
O R I G I N A L  R E S E A R C H

The Effect and Safety Assessment of Metformin and 
DLBS3233 (A Bioactive Fraction of Lagerstroemia 
speciosa and Cinnamomum burmannii) on Improving 
Metabolic Parameters in Women with Polycystic 
Ovary Syndrome
Syarief Thaufik Hidayat1,2, Inu Mulyantoro1,2, Suhartono Damas3, Raymond R Tjandrawinata 4

1Obstetric Gynecology Department, Faculty of Medicine, Diponegoro University, Semarang, Indonesia; 2Obstetric Gynecology Department, 
Dr. Kariadi Hospital, Semarang, Indonesia; 3Enviromental Health Department, Diponegoro University, Semarang, Indonesia; 4Research and Business 
Development, Dexa Laboratories of Biomolecular Science Research, Tangerang, Indonesia

Correspondence: Syarief Thaufik Hidayat, Department of Obgyn, Faculty of Medicine, Diponegoro University, Kariadi Hospital Semarang, Central Java, Jalan 
dr. Sutomo No. 16, Randusari, Kecamatan Semarang Selatan, Kota Semarang, Semarang, 50244, Indonesia, Tel +62 812 2924 346, Email tofik.obg@gmail.com 

Background: Polycystic ovary syndrome (PCOS) can lead to compensatory hyperinsulinemia with consequent metabolic abnormalities in 
women. In this study, DLBS3233 and Metformin were used to be tested. DLBS3233 itself is the new insulin-sensitizing drug, a combination- 
bioactive-fraction derived from two Indonesian herbals, Lagerstroemia speciosa and Cinnamomum burmannii. DLBS3233 alone and in 
combination with metformin were evaluated for efficacy and safety in insulin-resistant women with polycystic ovary syndrome (PCOS).
Methods: A randomized, double-blind, 3-arm, double-dummy, non-inferiority, and also a controlled clinical study was conducted at the 
Dr. Kariadi Hospital, Indonesia, between October 2014 and February 2019. The study involved 60 female subjects (with 20 female subjects 
in each group) that had polycystic ovary syndrome (PCOS).Treatment I consists of one placebo capsule twice per day and one 100 mg 
DLBS3233 capsule once per day. Treatment II consists of one placebo caplet once per day and one 750 mg Metformin XR caplet twice 
per day. Treatment III consists of one 750 mg Metformin XR caplet twice per day and one 100 mg DLBS3233 capsule once per day.
Results: In treatment I, the homeostatic model assessment for insulin resistance (HOMA-IR) levels were 3.55, 3.59, and 3.80 
at pretest, 3 months, and 6 months after intervention, respectively. In treatment II, the HOMA-IR level were 4.00, 2.21, and 4.40 at 
pretest, 3 months, and 6 months after intervention respectively. In treatment III, the HOMA-IR levels were 3.30, 2.86, and 3.12 at 
pretest, 3 months, and 6 months after intervention, respectively. There was no apparent difference existed in the fasting plasma glucose 
(FPG), high-density lipoprotein (HDL), triglycerides, ferriman-gallwey scores (FGS), and safety assessment on vital signs and 
laboratory examinations (liver function and renal function) in all groups.
Conclusion: Either DLBS3233 alone or the DLBS3233/Metformin combination showed no significant efficacy and did not negatively 
affect cardiovascular function, liver and kidney function in PCOS subjects.
ClinicalTrials.gov Identifier: NCT01999686 Date: 3rd of December, 2013.
Keywords: homeostatic model assessment for insulin resistance, metabolic parameters, DLBS3233, metformin, polycystic ovary 
syndrome

Introduction
The most prominent endocrine condition affecting women is polycystic ovary syndrome (PCOS). This 5% to 10% of 
procreative women are affected by it. It can cause anovulation in 15% to 20% of infertile women.1–6 Hyperandrogenic 
characteristics, prolonged oligoanovulation, or polycystic ovarian morphology (PCOM) are used to define PCOS. But 
during the past 35 years, it has grown increasingly obvious that PCOS is also a major metabolic disorder associated with 

International Journal of Women’s Health 2023:15 971–985                                                 971
© 2023 Hidayat et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Women’s Health                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 7 March 2023
Accepted: 29 June 2023
Published: 4 July 2023

In
te

rn
at

io
na

l J
ou

rn
al

 o
f W

om
en

's
 H

ea
lth

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-0461-9874
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


significant insulin action abnormalities and dysfunction of the pancreatic β-cell.7,8 A major risk factor for dysglycemia 
and Type 2 Diabetes Mellitus (T2DM) in women is PCOS. Instead of impaired fasting glucose, dysglycemia in PCOS 
often manifests as impaired glucose tolerance (IGT). Obesity, PCOS, and T2DM are frequent complex illnesses linked to 
reactive fasting hyperinsulinemia and insulin resistance.9

A powerful anabolic hormone, insulin, has a variety of impacts on numerous cell types. Insulin’s primary metabolic 
effects include increasing glucose absorption by skeletal muscle and fat cells, boosting skeletal muscle glycogen 
synthesis, limiting the creation of glucose in the liver, and preventing lipolysis in adipocytes.10 Although it is generally 
accepted that insulin’s primary target tissues are the liver, skeletal muscle, and adipose tissue, there is mounting evidence 
that insulin also serves critical physiological and biological roles in a variety of other tissues and cell types, including the 
brain, the heart, pancreatic beta-cells, and endothelial cells.11 Insulin sensitizers have been suggested as a potential 
treatment for this illness since insulin resistance and hyperinsulinemia have an important role in its pathophysiology.12,13 

Consequently, improving insulin resistance with lifestyle changes or by taking a diabetes medication is part of the current 
PCOS treatment.14

