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Potential effect of secondary metabolites in 
Persea americana seeds as an α-amylase inhibitor on 

type 2 diabetes mellitus

Anak Agung Bagus Putra Indrakusuma1, Luh Putu Sudi Wahyuni1, I Gede Wikania Wira Wiguna1, 
Anggi Amanda Triana Devy1, I Gede Aswin Parisya Sasmana1, Agung Wiwiek Indrayani2*

Background: Type 2 diabetes mellitus (T2DM) is a 
disease that has a high prevalence in the world. The 
development of plants with medicinal potential is 
an alternative to control blood sugar levels in T2DM 
disease, such as avocado (Persea americana). Persea 
americana seeds contain secondary metabolites that 
have anti-diabetic activity, but their bioavailability is 
low. 
Aim: This study aims to review various secondary 
metabolites in Persea americana seeds that can reduce 
blood glucose levels in α-amylase pathway along with 
the type of potential encapsulation as a delivery 
system. 
Review: Secondary metabolites contained in Persea 
americana seeds which have activity as anti-diabetic 
are tannin, quercetin, rutin, kaempferol, saponin, 
triterpenoid, and alkaloid. Each of them has several 

mechanisms in diabetes, but their role as α-amylase 
inhibitor on T2DM be in focus. There are various types 
of encapsulation that are known to be able to serve 
as a delivery system for these secondary metabolites. 
Those encapsulations are SNEDDS, chitosan-alginate 
nanoparticle, PLGA nanoparticle, lipid carrier, liposome, 
and polysaccharide-based enteric-coated nanoparticle. 
All of them showed good results in improving 
bioavailability. 
Conclusion: It is known that various secondary 
metabolites found in Persea americana seeds 
influence reducing blood glucose levels notably in 
the α-amylase pathway. The low bioavailability of 
secondary metabolites can be improved by several 
forms of potential encapsulation. Therefore, herbal 
substances as adjuvant therapy in T2DM might be a 
viable management option.
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INTRODUCTION
Diabetes mellitus (DM) is a metabolic 
disease characterized by hyperglycemia 
caused by a failure in insulin secretion 
(type 1) or insulin resistance by pancreatic 
β-cells (type 2).1 In recent years, the 
number of cases and prevalence of 
diabetes continues to increase. Globally, 
WHO states that 422 million people aged 
over 18 years lived with diabetes in 2014 
and caused 1.5 million deaths in 2012. 
The prevalence of DM in Indonesia in 
2018 was 1.2% but is expected to increase 
in 2030 to reach 21.3 million sufferers, 
especially in type 2 DM (T2DM).2 The 
high prevalence of type 2 diabetes mellitus 
is due to risk factors, namely risk factors 
that cannot be changed and which can 

be changed. Non-modifiable risk factors 
such as gender, age, birth weight, genetic 
factors. While modifiable risk factors such 
as smoking, stress, alcohol consumption, 
poor diet, and overweight.3

Management of diabetes mellitus aims 
to prevent and inhibit the progression 
of complications and reduce mortality 
and morbidity. One of the modalities 
used in the management of T2DM today 
is acarbose. These drugs are chemical 
inhibitors of α-amylase and α-glucosidase 
by preventing hyperglycemia by inhibiting 
glucose absorption. However, the use of 
acarbose has major side effects such as 
abdominal distension, flatulence with 
nausea and vomiting, and diarrhea.4

The development of herbal plants is 
an alternative for controlling blood sugar 

levels in DMT2. Herbal plants are believed 
to have relatively few side effects when 
used in appropriate doses compared to 
chemical drugs.5 One of the beneficious 
plants constructed as herbal medicine 
is the avocado seed (Persea americana). 
Avocado production in Indonesia 
continues to increase every year. This is 
evidenced by the total production reaching 
363,157 tons in 2017 and an increase of 
19.09% compared to 2016. Therefore, the 
use of avocado as herbal medicine is very 
potential.6 

Avocado plants have been widely 
known to have anti-inflammatory and 
analgesic properties. Avocado seeds have 
various uses such as diarrhea medicine, 
toothache, as well as skin and beauty 
treatments. Previous research stated 
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blood glucose levels in the α-amylase 
pathway and the type of potential 
encapsulation as a delivery system.

METHOD
The author used the literature review 
method in this study. The data were 
obtained from relevant literature sources 
from search engines such as Google 
Scholar, Pubmed, and ScienceDirect. The 
literature was further filtered according to 
inclusion and exclusion criteria.  Inclusion 
criteria include journals containing 
keywords (α-amylase, encapsulation, 
Persea americana seeds, type 2 diabetes 
mellitus), both journal review articles, and 
a maximum journal period of the last ten 
years.  The exclusion criteria are journals 
that do not discuss information on 
keywords, journal protocol only articles, 
and have a maximum journal period of 
the previous ten years unless there is no 
recent research relevant to the reference of 
this study.  Of the many journals reviewed, 
97 journals are suitable to be used as 
references in writing this review article.

