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Background: The aim of this paper is to evaluate the efficacy and safety of DLBS3233, a
novel bioactive fraction derived from Cinnamomum burmanii and Lagerstroemia speciosa,
in improving insulin resistance and preserving B-cell performance in patients with impaired
glucose tolerance (IGT).

Patients and methods: Eighty adult subjects with IGT, defined as 2-hour postprandial glucose
level of 140-199 mg/dL, were enrolled in this two-arm, 12-week, double-blind, randomized,
placebo-controlled preliminary study. Eligible subjects were randomly allocated to receive either
DLBS3233 at a dose of 50-100 mg daily or placebo for 12 weeks. The study mainly assessed
the improvement of homeostatic model-assessed insulin resistance (HOMA-IR), the 15-minute
and 2-hour plasma insulin levels, and the oral disposition index.

Results: After 12 weeks, DLBS3233 improved insulin resistance better than placebo as reflected
by a reduced HOMA-IR (-27.04%%29.41% vs —4.90%t41.27%, P=0.013). The improve-
ment of the first- and second-phase insulin secretion was consistently greater in DLBS3233
group than placebo group (—144.78+£194.06 vs —=71.21+£157.19, P=0.022, and —455.031+487.56
vs —269.49+467.77, P=0.033, respectively). Further, DLBS3233 also significantly better
improved oral disposition index than placebo. No serious hypoglycemia, edema, or cardiovas-
cular-related adverse events were found in either groups.

Conclusion: This study has shown that DLBS3233 at the dose of 50-100 mg once daily was
well tolerated, and promisingly efficacious in improving insulin sensitivity as well as preserving
B-cell performance in subjects with IGT.

Keywords: B-cell function, Cinnamomum burmanii, DLBS3233, Lagerstroemia speciosa,

impaired glucose tolerance, insulin resistance

Introduction

A growing body of evidence shows that prediabetic condition is a risk factor for type-
2-diabetes and cardiovascular complications.'” Prediabetes is defined as impaired
glucose tolerance (IGT) and/or impaired fasting glucose.? IGT is associated with
metabolic syndrome and is a strong predictor of atherosclerotic cardiovascular dis-
ease, whereas impaired fasting glucose is a much weaker predictor. There are no less
than 300 million people with prediabetic condition worldwide, and the number is
predicted to rise up to 418 million by 2025. Every year, 2%—11% of the prediabetic
population are converting to type-2-diabetics."*** Therefore, early intervention in the
prediabetic stage is a valuable approach to reduce diabetes development and prevent
related complications.>®7
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Insulin resistance, B-cell dysfunction, and uncontrolled
calorie consumption have been the crucial contributors to
acute postprandial hyperglycemia and are the potential agents
that convert prediabetes to diabetes.*** The acute postpran-
dial hyperglycemia is responsible for glucotoxicity in the
pathophysiology of type-2-diabetes even at the earlier stage
(ie, prediabetes).'® Further in a vicious cycle, the impairment
of B-cell function and exacerbation of insulin resistance due to
glucotoxicity play a crucial role in the progression of diabetes
and development of its cardiovascular complications.*!

Interventions that preserve B-cell function and ame-
liorate insulin resistance have been proven to be most
effective in preventing progression to diabetes. Many
studies on lifestyle modification, including diet control
and regular physical exercise,!'"'* and pharmacological
interventions using o-glucosidase inhibitors,'>'¢ insulin
sensitizers, such as metformin'’ and thiazolidinediones,'>'
and incretin-mimetic agents,' have been reported to have
beneficial effects on inhibition of diabetes progression and
complication. Indeed, lifestyle approach is safe, and in the
long run (2—4 years), effectively reduces type-2-diabetes inci-
dence by 28%—58%.""""* However, lifestyle interventions are
notoriously difficult to maintain over a long period. Among
the antidiabetic agents, thiazolidinediones, particularly pio-
glitazone, showed the most remarkable risk reduction (ie, up
to 72%) of IGT conversion to type-2-diabetes.>*!® However,
long-term use of pioglitazone (>2 years) was associated
with discernible weight gain and edema,'® both of which are
not favorable with respect to reducing cardiovascular risks.
Because of these limitations of currently available interven-
tions, there is a need to introduce a new substance for the
treatment of prediabetes.

