NOTE TO USERS

This reproduction is the best copy available.

®

UMI






N

Jiniig
uQOttawa

I.'Université canadienne

Canada’s university




Ny

—n
FACULTE DES ETUDES SUPERIEURES il FACULTY OF GRADUATE AND
uOttawa POSDOCTORAL STUDIES

ET POSTOCTORALES

1.’Université canadienne
Canada’s universily

Gursevak Kasbia
AUTEUR DE LA THESE / AUTHOR OF THESIS

M.Sc. (Human Kinetics)
GRADE | DEGREE

School of Human Kinetics
FACULTE, ECOLE, DEPARTEMENT / FACULTY, SCHOOL, DEPARTMENT

No Effect of Momordica Charantia Linn on Glycemic Regulation, Energy Expenditure and Appetite
in Healthy Overweight Men: A Pilot Study

TITRE DE LA THESE / TITLE OF THESIS

Pascal Imbeault
DIREGTEUR (DIREGTRICE) DE LA THESE / THESIS SUPERVISOR

CO-DIRECTEUR (CO-DIRECTRICE) DE LA THESE / THESIS CO-SUPERVISOR

EXAMINATEURS (EXAMINATRICES) DE LA THESE / THESIS EXAMINERS

John Arnason

Eric Doucet

Gary W. Slater
Le Doyen de la Faculté des études supérieures et postdoctorales / Dean of the Faculty of Graduate and Postdoctoral Studies




NO EFFECT OF MOMORDICA CHARANTIA LINN. ON GLYCEMIC REGULATION,
ENERGY EXPENDITURE AND APPETITE IN HEALTHY OVERWEIGHT MEN: A

PILOT STUDY

Thesis
Submitted to the Faculty of Graduate and Postdoctoral Studies in partial fulfiliment of the
requirement for the degree of

Masters of Science in Human Kinetics

University of Ottawa

© Gursevak Kasbia, Ottawa, Canada, 2007



Bibliothéque et
Archives Canada

I*. Library and
Archives Canada

Direction du

Patrimoine de I'édition

Published Heritage
Branch

395 Wellington Street
Ottawa ON K1A ON4

395, rue Wellington
Ottawa ON K1A ON4

Canada Canada
Your file Votre référence
ISBN: 978-0-494-49217-8
Qur file  Notre référence
ISBN: 978-0-494-49217-8
NOTICE: AVIS:

L'auteur a accordé une licence non exclusive
permettant a la Bibliothéque et Archives
Canada de reproduire, publier, archiver,
sauvegarder, conserver, transmettre au public
par télécommunication ou par l'Internet, préter,
distribuer et vendre des théses partout dans

le monde, a des fins commerciales ou autres,
sur support microforme, papier, électronique
et/ou autres formats.

The author has granted a non-
exclusive license allowing Library
and Archives Canada to reproduce,
publish, archive, preserve, conserve,
communicate to the public by
telecommunication or on the Internet,
loan, distribute and sell theses
worldwide, for commercial or non-
commercial purposes, in microform,
paper, electronic and/or any other
formats.

L'auteur conserve la propriété du droit d'auteur
et des droits moraux qui protége cette these.
Ni la thése ni des extraits substantiels de
celle-ci ne doivent étre imprimés ou autrement
reproduits sans son autorisation.

The author retains copyright
ownership and moral rights in
this thesis. Neither the thesis
nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

In compliance with the Canadian
Privacy Act some supporting
forms may have been removed
from this thesis.

While these forms may be included
in the document page count,

their removal does not represent
any loss of content from the

thesis.

Canad;

Conformément a la loi canadienne
sur la protection de la vie privée,
quelques formulaires secondaires
ont été enlevés de cette thése.

Bien que ces formulaires
aient inclus dans la pagination,
il n'y aura aucun contenu manquant.



NO EFFECT OF MOMORDICA CHARANTIA LINN. ON GLYCEMIC REGULATION,
ENERGY EXPENDITURE AND APPETITE IN HEALTHY OVERWEIGHT MEN: A

PILOT STUDY

Thesis
Submitted to the Faculty of Graduate and Postdoctoral Studies in partial fulfillment of the
requirement for the degree of

Masters of Science in Human Kinetics

University of Ottawa



TABLE OF CONTENTS

Acknowledgements e 3
List of Tables & Figures e 4
Introduction e 5

Chapter I: A Review of Literature

Introduction & Abstract e 6-7
Objectives and Hypothesis L 22
Assumptions, Delimitations and LImitations — ........coeevvuieiviiiiniininninninieeneiieenennnn 23
Significance of Study e 24
——-————Chapter H:Original ResearchPaper
Abstract e 25
Introduction e 26
Methodology e 28
Results
DisCussion e 34
Conclusion e 35
Chapter IILI: Perspectives i e 36
References: Article I 40
- References Article II' o S O [
Appendices e e r e 55
Tables e 56
FIGUIES 58

Ethics Approval and Application =~ . 65



Acknowledgements

This research project could not have been possible without the financial support of family,
as well as that of the Faculty of Health Sciences, my graduate supervisor Dr. Pascal Imbeault
who had much patience and ingenuity in supervising this project. I'd also like to thank the
gracious experience and donation of time from Dr. Jon T Arnason, who lives the true life tale of a
medicine man and of Dr. Eric Doucet for providing timely feedback and perspective on the

clinical manner of this study.

A

fy sincerest thanks to all volunteers who participated in this study, as this has taught not
only the author about the subject at hand, but the human side of research. A great thanks to Ann
Beninato whose clinical skills and helping hand will never be forgotten. Finally, to my family,

friends and colleagues who taught me to never give up.



LIST OF TABLES

Article II
Table I: Descriptive Characteristics of Subjects...........cocviviiiiviniiiini. 56
List of Figures
Article I
Figure 1. Effects of enlarged adipose tissue mass..........cocoevuvviiiniiiniiiniinnnnnnn 58

on systemic insulin resistance.

Figure 2. Isolated extracts from Momordica Charantia

~Tinn'S, 25 Stigmastadienol, and Momordicine I and glycosides

Article II
Figure 1. Timeline of events for experimental procedures.............cocvvviiininene. 59
Figure 2. Plasma glucose and insulin dose dependent results..............coeveininnnn. 60
Figure 3. Energy expenditure, and substrate oxidation rates................oveveininn 61

Figure 4. Visual Analogue Scale Results...........cooovviiiiiiiiiiiiiiiiiniiniinn. 62



Introduction
""Let food be thy medicine, and let medicine be thy food." -Hippocrates
Since the existence of man, challenges such as diseases have often claimed lives or

decreased quality of life. Food was scarce and man typically ate with a survival type diet filled
with nuts, and protein. Mortality was high, but survival was the key concern as the elements such
as ice and snow could easily contribute to disease and death. Slowly, organized civilizations
such as the early Sumerians found plants which may aid certain diseases. Those who
administered these were deemed medicinal healers and were sought for their wise understanding

of the distinct relationship between nature and healing.

