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Abstract

Alpha amylases cleave the starch like molecules and led to increase in blood sugar level in diabetic patients
then in order to manage it the inhibition action is carried out by their inhibitors. The a-amylase inhibitors catalyses
the process of endo-hydrolysis of a (1— 4) glycosidic linkage present in starch which ultimately led to decrease in
the starch hydrolysis process. It also affects the carbohydrate absorption in the intestine. In 1945, the first alpha
amylase inhibitor was reported from beans. It has already been isolated from various plant species namely, Hibiscus
sabdariffa.L, Geranium pratense L and Cedrus libani A. Rich with inhibition percentage of 100, 43 and 31
respectively. The studies have already been reported on inhibitors and their interactions with human pancreatic alpha
amylases are made .In-vitro and in vivo tests has already been done by various researchers which showed a
significant drop in blood sugar level of a normoglycemic mice after an extract from the leaves of Bersama

abbyssinica was tested for its potential effect as anti-diabetic.
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Introduction

Diabetes mellitus has a multiple biochemical
impairment that is epidemic globally. It is caused due
to disorder of pancreas which occurred due to insulin
resistance, inadequate insulin secretion, or excessive
glucagon secretion. It is an endocrinological disorder.
About 3000 years ago diabetes was first reported in
Egyptian manuscript and it is one of the oldest diseases.
It is a long term impairment affecting the body
regulation and causing high blood sugar level. In 1755,
Dobson demonstrated the presence of the sugar in urine
of a diabetic person (1). Later on, Joseph von mering
and Oskar Minkowski reported the role of the pancreas
in diabetes, they discovered that when the pancreas was
removed from the dogs they developed the symptoms of
diabetes and died. In 1910, it was determined by Sir
Edward Sharpey-Schafer that from the lack of insulin
diabetes occur. Type 1 diabetes and type 2 diabetes are
two types of diabetes. The differentiation between two
types was made clear in 1936. Later, in 1988 the
metabolic component of Type 2 diabetes mellitus was
discovered (2). It is a non-insulin dependent diabetes
mellitus. In both developed and developing countries
approximately 80% of people with diabetes are
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suffering from T2DM. The type 1 diabetes occurs due
to auto-immune disorder and it led to demolition of
pancreatic beta-cells (3). The type 2 diabetes is more
common that is caused by the combine factors of
dysfunction and resistance. Primarily, T2D is caused
due to impairment of the regulation process of glucose,
insulin resistance and pancreatic beta cells dysfunction.
Both types of diabetes are lifelong serious conditions.
The symptoms of diabetes include frequent urination,
increase thrush, excessive hunger, fatigue, polyuria and
glycosuria (4).

Globally, the prevalence of diabetes has increased
leading to high mortality and morbidity rate. It has been
observed that type 2 DM is more vulnerable as it can
cause both short- and long-term complications, which
often lead to premature death (5). Presently, the only
method that is adopted to deal with diabetes is by
lowering glucose level with various therapies. Such
methods are best to treat people with T2DM (6). The
classes of oral anti-diabetic drugs are involved in
treatment of diabetes such as biguanides, sulfonylureas,
meglitinide, thiazolidinedione (TZD), dipeptidyl
peptidase 4 (DPP-4) inhibitors, sodium-glucose co-
transporter (SGLT2) inhibitors and a-glucosidase
inhibitors. Despite of their advantage of lowering the
blood glucose level they offer various complications in
return such as anaemia, skin issues, kidney and liver
damage (7). Thus, the study has shifted for the
determination of more plant based products to treat
diabetes. The research has already been done on various
plants for screening of their anti-diabetic potentials (8).
Some of medicinal plants in which anti-diabetic
potential has been reported are aloe, onion, cinnamon,
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Croton cajucara, Bidens pilosa, fenugreek, Allium
sativum, guava, nettle, coffee, soybean, Gentiana

olivier, turmeric, walnut, and Cassia auriculata (9).
Different bioactive compounds are present in plants
such as lignans, alkaloids, flavonoids, saponins and
carotenoids which provide a distinct characteristic to a
plant for its treatment against diabetes. Medicinal plants
also contain alpha amylase inhibitors (10). The class of
enzymes that hydrolyse starch to yield low molecular
weight dextrins and sugars is known as amylase
inhibitors. Amylase inhibitors are also termed as starch
blockers (11). They catalyse the hydrolysis of a-(1, 4)-
D-glycosidic linkages of starch and other glucose
polymer. The amylase inhibitor constitutes of a
carbohydrate and nitrogen with an oligoamine unit (12).