DLBS3233, a novel bioactive fraction derived from the
plants Cinnamomum burmanii and Lagerstroemia speciosa,
has previously been studied for its insulin-sensitizing
activity.?*?! C. burmanii was obtained from Kerinci, Jambi,
Indonesia, and L. speciosa from Cianjur, West Java, Indonesia.
Both the plants have been identified by Herbarium Bogo-
riense, Research Center for Biology, Indonesian Institute of
Sciences, with reference no 1261/IPH.1.02/If.8/XI1/2009.
A previous study demonstrated the safety and tolerability
of the bioactive fraction DLBS3233 in healthy volunteers.?
An unpublished preliminary study by Suastika et al® also
demonstrated the favorable effects of DLBS3233 on gly-
cemic control in newly diagnosed type-2-diabetes patients.
In this study, DLBS3233 was preliminarily evaluated for
its efficacy and safety in improving insulin resistance and
preserving PB-cell performance as well as for its clinical
impacts in patients with IGT.

Materials and methods
Subjects and study design

This study was conducted in compliance with the Declara-
tion of Helsinki, Good Clinical Practice, and relevant local
regulatory requirements. The study protocol was reviewed
and approved by the Independent Ethics Committee of Anda-
las University, Padang, Indonesia, prior to trial initiation.
Written informed consent from each subject was obtained
prior to screening.

Subjects with IGT, defined as 2-hour postprandial
glucose (2h-PG) level of 140-199 mg/dL assessed by the
oral glucose tolerance test (OGTT),? were recruited from
the clinic of Internal Medicine Department, Dr M Djamil
Padang Hospital, and enrolled in this two-arm, prospective,
double-blind, randomized, and controlled study. Male or
female subjects aged 18—60 years were included. Pregnant
or nursing women, subjects with diabetes mellitus, history
of symptomatic coronary arterial disease, stroke, and any
cardiovascular events, impaired liver function with serum
alanine aminotransferase (ALT) >2.5 times the upper limit
of normal (ULN), impaired renal function with serum crea-
tinine =1.5 times ULN, uncontrolled chronic diseases, and
acute or chronic infections, and those undergoing treatment
with systemic corticosteroids or herbal (alternative) medi-
cines were excluded.

Eligible subjects were randomly allocated to receive
either DLBS3233 or DLBS3233-matched placebo for a
total of 12 weeks of therapy. On the day of enrollment
(at baseline), in the morning after a 10-hour overnight fast,
subjects underwent a standard 75 g OGTT. Plasma glucose
and insulin concentrations were determined from venous
blood samples drawn at time points of 0, 15, and 120 minutes
during OGTT. All clinical and laboratory examinations mea-
suring the investigational product’s efficacy were performed
at baseline, Week 8, and Week 12 (end) of study treatment.
In addition, fasting plasma glucose and 2h-PG were also
measured at Week 4. Safety laboratory examinations (listed
in last paragraph of Subjects and study design section) were
performed at baseline and the end of study, while vital signs
and body weight were measured at baseline and at intervals
of 4 weeks over the study period. Occurrence of adverse
events was observed during the study period.

Insulin sensitivity was quantified as a measure of
hepatic insulin sensitivity during OGTT reflected by
homeostatic model assessment — insulin resistance
(HOMA-IR) index:

[HOMA—IR _ Ins (WU/mL)X Glc, (mmol/L)J.24 0

22.5
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In order to indicate B-cell performance, plasma insulin
levels at 15 minutes (early phase) and 2 hours (second phase)
during OGTT were measured, and the oral disposition index
(Dlo) of the early phase during OGTT:

(DIO _ Alns  (WU/mL)

4,25
+HOMA-IR )
AGle, | (mg/dL)

was also calculated. Further, other metabolic end points, such
as reduction of 15-minute postprandial glucose and 2h-PG,
glucose metabolic clearance rate (MCR) which was estimated
from fasting and 2-hour plasma insulin and glucose levels
during OGTT as described by Stumvoll et al (MCR =13,273—
(0.00384x Ins,,)) — (0.0232x Ins)) — (0.463x Glc ,)),”**’
and fasting triglyceride level, were also measured. Safety
end points were the following: body weight, vital signs, and
electrocardiography; serum ALT, y-glutamy] transferase, and
alkaline phosphatase; and serum creatinine.

Study treatment

The study product, DLBS3233, a bioactive fraction (Dexa
Laboratories of Biomolecular Sciences, PT Dexa Medica,
Cikarang, Indonesia), contained natural components
extracted from the Indonesian native plants: C. burmanii
and L. speciosa. The details of preparation and extraction
procedure as well as the phytochemical characterization of
DLBS3233 were as previously described.??> DLBS3233 was
pharmaceutically formulated in the dosage form of capsules,
each of which contained 50 mg of the bioactive fraction.

