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ABSTRACT

Obesity and Type 2 Diabetes Mellitus (T2DM) are prevalent global health concerns, with an increasing
incidence linked to modern lifestyle factors. The regulation of glucose and lipid metabolism is a crucial aspect
of managing these conditions. Natural plant-derived inhibitors targeting digestive enzymes such as a-amylase,
a-glucosidase, and lipase have emerged as promising therapeutic agents. These enzymes are pivotal in the
breakdown of carbohydrates and fats in the digestive system. Inhibition of these enzymes reduces the absorption
of glucose and lipids, contributing to better control of postprandial blood glucose levels and lipid profiles. This
review aims to examine the plant compounds that have shown inhibitory activity against a-amylase, o-
glucosidase, and lipase, discussing their mechanisms of action, therapeutic potential, and implications for
managing obesity and T2DM. A selection of medicinal plants, including flavonoids, alkaloids, phenolics, and
terpenoids, are highlighted for their potential to modulate digestive enzyme activity, thus providing an
innovative and natural approach for managing metabolic disorders. The review also explores the clinical
relevance of these inhibitors, their bioavailability, and the prospects for future development of natural enzyme
inhibitors as adjunctive therapies for metabolic disease management.
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INTRODUCTION
Obesity and Type 2 Diabetes Mellitus (T2DM) are multifactorial metabolic diseases that have reached epidemic
proportions globally, contributing significantly to healthcare costs and morbidity[[1-47]. One of the central
teatures of these conditions is dysregulated glucose and lipid metabolism, which leads to elevated blood glucose
and abnormal lipid profiles, both of which are risk factors for cardiovascular diseases and other metabolic
complications[1, 5, 67. Lifestyle modifications, including diet and exercise, remain the cornerstone of managing
these diseases, but pharmacological interventions are often required for effective disease control. Traditional
pharmacological agents for managing T2DM, such as a-glucosidase inhibitors (e.g., acarbose) and lipase
inhibitors (e.g., orlistat), have limitations such as gastrointestinal side effects, poor patient adherence, and long-
term safety concerns[ 7. As aresult, there has been increasing interest in alternative therapeutic options derived
from natural sources. Plant-derived compounds have long been recognized for their therapeutic potential, and
numerous studies have explored their effects on digestive enzyme inhibition as a means of regulating glucose
and lipid metabolism[77]. The inhibition of digestive enzymes, particularly a-amylase, a-glucosidase, and lipase,
represents a novel and effective approach to controlling postprandial glucose levels and lipid absorption, both
of which are critical in managing obesity and T2DM. a-Amylase and a-glucosidase are enzymes responsible for
breaking down complex carbohydrates into simpler sugars, which are then absorbed into the bloodstream,
raising blood glucose levels[87. Lipase, on the other hand, is responsible for breaking down dietary fats into
free fatty acids and glycerol for absorption. By inhibiting these enzymes, the absorption of glucose and lipids
can be reduced, thereby modulating blood sugar and lipid profiles in individuals with metabolic disorders[97].
This review aims to provide a comprehensive analysis of plant-derived inhibitors of a-amylase, a-glucosidase,
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and lipase, examining their mechanisms of action, bioactive compounds, and therapeutic potential in managing
obesity and T2DM.

