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ABSTRACT
In the present study in vitro antidiabetic activity of red seaweed Portieria hornemannii (Lyngbye) (Silva) and
Spyridia fusiformis (Wulfen) were evaluated using α-amylase and α-glucosidase for inhibitory activity. The
methanol extract of Spyridia fusiformis revealed at the concentration of 900 µg/mL, α-amylase shows higher
activity (84.72 µg/g) than α-glucosidase (94.75 µg/g). The IC50 values wer7e achieved high in S. fusiformis at
430 µg/mL in α-amylase and 60 µg/mL in α-glucosidase, nevertheless the IC50 value of α-amylase shows a
twofold higher than the α-glucosidase. Thus, our results suggest that P.ornemannii and S. fusiformis could be
used as a potent antidiabetic agent.
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INTRODUCTION
Diabetes mellitus is a metabolic disorder in which,
the body does not produce or properly utilize
insulin. In spite of the presence of a series of
known
antidiabetic
medicines
in
the
pharmaceutical market, remedies from marine
sources are used with success to treat this disorder.
Globally, diabetic cases have exploded in the past
two decades at 6% per annum and by the year
2025, 324 million people will be diabetic [1].
Moreover, recently discovered drugs were only
ameliorating symptoms and would not cease
progression of the disease [2]. According to
Sharmanidhi and Garg [3], the synthetic
antioxidants for diabetes are suspected to be
carcinogenic. Most people in developing countries
depend on alternate therapies, including natural
resources for their primary health care [4].
Marine algae have been found to have various
secondary metabolites. Many marine products that
are used for treatment of diabetes throughout the
world and there is an increasing demand from
patients to use the natural products. Natural
sources of drugs from marine algae are used
widely, even when their biologically active
compounds are unknown, because of their
effectiveness, minimal side effects in clinical

experience and a relatively low cost. They are one
of the less explored sources of pharmacological
candidates, and few previous studies have found
antidiabetic activities in various marine algae [510]. In the present study was to evaluate α-amylase
and α-glucosidase inhibitory activity of methanol
extract of marine red algae Portieria hornemannii
and Spyridia fusiformis.
MATERIALS AND METHODS
Preparation of algal material: The marine red
algae Portieria hornemannii (Lyngbye) (Silva) and
Spyridia fusiformis (Wulfen) were collected from
Leepuram, Kanyakumarai, South East Coast of
Tamilnadu, India, by hand picking method and
were identified by standard manual [11]. The
voucher specimens (PCCACL01, and PCCACL2)
were deposited at the Herbarium, Department of
Botany, Pachaiyappa’s College, Chennai. India.
Preparation of Algal extracts: The freshly
collected samples were soaked and thoroughly
cleaned under running tap water to remove the sand
and salt contents. The sample was also gently
brushed with a soft brush to remove attached
epiphytes, other marine organisms and debris. The
cleaned samples were rinsed in distilled water and
shade dried. The dried seaweeds were powdered
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and stirred in methanol (1:20, w/v) overnight and
filtered to collect the methanol fraction. The
residue was extracted twice with methanol and the
filtrates were combined followed by concentrated
to obtain the crude extract on solid form.

of 84.72% and 61.80% (Table.1). The effectiveness
of α-amylase inhibitor in the methanol extracts of
the red algae was confirmed on the basis of their
resulting IC50 values. There was a dose-dependent
increase in percentage inhibitory activity against
α-amylase enzyme. S. fusiformis inhibited the
activity of α-amylase with IC50 value of 175 µg/mL
and P. hornemannii with IC50 value of 430 µg/mL.
Acarbose, the positive control used in this study
exhibited the IC50 value at 630 µg/mL (Table.1).

Inhibition assay for α-amylase enzyme: A starch
solution of 0.1% w/v was prepared by stirring 0.1
g of potato starch in 100 mL of 16 mM of sodium
acetate buffer. The enzyme solution was prepared
by mixing 27.5 mg of α-amylase in 100 mL of
distilled water. The colorimetric reagent was
prepared by mixing sodium potassium tartarate
solution and 3, 5-dinitro salicylic acid solution
(96 mM). Various concentrations of the algal
extract (100 to 900 µg/mL) were added to 1 mL of
starch solution and kept for 10 mins. Further, the
reaction is initiated by the addition of the enzyme
solution and allowed to react for 10 mins under
alkaline condition at 25˚C. Finally, the reaction was
terminated by adding 1 ml of colorimetric reagent
and then incubated in a boiling water bath for
5 mins followed by cooling to room temperature.
The reaction mixture was then diluted after adding
10 mL distilled water and absorbance was
measured at 540 nm. Control represent 100%
enzyme activity and were conducted in a similar
way by replacing extract with DMSO. Similar
experiments were conducted with the standard
drug.

