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ABSTRACT

LIPOSOMAL ENCAPSULATED ALPHALIPOIC ACID, BENFOTIAMINE AND

CURCUMIN PREVENT OVERFEEDING MEDIATED INCREBES IN WAIST

CIRCUMFERENCE

INTRODUCTION: To determine if liposomal (L) encapsulated alpha-lipoic acid (0.5g),
benfotiamine (0.5g) and curcumin (2.0g) (ABC) would prevent the unfavorable metabol
consequences of sedentary high-fat overfeeding in healthy young adults.

METHODS: 29 young (180 years), healthy, physically active men and women were
randomly assigned to ingest placebo (n=9), ABC (n=10), or L-ABC (n=10) twikefdak8
days. Between days 22 and 28 all participants abstained from their normal ezgutégse and
consumed a high t@ie, high fat diet.

RESULTS: On Day 29, circulating alpha lipoic acid was greater (p<0.0:ABC
(412+73 ng/mL) compared with ABC (154+33 ng/mL). During the sedentary high fat
overfeeding, dietary intake was not different (p>0.6) between groups (~3,400 kcabBQédy
from fat). Sedentary high fat overfeeding increage® 05) waist circumference in the placebo
(+2.7£2.7 cm) and ABC (+3.3+2.0) groups but not the L-ABC group (+0.7+£2.7). The
magnitudes of increase (p<0.05) in body mass (1.7+0.3 kg), fat mass (0.7+0.2 kg), and blood
pressure (31 mmHg) and decrease (p<0.05) in insulin sensitivity (Matsuda 12@=-0.9)
after overfeeding were not different between groups (all ©¥0.5

DISCUSSION Liposomal encapsulated alphpeic acid, benfotiaminand curcumin: 1)
promoted alpha-lipoic acid bioavailability; and, 2) prevented sedentary high-fatexiagfe

mediated increases in waist circumference in usually active healthy youis) ahese data



may have important public health implications feripds of inactive overconsumption such as

during seasonal celebrations.
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CHAPTER |
LITERATURE REVIEW

Diabetes is a disease plaguing over 422 million adults worldwitleere is currently no
known prevention for type 1 diabetes. Type 2 diabetes (T2D) is characterizesliliy i
resistance and is oftemagnosed with multiple comorbidities such as obesity, dyslipidemia, and
cardiovascular diseageThis study will focus on the prevention of T2D. T2D has been closely
associated with obesity and sedentary lifestyles. Physical acndtylietary interventions have
been successful to reduce body weight and help prevent. TRRfortunately, interventions for
body weight reduction do nbave lasting compliance This non-compliance has led to

pharmacological interventions such as metformin and acatbose

Pharmacological interventions have a few limitations including, complianceg#uefor
life-long use, and adverse side effects such as dizziness, severe drowsinesgaim,stie.
One alternative prevention and treatment method may be nutraceuticals, apacdodifood
that has beneficial medicinal activity beyond its nutritional value. Nutraceutiftals have less
unwanted side effects compared to drugs treating the same-gaetiibolic problem3 Among
the plethora of dietary supplements purported to have beneficial effecsldsave fared well
following scientific scrutiny. These include Alpha-Lipoic Acid (ALA), Benémine (BEN),

and Curcumin (CUR).

CURis the active ingredient of the spiturmeric. ALAIs a signaling molecule within
human mitochondridBEN is a bioactive derivative of thiaminthe water soluble vitamin B1.
All three of these individual supplements are reported to have anti-inflanynaaitantioxidant

propertie$ 20,



In studes of cell culture and laboratory mice, nutraceutical administration haggield
some beneficial responses. In contrast, the data from human trials amniessing, in part
due to limited bioavailability following ingestion. Our study will assessetfieacy of
combining these three nutraceuticals and address the problems associateobwatihability
following oral consumption. Before exploring the benefits of these supplementsytiel @y

of obesity and diabetes will be addressed.
Hyperglycenia, Reactive Oxygen Species and Inflammation

Chronically high blood glucose, a hallmark of diabetes, can be associated wislséucre
reactive oxygen species (ROS) formation, increased inflammation, elevaigddtoig
triglycerides, excess fat storagad insulin resistancé™*. Excessive ROS generation and
increased inflammation can also lead to development of atherosclerosis andasardar
disease, a comorbidity responsible for the majority of deaths in individuals aftbtes>.
Hyperglycemia induced oxidative strdsads to pathophysiological changes such as the
increased inflammation of various metabolic tissues such as fat, skeleta mnugche livets
19 Conversely, inflammation can induce hyperglycemia and impaired glucosmtar This
means hyperglycemia can induce inflammation and vice versa, further catimglithe

treatment approach.

Excess fat storage can lead to ROS formation from adipocytes and is assodiat
increased macrophage infiltration of those adipoc3fteBhis macrophage infiltration is a
common characteristic of obesif{**and can lead to the activation of inflammatory pathways
such as -€un NH2terminal kinase (JNK) and nuclear faetd® (NF-«xB) 2L Both pathways can
interfere with IRS1 phosphorylation, halting the insulin signaling cascade and resulting in

deceased glucose transporter type 4 (GLUT4) translocation. InterferingR&t:1L signaling

2



can lead to increased insulin resistance in in multiple metabolic tissues suclets skescle,
liver and adipose tissue. There is evidence that inflammation from adipoayteaddo

decreased insulin sensitivity in skeletal muscle and liver tigdues

NF-«B is a transcription factor that produces gene products such as tumor necrosis factor-
a (TNFa) and interlukin-6 (IL-6). Short term presence of these cytokines can be beneficial in
muscle tissue recovery, however chronic elevation systemicallycamribute to the
development of insulin resistance and other metabolic dysfunéiéh&ortunately, this can be
reversed; for example, an eight week weight loss intervention in obese adultsraigtepe
inflammation led to decreased circulating TNFa and IL-6 levels?®. Taken together these findings
assoa@te the hallmark hyperglycemia seen in diabetes, and in some cases of obB€)S, to
generation with inflammation of various metabolic tissues such adipocytestaskeliscle and

the liver.

Given the poor compliance of participants using dietary aetcese interventions,
alternative options need to be explored. Pharmaceuticals can have unwanted s&lareffec
often require lifetime use. Nutraceuticals offer less unwanted side edfettsan achieve the
same outcome as firBhe drugs with lower csts of productior®. Mechanistically,
nutraceuticals such as dietary polyphenols have gained much interest over thegokest dec
Specifically, polyphenols with anti-oxidant and antikamimatory properties can be a promising
intervention for individuals diagnosed with prediabetes and 2f2@&ne such molecule is

curcumin.



Curcumin

Curcumin (Diferuloylmethane) is a polyphenolic compound found in the Indian spice
turmeric (Curcuma longa). As of the last quarter century, curcumin has beecheddar the
prevention and treatment of many human disedsé€sincluding diabetes mellitu8=°
Alzheimer’s diseas#, cardiovascular diseade® and cancef. Relevant to the pathology of
diabetes, CUR is an antioxida®i*>3 a JNK pathway inhibitot®, and an NF<B pathway
inhibitor *’. As mentioned earlier, inhibition of these pathways leads to decreased macrophage
infiltration of adipocytes, decreased prdtammatory cytokines such as TNFa and IL-6, and
increased aninflammatory adipokines, including adiponectin. Therefore, this makes CUR a
promising supplement for the treatment and prevention of inflammation induced insuli

resistanceé®.

In research settings, high fat diets are often used to impair the metaktinsyf mice,
and CUR has been shown to protect mice from high fat diet-induced insulin resi€tditce.
provided protection by decreasing liver lipogenesis via lipogenic gene suppressasaby
decreasing inflammation in adipose tis$¥& Furthermore, these metabolic improvements from
CUR could be related to decreases in macrophage infiltration, and TNFa and IL-6 in adipose
tissues®. These reports show the efficacy of curcumin in preventing inflammation in #heffac

a dietary insults such as high fat diets.

