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ABSTRACT

Objective: DLBS3233, a new insulin sensitizing agent for Type 2 diabetes, is a combination-bioactive-fraction derived from two herbs, i.e., Lagerstroemia 
speciosa and Cinnamomum burmannii. Since insulin resistance plays a central pathogenic role in polycystic ovary syndrome (PCOS), DLBS3233 has the 
potential to benefit women with such a condition, in whom menstrual irregularity, chronic anovulation or infertility are manifested. This clinical study 
was performed to evaluate the clinical efficacy of DLBS3233 as a single pharmacological therapy in improving follicle maturity in women with PCOS 
measured by a transvaginal ultrasonography (USG).

Methods: The open study enrolled 14 PCOS subjects from the Obstetrics and Gynecology Department of Sam Ratulangi University/Prof. Dr. Kandou 
Hospital, satellite hospitals, and private practices. Patients were measured for the dominant follicle diameter using transvaginal USG. Subjects were 
given DLBSS3233 capsule at a dose of 1 capsule at 100 mg once daily for 30 days of the treatment. At the end of the study, patients’ follicle diameters 
were re-assessed. The difference in follicle diameters was compared within the group (within-subject) by paired t-test, with a significance level (α) 
of 0.05.

Results: Among 14 PCOS enrolled subjects, 57.2% aged between 26 and 30 years old. There were similar proportions of subjects with normal body 
mass index (42.8%) and overweight(42.8%). Before treatment (at baseline), the mean follicle diameter was 4.094±1.016  mm. After 30  days of 
treatment, it increased significantly to 8.594±1.647 mm (p<0.001 versus baseline). There were 10 subjects (71.4%) showed follicles with size ranging 
between 5 and 10 mm, while the remaining 4 subjects (28.6%) had them bigger than 10 mm.

Conclusion: Through this study, DLBS3233 at the dose of 100 mg once daily for 30 days showed a potential benefit for PCOS patients, particularly in 
improving follicle maturity expressed as an increased follicular diameter.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common endocrine 
disorder in women. It affects 5-10% women of reproductive age and 
contributes up to 15-20% to anovulation among infertile women [1]. 
Peripheral insulin resistance involving both intrinsic and acquired 
defects in insulin signaling likely plays a central pathogenic role in 
PCOS. Cellular insulin resistance in PCOS has been further implied to 
involve a novel post-binding defect in insulin signal transduction [1,2]. 
Hyperinsulinemia may have gonadotropin-augmenting effects on 
ovarian function [1]. In addition, insulin resistance in PCOS has been 
associated with lowered adiponectin level, a hormone secreted by 
adipocytes that regulate lipid metabolism and glucose levels. Both lean 
and obese women with PCOS have lower adiponectin levels than women 
without PCOS [1]. Thus, insulin resistance contributes to increased risk 
for pregnancy complications, diabetes, and cardiovascular disease risk 
profile in PCOS, which is further exacerbated by obesity [2].

Insulin resistance is also thought to play a critical role in the development 
of the metabolic syndrome [3,4]. The prevalence of the metabolic 
syndrome is much higher in women with PCOS (33-46%) [5‑7] 
compared with normal women (6% of women aged 20-29  years and 
15% of those aged 30-39 years) [8]. The metabolic syndrome has been 
associated with an increased risk of incident diabetes, cardiovascular 
disease, and cardiovascular mortality [9-11]. Consequently, women 
with PCOS are at increased risk for Type  2 diabetes, dyslipidemia, 
hypertension, and atherosclerosis [12-15].

The mainstream of PCOS therapy, ovulation induction with clomiphene 
citrate, has been shown to have a high rate of failure since such therapy 

alone does not interfere with insulin resistance which is, in fact, of high 
prevalence (64.4%) among PCOS women [16]. Therefore, treatment 
of PCOS has currently been involving therapy to improve the insulin 
resistance through lifestyle therapy or with a diabetes drug.

