
ever gr E@RHragtd@ meklit, 3-400mg of BE induced a time and dose-dejpen ent inhibition of

IBMX- or DEX- (cocktails containing insulin that induce differentiation of préadipocyte

into adipocytes) preadipocytes. Moreover, Liu et al. investigated the inhibition of the

differentiation pathway, and observed that BE greatly inhibits mRNA ekpression of

PPAR’(:Z in a dose-dependent manner and decrease production of GLUT4 (PPARy2 and -

GLUT4 are markers of differentiation). |

This group of researchers continued the investigation on the identity bf the
component in BE responsible for the glucose transport stimulation and inhibition of
adipocyte differentiation in 3T3-L1 cells. They reported that the 2 activities of interest of
BE reside in the tannin fraction of BE.

They performed further experiments with tannic acid (TA), a mixtﬁrg of several
structurally related gallotannin compounds purchased from Sigma and observed that TA
stimulates glucose transport with a profile similar to that of insulin suggesting a
potentially similar pathway. Using inhibitor of the insulin- pathway, they showed that

- TA-induced glucose transport was blocked when insulin receptor was inhibited. Finally,
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native to India and thrives in tropical climtes. The seeds, |eaves and

fruit of the Syzygiumcum ni plant have been used in traditional

medi cine for its hypoglycem c properties. The majority of research

conduct ed regardi ng Syzygi um cum ni has eval uated the hypoglycemc

hypol i pi dem ¢, and anti oxi dant effects of its |eaves, fruit, seeds, and

kernels. Only the studies conducted on the seeds and kernels of Syzygi um

cuni thiey kisweor@6rataeiibet €A ipldbils adipoefibe differemlistionedtdactipg yenaes involvathinse

studi es were done using plants grown in I.ndia, whereas the studies

r o d’h?dghn%fsfs%bcéé#j@uéﬁ‘ 8s FrARy, @hdl BRteRtigion Hiocedd aikdh add-1iere.

conducted using plants grown in Brazil. Sridhar and col | eagues studied

t he @b%ﬁ %} f .Syzygium cum ni seed powder (250, 500 and 1000 ng/kg) on

inpﬂ [ é gﬁvgénic control in streptozotocin diabetic rats for 15 days.

They reparted adecrease in fasting,blood .gl.ucese (-13 -30, and, -46

gt ol ) ot et adiiSenole £aTRolRap Kaie i SSARSuH £8 LeoelapBRAE oot

(-20, -36 and -46 nyldl) coppared to diabetic controls. Extracts of

2y adiReingn; 1ok e IIOTHOIE FOFSRFS MHMiRe PITelicAl ST bieliig ori c

control and liFiq profiles. An aqueous extract of Syzygium cumni seed

( 2. sanfitansen agtiryjdatiagnd antimicrabipbsalivitigisaaenaraliadannios indugegeeks and

resulted in a significant reduction in blood glucose (-108 and 118

ny/ dhdgeaiivg responsasehen ¢orseimadtli Thesd elfgnis can belipsientancous ke astrigergy dose

had no significant effect. Prince and col |l eagues reported that an

al cotvod bittet orohpleadintiadie gy cdadravasedelayeds téspgnbé oeldiagl focose (- 180

ng/dl) levels to the sane effect as insulin (-183.1 ng/dl) in alloxan

- di abgitinetritional/aidesiistix weeks. Chol esterol and free fatly acids |evels
were also simlar to normal rats and diabetic rats treated with insulin

conpar ed TR iglh ahIRitE of @hfin compounds and the most effective compound (s)
involved in glucose transport stimulation and inhibition of adipocyte differentiation is not

yet identified.

Madeglucyl™

Madeglucy!™ is an extract from the seeds of Syzygium cumini synonyms
Eugenia jambolana and Syzygium jambolanum, and commonly calied jamun, java plum,
black plle and Indian black berry. The jamun iree is a large everQreen tree thatis
native to India and thrives in tropical climates. The seeds, leaves and fruit of the
Syzygium cumini piant have been used in traditional medicine for its hypoglycemic
properiies.

The majority of research conducted regarding Syzygium cumini has evaluated
the hypoglycemic, hypo[ipidemic, and antioxidant effects of its leaves, fruit, seeds, and

kernels. Only the studies conducted on the seeds and kernels of Syzygium cumini have -
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Acute results with an al cohol extract of Syzygium cum ni seed on bl ood
gl ucose in sub- diabetic, mld diabetic and severe ail oxan di abetic
rabbits has al so been reported. Wthin 90 mnutes of consum ng an

al cohol extract of Syzygium cum ni seed (50, 100 and 200 ny/kg),

gl ucose |l evels were decreased in the mld diabetic rabbits (-20, -29

and - 2@poped|poshing efeets. dntbredtiRight afl @pHidse udiBs dere d6ne ueing pldis9
ng/dl). After 15 days of consumi ng an al cohol extract of Syzygium

cum ni geRedin(488, Wakkas thestURRSErdRYIRigNnG Bifedt Istddhaheltics 14aves oTarsl )

and severe diabetic (-84 ng/dl) rabbits were decreased 97 significantly.
S | aplaheaid Werd EoRRSPuLIRG YR b BEA. chol esterol , HOL, LDL,

LDL and triglycerides. The ef Syzyglum cum ni seed extracts
have, 21 0, D HAbolbAgh EEUGRI 3 RCRORS ol AR ol okl 7, |
a7 ) B30 T RBRSR el o ABh A SRR e B R YS!
oxt r acAsy, DAGEPafipd groadied Bilnsiher peo dbicted v i Ay et ] E°0as
concluded that an al cohol | extract of Syzygium cum ni seeds ifqp%)etter

t han afe@6ase dhpReek levgl dpthegiueorasioleraneatesh (-@Bni6 and 14&ms

Syzygi um cum ni seeds apﬁ_ear to have both antidi abeti c, o

ant i hygempaigidde eiabalisconirolse Edeaets ef $yavolim THminhgesds hyave Blsosshosrch -

revi ewed exam ned the effect of Syzygiumcum ni kernels as an

ant i di beraflcigl resulison giicemisedninot ahy peidiprplildemPa atgeous egracied Syagigivm

col | eagues reported that an aqueous extract of Syzygi umcum ni kernels

(200 noikini seec (16 andd. 0 odep wasiednio aioxandiabeleirals fay/sik veeks andnt ed

pol yuria and maintained normal urinary albumin |levels in streptozotocin

di abet resutied in akighifichdi eiustior heblebll ehicost (-108 and 118 mg/dl) and decreased
free radical formation. However, the 7.5 g/kg dose had no significant effect.

Prince and colleagues reported that an alcohol extract (100 mg/kg) decreased
fasting blood glucose (-180 mgfdi) levels o the same effect as insulin (-183.1 mg/dl) in
alloxan diabetic rais after Six weeks. Cholesterol and free faity acids levels were also
similar to normal rats and diabetic rats treated with insulin compared 1o diabetic rats.

" Acute results with an alcohol extract of Syzygtum cumini seed on blood glucose in sub-
diabetic, mild diabetic and severe alloxan diabetic rabbits has also been reported.
Within 90 minutes of consuming an alcohol extract of Syzygium cumini seed (50, 100
and 200 mg/kg), glucose levels were decreased in the mild diabetic rabbits (-20, -29
and -28 mg/dl) and severe diabetic rabbits (-50.4, -74.2 and 77.9 mg/dl). After 15 days
of consuming an alcohol extract of Syzygium cumini seed (100 mg/kg), glucose levels in

mild diabetic (-64 mg/dl) and severe diabetic (-84 mg/dl) rabbits were decreased

97



aqueous, aqueous |yophilized and al cohol extracts of Syzygi um cum ni
kernels were exam ned by Grover and col | eagues. They found the 200

ng/ kg dose of each extract had simlar results on decreasing gl ucose

| evel s after 3 weeks in alloxan diabetic rats. Further exam nation of
the effects of the aqueous |yophilized extract (four nonth) on noderate

and s,ev S in atsrvealedth S cose. | evel re
P t SRITIENSN S 465l HETRC SR v ien s ot ORISR F i i LIS
slightly decreased in severe diabetes (-78 ng/dl). Thus, the effect of
| Syzygl"ﬁ%ﬁ'gh!ﬁﬁfmeskéﬁh@e@fgecﬁﬁi/ SR/ EHEERSesd e T&W@%@@rﬁ'ﬁ? bgenishewn -

di sease. Vikrant and col | eagues exanined the effect of both 98 aqueous
and tod weghioe tissye damagefin Siabglit vah waimsnilt as heers rqpooied thatiolomingox ny/ d)
on fructose fed rats and reported that only the aqueous extract at 400
g/ dweeky ehar dqubyye exfract €5t figidamnbhictaubiturenadd reabiive dubgtancds et
high in fructose (66.46 vs 75.46 ng/dl). In contrast, four separate

st Ud(EBARS) Wave datdased bhaaatitsse alﬂ%mpérbﬁldb&ﬂ@'hutﬁsé|wer@fiiﬁtﬂ©h§e@fn
al cohol extracts of Syzygium cum ni kernels as an anti oxi dant,

anti méq%tns%f%m@sacﬁn ﬂl?il')eﬁ@traig' Mpbdver aaﬁﬁh@i@ﬁon@f 50 ARl bRfhdat t he