The study medication was given at the dose of one
capsule once daily for the first 4 weeks. Based on the evalu-
ation of subjects’ response to treatment at Week 4, subjects
in both groups who were good responders, defined as those
who achieved 2h-PG level <140 mg/dL or a reduction of
2h-PG =10% from baseline, remained at the same regimen,
while the poor responders received a titrated dose of two
capsules once daily, for the subsequent 8 weeks.

At each study visit, subjects were provided with education
on lifestyle modification, such as regular exercise and dietary
advice, by the assigned nutritionist. All subjects were advised to
follow such a lifestyle modification throughout the study period.
Any systemic medications other than the study product that were
considered to interfere with the study evaluation, such as antidi-
abetic agents, systemic corticosteroids, or herbal (alternative)
medicines, were not allowed to be taken during the study.

Statistical analysis
Efficacy analyses were carried out on intent-to-treat popula-
tion, consisting of all patients who were randomized, exposed

to at least one dose of the study product, and then attended at
least one follow-up after treatment initiation. This included
data from withdrawn subjects. Safety analyses were based
on data of all patients who received at least one dose of
study product.

All of the data are expressed as mean * standard devia-
tion unless otherwise specified. Characteristic comparability
between groups at baseline was assessed by independent
t-test for continuous data, or by Pearson chi-square test for
categorical data. Changes from baseline of HOMA-IR, plasma
insulin levels, Dlo, other measured metabolic parameters,
vital signs, as well as body weight at each visit were ana-
lyzed individually between groups by independent #-test. In
addition, each individual variable was analyzed within group
by repeated-measures analysis of variance, followed by con-
trast analysis. Laboratory safety variables at baseline and end
of study were statistically analyzed within group by paired
t-test, and between groups by independent #-test. Throughout
the analysis, the underlying distributional assumptions of
the statistical models should have been met; otherwise, the
corresponding nonparametric tests were used.

Adverse events were presented by system organ class
and World Health Organization adverse reaction dictionary-
preferred term. The number of events and subjects with each
event were tabulated.

SPSS® version 14.0 was used for the analyses.

Results

Participants and baseline characteristics

A total of 80 eligible subjects were enrolled in the study.
Of them, 74 subjects (92.5%) completed the study and were
available for intent-to-treat analysis, with a mean age of
46.917.6 and 50.517.3 years, in DLBS3233 and placebo
groups, respectively, and both groups were of female pre-
dominance (92.1% and 58.3%, respectively). Six subjects
(7.5%) were withdrawn during the study. Of them, three
subjects (two in DLBS3233 and one in placebo groups) were
withdrawn due to noncompliance with the study protocol, one
(in placebo group) due to pregnancy, one (in placebo group)
due to adverse event (abdominal pain), and the remaining
one patient (in placebo group) moved to another town and
did not return for evaluation. Those six subjects could not be
evaluated for efficacy and laboratory safety since they had
no available posttreatment data.

With respect to cardiovascular risk factors and metabolic
disorders, 50.0% and 63.9% of subjects in DLBS3233 and
placebo groups, respectively, had hypertension; 31.6%
and 38.9%, respectively, had dyslipidemia; and 18.4%
and 13.9%, respectively, were obese. All subjects received
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adequate treatment for such relevant concomitant illnesses
during the study participation, with captopril and amlo-
dipine as the predominant antihypertensive agents and
simvastatin as the antihyperlipidemic agent used by study
subjects in both groups. The mean blood pressures (BPs)
were not significantly different between groups, with systolic

BP of DLBS3233 and placebo group at 125.3+16.0 and
133.2+16.7 mmHg, respectively (P=0.326), and diastolic BP
at 81.3£10.4 and 85.3+14.2 mmHg, respectively (P=0.181).
Baseline levels of the observed efficacy and laboratory safety
parameters (Tables 1 and 2, respectively) were all comparable
between groups.