Metformin, an oral biguanide insulin-sensitizing agent, is widely used in PCOS treatment. Metformin affects glucose 
production, peripheral glucose utilization, insulin levels, insulin receptors, significantly decreasing hepatic glucose produc-
tion, fatty acid levels, and insulinemia. Moreover, metformin boosts the expression of the glucose transporter (GLUT-4), 
insulin receptor binding, intracellular glucose transport, and insulin receptor tyrosine kinase activity. It also increases 
peripheral glucose uptake and oxidative and non-oxidative glucose metabolism.15–18 Together, these effects may improve 
insulin resistance. However, up to 50% of people who use metformin experience gastrointestinal side symptoms like vomiting, 
diarrhea, and abdominal discomfort. Those with renal impairment should not use metformin.19–21 Patients with renal 
dysfunction receiving metformin therapy (as evidenced by reduced creatinine clearance) should be accompanied by close 
monitoring of renal function.22–24 Therefore, there is a necessity to find an alternative agent that is more tolerable for patients 
and effective in alleviating insulin resistance in PCOS patients, thus improving pregnancy rates.5,25

The National Agency of Drug and Food Control, Republic of Indonesia, has approved the new insulin-sensitizing 
drug DLBS3233, which is presently being sold for the treatment of type 2 diabetes. DLBS3233 is a combination- 
bioactive-fraction generated from Lagerstroemia speciosa and Cinnamomum burmannii, two Indonesian herbs.26,27 PI- 
3-kinase (phosphatidylinositol-3-kinase), GLUT-4 (glucose transporter-4), Akt, PPAR-gamma, and PPAR-delta were all 
expressed at the mRNA level in 3T3 Swiss Albino preadipocyte cells as a result of DLBS3233, according to preclinical 
investigations. At the mRNA level, it also decreased the expression of the resistin gene and raised the expression of 
GLUT-4 and adiponectin.28 When DLBS3233 was administered to insulin-resistant Wistar rats, the levels of blood 
glucose, insulin, as well as triglycerides, total cholesterol, high-density lipoprotein, and low-density lipoprotein, were all 
found to be under control. Studies on teratogenicity, subchronic poisoning, and toxic effect have validated the reliability 
of DLBS3233.29

Based on the pharmacological activities of DLBS3233, known to improve insulin-signal transduction sensitivity, 
DLBS3233 may also benefit women with PCOS.27,30 So far, there are no studies investigating the application of 
DLBS3233 to PCOS treatment. Therefore, in this study, DLBS3233 and its comparator (Metformin XR) will be used 
as a single pharmacological therapy on top of a lifestyle modification intervention.31

Materials and Methods
A randomized, double-blind, 3-arm, double-dummy, non-inferiority and also a controlled clinical study was conducted 
from October 2014 until February 2019 at the Kariadi Hospital, Semarang. Participants were recruited using consecutive 
sampling and were randomly allocated by a third party to prevent bias and produce high internal validity. To maintain 
a double-blind procedure, we used double dummies in this study. The inclusion criteria were women of reproductive age 
(18–40 years), wished to conceive, came to Kariadi Hospital, had body mass index (BMI) of 19 to 35 and a HOMA-IR of 
more than 2.00, had menstrual irregularity (cycles more than 35 days or no menses in the last of 3 months), had 
polycystic ovary shown by ultrasonography (USG), and consented to be included in this study.

The exclusion criteria covered pregnant or nursing women. The conditions causing hyperandrogenism were also 
excluded, such as congenital adrenal hyperplasia, Cushing syndrome, androgen-secreting tumors, hyperprolactinemia, 
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uncontrolled thyroid disease, and any severe conditions like diabetes mellitus, uncontrolled hypertension, cardiovascular 
diseases, and impaired renal or liver function that could adversely impact the subject’s health or interrupt the study’s 
assessment.

The participants were divided into three treatment groups. The Treatment I group was given one 100 mg DLBS3233 
capsule once per day and 1 Metformin XR placebo caplet twice per day. Treatment II group was given 1 DLBS3233 
placebo capsule once per day and one 750 mg Metformin XR caplet twice per day. Treatment III group was given one 
100 mg DLBS3233 capsule once per day and one 750 mg Metformin XR caplet twice per day. The investigational drug’s 
efficacy was assessed clinically at baseline and at one-month intervals. At the start of the trial, in the middle (month 3), 
and at the end (month 6), laboratory tests were done to assess the metabolic efficacy indicators. The designated 
nutritionist counseled the subjects on general lifestyle adjustments. Throughout their involvement in the study, all 
subjects adhered to behavioral, nutritional, and exercise programs that involved lifestyle adjustments. Every time 
a follow-up visit was made, the Investigator and Nutritionist evaluated how well the individuals had been doing with 
their lifestyle changes. These evaluations were especially thorough at the baseline, month 3, and month 6 of the study.

The primary efficacy endpoint was the metabolic parameter HOMA-IR decline from baseline at the study’s conclu-
sion. The metabolic endpoints served as the secondary efficacy endpoints. (a. Lipid profile improvement from baseline, 
month 3, and final study results: levels of triglycerides, total cholesterol, HDL cholesterol, and LDL cholesterol. 
b. Development in glucose tolerance from baseline, month 3, and final study results: decreasing of 2-hour post-meal 
and fasting glucose levels c. A decrease in body mass index from the initial measurement and at each consecutive time 
point of assessment. d. Any variations in waist measurement from the initial measurement and at each consecutive time 
point of assessment. Vital signs were monitored at baseline and at each study visit, and safety inspections were assessed 
both at the beginning and completion of the trial. Throughout the study, adverse events were closely monitored. Vital 
signs (blood pressure, pulse rate, respiration rate), electrocardiography (ECG), Liver function: serum ALT, serum AST, 
serum alkaline phosphatase, Renal function: blood urea nitrogen (BUN), serum creatinine and adverse occurrences were 
tracked and observed during the assessment. For the liver function and renal function assessment, the blood sample taken 
will be mixed with their respective reagents and serum, and result can be read on photometer (in AST assessment, before 
mixing with the serum with sample and reagent, being incubated first for 10 minutes in 37° Celcius). For other laboratory 
parameters, the photometer was used to obtain the data, with added blood sample and the respective reagents. HOMA-IR 
result determined by the formula of fasting insulin in mU/L times fasting glucose in mg/dL, then divided by 405. And for 
the glucose assessment, the subjects must prepare before the blood sample taken by fasting (8 hours for FPG and 2 hours 
for 2h-PG).