This is a far contrast from the pharmacological culture which has developed globally. In
today’s age society looks for quick ways to fix issues that often have been the result of poor
dietary practices and hygiene. Companies design drugs which can “cure” the body, without
realizing the true balance of nature. Some of these drugs provide more side effects that can even
worsen the quality of life of many who they are prescribed too. The irony is that many of these
drugs have been derived from plants. For instance the world’s greatest prescribed diabetic drug

“metformin” is derived from the French lilac (Galega officinalis).

This being said, some fruits offer similar medicinal qualities, such as the reduction of high
blood sugar, normalizing of lipo-proteins, and the protection of specific tissues within the body.
While some societies currently depend on pharmacotherapy, others may not have the monetary
capacity to do so. Thus dietary intervention for many diseases is considered as medicine, which is
a concept that has been lost since the initial inception of modern allopathic medicine by the father

of medicine Hippocrates. The content of this thesis first reviews the effects of a plant,



Momordica Charantia Linn. (MC), in relation to the treatment of type II diabetes. Secondly, the
results from a pilot study sought to examine the acute effect of MC on post-prandial glucose

levels, energy metabolism and appetite in normal body weight individuals are presented.

Abstract

Phytomedicines are currently being researched for the treatment of various pathologies,
including those involving carbohydrate and lipid metabolism. Momordica Charantia Linn
Cucurbitaceae (MC), otherwise known as *'Bitter Melon™", Nigauri (Japan), Sorrow See
(Caribbean) and Karela (India), has been used to treat glycemic impairment in relation to diabetes
for centuries. The objective of this study was to determine the acute effect of MC on post-

prandial glucose levels, energy expenditure/ fuel mixture and appetite in normal body weight

individuals. Five healthy men (34 * 14 SD y; 27 + 0.34 SD kg/m? BMI) were supplemented on
three randomized conditions where 1) no MC (Ctl), 2) 50 mg/kg g of glucose (MC50) or 3) 100
mg/kg of freeze dried MC (MC100) were given orally prior to a 75 g oral glucose tolerance test
(OGTT). Plasma glucose and insulin levels were measured before and during the OGTT. Energy
expenditure as well as carbohydrate and lipid oxidation rates were measured by indirect
calorimetry. Finally, visual analogue scales were used to rate appetite. Plasma glucose and insulin
levels significantly increased during the OGTT (P < 0.05) but no significant difference was
observed between experimental conditions. Energy expenditure did not change over time,
regardless of the experimental conditions. During the OGTT, a shift from lipid to carbohydrate
oxidation was observed, regardless of the experimental conditions. Finally, no treatment effect
was found for appetite scores throughout any of the experimental sessions. These results suggest
that from an acute standpoint MC does not affect plasma glucose and insulin levels, energy
expenditure, substrate mixture and appetite scores following an oral glucose load in healthy men.
Keywords: Phytomedicine, Obesity, Momordica Charantia Linn, Energy Expenditure, Appetite,

Humans, Visual Analogue Scale, Hunger.

In recent years, obesity has become a growing worldwide problem contributing to a wide

array of pathologies including diabetes. Momordica Charantia Linn. (MC) is a plant used by



traditional tribal healers, Ayurvedic and Chinese traditional complementary medicine (TCM)
practitioners. MC has been found to have many medicinal properties in relation to the treatment
of type II diabetes and insulin resistance. In recent years specific phytoactive components have

been revealed which may link this fruit to protective and normalizing attributes for type 1

diabetes. While MC has the potential to be used as a treatment for insulin resistance, literature
reveals that further clinical assessments are required to fully evaluate its acute efficacy and long

term impact. Furthermore, future research within this area must move into a clinical setting,
whereby specified standardized extracts and genotypic characteristics of MC must be taken into

consideration when reporting data. Relevant information on MC in the context of obesity and

msulin resistance along will be discussed in this review.

Key Words: Momordica Charantia L., Diabetes, Obesity, Phytomedicines,

Definitions:
Saponins: The glycoside portion of steroids, steroid alkaloids or triterpines found in plants,

linked to medicinal qualities associated with cholestoral reduction.

Review of Literature

A growing interest in alternative medicine has led to continuing research on
phytomedicines. Current allopathic medications may have many unwanted side effects
associated with them, and can cause medical complications of their own. Clinicians and patients
are now looking for alternatives to use, for treatment of pathological conditions they may have.

A particular pathology of global significance is obesity. The complications of obesity are



monumental, in that it can set the stage for a variety of conditions, including diabetes. Yet,
phytomedicines such as Momordica Charantia Linn. (Cucurbitaceae), have been found to
increase skeletal muscle glucose uptake, and gluconeogenic enzymes which often are two
important factors when considering the preceding pre-diabetic insulin resistance’”. In fact,
recent attempts have been made to elucidate the phytochemical properties which MC has, in
relation to glycemia and hepatic functioning. Still obesity has ballooned into one of the most

prevalent diseases of Western civilization 2.

This review will focus on use of MC as a potential phytomedicine for preventing and/or

treating insulin resistance, a key precursor associated with type II diabetes. This will be
accomplished by first giving a brief review of the pathophysiology of insulin resistance, followed
by animal, human and cell culture studies on MC. The following databases were consulted when
choosing studies that were appropriate to this review: Medline, Cochrane Database, Scopus, Web
of Science as well as Cochrane Database of Clinical Trials. Journal articles that were not from
peer reviewed journals were not included in this review as critical data to support those particular

studies were not sufficiently provided.

