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Abstract: Diabetes mellitus is a chronic metabolic disorder characterized by
elevated blood glucose levels due to impaired insulin activity. One therapeutic
strategy to manage postprandial hyperglycemia is the inhibition of the a-
glucosidase enzyme, which plays a key role in carbohydrate digestion. This
literature review aimed to identify Indonesian medicinal plants with potential a-
glucosidase inhibitory activity based on in vitro studies. Articles were systematically
retrieved from Google Scholar using specific keywords, covering publications from
the last ten years (2014-2024) in English or Indonesian and accessible in full text.
Inclusion criteria focused on studies evaluating in vitro a-glucosidase inhibition
from Indonesian plant extracts; non-Indonesian or non-in vitro studies were
excluded. Of the 200 screened articles, 34 met the criteria. Most studies employed
spectrophotometric colorimetric assays using p-nitrophenyl-a-D-glucopyranoside
(PNPG) as the substrate to assess inhibitory activity. In total, 40 plant species were
identified as having a-glucosidase inhibitory potential, with active compounds
primarily including flavonoids, polyphenols, alkaloids, saponins, and tannins. The
most commonly observed mechanism was competitive inhibition, wherein active
compounds, especially flavonoids, blocked carbohydrate hydrolysis and reduced
glucose absorption. Some studies also reported mixed and non-competitive
inhibition through allosteric binding or conformational changes in the enzyme. This
review supports the potential of various Indonesian medicinal plants as sources of
natural a-glucosidase inhibitors, highlighting their relevance for the development
of safer, plant-based antidiabetic therapies.

Keywords: Alpha-glucosidase; Diabetes mellitus; In Vitro; Medicinal plants;
hyperglycemia.

INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic disorder caused by
impaired insulin secretion in the pancreas, which prevents cells from absorbing
glucose and utilizing it as an energy source." The insulin hormone produced by the
pancreas helps control blood sugar levels. In some diabetic patients, insulin cannot
be processed in the pancreas, so that cells cannot absorb glucose and use it as
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energy in the body'. DM poses a global health threat due to its often asymptomatic
nature until complications arise. According to the World Health Organization
(WHO), the number of people with diabetes mellitus in Indonesia is projected to
increase significantly, reaching 21.3 million by 2030%In 2021, Indonesia ranked
third in diabetes mellitus prevalence at 10,8% and placed seventh among the ten
countries with the highest number of diabetes cases worldwide.®> One of the
therapeutic approaches to DM is by inhibiting the a-glucosidase enzyme that works
in the carbohydrate digestion process, catalyzing the reaction of disaccharides to
monosaccharides in the small intestine. The activity of this enzyme can slow down
the absorption of glucose into the bloodstream, so that in the process of inhibition
of the a-glucosidase enzyme, it has a significant impact on controlling blood sugar
levels so that it can minimize postprandial blood sugar levels as a controller of
hyperglycemia.* Alpha-glucosidase inhibitors are non-invasive treatments that
generally have mild gastrointestinal side effects, which are short-term depending
on the dose, such as diarrhea, abdominal pain, and bloating.” There are three a-
glucosidase inhibitors used, including acarbose, miglitol, and voglibose (Figure 1).
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Figure 1. Structure of Acarbose, Miglitol, and Voglibose (PubChem)

a-glucosidase enzyme inhibitor agents are available in Indonesia, one of
which is acarbose, an oligosaccharide complex that functions to inhibit a number
of enzymes involved in the process of breaking down complex carbohydrates in
the intestine. Acarbose is able to inhibit membrane-bound a-glucosidase and
pancreatic a-amylase, which function in the metabolism of complex starches and
oligo-, tri, and disaccharides that will be absorbed into simple sugars.® That has
prompted the search for safer alternatives through the screening of naturally
occurring active compounds from plants.

Herbal plants remain a key component in drug development research.
Indonesia’s vast natural resources have encouraged the use of traditional medicine
as an alternative treatment. Medicinal plants contain secondary metabolites that
contribute to pharmacological activities, including antidiabetic effects®. Herbal
medicine is often chosen to minimize the side effects of chemical therapies and
support physiological functions. This review offers novelty by focusing specifically
on studies from the past ten years that investigate the alpha-glucosidase inhibitory
activity of Indonesian medicinal plants through in vitro assays, an area that has not
been extensively reviewed. Therefore, this article highlights the importance of
exploring Indonesian herbal plants as potential alpha-glucosidase inhibitors based
on in vitro evidence.
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MATERIAL AND METHOD

This research review was conducted based on a literature review. The
research flow is presented in Figure 2, using the Google Scholar database with
publications from the last ten years written in either Indonesian or English and
available in full text. The keywords used in this study to search for relevant
literature were “Indonesian plants AND potential inhibitory OR alpha glucosidase
AND in vitro.” This systematic review focuses on herbal plant extracts with potential
in vitro alpha-glucosidase inhibitory activity. A total of 200 articles were screened,
and 34 met the inclusion criteria.”

Article search using keywords: “Indonesian plants
AND potential inhibitory OR alpha glucosidase
AND in vitro.”