REVIEW
Pathogenesis of Type 2 Diabetes 
Mellitus
T2DM is a chronic disease caused by 
insulin resistance. T2DM is a pathological 
condition caused by various factors, such 
as lifestyle, genetics, autoimmune, and 
others. Diabetes mellitus with impaired 
insulin function in the body, either due to 
failure of pancreatic cells to secrete insulin 
(e.c autoimmune, pancreatic necrosis, 

etc.) or insulin resistance in peripheral 
tissues. Insulin resistance itself is clinical 
with several conditions, such as the insulin 
concentration required to maintain glucose 
levels within normal limits or the presence 
of inadequate insulin signaling strength 
from downstream insulin receptors to the 
end-acting insulin substrate.18

The insulin receptor (IR) is a 
heterotetramer molecule. This receptor 
consisting two α-subunits and two 
β-subunits which are bound together by 
disulfide bonds. Insulin will then bind to the 
subunit of the IR and activate the tyrosine 
kinase, which invites autophosphorylation 
of the subunit to amplify the tyrosine 
kinase activity. Furthermore, insulin’s 
metabolism and antiapoptotic effects are 
mediated by signaling pathways involving 
the phosphorylation of insulin receptor 
substrate-1 (IRS-1) and protein kinase.19,20 
Insulin resistance will cause glucose 
abnormalities caused by disruption of the 
type 4 glucose transporter translocation 
(GLUT-4), which facilitates glucose 
diffusion circulation and increases glucose 
transport into cells. Translocation of 
GLUT-4 is the result of the occurrence 
between insulin and IR in cellular which 
then triggers a phosphorylation reaction 
that can regulate insulin activity.21

Autophosphorylation that occurs, 
especially in the amino acid tyrosine, will 
strengthen the work of the tyrosine kinase 
enzyme, which further phosphorylates 
intracellular proteins such as IRS-1. This 
process then generates secondary signals 
related to insulin receptors, one of which 
is the α-amylase enzyme. The activity of 

that avocado seed extract at a dose of 
1200mg/kgBW could reduce blood 
glucose levels in white male rats with an 
average decrease of 134.8mg/dL.7 Avocado 
seeds contain secondary metabolic 
compounds with anti-diabetic activity, 
namely flavonoids, alkaloids, saponins, 
and tannins.5 Secondary metabolites are 
not directly involved compounds in the 
growth, development, or reproduction of 
living things. Secondary metabolites are 
produced by plants in certain quantities 
under certain conditions.8

Flavonoid compounds play a role in 
protecting the intestinal surface and can 
inhibit glucose absorption and reduce 
the rate of increase in blood sugar levels. 
Alkaloids have been shown to have the 
ability to regenerate damaged pancreatic 
cells. Increased insulin secretion is caused 
by the sympathetic nervous stimulation 
effect of alkaloids.9 Saponins can stimulate 
insulin secretion from pancreatic cells, 
increasing the amount of blood glucose 
that enters the cells, resulting in a 
decrease in blood sugar levels.5 Tannins 
in avocado seeds play a role in preventing 
hyperglycemia by inhibiting the activity of 
the α-amylase enzyme.10 These enzymes 
degrade complex dietary oligosaccharides 
and disaccharides and are then converted 
to monosaccharides by α-glucosidase. 

However, these compounds have a 
weakness, namely their low bioavailability 
when entering the digestive process, 
thus encapsulation is necessary. Various 
methods of encapsulation have been 
shown to transport secondary metabolites 
effectively. Nanoemulsions, such as 
SNEDDS, are regarded as one of the 
most acceptable kinds of encapsulation 
due to their advantages, including small 
droplet size and kinetically stable colloidal 
systems. In contrast to traditional 
emulsions, they offer better functional 
characteristics. For the encapsulation and 
efficient distribution of bioactive lipophilic 
substances, the content and structure 
of nanoemulsions can be regulated.11 
Other potential encapsulation forms are 
chitosan-alginate nanoparticles, PLGA 
nanoparticles, lipid carriers, liposomes, 
and polysaccharide-based enteric-coated 
nanoparticles.12–17 This study aims to 
analyze various secondary metabolites in 
Persea americana seeds that can reduce 

Figure 1.	 Pathogenesis of T2DM.23
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the α-amylase enzyme that plays a role in 
glucose absorption will impact the signal. 
An α-amylase acts as a catalyst in the 
alpha-1,4 glycosidic hydrolysis reaction 
of starch, amylopectin, amylose, glycogen, 
and maltodextrin and is responsible for 
starch digestion. Levels of this enzyme will 
also increase the increase in glucose in the 
blood to trigger hyperglycemia. The rise in 
blood glucose levels then causes an increase 
in the need for insulin in peripheral tissues 
to enter the cells so that it becomes an 
interconnected process and the conditions 
of diabetes mellitus are interrelated.22 The 
level of insulin secreted by the pancreas 
also has an impact on adipose tissue. The 
increase of insulin secretion will increase 
lipogenesis in the liver and increase the 
secretion of very-low-density lipoprotein 
(VLDL). Furthermore, those effects can 
trigger other metabolic diseases including 
hypertriglyceridemia and obesity. This 
condition then causes a decrease in insulin 
action in peripheral tissues so that this 
cycle will continue to repeat in patients 

with T2DM (Figure 1).23 

Secondary Metabolites in Persea 
americana Seeds
There are various secondary metabolites 
contained in Persea americana seeds based 
on literature studies. These secondary 
metabolites are known to have anti-
diabetic effects through multiple studies 
(Table 1). Each of them can reduce blood 
glucose.