Mechanisms of Action of Digestive Enzyme Inhibitors:
a-Amylase Inhibition: a-Amylase plays a crucial role in carbohydrate metabolism by breaking down complex
starches into smaller polysaccharides, maltose, and dextrins, which are then further hydrolyzed into glucose by
other digestive enzymes such as maltase and isomaltase[107]. This enzymatic activity facilitates the rapid
absorption of glucose into the bloodstream, which can lead to postprandial hyperglycemia, a major concern in
type 2 diabetes mellitus (T2DM). By inhibiting a-amylase, the breakdown of carbohydrates is significantly
slowed, resulting in a gradual and controlled release of glucose[117]. This approach helps in stabilizing blood
glucose levels, reducing insulin spikes, and improving overall glycemic control. Several plant-derived bioactive
compounds, such as polyphenols, flavonoids, alkaloids, and tannins, have been identified as potent a-amylase
inhibitors[12, 187. For instance, flavonoids from green tea (Camellia sinensis), phenolic acids from cinnamon
(Cinnamomum verum), and tannins from pomegranate (Punica granatum) have shown substantial inhibitory
activity against a-amylase in various in vitro and in vivo studies. These natural inhibitors not only reduce
carbohydrate digestion but also offer additional benefits such as antioxidant and anti-inflammatory properties,
which further contribute to the management of T2DM. Unlike synthetic a-amylase inhibitors such as acarbose,
which can cause gastrointestinal discomfort and bloating due to undigested carbohydrates reaching the colon,
plant-based inhibitors may offer a more tolerable and sustainable approach to managing diabetes.
o-Glucosidase Inhibition: a-Glucosidase, an enzyme located in the brush border of the small intestine, is
responsible for the final step in carbohydrate digestion, breaking down disaccharides like sucrose and maltose
into glucose for absorption into the bloodstream. The inhibition of a-glucosidase slows this conversion, thereby
attenuating the rapid rise in postprandial blood glucose levels[147]. This mechanism is particularly beneficial
for individuals with impaired glucose tolerance or insulin resistance, as it mitigates the excessive release of
glucose into circulation after meals. Many plant-derived compounds, including flavonoids, terpenoids, saponins,
and polyphenols, have been extensively studied for their a-glucosidase inhibitory activity[15, 16]. For example,
quercetin from onions (Allium cepa), ellagic acid from berries, and triterpenoids from bitter melon (Momordica
charantia) have demonstrated potent inhibition of a-glucosidase, effectively reducing postprandial
hyperglycemia[17]. These natural inhibitors not only help in glycemic control but also provide additional
metabolic benefits such as reducing oxidative stress and improving insulin sensitivity. Compared to
pharmaceutical a-glucosidase inhibitors like miglitol and voglibose, which can cause side effects like diarrhea,
bloating, and flatulence, plant-based alternatives are often better tolerated due to their mild action and
synergistic health benefits. The integration of these natural compounds into dietary interventions or
nutraceutical formulations represents a promising strategy for managing T2DM with fewer side effects and
improved patient compliance.
Lipase Inhibition: Lipase is a key digestive enzyme responsible for breaking down dietary triglycerides into
free fatty acids and monoglycerides, which are then absorbed through the intestinal mucosa and transported
into systemic circulation[177]. Excessive lipid absorption contributes to obesity, dyslipidemia, and insulin
resistance, all of which are closely associated with metabolic disorders like T2DM. The inhibition of pancreatic
lipase reduces the hydrolysis and absorption of dietary fats, thereby decreasing postprandial triglyceride levels
and overall fat accumulation in the body[18, 197. Plant-derived lipase inhibitors, such as polyphenols,
flavonoids, and alkaloids, have gained considerable attention as potential anti-obesity agents. For instance,
epigallocatechin gallate (EGCG) from green tea, curcumin from turmeric (Curcuma longa), and saponins from
ginseng (Panax ginseng) have demonstrated strong lipase inhibitory effects in preclinical and clinical
studies[20—227]. These bioactive compounds not only prevent excessive fat absorption but also exhibit anti-
inflammatory and lipid-lowering properties, which are essential for cardiovascular health. Unlike synthetic
lipase inhibitors like orlistat, which is associated with adverse gastrointestinal effects such as steatorrhea (fatty
stools), bloating, and nutrient malabsorption, plant-based inhibitors provide a gentler and more holistic
approach to weight and lipid management[207]. Additionally, these natural compounds have been shown to
modulate gut microbiota, promoting the growth of beneficial bacteria that contribute to metabolic health. By
incorporating plant-derived lipase inhibitors into functional foods or dietary supplements, it is possible to
support weight management and lipid control in individuals with obesity and T2DM, offering a sustainable and
natural alternative to conventional pharmaceutical treatments.

Plant-Derived Inhibitors of Digestive Enzymes

Several plant-derived compounds have demonstrated inhibitory activity against digestive enzymes, with a
variety of mechanisms contributing to their efficacy. These bioactive compounds include flavonoids,
polyphenols, alkaloids, terpenoids, and other secondary metabolites. The following sections explore some of the
most notable plant-derived inhibitors of a-amylase, a-glucosidase, and lipase.
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Flavonoids: Flavonoids are a diverse class of polyphenolic compounds widely found in fruits, vegetables, tea,
and medicinal plants[237]. These naturally occurring compounds have garnered significant attention in scientific
research due to their potential in preventing and managing metabolic disorders, including diabetes, obesity, and
dyslipidemia. One of the primary mechanisms through which flavonoids exert their metabolic benefits is by
inhibiting key digestive enzymes involved in carbohydrate and lipid metabolism[247. By targeting enzymes

such as a-amylase, a-glucosidase, and pancreatic lipase, flavonoids help regulate postprandial glucose levels,
reduce lipid absorption, and mitigate obesity-related complications. Their multifunctional properties, including
antioxidant, anti-inflammatory, and insulin-sensitizing effects, further enhance their therapeutic potential. This
section highlights some of the most well-researched flavonoids—quercetin, kaempferol, and epigallocatechin
gallate (EGCG)—and their enzyme-inhibitory properties in metabolic regulation.