Table | Baseline and improvement of metabolic parameters by DLBS3233 in comparison with placebo

Parameter DLBS3233 (n=38) Placebo (n=36) P-value®
Mean + SD P-value* Mean + SD P-value®
Fasting plasma glucose 5.43+0.48 5.5610.48 NS
(mmol/L) at baseline
Change at Week 8 —0.12+1.89 NS —0.02+0.54 NS NS
Change at Week 12 —0.35+1.81 NS —0.1240.51 NS NS
| 5-minute-postprandial 7.73+1.35 7.75+1.06 NS
glucose (mmol/L) at
baseline
Change at Week 8 —0.63+1.36 0.007 —0.14+1.04 NS NS
Change at Week 12 —0.45+1.46 NS —0.19x1.14 NS NS
2-hour postprandial 8.90+0.82 9.16+0.88 NS
glucose (mmol/L) at
baseline
Change at Week 8 —0.94+1.57 0.001 —0.78%1.65 0.012 NS
Change at Week 12 —1.24+1.60 0.001 —-1.061.92 0.006 NS
Fasting insulin (pmol/L) at 84.38+41.7 76.16156.41 NS
baseline
Change at Week 8 —23.39+31.81 <0.001 —19.49+53.78 0.005 NS
Change at Week 12 —23.25+35.86 <0.001 —14.8453.59 NS NS
| 5-minute-postprandial 435.274+223.19 378.08+167.22 NS
insulin (pmol/L) at baseline
Change at Week 8 —133.80+198.96 <0.001 —95.42+204.91 0.012 0.018
Change at Week 12 —144.78+194.06 <0.001 -71.21£157.19 NS 0.022
2-hour postprandial 1,113.72£550.47 1,004.34+467.01 NS
insulin (pmol/L) at baseline
Change at Week 8 —361.41+507.30 <0.001 —243.211469.44 0.033 NS
Change at Week 12 —455.03+487.56 <0.001 —269.49+467.77 0.024 0.033
HOMA-IR at baseline 3.00£1.76 2.76+2.28 NS
Change at Week 8 (%) -21.91+28.21 0.002 —13.63+33.62 0.005 NS
Change at Week 12 (%) —27.04+29.41 0.001 —4.90+41.27 NS 0.013
Oral disposition index at 0.5140.30 0.641+0.53 NS
baseline
Change at Week 8 +0.25+0.81 0.012 -0.16£1.03 NS 0.032
Change at Week 12 +0.0610.35 NS —0.0810.62 NS NS
Estimated MCR 2.97+£2.97 3.27+2.73 NS
(mL/kg/min) at baseline
Change at Week 8 +2.38+2.79 <0.001 +1.8243.19 <0.001 NS
Change at Week 12 +2.85+2.79 <0.001 +1.7043.05 0.002 0.044
Fasting triglyceride at 1.49+0.70 1.39+0.63 NS
baseline (mmol/L)
Change at Week 8 —0.30+0.63 0.008 —0.15+0.51 NS NS
Change at Week 12 —0.32+0.62 0.004 —0.17+0.38 NS NS

Notes: *Within-group comparisons, statistical significance compared to baseline. "Between-group comparisons. NS, not statistically significant (P>0.05). The changes in each
parameter are the differences from their respective baseline levels. Negative values are reduction from baseline, while positive values, increase from baseline. Baseline: Week

0, before treatment.

Abbreviations: SD, standard deviation; HOMA-IR, homeostatic model assessment — insulin resistance; MCR, metabolic clearance rate.
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Table 2 Effects on organ function and weight

Parameter DLBS3233 (n=38) Placebo (n=36) P-value®
Mean + SD P-value® Mean £ SD P-value®

ALT (U/L) at baseline 29.8+16.8 30.2+18.0 NS

Change at Week 12 -7.0£11.7 0.001 —4.5+14.1 NS NS
v-GT (U/L) at baseline 26.8+26.5 28.0t14.6 NS

Change at Week 12 -4.8+14.7 NS -3.3+14.0 NS NS
AP (U/L) at baseline 69.2+18.8 72.50£19.36 NS

Change at Week 12 —6.3£12.8 0.001 —2.44+10.51 NS NS
Creatinine (mmol/L) at 55.692+11.492 67.184+21.216 0.026
baseline

Change at Week 12 3.536110.608 NS 0.884+8.84 NS NS
SBP (mmHg) at 125.3+16.0 133.2+26.7 NS
baseline

Change at Week 12 —6.4+17.6 0.035 —4.3427.9 NS 0.013
DBP (mmHg) at 81.3+10.4 85.3+14.2 NS
baseline

Change at Week 12 —4.7£12.0 0.026 -3.3£15.3 NS 0.020
Weight (kg) at baseline 67.39+11.13 68.06:10.36 NS

Change at Week 12 —1.85+£2.92 <0.001 —2.23+1.88 <0.001 NS

Notes: *Within-group comparisons, statistical significance compared to baseline. "Between-group comparisons. NS, not statistically significant (P>0.05). Negative values are

reduction from baseline, while positive values, increase from baseline.