The Diabetic Dillema: Obesity and Insulin Resistance

In normal individuals, plasma glucose remains in a narrow range, i.e. between 4 and 7
mM, despite periods of feeding and fasting, This precise control is orchestrated by the balance
between glucose absorption from the intestine, production by the liver and uptake and
metabolism by peripheral tissues. Insulin acts as a primary regulator of blood glucose

concentration by increasing glucose uptake in muscle and free fatty acid and inhibiting hepatic



glucose production. Insulin resistance, which can be defined as the reduced biological action of

insulin, results in profound disruption of these processes °

The association of obesity with type II diabetes has been recognized for decades, and the
major basis for that is the ability of obesity to engender insulin resistance, is a fundamental aspect
of the etiology of type II diabetes . Despite many details of the mechanisms by which the
enlarged adipose tissue mass that defines obesity causes systemic insulin resistance remain
unknown; Figure 2 (Appendix) illustrates the main evidence supporting the link between

increased adiposity and the development of insulin resistance. Increased adiposity leads to a

greater appearance of free free fafty acidiy acids (FFA) and glycerol within the blood stream. An
increase in FFA and glycerol fluxes to the liver stimulates hepatic glucose production (HGP) °.,
At the skeletal muscle level, high FFA availability and/or reduced free fatty acidty acid oxidation
capacity associated with obesity results in the progressive intramyocellular accumulation of
triglycerides, which are likely associated with skeletal muscle insulin resistance . Increased
adiposity eventually leads to the deposit of adipose tissue in the liver. Typically, the liver
functions as a major source for storage of glycogen, which can then be broken down to glucose in
times when the body is in a sparing state, such as sleep. With an increase in free fatty acid
storage in the liver and skeletal muscle, glycogen storage becomes impaired resulting in an
increased plasma gliicose concentration. To further complicate this issue the increases in rate of
appearance of circulating glucose signals an effort within the body to maintain glycemic
homeostasis. Specifically the pancreatic beta-cell is continuously signaled; by high levels of
plasma glucose, which results in increased circulating insulin which functions to attenuate levels
of plasma glucose. Skeletal muscle and adipose tissue cells are highly receptive to insulin. Yet if

exposed continuously to insulin over a greater amount of time this relationship between signal
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and receptor begins to diminish. It is this state which is referred to as insulin resistance, or the
inability for insulin to either bind to its receptor. As a result, the disposal of glucose is far more
difficult, as insulin must bind to its receptor to allow for the translocation protein Glut-4 to
import glucose within the cell. Further consumption of high glycemic and high triacylglycerol
foods furthers this state until the body slowly enters a diabetic state. At this point, the body
resorts to a combination of free fatty acid and protein in order to meet its daily caloric needs for
functioning, which can lead to muscle wasting and further ketometabolic acidosis and death if no

intervention is taken.

Momordica Charantia Linn. (MC) (Cucurbataceae), commonly known in some cultures
as Karela (India), Sorrow See (Caribbean), Ampalaya (Philippines) or Nigauri (Japan), Balsam
Pear (North America) is a herbaceous vine which is found typically in sub-tropical climates >°.
MC is currently grown in the Dominican Republic, California (USA), as well as in China, India,
South/Central America and parts of Africa for commercial sale. Constituents of both the plant
and leaves have been used widely in many natural medicinal preparations °. It is known to have a

bitter taste associated with it, which for many makes it unpleasant to the palate.

Active Phytochemical Components

MC has many medicinal ingredients that have been isolated and acknowledged within the

scientific community. Most studies have used extracts of the juice; which have yielded many

medicinal compounds. Modem techniques in chemical extraction have yielded a host of



11

bioactive components including, 8-momorcharin '° a ribosomal inhibiting peptide, which has
been reported to inhibit damage to RNA during the transcriptional phase of DNA production.
Further, compounds such as Momordicin I and II and 5, 25 stigmastadienol which are triterpine
based components, which have been associated with mimetic properties related to enzymes and
glucocorticoid based hormones which are involved in glycemia. Finally a variety of triterpines
have been found in MC !, As well, other compounds such as saponins (i.e. the glycoside portion
of steroids, steroid alkaloids or triterpines found in plants, linked to medicinal qualities associated
with cholestoral reduction) and triterpenoids have also been identified within the seeds of MC

including, momordin Ic '? and sitosterol, and decosahexanoic acid.

How these phytochemicals stimulate the uptake of glucose may lie in their impact on key
hormones, phase enzymes; and organs in the body. It has been reported that a juice based extract
upon further phytochemical extraction exhibited sulphonurea type activity '*. Sulphonurea based
drugs are used to treat insulin resistance in type II diabetic patients by acting to increase receptor
sensitivity to insulin, which may have been disrupted in the initial stages of the pathology. As an
example, the drug Metformin; which was isolated from the French lilac, has been associated with
improvements in fasting hepatic insulin sensitivity and glucose clearance? Sulphonamides can

also under insulinised conditions potentiate glucose disposal.

A ribosomal inhibiting peptide (RIP) known as 3-momorcharin has also been identified in
an ethanol based MC juice extract '®'*. Ribosomal inhibiting proteins reduce protein synthesis,
which is critical to cell function and moreover cell death. This particular RIP protein has not been

explored in diabetic models (in-vitro or in animals) and thus it would be necessary to explore this
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idea further. This would be important in the pathology of type II diabetes, as for in many cases
beta cell failure may occur due to necrosis. The necrosis could be the result of oxidative stress
and in relation to obesity could be due to the release of pro-inflammatory cytokines such as tumor
necrosis factor alpha upon excess adiposity. It should be mentioned that adipokines have only
recently been researched with respect to MC '>1°, As well, this particular RIP would not directly
be associated with any type of hypoglaecemic effect, but rather the protection of existing
pancreatic beta cells against necroses or cellular oxidative damage which could impact beta-cell
DNA.

Recently a class of saponins known as triterpenoid- glycosides were identified in MC

——(Figure 2% These saponins have not yet been evaluated for effects in type IT diabetes models

but related saponins found in other plants such as those in ginseng, have revealed they decreased

plasma blood glucose levels in patients that suffered from insulin resistance '°.

Saponins also have a potent effect on membrane permeability and receptor sensitivity. In
obesity and type II diabetes, insulin receptors may be unreceptive thereby preventing insulin

1'°. Murakami et al. (2002) isolated a number of saponins

mediated glucose disposal into the cel
and from MC which fall into the goyaglycoside or momordicbside families. Goyaglycoside-a
through h were identified, along with goyasaponins I through III. As well, six varieties of
momordicosides were identified and labeled accordingly Athrough F , along with gypsogenin,
goyaprosaponin, and three oleanine type triterpene saponins '’. These saponins have not been
tested individually in in-vitro or in vivo studies, as per their recent discovery. Furthermore there
is evidence that different varieties do have differing phytochemical constituents and overall

content respectively 20:21 Therefore they are important candidates to evaluate, and warrant

further study into their mechanism of action.
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Studies on Animals: Promising Results

In recent studies, MC has been noted to be effective in streptozotocin (STZ) and alloxan
treated rats. These rats are partially treated with streptozotocin or alloxan in order to mimic the
intermediate state of beta cell failure incurred during type II diabetes. In animal studies
Metformin® is normally administered in placebo controlled designs. It has been associated with
several mechanisms linked to hepatic glucose production including, sensitization of the liver to

glucose deposits, and down regulating gluconeogenesis 2.