Tannin 
Tannin is a water-soluble phenolic 
derivative that can be found naturally 
in several types of plants. From the 
research that has been done, tannin has 
some biological activities, such as an 
anti-diabetic, anti-bacterial, anti-viral, 
antioxidant, anti-cancer agent, and 
has many other benefits. The chemical 
structure of tannins is highly dependent 
on the type of plant that produces them. 
In general, tannins can be classified 
into two main groups, condensed 

tannins (unhydrolyzed tannins) called 
procyanidins and hydrolyzed tannins. 
Hydrolyzed tannins are generally available 
in small amounts in plants. This molecule 
has a polyol group (D-glucose) as its 
center, partially or completely esterified 
with a phenolic group such as ellagic acid 
or gallotanin acid. Condensed tannins 
are a group of polyphenolic bioflavonoids 
with condensable carbon molecules. The 
chemical structure of tannins greatly 
affects their biological activity.39,40 Tannins 
can be found in several plants, such as 
berries, apples, peaches, pomegranates, 
nuts, and avocados. Avocado seeds contain 
0.24 mg/100 g of tannins, while the flesh 
contains only 0.12 mg/100 g.41

Tannins have several mechanisms 
in controlling blood glucose levels. As 
an antioxidant, tannin has a protective 
function to ward off free radicals and 
activate antioxidant enzymes. Concerning 
endocrine organs, the role of tannin as 
an antioxidant can support the growth, 
regeneration, and protection of pancreatic 

Table 1.	 Secondary metabolites in Persea americana seeds.
Secondary 

Metabolites Effects in Diseases References

Tannin •	 Protects and supports pancreatic β cells regeneration
•	 Stimulates the translocation of GLUT-4

24,25

Quercetin •	 Protection to pancreas against oxidative stress
•	 Promoting regeneration of pancreas
•	 Inducing secretion of insulin
•	 Stimulate the translocation of GLUT-4
•	 Inhibit GLUT-2 activation

26–28

Rutin •	 Inhibits glucose absorption in the small intestine
•	 Stimulates activation and translocation of GLUT-4 
•	 Increase expression of PPARγ
•	 Inhibits the gluconeogenic enzymes (PPECK and G6Pase)
•	 Protects pancreatic β cells
•	 Increase insulin secretion and sensitivity

29–31

Kaempferol •	 Protecting pancreatic cells from lipid peroxide
•	 Increases glucose oxidation in muscles
•	 Inhibits gluconeogenesis

32

Saponin •	 Protects pancreatic cells from oxidative stress 
•	 Stimulates insulin secretion, sensitivity, and activation
•	 Increases glucose utilization in peripheral organs
•	 Increases glucose uptake in 3T3-L1 adipocytes via increased (PPAR)-γ
•	 Stimulate the GLUT4 translocation
•	 Inhibits gluconeogenesis

33,34

Triterpenoid •	 Stimulates PPAR-γ activation
•	 Increasing the expression and translocation of GLUT-4 
•	 Protects pancreatic β cells from oxidative stress
•	 Inhibits glucose absorption by inhibition of GLUT2 and SGLT1

35,36

Alkaloid •	 Stimulate the GLUT4 translocation
•	 Increase PPAR-γ gene expression
•	 Protect pancreatic cells from oxidative stress

37,38
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cells. The antioxidant test showed the 
ability of tannic acid to inhibit lipid 
peroxide up to 97.7%.24 In addition, 
tannins contribute to increased blood 
glucose uptake to peripheral organs 
through mediators of the insulin signaling 
pathway. Tannins can also increase the 
expression and translocation of glucose 
transporter 4 (GLUT-4). GLUT-4 
translocation is initiated by the binding 
of the IRS protein which further activates 
a signaling pathway that involves the 
activation of mitogen-activated protein 
kinase (MAPK). GLUT-4 is a glucose-
carrying molecule in cell membranes 
that is important for glucose transport 
in muscle cells and adipose tissue.40 In 
previous studies showed that procyanidins 
(condensed tannins) can significantly 
increase GLUT-4 translocation mediated 
by insulin and MAPK signaling pathways 
in mice muscle (p<0.05).25 