Result: Google Scholar (n = 200), PubMed (n = 0),
n = 200 articles

Articles were filtered to publication
period from 2014 to 2024, free full
text, research articles, in English
and Indonesian articles were
included (n = 34)

Review, duplicates and incomplete
studies were excluded (n = 166)

\J

Articles included in this review (n = 34)

Figure 2. Pathway of Literature Sceening

RESULTS AND DISCUSSION

There are several methods for a-glucosidase inhibition by natural
compounds in the newly developed method. The colorimetric-based quantitative
method is the most common and practical approach to be used to verify the
inhibitory activity of different compounds against the a-glucosidase enzyme. This
review mainly discusses the spectrophotometric-based in vitro a-glucosidase
inhibitory activity of various plant extracts and their pharmacokinetic properties.
The search resulted in 200 articles showing in vitro a-glucosidase inhibition from
plants and syntheses that have potential anti-diabetic agents. These articles were
then further sorted by in vitro studies. After elimination, 34 articles were specifically
tested for in vitro a-glucosidase inhibitory activity. Several previous studies among
the 34 articles evaluated in full text in the context of in vitro tests were known to
still use conventional extraction methods, one of which was the maceration method
to obtain secondary metabolites (Table 1).
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The inhibitory activity was assessed using UV-Vis spectrophotometry at
wavelengths between 400—-450 nm, employing p-nitrophenyl-a-D-glucopyranoside
(PNPG) as the substrate, which released a yellow compound (p-nitrophenol) upon
hydrolysis by the a-glucosidase enzyme. Various plant parts including leaves,
stems, roots, rhizomes, and fruits were tested and demonstrated potential as a-
glucosidase inhibitors. Secondary metabolites such as flavonoids, alkaloids,
tannins, saponins, polyphenols, triterpenoids, and steroids played significant roles
in the inhibition mechanisms. Flavonoids, for example, were known to possess
hydroxyl groups at positions 3 and 7 that interacted with the enzyme's active site,
thereby competitively inhibiting a-glucosidase activity."*?

Extraction plays a critical role in isolating bioactive compounds from
medicinal plants, particularly secondary metabolites associated with a-glucosidase
inhibitory activity. Conventional methods such as maceration, Soxhlet, and
percolation are still widely used due to their simplicity and cost-effectiveness,
although they require longer processing times and larger volumes of solvents.
Among these, maceration remains the most common, as it enables controlled
solvent penetration and facilitates the release of metabolites like flavonoids and
tannins. However, non-conventional methods such as Ultrasonic-Assisted
Extraction (UAE) and Microwave-Assisted Extraction (MAE) offer significant
advantages, including reduced solvent use, shorter extraction times, and better
preservation of thermolabile compounds. MAE, for instance, utilizes
electromagnetic radiation to rupture cell walls and enhance the release of
intracellular phytochemicals, making it suitable for extracting sensitive bioactive
compounds. Given that many a-glucosidase inhibitors such as polyphenols,
flavonoids, and alkaloids are heat- and solvent-sensitive, optimizing the extraction
technique is essential to maximize therapeutic potential and support further
pharmacological or clinical application.s.*’.

Plants containing compounds such as alkaloids, steroids, polyphenols,
saponins, tannins, triterpenes, and flavonoids have the potential to inhibit the a-
glucosidase enzyme in type 2 diabetes mellitus. Polyphenols in plants are known
to inhibit the activity of digestive enzymes through interactions with proteins. The
inhibitory activity produced by secondary metabolites, such as polyphenols,
steroids, and alkaloids, against carbohydrate-hydrolyzing enzymes can help
reduce postprandial hyperglycemia. The inhibitory activity of the a-glucosidase
enzyme is related to the content of flavonoids that have hydroxyl groups at
positions 3 or 7 so that they can reduce inhibitory activity.'® Alkaloid compounds
help regenerate pancreatic 8 cells so that they can lower blood glucose and
increase insulin secretion through extra-pancreatic mechanisms. Covering the
mechanisms in increasing glycogen synthesis, improving glucose transport in the
intestine, and inhibiting glucose synthesis by inhibiting the enzymes glucose-6-
phosphatase and fructose-1,6-bisphosphatase in the gluconeogenesis process is
important. The inhibition process can reduce the formation of glucose from non-
carbohydrate sources and promote glucose oxidation through glucose-6-
phosphate dehydrogenase.*® Flavonoids are phenolic compounds that have a low
molecular weight composed of 2-phenylchromone, including acetic acid
derivatives. Flavonoids are 15-carbon polyphenol compounds composed of 2
benzene rings linked to 3 linear chains.? Flavonoids have the potential to overcome
diabetes mellitus, including glucose regulation, increasing insulin secretion and
sensitivity, glucose utilization in peripheral tissues, and inhibiting glucose
absorption in the intestine.*34°

CONCLUSION

Based on our findings, in vitro studies on Indonesian medicinal plants
demonstrated a-glucosidase inhibitory activity. Indonesian Plants have bioactive
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compounds such as flavonoids, polyphenols, alkaloids, tannins, and saponins.
These compounds act primarily through competitive inhibition by slowing
carbohydrate hydrolysis and reducing postprandial glucose levels. These results
support the potential use of Indonesian herbal plants as natural a-glucosidase
inhibitors and reinforce their relevance in the development of alternative
antidiabetic therapies with fewer side effects.
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