In one such study MC was administered in a 50mg/kg dosage prepared from an alcohol
extract to two groups of female wistar rats (n=6/group) over a period of three weeks. After eating
a staple diet of rat pellets separate groups of rats were administered either tolbutamide or MC
after an 18 hour fast. A third group of STZ induced diabetic rats were dosed with Metformin.
Overall, a 10-15% decrease in plasma glucose was observed with the group of wistar rats who
were administered tolbutamide, whereby after three hours MC elicited approximately 26-30
percent of what Metformin® would normally depress glucose by. However, that being said,
insulin levels were not increased, as per normal response 2. This would suggest that MC could

be acting more so hepatically, in particular on down regulating hepatic glucose production.

Typically water and ethanolic based extracts of MC are used in in-vivo studies involving
diabetically induced rats or mice. Sarkar et al (1996) administered three different dosages of MC
juice respectively to male wistar rats (5.6%, 4.8%, 4.1% concentration of MC content), and found

a significant impact on blood glucose levels 2*. The water based extraction that was prepared
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(4.1% concentration of MC) was found to be the dosage that reversed alloxan induced
hyperglycemia in rats with no toxicity to liver and kidneys for the 4 week experimental session. It
was also determined that a 48% depression in plasma glucose occurred as compared to the oral
hypoglycemic glibenclamide®. In this study, the number of rats per group was unknown, as for

only a standard deviation was given in the results section.

Using a similar dosage (50, 100 and 200 mg/kg), in a 6 week study of male alloxan rats,
MC was administered to separate groups of rats (Control, Diabetic) and showed a depression in

plasma glucose of 15.4%, 18.7% and 22.9% in plasma glucose levels on days 40, 50 and 60

~respectively (n=8, pX0.01) 25 - Both alcothiol and water based extractions were prepared and

showed marked decreases in plasma glucose levels for respective dosages. Skeletal muscle
glycogen content and hepatic glucokinase levels were observed to be partially restored as well as
hexokinase, glucose-6-phosphate and phosphofructokinase (PFK). PFK is known as a rate

limiting enzyme in the process of glycolysis, which is impaired in type II diabetes *°.

Shibib et al. (1993) found that MC contributed to the depression of gluconeogenic
enzymes glucose-6-phosphatase and fructose-1-6-biphosphatase but elevated the liver enzyme
glucose-6-phosphate dehydrogenase (G6PD) in control and MC administered STZ rats (n=4,
p<0.01) *. G6PD has Been identified as being involved in a separate pentose-5 pathway, which is
a tertiary pathway for glucose production. Furthermore depression of key gluconeogenic enzymes

would give further evidence that MC impacts the body hepatically.

Ahmed et al. (1998) found that STZ induced diabetic mice, when administered MC juice

extract (10mVl/kg body weight) were observed to have a decrease in islet destruction as compared
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to the placebo group. Furthermore repair of existing damaged islets was also observed > %%, This
finding adds to the evidence that MC may act as an anti-oxidant and further promote enzymatic

response associated with glucose uptake and disposal.

Although results seem promising in the animal model with respect to MC, one study in
particular did not find an effect with respect to administration of a set dose. Karunanayake et al.
(1990) found that administering both acute and cumulative doses of MC juice (10ml/kg) to STZ
induced diabetic rats had no effect on plasma glucose clearance. A control group and two

experimental groups were used to determine the effect of dose responsiveness. After being

administered the Oral Glucose folerance test, either acutely or after a 30 day exposure period, a
total of three blood samples were taken to measure the dose responsive curves. No significant

effect was found between the control and experimental groups of rats. *°

Emerging Evidence: Energy Expenditure, Adiposity and Appetite

In a recent study, male alloxan rats were supplemented with MC, with each group being
fed a standardized diet for a period of 4 week period. An increase in overall energy expenditure
was observed in the experimental group versus that of the corresponding I;Iacebo group. Inthe
same group of rats, body composition changed, whereby the experimental group fed MC had less
visceral adipose tissue (VAT) deposit. Therefore, this result may reveal a link between MC
consumption and the potential to inhibit the onset of obesity. This trial also was much longer than
those previously performed, and occurred under strict laboratory setting, with a high level of

statistical power ',
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In addition the study of appetite is crucial to understanding more about obesity. It has
been noted that variables such as gastric transient time may play a key role in appetite. Momordin
Ic has been found to decrease gastric transient time in rats. This pungent phytochemical can be
found in capsaicin. Momordin Ic typically found in the seeds of MC has been found to decrease
gastric emptying '>*" %2, Decreased gastric transient time has been found to have a positive effect
on satiety. Gastric transient time if decreased would slow the movement of food within the
intestinal track. As a result if the breakdown breakdown of carbohydrates and foodstuffs would
occur at a slower rate, which could potentially slow the rate of appearance of glucose within the

blood stream. However, gastric transient time has not been a priority in studies related to MC,

and is very difficult to conduct. Further study should track this component, as hunger and satiety

are key components related to weight gain and adiposity.

In-Vitro Based Evidence

Recently researchers have used L6 myotubes in order to examine whether MC may simulate
glucose uptake in muscle cells **. Two separate extracts were prepared (Extract A) a lyophylised
form, and the other which was chloroform based (Extract B). After 1h of incubation, insulin-
stimulated deoxyglucose uptake significantly increased within the myotubes grown in Extract A
as compared to control. Yet the results indicated that this was not necessarily based on the
augmentation of dosage. Rather three separate administrations of the 5pg/ml extract-A actually
promoted the uptake of deoxyglucose greater than corresponding 10 pg/ml dosages respectively.
This evidence indicates that higher pharmacological dosing may actually impede the functioning
of MC on skeletal muscle in rats. To our knowledge this response based study has not been

explored or yet seen in human based studies.
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Since glucose uptake was observed in L6 cells, further interest has peaked regarding
absorptive features of MC. In an In-vivo/In-vitro study Ahmed et al. (2004) investigated the post
absorptive pathway of MC by examining brush border vesicles from the jejunum of STZ rats who
were administered MC for a 10 week period *’. Concurrently, L6 myotubes were also utilized, to
determine if "*C-D glucose uptake would occur. The results showed that diabetic rats gained less
weight and had higher glucose values than healthy rats (p<0.001). Yet when administered MC at
a concentration of 5ug ml "' blood glucose values declined over the length of the experiment

(p<0.05), as compared to the diabetic group (p<0.001). Weight stayed relatively the same, yet

" “plasma insulin and the number of insulin positive cells in the diabetic group declined (p<0.05).
Conversely the MC treatment group both increased the number of insulin positive cells and
plasma insulin concentration (p<0.05). What is worth mentioning is that these values were
significantly lower than those of the healthy untreated control group (p<0.05). Thus MC seems to

promote brush border intestinal glucose uptake, and promote glucose uptake into skeletal muscle.