Flavonoids
Flavonoids are polyphenols that are 
commonly found in fruits, vegetables, and 
nuts. This substance consists of 15 carbon 
skeletons and two aromatic rings (A and 
B) linked by 3 carbon chains, usually 
oxygenated heterocyclic C rings. Their 
chemical structure divides flavonoids 
into six main subclasses: flavonones, 
flavonols, flavan-3-ols, anthocyanosides, 
and isoflavones. Flavonoids are the largest 
phytochemicals in avocado seeds with a 
composition of up to 20.33 mg/100g. This 
compound is the dominant compound 
that functions as an antioxidant to 
protect body cells from oxidative stress. 
In addition, flavonoids also have various 
functions in the body, such as anti-cancer, 
anti-bacterial, antiviral, and so on.42,43 

Quercetin 
One of the most abundant flavonoids in 
avocado seeds is quercetin. This substance 
belongs to the flavonols subclass that 
cannot be produced by the human 
body and is a substance that has various 
functions as a pharmacological therapy 
modality for metabolic and inflammatory 
disorders. Quercetin can be used as 
anti-diabetic, cardiovascular disease 
prevention, anti-cancer, anti-bacterial, 
anti-viral, anti-inflammatory, antioxidant, 
and many other benefits.44 Quercetin can 

be found in certain parts of certain plants, 
such as fruit. grapes, oranges, cherries, 
including avocado seeds.45

Quercetin can act as an anti-
hyperglycemic agent through several 
mechanisms, such as maintaining 
glucose homeostasis, maximizing 
glucose utilization in peripheral organs 
or tissues, increasing insulin sensitivity 
and secretion, and preventing glucose 
absorption in the digestive tract.27 
Quercetin can stimulate the translocation 
and expression of GLUT-4 via the 
adenosine monophosphate-activated 
protein kinase (AMPK) signaling pathway 
in mitochondria and increases glucose 
uptake in muscle cells. Hyperglycemia 
conditions cause an increase in the 
number of free radicals (ROS), which can 
cause tissue and insulin receptor (IRS-
1) damage, leading to insulin resistance. 
As an antioxidant, quercetin was found 
to ward off free radicals, especially lipid 
peroxides, reduce DNA damage in 
hyperglycemic conditions, and protect 
pancreatic cells from oxidative stress. This 
is supported by previous researches which 
showed the ability of quercetin to increase 
GLUT-4 expression and improved DNA 
protection in hyperglycemic rats.26

One type of protein that is still included 
in the glucose transporter family is GLUT-
2. This protein plays a role in the absorption 
of glucose in the small intestine. Increased 
the expression of GLUT 2 will increase 
glucose absorption that affects the level 
of glucose in the circulation. Quercetin 
can inhibit the activation of GLUT-2, 
thereby reducing glucose absorption in 
the gastrointestinal tract. In addition, 
quercetin was also able to increase insulin 
secretion through the ERK1/2 signaling 
pathway and protect pancreatic β-cell 
function in vitro study using INS-1 cell 
culture significantly (p<0.05). It also 
contributes to increased insulin sensitivity 
and decreased blood glucose levels.28

Rutin 
Rutin is a type of polyphenol that can 
be found in avocado seeds. Rutin has 
various functions, such as controlling 
blood glucose level and lipid profile, 
being an antioxidant, and maintaining 
healthy kidneys, nerves, and the liver. 
This compound has several pathways in 

regulating blood glucose. Rutin plays a 
role in inhibiting glucose absorption in 
the digestive tract by inhibiting glucose-
splitting enzymes, such as maltase, 
isomaltase, and glucoamylase which can 
prevent high postprandial blood glucose 
levels.46 Rutin also can increase the 
activation and translocation of GLUT-4 
via PI3K and MAPK pathway to increase 
glucose uptake to peripheral tissues.29 

Rutin extract administration can also 
increase glucose uptake in adipose tissue. 
Adipose tissue is formed from calories 
circulating in the circulation through 
the process of lipogenesis and then 
differentiates into mature tissue through 
the process of adipogenesis. Rutin was able 
to significantly increase the expression 
of the PPARγ gene that contributes to 
the adipogenesis process (p<0.001) and 
increase glucose uptake in muscle cells 
significantly (p<0.05).30 Rutin was found 
can inhibit gluconeogenesis, the process 
of converting non-glucose materials into 
glucose. This is one of the main causes 
of hyperglycemia. Inhibition is done by 
reducing the expression of gluconeogenic 
enzymes such as phosphoenolpyruvate 
carboxykinase (PEPCK) and glucose-
6-phosphatase (G6Pase). Rutin can 
stimulate insulin secretion and can prevent 
pancreatic β-cell degeneration.46 Rutin was 
also found to significantly increase insulin 
sensitivity in Wistar rats.31