"effec'ts mmc ed glibencl am de, an oral diabetic agent. In 2004, they

Cun BOURE P Biet B PRaBfys LEROH e [REIF IF JBS.coRhioRBRain AEHEY 1T
| evel ovad Ol S9Li it A SELANG oo BPIRKEHUBILESATARL:, B Y hesbress

and I'ver ney and pancre ogy 1n ozotocin
s 1 B8 oRBL S Eact bRl Im B e BBRAT Al RRSE R o
Cont AENREH @eﬁ%"a&‘wf g efthishauced di abet i ¢ rats affer 30 days. To
e oM e S najority o ré)sfea%ﬁ feviowsd Seamined the Shedt of Syyglum comit !
kernels as an antidiabetic, antioxidant and antihyperlipidemic agent. Grover and
colleagues reported that an agqueous extract of Syzygium cumini kernels (200 mg/kg)
reauced glucose concentrations (-24.7 mg/dl), prevented polyuria and maintained
normal urinary albumin levels in streptozotocin diabetic rats after 40 days. The effect of
aqueous, aqueous lyophilized and alcohol exiracts of. Syzygium cumini kernels were
‘examined by Grover and colleagues. They found the 200 mg/kg dose of each extract
had similar results on decreasing g!ucose Ievelé after 3 weeks in alloxan diabetic rats.
Further examination of the effects of the aqueous lyophilized extract (four month) on
moderate and severe diabetes in rats revealed that plasma glucose levels were partially
normalized in moderate diabetes (-194 mg/dl) and only slightly decreased in severe

diabetes (-78 mg/di). Thus, the effect of Syzygium cumini kemnels may be dependent on

the severity of the disease. Vikrant and colleagues examined the effect of both
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col | eagues eval uated the hypogl ycenic activity of Syzygium cunini

al cohol extracts of whole seeds, kernel and seed coat on streptozotocin
i nduced di abetic rats. They reported that follow ng 30 days of 100
ng/ kg of each preparation, the whole seeds had a noderate effect on

gl ucose |evels, the kernel normalized |UQ se Ie els to that of

gl i benénueRuanghalcohel axleais gty g TBIY emels, 150,288 @nd P9 @gfdm@y

al so found that only the kernel and Ilbenclan1de treatnments normalized
chol esfrogiose dedirats aad rgpyiteshthat onniae §Qtl@0|dﬁ)ﬁ>6’ff€mt at 498 Img/dpaevantesh t hese
data, Syzygiumcum ni kernels seemto have a positive effect on gl ucose
and | i pypgerglyeeinsa aan dypeiinsdinemis indeesd biavdieldigh frnfruetoss (646 veTol46i ve
evidence to as to whet her aqueous or al cohol extracts are nore :
benef i engidll). BbcdrttrashJobessparaiecsttidids b Ravigoe culeapuesaepert e Sergfgiaim
cumni contain ellagic acid and al kal oi d janbosi ne and al cohol extracts

cont ai Rffeétslof eloahbPexteldigef SyARjitm cufirilkentdis agReh £hiRkRRNt,N. The active
conponent in Syzygiumcum ni ray be ellagic acid as it i's found in both

extr acbﬁtllﬂgﬁ RUhPAnHIASet nt 8RY E%Qegbﬁe@ﬁ%fthé 1edts Mklicked

aqueous I'co oI|c extracts. wever tudi es have been con ucted
to c{'ﬁ'm e 0 Nt [\'Ra]@‘rié i es
have | | ga{dgﬁaﬁﬁza?éalﬂ& %n‘f ; 6 @z‘%m%%a r'né“h}n’fhal o

EE_V' alﬁ@%’[%ﬁcﬁhﬁll%ﬂﬁc?% 3 %?%@V@L@?fﬁ%* %ﬂ%‘gﬁ%d i 'f}é %@*‘%@‘P@Oﬁé@fﬁ“
are m d°%1%‘°¢bﬁﬁ@§u ﬁ?ﬁﬁﬁﬁaﬂ@lﬁ boﬂalsm;eaﬁé{t Jmifigyd ﬁ@%g%fé@%ﬁ&%% EZ
T heaB gapLesciabGae 8RS PAUIEEIF BYyeipak i SERRIOSor B RS .

that specifically target the destruction of f3-cells. Additionally,
diabetic rats after 30 days. They have aiso reported that extracts of Syzygium cumini

kernels (100 mg/kg) normalized total cholesterol, phosphophplds triglycerides and free
fatty acids to control levels in sireptozotocin induced diabetic rats _after 30 days.

- To de.ten'nine the effect of different pars of Syzygium cumini seed, Ravi and
colleaguss evaluated the hypoglycemic activity of Syzygium cumini alcohol extracts of
whole seeds, kernel and seed coat on streptozotocin induced diabetic rats. They
reported that following 30 days of 100 mg/kg of each preparation, the whole seeds Had
a mederate effect on glucose Iew'uels, the kemel normalized glucose levels to that of
glibénclamide and the seed coét had no effect on glucose levels. They also found that
only the kernel and glibenclamide treatments normalized cholesterol and liver glycogen
levels to control levels. Based on these data, Syzygium cumihi kernels seem fo have a
posilive efiect on-glucose and lipid levels, and oxidative stress. However, there is no

conclusive evidence to as to whether aqueous or alcohol extracts are more beneficial.
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experinments conducted by Ravi and col | eagues included a group of aninals
that received glibenclanide, and consistently the aninmals in the

Syzygi um cum ni groups had simlar results to the animals receiving
glibenclam de. dibenclamde is a sulfonylurea and its mechani sm of
action is to stimulate insulin secretion fromP-cells. Thus, Syzygium

cum ni ' s e RehsBpoftedial aQuUEOUS ExiPfets of S?Zyghmt&lnﬁiﬁﬁéﬂntﬁﬁn%‘égl%“ on. .
Speci fic nmechanistic studies are needed to confirmthis hypothesis. 100

A OB nd ik BREIaRIRAIBARS AIESHAAULDRLCOMER Jalie R WNaBf dbta 12y e able

to I nprove g se contr by stinulating insulin sécrefion. Prelimnary

res i e u is
hypﬁﬁﬁ@@ *bzrbné‘%o T SRR Soten 1T Soyuar i PAe paRge add'
phen 0.4 nd . i.n . I pr.av [ i al
ohenhel FAlE H&)&W %M*?%?A? ﬁﬁdsﬁ#"ﬁéwﬁs Sl Sl PoPoR o BRHAS BF Bt
observati ons, hav bee rmed acut s Wwth ei her argi ni ne
ol o ABURBLE RO RR SIS 4 longyeRAd Sler lavk B581 GPnCHIEH By cpar at i ons -
nproved gl ycenjc responses conpared to a standard fornula. In
addﬂﬁt%ﬁ”nal%ﬁ acHiéH aglive E@'F‘P@B@'ﬂfé@ $Y§]6@iﬂﬂ‘ewm|ﬁ‘ét a wheat protein
hydrol ysate/ am no acid (argini ne, phenylal ani ne and | eucine) nixture on
i nsul i n Nostpdias bave inegligatad dne mechenlsrm@il adienrgr Bpzygienaugniol. f ast
subj ects consuned carbohydrate al one or carbohydrate with the protein
hy d Hokeyat, Ravii PrincecanibGriver inage suBgesied thattthe ypoglgseariceattion may be
increase in plasnma glucose and insulin. However, the insulin response
was dgi 80 sfitQRitbh Yof BURMISH BWeEs ié hteasd RrEFsdlin Thig ypofiteskoigsumed with

car bohydrate conpared to carbohydrates consuned al one. This provides

supported by the fact that the hypoglycemic effects are more pronounced with mild {o

' -moderete di.abetic models compared to severe diabetic models and insulin levels are
reported 10 be increased. In these models, diabetes was induced by alloxan and
streptozotocin, that specifically target the destruction of B-cells. Additionally,
experiments conducted by Ravi and colleagues included a group of animals that
received glibeﬁclamide, and consistently the animals in the Syzygium cumini groups
had similar results to the animals receiving glibenclamide. Glibenclamide is a
sulfbnyluree and its mechanism of action is to stimulate insulin secretion from p-cells.

Thus, Syzygium cumini’s mechanism of action could be to stimulate insulin secretion.

Specific mechanistic studies are needed to confirm this hypothesis.
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addi tional evidence to support the hypothesis that specific am no acids
are involved with glycemc control by increasing the plasm
concentration of insulin. Research has specifically exam ned the effect
of arginine on increasing insulin sensitivity and its ability to

i mprove glycenmc control. This was specifically examned in six people
wi t h difgi#lés who consumed an ar gi ni ne suppl enentation (9 gld) for ‘one
mont h. Conpared to placebo, arginine significantly increased forearm
bl.ood f| owldmas begruiynnihesizebihal spedfioeininaacide oadse dbleyistimpravebl ood
pressure and endogenous 101 gl ucose production. In addition, arginine

i mpr ovghcasesadntrol b smtlaving ynsufihariretiod. Rrellmmg;umeemwusuhg ef fect
of arginine as froman oral supplenent (10 g/d) and an arginine-rich

di et (rASugl MbdelBheind fiReesic@dnbbatiphsit lfh|§ HPPOIREBR! An AniHoadie bR

arginine fromthe diet decreased systolicC and diastolic blood pressure

in 6 hemiddedotBirgihing (1 ﬁ@apﬁ&%aaﬁmﬁqmw@ﬂcﬁbu&né 9.2 &) .m &l -

Bl ood gl ucose was™si gni ecreased e arglnlne su enent

and s rpc% rhﬁ%lﬁ?@ ﬁ@ﬁ%s@%n&é‘%ll@%&%ﬂc eﬁﬂrnﬂ'%‘id fég@n@%”tft%%b a st udy

by Ga eagues I n nine signrficant

nsut 97 eriiBon Frd PR bR é&ﬁs&ﬁ@%qqévw“ﬁb h%é@gﬁgﬁvﬂﬁéﬁ%? gS

gl ucos searc note an attenuati in the |ncrease in
o1 as g e Ol e B5) of + SoirenaBans EMbave JivsReti Fesidnie
sensitivity and glycem ¢ control may be nore efficacious in people wth
di abet@énp%gd't‘? agndardfeUidcr eased insulin secretion, which is known
to be inpaired in people with diabetes. In addition to its ability to
i nprove i nduadditioanwan Leen gndaelieagussrepodeshinebe, Whealiniolel i s reported
to reduce oxidative stress and tissue damage, and inprove vascul ar
hydrolysate/amine acid (arginine, phenylalanine and ieucune) mixture on insulin

response in eight healthy men. Following an ovemight fast, subjects consumed
carbohydrate alone or carbohydrate with the protein hydrolysate/amino acids mixiure.
B_otH freatments resulted in an increase in plasma glucose and insulin. However, the
insulin response was significantly greater when the amino acid mixture was consumed
with carbohydrate compared to carbohydrates ﬁonsumed alone. This provides |
additiona! evidence to suppori the hypothesis that specific amino acids are involved with
glycemic control by increasing the plasma concentration of insulin. |
Research has specifically examined the effect of arginine on increéasing insulin
sensitivity and its ability to improve glycemic control. This was specifically examined in
.six people with diabetes who consumed an arginine suppleméntaﬁon (@ g/d) for one
month. Compared 1o placebo, arginine significantly increased forearm blood flow and

glucose disposal, as well as decreased systolic blood pressure and endogehous
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function. In a crossover study by Lubec and col | eagues, lipid

peroxi dation was significantly reduced by daily suppl enentati on of
arginine (1 g/d), as assessed by wurinary |levels of mal ondi al dehyde in
30 patients with diabetes. The patients were randonmy assigned to
receive either arginine followed by placebo or vice versa for three

wherelpaeseERSiClaT orvshiaR, ArainBe eiiREns dteasay SR bl on of
mal ondi al dehyde maégéggi ficant]y increased when tn%rgr oup, recei ving