A Clinical Approach: Investigation in Humans

Research into the validity of the usage of MC on humans began in the latter half of the

20™ century. Leatherdale et al. (1981) were one of the first to study the effects of MC on humans,
and found that this fruit at a dosagé of 50ml (juice) lowered serum glucose considerably in a
group type II diabetic men (n=6, p<0.05) >. This study involved consuming bitter melon in the
juice (50ml), after administration 50g oral glucose tolerance test. All participants in the study
were diabetic, and were taking some form of oral hypoglycemic including tolbutamine,

glimenclamide or glymidine respectively. The participants were taken off the oral hypoglycemic
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for a period of 48 hours prior to the experimental condition. While this would allow for

medications to clear the body, it also is dangerous for health to say the least.

Clinically a high glucose load is administered to patients in order to examine insulin and
glucose response to determine if diabetes is present. This high glycemic load is known as an oral
glucose tolerance test (OGTT). Welihinda and colleagues (1986) demonstrated that MC juice
(100ml) lowered plasma glucose after the administration of an OGTT (50g solution), in 73% of
diabetic patients receiving it (n=18, p< 0.05). Water (100ml) was given as the placebo dose to

both an experimental (n=13) and control group (n=5), followed a day after by administering MC.

The control group was administered the MC 30 minutes before the OGTT >°. A placebo was used
in this experiment yet its lack of similarity to the taste and texture of MC was not evaluated, and

further could have biased the study.

Since MC has compounds which may aid in the uptake of glucose within cells, the issue
of co-commitant administration of MC with oral hypoglycerﬁic agents requires much prudence.
For instance Ahmed et al. (2002) administered a dried extract of MC to diabetic participants who
were taking a prescribed oral hypoglycaemic. These patients were administered (body weight of
individual in (mg) * 2) a dosage, which was determined by the author of the study 38, Ultimately
within the human clinical studies involving human participants there are a multitude of issues
which could call into question the validity of the results. Standardization of the clinically
administered oral glucose tolerance test (OGTT), inclusion criteria and dosage are always of

concern.
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In Germany another study was undertaken, whereby 500 mg capsule of freeze dried
MC was given in conjunct with a prescribed oral hypoglaecemic. This study was conducted in a
randomized control design with 47 patients participating in the study. The results were
encouraging as patients who took the standardized 500mg extract of MC reported a positive
effect on the depression of plasma glucose levels (p<0.01). The dosage of the prescription
medication was lowered in order to compensate for the addition of MC. This was due to the

additional hypoglaecemic effect which MC exhibits *’.

Currently many of the researched extracts of MC given to patients have not been

phytochemically evaluated. Dose responsive models should attempt to establish product contents
in terms of phytochemical constituents. As well a placebo controlled design would prevent any
cases of bias during experiments. These two factors would allow researchers to better identify

potential mechanisms associated with respect to glucose disposal in human models.

Conclusion: Where are Standardization, Quantification and Effectiveness?

To date much study has been done in relation to MC and rats. In particular these studies have
focused on alloxan and STZ induced diabetic rats. What therefore may be problematic is that in
order to mimic the diabetic state, these animals are treated with specific toxic drugs. While the
treatment used to induce this state may accomplish their goal, other organs may be affected and

must be taken into consideration.

Taken together, some, albeit limited, data suggest beneficial effects of MC in diabetic

humans. However, further information in randomized placebo-controlled trials is needed. To our
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knowledge, few studies have attempted to elucidate the acute effect of MC on glucose
homeostasis in humans. As well the effects of MC on glucose control in obese men has thus far
not been investigated which could allow the research community to understand whether MC
could be used at an earlier stage to prevent diabetes? Obese individuals have high levels of
fasting and postprandial glucose %, which could render them more susceptible to develop type I
diabetes. Thus research with overweight/obese individuals could provide some information about
the potential impact of MC on circulating adipokines, and adipose tissue-derived hormones
regulating systemic insulin sensitivity. Energy expenditure is also a major component in the

pathogenesis obesity. Thus, future research should also focus on this parameter in relation to MC

""in humans.

One issue that does remain problematic within clinical studies of MC remains the
standardization of dosage as well as the phytochemical identities of the extracts themselves.
Dosage as well as quantities of phytosterols and related constituents should be taken into
consideration when performing such research. Thus, the issue should be addressed in both
clinical animal and human based studies respectively. Further to this, studies in humans have not
used a suitable comparator such as sulphonylurea drugs versus MC in a double blind repeated

measures design.

Understanding how Momordica Charantia L influences glycemic control and body weight
regulation may have important implications for the potential use of MC as a supplement for
preventive and curative interventions in obesity and diabetes. Currently problematic issues
concerning supplements exist, in terms of the evaluation of such substances and their validity in

their utilization for the treatment of obesity. As well phytochemical concentration of compounds
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found in Momordica Charantia L., may put consumers at risk if taken improperly. In particular,
the effects of phytochemicals on human physiology and drug nutrient interactions need to be

studied further.
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Objectives & Hypotheses