IBM SPSS Statistics for Windows, version 20.0, was used to conduct the statistical analysis. Descriptive statistics 
were used to tabulate and summarize the demographic data and baseline traits of the study population. After 6 months of 
treatment, the improvement (reduction) in HOMA-IR in subjects receiving DLBS3233 was not non-inferiority if the 
estimated 95% upper confidence limit of the difference between groups was below 0.5 points. Vital signs and all 
laboratory examinations at each visit were descriptively summarized in the table of means. The parameters at the end of 
the study were observed between groups by analysis of variance (ANOVA). To correspond to the underlying distribu-
tional assumptions of the statistical models, the variables required log transformations. Alternatively, the matching non- 
parametric test was applied. At a significance threshold of 0.05, every statistical analysis was conducted. Kariadi Hospital 
Ethics Committee gave their approval for this study.

Results
There were 70 subjects who fulfilled the inclusion criteria. Three treatment groups for the subjects were assigned at 
random. Subjects were given the 100 mg DLBS3233 capsule once per day and 1 Metformin XR placebo caplet twice 
per day, the DLBS3233 placebo capsule once per day and one 750 mg Metformin XR caplet twice per day, and the 
100 mg DLBS3233 capsule once per day and one 750 mg Metformin XR caplet twice per day, according to their 
treatment groups. A total of 10 subjects dropped out of the study (Figure 1). Seven subjects were not followed up on, one 
subject relocated, and two subjects felt the duration of treatment was too long. There were 60 subjects available for 
analysis in total, divided into 20 subjects in each group.
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The mean ages were 27.40 ± 2.44 years in the combination group, 28.60 ± 4.63 years in the DLBS3233 group, and 
27.80 ± 2.55 in the metformin group. More than 75% of the subjects were obese. Ferriman-Gallwey scores in the three 
groups were 7.85 ± 2.54, 9.85 ± 3.03, and 9.25 ± 1.33, respectively. The mean baseline HOMA-IR in the three groups 
were 3.30 ± 1.14, 3.55 ± 1.09, and 4.00 ± 1.78, respectively. The characteristics of the groups did not significantly differ 
from one another (Table 1). Despite substantial contrasts between the groups for 2h-PG and total cholesterol at baseline, 
meaningful differences were often not detected in a statistically significant manner. Table 2 shows the results of both tests 

Figure 1 Flow of study.

Table 1 Demographics and Biochemical Characteristics

Variable Combination (N = 20) DLBS3233 (N = 20) Metformin XR (N = 20) p-values
Mean ± SD Mean ± SD Mean ± SD

Demographic

Age (years) 27.40 ± 2.44 28.60 ± 4.63 27.80 ± 2.55 0.740

Baseline characteristics

Height (m) 1.55 ± 0.04 1.58 ± 0.07 1.55 ± 0.05 0.119

Weight (kg) 73.10 ± 10.21 77.63 ± 13.46 74.43 ± 9.19 0.421

BMI (kg/m2) 30.36 ± 3.88 30.88 ± 3.88 30.89 ± 3.25 0.875

SBP (mmHg) 116.00 ± 7.54 112.50 ± 5.50 116.50 ± 6.71 0.136

DBP (mmHg) 74.50 ± 7.59 75.00 ± 6.07 74.50 ± 6.05 0.859

Pulse (per minute) 80.30 ± 3.96 81.70 ± 4.60 80.35 ± 6.66 0.384

Respiratory rate (per minute) 19.00 ± 1.38 19.50 ± 1.10 18.70 ± 1.49 0.149

(Continued)
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comparing HOMA-IR reductions from baseline in all subjects. Meanwhile, Table 3 displays the result of between- and 
within-group analysis of the HOMA-IR absolute value. Figure 2 plots the absolute value of HOMA-IR at each time point 
for each group.

Table 1 (Continued). 

Variable Combination (N = 20) DLBS3233 (N = 20) Metformin XR (N = 20) p-values
Mean ± SD Mean ± SD Mean ± SD

Waist circumference (cm) 87.80 ± 9.27 92.30 ± 9.24 86.20 ± 7.76 0.084

Ferriman-Gallwey score 7.85 ± 2.54 9.85 ± 3.03 9.25 ± 1.33 0.125

Baseline laboratory parameters

FPG (mg/dL) 84.68 ± 8.58 86.97 ± 10.02 88.60 ± 8.92 0.405

2h-PG (mg/dL) 128.87 ± 26.55 149.89 ± 23.42 128.85 ± 31.03 0.024*

Fasting insulin (mU/L) 15.59 ± 4.27 16.56 ± 5.02 18.34 ± 7.47 0.363

HOMA-IR 3.30 ± 1.14 3.55 ± 1.09 4.00 ± 1.78 0.374

LDL (mg/dL) 134.93 ± 27.14 152.52 ± 29.15 126.05 ± 43.98 0.053

HDL (mg/dL) 41.47 ± 9.18 40.52 ± 8.52 37.25 ± 7.23 0.253

Total cholesterol (mg/dL) 195.08 ± 24.83 214.41 ± 33.63 191.05 ± 34.58 0.049*

Triglycerides (mg/dL) 149.04 ± 62.92 156.28 ± 51.17 211.80 ± 173.96 0.591

AST (U/L) 20.94 ± 6.08 23.33 ± 8.64 22.35 ± 9.28 0.649

ALT (U/L) 30.41 ± 18.72 27.17 ± 15.08 28.95 ± 16.21 0.964

AP (U/L) 63.70 ± 17.36 71.20 ± 22.72 60.70 ± 15.36 0.304

Creatinine (mg/dL) 0.64 ± 0.07 0.62 ± 0.11 0.67 ± 0.10 0.312

BUN (mg/dL) 8.27 ± 1.77 9.13 ± 2.09 8.55 ± 1.49 0.306

General health status:
Good (n) 20 20 20 N/A

Moderate (n) 0 0 0

Poor (n) 0 0 0

Note: *Significant at significance criteria of 0.05. 
Abbreviations: 2h-PG, 2-hour postprandial glucose; ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; BMI, body 
mass index; BUN = blood urea nitrogen; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL, high density lipoprotein; HOMA-IR, homeostasis 
model assessment – insulin resistance; LDL, low density lipoprotein; SBP, systolic blood pressure.

