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Abstract: Elevated blood glucose is a major component in metabolic syndrome and pre-diabetes, sometimes leading
to type 2 diabetes mellitus (DM Il). Additionally, it may lead to adipose deposits when left elevated for long periods.
The epidemiology of DM Il clearly shows that uncontrolled blood glucose levels leads to many adverse conditions
including heart disease, retinal damage, renal failure, erectile dysfunction, and other significant medical conditions.
Here we conducted a single-center, prospective, randomized, double-blinded, placebo-controlled, parallel-group- clini-
cal trial of a nutraceutical supplement vs. placebo to measure its glucose lowering effect in generally healthy adults
before and after a simple sugars meal. Subjects reported to the test clinic on multiple days to receive placebo or
treatment, a simple sugars meal, as well as pre-and postprandial blood glucose measurement (modified oral glucose
tolerance test). Each subject served as his or her own control and thirty-one subjects completed the trial with at least
one oral glucose tolerance test (OGTT) with the nutraceutical supplement and placebo. Statistical analysis revealed
the nutraceutical supplement significantly lowered postprandial glucose levels by 36% and 59% at 45 and 60 min-
utes, respectively (***P<.001). The study was limited by its composition of primarily overweight females. Future
studies will be required over longer periods in more heterogeneous and larger groups to determine the long-term
effect of this supplement on blood glucose levels in terms of prophylaxis or treatment for DM II.

Keywords: Glucose tolerance test, nutraceutical supplement, diet, hyperglycemia, diabetes mellitus I, insulin resis-
tance

Introduction

Treatment for unregulated blood sugar levels in
diabetics is generally complex. A controlled com-
bination of diet restriction, intensive monitoring,
medication, lifestyle modification, and exercise
is necessary for most diabetics to maintain
healthy blood glucose levels. In non-diabetics,
diet, lifestyle modification and exercise are rec-
ommended for general maintenance of healthy
blood glucose levels [1]. Drawbacks of standard
treatments for unregulated blood sugar include
time commitment, pain, expense, complexity,
noncompliance, and ineffectiveness. Thus alter-
native methods for modulating blood glucose at
the pre-diabetes level are necessary [1].

Current therapies in prevention and treatment
of Type 2 diabetes (DM Il) include diet and
drugs targeting obesity, glucose-lowering medi-

cations (metformin, glyburide, acarbose), and
more recently, insulin sensitizers such as the
peroxisome  proliferator-activated receptor
(PPAR)-ax and PPAR-y agonists, and thiazolidie-
nodiones (TZDs). Unfortunately, therapies in-
volving existing drugs have limited efficacy or
tolerability and can have significant side effects
[21.

During recent years, some natural products
have been reported to reduce hyperglycemia
and lipid disorders in individuals with DM II.
Vuksan et al reported that a single oral admini-
stration of ginseng supplement (containing 200-
500 mg ginsenosides) reduced postprandial
glycemia in healthy subjects and in individuals
with DM Il [3]. It has also been shown that blood
glucose and insulin levels can also be influ-
enced by other natural compounds [1, 4]; in-
cluding chromium picolinate at levels between
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200 and 1000 mcg [1, 4, 5]. A combination of
zinc and chromium has been suggested to offer
potential beneficial effects to individuals with
diabetes, in terms of increased antioxidant
status [6]. Zinc itself may also aid in glucose
assimilation, due to an insulin-like effect, and
has been shown to be deficient in individuals
with DM 1l [7-9]. Cinnamon and cinnamon ex-
tracts have been suggested to reduce glucose
levels, to induce insulin excretion, and to offer
insulin-like effects, in human, animal and in
vitro studies [10-13]. Additionally, cinnamon
has been shown to support lower blood glucose
levels [14] by delaying the gastric emptying rate
[12, 13]. Recent evidence suggests that oral
administration of transglucosidase (TG) can be
useful for decreasing postprandial glucose con-
centrations [15].

The active ingredients in the treatment formula-
tion (capsules) tested here are transglucosi-
dase, lipase, protease (Glucoreductase™)
blend, chromium picolinate, zinc gluconate, and
cinnamon extract. The purpose of this formula-
tion is to prevent the absorption of dietary sug-
ars and to promote the movement of blood glu-
cose into muscle and brain cells. The actions of
the enzymes are to generate long-chained poly-
mers from individual sugar molecules that then
pass out of the gut.