Kaempferol 
Kaempferol is a flavonoid from the 
flavonol subclass that can be found in 
vegetables and fruits. In avocado seeds, 
the content of kaemferol reaches 10.74 
mg/100g.42 Kaemferol has various benefits, 
especially as antimicrobial, antioxidant, 
anti-inflammatory, anticancer, including 
maintaining blood glucose homeostasis. 
This substance acts as an antioxidant 
that can inhibit free radicals, protect 
pancreatic cells and increase glucose 
uptake. In addition, kaempferol was also 
able to increase glucose oxidation in the 
muscles of diabetic rats. The process of 
gluconeogenesis can also be influenced by 
kaempferol because kaempferol can inhibit 
hepatic pyruvate carboxylase activity so 
that less glucose will accumulate in the 
circulation.32
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Saponin
Saponins are amphipathic glycosides 
that chemically consist of aglycone 
and glycone that several types of plants 
can synthesize. Avocado seeds contain 
saponins with concentrations reaching 
0.52 mg/100 g. Saponins have a significant 
role in various biological activities that 
are promising as therapeutic modalities. 
These compounds are an anti-tumor, 
antimicrobial, anti-inflammatory, hepato-
protective agent, and anti-hyperglycemic. 
Saponins are one type of antioxidant that 
can counteract free radicals. Oxidative 
stress is an essential component that 
contributes to the development of diabetes 
mellitus. Oxidative stress can also react 
with polyunsaturated fatty acids which 
can cause lipid peroxidation and stimulate 
pancreatic cells death program.42,47 

Saponins also stimulate insulin 
secretion and activation, regenerate 
pancreatic cells, and increase glucose 
utilization in peripheral organs. A 
previous study showed saponin’s effect 
in increasing insulin-stimulated glucose 
uptake in 3T3-L1 adipocytes through a 
signaling pathway involving peroxisome 
proliferator-activated receptors (PPAR)-γ. 
In addition, this study demonstrated the 
role of saponins in increasing insulin 
sensitivity and GLUT-4 translocation to 
accelerate glucose uptake to peripheral 
tissues.33 Saponins are also involved in 
inhibiting gluconeogenesis by inhibiting 
the enzymes fructose-1,6 bisphosphates, 
and glucose-6-phosphate and also can 
increase glucose oxidation.34 

Triterpenoid
Triterpenoids are secondary metabolites 
produced by several types of plants, one 
of which is avocado. These compounds 
play a role in several biological activities 
such as antioxidants, anti-inflammatory, 
anticancer, anti-diabetic, etc. As an anti-
diabetic agent, triterpenoids can activate 
PPAR-γ through the AMPK signaling 
pathway to increase glucose uptake 
and metabolism in peripheral tissues. 
Triterpenoids were also found to be able to 
increase the expression and translocation 
of GLUT-4, a protein that plays a role in 
glucose transport into peripheral tissues. 
Like the antioxidants described in the 
previous compounds, triterpenoids also 

protect pancreatic β cells from free radicals 
and promote the growth and regeneration 
of pancreatic β cells.35

A previous study suggests the role of 
triterpenes in inhibiting the absorption 
of glucose from the digestive tract. One 
protein transport that plays a role in 
glucose transport in the small intestine 
is the sodium-dependent glucose co-
transporter (SGLT1) located in the 
apical part of the small intestine. In 
hyperglycemic conditions, an increase in 
GLUT-2 and SGLT1 expression is often 
found, affecting postprandial glucose 
levels. Triterpenoids were found to reduce 
the expression of GLUT-2 and SGLT1 
in vitro studies to reduce blood glucose 
levels.36

Alkaloid 
Alkaloids are secondary metabolic 
products that can be found in 14-
20% of plants. Avocado seeds contain 
alkaloids as much as 5.4 mg/100g. These 
compounds have various functions, such 

as antimicrobial, anti-inflammatory, 
antioxidant, and anti-diabetic. As an anti-
diabetic agent, alkaloids can stimulate 
GLUT-4 translocation and increase 
PPAR-γ gene expression, contributing 
to glucose uptake to peripheral tissues.37 
In its role as antioxidants, alkaloids can 
protect pancreatic β cells from oxidative 
stress.38 

The Role of Secondary Metabolites as 
An α-Amylase Inhibitor
Both α-amylase and α-glucosidase are 
often targeted to develop medications 
for hyperlipidemia, obesity, and diabetes 
mellitus.48 α-amylase plays a crucial role in 
carbohydrate food digestion by catalyzing 
the hydrolysis of α-(1,4)-D-glycosidic 
bonds or other glucose polymers from 
starch.49 An α-glucosidase is an enzyme 
that catalyzes the final phase of digestion 
of the matching monosaccharides and 
disaccharides.48 Inhibition of both 
carbohydrate hydrolyzing enzymes could 
reduce the increase of blood glucose level 

Figure 2.	 The hypoglycaemic activities of Persea americana seed.48,53
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immediately after a meal, especially in 
diabetes mellitus patients.50 Unfortunately, 
α-amylase enzyme inhibitors made as 
drugs, such as acarbose and sulfonylureas, 
are costly and have several side effects.51 
Some molecules can activate α-amylase 
inhibitor activity, such as condensed 
and hydrolyzable tannins, flavonoids, 
polyphenolics, and cinnamic acid 
derivatives.52 These phytochemicals are 
frequently found in nuts, vegetables, fruits, 
tea, and medicinal plants, including Persea 
americana seeds.53 Persea americana seed 
extracts will be greatly subsidized for 
effective management of type II diabetes. 
The mechanism of the extract toward the 
management of type II diabetes is shown 
in Figure 2. 