Amylase is one of the oldest enzymes. In 1815,
the foundation for the discovery of amylase was laid by
Kirchhoff. From his experimentation he showed that
gluten had the great capacity to convert the starch into
sugar. In his experimentation he formed a starch paste
from the four parts of water, two parts of starch, and
malt (13). Later, the paste began to liquefy into sweet
syrup which proved the capacity of gluten. In 1831,
Erhard Friedrich Leuchs demonstrated the hydrolysis of
starch by saliva that was due to the presence of an
enzyme in saliva, "ptyalin", which is an amylase (14).
With time the research starts widening and researchers
started exploring the amylase more. Likewise, in 1833
Anselme Payen and Jean-Francois Persoz further
describe and isolate another enzyme “diastase” which is
basically, amylase in powder form. They isolated it
from barley malt and represented that it as a heat labile
in nature. It was the first enzyme to be discovered

Firstly, the alpha amylase inhibitor was reported
in 1945 by Bowman. He did his investigation on beans
and reported the presence of enzyme alpha amylase.
Then, the research for the alpha amylase inhibitors
intensified for years (15). In 1960-61, Stankovic and
Markovic reported presence of alpha amylase inhibitor
in acorns. Additionally, by 1978 Granum and
Manjunath determined the enzyme in rye. In 1980 and
1981 by the four leading researchers Shivaraj,
Pattabiraman and Blanco-Labra and Iturbechifias the
study on alpha amylase inhibitor was done on millet and
maize respectively. Due to great advantages of the alpha
amylase inhibitors, they are widely under the field of
interest by researchers.

Classification of alpha amylase inhibitors

There are various classes of alpha amylase
inhibitors. Each class represents the inhibitors with
distinct structural components. Some of the classes are
described as follows

Lectin like alpha amylase inhibitors

The alpha amylase inhibitors of the lectin type
comprises of 250 amino acid residues that results in
formation of the five disulphide bonds. They are found
in higher plants, cereals and legumes. They play a
significant role in inhibition of the activity of salivary
and pancreatic amylase in vitro and in vivo. Amylase
inhibitors have potential in various fields, including
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crop protection as they are used as a source of defence
strategy by plants (16). In pulses, three isoforms of
alpha-amylase inhibitors are found mainly isoform 1, 2
and 3. Alpha-amylase inhibitor isoform 1 also known as
(Alpha- AIl), similarly the isoform 2 and 3 of alpha
amylase inhibitor is as (Alpha-A12) and (Alpha-AIL)
respectively. The alpha amylase 1 is further divided into
two categories namely Alpha amylase 1 — Pal and alpha
amylase 1 — Pa2. Each has a distinct role in inhibition of
the various alpha amylase enzymes present in case of
storage pests. But these two isoforms do not act as
inhibitory factors on the mammalian alpha amylases
(17).

They are divided on the basis of their inhibitory
activity as well as structure.

Table 1 - The list of various alpha amylase inhibitors
falling under this category is as follows along with
their inhibition response

Type of alpha

S.No. Inhibition action Reference

amylase
Alpha Mammalian alpha
1 7
amylase 1 amylase
Alpha amylase present in
2 Alpha midgut of the C. (18)
amylase 1
maculatus
Alpha amylase present in
3 Alfha ,  themidgut of the Z (18)
amylase subfasciatus
Alpha
4 | amylase 1— Larval alphg amylases of (17)
Pal C.chinesis
Alpha
5 amylase 1 — La.rval.amylase.: of (19)
P Tribolium molitor
al
Alpha
6 | amylase1— Lgrvql amylase of (19)
Pa2 Tribolium confusum

Cereal type alpha- amylase inhibitors

The alpha amylase inhibitors belonging to this
class comprises of amino acid chains of approximately
110-160 residues. An intensive study has already been
done on them and they have been purified from wheat
flour. It has been noted that such inhibitors displays the
molecular weight between 10- 60kDa. Basically, they
act as different form of monomers such as hetero-
oligomers and homodimers. These inhibitors differ from
others due to their tertiary structure (20). There are 5
disulphide bonds that are formed due to presence of
cysteine residues, additionally there is and up and down
manner arrangement of the alpha helices which sets it
apart from other classes. It is present in various cereals
like wheat, ragi and maize seed. In case of wheat they
are further comprises of two sub classes namely
inhibitor 0.19 and 0.28.