ar gi $llRagURS EXRIIE eehrf grginERs fromg aial sgpele {Hgidyend@rect of

arginine as it is able to reduce oxidative stress. 102 In addition,

ar gi argininertigh Biet 4W0 8/d).o Theyuerortad at bolh sipigracntsl anginine andargiming
ability of arginine to reduce oxidative stress and kidney ti ssue danage
was fromdbe dipddedreaisad aysiolis andwiibeitolf blddd pesssire Fob healkmpswutdgedtai st rati on
of -arginine, |ipid peroxidation and glycoxidation, neasures of :
oxi dagmparedtio asnntrobdiet &40 afginiaeld)y Bleod ghsese was sigiiiidntlpweckeabedy

col | agen accunul ati on, kidney wei ght and al bumi nuria were al so

si griyy fheadihininglegstement alty sighaly e fease AR eldraineoscaee | mport ant
I nplications for nephropathy associated W th di abetes, as kidney tissue

damage isln%ﬁt’r&?ltéa_ts‘?u&ﬁby 6ahabs dnd!dd|lBagdes ihqmiq@ﬁéa ofllsPBRied! Ry

col I agen accumulation.” Long-term argi nihe supplenmentation may al so
SRS RO PR ROl bRy e oA o MRrsa LAY o5
eI BB ks RALEEATE A Bl Ml AR o,
St eBEk e b 35 SHPOHGOT R 0ok ] MR e Pl o iy
hypecgfcar}gljn?nset t%ri%p?mecingﬂim seecr%s?tiv\?fiytamdegqggén%lcioerllltrop Sa];;%récr%iopenéﬁicacious in
people with diabetes, as it stimulates increased insulin secration, which is known to be
impaired in people with diabetes. |
" In addition to its abifity to improve insulin sensitivity and glycemic control,
arginine is reported to reduce oxidative stress and tissue damage, and improve vascular
~ function, In ai.:ro'ssover study by Lubec and colleagues, lipid peroxidation was
significantly reduced by daily supplementation of arginine (1 g/d), as assessed by
urinary levels of maiondialdehyde in 30 patients_.with diabstes. The pétients were
randomly assigned to receive either arginine followed by placebo or vice versa for three
- months. Interestingly, the 'malo;ndialdehyde was significantly reduced when patients
received arginine freatment and urinary excretion of malondialdehyde was significantly

‘Increased when the group receiving arginine was switched to the placebo, indicating a

protective effect of arginine as it is able to reduce oxidative siress.
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However, arginine had no effect on |ipoprotein levels. Detary

suppl enentation of arginine (12 g/d for 3 weeks) has been reported to
be associated with a small reduction in diastolic blood pressure and
noderate reduction in plasma honocysteine in men with

hyper chol el gtdiicayiasginibpimayrbe labi eakdate dikieativademsipe e thdidtingypnoTheich
honocystei ne, an amno acid in the blood, is related to a higher risk of

cor ongkiktyhs Ardinir@i 19988Gce SLitAKR ARLsRET IBASE s RSdhade hs anestigdiads,
argi nine may have a significant role helping to manage the |ong-term

conpl jCakiRas O Ala®dicy t#}y@}«ﬁ?&&@@wg@ﬁbﬂi&%@iﬁm& fﬁlﬁi le@gorfatzon

nmet abol 1 ¢ and physi ol ogi ¢ bo at are” cri

effi Cﬁﬁ&'pg\(‘;@k@%&ér‘? F?ﬂéés}n.ﬁ%é Bf AR it RalbYe 9@%@@5@‘ g%&ﬁﬁ&kd“glnt hat it

is requl when ody TS under’stres 'njured state.

Ar gi nj - : | L.Nf | ou LI ' . nd by
ot S RE G TGkt Binhuiak o ahadl R Rk BB bisfe MEEOT o1 e,
whi ch_is._converted to, hydroxypr.gline _and then to cqllagen, which is
o SERCAME G ErehBY BIHINE] Thafennaes havgimpAgeraekatts hen: | n
the synthesis of polyamnes that are critical for cell proliferation

t hat %PW@E@W&S?‘JEIQT{GW@NQEP@W’ As kidney dissye damagsi s avedt iulad report ed
to pronote increased blood supply to the wound, thereby inproving the
ci r curedtedyingsast, derincreasesk glamerlancaliagan wecwabltiosi al ef fects on wound
heal i ng. Barbul and colleagues random zed 36 heal t hy, non-snoking

vol unt eer sl.ong-teroedrginine pypemeniadion 30ay gisofarelipratierandoiiwliekdysfundion,
(24.8 g of free arginine), 30 g of arginine aspartate (17 g of free

ar gi nivhigh, is amquigaibe lzomotbitlities i gliabetes) din avgrozipaideadhy adivithesds,i arginine
moni tored over a two week period by nmeasuring the anmount of

hydr ogymsteinentationr(Sighdidsr 6marehis sighlfieantly ineystseasimalrnsbsebesrehaiyon.

Ar gi ni ne suppl enentation significantly enhanced the anount
blood flow in response to acetyicholine compared with a placebo group. Similarly,
arginine supplementation for four months (21 g/d) significantly increased endothelium-
dependent dilation in hypercholesterolemic subjects with en_dothelial dysfunction.
However, arginine had no effect on lipoprotein levels. Dietary supplementation of
arginine (12 g/d for 3 weeks) has been reported to be associated with a small reduction
'in diastolic blood pressure and moderate reduction in plaéma homocysteine in men with
hypercholesterolemia. Epiderhiologicai studies have shown that too much |
homocysteine, an amino acid in the blood, is re!ated to a higher risk of coronary heart
disease, stroke and peripheral vascular disease. Thus, argihine may have a significant
role helping to manage the iong-term complications associated with diabetes.

Arginine regulates many metabolic and physiologic body functions that are

critical for efficient wound repair. It is conditionally-essential, meaning that it is required
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of collagen deposited in a standard wound as assessed by the amount of
hydr oxyprol i ne present. Additionally, the i mune response of vol unteers
that received arginine was increased. In a simlar study, Kirk and

col | eagues randonml y assi gned 30 people greater than 65 years of age to
receive a supplenment of 30 g of arginine aspartate (17 g of free

ar gi pheath@bedy ks wesEplstregs eairean InaedGlatee drginiie REBCES s v a
pl acebo. They reported that arginine supplenentation significantly

e”haﬂﬁ«?&iohﬂ%oﬁ“\;ﬂhﬁﬁﬁoﬁ ofPbasg by'sﬂﬁmiﬁgqgmbno%{téqmm&e 2 Is

assessed by t anount of hydroxyproline prese In addition, the

| mu f‘qré@.fr@é’ﬂ%?pr&ﬁr?e,%ﬁ&’i %rcdgt%ﬁgtgﬁ it%?t%@i&%o@@@%hﬁqﬁéﬁ ‘c“d’c&%@éﬁ; whith The

beneri argi'nf ne ’and woun een studied™r n ani nal

model s. . Argi ni I e , ' i .

conp Lsr 'Hb“%{‘%hp‘ﬁﬂﬁ |“ﬁolldﬁ§ rgeﬁﬁé‘i g?w%ﬁ@ 'Q?@’%@ﬁ%éd %2% R%Eg?ﬁﬁe%g ﬂ%&%ﬁ%}@ﬂgﬁsﬂ% ngt hs
of their, incisipons, as.well as. by increased |evels of hydrgxypr.oline in
s pon§oPEvalies 1RaT are riial or 65 Plfgralor oL e Ges RN ORHRd AR T ng bot h
diabetic¢c and, norpal rats. Wtte and co] | eague erformed a study in 36
ratsﬁﬂ'@g’ﬁaﬁ‘rgﬁ’ﬁ‘qlﬂ%sPﬁ%‘%rQﬂoﬂ%’JﬁdJrﬂ@QFq LIE 993%'@&%?“@?%“6’{“&%@‘? rrats
with and w thout an argini ne supplenment. They found wound, 'breaking

st r eHtgredy Enrevingdhe gijeulaiosy pY§iEBved in rats who received the arginine
suppl ement conpared to those that did not. This difference was

si gni f i cahwofstudies haet skowabenohzial efteeimer wound herdingoBartall andSi i | arl y,
Shi and col | eagues perforned a study in. 56 rats conparing the rate of
woundolfesgiues gandorsizad 36| heatthy dirabemokingatduniesis taraddailytduppienagntaf @oni ne
.suppl enent. They found wound breaking strength after 10 days:was

si gniyfof aagiihg hydrauhtotidd (24.goh freberginitie) B0 god attiinine taspartates(17pof
recei ved the arginine supplenent.
free arginine), or placebo. Arificial wounds were created and healing monitored over a .
two week period by measuring the amount of hydroxyproline, an index of new 'collégen
synthesis and deposition. Arginine supplementation significantly 'enhanded the amount
of 5ollagen deposited in a standard wound as assessed by the amount of
hydroxyproline present. Additionally, the immune response of volunteers that recei\ied
arginine was increased. | |
In a similar study, Kirk and colléagues randomly assigned 30 people greater than
65 years of age toreceive a éupplement of 30 g of _arginine aspartate (17 g of ﬁfee
arginine) and 15 people greater than 65 years of age to receive a placebo. They
reporied that argininé supplementation significantly enhanced the amount of collagen

deposited in a standard wound as assessed by the amount of hydroxyproline present.

In addition, the immune response was greater in the arginine supplemented group.
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Nearly 12% of people in the United States with a diagnosis of diabetes
have a history of diabetic foot ulcers, which increases their risk
factor for further foot ulcers and |ower extremty anputation. In
addition, in Europe, approximtely 660,000 people with diabetes have a
foot ulcer and it is estimated that 10% of these individuals wll

event ual | yThedeneft df avginine>dridesding heaiHgaidsodiso baea studied pranvimad on of
arginine in diabetic fornulas is inportant to prevent and treat

di abefrieRs RginMies pmemdatod rBR SHEVRa] MiRbesd Wduhi heaiin B@hﬁarémw e not

constituting an additional ingredient, several researchers have
hypot bi : ' %ﬁ‘%&@n‘ " & sy actds Iz@gpr ove
condi tg fbgﬂﬁéé@fﬁéégs@})ém a Jeogby\n'(blyﬁﬁgi abet e@s@?ﬁ%ﬁﬁgf {rl%t"t%?/%@rg’l %éerﬁﬁ)ég,a gpl -
infla ' | | ke {0 03: VAR are

or ecapUHeLkecBMkIS BE A BRAR fLfTonag, UahGefERs T Agh il «Bfidg &'
onega-6_fat acids, are substrates for productign, of eicgsanoids that

i ncr egg%elgrlaﬁso lg}qsggaa]g@gl?tﬂégaﬁgﬁlp a&ddﬁn@fgeg S| ‘9,9 aﬁﬁdmﬁﬁ?@éﬁﬁmt i on.
Therefore, dietary.consunpption of greater, anoupts of onega-6 fatty . -
ac dsPoT@mRd & sl 16 S JatooraparneBpagte orwiguihheaingds apbioLnd Jebslinr
pro-inflammatory, proatherogeni c physiological environnent. These

physi Bt §itbandkihau; aniaseininessippienert atheyHHpd waung hreaking slienoth

ei cosanol d bal ance is essential for nminimzing negative effects and

maxi neent) gaysewas dnprovediin rats mheakceiyedthearghine supplgmsant camparectiods .
Fish O l: Eicosaoentaenoic Acid and Docosahexaenoic Acid Cardiovascul ar
di sealimselthatgtl pohsThisidifferdned was sigmificant foridetetiotraiswheretamphreship i s

anong the major conplications of diabetes. Fish oil has shown
benef e ednteld. eSirtiladp, Shinand colieagoés poribmaed agtrly iabBratscanpaing the

triglycerides. In addition, _ o
rate of wound healing in control and diabetic rats with and without an arginine
‘supplement. They found wound breaking strength after 10 days was significantly
improved in both the control and diabetic rats that received the argihine supplement.
Nearly 12% of peopie in the United Stafes with a diagnosis of diabetes have a
history of diabetic fodt uléers, which increases their risk factor for further foot ulcers and
lower extremity amputation. In addition, in Europe, approximately 660,000 people with
“diabetes have a foot ulcer and it is estimated that 10% of these individuals will

eventually undergo lower extremity arnputation. Thus, the provision of arginine in

diabetic formulas is important to prevent and treat diabetes associated wounds.