Table 2 Test of Primary Efficacy Endpoint: the Improvement (Reduction) of HOMA-IR from Baseline

Time Combination  
(N = 20)  

Mean (SE)

Difference  
(95% CI)a

p-valueb DLBS3233  
(N = 20) 

Mean (SE)

Difference  
(95% CI)c

p-valued Metformin 
XR  

(N = 20) 
Mean (SE)

Month 3 −0.45 (0.42) 1.31 (0.12,2.50) 0.031* −0.003 (0.43) 1.75 (0.55,2.96) 0.021* −1.76 (0.43)
Month 6 −0.17 (0.60) −0.59 (−2.24,1.06) 0.478 0.20 (0.68) −0.22 (−2.00,1.56) 0.211 0.42 (0.57)

Notes: *Significant at significance criteria of 0.05. aDifference = mean reduction of HOMA-IR in Combination group subtracted by mean reduction of HOMA-IR in 
metformin XR group (reduction of HOMA-IR was calculated as the value of HOMA-IR at the corresponding visit subtracted by the value of HOMA-IR at baseline). bp-value 
from 2-tailed test for superiority. cDifference = mean reduction of HOMA-IR in DLBS3233 group subtracted by mean reduction of HOMA-IR of metformin XR group. 
dp-value from 1-tailed test for non-inferiority. 
Abbreviations: SE, standard error; CI, confidence interval.
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Table 3 Comparison of HOMA-IR Value Between- and Within-Group

ITT

Time Combination  
(N = 20) Mean (SE)

p-valuea Difference  
(95% CI)b

p-valuec DLBS3233  
(N = 20) Mean (SE)

p-valued Difference  
(95% CI)e

p-valuef Metformin XR  
(N = 20) Mean (SE)

p-valueg

Month 0 3.30 (0.30) - −0.70 (−1.54,0.15) 0.105 3.55 (0.30) - −0.45 (−1.30,0.40) 0.291 4.00 (0.30) -

Month 3 2.86 (0.35) 0.288 0.65 (−0.35,1.65) 0.202 3.59 (0.36) 0.914 1.38 (0.37,2.39) 0.008* 2.21 (0.36) 0.000*
Month 6 3.12 (0.67) 0.768 −1.28 (−3.15,0.59) 0.176 3.80 (0.75) 0.718 −0.61 (−2.59,1.37) 0.542 4.40 (0.65) 0.482

PP

Time Combination  
(N = 19) Mean (SE)

p-valuea Difference  
(95% CI)b

p-valuec DLBS3233  
(N = 12) Mean (SE)

p-valued Difference  
(95% CI)e

p-valuef Metformin XR  
(N = 18) Mean (SE)

p-valueg

Month 0 3.26 (0.33) - −0.75 (−1.68,0.18) 0.110 3.61 (0.41) - −0.41 (−1.46,0.65) 0.443 4.01 (0.33) -
Month 3 2.74 (0.28) 0.192 0.46 (−0.35,1.28) 0.257 3.06 (0.37) 0.290 0.79 (−0.16,1.73) 0.100 2.27 (0.29) 0.000*

Month 6 3.04 (0.68) 0.707 −1.47 (−3.37,0.44) 0.128 3.96 (0.82) 0.621 −0.55 (−2.66,1.57) 0.606 4.51 (0.66) 0.397

Notes: *Significant at significance criteria of 0.05. ap-value within Combination group, the value of HOMA-IR at baseline as reference. bDifference = mean HOMA-IR of Combination group subtracted by mean HOMA-IR of metformin 
XR group. cp-value of the difference between Combination group and metformin XR group. dp-value within DLBS3233 group, the value of HOMA-IR at baseline as reference. eDifference = mean HOMA-IR of DLBS3233 group subtracted 
by mean HOMA-IR of metformin XR group. fp-value of the difference between DLBS3233 group and metformin XR group. gp-value within metformin XR group, the value of HOMA-IR at baseline as reference. 
Abbreviations: SE, standard error; CI, confidence interval.
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However, the trend observed in the 3rd and 6th months was different. In the earlier time point, reductions in HOMA- 
IR were surprisingly lower in the combination group than in the control (Metformin XR) group. It reversed in the latter 
time point, though superiority was not proven. As for the non-inferiority hypothesis, the 95% CI of the difference 
included zero and a delta of 0.5 points (non-inferiority margin), showing that no significant difference existed between 
the groups; however, the result regarding non-inferiority was inconclusive. The disagreement in these results was only 
observed in the 3rd-month time-point in the ITT set, whereby HOMA-IR improvement was noticeably better in the 
control group (Table 2). The absolute values of HOMA-IR at each time point in either the combination or the DLBS3233 
group were not notably different from the Metformin XR group, respectively. When compared to the value at baseline, 
the HOMA-IR value in the Metformin XR group was considerably lower three months after the treatment, but it bounced 
back afterward. Finally, the HOMA-IR value in the DLBS3233 group seemed stable over time (Table 3, Figure 2). 
Metformin alone showed significant improvement at month 3, but these improvements could not be sustained (rebound 
effect). HOMA-IR rose again from month 3 to month 6. Single Inlacin also provided improvement, although the results 
were not significant. Meanwhile, when Metformin was combined with Inlacin, HOMA-IR was significantly improved 
after 3 and 6 months, suggesting the role of Inlacin in maintaining the improvement in insulin resistance by Metformin 
(resisting the rebound effect) in long-term Metformin use. These results show a long-term synergy between Inlacin and 
Metformin. Therefore, the improvement of HOMA-IR with the combination of Inlacin/Metformin after 6 months tends to 
be superior to Metformin alone.

Table 4 presents the values of each variable at each time point. These values were also compared between groups and 
within-group. The outcomes referred to the improvement (reduction or increase) of each variable at each time point in 
contrast to the baseline value.

No noticeable difference was seen in the improvement of FPG in either the combination or the DLBS3233 group 
compared to the Metformin XR. The value of FPG in both treatment groups slightly increased over time, while it 
decreased in the 3rd month in the control group before increasing again in the 6th month. The value of 2h-PG in the 
combination and the Metformin XR group tended to increase after treatment, although no significant within-group 
analysis was observed. It was also observed that the 2h-PG value in the DLBS3233 had a considerably greater in the 
comparison to the control group at baseline and in the 3rd month, respectively (Table 4).