The former has molecular weight of 24kDa while
the latter is half of it. They inhibit various alpha
amylases, for instance alpha amylase from human
saliva, avian saliva and pig pancreas. Likewise, the bi-
functional alpha amylase from ragi has potential to
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inhibit amylase from porcine pancreatic amylase. It is
formed of long chain of amino acids with
approximately 122 residues unit. The binding site of the
alpha amylase in this case is located in the N-terminal
region (21).This type of alpha amylase inhibitor follows
the mechanism of the competitive inhibition in which
the active site prevents the binding of the enzyme to its
substrate. For example, when p-nitrophenylaltoside
substrate is used in case of the porcine pancreatic alpha
amylase reaction mechanism, it acts as a competitive
inhibition (17). About, 155 long amino acid residues are
present of cereal type alpha amylase inhibitor in case of
maize seeds. Such inhibitor when isolated from the
maize seed can hinder the activity of the human trypsin
enzyme. In addition to this, it also acts effectively on
the alpha amylase of the insects.

Kunitz like alpha amylase inhibitors

With the presence of four cysteines, the kunitz
like alpha amylase inhibitor contains 180 amino acids
chain. They are abundantly present in cereals. Subtilisin
inhibitor also known as barley alpha amylase inhibitor
as it is present in barley is formed of a beta- trefoil
protein. During the process of the seed germination of
the barley, the soyabean trypsin inhibitor inhibits the
isozyme 2 of the alpha amylase classification. The alpha
amylase of rice has molecular weight of about 21 kDa
(16). The kunitz like alpha amylase inhibitor is also
found in legume such as flame tree i.e. Delonix regia.
This legume alpha amylase inhibitor has a great
potential to increase mortality of Callosobruchus
maculatus. Additionally, it attacks on the larval stage of
the insects thus affects their development. In contrasts
to rice alpha amylase inhibitor this inhibitor can inhibit
the alpha enzymes of the both mammalian as well as
insects. They have an extended family with distinct
molecular weights starting from 6 kDa to 24 kDa.
Kunitz like inhibitor can also isolate from pigeon pea
and wheat (15). The thermal stability of their protein is
high and they work on a different mechanism. They
form a dozen of hydrogen bonds and salt bridges results
in high electrostatic forces in the active regions of the
catalytic site thus, preventing the entry of the substrate.

Knot type alpha amylase inhibitors

They are one of the most smallest in size
proteinaceous alpha amylase inhibitor. They are
comprised of only 32 amino acid residues with only 3
disulphide linkages. It works on a complex mechanism
to perform its inhibitory activity which is based on the
water-mediated hydrogen bonds. In this mechanism, the
alpha amylase inhibitory binds to the gap between the
domains of the catalytic site and consequently forms a
salt bridge. The knot type alpha amylase inhibitor
inhibits the Tenebrio molitor, Tribolium castaneum and
various other species (18). The primary souce of this
inhibitor is amaranth. It was first discovered in 1994 by
Chagolla and co-workers. As per studies, only four
cysteine knot alpha amylase are discovered that contain
two to four prolines.

Another, knot like alpha amylase inhibitor is
found in plant Wrightia religiosa. These are shorter in
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length with only 30 amino acid residue chain and they
are represented as Wr-All, Wr-Al2 and Wr-A13.