Polyunsaturated Fatty Acid Ratio

While not constituting an additional ingredient, several researchers have

hypothesized that a low ratio of omega-6:0mega-3 fatty acids may improve conditions
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epi dem ol ogi cal studi es suggest that noderate consunption of onega-3
fatty acids from marine fish may reduce cardi ovascul ar di sease
nortality and reduce the risk of devel oping glucose intolerance in
el derly individuals. Therefore, the American Di abetes Association
states that two or nore servings per week of onega-3 containing fish

shoul d be reco for di v a wth diabetes. Sim| . Lhe
Aot EESAORISE RN AB8tEea oblie: i, Wt AR o cinsh ST fesltiatsr
heart di sease consune ?&ﬁgr oxr mat el y ei cosapent aenoic acid +
docodhisesGa by aCieaiE g rane hr megalialatapoin GG TPERotiand

I f under a physicians care as suppl enent. For 106 individuals with

hy pe effecisg Dp‘@earﬁiérwacnsneremtram fnepiockiction sbeicasaraids thyg dxreastai |y
suppl ementation of 2 to 4 g per day EPA+DHA, under physicians care. A
met atlanoaibesiss adgregasion diledd sissogity, fainddnflarafiiaion. dhefefste, digtatfydose range:
3 to 16 g/d),on triglycerides concentrations in individuals with

di ab%bﬁéurhflﬁ@rﬁ ebgeatdr anfourfis ofoRlegk)6 fotlyverid, reltitvee ttedmefhactattg mcldsl-
chol esterol was a significant increase of -0.21 mol/L, with effects

most rﬁﬁyeiiiiit@nétabéiisiiﬁit&ﬁavepatpwhfmrﬁaiarfcrsréairrer&geriwﬁréiéibgicﬁperI demi a.
Simlar results were presented in an earlier neta-anal’ysis that

 nor SLghofim B T SRS B o X Blodt BathantelBg e PIRICTs o
herogl Ao irepairéa 5 SRBBHIA K8 RS ESHS e 30 b GIERHA T on

on pl-asima cONcCeén ronounced

LBﬁ'si@eﬁﬁtb?g)&%*%ibﬁs@ﬁﬁ%%ﬁa%@ﬂi%&v‘)é%r%”pp' “tr f‘é,i"“yLZr”. dos inomost studies

conducted in individuals with diabetes or hypertriglyceridema. Fish
oi | appears to decrease triglycerides concentrations by

Fish Qil: Eicosapentagnoic Acid and Docosahexaenoic Acid

Cardiovascular ciisease, largely associated with abnormal lipoprotein

rnetabolism, is among the major compli.cations of diabetes. Fish oil has shown
be‘neﬁcial effects on some lipoprotein fractions, such as serum triglycerides. In addition,
epidemiological studies suggest that moderate consumption of omega-3 fatty acids irom
marine fish may reduee cardiovascular disease mortality and reduce the risk of |
developing glucose intolerance in elderly individuals. Therefore, 'the American Diabetes
Association states that two or more servings per week of ornega-s containing fish
shoulf:_i be recommended for individuals with diabetes. Similarly, the American Heart
Association recommends tnat individuals with coronary heart disease consume

| approximately 1 g eicosapenraenoic acid + docosahexaenoic acid (EPA+DHA) daily,

preferably from fatty fish, and if under a physicians care as a supplement. For
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decreasing hepatic triglyceride production. These data indicate that
fish oil supplenentation nay be a neans of correcting the increased
hepatic triglycerides synthesis characteristic of insulin resistance.
Mor eover, animal studi es have shown that fish oil may decrease |iver
and skeletal muscle triglyceride. Wyil e several studies, have reported
i ncr ed8EYIAUBIS ‘@‘H?)*‘&‘?'H @fc'ye\m?ﬁ"%it@ﬂ Asnericag iprisakissaciasion %’QH@?@ qlye
not reported signifjcant changes in concentrations, or effects varied
by dosaippiamentaiion phdiréd P&fdj%dé%%i)l'ﬂﬂDnd@hmﬁiﬁ!@lﬁ&bqﬁar@onqent rations
are likely due to increased conversion of |iver-derived VLDL to LDL
chol est er olA pwia-pohlysis deThnstiated asigrificpnt effectraf disbfoilitdesetangeyddo 18
increases in LDL cholesterol is uncertain, and 107 large variability
exi st sg/dpon hriplyderieieattonesntegdiond imndififeals sithfdidbetbs (ddcressd olL~0.56

chol esterol concentrations which may be due in part to wide variability

i n dosanRi).nHevered the ALt efiacd bn ADIStHIEAeRN Walsi ensignisitathincleasg of ~eud
subj ect nunber. The cardi o-protective effects of fish oil in individuals

Wi th dhakel eaitieyefie moRAARE in SMURA dontdMingidieeswint eri al conpl i ance
and platelet function, and reduced oxidative stress (Mri TA 2000) and

) SRR Shit s viebfimiasy 4 Sleo et b At 1!
O e SRePHEE =t SRR T SPGB DR THEBIE A7 rEok nattn o
e ! uldron B4 B 5505 SR e e DR BB R o Tis envis
B3Rk o BB G 5 FsbBdo S bR e
A oS Bronounced indndividdars with Giabstes. g
Fish oil supplementation has been consistently observed to decrease plasma
triglycerides in most studies conducted in individuals with diabetes or |
hypértriglyceridemia. Fish oil appears to decrease triglycerides concentrations by
decreasing hepatic triglyceride produciion. These data indicate that fish oil
supplementation may be a means of correctihg the increased hepatic triglycerides |
synihesis characteristic of insulin resistance. Moreover, animal studies have shown that
fish oil may decrease liver and skeletal muscle triglycéride.
While several studies have repor_ted increased LDL cholesterol with fish il
supplemen{ation, ‘others have not reported significant changes in concentrationé, or
effects varied by dose. Fish oil-induced increases in LDL cho-lésterol concentirations are

likely due to increased conversion of liver-derived VLDL fo L.DL cholesterol particles.

The clinical significance of the observed increases in LDL cholesterol is uncertain, and
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control as nmeasured by fasting glucose, henoglobin At ¢, and/or glucose
di sappearance rates. The research of Hendra and col | eagues suggests that
duration of supplenentation may influence outconmes. After three weeks
of 10 g per day fish oil supplenentation, researchers observed

signifi cant l'y increased fasting blood glucose in 40 patients with

R R e
T ST, S L

increased significantly during one nonth of 7.5 g per day fISh oi |
supptemiian of ﬁ@@P’BUtenﬁﬂitondﬁiUﬂM@eﬁlg@ ped sybieck0pPPeRent ati on. Overall,
three 108 fairly | arge neta- analtyses sumarize this data well, fi nd| ng
no si gni f Thenardis-peatestiver effackhof fish oibin igtlyidemiscwitio diabetes iBepibear to the
effrects of fish oil on glycemc control, effects on insulin sensitivity
havemzeimtedy in e, Bpiemhhneddigiteal s:oggﬁiance hatl plaisket fumctionsand redugeday be
enhanced by fish oil-containing diets. In iindividuals with diabetes, ex

Vi vooxifiatld ﬁré@f‘(?ﬂdrt YA2000MRAQ@ WeRimmblidh. SREshitssef @ ldrgdatind@rizedn one
- study, "but sensitivity was conprom sed i n anot her study (10 g/d) as

asseﬁ}aeé'b&tohﬂ@wd t'i'“aﬁ%hd%cﬁ%@' iSh B %ﬁsﬂh?ﬁc@ﬁfﬁr%@%P%F‘ ?édl.ﬁ:bﬂd' es have

found neither favorable nor un avorable e on“insulln sensitivity

ini \6 Hé‘u!ér sbise dU@REPThe {Bdfibe g%@ﬁﬁ#ﬁ‘ﬁﬁw%ﬂﬁgmg”?@éj' ents

suita u3|0n|nanutr|t|0n

S RO PR B S DR BB

mngosh%e%aﬁ resggrtchgé t%ehn oﬁ‘\e%me tha’t cardioprotection was due to a reduction in

oxidative stress. |
Intervention trials reporting the effects of fish oil on glycemic control have made
varying conclusions, with some showing improved, unaffected, or decreased g]y_cemic
control as measured by fasting glucose, hemoglobin Alg, and/or glucose
disappearance rates. The research of Hendra and colleagues suggests that duration of
" supplementation may influence outcomes. Afier three weeks of 10 g per day fish il
supplementation, researchers observed significantly increased fasting bloqd glucose in
- 40 patients with diabetes, but by the end of the'éix week intervention, difference from
baseline was no Iongei' statistically significant. The level of suppiementatio_n had an
. effect in the study by Schectman and col]eagues who repo'rted that fasting blood
glucose and glycated hemoglobin'increased significantl.y during one month of 7.5 g per

day fish oil supp}em'entation but not during 4 g per day supplementation. OQverall, three
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antiinflamatory related to KK inhibition), palmoil mll waste
(phenolics that increase antioxidant activity and decrease

at heroscl erosis | esions), chromum (increases insulin sensitivity and

i mproves glycem c control), vanadium (exhibits insulin-like activity,
stinul ates glucose uptake, and inhibits protein tyrosine phosphatase and

gl o odanpedbe gﬁ%ta Afse8 tﬁ vl f'@ﬁhﬁ%' @mh?efﬂsf e'if@c@.‘%ﬁgiéﬂem

gl ucos rsmin agﬂpocyt es aze p1ce

Ieave , mushroons, and saccharonyces cerevisiae). 109
It sh Iog'ttgggegwﬁr%ggﬁgfed that the present invention is not Iim'ted to
the specifi nt.s ri.bed above cl.udes. va rlatl

rodi {1 cat | SH1E "%r?ib?ﬂ%%afﬁéﬁ? SHENB A caai’ bloobs sl Sty

cl ai is clainmed. is trit i onal, fornul ation
corrp%”ﬁbee”éi“‘x pﬁB’t’B"i“rﬁt%ﬁT* £H994st “%iatf‘%st‘-‘l@oﬁ?i"éﬁ‘v’t&ﬁ@ycbe ﬁnwgngr ate
source, wherein the protein source and the fat source are in a ratio of
about fiﬁhP“'C‘@atﬂrmmﬁ@’iﬁiﬁi & iglivikdale with sishates, 3 vyl insp iy sensityiyiimprevacot al
calories of the conposition, with the proviso that the protein source,
fat soihckg fishaeil mdﬂgwdnaiswc&/obumr@itmtpmaa corgpromiised orargthattudy 2.
The nutritional formulation of claim1, wherein the protein source and
t he f 10 g/d) as assessed by insulin-stimulated glucose disappearance. Other studies have

found neither favorable nor unfavorable effects on insulin sensitivity in individuals with

diabetes.