The treatment of PCOS with pioglitazone, like other thiazolidinediones, 
may result in ovulation in some premenopausal anovulatory 
women [17,18]. Compared with placebo, pioglitazone treatment 
in PCOS was associated with improvements in insulin action and 
glucose homeostasis and ameliorated the hyperandrogenic ovarian 
response [19]. However, pioglitazone treatment have been associated 
with exacerbate or lead to congestive heart failure [20,21], edema 
[22,23], weight gain [24], anemia [25], liver toxicity [26-28], lowered 
bone density, and increased fracture risk [29,30].

DLBS3233 is a new insulin sensitizing agent for Type  2 diabetes. 
DLBS3233 is a combination-bioactive-fraction derived from two herbs, 
i.e.,  Lagerstroemia speciosa and Cinnamomum burmannii. Preclinical 
studies of DLBS3233 have shown that it increased the expression of 
phosphatidylinositol-3-kinase, Akt, glucose transporter-4 (GLUT‑4), 
peroxisome proliferator-activated receptor gamma (PPAR-γ) and 
PPAR-δ at the mRNA level of 3T3 Swiss Albino preadipocyte cells. It also 
reduced the expression of resistin gene and increased the expression 
of GLUT-4 and adiponectin at mRNA level [31,32]. DLBS3233 
administered to insulin resistant Wistar rats showed an ability to 
control blood sugar, insulin levels, and other lipoproteins, including 
high-density lipoprotein, low-density lipoprotein, triglycerides, and 
total cholesterol [32]. Acute toxicity [33], subchronic toxicity [34], and 
teratogenic [35] studies have proven the safety of DLBS3233.
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Based on pharmacological activities of DLBS3233, it was hypothesized 
that the agent may pose benefits to PCOS-laden female patients. This 
study was aimed at clinical evaluation of DLBS3233 in improving 
follicle maturity in women with PCOS measured by transvaginal 
ultrasonography (USG).

METHODS

Female patients with PCOS, who came to the Obstetrics and Gynecology 
Department of Sam Ratulangi University/Prof. Dr.  Kandou Hospital, 
satellite hospitals, and private practices, since July 2014 to November 
2014, were recruited for this study. The inclusion criteria were female 
patients at reproductive age (i.e.,  18-40  years old) and the diagnosis 
of PCOS confirmed by fulfilling, at least, two of the Rotterdam 
Criteria [36]. Patients were excluded if they were pregnant or lactating; 
known to have any of the following conditions which may also cause 
hyperandrogenism, such as Cushing’s syndrome, late onset of congenital 
adrenal hyperplasia, androgen secreting tumors, uncontrolled thyroid 
disease, and hyperprolactinemia. Patients with the current medical 
condition as judged by the investigator could jeopardize subject’s 
health or interfere with the study evaluation, such as Diabetes mellitus, 
other cardiovascular diseases (symptomatic ischemic heart disease, 
unstable angina pectoris, heart failure), and medically-assisted weight 
loss with medications or surgical procedures were also excluded.

The study protocol had been reviewed and approved by the Ethics 
Committee of Prof. Dr.  Kandou Hospital, prior to the study conduct. 
Written informed consent was obtained from each subject prior to their 
participation.

This was an open study with DLBS3233 involving PCOS subjects. Study 
subjects were measured for the follicle diameter using transvaginal 
USG. Subjects were given DLBSS3233 capsules at 100  mg once daily 
after breakfast, over 30 days of the treatment. At the end of the study, 
patients were re-assessed for follicle diameter. The follicle diameter 
was compared within groups by paired t-test (α=0.05). A  statistical 
analysis was done using SPSS version 20.0. All continuous variables are 
presented as mean±standard deviation, while categorical variables are 
presented as number (proportion in %).

RESULTS

There were 14 eligible subjects recruited for this study, with all subjects 
showed PCOS as confirmed by two of the Rotterdam Criteria 2003 [36]. 
The most subjects (57.2%) aged between 26 and 30 years old. There 
were similar proportions of subjects having normoweight (42.8%) and 
overweight (42.8%). Baseline characteristics are shown in Table 1.

