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Abstract. Rohman F, Putra WE. 2021. Short Communication: The bioinformatics perspective of Foeniculum vulgare fruit's bioactive 
compounds as natural anti-hyperglycemic against alpha-glucosidase. Biodiversitas 22: 79-84. The management in controlling the blood 
glucose level is crucially necessary to be promoted. Many reports showed the harmful effect of glucose toxicity, most of them are the 
cluster of metabolic disorder. Nowadays, natural products are getting much attention on health issues. The uses of medicinal plants for 

drug materials are dramatically increasing. In our previous study about local medicinal plants identification, we found that Tengger 
Tribe in Indonesia uses numerous type of species, including Foeniculum vulgare which was widely found and occupied as traditional 
medicine by Tengger Tribe in the area of Taman Nasional Bromo Tengger Semeru, East Java, Indonesia. According to their local belief, 
F. vulgare has been used to ameliorate several types of diseases. Thus, in this present study, we aimed to virtually evaluate the bioactive 
compounds of F. vulgare for anti-hyperglycemic against the alpha-glucosidase. We performed computational prediction of ligands-
protein interaction by molecular docking approaches. The 2D structure of ligands and 3D structure of target protein were retr ieved via 
the database. The natural compound's structure was then evaluated by the Lipinski rule of five to indicate whether it can be categorized 
as drug-like or not. Moreover, according to our simulation, F. vulgare fruit's bioactive compounds including sterol, anethole, and 

fenchone might have therapeutic effect to reduce the hyperglycemia incidence by inhibiting the alpha-glucosidase activity. Compared to 
miglitol, an alpha-glucosidase inhibitor, Sterol have the most significant binding affinity against the alpha-glucosidase. Therefore, these 
findings suggest that sterol, anethole, and fenchone might be potential new candidates for alpha-glucosidase inhibitors. 
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INTRODUCTION 

Owing to increased obesity, reduced physical activity 

levels, and an aging population, the incidence of 

hyperglycemia has increased significantly over the last two 

decades. Between men and women, the prevalence is 
similar (Mouri and Badireddy 2020). The incidence of high 

plasma glucose levels often followed by complex 

heterogeneous metabolic disorders, including type 2 

diabetes mellitus (T2DM), cardiovascular diseases (CVD), 

stroke, or other organ complications (Hanefeld and Schaper 

2017; Fofié et al. 2018). Moreover, the long term 

hyperglycemic state drives to chronic conditions, causing 

more severe effects such as pancreatic β cells and vascular 

endothelial cells damage. The damage in the pancreatic β 

cells leads to insulin synthesis and secretion impairment, 

also the deterioration in vascular endothelial cells possibly 

causing the other complication related to diabetes mellitus 
including neuropathy, retinopathy, and nephropathy 

(Campos 2012). More important, persons with 

hyperglycemia's depends on how blood glucose levels are 

treated. Chronic hyperglycemia can cause serious life-and 

limb-threatening complications. Lifestyle improvements, 

daily physical exercise, and diet changes are the keys to a 

better forecast. Individuals who maintain euglycemia have 

substantially improved prognosis and quality of life relative 

to individuals who remain hyperglycemia. If the 

hyperglycemia problems have formed, they are essentially 

permanent. Countless studies have shown that uncontrolled 

hyperglycemia significantly reduces survival and impairs 
the quality of life (Mouri and Badireddy 2020). 

Management to suppress the incidence of 

hyperglycemia might be one of prospective strategies to 

avoid the negative effect of metabolic disorder conditions 

like T2DM, CVD, or other complications. The initial 

management option for patients with hyperglycemia and 

catabolic symptoms, including weight loss, is insulin 

therapy. Importantly, therapy with physiologic doses of 

insulin is advised after adequate hydration (Chao and 

Hirsch 2018).  

On the other hand, several other treatments have been 

proposed to minimize the impact of glucose toxicity 
through daily exercise, insulin treatment, or alpha-

glucosidase inhibitor administration (Riddell and Perkins 

2009; McDonnell and Umpierrez 2012; Ouassou et al. 