Thaumatin like alpha amylase inhibitors

About 22 kDa protein is isolated from maize and
barley and they are termed as zeamatin trypsin inhibitor.
It has 133-227 amino acid long chain with molecular
weight of 22 kDa. The mechanism of action is totally
different as compare to the other types of the alpha
amylase inhibitors (21). In this the thaumatin is induced
with help of external resources i.e. abiotic stress such as
temperature, pH, salt concentrations and light. It can
inhibit various amylases like porcine pancreatic and
insect alpha amylases. Few insects on which it works
efficiently to inhibit the activity of the alpha amylase
inhibitor are as follows Tribolium castaneum,
Neurospora crassa and Candida albicans (22)

Gamma purothionin like alpha amylase inhibitors

It is formed of 47 amino acid residues and
possesses the molecular weight of 5kDa. The gamma
like alpha amylase has distinct features and mechanisms
that set is apart from others. The mechanisms involve
amendments in permeability of the membrane, protein
synthesis inhibition and inhibition of the proteinase. The
main sources from which gamma alpha amylase
inhibitors can be isolated include sorghum, soyabean,
papaya, barley and wheat. It inhibits the bacterial
amylases and the insect alpha amylase (12).

Mechanisms of action of alpha- amylase inhibitor in
treatment of diabetes
Figure 1- Representation of mechanism of alpha
amylase inhibitors
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Mechanism of action of alpha-amylase inhibitor

The inhibition action of a-amylase is carried out
by oa-amylase inhibitors by catalyses of the
endohydrolysis of o (1— 4) glycosidic linkage present
in starch with help of an enzyme. Thus, causing
decrease in the starch hydrolysis process. Furthermore,
it affects the process of the carbohydrate absorption in
the small intestine by inhibiting the activity of the
carbohydrate hydrolysing enzymes. Thus, they are very
helpful in management of the postprandial
hyperglycaemia (PPHG) in diabetic patients (23).

Activity of alpha amylase inhibitor in body

Starch like molecules cannot cross the blood
brain barrier, they are cleaved by alpha-amylase cleaves
the large starch molecules into smaller fragments of
sugars to cross the blood brain barrier. The excessive
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conversion of starch to sugars will ultimately increase
the blood sugar level, and then the insulin will direct the
cells to metabolize the excess sugar moieties and store it
as an energy source i. e. glycogen (20). This cycle is
routinely proceeding in healthy living system. But in
some cases, due to excess activity of amylase enzyme
and insulin deficiency or resistance to insulin, there is
increase in level of blood glucose which might results in
hyperglycaemia (17). Several studies on inhibition of
amylase enzyme activity have already been reported to
control hyperglycaemia.

Figure 2- Activity of alpha amylase inhibitor
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Recent research on Medicinal plants in treatment of
diabetes

Several medicinal plants possess alpha- amylase
inhibitory activity and it has been reported that more
than 500 plant species exhibit properties that help in
treatment of diabetes. Studies have already been done
and it has been observed that in case of rats when they
were administered with aqueous extract prepared from
leaves of the P.S. cuminigua a reduction in blood
glucose level was noticed. Likewise, seeds of
Amaranthus caudatus showed inhibition rate of
approximately 80%.

As per reports various parts of different plant
species were taken and studies have already been done
in order to determine alpha amylase inhibition activity
in plants. It has been observed that maximum inhibition
percentage of enzyme alpha amylase was observed in
case of flowering plant Hibiscus sabdariffa and in
perennial legume i.e. Cajanus cajan that was about
100%. Following it the inhibition percentage was 93%
in case rhizome of Bergenia ciliate (25). The alpha
amylase inhibition percentage was 57 and 56 in case of
extracts of bark and leaves of the Balanitesa egyptiaca
L and Murraya koenigii L. Likewise, in case of annual
herbaceous namely Andrographis paniculate the
percentage of alpha amylase inhibition is 52%.

Table 2 - A list of different plant species with alpha amylase inhibition activity percentage.