Other Inaredients

Other ingredients suitable for inclusion in a nutritional ioimuia having a 1:1:1
carbohydrate:fat:protein ratio such as those described above include chlorogenic acid -
(inhibits sodium-dependent glucose transport), mangosteen (an antioxidant and
antiinflammatory related to IKK inhibition), palm oil mill waste (phenolics that increase
antioxidant activity and decrease atherosclerosis lesions), chromium (increases insulin
sensitivity and improves glycemic control), vanadium‘(exhibits insulin-like actiiiily,
stimulates glucose uptake, and inhibits protein tyrosine phosphatase and
gluconeogenesis), and compounds capable of increasing insulin-dependent gl-ucose

metabolism in adipocytes (e.9., witch hazel, allspice, bay ieaves, nutmeg, cloves,

mushrooms, and saccharomyces cerevisiae).
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source each conprise about 25% of the total calories of the conposition.
3. The nutritional formulation of claiml, wherein the protein source
and the fat source each conprise about 30% of the total calories of the
conposition. 4. The nutritional fornulation of claim1, wherein the
protein source and the fat source each conprise about 35% of the total
calories of th 05|t| . .5 The trl onal ti,pn of Ialml
wher ei nOhIGPERAR ge&ﬁfeﬁniﬁﬁh%ﬁeese 'm@ ?w ettt e sPanfie 2on
to about  40% of th to calorie osi tion

nut rﬁmb%@len%ﬁ’@ﬁﬂ'gﬁj@h%% Rt anGly SW@*‘QFH 'i” Reifigatens W@%ﬁ?'&%’eﬁ’hd t he
fat source each conprise about 25%to about 35% of the total calories
of temebodiaepissdafined. b)’lttl@ fellowing cldimei t i onal fornulation of claim i,
wherein the protein source and the fat source each conprise about 30%
to about 35%of the total calories of the conposition. 8. The
nutritional fornulation of claiml, wherein the fat source is conprised
of greater than about 2% of the total calories of the conposition in

the formof linoleic acid (18:2). 9. The nutritional fornulation of
claim1l1, wherein the fat source is conprised of about 2%to about 10%
of the total calories of the conposition in the formof Ilinoleic acid

(18:2). 10. The nutritional fornulation of claiml, wherein the fat
source is conprised of about 4%to about 7 %of the total calories of
the conposition in the form of
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linoleic acid (18:2). 11. The nutritional formnulation of claim1l,
wherein the fat source is conprised of about 5%to about 6% of the
total calories of the conposition in the formof .|linoleic acid (18:2).
12. The nutritional fornmulation of claim1, wherein the fat source is
conprised of about 4% of the total calories of the conposition in the
formof linoleic acid (18:2). 13. ?hérg\”g‘gtriti onal f-ormulation of claim
1, wherein the fat source is conpri about 5% of the total

cal ori of, the c ositionin the formof linoleic acid (18:2). 14.
The nuﬁ’?’h@ﬁ'ﬁﬁ!ﬂ'mﬁ ffrul ation of claim1, wherein the fat source is
conprised of about 6% of the total calories of the conposition in the
form of 1.i nd\ RulgtieRal dormulgtign comprsing’s. The nutritional fornul ation of
claim1l1, wherein the tat source is conprised of about 7% of the total

cal ories of th?— %‘W%mejn the formof linoleic acid (18:2). 16.
r

The nutritiona mul'ation of claim1, wherein the fat source is
conprised of about 8% of the total calories of the conposition in the
form of |inol ebcadatgburca;gar®). 17. The nutritional formulaticon of claim
1, further conprising at |east one of the follow ng: touchi extract,

partially hydrgl )ézc%qbd‘g%irratg%qu{é ulin, a fructool gosaccharide, a

gal act ool i gosacchari SO ul’ose, sucromalt,

wherein the protein source and the fat source are in a ratio of about 1:1,‘ea'ch
comprising between about 15% and about 45% of the total calories of the
composition, with the proviso that the protein source, fat source, and
carbohydrate source are not in a ratio of 30:30:40.

2. The nutritional formutation of claim 1, wherein the protein source and the fat
source each comprise about 25% of the total calories of the composition.

3. The nutritional formulation of claim 1, wherein the protein source and the fat
source each comprise about 30% of the total calories of the composition.

4, The nutritional formulation of claim 1, wherein the protein source and the fat
source each comprise about 35% of the total calories of the composition.

5. The nutritional formulation of claim 1, wherein the protein source and the fat
source each comprise about 20% to about 40% of the total calories of the
composition.

6.  The nutritional formulation of claim 1, wherein the protein source and the fat
source each comprise about 25% 1o about 35% of the totai calories of the
composition.
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trehal ose, lipoic acid; 4-hydroxyisol euci ne, catechin, cinnanon, banaba
extract, madeglucyl, arginine, a branched chain am no acid, gl utam ne,

glutamate, fish oil, chlorogenic acid, mangosteen, palmoil mll waste,
chromium vanadium wtch hazel, allspice, bay |eaves, nutneg, cloves,

mushr oons, saccharomyces cerevisiae, and a conbination thereof. 18. A

nutritional fornulation conprising: a. a protein source; b. a fat

sour cg,. amthe-nutiiticnat lorimolatidnadf &lamut, ceherelnetheiproteiresouirot @ind tketatce, the

fat source, and the carbohydrat ource are ip.a tip of out 1:1:1,
" each comﬁpgfq?gewngﬁg ':Pﬂl&@%o; i @,téoqt?,}S%: Ogme&P{i‘@ iep H]e
conposi ti @@mpbditiohhe nutritional fornulation of claim18, further
conprising at |east one of the followi ng: touchi extract, partially
hydr ol zed guar gu i nui | a fructooligosaccharide, a
gal actfeol iT§ '&ﬂﬁ{& fﬁmufaé@ﬁﬁlftclﬂ"@sb whereinghgifat souree isasgirisad ?fm c

acid, 4- hﬁ%&éyﬂﬁﬁ' A der %ﬁgh%&ﬂl aloﬁéé‘BPfﬁé%orﬁ@S‘ﬁ*ﬂ?u %ﬁé‘f&ﬁn

madegl ucyl”, “argi ni ne, ed c aln am no acl gl utam ne, ut anmat e,
fish oil ,Ilnollela)a@gé'tﬁ £).aci d, mangosteen, palmoil nill waste, chr om um
vanadium w tch hazel, allspice, bay | eaves, nutnmeg, cloves, mnmushroons,

sacchg o ' . ;
o Oy AR B R b RS b B ol o
l'i nol ei c aboubi2%:18. abput 10% of the total calories of the composition in the form of

tinoleic acid (18:2).

10, The nutritional formulation of claim 1, wherein the fat source is comprised of
about 4% to about 7 % of the total calories of the composition in the form of
linoleic acid (18:2).

11.  The nutritional formulation of claim 1, wherein the fai source is comprised of
about 5% o about 6% of the total calories of the composition in the form of
linoleic acid (18:2).

12.  The nutritional formulation of claim 1, wherein the fat source is comprised of .
about 4% of the fotal calories of the composition in the form of iinolsic acid
{18:2).

13. The nutritional formulation of claim 1, wherein the fat source is comprised of
about 5% of the total calories of the composition in the form of linoleic acid
{18:2).

~14.  The nutritional formulation of claim 1, wherein the fat source is comprised of
" about 8% of the total calories of the composition in the form of linoleic acid
(18:2). - L
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21. The nutritional formulation of claim?20, wherein linoleic acid
(18:2) conprises greater than about 2% of the total calories of the
conposition. 22. The nutritional fornulation of claim?20, wherein
linoleic acid (18:2) conprises between about 2% and about 10% of the
total calories of the conposition. 23. The nutritional fornulation of

bout T of MLt RARIRE S e £ vRRLIB 3 AbE Radltad ¢ Sna
formul at i orabout E¥asiihatotaiteodesiof theaoermsittindn (A8 cidinaleisesid bet ween
about 5% agqﬁg?out 6% of the total calories of the conposition. 25. A

dietary re for increasing insulin sensitivity conprising:. a. a
protein source; b. a fat source; and c. a-carbohydrate source, wherein

the pryg.ei Wfiéquﬁﬁl@orm%ﬁﬂlﬁatfoﬁhtofmfrﬁﬁ Whdreinthe faBédrc®is edppiised éf, and.
wher ei n each conp ri ses iween about 15% and about 45% of 5 e total

calories (ﬁbof-‘hg hﬁﬁ?‘a eajPhes olfhercomposgiasindie farat ok lineieis geigi n

sour ce, fat( @;rce and carbohydrate source are not in a ratio of
30:30:40. 114 26. The dietary regine of claim?25, wherein the protein

source and the fat source each conprise about 25% of the total calories
of theldi etlhwynyidtpna forpulatinneofgilaiat yiurtbgi eemprising at lﬂagtaonwaiem n the

o b os° o ORRURG GBS, S@act Sty SRR ARSI 3 1 15!
wherein t hérmmlgoaamﬂmnde agdlak:hmllgassacsmﬂnde isemalivicsepsiicsemaliout 35%
of the tot atreha?clas%c hﬁ&c%ﬂ:lcf Q t aré’({!ee&:me, catechin, cinhamon, banaba extract,
' madeglucyl, arginine, a branched chain amino acid, glutamine, glutamate, fish
oil, chlorogenic acid, mangosteen, palm oil mill waste, chromium, vanadium,
witch hazel, allspice, bay leaves, nutmeg, cloves, mushrooms, saccharomyces
cerevisiae, and a combination thereof.