Abbreviations: SD, standard deviation; ALT, alanine transaminase; y-GT, y-glutamyl transferase; AP, alkaline phosphatase; SBP, systolic blood pressure; DBP, diastolic blood

pressure.

Sixteen subjects (42.1%) in DLBS3233 group were poor
responders and had their dose regimen titrated from 50 to
100 mg at Week 4 till the end of study, while 15 (41.7%)
subjects in placebo group who met the nonresponders
criteria also had their regimen titrated in order to maintain
the blinding fashion. The remaining subjects were all main-
tained at the same regimen (50 mg daily) until the end of
study.

Improved insulin sensitivity

Table 1 shows that fasting plasma glucose did not change
in both groups. In contrast, fasting insulin in both groups
decreased significantly. When fasting glucose and fasting
insulin were combined as an index of hepatic insulin resis-
tance (HOMA-IR), a more marked improvement was found
in DLBS3233 group than in placebo group (Figure 1A).
A significant reduction of HOMA-IR from baseline in
DLBS3233 group was evident, from 3.00+1.76 to 2.32+1.32
(P=0.002) and to 2.16%+1.17 (P=0.001) at Week 8 and
Week 12, respectively. In placebo group, a significant reduc-
tion from baseline was found at Week 8 (from 2.7612.28
to 2.03+£0.99, P=0.005), but it was then diminished at
Week 12 (to 2.28+1.24, P=0.158 vs baseline). At the end of
study, the percentage of HOMA-IR reduction from baseline
was significantly greater in DLBS3233 group than that in

placebo group (—27.04+£29.41 vs —4.90+41.27, P=0.013)
(Figure 1A).

Improved B-cell performance

At baseline, an elevated first-phase insulin was observed
at comparable level (P=0.088) in both groups (Figure 1B).
A significant improvement (normalization) of the insulin level
was observed in DLBS3233 group, from435.271£223.19 pmol/L
at baseline, to 301.47£185.57 pmol/L (P<<0.001) at Week 8,
and then to 290.48+132.44 pmol/L (P<<0.001) at Week 12.
The changes observed in placebo group were not
statistically significant (P>0.05), from 378.08+£167.22 to
288.85+188.94 pmol/L, and then to 306.87+£184.92 pmol/L,
respectively. The sizes of improvement at Week 8 and
Week 12 were also significantly greater in DLBS3233 group
than that in placebo group (Figure 1B).

Aligned with the improvement of first-phase insulin level,
the second-phase insulin level at Week 8 and Week 12 was
also found to improve markedly in DLBS3233 group, from
1,113.724550.47 to 752.31£550.24 pmol/L (P<<0.001),
and then to 658.701+493.67 pmol/L (P<<0.001), respec-
tively. In contrast, we found no significant improvement
in placebo group (P>0.05), where the level went down
from 1,004.341467.01 to 758.35+459.89 pmol/L, and then
to 734.86£517.54 pmol/L, respectively. At Week 12, the
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Figure | Improvement of insulin resistance and B-cell performance in each group.

Notes: (A) Percentage of HOMA-IR reduction from baseline. (B) First-phase insulin level (pmol/L) during OGTT. (C) Second-phase insulin secretion level (pmol/L) during
OGTT. P-value resulted from statistical comparisons of delta from baseline, DLBS3233 vs placebo, individually at Week 8 and Week 12. *A significant difference (P<<0.05)
between groups was found. NS, not statistically significantly different (P>0.05). If a between-group comparison was not significant (P>0.05), the P-value was not mentioned,

and only displayed as “NS”. Error bars represent standard error of means.

Abbreviations: HOMA-IR, homeostatic model assessment — insulin resistance; OGTT, oral glucose tolerance test.

amount of improvement by DLBS3233 was significantly
greater than that by placebo (Figure 1C).

The preservation of B-cell performance calculated as
the DIlo increased significantly only with DLBS3233 but
was absent in placebo group (Table 1), with the increase at
Week 8 being greater in DLBS3233 group than in placebo
group (0.251£0.81 vs —0.16x1.03, P=0.032).

Improved metabolic parameters: glucose
MCR, postprandial plasma glucose, and
triglyceride levels

In line with the augmentation of insulin sensitivity (reduced
HOMA-IR), we also found an increase of MCR of glucose
at Week 8 and Week 12, in both groups (Table 1), with the
enhancement of MCR at Week 12 being higher in DLBS3233

group than in placebo group (2.85%£2.79 mL/kg/min vs
1.7043.05 mL/kg/min, P=0.044).