Aside from the antinflammatory mediated improvements in lipid metabolism, CUR has
also been seen to adie adenosine monophosphattivated protein kinase (AMPK) in skeletal
muscle and livet®*°. AMPK acts as a fuel regulator in the ¢llin skeletal muscle, AMPK can
increase glucose uptake and fatty acid oxiddtdh CUR may help reduce insulin resistance

via alterations in lipid metabolism either from AMPK or anflammatory mechanisms.
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The benefits of CUR are not limited to animals. For example, in a previous study of
humans with prediabetes (n=240), 9 months of CUR extract supplementation decreased body
weight, fasting blood glucose, HbAlc , insulin, and values for Homeostatic ModesAss#s
of Insulin Resistance (HOMAR) ?°. CUR supplerantation also increased circulating
adiponectin, and improved beta cell function (HOMY®. At the end of the study, 16.4% of
subjects receiving placebo were diagnosed with T2D whereas none of the Cld® greap

developed T2D.
Bioavailability

While in theory the use of CUR shows promise as a preventative treatmenilifyrthiea
beneficial effects of CUR may tienited by low oral bioavailability. This is due to CUR having
poor solubility in the blood stream, slow absorption rates from the gut, as weligid a r
metabolism to inactive products Despite high doses ranging from 8-12 grams of CUR per day,
active curcuminoids such as CUR, dimethoxycurcumin, and bisdemethoxycurcumin could not be
detected in circulating plasma of humans (<50ng##ff It is likely these active curcuminoids

are ridly breaking down to inactive metabolites such as glucuronides and stfifates
Alphadlipoic Acid

Another nutraceutical for the treatment ameiention of diabetes is ALA (1, 2-
dithiolane-3-pentanoic acid). ALA is made endogenously from octanoic acid in the
mitochondria. ALA plays a role in mitochondrial metabolism as it is a necessary cofactor for a-
ketoacid dehydrogenasgsExogenously, ALA is available in small amounts from fruits and
vegetables, as well as from some organ meats such as heart, kidney, liver antt yeezsat

has been included as an ingredient in many multivitamin mixtures



Like CUR, ALA supplementation may benefit many disease populations. There is
potential for therapeutic use in diseases such as cincardiovascular disea$é Alzheimer’s
diseasé®, and diabetic polyneuropathig@sALA is posited to exert benefits througOS
removal, chelation ahetal bns, and reducing the oxidized forms of other antioxidanits
addition, ALA can also aid in weight loby suppressing the activity of AMPK within the
hypothalamus and consequently will reduce food intake irt%ats humans, 1800 mg per day

ALA supplementation over 20 weeks lowered body weight compared to plcebo

In rats with hyperglycemia induced hypertension, ALA prevented the risetolisy
blood pressure compared to the control grétipAdditionally, HOMA-R was significantly
lower in the ALA treated group. The researchers attributed some of these impriiseo

attenuated superoxide production (p2and maintenanaef antioxidative proteins.

ALA has also been reported to reduce circulating free fatty acids anderiiglgs in
humans with impaired glucose toleraféeOn atranscriptional level, high fat diet fed mice
begin to lose the capacity to tolerate oxidative stress due to decreases in RED§esgaroteins
such as superoxide dismutase, metallothioneins, and thioredoxins. ALA supplementation
partially prevented the alterations to these ROS scavengers in high fat arecéSti ALA
added to normal chow improved hypertriglyceridemia ia bgtincreasing triacylglycerol
clearance and downregulating liver triacylglycerol secrefiomhese findings imply better lipid

metabolism in th face of a high fat diet.
Bioavailability

ALA has one chiral center and can be found g3)RndS-(-) enantiomersonly the R-

(+) enantiomer is bioactive. When given a racemic mixture of ALA, plasma mwatens of the



R-(+) enantiomer were 480% tigher than the §-) °°. Cellular absorption of ALA is facilitated
by two primary proteins, monocarboxylate transporter (MCT) and sodium dependent
multivitamin transporter (SMVTY’. Furthermore, SMVT has preferential uptake qfHRALA
configuration over S-(-ALA 7. ALA undergoes quick metabolism via first pass through the
liver, and B-oxidation of the carboxylic acid side chain degrades ALA into over 10 different
metabolites®. This rapid degradation can impede the efficacy of ALA as an antioxidant and

ani-inflammatory.
Benfotiamine

Benfotiamine (BEN) is a lipophilic derivative of thiamine, the water soluble vitarhin B
The active molecule of thiamine is Thiamine diphosphate (TPP). Thiamine defi€idhc
exists in many diseased populations and cantteatlltiple neurological and metabolic
problems. For example, TD has been associated with alcoholism, batiegecys cardiac
failure, renal failure and diabetes TD can lead to increased oxidative stress, excitotoxicity, and
inflammation®. Oral administration of BEN resulted in higher plasma concentrations of
thiamine than an equal dose of thiamine hydrochId¥iddisplaying the efficacy of BEN

administraion over thiamine.
Thiamine and Hyperglycemia

The role of supplementing thiamine for prevention of polyneuropathies in Alzhgimer’
and other diseases is well establisPedts ability to lower blood glucose is less clear. In a
double blind placebo controlled experiment, high doses of thiamine (300mg /day) over 6 weeks
improved glucose control and HOMWR- compared to placebo arrffs These improvements in

glucose regulation were also accompanied by lower blood pre$dures



Thiamine supplementation attenuated high fructose diet induced insulin resisteatse
64 Daily 100 mg doses increased serum thiamine concentrations after 6 months fi@dus
with and without diabetes. The only metabolic improvements were lowered pladyeetitgs
and low density lipoproteins in the patients with T2DOne month of 150mg/day thiamine
supplementation in patients with T2D had no effect on HbAlc , but did decrease fasting blood
glucose®®. Overall it is clear thiamine supplementation is beneficial for favorably mindify
diabetic polyneuropathies. However, the literature is mixed on the efficalhaofine in

glycemic control and insulin resistanc

CUR, ALA and BEN have not been supplemented in combination in a healthy human
population. Our lab has administered CUR and ALA to an overweight and obese population;
neither energy expenditure nor insulin sensitivity were favorably modifidthe limiting factor
may be oral bioavailability. One way to solve a bioavailability problem is witlsdipal

encapsulation.
Liposomes

Liposomes are manufactured, microscopic hollow vesicles made primarily of
phospholipids. Their discovery occurred back in 1965 when Bangham et al. moved ions across
liquid crystals of lecithin and noted the similarity to cell membraheResearchers have utilized
liposomal technology and similar methods such as micelle and nanoparticle erapsula
administer pharmacological products for decades. These formulationsesreltgap to

produce, have low toxicity, and are adjustable in $ize

Advantages of using liposomal encapsulation include accelerated intelstagitaon,

increased stability of encapsulated products, proteofitime gut from potentially irritating



agents, and greater bioavailability of the prod@cDur laboratory observed greater circulating
ascorbic acid aocentrations following liposomal administration of vitamin C in hunfanGUR
given orally in micelles had an 88ld increase in bioavailability compared to noncelle
administration. Additionally, phytochemicals suspected to facilitate CUR treiresgy resulted
in an 8fold increase in bioavailabilit§# . These findings display the efficacy of phospholipid

encapsulation over other delivery techniques.

Liposomes can be effective for ALA because similarly to CUR; it has a rapithofista
and a large degradation rate in first pass through the liver. BEN, though alrgzidysallble
derivative of thiamine, may benefit from liposomal encapsulation based on the exfticerad
mixed results with administration. To our knowledge no one has evaluated these three

supplements in combination via oral liposomal encapsulated administration.
Statement of the Problem

Diabetes is a disease that can lead to the onset of multiple other comorbiditias such
cardiovascular disease, dyslipidemia and polyneuropathies. Metabolic dysfisrezich as
hyperglycemia, excess ROS generation, tissuanmrhation, and dyslipidemia make treating and
preventing diabetes a multifaceted problem that requires a multifacetedrsd\uttoaceutical
supplements; CUR, ALA, and BEN independently offer benefits via antioxidant and anti-
inflammatory actions. Additioally, these supplements can make favorable alterations to glucose
and lipid metabolism. The combination of these supplements has yet to be studied in mamans a

may provide that multifaceted approach needed in preventing diabetes.

We will measure multipléunctional outcomes from a 28-day supplementation. Glucose

tolerance and insulin sensitivity will be measuvetoral glucose tolerance testsd Matsuda



index. During the last 7 days of supplementation, subjects will abstain fromsexand undergo
ahigh fat overfeeding in order to temporarily induce insulin resistance. Changjesletal
muscle and adipose tissue can have a large impact on insulin sensitivity abdlimétnction

2 |t is also well established that visceral adiposity is highly associated wsitlnimesistance
374 Therefore, we will assess body mass and composition with daglaBsorptiometry and

waist and hip girth measurements.
Hypothesis

We hypothesize that 28 days of dietary liposomal encapsulated CUR, ALA and BEN w
result in increased circulating CUR and ALA and attenuate insulin resistanmedhidy high fat

diet and exercise abstention in healthy, usually active college aged adults.
Specific Aims

1. To determine if liposome encapsulated supplementB(C) can increase the bioavailability

of curcumin and alpha lipoic acid over nopelsomal administration (ABC).