An oral glucose tolerance test (OGTT) is recom-
mended as a tool in the diagnosis of impaired
glucose tolerance and diabetes. By World
Health Organization (WHO) definition, subjects
with impaired glucose tolerance have a blood
glucose level between 7.8 and 11.1 mmol/L,
120 minutes after a 75 g oral glucose load [16].
A modified OGTT that uses jellybeans is com-
monly used as an alternative to the traditional
glucose beverage because there are fewer re-
ported side effects [17].

The purpose of the current human clinical trial
is to examine the benefits of a proprietary for-
mulation of nutraceutical supplements de-
signed to support healthy glucose levels and as
an alternative or adjuvant therapy to support a
variety of conditions in which insulin resistance
may be a disease modifier.

Research design and methods
This clinical trial was reviewed and approved by

Liberty Institutional Review Board (Deland, FL).
It was a single-center, prospective, randomized,
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double-blinded, placebo-controlled, parallel-
group-design clinical trial of the treatment for-
mulation versus placebo in adult subjects. Par-
ticipants were recruited by TV advertising. All
participants in the study were able and willing to
consent to clinical trial participation and were
interested in assessing their serum glucose fol-
lowing a simple sugars challenge to better un-
derstand their serum glucose patterns. In-
formed consent was obtained. All subjects were
deemed qualified for the study after evaluation
for predetermined inclusion and exclusion crite-
ria, which are listed in Table 1. These criteria
are based upon recommendations made by the
study physician, confounders identified by the
biostatistician, or information identified in prod-
uct ingredients’ research.

All subjects were surveyed for a variety of demo-
graphic factors. These subject population statis-
tics can be found in Table 2. Key parameters to
take into consideration are that the subject
population consisted mainly of middle-aged,
overweight, Caucasian females. Additionally,
almost 9% of the subject population reported
that they were diabetic.

Subjects were asked to keep their diet and exer-
cise as stable as possible throughout the trial.
There was a two-week run-in period for the pur-
pose of assessing normal existing patterns of
diet and exercise, to test compliance, and to
determine that each subject's fasting blood glu-
cose levels did not exceed the limits defined by
the predetermined inclusion/exclusion criteria.

The clinical trial flow chart can be found in Fig-
ure 1. Subjects were randomized into one of
two groups. Randomization determined which of
the two formulations (treatment or placebo)
were administered first. Randomization was
equal: Using permuted blocks of six, three sub-
jects were assigned into each group. All sub-
jects reported to the clinic after a 10-hour fast
(water only). Blood glucose level was obtained
using an OneTouch® Ultra® Meter. Test product
was administered (treatment or placebo). Five
minutes later, the testing meal was adminis-
tered (40 g of jellybeans). Following the comple-
tion of the test meal (approx. 2-5 minutes),
blood glucose was measured at 15, 30, 45 and
60-minute intervals.

Statistical analysis

GraphPad Prism version 5.01 was used to cre-
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Table 1. Inclusion and exclusion criteria

Inclusion Criteria:

Men and women wanting to test their response to starch and simple sugars, with a Body Mass Index between 22
and 45 (BMI > 22 and < 45 m/kg2);

Women and men who wished to promote healthy blood glucose management;
Women and men who were 18 to 60 years of age, inclusive, at the Initial Visit;

Exclusion Criteria:

Were unwilling or unable to comply with any aspect of the clinical trial protocol;
Were allergic to or express problems with ingredients in the Enzymedica GR Plus™ product or placebo;
Who had lost or gained 10 or more pounds of body weight in the last 3 months;

Had severe co-morbid disease including cardiac, pulmonary, renal, hepatic, or active cancer;

Consumed alcohol at an elevated level (Defined as consumption of more than 10 standard alcoholic drinks per
week. A standard alcoholic drink is defined as one bottle/can of beer (12 ounces) equals one glass of wine (4
ounces) equals one ounce of hard liquor).

Had uncontrolled diabetics (as defined by having a self-reported Alc greater than 8.0, use daily varying amounts of
insulin, or fail the fasting blood glucose test: greater than 126 mg/dl);

Had uncontrolled hypertension: Systolic blood pressure (SBP) > 180 mm Hg or diastolic blood pressure (DBP) > 100
mm Hg, upon two of three repeated measures, if not on medications for hypertension. Systolic blood pressure (SBP)
> 150 mm Hg or diastolic blood pressure (DBP) > 90 mm Hg, upon two of three repeated measures, if on medica-

tions for hypertension;
Had a surgery or a hospitalization within the past 3 months;
Had a recent cardiovascular event;

Had an acute illness (e.g., heavy cold, flu, flu-like symptoms)
Had elevated liver enzymes (as defined by SGOT levels 1.5 times the upper limit or CPK levels 2 times the upper

limit)