Inhibition assay for α-glucosidase enzyme: The
methanol extract of P.hornemannii and S.fusiformis
revealed a significant inhibitory action on
α-glucosidase enzyme. The methanol extract of
S.fusiformis
and
P.hornemannii
at
the
concentration
of
900
μg/mL
exhibited,
α-glucosidase inhibitory activity of 94.75% and
93.90% respectively (Table.2). The α-glucosidase
inhibitor effectiveness of methanol extracts of the
red algae was confirmed on the basis of their
resulting IC50 values. S. fusiformis inhibited the
activity of α-glucosidase with an IC50 value of
57 µg/mL and P. hornemannii with an IC50 value
of 60 µg/mL. The IC50 value of standard drug
Acarbose against α-glucosidase was found to be
76 µg/mL (Table.2).
DISCUSSION
Diabetes is involved in the development of micro
and macro vascular diabetic complications [12].
Inhibition of enzyme activity involved in the
metabolism of carbohydrates is one of the
therapeutic approaches for reducing postprandial
hyperglycemia [13]. Recent advances in
understanding the activity of intestinal enzymes
(α-amylase and α-glucosidase, as both are
important in carbohydrate digestion and glucose
absorption) have lead to the development of newer
pharmacological agents [14]. The key enzyme in
carbohydrate digestion is α-glucosidase. It
catalyzes the hydrolysis of 1, 4 α-glucosidic bonds
within
carbohydrates
with
release
of
α-glucose and promotes the increase of blood
glucose level after meal.

Inhibition assay for α-glucosidase enzyme: The
α-glucosidase inhibitory activity was determined by
incubating a solution of starch substrate (2% w/v
maltose or sucrose) 1 mL with 0.2 M Tris buffer
pH 8.0 and various concentrations of algal extracts
for 5 mins at 37˚C. The reaction was initiated by
adding 1 ml of α-glucosidase enzyme (U/mL) to it
followed by incubation for 40 mins at 35˚C. Then
the reaction was terminated by the addition of 2 mL
of 6N HCl. Then, the intensity of colour was
measured at 540 nm. Control experiment was done
by replacing the extract with DMSO and for
standard drug Acarbose. Percentage of inhibition
was calculated by using the following formulae,

α-glucosidase inhibitors antagonize the activity of
α-glucosidase,
thereby
delaying
intestinal
carbohydrate absorption and slowing the sharp rise
in blood sugar levels that diabetic patients typically
experience after meals [15-17]. The inhibition of
enzyme α-amylase activity in the digestive tract of
humans is considered to be effective to control
diabetes by diminishing the absorption of glucose
decomposed from starch by these enzymes [18].
Therefore, effective and nontoxic inhibitors of
α-amylase and α-glucosidase have long been
sought. The main effect of diabetes is increasing

RESULTS
Inhibition assay for α-amylase enzyme: In the
present study methanol extracts of marine red algae
P. hornemannii and S. fusiformis were assessed for
in vitro α-amylase inhibitory activity. The crude
methanol extract of S. fusiformis and
P. hornemannii at the concentration of
900 μg/mL exhibited α-amylase inhibitory activity
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glycemic level and to reach the normal glycemic
level, adequate insulin is required. The other oral
hypoglycemic agents like sulfonylureas, biguanides
[19], Thiazolidinediones (TZD), alpha-glucosidase
inhibitors (AGI) and incretinmimetics (GLP-1,
GIP, DPP-4 inhibitors) are also used [20].
However, the continuous administration of these
synthetic inhibitors like Acarbose causes any
adverse effects, such as diarrhoea, abdominal
discomfort, flatulence [21-23], and hepatotoxicity
[24]. Therefore, search for new α-glucosidase and
α-amylase inhibitors from natural resources has
become an attractive approach for the treatment of
postprandial hyperglycemia. Seaweeds are known
as medicinal source and are rich in secondary
metabolites
including
alkaloids,
phenols,
flavonoids, saponins, steroids and related active
metabolites, which have been extensively used in
the drug and pharmaceutical industry [25-28].

tannins and saponins. Previous studies attributed
the medicinal property of the aqueous extract of
Blighia sapida to the presence of saponins [32, 33].
One such newly reported group of α-glucosidase
inhibitors is the marine natural bromophenols [5,
34, 35], isolated from the marine algae, which
competitively inhibits α-glucosidase with an IC50 of
0.098 μM [28, 34, 35].
The extracts from some macroalgae such as
Rhodomela confervoides, Gracilaria textorti,
Plocamium telfairiae, Dictyopteris divaricata, Ulva
pertusa and Enteromorpha intestinalis reported for
the strong inhibitory activity of α-glucosidase [36].
Similarly, the present study reports a potent
inhibitory action of P. hornemannii and
S. fusiformis against enzyme α-amylase and
α-glucosidase enzyme and compared with
Acarbose. The red algae Rhodomela ceaeconta
contains bromophenols which have α-glucosidase
inhibitory activity [28, 34].