One of the molecules contained 
in Persea americana seed and has 
an inhibitory effect on α-amylase is 
tannin. Tannins are a group of complex 
polyphenolic compounds that are 
included in fruit and vegetables. There are 
two classifications of tannins, hydrolyzable 
and condensed tannin. Condensed 
tannins are flavonoid polymers produced 
by phenylpropanoid metabolism, while 
hydrolyzable tannins consist of gallic 
acid esters.54 Condensed tannins contain 
procyanidins that can inhibit the activities 
of α-amylase. As a result, the formation 
of glucose from starch will be inhibited, 
glucose concentrations will be reduced, 
and hyperglycemia in T2DM patients 
can be avoided.55 Tannin can strongly 
bind to proteins forming an insoluble and 

indigestible complex. Thus tannin can be 
used to treat diarrhea, bleeding, and skin 
injuries. These abilities probably are the 
action mechanism of inhibition of the 
α-amylase enzyme (Figure 3).49 Inhibition 
effect of α-amylase by tannin has a higher 
impact than acarbose. A study by Lou et al. 
shows that the concentration of the extract 
which inhibits 50% enzyme activities 
(IC50) values of tannic acid was 3.46 µg/
mL, while acarbose was 10.40 µg/mL.10 

Flavonoids, a group of polyphenols 
distributed ubiquitously in the plant 
kingdom and essential compositions 
of human diets, can also be one of 
the α-amylase inhibitors.56 Flavonoid 
presented a competitive type of inhibition 
as an α-amylase inhibitor. However, the 
inhibitions of α-amylase by flavonoids 
vary with the number, nature, and 
position of the substituents in the 
derivative flavonoid structure.57 One of 
the factors that can increase the inhibition 
of α-amylase by acarbose is the number of 
hydroxy groups in its structure. Daud AK 
et al. states that flavonoids of the group 
of dihydroxy flavonols can inhibit the 
activity of α-amylase enzymes. Flavonoids 
have interactions of OH groups with the 
active site of the enzyme as α-amylase 
inhibitors.58,59 Many flavonoids, such 
as rutin, quercetin, kaempferol, and 
myricetin have been shown could inhibit 
α-amylase activities. Quercetin and 
rutin in a dose of 100 mg/kgBW can 
significantly lower blood sugar in diabetic 
rats. These flavonoids show the best anti-

diabetic activity each at the 2 and 4 hours 
of administration.60

Inhibitions of α-amylase also can be 
done by saponin, with the competitive 
mode of inhibition. This means that 
saponin competed with the substrate at the 
active site of the enzyme. As an α-amylase 
inhibitor, saponin can delay the digestion 
of carbohydrates which decreases glucose 
absorption in the intestine. Therefore, this 
substance can inhibit the postprandial 
plasma glucose to rise. The mode of 
inhibition of saponin in D. basuticus 
extract shows strong inhibition for 
α-glucosidase but mild inhibition for 
α-amylase.61 Meanwhile, there are still not 
many studies that examine the inhibition 
of α-amylase specifically by saponin in 
Persea americana seeds.

Terpenoids have various structures, are 
made of isoprene units, and can be found 
in fruits, vegetables, and mushrooms. Each 
isoprene unit consists of five carbon atoms 
with double bonds. Studies have shown 
that monoterpenes and sesquiterpenes 
in citrus may play a role in α-amylase 
inhibition.54 Terpenoids with six isoprene 
units called triterpenes. Oleanolic and 
ursolic type triterpenes in Phyllanthus 
amarus can inhibit porcine pancreatic 
α-amylase. The IC50 value of the mixture of 
these compounds was 4.41 µM.62 However, 
there are still not many studies that discuss 
terpenoids in Persea americana seeds as an 
α-amylase inhibitor.

Alkaloids are secondary metabolites 
that can be found in many species of 
plants. Some studies suggest the alkaloid 
effect as an α-amylase inhibitor. Anti-
diabetic and hypolipidemic effects of 
carbazole alkaloid from M. koenigii leaves 
have been observed in streptozotocin 
(STZ) induced hyperglycaemic rats. This 
compound shows a weak inhibitory mode 
in α-glucosidase and a strong inhibitory 
against α-amylase than acarbose drug. 
Alkaloids extract from M. alba leaf 
extract also shows significant inhibition of 
α-amylase.37

All of the secondary metabolites above 
as α-amylase inhibitors have similar 
pathways in the hypoglycaemic activities. 
These inhibitors, also called starch 
blockers, can impede amylase activity. They 
will inhibit the formation of glucose by 
delaying the breakdown of carbohydrates 

Figure 3.	 Tannin as an α-amylase inhibitor.49
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in the small intestine. Thus, retardation 
of starch hydrolysis is important to avoid 
postprandial hyperglycemia.63 Acarbose 
and some drugs for α-amylase inhibition 
are unfortunately pricey and have several 
side effects.51 Therefore, α-amylase 
inhibitor by these secondary metabolites, 
which can be obtained naturally in 
plants and fruits, can be another effective 
solution as an α-amylase inhibitor rather 
than a drug-based inhibitor.