2018). However, the awareness and proper scheme to 

inhibit the elevation of plasma glucose levels are necessary 

to promote. This present study virtually evaluates the 

bioactive compounds from F. vulgare fruit as a natural 

inhibitor candidate for alpha-glucosidase. We hypothesized 

that the bioactive compounds from F. vulgare fruit might 
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have inhibitory properties and a common alpha-glucosidase 

inhibitor to reduce the hyperglycemia incidence. 

In recent years, an increasing interest was shown in 

naturally phenolic compounds. Several of them are found 

in plants, and the consumption of vegetables and drinks 

with a high level can help prevent many diseases through 

their ameliorative properties (Giada 2013). Natural 

products get more attention especially in health and 

medical issues. The uses of natural products as the primary 

material for drug development are assumed to be safer 
compared to synthetic materials (Ekor 2013; Karimi et al. 

2015). Indonesia is considered a mega biodiversity country 

with more than thousands of plant species occupied as 

building materials, food, industry, animal feed, or medical 

source. Interestingly, the group of people in Taman 

Nasional Bromo Tengger Semeru (TNBTS) has been 

employed by the local plants for a broad spectrum of 

purposes, especially for medical materials. Our previous 

study about medicinal plant identification found that F. 

vulgare has the highest index of cultural significance value 

about 78.36% overall the plant species and is widely spread 
in the TNBTS area. Interestingly, the Tengger tribe also 

used this plant for a food source and medicinal purposes 

such as cough medicine (Rohman et al. 2019). 

MATERIALS AND METHODS 

In this study, we performed computational prediction of 

ligands-protein interaction to screen the potency of several 

bioactive compounds from F. vulgare fruits, including 

sterol, anethole, fenchone, and estragole. The 2D structure 

of each compound was retrieved from the PubChem 

database (https: //pubchem.ncbi.nlm.nih.gov/). Moreover, 

Miglitol, an alpha-glucosidase inhibitor, was used as a 
controlled drug. PubChem has been one of the main and 

large public archives for data on the biological activities of 

chemical substances. Since 2004, PubChem has 

increasingly become a crucial chemical information 

platform for the large scientific community in a wide 

number of research areas such as pathophysics, 

engineering, medicinal chemistry, and drug development 

under the National Institute of Health, United States of 

America. PubChem is one of the main classes of 

information on chemical products publicly available. More 

than 157 million descriptions of chemical materials, 60 

million typical chemical structures, and 1 million bioassay 
descriptions were provided, covering around 10 thousand 

unique target protein sequences (Kim et al. 2016). 

Further, the 3D structure of alpha-glucosidase was 

constructed through SWISS-MODEL web server (https: 

//swissmodel.expasy.org/). SWISS-MODEL is a web-based 

integrated protein structure modeling service. It helps and 

guides the user in designing models for protein structure 

and its homology at various levels of complexity. 

Resources are accessible from inside the comfortable and 

accessible workstation for choosing numerous 

configurations, models, and quality assessment of the 
protein structure (Arnold et al. 2006). 

Lipinski rule of five was used as standard evaluation to 

decide whether the compounds have potency as drug-like 

molecules. According to the indicators, the small molecule 

has to have molecular mass of no more than 500 Dalton, 

high lipophilicity no more than five, molar refractivity 

about 40 to 130, no more than five hydrogen bond donors, 

and no more than ten hydrogen bond acceptors (Lipinski 

2004). All small molecules and target proteins were 

optimized before processed via computational prediction. 

Further, the modeling, molecular docking, and 
visualization step were performed as similar protocol with 

our previous study (Putra et al. 2019, 2020; Putra and Rifa'i 

2020). 