Quercetin, a flavonol commonly found in apples, onions, berries, and tea, has been extensively studied for its
metabolic benefits[25, 267. Research indicates that quercetin inhibits a-amylase and a-glucosidase, two key
enzymes responsible for breaking down complex carbohydrates into simple sugars. By slowing carbohydrate
digestion, quercetin reduces the rapid spikes in blood glucose levels following meals, making it a promising
natural agent for managing type 2 diabetes[277]. Additionally, quercetin exhibits inhibitory activity against
pancreatic lipase, an enzyme essential for fat digestion and absorption. This mechanism contributes to its
potential role in weight management and lipid metabolism regulation. Beyond its enzyme-inhibitory eftects,
quercetin has demonstrated anti-inflammatory and antioxidant properties, which may further support
cardiovascular health by reducing oxidative stress and improving endothelial function. These combined effects
make quercetin an important bioactive compound in functional foods and nutraceuticals targeting metabolic
disorders.

Kaempferol, another flavonoid with promising metabolic effects, is abundant in foods such as kale, spinach, and
tea[287. Similar to quercetin, kaempferol has been shown to inhibit o-amylase and a-glucosidase, leading to
reduced glucose absorption and improved glycemic control. Studies suggest that kaempferol supplementation
can help lower postprandial glucose levels, thereby reducing the risk of insulin resistance and type 2 diabetes.
Additionally, kaempferol’s anti-obesity potential stems from its ability to modulate lipid metabolism and reduce
fat accumulation in adipose tissues. By influencing key signaling pathways involved in energy balance,
kaempferol may offer protective effects against obesity-related metabolic disturbances. Furthermore, its anti-
inflammatory and antioxidative properties contribute to its ability to mitigate chronic diseases associated with
metabolic syndrome.[287 The growing body of evidence supporting kaempferol’s role in metabolic health
suggests that it could be an essential component of dietary interventions and plant-based therapies for diabetes
and obesity management.

Epigallocatechin gallate (EGCG), the most abundant catechin in green tea, is widely recognized for its potent
metabolic benefits[20, 217. EGCG has been shown to significantly inhibit a-glucosidase, delaying carbohydrate
breakdown and reducing postprandial hyperglycemia. Additionally, EGCG’s inhibition of pancreatic lipase
contributes to decreased fat absorption, making it a valuable natural agent for weight management. Studies have
also highlighted EGCG’s role in enhancing insulin sensitivity, promoting fat oxidation, and modulating gut
microbiota composition—factors that collectively support metabolic homeostasis. Moreover, EGCG’s
antioxidant properties play a crucial role in protecting pancreatic B-cells from oxidative damage, which is a key
factor in diabetes progression[ 207]. The combination of these mechanisms makes EGCG a promising compound
for developing functional foods, dietary supplements, and pharmacological agents aimed at controlling metabolic
disorders. Given the substantial evidence supporting its benefits, EGCG continues to be a focal point of research
in the field of metabolic health and nutrition.

Phenolic Acids: Phenolic acids are a diverse group of bioactive compounds commonly found in fruits,
vegetables, and whole grains, known for their potent antioxidant and enzyme-inhibitory properties[297. Among
the most studied phenolic acids are cafteic acid, chlorogenic acid, and ferulic acid, all of which have demonstrated
significant inhibitory effects on a-amylase and a-glucosidase—two key enzymes involved in carbohydrate
digestion[807. These compounds exert their effects by binding to the active sites of digestive enzymes, thereby
obstructing substrate access and reducing enzymatic activity. This mechanism effectively slows down the
breakdown of complex carbohydrates into simple sugars, leading to a lower postprandial blood glucose
level[817]. Consequently, the inhibition of these enzymes by phenolic acids plays a crucial role in glycemic
control and the management of hyperglycemia, particularly in individuals with type 2 diabetes mellitus (T2DM).
Additionally, phenolic acids contribute to overall metabolic health by exhibiting anti-inflammatory and
antioxidant effects, which may further support insulin sensitivity and pancreatic function [827].

Alkaloids: Alkaloids are nitrogen-containing secondary metabolites widely distributed in medicinal plants,
many of which possess significant biological activities, including enzyme inhibition[83, 847]. A well-known
alkaloid, berberine, derived from Berberis species and other medicinal plants, has been extensively studied for
its potential in diabetes management[85, 367]. Berberine has been shown to strongly inhibit a-glucosidase and
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a-amylase, thereby limiting carbohydrate digestion and reducing glucose absorption in the intestine.
Additionally, berberine exerts beneficial effects on glucose metabolism by improving insulin sensitivity,
enhancing glucose uptake in peripheral tissues, and modulating gut microbiota composition. Beyond its enzyme-
inhibitory properties, berberine is also known for its anti-inflammatory, antioxidant, and lipid-lowering effects,
making it a multifunctional compound in the fight against T2DM and related metabolic disorders[367. These
findings underscore the therapeutic potential of alkaloids as natural inhibitors of digestive enzymes, providing
a complementary approach to conventional diabetes treatments.