To our knowledge, there has been no placebo-controlled attempt to elucidate the acute
effect of MC on glycemia, energy metabolism and appetite in healthy men. While MC has been
experimented in a human model, it has been done so solely in diabetic individuals. As
mentioned, previous studies have shown that MC has an acute positive effect on glycemic
regulation in diabetics. Therefore our primary objective was to examine the acute effects of MC

on fasting and postprandial glycemia in healthy overweight men. We predicted that MC would

lower Tasting and postprandial glycemia. Our second objective was to determine the acute effects
of MC on energy expenditure. Limited information from rat studies have indicated that overall
energy expenditure increased when MC was administered with a standardized diet (Chen et al).
We predicted that MC will increase overall acute energy expenditure. Our third objective was to
explore the acute effects of MC on appetite. Since gastric transient time has been shown to
decrease in rats who were administered momordin Ic, it was our hypothesis that this decrease in
gastric transient time would slow the rate of appearance of glucose within the bloodstream, thus
leading to a delayed response for appetite. Thus we predicted that MC would acutely decrease

appetite. This factor has never been examined in humans.
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Assumptions, Delimitations and Limitations

- The present study assumed that the participants answered honestly to the pre-screening
questions and criteria, and fhat they did not exhibit any metabolic diseases or dysfunction. It was
also assumed that the selected volunteers followed the pre-experimental protocols such as fasting
before hand for a period of 12 hours prior to the experiment, and refraining from any physical
activity or alcohol consumption before the respective date of experiment. It was also assumed

that indirect measurement of substrate oxidation by expired gas analysis is a valid measurement

of' whole body oxidation. The measurement of substrate was limited to the analysis for expired
gas for determining whole-body oxidation of substrate, as opposed to measurements using tracer
technology to be able to determine the location of substrate oxidation and glucose uptake
respectively. It was assumed that the quality of extract produced in the biopharmaceutical science
laboratories were of utmost high quality from MC fruits which were semi-ripe. Finally, the blood
analysis techniques employed by laboratories were assumed valid for the measurement of plasma

glucose and insulin levels.

In order to answer the research questions which were proposed in this study the

experimental conditions were delimited to the morning, post absorptive period between 7:30 am
to 12:30pm respectively. Within this timeframe, the oral glucose time period was limited to three
hours. In order to minimize inter-individual variance in metabolism, the selection for participants
was delimited to overweight healthy men whose body mass indices met the criteria for
overweight men (>25 BMI) (BMI = body mass(kg)/ height (m)z) in accordance to the WHO

(1998). In addition, the ages of participants were delimited to the range of 18 to 55 years of age.
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Significance of the Study:

The present study attempted to provide new information in the area of natural health
products, diabetes and insulin resistance by examining the effect of a dose dependant response to
MC in healthy overweight men. To date many studies have focused solely on the diabetic model,
whereby a randomized placebo control design has not been used. Further to this substrate
oxidation and appetite in humans has not been investigated after consumption of dosages of MC.

Thus our study attempted to explore not only glycemic factors associated with MC, but substrate

oxidation and appetite using a randomized placebo control design for administration of MC.
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CHAPTER 11

Original Article: No Effect of Oral Administration of Momordica Charantia Linn., on
Glycemia, Energy Expenditure and Appetite: A Pilot Study in Overweight Men.
@G.S Kasbia, J.T Arnason °, ® P. Imbeault
@ School of Human Kinetics, Behavioural and Metabolié Research Unit, Faculty of Health
Sciences. University of Ottawa. Canada.

b Biopharmaceutical Research Group, Department of Biology, University of Ottawa, Canada.

Abstract

including those involving carbohydrate and lipid metabolism. Momordica Charantia Linn
Cucurbitaceae (MC), otherwise known as *'Bitter Melon'', Nigauri (Japan), Sorrow See
(Caribbean) and Karela (India), has been used to treat glycemic impairment in relation to diabetes
for centuries. The objective of this study was to determine the acute effect of MC on post-
prandial glucose levels, energy expenditure/ fuel mixture and appetite in normal body weight
individuals. Five healthy men (34 + 14 SD y; 27 + 0.34 SD kg/m® BMI) were supplemented on
three randomized conditions where 1) no MC (Ctl), 2) 50 mg/kg g of glucose (MC50) or 3) 100
mg/kg of freeze dried MC (MC100) were given orally prior to a 75 g oral glucose tolerance test
(OGTT). Plasma glucose and insulin levels were measured before and during the OGTT. Energy
expenditure as well as carbohydrate and lipid oxidation rates were measured by indirect
calorimetry. Finally, visual analogue scales were used to rate appetite. Plasma glucose and insulin
levels significantly increased during the OGTT (P < 0.05) but no significant difference was
observed between experimental conditions. Energy expenditure did not change over time,
regardless of the experimental conditions. During the OGTT, a shift from lipid to carbohydrate
oxidation was observed, regardless of the experimental conditions. Finally, no treatment effect
was found for appetite scores throughout any of the experimental sessions. These results suggest
that from an acute standpoint MC does not affect plasma glucose and insulin levels, energy

expenditure, substrate mixture and appetite scores following an oral glucose load in healthy men.
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Introduction

A medicinal plant that has putative effects on reducing complications associated with the
onset of diabetes is Momordica Charantia Linn. (MC). It is a member of the Cucurbitaceae
family (Gourd), and is grown mainly in sub-tropical climates in countries such as Thailand, India
and Jamaica (2, 3). MC juice has many medicinal properties including lowering insulin levels in

type 2 diabetic rats (4-14).

Potential mechanisms by which MC may aid in regulating glycemia include /»n vivo

studies reveal MC’s action as an insulin secretagogue (15, 16) and may be responsible for

“"incréases specific phase enzymes in the liver which may be impeded during insulin resistance
(17, 18, 18-20). Furthermore, chemical analysis has also revealed that MC has many
phytochemicals which may delay gastric transient time, and function to protect damage to key

tissues (pancreas, liver) involved in the regulation of glucose metabolism (19, 21-29)

Clinical experimentation with MC was first documented by Leatherdale et al. (1981)
whereby it was found that MC lowered serum glucose considerably (30). As well, Welhinda and
colleagues (1986) demonstrated that MC decreased glucose levels in 73% of patients receiving it
(31). Further clinical studies by Ahmad et al (1999) and Akhtar (2003) also revealed that MC
juice lead to a significant reduction of both fasting and postprandial glycemia in diabetic
participants (5, 32). Conversely one study found little or no effect of MC administered in the
juice form which is normally consumed in ethanol based extract (33). It is important to mention
that some studies have used the juice, while others have used a dried powder form of the fruit. A’
placebo control design was not used in these clinical studies. Thus, these clinical studies lacked a
randomized placebo control design, which would therefore put into question overall efficacy of

results (34).

Animal studies reported that chronic MC supplementation not only improved glucose

tolerance and lowered plasma glucose, but also reduced adiposity in rats fed a high-free fatty acid
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diet (56). These observations were not attributable to decrease in energy intake or free fatty acid
absorption, suggesting then effects on energy metabolism. The effects of MC on energy
expenditure and substrate oxidation as well as appetite levels have never been characterized in

humans.