2. To determine if 28 days of dietary ABC) can attenuate insulin resistance induced by high

fat overfeeding and exercise abstention compared to placebo (PL) and (ABC).
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CHAPTER Il
INTRODUCTION

Diabetes is a disease plaguing over 422 million adults worldwiligoe 2 diabetes
(T2D) is characterized by inkmi resistance and is often diagnosed with multiple comorbidities
such as obesity, dyslipidemia, and cardiovascular dide&$fective prevention and treatments
include intensive dietary and physical activity chang&ietary and physical activity
interventions, though initially effective, are not usually sustainable, in parbdwnt
compliance’. Given the issue of non-compliance, alternative treatment and prevention methods
need to be considered and scientifically evaluated. For example, dietary seislane
commonly used by many Americans as alternatives to exercise and figtiagpite an

appreciable imbalance between advertised and actual effects

Among the plethora of dietary supplements purported to have beneficial effectal seve
have fared well following scientific scrutiny. These include Alpha-lipoid 6&8LA),
Benfotiamine (BEN), and Curcumin (CUR). All three of these individual supplenaeat
reported to have anti-inflammatory and antioxidant propeftit8eyond antinflammatory and
antioxidant properties, CUR and ALA have metabolic benefits such as decri@asiyigthesis
and storage while increasing fat degradation, increasing metaboliceateasing body weight,
and improving insulin sensitity 51%°1 ALA’s antioxidant properties can also reduce oxidized
forms of other antioxidants thereby rep#hing the antioxidant molecule pdbThiamine, the
active molecule of BEN, has been simotw improve glucose tolerance in individuals with

hyperglycemig? and favorably modify diabetic polyneuropathfes
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A common limitation of CURALA and thiamine supplementation is poor bioavailability
after oral consumptio®y*’"’® However, it is possible to improve the bioavailability of CUR

when administered via liposomes or micefttsand thiamine when administered as BEN

Although evidence exists as to the bendfieiffects of CUR, ALA, and BEN
administered individually, little attention has been given the potential increasefi loé
administering these supplements in combination. Accordingly, we hypothesized thgt 28 da
dietary liposomal encapsulatéd CUR, ALA and BEN(ABC) would result in increased
circulating CUR and ALA (compared with placebo andemecapsulatedBC), and attenuate
insulin resistance induced by a combination of exercise abstention and high faudigally

healthy, active college aged adults.
METHODS
Subjects

Inclusion criteria consisted of an age range between 18 and 30 years, body mxass inde
less than 30 kg/fweight stable for the previous 6-fionths and regular exercise at leagt 2
times per week. Exclusion criteria included current use of dietary supplemaméent or
previous tobacco use within two years, current use of metabolic or cardiovasediaations,
pregnant or breaseeding,and fasting glucose concentration above 100 mg/dl. All procedures
took place in the Human Performance Clinical Research Laboratory at Coloadelo St
University. All subjects provided informed consent and the protocol was approved by the

Institutional Revew Board at Colorado State University, Fort Collins, CO.
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Subject Screening

The first visit to the laboratory comprised screening and baseline maasuise These
consisted of body composition measurements using Dual Energy absorptiometry (DEXA,;

Hologic, DiscoveryW, QDR Series, Bedford, MA, USA), 3-day foechlls.

Experimental Design

A double-blind, placebo-controlled, repeated measures parallel design wdserubées
study. A timeline schematic of the study design is depict&igumre 1 Subjects made six visits
to the laboratory. The first visit comprised screening with anthropometrissassets, activity
and dietary questionnaires. Visit two involved an assessment of resting metata¢RMR).
During visit three, an oral glucose tace test (OGTT) was administered (base). Following
visit three, each subject was randomly assigned to one of three groups: Plagehor{PL
liposomal ALA, BEN, and CUR (ABC), and liposomal ALA, BEN, and CURARBC). The sex
distribution between each gnp was matched. Visit four entailed a meeting with a registered
dietitian to instruct participants on their dietary intervention and took placedretyeys 14-21
of supplementation. Visit five took place on day 22 of supplementation; subjects atrilved a
laboratory for body composition assessments, blood pressure measurements, andl @Gad
(PreHFO). Immediately following this OGTT, participants began a seveseatbntary high fat
overfeeding intervention (HFO) at the campus dining hall facil{ttesising and Dining
Services, Colorado State University, Fort Collins, CO). Twenty-nine dsgrstefginning
supplementation, subjects underwent a final OGTT, body composition assessment and blood

pressure measuremeiiBostHFO).
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DEXA DEXA

Food Recall
DEXA RMR . . ‘
1 0 22 28 29
48 hrs No Ex Resume Normal Exercise Activit High Fat Overfeeding

9 days No Exercise

28 day supplementation

® =BPand 2 hr OGTT

Figure 1 Schematic outline of the study design. Subjects completed a screening visit th
included anthropometrimeasurements, and dietary recalls. Subjects then underwent a
measurement of resting metabolic rate (RMR) andd&ddrglucose tolerance test (OGTT)
prior to supplementation denoted as day 0. Subjects maintained normal activity levetset
first OGTT to day 20. Subjects began 9 days of exercise abstention two days firéor t
OGTT on day 22 (PreHFO) and contaalithe abstention until day 29 (PostHFO), following
the last day of high fat overfeeding

Supplement

The supplements and placebo were provided by Empirical Labs (Fort Collins, CQ, USA)
Both ABC and LABC groups consumed 2.0g CUR, 0.5g ALA and 0.5g of BEN each day for 28
days. The supplement was self-administered twice daily, once in the morning arial thece
evening, in 1.0g Cur, 0.25g ALA, and 0.25g BEN doses. All supplements were provided in
liquid form. Subjects were instructed to mix the supplemsttt a tolerable amount of orange
juice (Kroger Brand serving size 8 oz, 100kcal, 24g CHO 20g from sugar, 0g FAT, Jg PRO
This ranged from 4 0z to 10 oz during supplementation, though for all of the OGTT visits

subjects were instructed to consume ex&thg of orange juice in the morning.
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Resting metabolic rate

Resting metabolic rate (RMR) was measured using a ventilated hood and indirect
calorimetry system comprising either a gas analyzer (Perkin EImer MG@, MA Tech
Services, INC. St. Loius, MO) and ultrasonic flow sensor, (nnd MedizintechnikukiGhZ
Switzerland) (Nighthawk Design, Boulder, CO) or a metabolic cart (one swjlgg( Parvo
TrueOne 2400 Metabolic Measurement System, Parvo Medics, Sandy, UT). For aase$sm
RMR, subjects arried at the laboratory in the morning after fasting for 12 hours and avoiding
vigorous exercise for 24 hours. Blood pressure was measured every 15 minutes diRM&the

using a physiological monitor (IntelliVue MP5, Philips Medical Systems, Angdda), U.S.).

Body Composition and Blood Pressure

Subjects arrived at the laboratory in the morning, avoiding vigorous exercise 48 hours
prior to testing. Subjects also completed a 12 hour fast with the exception of takigtpalese
of supplement with exactly 8 oz of orange juice 30-45 minutes prior to arrival to thattatyor
Upon arrival, subjects immediately underwent anthropometric measures foidhiasst
circumference, and weight followed by a DEXA scan. After body composition, subjeics
escortedo a clinical space for blood pressure measurements and OGTT. Blood pressares w
measured after 5 minutes resting in a supine position with a physiologicabmdslibod
pressure measurements were taken until two repeated measures were withig Sfraadt
other, i.e. (122/80 mmHg and 124/78 mmHg would be acceptable values); mean systolic and

diastolic values were used for data analysis.
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Oral Glucose Tolerance Test

Following blood pressure measurements an intravenous catheter was placed in the
antecubital space of the subject’s arm. The first blood draw was timed so thatelieehialood
draw was taken 60 minutes (x5 min) following the consumption of the supplement with 8 0z of
orange juice. For consistency, prior to the Base OGTT subjects consumed 8 awefjoice
with no supplement. Subjects then consumed 75g of dextrose dissolved in 300 mL of water
within 5 minutes. Blood was sampled and circulating glucasgeg determined immediately
prior to glucose consumption (Pre) and at 0, 5, 10, 15, 30, 45, 60, 75, 90, 105, and 120 minutes
following glucose consumption. Circulating glucose was analyzed using anaaetbdevice

(2300 STAT Plus Glucose Lactate Analyzé6l Inc., Yellow Springs, OH, USA).