18. A nutritional formulation comprising:
| a. a protein source;
b. afat source; and
c. a carbohydrate source,

wherein the protein source, the fat source, and the carbohydrate source areina
ratio of about 1:1:1, each comprising about one third of the total calories of the
composition.

19.  The nutritional formulation of claim 18, further comprising at least one of the
following: touchi extract, partially hydrolyzed guar gum, inulin, a
fructooligosaccharide, a galactooligosaccharide, isomaltulose, sucromai,
trehalose, lipoic acid, 4-hydroxyisoleucine, catechin, binnamon, banaba exiract,
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29. The dietary reginme of claim25, wherein the protein source and the
fat source each conprise about 20%to about 40% of the total calories
of the dietary reginme. 30. The dietary reginme of claim?25, wherein the
protein source and the fat source each conprise about 25%to about 35%
of the total calories of the dietary reginme. 31. The dietary regine of
claim 25, wherein the protein source and the fat source each conprise

about 30%rpadegheryt, 23BN, & lranehrchehain aming ackk giulemmes chifigmatadishe. 32.

The dietar | 25 al i S L Sy&Eihsed of
greater t [aﬁﬁgt‘%{‘ szza},j !g’?htgh@t%%\gﬁjaggl cﬁ'?gls%ote’tﬁgbm'th‘gy reg'?nhe in

t he form ofitchi hazebialispiae] bRy €8y, nuBBeg Ttlovel, enustyoomgi sacobarahyéen 25,
wherein the fat. sou Ls,commr.i f between about 2% and about 10%
of. the totcsre"d%{?%r%’iigSPﬁH{gaq@f'éﬁ%&?ﬂr egine in the formof Ilinoleic
acid (18:2). 34. The dietary regine of claim25, wherein the fat source
i s eopuri See mftrithetaMemulativoud! ddimats veierain thgofaf sduree tretwlesdmobeic es of
the dietary, %IC)#SE in the formof linoleic acid (18:2). 115 35. The

@éi“’[@ ‘C

dietary r | ai m 25, wherein the fat source is conprised of
bet ween about 5% and about 6% of the total calories of the dietary

r egi 1| n Thasuhionad fornulatnesiciasi 20, (Wifsrain lirdfisic Bkl (BED @omprRaENe Of
claim 25, wherein the fat source is conprised of ahout 4% :
greater than about 2% of the total calories of the composition.

22.  The nutritional fbrmu!ation of claim 20, wherein linoleic acid (1 8:2j comprises
between about 2% and about 10% of the total calories of the composition.

23. The nutritional formulation of claim 20, wherein linoleic acid (18:2) comprises
between about 4% and about 7% of the total calories of the composition.

24.  The nutritional formulation of cl'aim 20, wherein linoleic acid (18:2) comprises
~ between about 5% and about 6% of the total calories of the composition.

25. A dietary fegime for increasing insulin sensitivity comprising:
a. aprotein source; |
b. afat sburce; and
¢. a-carbohydrate source,

wherein the protein source and the fat source are in a ratio of about i, and
wherein each comprises between about 15% and about 45% of the otal calories
of the dietary regime, with the proviso that the protein source, fat source, and
carbohydrate source are not In a ratio of 30:30:40.
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of the total calories of the dietary regine in the formof linoleic acid
(18:2). V. The dietary, regime of claim25,-wherein the fat source is
conprised of about 5% of the total calories of the dietary regine in
the formof linoleic acid (18:2). 38. The dietary reginme of claim 25,
wherein the fat source is conprised of about 6% of the total calories

of the a4 et apy digahy®girme ohelafRem, Ahetdin HebidfisBulckBard theddt sditee
dietary regine of claim 2 V\{)erel n the flat source_ i s conprised of about

S . .
7% of the eachrComRriesabaub25rs the tatakGRIonag ¢fahe diatae rEEIME-of | inol ei c
acid (18:2). 40. The dietary regine of claim?25, wherein the fat source

IS co i Se f 9 { : | ' LB I N
the Tormof TEmiRaRegfe ofbighi]2s! ghelef MEpickein Soutcheartt fisTay sdidl
further compackicampsice labayt 308%cofdhe toial qalerienwiibe diatarycegineét r act |

partially hydrolyzed guar gum inulin, a fructooligosaccharide, a

gal act I g 0 | de. | . I haacid,
3 ydraky DPSREN,FBime 3P RRIh 5 Aferah Wi B in solfRTaft e fal Solie ™
ar gi ni ne, aeabhgonipeide @hauh35% ofdhattd] cadbrigsaofithe gidthnytregine, fish oil,
chl orogenic acid, nmangosteen, palmoil mll waste, chrom um vanadi um

W tch el ...al].spice, .ba ea nut. cl.aves., nmushy Qo
sacoharashy c Jb8 B0 Bornd br dath 25 BT RoRratAl S2breE 5 R Tt seurpy
regi me for icagheamiphigeiabdut 200SerHbout 10YyoitheRsthbedlgries 6f the digtatyei n
source; b. a fat source; and 116 c. a carbohydrate source wherein the
protein souf@@M&he fat source, and the carbohydrate -source are in a.
30. The dietary regime of claim 25, wherein the protein source and the fat source
each comprise about 25% to about 35% of the total calories of the dietary

regime.

31. The dietary regime of claim 25, wherein the protein source and the fat source
each comprise about 30% to about 35% of the total calories of the dietary
‘regime. ‘

32. The dietary regime of claim 25, wherein the fat source is comprised of greate_r
than about 2% of the total calories of the dietary regime in the form of linoleic
acid (18:2).

33. The dietary regime of claim 25, wherein the fat source is compriséd of between
about 2% and about 10% of the total calories of the dietary regimé in the form of
linoleic acid {18:2).

34; The dietary regimé of claim 25, wherein the fat source is cbmprised of between
about 4% and about 7% of the total calories of the dietary regime in the form of
linoleic acid (18:2).
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ratio of about 1:1:1, each conprising about one third of the total
calories of the regine. 43. The dietary regine of claim42, further
conprising at |east one of the following: touchi extract, partially
hydrol yzed gus'gum inullri, alruciodligosacctraride, a

gal act ool i gosacchari de, isonmaltul ose, sucromalt, trehal ose, |ipoic acid,
4- hydroxyi sol euci ne, catechin, cinnanon,. banaba extract, nadegl ucyl,

ar gi 86.ne, Thee dibtaay cégichechialaimeds, vehareindhe ghilsameis @roprdset ef bdtwsbnoi |, -

11 api co etag e a0 SBORR S e Rao Bietonnsiit e istoGuetitas M ifs i ' °
cerevisiqmokg9g¢@(1gggpination thereof. 44. The dietary regine of claim

42, wherein the fat source includes linoleic acid (18:2). 45. The
dietary regine of claim44, rein Jipoleic acid (18:2) conprises

wh
greaftr Tt ol (R0 FCHIES, QY TeBNG FOLBRe (SOTERiRsSLMARMT 46, The
etary rguhaTordf cdbaldrife dBHEIRIME RO BAGH Indibf ddia ¢faBY.i Ses

bet ween about out 10 the total calorres
conposition. 47. The dietary regi ne of claim44, wherein linoleic acid

(18: 87. cokisr dietasyweginecdi claiod’, whwraindhe defigoures tsfcamprisast ¢fl absall 64 es of
tho pr _ e ! > A T inol e
nerd (163 he el o § e b, oM B foirf ofirdpiciatia fleal 201 ©' ©

cal ories of the conposition. 49. A nethod for |lowering insulin _
r esi 88.ancEhecdisiary segime of claion2Hivehageinihe fal source i conjorigedeofcalgub 604 i on

' el udi NGt ind votf GBS & A8 WidiSry regime in the form of linoleic acid (18:2).

39. ‘The diétary regime of claim 25, wherein the fat source is comprised of about 7%
of the total calories of the dietary regime in the form of linoleic acid (18:2).

40. The dietary' regime of claim 25, wherein the fat source is comprised of about 8%
of the total calories of the dietary regime in the form of linoleic acid (18:2).

41, The dietary regime of claim 25, fﬁrther comprising at least one of the following:
touchi extract, partially hydrolyzed guar gum, inulin, a fructooligosaccharide, a
galactooligosaccharide, isomaltulose, sucromalt, trehalose, lipoic acid, 4- |
hydroxyisoledcine, catechin, cinnamon, banaba extract, madeglucyl, arginine, a
branched chain amino acid, glutamine, glutamate, fish oil, chlorogenic acid,
mangosteen, palm oil mili waste, chromium, vanadium, witch hazel, allspice, bay
leaves, nutmeg, cloves, mushrooms, saccharomyces cerevisiae, and a
combination thereof.

42, A dietary regime for increasing insulin sensitivity comprising:
a. ‘a protein source;

b. afatsource; and
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117 ii. a fat source; and iii, a carbohydrate source, wherein the
protein source and the fat source are in a ratio of about 1:1, and
wherein each conprises between about 15% and about 45% of the total
calories of the conposition, with the proviso that the protein source,
fat source, and carbohydrate source are not in a ratio of 30:30:40. 50.
The mét hod of claim49, wherein the individual is a mammual. 51. The

met hod of cl ab.madgrbemsiraiersduned vi dual is a human. 52. The nethod of
claim49, wherein the protein source, the fat source, and the

car bohydr at r il | e |.Si.ng.about
one.thi v d BieTPHRE gRpir ShiBck 3hb BarquRe dngihe o dt BB ARl 4 ¢

cl ai m 49, whto of abathid : t:onpadh comprising ebeut cnerpiiicaithatoibbealoriemef thef t he
follow ng: touchi extract, partially hydrolyzed guar gum inulin, a
fructooli gcf?gl%ari de, a gal actool igosaccharide, isonaltulose,

sucronalt, trehalose, |ipoic acid, 4-hydroxyisoleucine, catechin,

ci nnana®, baradietaextaghat,of clakietd, figttier contprisinpat Isastranecidte ¢bligwingm no
acid, glut %m e, glut ama%lﬁ*,‘ fish ail, Fhl orogeni ¢ aci d, mangost een,
palmoil m PFCIMQFg@?tr BAREHY higirolzes Guamotmyinidi, adusivohgopagaiiagdensy

| eaves, nut h c RArC ok d a
conbi nation t é?gg$¥§§%? T ékﬁggﬁggﬁgfggﬁgln1hg§h%ﬁ§§§¥¥ﬁ%ﬂ§d?§?.source
i ncl udes | iyer@tyisclgicng, Taieohin, chmanon basaha@xtrack madeohicyl, areinisiena

|1 nol el ¢ aqi ol chaict QG 867, GLEFRE, HlBnaBPAY of eritbrobBficteRid:!