In terms of 15-minute postprandial glucose and 2h-PG
during OGTT, despite the significant reduction observed in
DLBS3233 group, the difference between groups was not
statistically significant (Table 1).

A significantly lower level of triglyceride after 8 and
12 weeks of treatment was seen in DLBS3233 group,
from 1.49+0.70 mmol/L at baseline, to 1.20£0.39 mmol/L
(P=0.008), and then to 1.17+0.43 mmol/L (P=0.004),
respectively. In comparison with the placebo, the reductions
of triglyceride level from baseline showed a trend in favor
of DLBS3233 (Table 1).

Additional beneficial effect on the BP

Interestingly, after 12 weeks of treatment, a greater reduc-
tion of systolic and diastolic BPs was found with DLBS3233
(Table 2). In DLBS3233 and placebo groups, the systolic
BPs were reduced from 125.3+16.0 to 118.9+13.9 mmHg
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(P=0.035) vs 133.2426.7 to 129.0£18.3 mmHg (P=0.600),
and the diastolic BPs from 81.3£10.4 to 76.629.4 mmHg
(P=0.026) vs 85.3+£14.2 to 81.94£8.2 mmHg (P=0.200). All
study subjects with hypertension in both groups had controlled
BPs at baseline and received adequate and generally similar
antihypertensive treatment during the study.

Safety to organ functions

DLBS3233 did not adversely affect liver and renal func-
tion as demonstrated in Table 2. Reductions in ALT and
alkaline phosphatase after 12-week treatment (at end of
study) were found with DLBS3233, as compared to their
respective baseline levels. No significant changes in serum
creatinine level were observed in either groups. Body weight
was significantly reduced in both groups, indicating that
DLBS3233 was not associated with weight gain. Further,
other than BPs, the changes of each of the safety parameters
from baseline to the end of treatment were not significantly
different between groups.

Adverse events

A total frequency of 180 adverse events occurred in 20 (of 40)
subjects in DLBS3233 group and 19 (0f40) subjects in placebo
group (Table 3). Of them, adverse events that were regarded
possibly associated with the study product were dizziness,
headache, tremor, and palpitation. No serious hypoglycemic
events were found. All adverse events were mild in severity
and subjects had fully recovered or stabilized at the end of
study. No edema occurred in either groups. Serious and severe
cardiovascular-related adverse events were also not found.

Discussion

Patients with IGT are at high risk of developing type-2-diabetes
since they already have insulin resistance and may have losta
large amount of B-cell function.* IGT is also a strong predic-
tor of metabolic syndrome and arteriosclerotic heart disease.
Approximately 22% of individuals with IGT have at least
one microvascular complication.?®? Therefore, nowadays,
IGT has been attracting more attention for primary preven-
tion of type-2-diabetes and its macrovascular complications.
A growing body of evidence demonstrates that both non-
pharmacological and pharmacological interventions in IGT
have been effective in preventing or delaying macrovascular
complications and conversion to overt diabetes. Our study
preliminarily demonstrated the benefits of DLBS3233 in
improving insulin resistance and preserving B-cell perfor-
mance in subjects with IGT.

Table 3 Adverse events

Adverse events

DLBS3233
(n=40)

Placebo
(n=40)

Number of events (number
of subjects with event)

Central/peripheral nervous system

Anxiety
Appetite exaggerated
Dizziness
Drowsiness
Headache
Insomnia
Local coldness
Tremor
Vertigo
Cardiovascular system
Increased blood pressure
Palpitation
Ophthalmologic system
Blurred vision
Ear, nose, and throat system
Ear ache
Respiratory system
Coughing
Dyspnea
Laryngitis
Pharyngitis
Gastrointestinal system
Abdominal pain
Appendicitis
Constipation
Diarrhea
Gastritis
Nausea
Reproductive system
Menstrual disorder
Urinary system
Polyuria
Oliguria
Musculoskeletal system
Myalgia
Skin and appendages system
Acne
Dermatitis
Pruritus
Hyperpigmentation
Body as whole — general
Feeling unwell
Fever
General weakness
Influenza-like symptoms
Leg pain
Pain
Diaphoresis
Total

3(2)
9(7)
16 (10)
0

8 (6)
(1)
(1)
9 (5)
2(1)

0
1 ()