After a 6-month treatment period, DLBS3233 showed a substantial increase in LDL levels compared to the control 
group. The combination group’s LDL levels first dropped in the third month before rising afterwards, while levels 
consistently increased in the Metformin XR group. It was only the DLBS3233 group that succeeded in lowering LDL 

Baseline Month 3 Month 6

Combination 3,30 2,86 3,12

DLBS3233 3,55 3,59 3,80

Metformin XR 4,00 2,21 4,40

0,00

1,00

2,00

3,00

4,00

5,00

6,00

H
O
M
A
-I
R

HOMA-IR

↑ 0.05
p = 0.914

↑ 0.25
p = 0.718

↓ 0.44
p = 0.288

↓ 0.18
p = 0.768↓ 1.79

p = 0.000*

↑ 0.40
p = 0.482

Figure 2 Absolute values of HOMA-IR at each time point.
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Table 4 Secondary Efficacy Endpoints: Comparison of the Absolute, Between- and Within-Group Values

Variable Time Combination  
(N = 20) 
Mean (SE)

p-valuea Difference  
(95% CI)b

p-valuec DLBS3233  
(N = 20) Mean 
(SE)

p-value Difference  
(95% CI)e

p-valuef Metformin XR 
(N = 20)  
Mean (SE)

p-valueg

FPG Month 0 84.68 (2.00) - −3.92 (−9.58,1.75) 0.172 86.97 (2.00) - −1.63 (−7.30,4.04) 0.567 88.60 (2.00) -

Month 3 86.25 (2.39) 0.506 2.00 (−4.79,8.79) 0.558 87.16 (2.41) 0.936 2.91 (−3.91,9.74) 0.397 84.25 (2.41) 0.071
Month 6 90.39 (3.68) 0.111 −0.39 (−10.76,9.98) 0.940 90.53 (4.01) 0.360 −0.25 (−11.08,10.58) 0.964 90.78 (3.63) 0.533

2h-PG Month 0 128.87 (5.92) - 0.02 (−16.74,16.77) 0.999 149.89 (5.92) - 21.04 (4.28,37.80) 0.015* 128.85 (5.92) -

Month 3 134.97 (7.58) 0.481 4.96 (−16.78,26.70) 0.649 161.57 (8.42) 0.216 31.56 (8.62,54.49) 0.008* 130.01 (7.75) 0.895

Month 6 139.89 (8.00) 0.168 4.55 (−18.17,27.27) 0.689 151.86 (9.16) 0.828 16.52 (−7.88,40.92) 0.180 135.35 (8.00) 0.414

ET Month 0 5.94 (0.64) - −0.79 (−2.59,1.02) 0.387 5.50 (0.64) - −1.23 (−3.03,0.58) 0.179 6.73 (0.64) -

Month 3 6.17 (0.97) 0.845 0.34 (−2.47,3.15) 0.807 5.38 (1.05) 0.923 −0.45 (−3.37,2.48) 0.761 5.83 (1.02) 0.461
Month 6 7.04 (1.66) 0.544 0.98 (−3.73,5.69) 0.678 9.41 (1.92) 0.061 3.35 (−1.74,8.44) 0.193 6.06 (1.66) 0.713

LDL Month 0 134.93 (7.47) - 8.88 (−12.24,30.00) 0.404 152.52 (7.47) - 26.47 (5.35,47.59) 0.015* 126.05 (7.47) -
Month 3 128.67 (5.81) 0.212 −1.61 (−18.12,14.91) 0.846 145.47 (6.11) 0.188 15.19 (−1.73,32.11) 0.078 130.27 (5.86) 0.404

Month 6 139.05 (6.37) 0.468 6.66 (−11.38,24.69) 0.463 139.31 (6.94) 0.039* 6.92 (−11.92,25.75) 0.465 132.39 (6.37) 0.265

HDL Month 0 41.47 (1.82) - 4.22 (−0.93,9.37) 0.106 40.52 (1.82) - 3.27 (−1.88,8.42) 0.209 37.25 (1.82) -

Month 3 41.07 (1.67) 0.746 0.54 (−4.22,5.29) 0.822 41.16 (1.75) 0.632 0.62 (−4.25,5.49) 0.800 40.54 (1.69) 0.010*

Month 6 43.09 (1.66) 0.257 4.14 (−0.57,8.86) 0.084 40.72 (1.82) 0.898 1.77 (−3.16,6.71) 0.475 38.95 (1.66) 0.235

TC Month 0 195.08 (6.83) - 4.03 (−15.28,23.34) 0.678 214.41 (6.83) - 23.36 (4.05,42.67) 0.019* 191.05 (6.83) -

Month 3 190.03 (6.29) 0.317 −2.28 (−20.14,15.58) 0.799 199.95 (6.62) 0.010* 7.65 (−10.67,25.97) 0.407 192.31 (6.34) 0.805
Month 6 201.22 (6.61) 0.311 3.25 (−15.48,21.98) 0.730 195.12 (7.24) 0.005* −2.85 (−22.45,16.76) 0.773 197.97 (6.61) 0.254

TG Month 0 149.04 (24.15) - −62.76 (−131.08,5.56) 0.071 156.28 (24.15) - −55.52 (−123.84,12.81) 0.109 211.80 (24.15) -
Month 3 162.57 (14.84) 0.523 4.78 (−37.51,47.08) 0.822 123.53 (16.03) 0.140 −34.25 (−78.22,9.71) 0.124 157.78 (15.02) 0.013*

Month 6 155.57 (19.51) 0.764 −33.62 (−88.89,21.65) 0.228 138.75 (21.62) 0.459 −50.44 (−108.70,7.82) 0.088 189.19 (19.51) 0.301

FGS Month 0 7.85 (0.53) - −1.40 (−2.89,0.09) 0.064 9.85 (0.53) - 0.60 (−0.89,2.09) 0.422 9.25 (0.53) -

Month 3 8.10 (0.50) 0.268 −1.25 (−2.67,0.17) 0.082 9.70 (0.50) 0.505 0.35 (−1.07,1.77) 0.623 9.35 (0.50) 0.657