The most subjects (71.4%) had follicles with size ranging between 
2 and 4  mm before administration of DLBS3233. After 30  days of 
treatment with DLBS3233, there were 10 subjects (71.4%) showed 
follicle sizes ranging between 5 and 10  mm on USG examination; 
and 4 subjects (28.6%) with follicle sizes bigger than 10  mm. The 
proportions of subjects with certain follicle size are presented in 
Table 2. The mean diameters of the follicle before and after treatment 
of DLBS3233 are shown in Table 3.

DISCUSSION

The efficacy of DLBS3233 in this study was measured as the 
improvement of follicle size, which confers the state of follicular 
maturity in women with PCOS. The follicle size was measured using 
transvaginal USG.

In the United States (US), some studies report that the prevalence of 
overweight and obesity in women with PCOS is as high as 80%. Outside 
the US, the prevalence of obesity in affected women is lower, although it 
has increased overtime with studies reported rates as low as 20% [37]. 
Many women with PCOS are overweight, although about one-third 
to one-half of women with PCOS actually is of normal weight   [38]. 

This was also reflected in our study, 42.8% subjects with PCOS had 
normoweight, while 42.8% and 14.4% subjects were overweight and 
obese, respectively (Table 1). PCOS is associated with defects in insulin 
sensitivity and secretion that are further exacerbated by obesity. Obese 
women are more likely to have menstrual irregularity and anovulatory 
infertility than normal-weight women. In reproductive-age women, the 
relative risk of anovulatory infertility increases at a body mass index 
(BMI) of 24 kg/m2 and continues to rise with increasing BMI [37].

According to a study by Brettenthaler et al. [39], pioglitazone given 
for 3 months in patients with PCOS significantly increased the rate of 
induction of ovulation from 5.6% to 41.2% compared with a placebo 
control group. Our study with DLBS3233, a natural-origin insulin 
sensitizer, showed that proportion of subjects with follicle diameter 
5-10  mm increased from 28.6% at baseline to 71.4% after 30  days 
of treatment. Further, there were 28.6% of subjects showing follicle 
diameter >10  mm at the end of treatment (Table  2). Even though a 
follicle is regarded mature and counts as ovulation if its diameter is 
≥16  mm [40], the significantly increasing size of the follicles after 
treatment (Table  3) may be seen as an early indication of a clinical 
improvement in fertility. This promising result was likely due to an 
indirect impact of the improvement in insulin resistance by DLBS3233. 
DLBS3233 exerts its action through phosphorylation at the tyrosine 
residue of the insulin receptor substrate. Furthermore, the mechanism 
of action for DLBS3233 is involving the stimulation of PPAR-γ, thereby 
increasing insulin sensitivity and reducing insulin resistance [32]. The 
improvement of insulin resistance contributes to the development of 
ovarian follicle becoming mature follicle.

DLBS3233 was very well tolerated by all study subjects. There were no 
adverse events occurred during this study.

Altogether, these results showed that DLBS3233 could possibly be 
considered an option therapy for women with PCOS.

The limitations of this study were the small sample size, open study and 
short duration of treatment. Besides, we did not select the PCOS subjects 
limitedly to those with insulin resistance, a population who is likely to 
benefit more from DLBS3233 treatment. Despite those limitations, 
however, the results of this study have provided a preliminary evidence 
of the efficacy of DLBSS3233 treatment in improving follicle diameter 

Table 1: Baseline characteristics of study subject

Characteristic N (%)
Age

18‑25 years old ‑
26‑30 years old 8 (57.2)
31‑35 years old 2 (14.3)
36‑40 years old 4 (28.5)

BMI (kg/m2)
18.0‑24.9 (normoweight) 6 (42.8)
25.0‑29.9 (overweight) 6 (42.8)
>30.0 (obese) 2 (4.4)

N: Number of subjects, BMI: Body mass index

Table 2: Proportion of subjects with certain follicle 
size (expressed in diameter) before and after treatment of 

DLBS3233

Follicle diameter 
(mm)

Before
N (%)

After
N (%)

<2 ‑ ‑
2‑4 10 (71.4) ‑
5‑10 4 (28.6) 10 (71,4)
>10 ‑ 4 (28.6)
Total 14 (100) 14 (100)
N: Number of subjects
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in patients with PCOS. Indeed, based on such promising findings we are 
currently conducting larger randomized clinical studies with a longer 
study period as well.