. ¢
calories of gﬂe conposi o
mangosteen, palm oil mili waste, chromium, vanadium, allspice, bay

combination thereof.

44, The dietary regime of claim 42, wherein the fat source includes linoleic acid
(18:2).

45.. The dietary regime of claim 44, wherein linoleic acid {18:2) comprises greater
than about 2% of the total calories of the composition.

46, The dietary regime of claim 44, wherein linoleic acid (18:2) comprises between
about 2% and about 10% of the total calories of the composition.

47. The dietary regime of claim 44, wherein linoleic acid (18:2) compriseé between
about 4% and about 7% of the total calories of the composition.

48. The dietary regime of claim 44, wherein linoleic acid (18:2) comprises between
about 5% and about 6% of the total calories of the composition.

49. A method for lowering insulin resistance comprising:
a. administering to an individual a composition including:

[. a protein source;
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56. A nethod of del aying the appearance of glucose in the blood of an

I ndi vidual conprising: a. admnistering to an individual a conposition
including: 118 i. a protein source; 1ii, a fat source; and iii. a

car bohydrate source, wherein the protein source and the fat source are
in aratio of about 1:1, and wherein each conprises between about 15%
and about 45% of the 4 eftabuftgries of the conposition, with the
provi so that the protein source, fat source, and _carbohydrate source

are not in a ratioj;0f 5 3%p3RvdiAte 8durcdhe nmethod of claim 56, wherein the
individual is a rrarrrra?. 58¥é%he net hod of claim56, wherein the

i vi dual e WEPPIONA ol aFR edaloribats i rathegriiout 9, Bnat el n

source, the fat sour ce, _ carbo ate source are in a ratio of
about 1:1: 1whesin cachpempripes belwwrenahow A Bleand abouet 5%tk thetota oakiest

Fort mer” conp R soHhostb, R 16E e P el Bt i BORRCERG' "

partial |y hydriohydete gownce guvamot ind ratio of 30t30:140.00!1 i gosacchari de, a

gal act ool i gosacchari de, isonumitul ose, sucromalt, trehalose, lipoic
acid, 4-hydroxyispl eucine, ,catechin, cinna banaba extract,

madegl 0cyl ﬁ‘g?éﬂ%ﬁﬂgo*:gaw ﬁﬁt‘ﬁ g{%ﬁ}%ﬂﬂpﬂ({%?@cq mar@pa am ne, gl utamate,
fish oil, «chlorogenic acid, mangosteen, palmoil m |l waste, chrom um

vanadi @t wrheinethed ef claith U9pivhereih il ésa howiareg, cl oves, nushroons,
saccharonyces :

52. The method of claim 49, wherein the protein source, the fat source, and the
~carbohydrate source are in a ratio of about 1:1:1, each comprising about one
third of the total calories of the composition.

53. The method of claim 49, wherein the composition further comprises at least one
of the following: touchi extract, partially hydrolyzed guar gum, inulin, a
fructooligosaccharide, a galactooligosaccharide, isomaltulose, sucromalt,
trehalose, lipoic acid, 4-hydroxyisoleucine, catechin, cinnamon, banaba éxtract,
madeglucyl, arginine, a branched chain amino acid, glutamine, gluiamate, fish
oil, chlorogenic acid, mangosteen, palm oil mill waste, chromium, vanadium,
witch hazel, allspice, bay leaves, nutmeg, cloves, mushrooms, saédharomyces
cerevisiae, and a combination thereoi. '

54. The method of claim 49, wherein the fat source includes linoleic acid (18:2).

55, The method of claim 54, wherein linoleic acid (18:2) comprises greater than
about 2% of the total calories of the composition.

56. A method of delaying the appearance of glucose in the blood of an individual
comprising:

a. administering to an individual a composition including:
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cerevisiae, and a conbination thereof. 61. The nethod of claim 56,
wherein the fat source includes linoleic acid (18:2). 62. The nethod of
claim6l, wherein linoleic acid (18:2) conprises greater than about 2%
of the total calories of the conposition. 119 63. A nethod of |owering
plasma insulin |l evels postprandially conprising: a. admnistering to an
I ndi vidual a conpgsition {ncluding: |I. a protein source; 1ii. a fat
source; and iii. & cBMRIRYLPHIESsource, wherein the protein source and
the fat source are in a ratio of about 1:1, and wherein each conprises
bet ween about 15% ang jabifrcd2hef the total calories of the
conposition, with the proviso that the protein source, fat source, and

. carbohydrate source are not in a ratio of 30:30:40. 64. The nethod of
cl ai m 63, wher ei rilt ha GafephydmigISOUEe manmmal . 65. The nethod of claim
63, wherein the individual is a human. 66. The nethod of claim 63,

wherein t %é}émiﬁb?&%{é‘&u{p%@ﬁdft 1R VR ard A a{)ﬂ&ﬁo o?ﬁb@ﬁﬁ‘ﬁﬁ”%ﬁ& source
are inaratio o bout 1:71.71, each conprising about one third of the
total cal ovhereinogachronyigesdiatwvean about T8 anst dhalit 66% bhihemted) calpdesph

t he conposj.Li fust her. | f fol | owing: touchi
e oSk B ShAf HERARR Aot e fouRl, e Solite!

fruct ool i gusholvhnatedource gl ruttivalratio ®A80/38t40de, i sonal tul ose,
sucromalt, trehalose, |ipoic acid, 4-hydroxyisoleucine, catechin,

ci nnappn, Janaba ext.r act, . N .
g?. e meﬁ\o of c?alm 56, wherein the individual is a mammal.

- 58. The method of claim 56, wherein the individual is a human.

59. The method of claim 56, wherein the protein source, the fat source, and the
carbohydrate source are in a ratio of about 1:1:1, each pqmprisin_g abiout ane third
of the total calories of the composition.

' 60. ‘ The method of claim 56, wherein the composition further comprises at least one of
the foliowing: touchi extract, partially hydrolyzed guar gum, inulin, a
fructooligosaccharide, a galactooligosaccharide, isomaitulose, sucromait,
‘trehalose, lipoic acid, 4-hydroxyisoleucine, catechin, cinnamon, banaba extract,
madegiucyl, argining, a branched chain amino acid, glutamine, glutamate, fish oll,
chlorogenic acid, mangosteen, palm oil mill waste, chromium, vanadium, witch
‘hazel, allspice, bay ieaves, nutmeg, cloves, mushrooms, s'ar:charomyces
cerevigiae, and a combination thereof.

61. The method of claim 56, wherein the fat source includes linoleic acid (18:2).

62.  The method of claim 61, whereln linoleic acid (18:2) comprises greater than about
2% of the total calories of the composition.
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madegl ucyl, arginine, a branched chain am no acid, glutam ne, glutanmate,
fish oil, chiorogenic acid, nangosteen, palmoil mll waste, chrom um

vanadium witch hazel, allspice, bay |eaves, nutnmeg, cloves, mushroons,
saccharonyces cerevisiae, and a conbination thereof. 68. The method of
claim 63, wherein the fat source includes linolelc acid (18:2). 120 69,
The nmethod of claim68, wherein |inoleic acid (18:2) conprises greater

t han 63about métrodfof idvectingg plasoal insilrslcoélstpostmrangialy tomprising: A net hod of
I ncreasi ng post prandial fat clearance conprising: a. admnistering to

an individual a,conposition inecluding: |. a.proteip source; 1i. a fat
source; and M a%mtfﬁ&ﬁﬁﬂ%‘} Q'E'g’cﬁwa\‘%léa,gcqm@ﬁ)gf'ﬁnﬂrﬁiucgl?gftei n 'source and the
fat source are in a ratio of about 1:1, and wherein each conprises

bet ween about 15%. aagratimdoutdso of the total calories of the
conposition, with the proviso that the protein source, fat source, and
carbohydrate sourgce are not in a ratio of 30:30:40. 71. The. method of
claim 70, wherei -t ALSOWCH @M is a mammal. 72, The nethod of claim
70, wherein the individual is a human. 73. The net hod of claim 70,

wher ei n-the prot g, na satictRdrdtdeolidie, source, and the carbohydrate source
are in aratio of about 1:1:1, each conprising about one third of the

total calories of the conposition. 74. The nethod of claim.70, wherein
the comodiherain thePralel Souis aadliedet Sauge aman a ratio of about 1:1, and

wherein each comprises between about 15% and about 45% of the iotal calories
of the composition, with the proviso that the protein source, fat source, and
.carbohydrate source are not in a ratio of 30:30:40.

64. The method of claim 63, wherein the individual is a mammal.
65. Thé method of ¢claim 63, wherein the individual is a human.

66. The method of claim 63, wherein the protein source, the fat 'source,' and the
carbohydrate source are in a ratio of about 1:1:1, each comprising about one
third of the total calories of the composition.

67. ‘The method of claim 63, wherein the composition further compri_ses at least one
 of the following: touchi extract, partially hydrolyzed guar gum, inulin, a

fructooligosaccharide,' a galactooligosaccharide, isomaliulose, sucromali,
trehalo'se‘, lipoic acid, 4-hydroxyisoleucine, catechin, cinnamon, banaba exiract,
madeglucyl, arginine, a branched chain amino acid, glutamine, glutamate, fish
oil, chlorogenic acid, mangosteen, palm oil mill waste, chromium, vanadium,
witch hazel, allspice, bay leaves, nutmeg, cloves, mushrooms, saccharomyces
cerevisiae, and a combination thereof. '

68.  The method of claim 63, wherein the fat source includes linoleic acid (18:2).
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of the follow ng: touchi. extract, partially hydrolyzed guar gum inulin,
a fructooligosaccharide, a gal actooligosaccharide, isomaltulose,

sucronmalt, trehalose, |ipoic acid, 4-hydroxyisoleucine, catechin,
ci nnanon, banaba extract, 121 madegl ucyl, arginine, a branched chain
am no acid, glutamne, glutamate, fish oil, chiorogenic acid,

nmangogpeenThe alaihed bi dihinh 6BRheseirt dsit Weid @B doniprises drédteh 878l |

al I spice, bay |eaves, nutneg, cloves, nushroons, saccharonyces

cerevi si ae8b@fid% of Btk crkiep il theyeoMpESigfe et hod of cl ai m 70,
wherein the fat source includes linoleic acid (18:2). 76.. The nmethod of

cl ai mzgo, mﬁétﬁbao!riﬁt@é@éiﬁﬁ@ﬁ%@ﬂ&ﬁﬂhté@@%ﬂ@%ﬁ% r than about 2%

of the total calories of e conposition. 77. A nethod of treating or
preventing cg o 1 hi$ BB A [ m - Ng: a.

adm ni steri ngr %@%@%&ﬁ?ﬂ%@l a cl%)wrrgodsb?ﬂt]i Ol’il ?ﬁ@%’@g L a protein
source; ii, -a fatj SPHf6in sHekd;! |- @ carbohydrate source, wherein the
protein source and the fat source are in a ratio of about 1:1, and
wherein each conpiji sefzthglweerngbout 15% and about 45% of the total
calories of the conposition, wth the proviso that the protein source,

fat source, and mgr.é)ggwéhggﬁtégg@@g are not in a ratio of 30:30:40. 78.
The nethod of claim 77, wherein the i ndividual is a mammal. ~ 79. The
met hod of ghatdim e preh Qolrdd¥nd haifit Shifbe lafe i A VERYof abbt 1:1, and

wherein each comprises between about 15% and about 45% of the total' calories

of the composition, with the proviso that the protein source, fat source, and

carbohydrate source are not in a ratio of 30:30:40.