Therefore, in the present study, the in vitro
α-amylase inhibitory studies demonstrated that the
methanol extract of P.hornemannii and S.fusiformis
possess α-amylase inhibitory activity. The
percentage of inhibition at 100, 300, 500, 700 and
900 µg/mL concentrations showed a concentration
dependant reduction of amylase enzyme activity.
The α-amylase inhibitory activities vary widely
among the tested algae. As can be observed in P.
hornemannii [IC50=430 µg/mL] and S. fusiformis
[IC50=175 µg/mL). The highest inhibitory activities
of these extracts are found to be 84.72% for
S. fusiformis and 61.80% for P. hornemannii at 900
µg/mL concentrations respectively. It is probably
due to the fact that at high extract concentrations,
there is a conformational change derived from the
binding of compounds to the enzyme [29, 30].

Inhibition of α-amylase has been noted for
purifying phlorotannins from another brown alga,
Ecklonia cava [37]. However, phlorotannins from
Ascophyllum have a different composition than
Ecklonia [38, 39]. However, it should also be noted
that extracts from Ulva, with presumably low
phenolic content, also have antidiabetic effects in
animal models [40].
Similarly, α-glucosidase and α-amylase inhibitor
bromophenol, C6H5BrO, is produced by Polyopes
lancifolia and Grateloupia elliptica (red seaweeds).
It has been used in the therapy of type II Diabetes
mellitus to efficiently control the blood sugar with
starch-containing diets. Many other species of
seaweeds were reported to produce various other
components, which inhibit α-glucosidase and αamylase activity [41]. Diphlorethohydroxycarmalol
isolated from Ishigeo kamurae (brown seaweeds)
as a potent α-glucosidase and α-amylase inhibitor.
It alleviates postprandial hyperglycemia in diabetic
mice [41].

The low percentage inhibition of α-amylase by the
extracts of P.hornemannii is a pointer to the fact
that the algae are a mild inhibitor of the enzyme.
That is, the active components in the extract do not
compete with the substrate for the active site of the
enzyme, whereas the inhibitors bind to a separate
site on the enzyme to retard the conversion of
substrate to product [31].

CONCLUSION
The mechanism by which P. hornemannii and
S. fusiformis exerts action may be due to its action
on carbohydrate binding regions of α-glucosidase
enzyme, α-amylase, endoglucanases that catalyse
hydrolysis of the internal α-1, 4 glucosidic linkages
in starch and other related polysaccharides have
also been targeted for the suppression of
postprandial hyperglycemia. The inhibitory effects
of methanolic extract of P. hornemannii and
S. fusiformis on the α-amylase and α-glucosidase
activities, respectively, may be have attributed to
the presence of phytochemicals such as flavonoids,

In the present study it can be concluded that the
methanol extract of P. hornemannii and
S. fusiformis effectively inhibited the activity of
α-amylase in a non-competitive manner while
α-glucosidase in an uncompetitive manner. This
inhibitory property of the extracts may be attributed
to the presence of phytochemicals such as saponins
and flavonoids. However, further study is required
to isolate the active enzyme inhibitory component
from these algae.
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Table 1: α-amylase inhibition activity (%) of Acarbose and methanol extract of experimental algae.
S.No
1
2
3
4
5

Concentration
(µg/mL
100
300
500
700
900
IC50

Acarbose

P. hornemannii

S.fusiformis

25.38
33.34
44.14
56.34
59.68
630 µg/mL

20.07
42.83
55.50
60.02
61.80
430 µg/mL

27.68
74.82
75.77
83.72
84.72
175 µg/mL

Table 2: α-glucosidase inhibitory activity (%) of Acarbose and methanol extract of experimental algae
S.No
1
2
3
4
5

Concentration
(µg/mL)
100
300
500
700
900
IC50

Acarbose

P. hornemannii

S.fusiformis

66.05
74.24
82.50
83.24
84.86
76 µg/mL

87.37
93.07
93.71
93.79
93.90
60 µg/mL

83.96
88.47
94.12
94.57
94.75
57 µg/mL
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