Taken together, some, albeit limited, data suggest beneficial effects of MC in diabetic
individuals. To our knowledge, the proposed study represents the first randomized placebo-
controlled attempt to elucidate the acute effect of MC on glycemia, energy metabolism and
appetite in healthy men. Our primary objective was to examine the acute effects of MC on fasting
and postprandial glycemia in men. We predicted that MC would improve fasting and postprandial
glycemia. Our second objective was to determine the acute effects of MC on energy expenditure.

We predicted that MC increases overall acute energy expenditure. Our third objective was to

appetite.
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Methodology

Participants and Recruitment

Participants were recruited at random, using information and pamphlets posted at
medical and community health facilities. Five men gave their written consent to participate in this
study that was approved by the Research and Ethics Board of the University of Ottawa. All subjects
were healthy, as determined by a medical history questionnaire, and none of them were smokers.

The average age of participants was 34 years (+14 years) (mean + SD).
Study Design

A randomized, blind, placebo-controlled, cross-over laboratory study was implemented.

Interested participants were initially screencd via telephone to determine if they meet the criteria

of the study. Eligible participants were then asked to come to the laboratory for a pre-screening

session
Prescreening Session:

Participants were asked to arrive at 8:00am EST. They were asked to change into a
hospital gown provided to them, and remove all metal substances they were wearing as they
could interfere with the dual x-ray absorptiometer (DEXA). They were then asked to answer a
lifestyle questionnaire (Appendix). If the participants were found to have complied with all
inclusion factors they were then asked to proceed to the DEXA room te have anthropometric

measurements taken. After the anthropometric measurements were taken, they were then

scheduled for their first testing session.
Anthropometric Measurements

Body weight was determined with a standard beam scale (HR-100; BWB-800AS, Tanita
Corporation, Arlington Heights, IL., USA), whereas height and waist circumference were

measured with a tape. Body weight was measured after voiding, while clothed in a hospital gown
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and after having removed all accessories (watches, bracelets, chains, eye glasses, etc.) Height was
measured with the participant’s bare feet together, with heals, buttocks, back, and head against
the wall, and following a normal inspiration. Waist circumference was measured directly on the
skin, in duplicate (and averaged), at the mid-point between the last floating rib and the top of the
iliac crest. Body composition was determined using dual-photon x-ray absorptiometry (DEXA)
which measures fat-free mass, fat mass and total body fat percentage (Lunar Prodigy, General
Electric, Madison, WI, USA). Participants were required to lie on the measuring unit’s
examination table, in hospital garments (with all metal objects removed); while a low-intensity x-
ray scanned the entire surface area of the body. The measurement took approximately 15 minutes
to complete and the radiation associated with it is less than 0.5 millirem. Coefficient of variation
and correlation for percent body fat measured with the DEXA in the 5 participants tested in our

laboratory were 1.8 % and r = 0.99, respectively. (see Table 1)

Experimental Protocol

Eligible subjects underwent the following three experimental conditions in a randomized
order: placebo, MC 50 mg/kg body weight and MC 100 mg/kg body weight freeze dried juice.
The latter dosages of MC covered the approximate amount of MC extract previously given in the
literature (8-10). Each of the experimental conditions was separated by 1-week. No adverse

effects were reported by the participants throughout the study.

During each experimental session (see Figure 1), the participants were asked to fast for a
period of 12 hours prior to arriving (7:50 am) at the laboratory. Participants were also asked to
refrain from any vigorous exercise 48 hours prior to experimental sessions and to refrain from
consuming alcohol on the day prior to all experiments. Participants kept a record of their regular
eating patterns in a 3-day journal before their first experimental session and maintain the same
eating pattern prior to the 2 remaining experimental sessions. Once these recommendations
respected, participants were then inserted with a catheter into the antecubital vein for the
collection of blood samples during the experiment. A separate saline solution was administered to
the participant between sample collections. They were then instructed to lay down for a 15-
minute resting period which was followed by a 30-minute resting metabolic rate (RMR)

measurement by indirect calorimetery (Delta Trac, GE Healthcare) via a canopy system.
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Following the RMR the participant was then asked to ingest the dosage of the supplement (8:45
am). A 75 gram oral glucose tolerance solution was given to the participant to help with the
ingestion of the pills, and provide a high glycemic load to the participant. The subject was
required to wait approximately 15 minutes after ingestion in order to ensure the absorption of the
supplement. Blood samples during the OGTT were collected in tubes through the catheter at, 0,
30, 60, 90 and 120, 150, 180 minutes. Plasma insulin and glucose, concentrations were
determined at each time point. Energy expenditure was also measured be along the OGTT by

indirect calorimetery by sampling expired air 15 min every 15-minute period.

Insulin and Glucose Measurements

Blood samples were centrifuged at 3500 r/min and plasma was stored at -80°C for future

assays. Plasma glucose concentrations were assayed using spectrophotometric analysis after o

conversion of glucose to glucose 6-phosphate by hexokinase. Laboratory-grade reagents (Sigma-
Aldrich Canada Ltd., Oakville, Ont; Fisher Sientific Ltd., Nepean Ont.) were used for preparing a
standard hexokinase reaction, and after 30 min incubation of prepared samples at room
temperature, spectrophotometric analysis of resultant NADH light absorbance was performed in
duplicate using a Synergy HT Series Multi-Detection Reader (Bio-Tek Instruments Inc.,
Highland Park, Winoosi, Vt.), with absorbance readings of 340 nm wavelength emissions.
Samples collected from the three experimental sessions were analysed on the same plate. The
intrassay coefficient of variation for glucose analyses was 3.4%. A 2-site ELISA immunoassay
using 2 monoclonal antibodies (LINCO Research, St-Louis, Mo.) was used to measure plasma

insulin levels with intraassay coefficient of variation of 3.5%.