CONCLUSION

Through this study, DLBS3233 at the dose of 100  mg once daily for 
30  days showed a potential benefit for PCOS patients, particularly 
in improving follicle maturity expressed as an increased follicular 
diameter.

ACKNOWLEDGMENT

Participation of all subjects of the study is gratefully appreciated. The 
authors also thank and acknowledge Indah Abdilah, Pharm, for her 
assistance in preparing this manuscript.

REFERENCES

1.	 Badawy A, Elnashar A. Treatment options for polycystic ovary 
syndrome. Int J Womens Health 2011;3:25-35.

2.	 Pauli JM, Raja-Khan N, Wu X, Legro RS. Current perspectives 
of insulin resistance and polycystic ovary syndrome. Diabet Med 
2011;28(12):1445-54.

3.	 Haffner SM, D’Agostino R Jr, Festa A, Bergman RN, Mykkänen  L, 
Karter A, et al. Low insulin sensitivity (S(i) = 0) in diabetic and 
nondiabetic subjects in the insulin resistance atherosclerosis study: 
Is it associated with components of the metabolic syndrome and 
nontraditional risk factors? Diabetes Care 2003;26(10):2796-803.

4.	 Hanley AJ, D’Agostino RJ, Wagenknecht LE, Saad MF, Savage PJ, 
Bergman R, et al. Increased proinsulin levels and decreased acute 
insulin response independently predict the incidence of Type  2 
diabetes in the insulin resistance atherosclerosis study. Diabetes 
2002;51(4):1263-70.

5.	 Apridonidze T, Essah PA, Iuorno MJ, Nestler JE. Prevalence and 
characteristics of the metabolic syndrome in women with polycystic 
ovary syndrome. J Clin Endocrinol Metab 2005;90(4):1929-35.

6.	 Ehrmann DA, Liljenquist DR, Kasza K, Azziz R, Legro RS, Ghazzi MN. 
Prevalence and predictors of the metabolic syndrome in women with 
polycystic ovary syndrome. J Clin Endocrinol Metab 2006;91(1):48‑53.

7.	 Glueck CJ, Papanna R, Wang P, Goldenberg N, Sieve-Smith L. 
Incidence and treatment of metabolic syndrome in newly referred 
women with confirmed polycystic ovarian syndrome. Metabolism 
2003;52:908-15.

8.	 Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome 
among US adults: Findings from the third National Health and Nutrition 
Examination Survey. JAMA 2002;287(3):356-9.

9.	 Haffner SM, Valdez RA, Hazuda HP, Mitchell BD, Morales PA, 
Stern MP. Prospective analysis of the insulin-resistance syndrome 
(syndrome X). Diabetes 1992;41(6):715-22.

10.	 Isomaa BA, Tuomi T, Forsen B, Lahti K, Nissen M, Taskinen MR, et al. 
Cardiovascular morbidity and mortality associated with the metabolic 
syndrome. Diabetes Care 2001;24(4):683-9.

11.	 Trevisan M, Liu J, Bahsas FB, Menotti A. Syndrome X and mortality: 
A population-based study. Risk Factor and Life Expectancy Research 
Group. Am J Epidemiol 1998;148(10):958-66.

12.	 Dunaif A. Hyperandrogenic anovulation (PCOS): A  unique disorder 
of insulin action associated with an increased risk of non-insulin-
dependent diabetes mellitus. Am J Med 1995;98(1A):33S-9.