RESULTS AND DISCUSSION 

Hyperglycemia is a multiple and accumulative 

consequence of genetic, environmental, and immunologic 

influences in a patient with T1DM. These factors 

contribute to the degradation and insulin deficiency of 

pancreatic beta cells. Insulin resistance and abnormal 

insulin secretion contribute to hyperglycemia in patients 

with T2DM. Reduced insulin release, reduced glucose 
utilization, and elevated glucose production are factors 

leading to hyperglycemia. Glucose homeostasis is a 

balance between the production of hepatic glucose and the 

absorption and consumption of peripheral glucose. The 

most important regulator for glucose balance and 

homeostasis is insulin. In addition, the following are the 

secondary causes of hyperglycemia such as degradation of 

the pancreas due to chronic pancreatitis, hemochromatosis, 

pancreatic cancer, and cystic fibrosis; use of medicines 

such as glucocorticoids, phenytoin, and estrogens; and 

endocrine malfunction, which cause peripheral insulin 
resistance such as Cushing syndrome, acromegaly, and 

pheochromocytoma (Mouri and Badireddy 2020). 

Hyperglycemia is one of the risk factors of T2DM (Wu 

et al. 2014; Bowen et al. 2015). Inhibiting the incidence or 

lower the negative effect of hyperglycemia can minimize 

the adverse prognosis of T2DM patients. Alpha-

glucosidase has crucial role in carbohydrate metabolism, 

this enzyme can convert the carbohydrate into glucose 

(Scheen 2003; Hanefeld and Schaper 2017). In T2DM 

patients, the cells fail to occupy and transform the glucose 

into energy because of insulin resistance, therefore glucose 

remains high in the blood. Targeting the alpha-glucosidase 
with the small compounds is one of the strategies to 

suppress glucose level in blood. 

Foeniculum vulgare is an umbellum herb commonly 

used as a food and for medicinal purposes. Plant seeds of 

this species have been shown to control menstrual cycles, 

relieve symptoms, and improve libido. F. vulgare also 

showed the potential medicinal properties in diabetes, 

bronchitis, and chronic coughs. Furthermore, the F. vulgare 

traditionally used as an antispasmodic, carminative, 

diuretic, stimulant to lactation and wound dressings, F. 

vulgare extract was used (Mhaidat et al. 2015). In this 
present study, we found that the bioactive compounds from 

F. vulgare fruit showed high potency to become anti-
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hyperglycemic agents because of their prospective binding 

affinity scores against the alpha-glucosidase (Figure 1). 

The computational prediction demonstrated sterol has the 

most exceptional binding affinity score (-7.3 kcal/mol) 

followed by Anethole (-5.8 kcal/mol), Fenchone (-5.7 

kcal/mol), and Miglitol (-5.7 kcal/mol) as the control drug 

(Figure 2). The more negative of binding affinity scores 

means the ligand has favorable and stable interaction to the 

target protein (Atkin and Paula 2006).  

 
 
 
 
 

 

 
 
Figure 1. Molecular docking results showed the interaction between target protein and ligands, including alpha-glucosidase - sterol (A), 

alpha-glucosidase - anethole (B), alpha-glucosidase - fenchone (C), and alpha-glucosidase - miglitol (D). 
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Figure 2. Binding affinity and chemicals interaction between ligand and protein, alpha-glucosidase - sterol (-7.3 kcal/mol) (A), alpha-
glucosidase - anethole (-5.8 kcal/mol) (B), alpha-glucosidase - fenchone (-5.7 kcal/mol) (C), and alpha-glucosidase - miglitol (-5.7 
kcal/mol) (D). 
 

 

On the other hand, we demonstrated that almost all 
ligands - target protein complexes have van der Waals 

interaction. Further, other interactions that distinguished 

each ligand-protein group are alkyl and conventional 

hydrogen bond interaction in alpha-glucosidase - sterol 

complex; pi-donor hydrogen bond and pi-alkyl in alpha-

glucosidase - anethole complex; pi-alkyl and conventional 

hydrogen bond in alpha-glucosidase - fenchone complex; 

and conventional hydrogen bond in alpha-glucosidase - 

miglitol complex (Figure 2). These chemicals interaction is 

needed to determine the complex of ligand-target protein 

characters and maintain the molecular interaction, stability, 

and dynamics (Chen et al. 2013; Chen et al 2015). 
Hydrogen bonds are relatively weak interactions that are, 

however, important for biological macromolecules. 