Month 6 7.74 (0.52) 0.637 −1.46 (−2.94,0.01) 0.051 9.69 (0.53) 0.523 0.49 (−0.99,1.97) 0.512 9.20 (0.52) 0.832

BMI Month 0 30.28 (0.80) - −0.61 (−2.87,1.65) 0.593 30.87 (0.80) - −0.02 (−2.28,2.24) 0.984 30.89 (0.80) -

Month 1 29.87 (0.80) 0.002* −0.70 (−2.97,1.58) 0.543 30.73 (0.80) 0.287 0.16 (−2.11,2.43) 0.887 30.57 (0.80) 0.014*
Month 2 29.50 (0.85) 0.000* −0.96 (−3.37,1.44) 0.426 30.41 (0.85) 0.032* −0.06 (−2.47,2.35) 0.961 30.47 (0.85) 0.048*

Month 3 29.36 (0.87) 0.000* −0.95 (−3.40,1.51) 0.442 30.52 (0.87) 0.136 0.21 (−2.25,2.66) 0.865 30.31 (0.87) 0.015*

Month 4 29.23 (0.84) 0.000* −1.05 (−3.44,1.33) 0.381 30.47 (0.85) 0.110 0.19 (−2.20,2.58) 0.875 30.28 (0.84) 0.014*
Month 5 29.21 (0.85) 0.000* −0.94 (−3.35,1.46) 0.436 30.52 (0.85) 0.208 0.36 (−2.05,2.77) 0.765 30.16 (0.85) 0.007*

Month 6 29.32 (0.84) 0.001* −0.84 (−3.21,1.53) 0.482 30.48 (0.84) 0.162 0.32 (−2.06,2.69) 0.789 30.16 (0.84) 0.006*
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WC Month 0 87.80 (1.92) - 1.60 (−3.82,7.02) 0.557 92.30 (1.92) - 6.10 (0.68,11.52) 0.028* 86.20 (1.92) -

Month 1 86.40 (1.96) 0.029* 0.25 (−5.30,5.80) 0.928 91.48 (1.96) 0.192 5.33 (−0.22,10.87) 0.060 86.15 (1.96) 0.936

Month 2 85.65 (2.02) 0.003* 0.60 (−5.11,6.31) 0.834 90.75 (2.02) 0.027* 5.70 (−0.005,11.41) 0.050* 85.05 (2.02) 0.098
Month 3 84.78 (2.03) 0.000* 0.40 (−5.33,6.13) 0.889 90.90 (2.03) 0.074 6.53 (0.79,12.26) 0.026* 84.38 (2.03) 0.021*

Month 4 84.75 (1.94) 0.000* 0.05 (−5.45,5.55) 0.986 90.92 (1.95) 0.104 6.22 (0.71,11.73) 0.028* 84.70 (1.94) 0.074

Month 5 85.56 (1.92) 0.014* −0.29 (−5.71,5.14) 0.916 92.25 (1.95) 0.955 6.40 (0.93,11.86) 0.023* 85.85 (1.91) 0.689
Month 6 84.92 (1.80) 0.004* −0.23 (−5.32,4.85) 0.927 93.43 (1.84) 0.281 8.28 (3.14,13.42) 0.002* 85.15 (1.79) 0.275

FT Month 0 8.27 (3.29) - 1.41 (−7.79,10.61) 0.760 12.00 (3.21) - 5.14 (−3.95,14.22) 0.262 6.86 (3.21) -
Month 6 5.78 (1.11) 0.461 −0.48 (−3.64,2.68) 0.762 7.14 (1.26) 0.150 0.89 (−2.49,4.26) 0.600 6.25 (1.11) 0.854

Notes: *Significant at significance criteria of 0.05. ap-value within Combination group, the value of variable at baseline as reference. bDifference = mean variable in Combination group subtracted by mean variable in metformin XR group. 
cp-value of the difference between Combination group and metformin XR group. dp-value within DLBS3233 group, the value of variable at baseline as reference. eDifference = mean variable in DLBS3233 group subtracted by mean 
variable in metformin XR group. fp-value of the difference between DLBS3233 group and metformin XR group. gp-value within metformin XR group, the value of variable at baseline as reference. 
Abbreviations: SE, standard error; CI, confidence interval.
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levels, leading to significant within-group analysis at the end of the study. Of note, significantly increased LDL values 
were found in the DLBS3233 group than the control group at baseline. A significant difference was found in the change 
in HDL in the 3rd month between the combination and the Metformin XR group, implying better results in the 
Metformin XR group. No significant within- and between-groups analysis was observed in all treatment groups; 
however, in the third month after treatment, a substantial change was seen in the Metformin XR group.

The change in total cholesterol was similar to that of LDL. Interestingly, the significant improvement in total 
cholesterol in the DLBS3233 group was evident since the 3-month treatment period. As for triglycerides, the 
DLBS3233 group’s pattern in changes matched that of the control group, where levels decreased in the 3rd month and 
then increased afterward. However, a significant reduction was found at 3 months in the Metformin XR group only. In 
contrast, in both groups, the triglycerides value in the combination group changed in the opposite direction, leading to 
a significant increase in the 3rd month versus the control group. The value of FGS in the DLBS3233 and the Metformin 
XR group was similar at each time point and in the combination group. However, the absolute value of FGS at each time 
points in this group, compared to the control group, was noticeably lower. The BMI and waist circumference measure-
ments were conducted every month during the study period (Figure 3). Because there were more repeated measurements 
per subject, a compound symmetry structure was applied instead of the unstructured covariance matrix in the analysis of 
within- and between-groups comparison to prevent over-parameterization. Meanwhile, analysis on the improvement of 
the value was performed only in the 3rd and 6th months. BMI and waist circumference reductions did not differ 
significantly from one another at each time point between the combination and the DLBS3233 group, respectively, versus 
the Metformin XR group. Within-group analysis showed a consistent significant difference of BMI and waist circum-
ference at each time point compared to baseline only in the combination group. It was also worth mentioning that the 
absolute values of waist circumference were considerably higher in the DLBS3233 group compared to the control 
(Metformin XR) group from baseline onward.

DLBS3233, Metformin, and the combination of DLBS3233/Metformin reduced BMI and waist circumference. Safety 
assessment on vital signs and laboratory examinations (liver function and renal function) between groups were compared 
by ANOVA at the conclusion of the study, assuming normality (using either Kolmogorov–Smirnov or Shapiro–Wilk test) 
and equality of the variances. The results are displayed in Table 5.