Had a Body Mass Index (BMI) of less than 22 or greater than 45 m/kg2;

Had participated in a clinical trial in the past 4 weeks;

Took methadone, insulin, anticoagulants (blood thinners), daily narcotics, or similar medications;

The anticipated need for major surgery during the entire study;

Women who were nursing, pregnant, or actively trying to become pregnant;
Had any disease or condition that in the investigator’s opinion compromises the integrity of the clinical trial or the

safety of the subject;

ate the graphs, calculate the area under the
curve, and for statistical analysis (San Diego,
CA). There were a total of 84 placebo runs and
56 treatment runs. In cases where multiple runs
were taken for one subject, the mean blood
glucose measurement at each time point was
calculated and used for the final analysis. The
mean change was calculated by subtracting the
baseline measurement (before glucose chal-
lenge) from each additional blood glucose
measurement. Each subject served as his or her
own control. The multivariate analysis combined
all the groups in an overall ANOVA (analysis of
variants). The Greenhouse-Geisser statistic was
used to test for sphericity, which allows the
Tests of Within-Subjects Effects. Post hoc analy-
sis consisted of student's two-tailed t-tests at
each time point to assess statistical significance
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of the difference between the treatment and
placebo groups. The criterion for rejection of the
null hypothesis was P<0.05. Additionally, the
area under the curve (AUC) for each subject was
calculated and presented as mean + SEM. A
two-tailed t-test was used to assess the statisti-
cal significance.

Results
Dampened rise in blood glucose

To assess the effectiveness of the supplement
for reducing blood glucose following a simple
sugars challenge, the change in blood glucose
was calculated so that each subject served as
his or her own control. Figure 2 illustrates the
mean change in blood glucose measured at
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Table 2. Subject demographics

Medical Conditions

Prevalence (%)

Diabetes

Hypertension

Thyroid Dysfunction
Asthma

Heart Disease

Gallbladder or gallstones
Gastrointestinal Issues
Reflux (GERD)

Cholesterol Issues

Cancer

Arthritis

Neurological Diseases
Blood disorders

Migraines

Skin conditions

Diet Restrictions (lactose intolerance, allergies)
Allergies

Severe Injuries (past 10 years)
Surgeries (past 15 years)
Other medical conditions
On prescription medication

8.8
35.3
14.7
23.5
2.9
17.6
20.6
26.5
20.6
5.9
35.3
29
2.9
20.6
20.6
17.6
50
20.6
64.7
17.6
55.9

Prevalence (%)

Female gender 85.3
Caucasian 94.1
Black 2.9
Other 2.9
Mean Std. Dev
Age 45.2 yrs 14.7
Height 65.6 inches 2.9
Weight 215.1 lbs 43.8

each time point + SEM. The treatment not only
dampened the rise in blood glucose, but it also
promoted a faster return to the baseline levels.
In fact, at t=60 minutes blood glucose levels for
the treatment group had almost completely re-
turned to the baseline levels (before the test
meal). The placebo group at t=60 minutes had
a mean blood glucose level that was higher
than the maximum level reached by the treat-
ment group. Thus, if the blood glucose had been
monitored for a longer period of time, there
would likely be an even larger difference be-
tween the treatment and placebo group. Inter-
estingly, two of the subjects exhibited a mild
transient drop in blood glucose from the base-
line measurement during the treatment run.
Within subject testing revealed that the data
conform to a quadratic model (F=177.9). Post-
hoc analysis of two-tailed t-tests at each time
point revealed statistical significance (*P<.05,
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**P<,01, ***P<.001) at t=30, 45, and 60 min-
utes (Figure 2).

Total blood glucose load

The blood glucose curves observed in this study
were within the expected range as defined by
the American Diabetes Association [18]. This
was expected because the subject population
consisted mostly of individuals without any type
of hyperglycemic disorder (Table 2). Figure 3A
lists the mean blood glucose levels (mg/dL) and
standard error of the mean (SEM) for the two
groups at all five time periods. Statistical signifi-
cance was observed at t= 60 minutes (*P<.05).

Area under curve comparison

To better illustrate the observed decrease in
blood glucose levels, the area under curve
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Inclusionary Criteria
Evaluation and
Randomization

in a 39% reduction in the area
under the curve (AUC) over the
one-hour test period.