Terpenoids: Terpenoids, a large and diverse class of naturally occurring plant compounds, include bioactive
molecules such as saponins, essential oils, and various phytochemicals with significant medicinal properties[37,
387. Among these, ginsenosides, the primary active components of Panax ginseng, have garnered substantial
attention for their potential in diabetes management. Ginsenosides have been shown to inhibit both a-amylase
and  o-glucosidase, thereby reducing carbohydrate breakdown and postprandial  glucose
spikes[(39,40,41,42,48,44,45 . Moreover, studies suggest that ginsenosides can enhance insulin sensitivity by
modulating insulin receptor signaling pathways and promoting glucose uptake in skeletal muscle and adipose
tissues. Beyond their hypoglycemic effects, terpenoids also exhibit anti-inflammatory and antioxidant
properties, which may help mitigate diabetes-associated complications such as oxidative stress and chronic
inflammation. Given these multifaceted benefits, terpenoids hold great promise as natural therapeutic agents for
controlling blood glucose levels and improving metabolic health.

Tannins: Tannins, a subgroup of polyphenolic compounds abundantly present in tea, berries, nuts, and other
plant-based foods, have been recognized for their ability to modulate metabolic pathways and inhibit digestive
enzymes[46,47,48,49,50]. These compounds have demonstrated significant inhibitory effects on a-amylase

and lipase, which are key enzymes involved in carbohydrate and lipid metabolism. By blocking a-amylase
activity, tannins slow the digestion of starches and reduce glucose absorption, contributing to improved
glycemic control[51,52,537. In addition, their inhibitory effect on lipase reduces fat absorption in the intestine,
which may help in the management of obesity and dyslipidemia. Beyond their enzyme-inhibitory functions,
tannins exhibit strong antioxidant and anti-inflammatory activities, protecting against oxidative stress and
inflammation commonly associated with metabolic diseases[417]. This dual action of tannins—regulating both
glucose and lipid metabolism—positions them as potential therapeutic agents for the prevention and
management of diabetes and obesity-related complications.
Other Compounds
Several other bioactive compounds have demonstrated promising enzyme-inhibitory effects, contributing to
their potential role in diabetes and metabolic disease management. Curcumin, the principal bioactive compound
in Curcuma longa (turmeric), has been shown to inhibit a-amylase and lipase activity, thereby modulating glucose
and lipid metabolism[427]. Curcumin’s ability to reduce postprandial glucose levels and prevent fat accumulation
highlights its potential for managing both hyperglycemia and dyslipidemia. Additionally, curcumin possesses
strong anti-inflammatory and antioxidant properties, which may further enhance insulin sensitivity and
pancreatic 3-cell function[427. Similarly, gingerol, the bioactive component of Zingiber officinale (ginger), has
been reported to inhibit a-amylase and a-glucosidase activity, thereby slowing carbohydrate digestion and
glucose absorption[437. This effect makes gingerol a valuable natural compound for controlling postprandial
glucose fluctuations. Furthermore, gingerol has been associated with anti-inflammatory and insulin-sensitizing
properties, which may contribute to better glycemic control in individuals with insulin resistance[ 44 . Given
the broad spectrum of benefits offered by these bioactive compounds, they hold significant potential as natural
adjuncts to conventional therapies for managing diabetes and metabolic disorders.
Therapeutic Implications and Clinical Relevance:
The development of natural enzyme inhibitors as adjunctive therapies for obesity and T2DM has several
advantages over conventional pharmaceutical agents. These plant-derived compounds generally have fewer side
effects, are widely available, and are often more affordable. Furthermore, they can be incorporated into dietary
interventions, making them an appealing option for long-term management. However, there are several
challenges that need to be addressed before plant-derived inhibitors can be widely used in clinical settings. These
include issues of bioavailability, formulation, and the need for clinical trials to validate their efficacy and safety.
Many bioactive compounds from plants exhibit low bioavailability due to poor absorption in the gastrointestinal
tract, which limits their effectiveness. Therefore, innovative delivery systems and strategies, such as nano
formulations and adjuvants, are required to enhance the bioavailability and therapeutic potential of these
compounds.
CONCLUSION
Plant-derived inhibitors of digestive enzymes represent a promising strategy for managing obesity and Type 2
Diabetes Mellitus. By targeting a-amylase, a-glucosidase, and lipase, these natural compounds can modulate
glucose and lipid metabolism, helping to control postprandial blood sugar and lipid levels. A diverse range of
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plant-based compounds, including flavonoids, alkaloids, phenolic acids, and terpenoids, have shown potential for

therapeutic use in metabolic disorders. However, further research, including clinical trials and exploration of

formulation strategies, is essential to translate these findings into effective treatments. Natural enzyme
inhibitors may provide an important complementary approach to conventional therapies for the management of
obesity and T2DM, supporting better metabolic control and improving patient outcomes.
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