U]

44)

H(
0
2(2
0

N0
O
15 (9)
H(
2(2
N0
7(4)
108 (20)

0
10 (7)
10 (7)
(1)
2(2)
()
0
2(2)
0

303
4(4)

0

(N

U]

2(2)

)

0]
U]

2(h
0]

44
1 (1)

2 (1)
2(2)

1 (1)

303)

8 (6)

0]

54
70 (19)

Note: One subject might have more than one adverse event.
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In this study, subjects were diagnosed to have IGT based
on the OGTT. B-Cells respond to an increment in glucose
(AGlc) with an increment in insulin (Alns), and this response
is modulated by the severity of insulin resistance. Therefore,
B-cell performance is more appropriately measured as
a function of both insulin secretory response to glucose
stimulus and insulin resistance. Simply measuring plasma
insulin response to assess -cell function may be misleading.*
In our study, we included both the insulin level and insulin
resistance to estimate B-cell performance as reflected by
the DIo. After 12 weeks of treatment, the insulin resistance
was ameliorated in DLBS3233 group as demonstrated by a
significant HOMA-IR reduction (Figure 1A).

Our study showed that augmentation of insulin sensitivity
by DLBS3233, through its insulin-sensitizing properties,?-!
was finally compensated by a significant reduction — which
can also be translated as normalization — of the first- and
second-phase insulin levels as shown in DLBS3233-treated
group after 8 and 12 weeks. This result indicates an insulin-
sparing effect of the treatment. A former study by Kahn*
showed a similar finding that when insulin sensitivity was
improved by exercise, a reduced insulin secretion was
observed. Another study by Ferrannini et al*' and Gastaldelli
et al*? demonstrated that improvement of insulin sensitivity
by insulin sensitizers was associated with a decline in plasma
insulin response. The decline in the first- and second-phase
insulin response has been generally interpreted to reflect the
normal compensatory response of 3-cells to the improvement
of insulin sensitivity and/or reduced plasma glucose level.

Guldstrand et al** demonstrated that the reduction in
insulin secretion was quantitatively not as prominent as the
increase in insulin sensitivity, which increased the disposi-
tion index along with weight reduction. In our study, we also
observed that the increased insulin sensitivity and reduced
insulin demand by DLBS3233 treatment simultaneously led
to the enhanced performance of B-cells, as confirmed by a
significant increase of the Dlo. Increased Dlo basically means
augmented B-cell sensitivity to glucose. However, whether
DLBS3233 exerts a direct effect on the pancreatic B-cells to
enhance insulin secretion remains to be studied.

In line with the augmentation of insulin sensitivity,
the rate of clearance (MCR) of the glucose from circula-
tion was promoted, at a significantly greater extent than
placebo. Nevertheless, the reduction of both 15-minute and
2-hour postprandial glucose levels by DLBS3233 was not
significantly different than that of placebo. Yet, as has been
elaborately described earlier, the finding that the required
15-minute and 2-hour plasma insulin secretion to maintain
the normal level of postprandial glucose was normalized

(lowered) was of clinical importance; it consistently indicated
an improvement of insulin sensitivity.

Bergman et al** and Kahn et al* identified the hyperbolic
relationship between insulin sensitivity and secretion. The
clinical consequence of the hyperbolic relationship is that
increased insulin sensitivity will be compensated by reduc-
tion, or downregulation, of B-cell function, which may be
a mechanism to avoid hypoglycemic episodes.’® Such an
inverse relationship between insulin sensitivity and insulin
secretion indicates that it is impossible to judge insulin
secretion in a given individual without knowing the ambi-
ent insulin sensitivity, since both increases and decreases of
insulin sensitivity are associated with compensatory recipro-
cal changes in insulin secretion.

In brief, the present study demonstrated that the
DLBS3233 treatment augmented insulin sensitivity and
simultaneously preserved the performance of B-cell in
regulating insulin secretion. The finding also indicated a
more effective utilization of insulin by both the liver and
peripheral tissues.

We also noted that even though preservation or improve-
ment of B-cell performance did not occur in placebo group,
the insulin sensitivity index (HOMA-IR) was better than
the corresponding baseline. The improvement observed in
placebo group was possibly attributed to the lifestyle edu-
cation given to all study subjects during their participation
in the study. Lifestyle changes have been proven to delay
the progression of IGT to type-2-diabetes.’” However, non-
adherence to the lifestyle modification for a long period is
a major constraint. Therefore, the use of pharmacological
therapy, such as DLBS3233, is likely to offset, at least in part,
the adverse impacts of non-adherence to lifestyle changes.