Discussion

Second Visit

16 subjects

16 subjects

Baseline Blood
Glucose Values

Baseline Blood
Glucose Values
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Administration

|

A 4
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Repeated Measures to Improve
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Figure 1. Clinical trial flow chart.

values were calculated for each subject. Figure
3B illustrates the mean area under the curve
(AUC) for each group + SEM. Administration of
the supplement prior to the test meal resulted
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The estimated cost of diabetes
in the United States in 2007
was $174 billion [19]. The total
number of people with diabetes
is expected to more than dou-
ble from 171 million in 2000, to
366 million in 2030 [20]. These
projections illustrate the impor-
tance of diabetes prevention.
Recent studies have suggested
that nutraceuticals might play a
very important role in diabetes
care and prevention [2, 21].
Additionally, a preventative
nutraceutical targeting patients
unwilling or unable to make
necessary lifestyle changes to
prevent the onset of type 2 dia-
betes could be very important
[2].

This preliminary clinical evalua-
tion indicates that using a pro-
prietary blend of several active
ingredients can  effectively
lower blood glucose levels fol-
lowing a simple sugars chal-
lenge. A 39% reduction of the
change in blood glucose over
the first hour following the test
meal is significant and supports
effectiveness of the supplement tested. This

supplement might not only be useful for the

motion of glucose tolerance and insulin sen-

sitivity, but also as a potential preventative

Figure 2. Oral supplement dampens rise in blood
glucose. To assess the effectiveness of the sup-
plement for reducing blood glucose following a
simple sugars challenge, the change in blood
glucose was calculated so that each subject
served as his or her own control. Within subject
testing revealed that the data conform to a quad-
ratic model (F=177.9). Data is presented as
mean change + SEM at each time point Post-hoc
analysis of two-tailed t-tests at each time point
revealed  statistical significance  (*P<.05,
**P<.01, ***P<.001) at t=30, 45, and 60 min-
utes.
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Figure 3. Oral supplement lowers total blood glucose load: (A) The
mean blood glucose levels (mg/dL) and standard error of the mean
(SEM) for placebo vs. supplement at time points from 0-60 min indi-
cate a statistical significance at t= 60 minutes (*P<.05).
better illustrate the observed decrease in blood glucose levels, the
area under curve (AUC) values were calculated for each subject +
SEM. Administration of the supplement prior to the test meal re-
sulted in a 39% reduction in the area under the curve (AUC) over the

60-minute test period (***P<.001).

measure for those at-risk for diabetes or meta-
bolic syndrome. As seen in the Table 2, many of
the participants in this clinical trial exhibited
symptoms (hyperglycemia, B.M.l. >30, etc.) that
might qualify them as "at risk" for hyperglycemic
disorders. Therefore, this study was conducted
on people who could benefit from the inclusion
of the test supplement in their daily regimen.

Although there is evidence to support the use of
each ingredient in this supplement, there is also
conflicting evidence. Some researchers have
reported that cinnamon is ineffective at reduc-
ing blood glucose levels [22], while others re-
port that cinnamon is effective at reducing
blood glucose levels [23]. It is important for fu-
ture studies to be mechanism-based in order to
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better elucidate the bioactivity and
possible synergies of the ingredients.
Additionally, because two of the par-
ticipants in this study exhibited a
mild drop in blood glucose after con-
sumption of the nutraceutical sup-
plement, further studies should
evaluate the risk of hypoglycemia.
However, there were no instances in
this study that the drop in blood glu-
cose was large enough to put the
subject at risk for hypoglycemia.

Potential limitations include the in-
take of different carbohydrates, the
interaction of carbohydrates, fats,
and proteins during the same meal,
the timing and amounts of the sup-
plement ingested, as well as the
overall health of the individual. Addi-
tionally, the generalizability is limited
as the study was focused mainly on
overweight females. Another limita-
tion to this clinical trial is that com-
mercially available jellybeans were
used. We assumed that these jelly-
beans were reasonably consistent in
composition. Jellybeans were used
instead of the traditional glucose

(B) To drink because there have been fewer

reported side effects with the jelly-
beans and a comparable blood glu-
cose response [17]. Further testing
will help define some of these poten-
tial limitations.

The clinical trial documented a statis-

tically significant reduction of blood
glucose levels in the subjects who had received
the supplement prior to the test meal. This sup-
ports the use of this nutraceutical supplement
for promoting healthy levels of blood glucose.
The proprietary formulation represents a poten-
tial alternative or adjuvant therapy for people
with a broad range of hyperglycemic disorders.
The ingredients have a long history of human
consumption and are well tolerated. Individuals
with various conditions that include obesity,
insulin-resistance, diabetes, and others could
benefit from this product.
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