71.  The method of claim 70, wherein the individual is 2 mammal.
72. The method of claim 70, wherein the individual is a human.

73. The method of claim 70, wherein the protein source, the fat source, and the
carbohydrate source are in a ratio of about 1;1:1, each comprising about one

third of the total calories of the composition.

74. The method of claim 70, wherein the composition further comprises at least one
of the following: {ouchi extract, partially hydrolyzed guar gum, inulin, a
fructooligosaccharide, a galactooligosaccharide, isomaltulose, sucromait,

trehalose, lipoic acid, 4-hydroxyisoleucine, catechin, cinnamon, banaba exiract,
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80. The nethod of claim 77, wherein the protein source, the fat source,
and the carbohydrate source are in a ratio of about 1:1:1, each
conprising about one third of the total calories of the conposition.
81. The nethod of claim 77, wherein the conposition further conprises at
| east one of the follow ng: touchi extract, partially hydrolyzed guar
gum inulin, a fructooligosabcharide, a gal actooli gosacchari de,

i somal t ul egrleghieyl, arginine, atbrafeHedschaik polinh aciddglufarhingl giyarRgicefish ne,
catechin, cinnanmon, banaba extract, madeglucyl, arginine, a branched

chai n am gp, @iogeolimengdshadrn BRIR ol il vaské | onr6iBlueh AGsRidAC d,

mangost een,  pal m oi waste, chrom um 'vana_di um wtch hazel,
cer ovi o1 At e R o8 e e R e e e s
wh i j ! i i i id (18:2). 83. Th hod of
cl :i“r?l gzt E%&&&%%’?ﬁ%f@%@”ﬂﬁﬁtll(%'g“%)e' goﬁglri S((as ngaat er t hane ggt)u'? 200/0

of the total calories of the conposition. 84. The nethod of claim 77,

G andeos. 188 riéintd AL ERBH 7 wheBATRG R shllEs FobgpS iurfA ety

di sease or incident is selected froma group consisting of:

o sob e Y HeBba £R Pim S, PRI LRl TR iR e d R b
b1 1 ninesc BORY Al Na% Bl CARTAAISNG SORRASAR) ammmt | on. 86, A met hod of

treating or preventing cardi ovascul ar di sease or incident conprisihng: -

77. A method of treating or preventing cardiovascular disease or incident comprising:
a.  administering to an individual a composition incl.uding:' |
I. a protein source;
M. afat sotjrce; and
ii. & carbohydrate source,
wherein the protein source énd the fat soufce are in a ratio of about 1:1, and
wherein each comprises between about 15% and about 45% of the total calo;'ies
of the composition, with the proviso that the protein source, fat éou_rce, and

carbohydraie source are not in a ratio of 30:30:40.
78. The method of claim 77, wherein the individual is a mammal.

79. The method of claim 77, wherein the individual is a human.
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admnistering to an individual at |east two of the follow ng: touch
extract, partially hydrolyzed guar gum inulin, a

fruct oof i gosacchari de, a gal act ool i gosacchari de, isomaltul ose,
sucromal t, trehal ose, lipoic acid, 4-hydroxyisol eucine, catechin,

ci nnanon, banaba extract, madegl ucyl, arginine, a branched chain am no

acid, gy, ut Ink nesthed of alakh 77, iMhefeivtie profein 005, thelit GourtRNERS treen,
palmoil mll waste, chromum vanadium wtch hazel, allspice, bay

| eaves, nut ERGOhGHINE SourcEETE P8 Fhtio éﬁafdm@fw,ceécweérﬁwiﬁhgﬁbpat%@
conbi nati on thereof. 87. The nethod:- of claim 86, wherelin the individual
iIs a nmanmal g . &% | A fionwherein the individual is a
human. 89. %%P%E@ag%lcl al ﬁtgé,&meor%eli’orq' sai d cardi ovascul ar di sease
or incident is a conorbidity of diabetes. 90. The nethod of claim 86,
wherei n said cardi ovascul ar disease or incident is selected froma

i sti f: di I di - h t i
G ohoml e e TaeiBad of Sefip G2 piessh i SFBBRUNST it hemaniovs et sRar 54 4
di sease, cer rov?sc_ulgr di sease str_@kei_i net ab Iic,slﬁgd,ro‘rjhe, _
r et i nopat hi 8kthe fgllowipgatoschipeact.grastially hydee! Syl SHRIMHL % mmat i on.

91. A nethod of treating or preventing cardi ovascul ar di sease or

i nci dent coffgeiosligepacchandaisgalaciogligesasaharids, isaroaliulege, svg@mallo of the
foll owi ng: touchi extract, partially hydrolyzed guar gum inulin, a

t ruct ool i goyabalhae, lipeic acidad-hydmxyisglesiaeh aaiedbin, cinnarmuin, banales exiract, .

sucromalt, trehal ose, |ipoic acid, 4-hydroxyisol eucine, catechin,
ci nnanon, baalegiueyl megihinepadeahehed chaln giminoacid aglbtamminb eglutaneate, fish no
acid, glutamne, glutamate, fish oil, chlorogenic acid, nmangosteen,

pal moi | m bil, oM@bgenic acid, mangosteen, paim oil mill waste, chromium, vanadium,
witch hazel, allspice, bay leaves, nutmeg, cloves, mushrooms, saccharomyces

cerevisiae, and a combination thereof.
82. The method of claim 77, wherein the fat source includes linoleic acid (18:2).

83. The method of claim 82, wherein linoleic acid (18:2) comprises greater than

about 2% of the total calories of the composition.

84.  The method of claim 77, wherein said cardiovascular disease or incident is a

comorbidity of diabetes.

85. The method of claim 77, wherein said cardiovascular disease or incident is

selected from a group consisting of; cardiovascular disease, coronary hear
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chrom um vanadium wtch hazel, allspice, bay |eaves, nutneg, cloves,
mushr oons, saccharonyces cerevisiae, and a conbi nation thereof, wherein .
the adm nistering step is capable of at |east one of the foll ow ng:

del ayi ng the appearance of glucose in the blood, |owering postprandi al
plasma insulin |evels, |Iowering glucose resistance, and increasing
glucose sensitivity. 92. The met hod of claim 91, wherein the individual

is a mMBiseals, isdiemiceidPdiséase), my@ca?dlal\/ihﬁfrﬁidh befphaydl vasbupr 1s a

human. 94. The nethod of claim 91 wherein said cardi ovascul ar di sease

or inci depisehse %er@ﬁ@é@éuﬂér‘?r s@ésded's%ﬁé%eta%ﬁcggndﬂﬁlﬁ?e W@ﬁr}?@ﬁﬂ% claim

91, wherei'n said cardi ovascu I sease or I ncl ted froma

group 'Conﬁéﬁfﬁé% er?eﬁ{sﬁjdrp‘(%@ﬂogfsr arc |on88%'9nary heart di sease,__

I schem ¢ RS nyocar €ri pheral vascul ar
di sease, cerebrovascul ar di sease, stroke, netabolic syndrone,
retinopathies, blindness, hypertension, thronbosis, and inflammtion.

126 . . . . . P -
86. A method of treating or preventing cardiovascular disease or incident comprising:

administering to an individual at least two of the following: touchi extract, pariiatly
hydrolyzed guar gurh, inulin, a fructooligosaccharide, a galactooligoséccharid g,
isomaltulose, sucromalt, trehalose, lipoic acid, 4-hydroxyiscleucine, catechin,
cinnamon, banaba extract, madeglucyl, arginine, a branched chain amino acid,
glutamine, glutamate, fish oil, chlorogenic acid, mangosteen, palm oil mill waste,
chromium, vanadium, witch hazel, allspice, bay leaves, nutmeg, cloves,

mushrooms, saccharomyces cerevisiae, and a combination thereof.
87. The method of claim 86, wherein the individual is a mammal.
88. The method of claim 87, wherein the individual is a human.

89. The method of claim 86, wherein said cardiovascular disease or incident is a

comorbidity of diabetes.

90.  The method of claim 88, wherein said cardiovascular disease or incident is
selected from a group consisting of: cardiovascular disease, coronary heart

disease, ischemic heart disease, myocardial infarction, peripheral vascuiar
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21.

92.

93.

94.

disease, cerebrovascular disease, stroke, metabolic syndrome, retinopathies,

blindness, hypertension, thrombosis, and inflammation.

A method of treating or preventing cardiovascular diSeasé or incidént comprising:
administering to an individual at least two of the following: touchi exiract, partially
hydrolyzed guar gum, inulin, a fructooligosaccharide, a ga!actqdligéseic’dharide,
isomaltulose, sucromalt, tréhalose, lipoic acid, 4-hydroxyisoleucine, c’atechin,.
cinnamon, banaba extract, madeglucyl, arginine, a branched chain amino acid, .
glutamine, glutamate, fish oil, chlorogenic acid, mangosteen, palm oil mill waste,
chromium, vanadium, witch hazel, allspice, bay leaves, nutmeg, cloves,
mushrooms, saccharomyces cerevisiae, and a combination thereof, '

wherein the administering step is capabie of at least dné of the following:
delaying the appearance of glucose in the blood, lowering postprandial plasma

insulin ievels, lowering glucose resistance, and increasing glucose sensitivity.
The method of claim 21, wherein the individual is 2 mammal.
The method of claim 92, Wherein the individual is a human.

The method of claim 91, wherein said cardiovascular disease or inbident is a

comorbidity of diabetes.
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95.

The method of claim 91, wherein said cardiovascular disease or incident is
selected from a group cdnsisting of: cardiovascular disease, coronary heart
disease, ischemic heart disease, myocardial infarct_ion, peripheral vascular
disease, cerebrovascular disease, stroke, metabolic syndrome, retinopathies,

blindness, hypertensidn, thrombosié, and inflammation,
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