There was no significant difference in all safety parameters between the groups at the conclusion of the study. The 
values in all groups were considered normal clinically, suggesting that the treatments did not adversely affect any 
laboratory safety parameters. This result concludes the safety of DLBS3233 in PCOS subjects. Inlacin and the 
DLBS3233/Metformin combination did not negatively affect cardiovascular function, liver and kidney function in 
PCOS subjects.

Figure 3 Absolute BMI values at each time point.
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Most adverse events were considered mild and unrelated to the investigational drug. There were two adverse events in 
the DLBS3233 group that were considered moderate but unrelated to the investigational drug: nausea (1 event) and 
diarrhea (1 event). In the Metformin XR group, these events were considered moderate and possibly/probably related to 
the drug use: appetite decreased (1 event), vomiting (1 event), diarrhea (1 event), and watery stools (1 event); while other 
events were moderate and unrelated to the investigational drug: gastritis (1 event), fever (1 event), and measles (1 event).

Several adverse events that were considered related to the treatment in the combination group were dizziness, 
vomiting, diarrhea, generalized weakness, shivering. In the DLBS3233 group, it was gastritis. In the Metformin XR 
group, subjects reported dizziness, decreased appetite, nausea, diarrhea, vomiting, watery stools, pounding heart, 
menorrhagia, generalized weakness, and shivering. Common adverse events experienced by subjects during the study 
included dizziness, nausea, general weakness, diarrhea, and bloating. Adverse outcomes were substantially less frequent 
in the Inlacin group. All adverse outcomes were tolerated well during the study.

Discussion
Lagerstroemia speciosa and Cinnamomum burmannii are two components of the standardized extract blend known as 
DLBS3233, which is thought to have anti-diabetic properties. According to earlier research, these extracts can help lower 
blood glucose levels. Preclinical research on DLBS3233 showed higher expression of genes linked to better insulin 
signaling and sensitivity, including PPARγ, PPARδ, phosphatidylinositol-3 kinase (PI3kinase), Akt, as well as 
GLUT4.26,28,32,33 Also, in comparison to control cells, this bioactive fraction considerably reduced resistin while 
significantly increasing glucose absorption and adiponectin secretion. Furthermore, DLBS3233 treatment improved 
levels of total cholesterol, triglycerides, HDL, and LDL lipoproteins, as well as blood glucose and insulin in Wistar 

Table 5 Comparison of Safety Between Groups

Variable Combination (N = 23) 
Mean (SE)

DLBS3233 (N = 24) 
Mean (SE)

Metformin XR (N = 23) 
Mean (SE)

p-value 
(2-tailed)

Vital signs

SBP (mmHg) 115.26 (1.60) 114.71 (1.51) 117.75 (1.28) 0.128†

DBP (mmHg) 73.16 (1.34) 74.71 (1.25) 73.50 (1.09) 0.718†

Pulse (per minute) 81.42 (0.68) 82.53 (0.92) 81.40 (0.96) 0.592

Respiratory rate (per minute) 18.84 (0.35) 19.18 (0.30) 19.10 (0.23) 0.685†

Liver function

AST (U/L) 21.40 (14.28) 21.68 (9.19) 19.77 (6.96) 0.778†

ALT (U/L) 28.57 (20.07) 27.72 (16.89) 29.56 (16.95) 0.868†

AP (U/L) 62.35 (20.16) 65.41 (17.28) 61.48 (13.87) 0.688†

Renal function

Creatinine (mg/dL) 0.63 (0.09) 0.64 (0.08) 0.65 (0.10) 0.733

BUN (mg/dL) 9.05 (3.42) 8.34 (2.87) 7.98 (1.89) 0.822†

Serious Adverse Events Severity Relationship Duration Outcome

Measles (No. 130, Metformin Group) Moderate None 20–29 Oct 16 Recovered

Gastritis (No. 137, Metformin Group) Moderate None 5–11 Sep 16 Recovered

Tonsilitis (No. 137, Metformin Group) Mild None 5–19 Sep 16 Recovered

Urinary tract infection (No. 137, 

Metformin Group)

Mild None 5–8 Oct 16 Recovered

Notes: *Significant at significance criteria of 0.05. †Analysis using non-parametric test (Kruskal–Wallis) because the assumption of normality and/or homogeneity of 
variances was not met. 
Abbreviation: SE, standard error.
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breed rats with insulin resistance (Rattus norvegicus). Moreover, DLBS3233 reduced fasting blood sugar, insulin levels, 
and lipid profile more in combination with metformin or glimepiride. Hence, DLBS3233 is an excellent mixture of herbal 
extract with therapeutic uses for the treating T2DM and perhaps in the prevention of diabetes.

The GLUT4 gene expression was analyzed to find out how DLBS233 supports glucose transport. The concentration 
of DLBS3233 that most strongly induced GLUT4 expression in 3T3 cells was 5 μg/mL. When compared to control cells, 
the concentration increased GLUT4 expression by 1.9 times. According to this finding, DLBS3233 markedly enhanced 
GLUT4 expression, which in turn improved glucose absorption by cells. Moreover, both with and without the presence of 
insulin, the up-regulation of GLUT4 expression by DLBS3233 was contrasted with that of pioglitazone. The expression 
of GLUT4 was shown to be up to twice as high in response to DLBS3233 at a concentration of 5 μg/mL than the control, 
surpassing the effects of pioglitazone (1.25 times) and insulin alone (1.35 times).