' Measurement of Energy Expenditure and Substrate Metabolism

The indirect calorimetry system (Deltatrac II, SensorMedics, Yorba Linda, CA, USA) was
calibrated against 95%0,/ 5%CO, reference gas before each test. After a 20-minute rest period in
the supine position, a measurement of resting energy expenditure (REE) was performed. In order
to obtain REE measurements, a Plexiglas hood was placed over the participant’s head through

which fresh air was drawn. The expired air was sampled and analyzed for oxygen and carbon
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dioxide averaged per minute and determined for 30 minutes. The Deltatrac II system has a
coefficient of variation and correlation for VO, measurement in the 5 participants tested in our
laboratory of 0.97 % and r = 0.95, respectively. From respiratory measurements, total free fatty
acid and carbohydrate oxidation rates were calculated using the non-protein respiratory quotient
(57):

Carbohydrate oxidation rate (g/min) = 4.585VCOQO; (I/min) - 3.226VO; (I/min)
Lipid oxidation rate (g/min) = 1.695 VCO; (I/min) - 1.701 VO, (I/min)

Appetite:

Visual analogue scales (VAS) were used to assess four parameters with respect to appetite

measurements: Desire to Eat, Level of Fullness, Hunger and Prospective Food Consumption
(PFC). Appetite ratings were measured before and every 15 min the OGTT. The scales were
designed such that a specific line on the page would range from weak to strong. A pen mark was
stroked along the line (150 mm), indicating to what level the participant felt with respect to the
statement (Hill and Blundell 1986). The scales used were measured in millimeters, and subjects

were asked for further verification of meaning if they did not understand the context.
Preparation of Extract

Fresh Bitter Melon (Origin: Dominican Republic) was obtained from a local supermarket
chain (Fresh Fruit Company Ltd.), and brought to the Center for Research in Biopharmaceutical
and Biotechnology (CRBB), at the University of Ottawa. It was then washed with a food grade
detergent to remove any pesticide residue. The fruit was then weighed before being cut into four
long pieces, whereby the seeds were removed, and placed in a food juicing machine (Hamilton
Beach ®). Juice was collected in a container, whereby a lid was placed on top, and left in a
refrigerator (4°C) for a period of 1 hour. After many of the air bubbles disappeared, it was then
placed in a freezer (-20°C) overnight. A freeze drier was then activated the following morning (-
60°C), whereby the frozen juice was placed. It was left for a period of 3-4 days, depending on

amount of juice collected. After it was determined to be dry, it was weighed. A sample of the
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plant freeze dried plant material was deposited as a voucher in the University of Ottawa

herbarium.

The pills for administration for participants were compounded in the food grade
laboratories of the CRBB. This was done via a pill encapsulator, and each pill was weighed such
that the number of pills for the 50mg/kg dosage was the same as that for the placebo and
100mg/kg dose. Quinine (0.0001g/mg), which has a bitter taste, was added to the placebo to
ensure that participants were unable to differentiate treatments by taste, of which treatments
included a placebo, 50mg/kg body weight or 100mg/kg body weight of freeze dried MC. The
placebo for this trial was cellulose because it has no known activating properties on pancreatic

function (49) Pills were then placed in Falcon sterilized tubes and placed in a freezer at -20°.

Statistical Analysis

The software program SPSS version 12 for windows (SPSS Inc. Chicago, IL, USA) was
used for the data analysis. Data was first collected in Microsoft Excel, whereby it was then
transferred to SPSS. A one way ANOVA for repeated measures was performed with two within
subject’s parameters (effects of experimental conditions, i.e. No MC, MC50 and MC100, and
effects of time). Alpha was set at 0.05

Results
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Anthropometric Measurements

As shown in Table 1. (Appendix), participants did not show any significant variation in body
weight waist circumference, percentage body fat, or waist girth while taking part in the three
experimental conditions (Control, MC50mg/kg, MC100mg/kg).

Plasma glucose and insulin levels

Changes in plasma glucose and insulin levels are presented in Figure 2. (Appendix) In the fasted
state, plasma glucose and insulin levels were not different between conditions. Plasma glucose
and insulin levels significantly increased during the OGTT (P < 0.05) but no significant

difference was observed between experimental conditions. (see Figure 2)

Energy Expenditure and Substrate Utilization

Figure 3 illustrates the changes in energy expenditure (kJ/min) and substrate utilization
before and during the OGTT while participants were supplemented with no MC, 50 mg/kg, or
100mg/kg. Energy expenditure was not affected by the experimental conditions. During the
OGTT, a shift from lipid to carbohydrate oxidation was observed, regardless of the experimental

conditions.
Appetite

Visual analogue scales measurements are illustrated in Figure 4. The mean appetite score
for the desire to eat, hunger and prospective food consumption increased significantly over time

' (P< OV.OS) but no difference was noted between experimental conditions. No change in the mean

appetite scores for fullness was observed across time or experimental conditions.

Discussion
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The objectives of this study were to examine the acute effects of specified dosages of
Mormordica Charantia Linn. on specific factors such as glucose and insulin concentration,
energy expenditure and finally appetite/satiety parameters. The results of this study suggest that
an acute administration of MC does not affect: 1) glucose/insulin levels; 2) energy expenditure

and fuel mixture and 3) appetite scores following an oral glucose tolerance tests.

In humans it has been observed that acute administration of MC stimulates an insulin
secretagogue response (30-32) Unfortunately to date all studies with humans have been done in a
diabetic model, which cannot validate the use of MC for patients who are healthy/overweight.
This study was undertaken in order to reveal the effects of MC administration on
healthy/overweight humans, as the problematic issue of weight control and diabetes in our

population has become one of great significance. To further expand, this was the first time a

~randomized placebo control design was used in this cohort of participants. Our results indicated

that neither a large (100mg/kg) nor small (50mg/kg) dose administration of MC administered to
overweight patients had a significant effect on blood glucose or insulin concentration over the
three hour period following the OGTT than that of placebo. This is in contrast to current literature
which has shown a marked decrease in blood glucose concentration in diabetics (27, 34, 35, 36)
In most studies the administration of MC was administered orally with no placebo to control
potential biases. Furthermore, the type of dose administered differed between studies. For
instance Leatherdale (34) Akhtar (36) and Ahmed (35) all administered juice orally; with no

placebo, rather than a freeze dried encapsulated version in this study.

Chronic MC supplementation has been shown to reduce adiposity in rats fed a high-
free fatty acid diet without altering energy intake and free fatty acid absorption (56) then
~suggesting an effect of MC on energy metabolism. To our knowledge, the present study is the
first to measure energy expenditure and substrate oxidation rates following acute ingestion of MC
in humans. Our results indicate that a single supplementation of MC does not stimulate energy
expenditure and is not accompanied by any change in fuel (CHO and lipid) oxidation rates over a
3 hour period following an OGTT in men. One mechanism recently put forward whereby chronic
supplementation (7 week) of MC slows weight gain in rats involves an inc