Potential Encapsulation Methods
Secondary metabolites have a limited 
bioavailability, as previously stated. To 
enhance its bioavailability in the body, 
encapsulation is required. These secondary 
metabolites can be encapsulated in a 
variety of ways (Table 2).

Self Nano-Emulsifying Drug Delivery 
System (SNEDDS)
Self nano-emulsifying drug delivery 
system (SNEDDS) is an anhydrous 
isotropic combination of oil, surfactant, 
and co-surfactant which can produce 
nanoemulsion spontaneously when 
in contact with gastric fluid. SNEDDS 
has the potential to increase the poor 
bioavailability of water-soluble drugs. The 
formulation of SNEDDS preparations 
will increase the dissolution of the active 
substance by facilitating the formation of 
the solubilized phase and increasing the 
transport to increase the absorption and 
bioavailability of the active substance from 
the gastrointestinal tract.64 

Constituent components play 
an important role and influence the 
characteristics of SNEDDS. Oil, as the 
main carrier of the active substance in 
the SNEDDS formulation, plays a role in 
determining the emulsion formed and 
the capacity of the active substance that 

can be carried. Surfactants play a role in 
reducing the droplet size of the emulsion 
and keeping the active substance at the 
absorption site for a long time so that there 
is no precipitation in the gastrointestinal 
tract. Tween 80 is a non-ionic surfactant 
with a Hydrophilic-Lipophilic Balance 
(HLB) value of 15, which is stable for 
o/w emulsions and safe for the body. Co-
surfactants assist surfactants in lowering 
the surface tension of water and oil, 
increasing the dissolution of the active 
substance, and improving the dispersibility 
and absorption of the active substance.65

Chitosan-alginate nanoparticle
The most significant chitin derivative is 
chitosan, which is made by removing 
the acetate moiety from chitin. It comes 
from crustacean shells, such as those 
from prawns or crabs, as well as fungus 
cell walls. It’s a cationic, highly basic, 
mucoadhesive biocompatible polymer 
that’s been authorized by the US Food 
and  Drug Administration for tissue 
engineering and drug delivery. Chitosan-
based NP is particularly well suited to 
the mucosal route because of their low 
toxicity, mucoadhesion, and adjustable 
physical characteristics.66

Alginate is a brown algae-derived 
natural anionic polymer with a chemical 
structure of α-L-guluronic acid and 
β-D-mannuronic acid. It may produce 
nanoparticles via ionotropic gelation with 
divalent cations or cationic polymers, 
but not stable at room temperature 
and encapsulated active chemicals leak 
easily.67–69 Therefore, encapsulating the 
alginate nanoparticles with chitosan were 
able to overcome these restrictions.70,71

In a recent study, the toxicity of alginate/
chitosan/lovastatin (ACL) nanoparticles 
was sufficiently low in mice. The drug’s 

LD50 was greater than 5000mg/kg, and 
there were no abnormal symptoms, death, 
or toxicity to the function or structure of 
the vital organs in the subchronic toxicity 
test with doses of 100mg/kg and 300mg/
kg ACL nanoparticles.69 Meanwhile, 
the other study found that the particles 
with substantial pH sensitivity had a 
minimum particle size of 91.58 nm and 
95 percent quercetin chitosan-alginate 
encapsulation efficiency. In diabetic rats, 
peroral administration of these quercetin 
nanoparticles resulted in a significant 
hypoglycaemic impact and efficient 
glucose homeostasis when compared to 
free oral quercetin.13

Poly Lactic-co-Glycolic Acid (PLGA) 
nanoparticle
The advantages of PLGA such as 
biocompatibility, biodegradability, and 
toxicologically acceptable breakdown 
products have been highly helpful for 
drug administration.72 The FDA has 
authorized PLGA for use in nanomedicine 
formulations in humans.73,74 PLGA 
is also known because of its adaption 
in hydrophilic or hydrophobic small 
molecules or macromolecules, drug 
degradation protection, sustained release, 
better interaction with biological materials, 
and able to target specific organs or cells.73

The final characteristics of NP, 
including form, size, size distribution, 
and stability, are influenced by their 
manufacturing processes. For the 
production of PLGA NP, various 
methods have been utilized, including 
emulsification, nanoprecipitation, dialysis, 
and spray drying, whether in single or 
double processes.75,76 While D-lactate 
is not further processed before being 
expelled, L-lactate is transformed to CO2 
and pyruvate, which enters the Krebs 

Table 2.	 Potential encapsulation methods.