Hydrogen bonding, an interaction of the hydrogen atom 

occurring between a pair of other atoms with a high affinity 

for electrons; such a bond is weaker than an ionic or 

covalent bond, but stronger than van der Waals' powers. 

Hydrogen bonds can exist between atoms in various 

molecules or in parts of the same molecule. These 

partnerships have many of the properties of water that 

make it such a special solvent. The hydrogen atom is partly 

split into two relatively electronegative atoms inside a 
hydrogen bond, such as nitrogen and oxygen. The donor of 

hydrogen bonds consists of both the atom linked to 

hydrogen and hydrogen itself; the atom linked to hydrogen 

is not closest to the atom linked to hydrogen. The atom is 

the atom that bundles hydrogen. Hydrogen relations are 

essentially electrostatic interactions (Berg et al. 2002). 

Foeniculum vulgare is one of the species that 

commonly used as traditional medicine by common people, 

especially by Tengger tribe. According to our previous 
study about medicinal plant identification, we got F. 

vulgare easy to find and grow abundantly in the area of 

Bromo Tengger National Park (Rohman et al. 2019). A lot 

of studies have been revealed that F. vulgare contains 

several bioactive compounds, namely sterol, anethole, 

fenchone, and estragole (Budianto et al. 2015). Thus, from 

those benefit, F. vulgare often used to ameliorate several 

types of diseases such as hepatoprotective activities, 

antioxidant, antibacterial, antithrombotic, and antifungal 

(Rather et al. 2016). 

Obviously, from three of bioactive compounds found in 

the F. vulgare, sterol has the most significant binding 
affinity compared to anethole or fenchone. Here, in this 

report, we also showed the properties of sterol as inhibitory 

drug candidate against the alpha-glucosidase which include 

physicochemical properties, drug-likeness, chemical 

structures and the target class of protein (Figure 3). Sterol 

is known as steroid alcohol, which commonly used as 

medicine because of its therapeutic potencies such as 

lowering plasma cholesterol and LDL cholesterol, anti-

cancer, anti-inflammatory, and anti-oxidant (Piironen et al. 

2000; Berger et al. 2004). Another study conducted by 

Brüll and Mensink (2009), showed the activity of sterol in 
decreasing the response of Th1, increasing Th2 regulation, 

and suppressing the inflammation incidence (Brüll and 

Mensink 2009). In the field of cancer, several studies 

demonstrated that sterol has great potency to be protective 

agents against lung, breast, or stomach cancer 

(Mendilaharsu et al. 1998; Ronco et al. 1999; De Stefani et 

al. 2000).  
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Figure 3. The properties of sterol as potential inhibitory drug candidate for alpha-glucosidase. Several properties showed including the 

physicochemical properties, drug-likeness, chemical structures and also the target class of protein 
 
 
 
 
 

On the other hand, sterol has been known as suppressor 

factor which can lower the level of low-density lipoprotein 

and triglycerides. The biological effect of sterol, in this 

case, may also decrease the risk of T2DM incidence or any 

other metabolic syndromes (Lau et al. 2005; Trautwein et 

al. 2018; Baker et al. 2019). Furthermore, it has been 

narrated that sterol also showed hypoglycemic properties 

by lowering the glucose level in blood and increasing the 

level of insulin of rat model for hyperglycemic after 
administrated by β-sitosterol (Zakłos-Szyda 2015). Even 

though, there is evidence about how sterol lowering the 

glucose level, however the mechanism of action still on 

very limited information. Therefore, we assume that the 

hypoglycemic properties of sterol might be related to its 

inhibition activity against alpha-glucosidase as what we 

have predicted in above explanation.  

Finally, based on our simulation, F. vulgare fruit's 

bioactive compounds including sterol, anethole, and 

fenchone might have therapeutic effect to reduce the 

hyperglycemia incidence by inhibiting the alpha-
glucosidase activity. However, performing the in vitro or in 

vivo experiment is necessary to evaluate these compounds' 

efficacy and effect toward hyperglycemia condition. 
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