Approximately 10 mL of venous blood was preserved with K3
ethylenediaminetetraacetic acid (Vacuette EDTA tubes, GrenieDBeoNorth America, Inc.,
Monroe, NC, USA) and another 10 mL transferred into a serum sepanatofVacutainer SST
Tube with Silica Clot Activator, Polymer Gel, Silice@mated Interior, B, Franklin Lakes, NJ,
USA) at Re, 15, 45, 60, 90, and 120 minutes after dextrose consumption. An additional 10 ml of
blood was collected prior to dextrose comption at all three OGTTs and preserved with EDTA
vacutainers for subsequent analysis with liquid chromatography for cinguksitiA and CUR
concentrations. Blood samples collected in chilled EDTA tubes were immedgiitegd on ice
before being transfexd to a chilled (4°C) centrifuge. Samples were spun (3600 rpm) within 60
minutes of collection to isolate plasma. Samples collected in SST tubes were kept at ro
temperature for approximately 15 minutes before being centrifuged to iseiabe. All plasna
and serum samples were storeeB&CC until analysis. Plasma insulin concentrations were

measured in duplicate using an Human Insulin Enzyme-linked immunosorbent ask&) (EL
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(Crystal Chem, Downers Grove, IL). Insulin sensitivity was estichaging the Matsuda Index

79

UPLC-MS/MS

To assess circulating ALA and CUR in the subjects, ~1 mL of EDTA preservedaplasm
was thawed. Fouiiundred pL of plasma was diluted with 400 pL of acetonitrile containing 600
ng/mL Naproxen and 400 ng/mL DfsHrcumin as internal standards. Samples were then
vortexed for 30 seconds and centrifuged at 14,000 rpm. Liquid supernatant was placesl in gla

LC vial for LC-MS/MS analysis.

The instrument used in the analysis was an Agilent 1290 UPLC coupled to an Agilent
6460 triple quadruple mass spectrometer, which was equipped with an ESI source usirig Ag
Jet Stream Technology (Agilent, Santa Clara, CA). CUR and ALA were sepanaded’milent
Poroshell 120 Phenyl Hexyl column (2.1 x 100 mm, 2.7 um). A sample volume of 6 pL was
injected and a mixture of wateith 0.1% Formic acid (A) and acetonitrile with 0.1% formic
acid (B) at a flow rate of 0.4 mL/min. The gradient used was 40% B increasiog§d B at 2.7
min, followed by and increase to 100% B by 3.0 min. The ionization source conditions used
were as fdbws: nebulizer 45 psi; gas flow of 10 L/min at 325°C ; sheath gas flow of 12 L/min at
400°C; and the capillary voltage (-)3500 V and switched to (+)3500 V at 2 min. lonization
polarity was switched from negative (ALA and Naproxen) to positive (CUR anGUIre} at
2mins. The ion transitions monitored wefi82 — 171.1/127 m /z for ALA, 229.1 —
169.1/185 for Naproxe 369.1 — 89.1/145.1 for CUR, and 375.1 — 89.1/145.1 for D6-CUR.
ALA and CUR identifications were confirmed by retention time and the producttion ra
correlation between the sample peaks and corresponding standards (£ 20%). Toledatac

and processing were performed by using Agilent MassHunter Quantitetiveuse (v.B.06.01).
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Seven day High Fat Overfeeding

A registered dietitian atyzed the 3 day food recall for macronutrient content using the
Nutritionist Pro Diet Analysis Softvare (Axxya Systems, Stafford, TX). These data were then
used to prescribe calorie intake during the overfeeding. Over a seven day pditiubpés
were prescribed to eat 150% of their normal caloric intake per day. Pariscipeng to consume
50% of the newly prescribed total calorie intake from fat. Participants codsheerescribed
intake in three meals a day for seven days. To check dietarg,ifitakl images from the third

and seventh day of overfeeding were analyzed for total daily kcals, and fattconte

Estimated normal daily calorie intake was calculated using baseline RMR and
multiplying by a sedentary physical activity factor of 1.55.sTdwtivity factor was chosen
because the healthy and normally active subjects abstained from exercigdtthigaven day
overfeeding. To assess dietary intake, the estimated normal daily calakie was compared to

total calorie consumption on therithean seventh days of overfeeding.

Statistics

Two-way analyses of variance (ANOVA, supplement x time) with repeated measures on
one factor (time) were used to examine differences in the primary outcomgsnassl and
composition, dietary compliance, insulin sensitivity, blood pressure, and cinguidiA.

Multiple comparisons of factor means were performed using the Tukeyhposiest. The level

of statistical significance was set at P < 0.05. Data are expressed as mean ¢ stamd¢3E).

18



RESULTS

Subject Characteristics and Body Composition

A total of 29 healthy, habitually physically active individuals between the @fge8 and
30 were randomly assigned to PL (n=9), ABC (n=10) and L-ABC (n=10). No Diffesanc
anthropometrics existed between groups at baseline Table 1. Following seti®@arbody
mass, body mass index, fat mass, lean mass, fat free mass, hip girth, agdtvansireased
compared to Base and PreHFO. The increases in percent fat did not reaeatabtatis
significance. There was a group X time intéacin waist girth (p=0.045). Posibc analysis
revealed that sedentary HFO increased waist circumference in PL and ABC grbopsib L-

ABC.

19



Table 1 Subject Characteristics and Body Composition

Placebo ABC L-ABC Main Effects
n=9 (4 Female) n=10 (5 Female) n=10 (5 Female) Time Group Interaction
Base PreHFO PostHFO Base PreHFO PostHFO Base PreHFO PostHFO p-values p-values p-values
Age (yrs) 22 (1) - - 23(1) - - 22 (1) - - - p=0.701
Height (m) 1.72 (0.03) - - 1.74 (0.03) - 1.74 (0.03) - - p=0.919 -
Body Mass (kg) 68.1(4.3) 68.2(4.3) 69.8(4.4) 66.1(2.9) 66.7(3.0) 68.1(4.4) 67.1(4.9) 67.2(4.8) 68.4(4.9) p<0.001 p=0.957 p=0.741
Body Mass Index (kg/fh 22.8 (0.9) 22.9(0.9) 23.4(0.9) 21.9(0.9) 229(0.9) 23.4(0.9) 22.0(0.9) 22.1(0.9) 225(1.0) p<0.001 p=0.752 p=0.852
FatMass (kg)  14.62 (1.11) 14.83 (1.08) 16.61(1.13)  15.60 (1.94) 16.09 (2.03) 16.61 (2.10)  14.58 (1.49) 14.61 (1.47) 14.97 (isBAY01 p=0.805 p=0.575
Body Fat % 22.1(1.6) 225(1.8) 22.6(1.8) 243(3.1) 246(3.1) 251(3.2) 22.4(23) 224(23) 227280071 p=0.770 p=0.797
LeanMass (kg)  50.11 (3.75) 50.24 (3.95) 51.41(4.02)  47.36 (3.35) 47.64 (3.47) 48.17 (3.57)  49.43 (4.15) 49.53 (4.21) 50.04 (<8E)01 p=0.869 p=0.691
Fat Free Mass (kg) 52.65 (3.92) 52.77 (4.12) 52.58 (4.52)  49.85 (3.49) 50.14 (3.60) 50.64 (3.73)  51.97 (4.31) 52.05 (4.37) 52.58 @<B2)01 p=0.874 p=0.663
Hip Girth (cm) 953 (1.7) 957(L7) 97.2(2.1) 96.0 (2.4) 96.5(2.3) 97.2(24) 94.8(2.7) 94.6(2.1) 96.1(2.4x0.001 p=0.897 p=0.919
Waist Girth (cm) 76.2(2.7) 77.1(2.5) 78.9 (2.8}" 77.7(2.0) 78.9(L9) 81.0(2% 77.3(2.7) 76.8(25) 77.9(26)  p<0.001 p=0.827 p=0.045

Data represented as mean (SE)

Main effect of time was the same for all variables. Base andH@avere lower than PostHFO.
Superscript signifies a difference within group between Base and P@stHF

Superscripb signifies a difference within group between PreHFO andHFa3t

Body Mass (kg), body mass index (kgjnfat mass (kg), body fat percent, lean mass (kg), fat free mass ¢kgjsthi(cm), anc

waist girth (cm) at baseline, pre and post high fat overfeeding (HFO) withirsapplement group. (ABC= ndiposomal

supplenent; LLABC= Liposomal supplement)
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Bioavailability

Circulating CUR was undetectable in all groups on all test days. CirculatiAgvals
undetectable in all groups at baseline. Circulating ALA was detected in B&reAd LABC
groups on both PreHFO and PostHFO test daysBC-had higher circulating ALA compared
to ABC independent of time (P=0.002). Pbst analysis revealed that sedentary HFO resulted

in lower ALA concentrations in the L-ABC (PreHFO vs. PostHFO p=0.019) (Figure

s Pre
600 4 —= Post

200 9

Circulating ALA (ng/mL)

100 ¢

ABC L-ABC
Product

Figure 2 Circulating Alpha-Lipoic Acid (ALA) (ng/mL) mean and SE after a 12 hour fadtG0
minutes post-supplement consumption in both supplement groups, pre (black) and post (white)
high fat overfeeding. ALA concentrations were undetectabllee placebo group. *Main effect

of group (p=0.002) for liposomal supplement consumption (L-ABC) vs.liposemal

consumption (ABC). § Significant difference compared to Pre within group.
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Dietary Intake

Data from 23 subjects are shown for days three and seven due to missing food images.
There was no difference in dietary intake between groups (p= 0.618) for edtimateal and
day three or seven of HFO intake. Total calorie intake on days three andisaechigher than
estimated normal calorie intake (p<0.05). There was no difference between (@red62) or

days of HFO (p=0.824) for percentage of calories consumed as fat (Table 2).