In our study, the combination of DLBS3233 and metformin reduced plasma glucose levels, even though neither agent 
alone induced hypoglycemia in normoglycemic subjects. A number of glycemic indicators and lipid profiles were 
improved by the agent in earlier clinical studies examining its safety and effectiveness, it can be summarized that 
DLBS3233 is safe and effective in lowering blood glucose and improving other glycemic parameters in T2DM. In 
patients with metabolic syndrome, characterized by insulin resistance and dyslipidemia, DLBS3233 offers a possibility 
for better type-2-diabetes management by addressing the root of the problem rather than just treating the disease 
symptoms. Glycemic control improvement by DLBS3233 was also shown by the reduction of HbA1c level, observed 
after six weeks of treatment. However, as an insulin sensitizer, DLBS3233 showed little effect on 2 hour- PPPG in the 
study. Besides enhancing insulin sensitivity and glycemic control, DLBS3233 also showed additional benefits in 
improving the lipid profile. The DLBS3233 treatment in this study decreased levels of LDL cholesterol, triglycerides, 
and total cholesterol, but it appeared to have no effect on HDL cholesterol levels.26 Insulin-resistant pre-adipocytes and 
mature adipocytes uptake glucose at a considerably lower level than their non-insulin-resistant counterparts in the 3T3 
fibroblast Swiss albino cells used in earlier animal research. Also, in comparison to those who are insulin-resistant, 
normal pre-adipocytes and adipocytes were observed to begin absorbing glucose earlier.28

Less than 5% of 3T3 insulin-resistant Swiss albino adipocyte cells could absorb glucose before therapy (control cells). 
The uptake ability was improved by up to four times, or around 20%, after treatment with DLBS3233. Thus, it is said that 
DLBS3233 to be just as effective as metformin at encouraging absorption of glucose.28,34,35 In a Phase 1 clinical trial, 
eligible participants were used to compare the safety of DLBS3233 to that of the active control, pioglitazone 30 mg, and 
the negative control.26 According to DLBS3233’s safety profile, the product was secure and quite well by fit, 
normoglycemic, and non-obese participants. The research showed that there was a very small chance that DLBS3233 
would cause hypoglycemia and that the extract was both harmless and highly acceptable. Earlier research demonstrated 
the presence of novel active chemicals in the leaf extract of Lagerstroemia speciosa, which can activate tyrosine kinase, 
control glucose transport, and suppress adipogenesis. Recent research has shown that cinnamon extract has anti-diabetic 
impacts on type-2 diabetic people and db/db mice.36

Metformin plus DLBS3233 decreased the levels of plasma total cholesterol and triglycerides. However, the effect of 
metformin was rebound. The effect of DLBS3233 was consistent during the 6 months of treatment. The combination of 
DLBS3233/metformin attenuated the rebound effect of metformin. The effect of DLBS3233 (9mg/kg) on lipid profile 
compared with metformin (90mg/kg) and glimepiride (0.72mg/kg), regarded as the standard medication for diabetes 
mellitus, was investigated in the serum of rats with induced diabetes. According to the study, taking DLBS3233 once 
a day for two weeks caused a significant (p < 0.05) decrease in total cholesterol (17.12%) and triglycerides (47.72%) 
compared to diabetic control (induced-diabetic rats which were untreated). Total cholesterol, LDL cholesterol, and 
triglyceride levels were greatly decreased by DLBS3233, which also enhanced the lipid profile.28

Both treatment and their combination did not significantly affect LDL and HDL. Consistent with other lipid profiles, 
the profile of metformin effect on LDL seemed to rebound from month 3 to 6. The effect of DLBS3233 was consistent 
during the 6 months of treatment. DLBS3233 also lowered the fasting blood glucose, insulin level, and lipid profile when 
given together with metformin. In diabetic rats given metformin, fasting blood glucose reduced by 14.36%, total 
cholesterol by 17.66%, and triglycerides by 36.87%. In diabetic rats given both metformin and DLBS3233, fasting 
blood glucose was reduced by 18.16%, total cholesterol by 27.86%, and triglycerides by 50.99%. In diabetic rats given 
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glimepiride, fasting blood glucose was reduced by 18.66% and total cholesterol by 12.41%.In diabetic rats given 
glimepiride and DLBS3233, fasting blood glucose was reduced by 24.24% and total cholesterol by 13.81%.28

Taken together, the results of the study showed that DLBS3233 can regulate levels of triglycerides, total cholesterol, 
high-density lipoprotein (HDL), low-density lipoprotein (LDL), and blood glucose, insulin, and other lipoproteins. Our 
study showed that DLBS3233, metformin, and the combination of DLBS3233/metformin reduced BMI and waist 
circumference. Weight increase was not a result of combining DLBS3233 with additional oral anti-diabetic medications. 
In a previous study, DLBS3233 influenced lipid metabolism via PPAR delta, and no body weight changes occurred.28

Edema was never reported by study participants, indicating safety for diabetic patients with heart failure who take 
DLBS3233. Moreover, acute toxicology, sub-chronic toxicology, chronic toxicology, and teratogenic studies also proved 
that DLBS3233 is safe and well-tolerated.

Conclusion
No apparent differences existed in the absolute value of HOMA-IR at each time point between the combination group 
and the Metformin XR group. Meanwhile, as comparison to the Metformin XR group, the HOMA-IR value in the 
DLBS3233 group was considerably greater in the third month. Within the combination group, the HOMA-IR value 
significantly decreased in the third month and sixth month, respectively. The HOMA-IR value in the DLBS3233 group 
was stable over time, showing no significant reduction at each time point. In the Metformin XR group, in the third month, 
the HOMA-IR value considerably decreased, but tended to increase after three months, showing no significant difference 
with the value at baseline.

In general, the improvement of each secondary endpoint compared to baseline for the combination group and the 
DLBS3233 group, respectively, was not significantly different during the 6-month study period. However, only in the 
DLBS3233 group, the value of triglycerides reduced stably, though it was only statistically significant at the third month 
in the ITT set of subjects. Another interesting remark was the analysis of the pregnancy rate, which showed higher odds 
of being pregnant when a subject was treated with either the DLBS323 or combination of DLBS3233 and the Metformin 
XR compared to Metformin XR alone, respectively.

Concerning the safety analysis, there was no significant difference in all safety parameters between groups at the 
conclusion of the study. All values of vital signs and laboratory examinations in both groups were considered normal 
clinically at each time point. Most adverse events were considered as mild and unrelated to the investigational drug.

Limitation of the Study
This study has two significant flaws that could be fixed in follow-up investigations. First, the sample size is relatively 
limited. Second, the lack of cooperation from some participants. By gathering more samples, the result expects to be 
more satisfactory.

Data Sharing Statement
The research data supporting the publication was available to all authors. The collection of data for the present work are 
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