13.	 Legro RS, Kunselman AR, Dodson WC, Dunaif A. Prevalence 
and predictors of risk for Type  2 diabetes mellitus and impaired 
glucose tolerance in polycystic ovary syndrome: A prospective, 
controlled study in 254 affected women. J  Clin Endocrinol Metab 
1999;84(1):165-9.

14.	 Lo JC, Feigenbaum SL, Yang J, Pressman AR, Selby JV, 
Go  AS. Epidemiology and adverse cardiovascular risk profile of 

diagnosed polycystic ovary syndrome. J  Clin Endocrinol Metab 
2006;91(4):1357‑63.

15.	 Ehrmann DA, Barnes RB, Rosenfield RL, Cavaghan MK, Imperial J. 
Prevalence of impaired glucose tolerance and diabetes in women with 
polycystic ovary syndrome. Diabetes Care 1999;22:141-6. Available 
from: http://www.dx.doi.org/10.2337/diacare.22.1.141.

16.	 DeUgarte CM, Bartolucci AA, Azziz R. Prevalence of insulin 
resistance in the polycystic ovary syndrome using the homeostasis 
model assessment. Fertil Steril 2005;83(5):1454-60.

17.	 Ghazeeri G, Kutteh WH, Bryer-Ash M, Haas D, Ke RW. Effect 
of rosiglitazone on spontaneous and clomiphene citrate-induced 
ovulation in women with polycystic ovary syndrome. Fertil Steril 
2003;79(3):562‑6.

18.	 Ota H, Goto T, Yoshioka T, Ohyama N. Successful pregnancies treated 
with pioglitazone in infertile patients with polycystic ovary syndrome. 
Fertil Steril 2008;90(3):709-13.

19.	 Aroda VR, Ciaraldi TP, Burke P, Mudaliar S, Clopton P, Phillips S, et al. 
Metabolic and hormonal changes induced by pioglitazone in polycystic 
ovary syndrome: A randomized, placebo-controlled clinical trial. J Clin 
Endocrinol Metab 2009;94(2):469-76.

20.	 Lincoff AM, Wolski K, Nicholls SJ, Nissen SE. Pioglitazone and risk 
of cardiovascular events in patients with Type 2 diabetes mellitus: A 
meta-analysis of randomized trials. JAMA 2007;298(10):1180-8.

21.	 Tzoulaki I, Molokhia M, Curcin V, Little MP, Millett CJ, Ng A, et al. 
Risk of cardiovascular disease and all-cause mortality among patients 
with Type 2 diabetes prescribed oral antidiabetes drugs: Retrospective 
cohort study using UK general practice research database. BMJ 
2009;339:b4731.

22.	 Basu A, Jensen MD, McCann F, Mukhopadhyay D, Joyner MJ, 
Rizza  RA. Effects of pioglitazone versus glipizide on body fat 
distribution, body water content, and hemodynamics in Type 2 diabetes. 
Diabetes Care 2006;29(3):510-4.

23.	 Yki-Järvinen H. Thiazolidinediones. N  Engl J Med 
2004;351(11):1106‑18.

24.	 Aronoff S, Rosenblatt S, Braithwaite S, Egan JW, Mathisen  AL, 
Schneider RL. Pioglitazone hydrochloride monotherapy 
improves glycemic control in the treatment of patients with 
Type  2 diabetes: A 6-month randomized placebo-controlled dose-
response study. The  Pioglitazone 001 Study Group. Diabetes Care 
2000;23(11):1605‑11.

25.	 Czoski-Murray C, Warren E, Chilcott J, Beverley C, Psyllaki MA, 
Cowan J. Clinical effectiveness and cost-effectiveness of pioglitazone 
and rosiglitazone in the treatment of Type  2 diabetes: A systematic 
review and economic evaluation. Health Technol Assess 2004;8(13):iii, 
ix-x, 1-91.