Alpha amylase

S.No. Plant Plant type Part Inhibition %age Reference
1 Hibiscus sabdariffa Flowering plant Flower 100 (26)
2 Cedrus libani A. Rich Pines Cones 31 (25)
3 Geranium pratense Flowering plant Aerial part 43 24)
4 Andrographis paniculate Annual herbaceous Leaf 52 (26)
5 Balanitesa egyptiaca L Multipurpose tree Bark 57 47
6 Securidaca Iizgfez”d””c”’“t“ Deciduous shrubs Root 35 (26)
7 Pentaphylloides fruticosa Shrubs Branch 31 (23)
8 Cajanus cajan Perennial legume Seed 100 27
9 Murraya koenigii . Sub-tropical tree Leaf 56 24)
10 Mitragyna inermis Shrub Leaf 75 39)
11 Bergenia ciliata Perennial Rhizome 93 (24)
12 Ginkgo biloba Large trees Leaf 70 (40)
13 Paeonia anomala Perennial Root 33 27

Further, it has been reviewed by various studies
that the extracts from different medicinal plants possess
the characteristics of alpha amylase enzyme inhibition.
More than 500 plants exhibit such properties, out of
them the most traditionally used plants for treatment of
diabetes are L. Syzygium cumini L. (syn: Eugenia
jambolana Lam) and Psidium guajava L. In addition to
them reduction in blood glucose level has also been
observed from the extracts of cumin seeds, Amaranthus
caudatus L. seeds, Melissa officinalis L., Taraxacum
officinale and Tamarindus indica L (28). Likewise, In
India the Ayurvedic system of medicine reported that
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with no or least side effects the blood glucose level can
be reduced with help of some medicinal plants (29). A
study has already been done which reported that the
Mangifera indica L., Phyllanthus mader, Tenuflorum
ocimum L., and Linumusita tissimum L. has potential
effect on the alpha amylase activity which apparently
results in lowering blood glucose level and a remedy to
obesity.

Plants with anti-diabetic potential
o Psidium guajava - The leaves of P. guajava have been
shown to suppress/control the increase in blood sugar
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levels during a glucose tolerance test in alloxan-
induced diabetic rodents. Different parts of the P.
guajava plant have been used to treat diabetes. In type
2 diabetes, methanolic concentrate of Pguajava
leaves had a hypoglycemic effect (30). Watery
concentrate of P. guajava leaves has been shown to
significantly lower blood glucose levels. The dynamic
constituents were flavonoid glycosides such as
strictinin, isotrictinin, and pedunculagin, which are
used in the clinical treatment of diabetes to improve
insulin affectability. A 50,000-100,000 atomic load
glycoprotein detached from the aq. Furthermore, leaf
concentrate has anti-diabetic properties. (38).

o Syzygium cumini - In preliminary phytochemical
screening, the presence of alkaloids, amino acids,
steroids, and triterpenoids in thyl acetic acid
derivation and methanol concentrates of S. cumini
seed remove was discovered. S. cumini seed has been
known to have various restorative properties aside
from anti-diabetic activity, such as mitigating and
pain relieving activity (31). S.cumini seed extract has
anti-diabetic properties, and its component of activity
is similar to that of Glibenclamide, a drug that
stimulates insulin release from pancreatic cells. It was
also discovered that Ethyl acetic acid derived from
S.cumini seed and methanol concentrate of S.cumini
seed have an anti-diabetic effect in STZ-induced
diabetic rodents.

o Costus speciosus- Oral administration of rough
concentrates of hexane, ethyl acetic acid derivation,
and methanol of C.speciosus has been shown to
significantly lower blood glucose levels in STZ-
activated diabetic rodents. Furthermore, it was
discovered that hexane rough concentrate is
significantly more effective than ethyl acetic acid
derivation and methanol extricates in decreasing
serum glucose levels and normalizing other
biochemical boundaries in diabetic rodents. (33).

o Ocimum sanctum- Aqueous extract O.sanctum leaves
have been showed to reduce blood glucose level in
control and alloxan induced diabetic rats to a greater
extent and also uronic acid, total amino acid, total
cholesterol, triglyceride and total lipid concentration
were reduced significantly (41). An experiment was
conducted in which extracts from plants were
administered for a month. Consequently, a decrease in
plasma glucose level by 9.06% and 26.4% on 15 and
30 days was observed respectively. Moreover, this
plant is known to possess a broad range of activity
against in controlling bacterial, fungal growth and to a
greater extent antiviral property, anti-stress, antitumor
and antiulcer. (34).