Table 2 Dietary intake

Placebo ABC L-ABC
n=8 (3 Female) n=6 (3 Female) n=9 (4 Female)
Est. Norm Day 3 Day7 Est. Norm Day 3 Day7 Est. Norm Day 3 Day7
Kcallday 2494 (159) 3492 (252)* 3644 (384)* 2280 (142) 3041 (319)* 3270 (447)* 2491 (175) 3422 (434)* 3299
% Fat - 53 (1) 51(1) - 50 (2) 51(1) - 51 (2) 53 (2)

Data represented as mean (SE)
Est. Norm = resting metabolic rate x 1.55 activity factosétentary individuals
* signifies a siginificant difference from estimated norimialke.

Total caloricintake and percent fat consumed for each supplement group on days three and
seven of sedentary high fat overfeeding. Estimated normal calorie intakplesydd for
reference. (ABC= noiiposomal supplement;-ABC= Liposomal supplement).

Blood Pressure

Blood pressures were measured in 20 subjects (Table3). There was a maof &ffex
for systolic, diastolic and mean arterial (MAP) blood pressures.Heas&nalysis revealed that
sedentary HFO resulted in increased blood pressure compared to PreHFO (Sys p=8.027, Di

p=0.019, MAP p=0.009), but not Base (Sys p=0.185, Dia p=0.15, MAP p=0.102) (Table 3).
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Table 3 Blood Pressure™ piacebo ABC L-ABC Main Effects
n=6 (3 Female) n=6 (3 Female) n=7 (4 Female) Time Group Interaction

Base PreHFO PostHFO Base PreHFO PostHFO Base PreHFO PostHFO p-values p-values p-values

Systolic (mmHg) 105 (4) 106 (4) 111 (4) 110 (3) 108 (4) 112 (4) 113 (3) 110 (2) 114 (3) p=0.032 p=0.461 p=0.689
Diastolic (mmHg) 64 (3) 62 (3) 65 (3) 63 (2) 61 (2) 67 (3) 67 (2) 65 (30 68 (1) p=0.023 p=0.366 p=0.643
MAP (mmHg) 78 (3) 77 (3) 82 (2) 78 (1) 77 (2) 82 (2) 82 (2) 80 (2) 83 (1) p=0.011 p=0.264 p=0.706

Data represented as mean (SE)
p-values describe a main effect of time, where PreHFO wathias PostHFO, independent of supplement group.

Systolic, diastolic and mean arterial (MAP) blood pressures represemtethagSE) at baseline, pre and post high fat overfeedi
(HFO) within each supplement group. (ABC= A@osomal supplement;-ABC= Liposomal supplement).
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Oral Glucose Tolerance Test and Insulin Sensitivity

Figure 3 displays glucose over time during the OGTT. There were no difsrenc
between group or time for glucose area under the curve (AUC) (p=0.372) (Bigureasting,
peak, and 120 min glucose values did not differ between supplement groups oygest da
(p=0.193 or 0.093, p=0.404 or 0.714, and p=0.273 or 0.092, for each measure respectively)

(Figure 3).

Insulin AUC was higher PostHFO compared to Base (p=0.003); the magnitude of
increase compared to PreHM@s not statistically significant (p=0.055) (Figure 5D). There was
a main effect of time for fasting insulin (p=0.037), peak insulin (p=0.013), and Matsleia i
(p=0.017). For fasting (p=0.034) and peak insulin (p=0.010), pms&nalysis revealed that
PostHFO values were increased compared to Base (Figure 5Shdeamtalysis for Matsuda
index revealed that sedentary HFO decreased insulin sensitivity compaiesktodbues
(p=0.014) (Figure 5). Quantitative insulin sensitivity check index (QUICKH lewer following

HFO (0.35+0.01) compared to Base (0.37+0.01) (p=0.018).
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Figure 3 Circulating glucose (mg/dL) during two hour oral glucose tolerante fiasplacebo,
ABC, and L-ABC in panels (1), (I) and (Ill) where open, filled and crosseaigpoints represent
baseline, pre-high fat overfeeding and post-high fat overfeeding, respedBlgtose area
under the curve represented as mean with individual data at each period of daiarcallect
panel (IV). Circles, triangles and squares represent placebo, ABGABE ) respectively.
(ABC= noniiposomal supplement;-ABC= Liposomal supplement; base= baseline; Pre= pre
high fat overfeeding; Post= post high fat overfeeding).
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nondiposomal supplement;-ABC= Liposomalsupplement; base= baseline; Pre= pre high fat

overfeeding; Post= post high fat overfeeding).
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DISCUSSION

The purpose of this study was to determine if liposomal encapsulated (L) ALAAB&N
CUR (ABC) would prevent the unfavorable metabolic consequences of sedentafgthigh-
overfeeding in healthy young adults. The major figdiwere EABC: 1) promoted alph&poic
acid bioavailability; and, 2) prevented sedentary Hajleverfeeding mediated increases in waist
circumference in usually active healthy young adults. These data maynmaortant public
health implications for @riods of inactivity coupled with overconsumption, such as during

seasonal celebrations.
Bioavailability

Following oral ingestion, ALA undergoes rapid metabolism via first pass through the
liver, and is subsequently degraded into over 10 different metabolites via f-oxidation of the
carboxylic acid side chai¥. This rapid degradation can impede the potential health benefits of
ALA supplementation. Our current study provides evidence that supplementatioipostnhal
encapsulated ALA increases plasma concentrations of &igure2), an observation that is
consistentvith previous animal studié8 In mice, increased circulating ALA has been
purported to promote weight loss and increase metabolic rate via activation of umgoupli
protein-1°C. In white subcutaneous adipocytes isolated from obese humans, ALA may also

increase mitochondrial biogenesis and facilitate beigfing

In contrast to ALA, we did not detect circulating CUR in plasma. Most oraligumed
CUR is excreted in the feces, while the trace amounts present in circulationidlse rap
metabolized to more water soluble metabolites, such as glucuronides ang $ififateherefore,

our attempt to identify free CUR in the circulation could be construed as misgasded,
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measuring glucuronide and sulfate conjugates of CUR could have lcelpitn/refute CUR
absorption from the gut. This limitation is consistent with one previous study of CUR
pharmacokinetics, where free CUR was detected in only one of 12 adults receaiGtyBr
supplementation (102 g)*°. Only CUR glucuronide and CUR sulfate conjugates were detected
in the other adultsThe activity of CUR sulfates and glucuronides has been scrutinized over the
last decade. A phase Il clinical trial in pancreatic cancer patients showed thi desgbsence

of free CUR, CUR glucuronides favorably influenced malignant cell gréwiflore recently,

CUR mono-and di-glucuronides have been shown to have no effect on #i& pdErway and
human cell proliferation activit§? and CUR mono- and di-glucuronides had more than a 10-fold
decrease in antixidant capacity compared to CR While these studies highlight the
pleiotropic properties of CUR, they are limited to ex vivo analysis, and can onsadte

activity, or lack thereof, in the specific cell lines used. In regards to instignand glucose
regulation, future research may benefit from CUR glucuronide experinmetigsues that play a

large role in glucose metabolism i.e. (liver, skeletal muscle and fat).
Body Composition

The current study showed increased body and fat mass after seven days afysedent
overfeeding, an observation that is consistent with previous répdft€rable 1).In the current
study, LABC prevented sedentary HH@duced increases in waist girfhable 1).Preventing
increases in waist circumference after a sedentary HFO stisggg@BC supplementatiomay
favorably affect regional fat deposition. It is well established thatdaaimulation in the hip and
thigh (gynoid) regions compared to trunk (android) deposition is associated wathrbetabolic

and cardiovascular health®8 This may imply efficacy for tABC in promoting healthier
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weight gain and potentially providing protection against future metabolic and carclidea

disease.
BloodPressure

The metabolic syndrome is in part characterized by insulin resistancg@ertension
52,9091 previous studies have found that supplementation with ALA prevented the rise ot systoli
pressures in mice with hyperglycemia induced hyperteridiohile BEN prevented
postprandial endothelial dysfunction in people with type 2 dialSétédthough these
supplements may have some benefits to cardiovascular health when administereti@alone
influence of combined administration of ABC on blood pressure after HFO has not been
reported. The rise in resting blood pressure after HFO was not infllbga&BC
supplementation. Note the appreciable increase in caloric consumption wasdit@hypanied
by increased sodium intake; the positive relationship between dietary sodium and bleockepres
has been well establish&tthus, the increased blood pressure we observed may, in part, be

explained by increased sodium.