26.	 Tolman KG, Freston JW, Kupfer S, Perez A. Liver safety in patients 
with type 2 diabetes treated with pioglitazone: Results from a 3-year, 
randomized, comparator-controlled study in the US. Drug Saf 
2009;32(9):787-800.

27.	 Watkins PB, Whitcomb RW. Hepatic dysfunction associated with 
troglitazone. N Engl J Med 1998;338(13):916-7.

28.	 Desouza CV, Shivaswamy V. Pioglitazone in the treatment of Type 2 
diabetes: Safety and efficacy review. Clin Med Insights Endocrinol 
Diabetes 2010;3:43-51.

29.	 Home PD, Pocock SJ, Beck-Nielsen H, Curtis PS, Gomis R, Hanefeld M, 
et al. Rosiglitazone evaluated for cardiovascular outcomes in oral agent 
combination therapy for Type  2 diabetes (RECORD): A multicentre, 
randomised, open-label trial. Lancet 2009;373(9681):2125-35.

30.	 Schwartz AV, Sellmeyer DE, Vittinghoff E, Palermo L, Lecka‑Czernik B, 
Feingold KR, et al. Thiazolidinedione use and bone loss  in  older 
diabetic adults. J Clin Endocrinol Metab 2006;91(9):3349‑54.

31.	 Nailufar F, Tandrasasmita OM, Tjandrawinata RR. DLBS3233 
increases glucose uptake by mediating up-regulation of PPARγ and 
PPARδ expression. Biomed Prev Nutr 2011;1:71-8. Available from: 
http://www.dx.doi.org/10.1016/j.bionut.2010.12.002.

32.	 Tandrasasmita OM, Wulan DD, Nailufar F, Sinambela J, 
Tjandrawinata RR. Glucose-lowering effect of DLBS3233 is mediated 

Table 3: Follicle size before and after treatment of DLBS3233

Timepoint 
evaluation

Follicle diameter (mm)
Mean±SD

Minimum (mm) Maximum (mm) 95% confidence interval p*

Before 4.094±1.016 2.5 6.1 (−) 0.9704‑(−) 0.7607 <0.001
After 8.594±1.647 6 11.7
SD: Standard deviation



Asian J Pharm Clin Res, Vol 9, Issue 2, 2016, 40-43
	 Kartolo et al.	

43

through phosphorylation of tyrosine and upregulation of PPAR? and 
GLUT4 expression. Int J Gen Med 2011;4:345-57.

33.	 Sukandar EY, Sigit JI, Adnyana IK. Acute Toxicity of DLBS3233. 
Bandung: Bandung Institute of Technology; 2008.

34.	 Sukandar EY, Sigit JI, Adnyana IK. Subchronic Toxicity of DLBS3233. 
Bandung: Bandung Institute of Technology; 2008.

35.	 Sukandar EY, Sigit JI, Adnyana IK. Teratogenic Effect of DLBS3233. 
Bandung: Bandung Institute of Technology; 2008.

36.	 Rotterdam E. Revised 2003 consensus on diagnostic criteria and long-
term health risks related to polycystic ovary syndrome. Fertil Steril 
2004;81(1):19-25.

37.	 Sam S. Obesity and polycystic ovary syndrome. Obes Manag 
2007;3(2):69-73.

38.	 Androgen Excess and PCOS Society. Obesity and Insulin Resistance; 
2012. Available from: http://www.ae-society.org/obesity.

39.	 Brettenthaler N, De Geyter C, Huber PR, Keller U. Effect of the insulin 
sensitizer pioglitazone on insulin resistance, hyperandrogenism, and 
ovulatory dysfunction in women with polycystic ovary syndrome. 
J Clin Endocrinol Metab 2004;89:3835-40.

40.	 Franco JG Jr, Baruffi RL, Mauri AL, Petersen CG, Oliveira JB. Ovarian 
synchrony factor: A new ultrasound parameter in the prognosis of 
follicular rupture. Hum Reprod 1994;9(8):1250-2.