In silico approach for characterization of alpha
amylase inhibitors

These approaches utilises the computational
techniques for the analysis of the purified alpha amylase
inhibitors. They work by figuring out the binding sites
of the macromolecule. In order to attain the best
conformation between the receptor and the ligand these
approaches involves the use of the spatial energies. The
molecular docking is one such method that ia used for
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the screening of the alpha amylase inhibitors for their
effectiveness. Various studies have already been done
for instance; the computational approach was used to
study the inhibitory effect of the carotene on the alpha
amylase activity (35). The molecular docking is done by
using Auto Dock Vina. The studies on natural products
have already been carried out and various inhibitors of
the human pancreatic alpha amylase are reported. There
crystal structures are also determined that showed a
strong interaction between the human pancreatic alpha
amylase and some derivatives like myricetin. Basically,
the interaction is between the hydrogen bonds and the
hydroxyl groups of the derivatives. Likewise, various
interactions at molecular level can be revealed by
molecular docking that can be helpful to bring out the
ligand-receptor interactions (46). In past, an
investigation was carried out for the determination of
the alpha amylase inhibitors from the extracts of the
medicinal plant namely; Leucas ciliate the solvent
extracts were taken. Further, the ligands were obtained
from the compounds and their receptor binding sites
were determined using molecular docking studies in
which PyRx software was used to determine the alpha
amylase inhibition activity (36). Just like plants, an oral
alpha amylase inhibitor has already been extracted from
bacteria speice Streptomyces dimorphogenes. Post
ingestion of sucrose this extract has shown very few
effects on lowering blood glucose levels. The crystal
structure has also been produced using GRASP which
shows the complex formed between human pancreatic
alpha amylase and inhibitor derived from trestatin.
Additionally, structure formed reveals the binding of
active sites of human pancreatic alpha amylase to
trestatin inhibitor (37).

In vitro and in-vivo studies on alpha amylase
inhibitors

a-amylase is one of the fundamental compounds
in human body that is liable for the breakdown of starch
to more basic sugars.  Alpha-amylases hydrolyze
complex polysaccharides to produce oligosaccharides
and disaccharides which are then, at that point,
hydrolyzed by a-glycosidase to monosaccharide that are
ingested through the small digestion tracts into the
hepatic gateway vein and led to increment of the
postprandial glucose levels (42). In order to study the
potential effects of the alpha amylase inhibitors for
processing as an anti-diabetic agent various in-vitro
studies have been performed. The studies on plant
material have been carried out effectively and that has
shown the inhibitory activity of various isolated
compounds. One such research was carried out to
determine the activities of the O.basilicum which is a
culinary herb belonging to family Lamiaceace. It is also
regarded as a traditional medicinal plant. The
experiment done by researchers on O.basilicum
revealed that its extract has potential inhibitory effect on
the alpha glucosidase and amylase activity. It works in a
dose dependent manner (43). Likewise, a study carried
out on Amaranthus spinosus reported that the drugs
that can inhibit the carhohydrtae hydrolysing enzymes
can also improve defective glucose functioning in body
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by reducing the post prandial hyperglycaemia. In

addition to this, the meathanol extract of the
Amaranthus spinosus has a potential effect on the
inhibition of the alpha amylase inhibitory activity. Just
like others the leaves of the plant Bersama abyssinica
that is an evergreen tree belonging to family
Francoaceae also possess alpha amylase inhibitory
activity and studies carried out on it in-vitro proved that
concentration dependent inhibitions were observed (44)

These studies help in drug development because
they provide the knowledge about
the drug's characteristics, including drug interactions in
living system, its biochemical response and adverse
effects. The in vivo methods also aids in providing an
assessment on how safe and efficient a drug is, which is
under experimentation for clinical trials. To determine
the safety various investigations have been carried out
on rats (45). According to a study which is conducted on
animals the citrus extracts not only shown results in
decreasing glucose uptake but also bring out the
movement of glucose in hepatic organ. Another study
reported that peel of Citrus limetta can potentially
reduce blood glucose level in diabetic rats (48). The
extract from the leaves of the Bersama abbyssinica
were tested to check potential alpha amylase inhibition
activity. This test was performed on normoglycemic
mice and the results showed a significant decrease in
blood glucose level of the mice as compare to the
others.
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