Potential Encapsulation Size (nm) Secondary Metabolites References

SNEDDS avg 15.06 Tannin, saponins 12

Chitosan-alginate NP min 91.58 Quercetin 13

PLGA NP 179.9 ± 11.2 nm Quercetin 14

Lipid carrier avg 1704 ± 1015.95 Rutin 15

Liposome 2.12 and 0.84 Quercetin and kaempferol 16

Polysaccharide-based enteric-coated NP - Saponins, tannins, alkaloids, 
terpenoids

17

*SNEDDS = self nano-emulsifying drug delivery system; PLGA = poly lactic-co-glycolic acid; avg = average; min = minimum; NP = nanoparticle
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cycle. Glycolate, on the other hand, can be 
eliminated directly through the kidneys 
or oxidized to glyoxylate, which can 
then be converted to glycine, serine, and 
pyruvate.73,77,78 

In a recent study, after formulation 
creation, antioxidant tests revealed 
that quercetin in PLGA NP was able to 
preserve antioxidant properties similar to 
the free drug at equivalent concentrations. 
In diabetic rats, the same amount of this 
encapsulation given every fifth day was 
enough to provide an impact comparable 
to a daily dose of oral quercetin suspension.  
The same effect was shown in pancreatic 
and kidney catalase and superoxide 
dismutase levels. This benefit will result 
in a reduction in medication dosage, 
frequency, and patient complaints.14

Lipid carrier
The inclusion of liquid oil in the 
nanostructured lipid carriers (NLC) 
structure results in defective crystals 
with bigger empty spaces, resulting in 
high encapsulation effectiveness. This less 
orderly structure also reduces bioactive 
component ejection during storage.79 
This encapsulation has many advantages 
such as better physical stability with 
controlled particle size, cheaper than 
other delivery options, lipophilic and 
hydrophilic encapsulation, biodegradable, 
high content of delivered compounds, and 
improving its solubility. NLC composition 
consists of lipid (liquid or solid) and 
emulsifier (polysorbates /tween, polyvinyl 
alcohol, pluronic F68 /poloxamer 188, and 
sodium deoxycholate).80

There are various strategies for 
producing lipid nanoparticles. Some 
methods that can be used in the preparation 
of NLC inducing, high-pressure 
homogenization, microemulsion, phase 
inversion, emulsification sonification, 
solvent emulsification-evaporation, 
solvent diffusion, solvent injection/
solvent displacement method, membrane 
contactor.81–89 The primary procedures 
are high-pressure homogenization and 
microemulsion because more stable than 
other methods.90 

Rutin, as one of the secondary 
metabolites, was also know used lipid 
carrier encapsulation. According to a 
recent study, the rutin encapsulated lipid 

carrier has the highest radical inhibition 
activity for all digestive phases, the highest 
singlet oxygen scavenging activity after 
the gastric phase, and the highest anti-
inflammatory activity for the dialyzable 
fraction.15

Liposome
Liposomes are phospholipid vesicles 
that include distinct aqueous gaps and 
comprise one or more concentric lipid 
bilayers. Liposomal systems have the 
unusual capacity to entrap both lipophilic 
and hydrophilic molecules, allowing 
them to encapsulate a broad spectrum 
of medicines.91–94 This encapsulation has 
challenges such as reticuloendothelial 
system (RES) and liposome clearance, 
enhanced permeability and retention 
(EPR) effect, opsonins and vesicle 
destabilization, accelerated blood 
clearance (ABC) phenomenon, 
and complement activation–related 
pseudoallergy (CARPA).95 

On the other hand, liposomes have 
several benefits, including enhanced 
pharmacological effectiveness and 
therapeutic index, more excellent stability, 
and less exposure of sensitive tissue to 
hazardous medicines.96 The stability and 
antioxidant tests indicated that integrated 
flavonoids and liposomes had a mutually 
protective interaction.97 Quercetin-loaded 
liposomes were more stable and had better 
antioxidant activity than kaempferol-
loaded liposomes.16

Polysaccharide-based enteric-coated 
nanoparticle
Polymers based on polysaccharides are 
usually considered safe and authorized 
for use as a direct food additive. 
Different enzymatic susceptibilities of 
polysaccharides coatings allow for the 
selective breakdown in the small and 
large intestines. It was discovered that 
the polysaccharide covering effectively 
delayed the encapsulated agent’s 
nonspecific release until it was exposed 
to its targeted release environment. As a 
result, this encapsulation may be directed 
to various organs in the gastrointestinal 
system and increased oral bioavailability.98 
The glucose-lowering impact of the P4-
encapsulated delivery method was found 

to persist even in the absence of therapy 
in recent research. The P4-encapsulated 
delivery method’s long-lasting impact 
might be due to its benefits as a food-grade 
delivery encapsulation for small-intestine-
targeted distribution.17

CONCLUSION
It is known that various secondary 
metabolites found in Persea americana 
seeds have an influence on reducing blood 
glucose levels, notably in the α-amylase 
pathway, based on the results of literature 
studies. Several forms of potential 
encapsulation can improve the low 
bioavailability of secondary metabolites 
in the body. Herbal substances as adjuvant 
therapy in T2DM might be a viable 
management option. However, more 
study is required to further investigate and 
understand those effects.
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