About one-third of subjects in DLBS3233 and placebo
groups had dyslipidemia, but all had been adequately treated
before screening. Therefore, at study entry, the average
triglyceride levels of both groups were within the normal
range. However, since the insulin resistance was markedly
improved with DLBS3233, it was not surprising that a sub-
stantial reduction of triglyceride level from baseline was still
observed in that group, after 8 and 12 weeks of treatment.
At both time points, the reduction of triglyceride level was
in favor of DLBS3233.

The findings of this study were consistent with the results
of our previous study in insulin-resistant Wistar rats.” The
augmentation of insulin sensitivity found in this study can
be explained by the action of DLBS3233 in modulating the
expression of genes associated with insulin signaling and
sensitivity, such as peroxisome proliferators-activator receptor
(PPAR)-yand PPAR-$. In vitro studies with 3T3-Swiss-Albino
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preadipocyte cells showed that stimulation of insulin-signaling
transduction by DLBS3233 occurred through the promotion
of tyrosine phosphorylation of the insulin-receptor-substrate
and upregulation of the expression of phosphatidylinositol-
3-kinase, PPAR-y, PPAR-J, and glucose transporter-4 at
the mRNA level.*?! Activation of PPAR~y and PPAR-3 by
DLBS3233 leads to a series of beneficial metabolic effects
on glucose and lipids, suggesting that the product possesses
the potential capacity to decrease the incidence of insulin
resistance-associated diseases.

Interestingly, we found that DLBS3233 was associated
with lowered systolic and diastolic BPs. The mechanism
underlying the beneficial effect of DLBS3233 on BP is
probably associated with the reduced plasma insulin level
and improvement of insulin resistance. It has been widely
known that insulin resistance, through a complex physiologi-
cal interaction with hyperinsulinemia makes an independent
contribution to the elevation of BP.*® Therefore, improve-
ment in insulin sensitivity will produce a certain reduction
in BP, independent of other factors.* Other drugs that
improve insulin sensitivity also demonstrated their effects
in lowering BP, such as rosiglitazone,* pioglitazone,'® and
metformin.* The data suggest that along with its virtues on
glucose metabolism, DLBS3233 might also provide protec-
tion against the development of cardiovascular disease in
prediabetic subjects. Whether or not DLBS3233 has direct
effects on the vascular system remains to be studied.

With respect to the safety parameters, the reductions
in serum ALT and alkaline phosphatase observed with
DLBS3233 were all not clinically significant, indicating
the safety of treatment, with a trend of protective effect on
the liver. A slight increase of the level of serum creatinine
observed at the end of treatment with DLBS3233 was still
far below the ULN, and the increment was not clinically sig-
nificant either. This result indicates the safety of the product
to renal function.

No serious or severe vascular-related adverse events
occurred in either group during the study. Even edema which
was commonly found with use of insulin sensitizers was
not found with DLBS3233 treatment. Significant reduction
of body weight from baseline was observed in both groups,
but still, there was no significant difference between groups.
Other than appendicitis which was unlikely to have causal
relationship with the study product, all adverse events were
mild in severity. All adverse events were completely resolved
by the end of study.

Limitations of the study are acknowledged. First, we had
limited control of the implementation of lifestyle modifica-
tion during the study, where only lifestyle education and

motivation were provided on a regular basis. Variations in
the implementation of lifestyle modification might interfere
with study results. However, employing random allocation
in the study should ensure the equal distribution between
groups, of adherent and non-adherent subjects to lifestyle
modification. In addition, such a situation more resembles
the real situation in community. The second limitation is
that the duration of this study was too short for us to evalu-
ate the ultimate goal of treating IGT subjects, that is, the
prevention of conversion to type-2-diabetes. However, this
study may serve as a sound ground to justify a larger out-
come research with a longer duration of treatment and more
refined study design to evaluate the risk reduction of type-
2-diabetes by DLBS3233 treatment in prediabetic subjects
and to confirm the real benefits of DLBS3233 treatment in
prediabetes.

Conclusion

This study demonstrated that DLBS3233 treatment at the
dose of 50-100 mg once daily was promisingly efficacious in
improving insulin sensitivity and preserving the performance
of B-cells. The findings are vital in the attempt to prevent IGT
conversion to overt diabetes. The product was also very well
tolerated without unfavorable effects on then cardiovascular
system, such as weight gain and edema.
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