Although we observed a significant increase in blood pressure following HFO, the
absolute values remained within the normal range established by the AmerasaAssociation
% From a cohort of the Framingham Heart Study, normotensive participantscsallliTa6%
risk of becoming hypertensive withine nextfour years®. The scope of the current study did
not allow for the longitudinal assessment of preventing hypertension and, asdibpitiie

Framingham study, there may be letegm implications to blood pressure that need addressed.

Glucose Regulation

31



In the current study, glucose tolerance was unchanged following seddRtirigure
3); these data are contraxy éur hypothesis. Further, the increases in circulating insulin reflected
sedentary HFO induced impairments to insulin sensitivity as depicted by tubated!
measures (Matsuda and QUICKBigures 4 and 5). These findings are consistent with numerous
other studies (rodent and human) that suggest nutritional excess, with or withoweexerci
abstention, decreases insulin actibi#8>%%%8 The underlying mechanisms by which insulin
action is negatively altered are still not well understood. Though a primary outédime study
was to assess thafluence of ABC on insulin resistance, potential mechanisms such as
inflammation and oxidative stress were not measured. Inflammatory matksr as
macrophage infiltration of adipocytes and circulating TNFa and IL-6 are consistently associated
with obese individuals and decreases in insulin sensiti/ffy Oxidative stress is concurrently
present with inflammation and furthers pnflammatory action. Superoxides can activate the
redox sensitive transcription factor, MB; which activates the transcription of many pro-
inflammatory gene¥. Future studies should measure the effects of ABC on these pathways to

further describe potential mechanisms of action.

One possible reason for the lack of change in glucose tolerance may be due ng studyi
population that was activeipr to participation. Participants in this study were lean and
habitually active prior to the seven-day HFO and nine day exercise abstentemenAstudy in
mice showed that prior exercise training can attenuate sedentary high fatldestd glucose

intolerance compared to sedentary conffbls

Similar to the shortcomings of our blood prasstesults, the HFO performed in this
study may not have been long enough in duration to see changes in circulating giuttese. |

development of T2D, insulin resistance could precede any measurable changesatingjrc
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glucose. One study provided 12atltby human subjects with an acuted@y) high fat diet and
observed decreased insulin sensitivity but no changes in fasting glucose poshiite'®. The
efficacy of ABC supplementation on glucose regulation may be better asseksegltudinal
studies with populations at higher risk of being diagnosed with diabetes. For exangpigoup
supplemented CUR extract (1.5 g/day) in humans with prediabetes for nine morttizolMe
assessments relatemlglucose tolerance and insulin resistance differed from placebo group afte
three months of supplementati®h After 28 days of supplementation and one week of sedentary
HFO the current study observed elevated circulating insulin but no changesiiating

glucose during an OGTT. The issue could be that the development of diabetes has a longe
progression than the scope of the current experiment can make conclusions about.ugigsre st
should either increase the duration of HFO intervention or as stated earlier, findipapwiath

a higher risk of developing T2D.

Public Health Implications

Our findings have potential implications for global public health. Seasonal chiange
weight gain are well documented, specifically with holiday celebratf3n®ne theory suggests
after each holiday season the population does not get back to the original praticeletight.
The continuous change of these seasonal weight gains and losses may contributddogslow
term weight gain termed as the small average daily imbalance between total etadeand
expenditure that can add to a larger gap over fifieThe dietary intervention in the current
study may be similar to times of seasonal celebrations and our findings mayt $u B2

supplemetation for preventing increases in waist circumference during these times.
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Summary

In conclusion, despite sedentary HFO induced weight gain and decreased insulin
sensitivity, the current study found L-ABC supplementation: 1) increased dadaiti of
ALA; and 2) prevented sedentary HFO mediated increases in waist circumferenee. Thes
findings suggest that L-ABC may be helpful in promoting healthy fat deposiithn a

subsequently protecting against metabolic and cardiovascular diseasgpoerdl
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APPENDIX

Consent Form

Consent to Participate in a Research Study
Colorado State University

TITLE OF STUDY: Does Liposomal Encapsulated Curcumin/Benfotiamine/Alpha-
lipoic-acid Provide Superior Resistance to High-Fat, Over-Feeding Induced
Insulin Resistance?

PRINCIPAL INVESTIGAT OR:

Christopher Bell, Ph.D.

Department of Health and Exercise Science
Colorado State University

Fort Collins

CO 80523-1582

Telephone: 970-491-3495
Fax: 970-491-0445
Email: physiology@cahs.colostate.edu

WHY AM | BEING INVITED TO TAKE PART IN THIS RESEARCH?

You are an adult man or woman aged between 18 and 30 years. You are not pregnant.
Your fasting blood glucose is < 100 mg/dL. Your body mass index (BMI) is less than 30
kg/m?. You regularly exercise at least 2-3 times per week. You own a cell phone, or
other portable electronic device, capable of taking and sending photographs.

WHO IS DOING THE STUDY?

Christopher Bell, Ph.D., an associate professor in the Department of Health and
Exercise Science at Colorado State University will perform this research. Colleagues at
Colorado State University, appropriately qualified staff, and trained graduate and
undergraduate students will assist Dr. Bell. The CSU Agricultural Experiment Station is
funding the study. Empirical Labs, a Fort Collins based company, is providing and
preparing the Curcumin, Benfotiamine and Alpha-lipoic-acid.

WHAT IS THE PURPOSE OF THIS STUDY?

The commercially available dietary supplements Curcumin, Benfotiamine and Alpha-
lipoic-acid may help prevent obesity-related cardiovascular and metabolic diseases.
However, the ability of the body to absorb and use these supplements is quite low. This
study has two purposes: 1) to determine if the concentration of the supplements in the
blood can be increased when given in a liposome. A liposome is a microscopic hollow
bubble or parcel that can be filled with different foods or medications. Liposomes are
not new, not risky and have been used as a way to give drugs from many years. We
want to know if putting Curcumin, Benfotiamine and Alpha-lipoic-acid inside a liposome
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will result in more Curcumin, Benfotiamine and Alpha-lipoic-acid in the blood. 2) Not
exercising, and over-eating a diet that is high in fat, can decrease your ability to control
blood sugar. We want to know if Curcumin, Benfotiamine and Alpha-lipoic-acid will
prevent the decrease in blood sugar control that accompanies 1 week of over-eating.

WHERE IS THE STUDY GOING TO TAKE PLACE AND HOW LONG WILL IT LAST?

All of the procedures will take place at Colorado State University (Fort Collins main
campus) in either the Human Performance Clinical/Research laboratory (HPCRL) in the
Department of Health & Exercise Science (Moby Complex), or in the Rams Horn Dining
Center.

This whole research project will take place over a period of approximately 2 years. You
will be asked to be involved for approximately 4 weeks. The total time of your
participation will be approximately 21 hours spread over 4 weeks including 6 visits to
our laboratory and 7 days eating 3 meals per day at the on-campus dining facility.

WHAT WILL | BE ASKED TO DO?

Overview:

You will be randomized into one of three groups: a group that receives a placebo
(something that has no effect), a group that receives curcumin, benfotiamine and alpha-
lipoic-acid, or a group that receives curcumin, benfotiamine and alpha-lipoic-acid
“packed” inside liposomes. For 28 days you will be asked to swallow/drink either: a
placebo (something that has no effect), curcumin, benfotiamine and alpha-lipoic-acid, or
curcumin, benfotiamine and alpha-lipoic-acid “packed” inside liposomes. During the last
7 days you will stop exercising and eat more food than usual. Your ability to control
blood sugar will be measured three times (in the beginning, and before/after over-
eating). We will also sample some of your fat.
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Visit | Day | Activity Duration

1 Screening / Activity and Diet Questionnaires | 1.5 Hours
2 RMR 1 Hour
3 -1 OGTT / Stool Sample 2.5 Hours

0-28 | Daily ingestion of supplement or placebo

4 Tour of Rams Horn Dining Facility 1 Hour
Diet Plan

5 21 OGTT / DEXA / Fat Sample / Stool Sample 3 Hours

22-28 | 3 meals per day in Rams Horn Dining Facility

6 29 OGTT / DEXA / Fat Sample / Stool Sample 3 Hours

RMR: Resting metabolic rate. OGTT: Oral Glucose Tolerance Test. DEXA: Dual
Energy X-Ray Absorptiometry

Visit 1 will comprise a screening visit. Visit 2 will involve the measurement of the
number of calories you burn at rest and completion of diet and activity questionnaires.
Visit 3 will involve a test of your ability to control blood sugar. Visit 4 will comprise a tour
of the Rams Horn Dining Facility where you will be given instructions on the diet you will
be asked to follow for the 7 days. Visit 5 will involve a test of your ability to control blood
sugar, measurement of your body composition, and a fat sample. Day 22 — 28 will
require you to eat 3 meals per day at the Rams Horn Dining Facility from a pre-specified
menu. Visit 6 will involve a test of your ability to control blood sugar, measurement of
your body composition, and a fat sample.

Supplements

The dietary supplements will be given to you in a liquid (a beverage) to be swallowed two
times per day. You will not know the contents of the liquid to which you have been
assigned until the end of the study. The liquid supplements will either contain a placebo
(something that has no effect) or the following ingredients such that the daily dose is:

Curcumin—-2.0g
Benfotiamine — 500 mg
Alpha-lipoic-acid — 500 mg

Curcumin is a natural ingredient in a spice usually found in Indian foods (e.g. curry). The
spice is turmeric.
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Benfotiamine is almost exactly the same as vitamin B1.

Alpha-Lipoic Acid is a very common ingredient in multivitamin formulas. It is also found
in some types of meat (e.g. heart, kidney, and liver) and in small amounts in some fruits
and vegetables.

To make the liquids taste better, you will be provided with juice. You will be shown how
to dilute the liquids in the juice. You will swallow the liquids every morning and every
evening.

Visit 1 - Screening Visit ~ 1.5 Hours

The first visit to the HPCRL will be a screening visit. During this visit we will make sure
that participation in this study is right for you.

Medical Questionnaire

You will be asked to answer several pages of questions related to your health, any
illness you may have or have had, and medications and/or supplements you use or
have used in the past. If you are pregnant you will not be able to participate in the

study.

Physical Activity and Dietary Questionnaires

You will be asked to answer several pages of questions related to your current and past
physical activity level, and questions related to your normal eating habits, including any
dietary restrictions such as food allergies or intolerances.

Body Composition

We will measure the different compositions of your body including how much fat mass,
non-fat mass and total bone density total, as well as where fat mass is concentrated on
your body. We will be using a test called dual energy x-ray absorptiometry (DEXA). The
DEXA test requires you to lie quietly on a padded table while a small probe gives off
low-level x-rays and sends them over your entire body. This test gives very accurate
measurements of your body fat and bone mineral density. We will verify that you are
not currently pregnant by conducting a pregnancy test using a urine sample. We will
measure your height and weight using a physician’s scale. (Duration: ~ 15 minutes)

Visit 2 - Resting Metabolic Rate — 1 Hour

Early during one morning, at the start of your day, we will measure how your
metabolism works (how many calories you burn) while you are resting. You will be
asked to lie down while breathing under a clear plastic bubble (hood) for approximately
45 minutes. You will be asked not to eat or drink anything other than water during the
12-hours before this test.
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Visit 3 — Blood Sugar Test — 2.5 Hours

You will be required to refrain from eating for 12-hours and not exercise for 48 hours
before this visit.

You will also be asked to provide a stool sample. You will be provided with a container
and instructions as to how to collect your stool.

We will place a hollow plastic tube (a venous catheter) into a vein in your arm or hand.
The tube will remain in your vein for approximately 2 hours. We will sample a very
small amount of blood (~ 160 ml or 11 teaspoons) throughout the duration of each visit.

You will be asked to drink water (300 ml or ~ 10 0z) in approximately 5 minutes. A
small amount of sugar (75 g of glucose) will have been added to the water. This will
make it taste sweeter and also increase your blood sugar.

After drinking the water you will sit/lie quietly for 2 hours. You will be able to read and/or
watch TV and/or listen to music. We will collect blood from you over the 2 hours. Your
blood will be analyzed for concentrations of sugar (glucose), insulin (something that
helps control blood sugar), concentrations of benfotiamine, alpha-lipoic-acid and
curcumin, and other things that might help/hinder your metabolism

Visit 4 — Tour of Rams Horn Dining Facility & Diet Plan ~ 1 hour

You will meet with a Registered Dietitian Nutritionist (RDN) who will explain the high-fat
overfeeding diet that you will be eating for 7 days. The RDN will give you a short tour of
the on-campus dining facility where you will be eating for 7 days, 3 meals each day,
along with instructions on gaining access to the facility and hours of operation.

You will also receive a specific dietary plan to follow for that 7 day period outlining the

specific foods and portions for each of the 3 meals. You will be asked to take pictures
of each of your meals for these 7 days with your personal cell phone/camera and send
these pictures to the RDN. This will ensure you are correctly following the diet plan.

Visits 5 & 6 — Blood Sugar Test, DEXA & Fat Sampling — 3 Hours
These visits are identical and will occur the day before and the day after your 7-days of
over-eating in the Rams Horn Dining facility.

You will be required to refrain from eating for 12-hours before each visit. You will be
asked not to exercise for 48 hours before visit 5 and for 7 days before visit 6.

You will also be asked to provide a stool sample. You will be provided with a container
and instructions as to how to collect your stool.

We will place a hollow plastic tube (a venous catheter) into a vein in your arm or hand.

The tube will remain in your vein for approximately 2 hours. We will sample a very
small amount of blood (~ 160 ml or 11 teaspoons) throughout the duration of each visit.
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You will be asked to drink water (300 ml or ~ 10 0z) in approximately 5 minutes. A
small amount of sugar (75 g of glucose) will have been added to the water. This will
make it taste sweeter and also increase your blood sugar.

After drinking the water you will sit/lie quietly for 2 hours. You will be able to read and/or
watch TV and/or listen to music. We will collect blood from you over the 2 hours. Your
blood will be analyzed for concentrations of sugar (glucose), insulin (something that
helps control blood sugar), concentrations of benfotiamine, alpha-lipoic-acid and
curcumin, and other things that might help/hinder your metabolism.

Body Composition
We will repeat the DEXA measurement described on a previous page.

Fat Sampling

This procedure is also known as a fat biopsy or liposuction. Fat is a very important
tissue for metabolism and blood sugar control. We wish to determine if fat will change
in response to curcumin, benfotiamine and alpha-lipoic-acid, and/or overfeeding.

A small (2-5 g/ less than 1 0z) amount of fat will be sampled from a tiny (0.5 cm / less
than ¥ of an inch) incision made under local anesthesia (humbing medication). The
most commonly sampled sites are the hip, mid-thigh and stomach (abdominal) regions.
The average American adult has roughly 18kg of adipose tissue (fat), thus the size of
the sample we will be taking represents a tiny fraction (less than 0.1%) of your total fat.
Appropriately trained personnel will perform this procedure.
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ARE THERE REASONS WHY | SHOULD NOT TAKE PART IN THIS STUDY? You will
not be allowed to participate in these studies for any of the following reasons:

1) You are pregnant or you are a nursing mother.

2) You regularly use any prescription medications that may affect blood sugar.

3) You are younger than 18 or older than 30 years.

4) Your body mass index (an expression of weight divided by height) is greater than 30
kg/m?2.

5) You are currently taking or have regularly taken in the past, medication(s) or
supplement(s) that influence metabolism, oxidative stress and/or inflammation.

6) You are allergic to lidocaine (numbing medication often used by a dentist).

7) You are unwilling to stop exercising for 2-9 days, as required by the protocol.

8) You are unwilling to eat more food than usual, every day, for 7-days.

WHAT ARE THE POSSIBLE RISKS AND DISCOMFORTS?

It is not possible to identify all potential risks in research procedures, but the
researcher(s) have taken reasonable safeguards to minimize any known and potential,
but unknown, risks. The Human Performance Clinical Research Laboratory has
emergency supplies including a medicine trolley equipped with heart machines and
supplemental oxygen. The investigator has a great deal of experience with all of the
procedures. Some of the procedures for which you are being asked to volunteer have a
number of associated risks:

Body Composition

The risks associated with the DEXA are very low. The maximum radiation dose you will
receive in this study is less than 1/1000™ of the federal and state occupational whole
body dose limit allowed to radiation workers (5,000 mrem). Put another way, the
maximum dose from any scan we utilize with this DEXA ranges from 1.2 mrem (Whole
body scan) to 12.2 mrem (for several of the regional scans, such as lumbar, femur, and
forearm scans). The average annual background radiation you already receive is at
least 620 mrem/year. The more radiation you receive over the course of your life, the
more the risk increases of developing a fatal cancer or inducing changes in genes. The
radiation in this scan is not expected to significantly increase these risks, but the exact
increase in such risks is not known. There are no discomforts associated with this
procedure.

Blood Collection

When the needle goes into a vein, it may hurt for a short period of time (a few seconds).
Also there may be minor discomfort of having the needle/plastic tube taped to your arm.
In about 1 in 10 cases, a small amount of bleeding will occur under the skin that will
cause a bruise. The risk of forming a blood clot in the vein is about 1 in 100, and the
risk of significant blood loss is 1 in 1,000. Additionally, there is a risk that you may faint
while having blood collected or having the catheter inserted in your vein.

Blood Sugar (Glucose Tolerance) Test
The risks outlined above with the blood collection portion also apply to this test as we
will be collecting blood samples over the course of the 2 hour period. You will also be
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asked to fast before starting the test and then ingest a very concentrated “sugar”
solution that can cause some discomfort. Some participants may feel nauseated,
sweaty or light-headed after they drink the solution. There are no serious side effects
associated with this test.

Fat Sample
The risk of an allergic reaction to lidocaine (numbing medication) and lidocaine toxicity

is extremely low (0 in the more than 2000 cases witnessed by both CSU and University
of Colorado investigators). There is a small risk of infection (less than 0.4%) at the site
of incision. There is a small risk of the incision reopening/bleeding after leaving the lab.
There is a small risk of pain at the biopsy site during and/or after the procedure. You
may develop a temporary bruise at the biopsy site. There is a small risk of more
significant bleeding under the skin (hematoma). You will have a small scar at the
incision site. The rate and degree of healing varies considerably, but it is expected that
scars will be difficult to see within 6-12 months after the procedure.

Over-Eating For 7 Days While Not Exercising

You are likely to gain weight (approximately 1 kg / 2 Ibs). Your ability to control your
blood sugar is likely to decrease. You may feel full (satiated) after each meal. You may
begin to feel grumpy (irritable) because you are not exercising. You may experience a
decrease in fitness (stamina/strength/flexibility/etc.) The effects of 7 days of
overfeeding while not exercising are temporary. Your weight and blood sugar will return
to normal within 7-10 days once you return to your normal diet and usual exercise
activities. Should you wish, we will provide diet and exercise advice to help you return
to your original weight.

Risks of Curcumin, benfotiamine and alpha-lipoic-acid

Curcumin, benfotiamine and alpha-lipoic-acid are considered safe and usually do not
cause significant side effects when doses similar to those in the present study are
swallowed. However, some side effects are possible; these may include: worsening of
gallbladder problems, a skin rash, and stomach upset, which may make
gastroesophageal reflux disease (GERD) worse.
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FUTURE USE OF BLOOD, FAT OR STOOL SAMPLES

It is possible that we may want to use any leftover blood, fat or stool for future research
not described in this consent form. We will keep private all research records that identify
you (to the extent allowed by law) for both current and future use (please refer to the
section, “WHO WILL SEE THE INFORMATION THAT I GIVE” for more information
regarding privacy). Future research will pertain to physiological function. Choose only
one of the following:

| give permission for the use of my blood, stool and/or fat tissue collected as part
of the current study only.

(your initials)

| give permission for the use of my blood, stool and/or fat tissue for the current
study as well as for future studies.

(your initials)

ARE THERE ANY BENEFITS FROM TAKING PART IN THIS STUDY?

There are no direct benefits in participating, however you will receive a copy of your
results and information pertinent to your body composition (i.e. height and weight), and
metabolic risk factors. For example, in blood we will measure concentrations of glucose.
You will be provided with a copy of your DEXA scan; you may wish to have this
interpreted by a medically qualified professional. Finally, this study has the potential to
identify a dietary supplement that may benefit society and help prevent obesity-related
chronic diseases.

DO | HAVE TO TAKE PART IN THE STUDY?

Your participation in this research is voluntary. If you decide to participate in the study,
you may withdraw your consent and stop participating at any time without penalty or
loss of benefits to which you are otherwise entitled.

WHAT WILL IT COST ME TO PARTICIPATE?
Other than transport to and from the lab and on-campus dining facilities, your
participation should incur no costs.

WHO WILL SEE THE INFORMATION THAT | GIVE?
We will keep private all research records that identify you, to the extent allowed by law.

Your information will be combined with information from other people taking part in the
study. When we write about the study to share with other researchers, we will write
about the combined information we have gathered. You will not be identified in these
written materials. We may publish the results of this study; however, we will keep your
name and other identifying information private. We may be asked to share the research
files with the CSU Institutional Review Board ethics committee for auditing purposes.
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Your identity/record of receiving compensation (NOT your data) may be made available
to CSU officials for financial audits.

CAN MY TAKING PART IN THE STUDY END EARLY?
Your participation in the study could end if you become pregnant, or if you miss any of
the scheduled appointments.

WILL | RECEIVE ANY COMPENSATION FOR TAKING PART IN THIS STUDY? If you
complete the entire study you will receive $300. This payment will be prorated as
follows: You will not receive compensation if you only complete screening visit. If you
complete visits 1-2 you will receive $15. If you complete visits 1-3 you will receive $45.
If you complete visits 1-5 you will receive $100.

Should your participation in the study end early, you will still receive feedback pertaining
to your health and fitness.

WHAT HAPPENS IF | AM INJURED BECAUSE OF THE RESEARCH? We will arrange
to get you medical care if you have an injury that is caused by this research. However,
you or your insurance company will have to pay for that care. The Colorado Governmental
Immunity Act determines and may limit Colorado State University’s legal responsibility if
an injury happens because of this study. Claims against the University must be filed with
Colorado State University within 180 days of the injury.

WHAT IF | HAVE QUESTIONS?

Before you decide whether to accept this invitation to take part in the study, please ask
any questions that might come to mind now. Later, if you have questions about the
study, you can contact the investigator, Christopher Bell at
physiology@cahs.colostate.edu or 970-491-3495. If you have any questions about your
rights as a volunteer in this research, contact the CSU IRB at:
RICRO_IRB@mail.colostate.edu; 970-491-1553. We will give you a copy of this
consent form to take with you.
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WHAT ELSE DO | NEED TO KNOW?

Your signature acknowledges that you have read the information stated and willingly
sign this consent form. Your signature also acknowledges that you have received, on
the date signed, a copy of this document containing 11 pages.

Signature of person agreeing to take part in the study Date

Printed name of person agreeing to take part in the study Time of Day

Name of person providing information to participant Date

Signature of Research Staff
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	TITLE OF STUDY: Does Liposomal Encapsulated Curcumin/Benfotiamine/Alpha-lipoic-acid Provide Superior Resistance to High-Fat, Over-Feeding Induced Insulin Resistance?
	All of the procedures will take place at Colorado State University (Fort Collins main campus) in either the Human Performance Clinical/Research laboratory (HPCRL) in the Department of Health & Exercise Science (Moby Complex), or in the Rams Horn Dinin...
	This whole research project will take place over a period of approximately 2 years.  You will be asked to be involved for approximately 4 weeks.  The total time of your participation will be approximately 21 hours spread over 4 weeks including 6 visit...
	WHAT WILL I BE ASKED TO DO?
	Overview:
	Duration
	Activity
	Day
	Visit
	1.5 Hours
	Screening / Activity and Diet Questionnaires
	1
	1 Hour
	RMR 
	2
	2.5 Hours
	OGTT / Stool Sample
	-1
	3
	Daily ingestion of supplement or placebo
	0-28
	1 Hour
	Tour of Rams Horn Dining Facility
	4
	3 Hours
	OGTT / DEXA / Fat Sample / Stool Sample
	21
	5
	3 meals per day in Rams Horn Dining Facility
	22-28
	3 Hours
	OGTT / DEXA / Fat Sample / Stool Sample
	29
	6
	RMR: Resting metabolic rate.  OGTT: Oral Glucose Tolerance Test.  DEXA: Dual Energy X-Ray Absorptiometry
	Visit 1 will comprise a screening visit.  Visit 2 will involve the measurement of the number of calories you burn at rest and completion of diet and activity questionnaires.  Visit 3 will involve a test of your ability to control blood sugar.  Visit 4...
	Visit 1 - Screening Visit ~ 1.5 Hours
	The first visit to the HPCRL will be a screening visit.  During this visit we will make sure that participation in this study is right for you.
	Medical Questionnaire
	You will be asked to answer several pages of questions related to your health, any illness you may have or have had, and medications and/or supplements you use or have used in the past.  If you are pregnant you will not be able to participate in the s...
	Body Composition
	You will be required to refrain from eating for 12-hours and not exercise for 48 hours before this visit.
	You will also be asked to provide a stool sample.  You will be provided with a container and instructions as to how to collect your stool.
	You will be required to refrain from eating for 12-hours before each visit.  You will be asked not to exercise for 48 hours before visit 5 and for 7 days before visit 6.

