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ABSTRACT

Diabetes is a clinical syndrome characterized by hyperglycemia due to
absolute or relative deficiency of insulin. The intestinal digestive enzymes
alpha glucosidase and alpha amylase plays a key role in carbohydrate
digestion, one main anti-diabetic approach is to reduce the post prandial
glucose level in blood by inhibition of a-glucosidase and a-amylase enzymes.
The synthesis of silver nanoparticles is an active area of application research
in nanotechnology. Biological means by using plants, algae, fungi, bacteria are
been employed for the production of low-cost, energy efficient, and non-toxic
silver nanoparticles. Silver nanoparticles were prepared from marine alga
Colpomenia sinuosa by green synthesis method and the characterization were
determined using various techniques like UV - Nano photometer, XRD, FT-IR
and SEM. In the present study antidiabetic activity was studied from the
biosynthesis of silver nanoparticles from the marine brown alga Colpomenia
sinuosa. The assay results of silver nanoparticles showed dose dependent
significantly (P<0.005) increase in percentage inhibitory activity against a-
amylase and a-glucosidase enzymes.
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INTRODUCTION Diabetes mellitus a metabolic alteration

characterized by hyperglycemia resulting from

Marine algae, popularly known as  defects in insulin secretion, action or both,
seaweeds, are considered very important because currently affecting approximately 3% of the world
they are excellent source of single cell protein (1), population(7). Prolonged glucose toxicity may lead
hydrocarbons (2), biogas, polysaccharides such as  to complications such as retinal damage, chronic

agar-agar, alginic acid, carrageenan (3), antibiotics  epal failure, cardiovascular and
(4), color pigments (5), important medicines (6).
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neurodegenerative diseases. Both a-amylase and a-
glucosidase enzymes plays a key role in the
degradation of starch and oligosaccharides to
glucose and if suppressed would in turn delay the
glucose absorption in the intestine. Eventually, the
postprandial blood sugar is controlled (8). Silver
nanoparticles unique properties and applications
have been applied in chemical sensing, catalysis,
photonics, bio electronic and
pharmaceuticals (9) and biomedicine especially for
antibacterial agent (10) and antiviral agents,(11)
therefore the properties of silver nanoparticles
from marine brown alga Colpomenia sinuosa can be
extended to antidiabetic activity. Medical industry
has applications of sliver nanoparticles in the form
of topical ointments to prevent infection from
burns and open wounds (12). In the present study
silver nanoparticles biosynthesized from marine
brown alga Colpomenia sinuosa were investigated
for their antidiabetic activity.

sensing,

MATERIALS AND METHODS
BIO-SYNTHESIS OF SILVER NANOPARTICLES

Silver nanoparticles formations
carried out by taking 500 mg of dry Colpomenia
sinuosa in 250 ml Erlenmeyer flask with 103 M
aqueous (Silver AgNO3) solution and incubated at
room temperature. The pH was checked during the
course of reaction and it was found to be 5.09. The
95% of the bio-reduction of AgNO3- ions occurred
within 24h at stirring conditions. The time
dependent formation of silver nanoparticles were
studied using UV - Vis Nanophotometer, structure
from X-ray diffraction (XRD) technique, size and
morphology were studied using SEM and Fourier
transform infrared (FT-IR) spectroscopy was used
to study the cell
nanoparticles interaction.

were

wall polysaccharide-silver
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ANTI-DIABETIC ACTIVITY

INHIBITION OF a-AMYLASE ENZYME

A starch solution (0.1% w/v) was obtained
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 alpha amylase
in 100 ml of distilled water. The colorimetric
reagent is prepared by mixing sodium potassium
tartrate solution and 3, 5 di nitro salicylic acid
solution 96 mM. Both
nanoparticles were added with starch solution and
left to react with a—amylase solution under alkaline
conditions at 25°C. The reaction was measured
over 3 minutes and the experiment was repeated
thrice consecutively. The generation of maltose was
quantified by the reduction of 3, 5 di nitro salicylic
acid to 3-amino-5-nitro salicylic acid. This reaction
is detectable at 540 nm (13).

control and silver

INHIBITION OF a-GLUCOSIDASE ENZYME

The 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 concentration  of
nanoparticles for 5 min at 37°C. The reaction was
initiated by adding 1 ml of alpha glucosidase
enzyme (IU/ml) to it followed by incubation for 40
min at 359C. Then the reaction was terminated by
the addition of 2 ml of 6N HCI. Then the intensity of
measured at 540 nm (14). The
experiment was repeated thrice consecutively.

various silver

color was

Calculation of 50% Inhibitory Concentration (ICso)

% of Inhibition = (Enzyme activity of control - Enzyme activity of SNP)
Enzyme activity of control

STATISTICAL ANALYSIS:

Statistical significance was analyzed by one-
way analysis of variance (ANOVA) followed by the
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Duncan post hoc test of significance using SPSS.
Version 16.0 .P-(< 0.05) values were considered as
statistically significant.

RESULTS AND DISCUSSION

Silver nanoparticles are formed by the
reduction of Ag* during exposure to the extract of
followed by UV-Nano
photometer. Pale yellow to brown color formation

Colpomenia  sinuosa
indicates the presence of silver nanoparticles in
solution. (15).The change in color formation arises
due to the excitation of surface plasmon vibrations
in the silver metal nanoparticles. (16) Fig 1 shows
the UV - Nano photometer from the biosynthesized
silver nanoparticles obtained from the extract of
the marine brown alga Colpomenia sinuosa. It is
observed that the silver surface plasmon resonance
band occurs at 420 nm, the frequency and width of
surface plasmon absorption depends upon the size
and shape of the metal nanoparticles as well as on
the dielectric constant of the metal itself and the
surrounding metal (17,18). It is generally
recognized that UV - Nano photometer could be
used to examine absorption peak of controlled
nanoparticles in aqueous suspensions (19).

The FT-IR spectral measurements were
carried out to identify the possible biomolecules
form brown alga Colpomenia sinuosa which is
responsible for reducing and capping the bio
reduced silver nanoparticles. Fig 2 shows the FT-IR
spectrum analysis of silver nanoparticles which
manifests absorption peaks. The absorption peak at
3435 cm! can be assigned as N-H stretching and
that at 2923 cm as CH2-C-H (Methyl) stretching,
2853 cm! as C-H (Methylene) stretching, 1633 cm-!
as C=C -stretching, 1469 cm! as C-C- stretching,
1103-1034 cm! as C-O stretching and 875-603 cm!
as C-H out of plane bending respectively. The FT-IR
about the

spectrum provided information
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molecular environment of the organic molecules on
the surface of nanoparticle.
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Figurel. UV-Vis - Nano photometer of Silver
Nanoparticles.

e 2 o o s
-,

Figure.2. Fourier Transform Infra-Red analysis of
Silver Nanoparticle

Fig 3 shows the SEM images recorded from
drop coated films of the silver nanoparticles
synthesized by treating silver nitrate solution with
the extract of the marine brown alga Colpomenia
sinuosa. The silver nanoparticles formed were
predominately cubical with uniform shape as
reported by Chandran et al (20). It is known that
shape of the metal nanoparticles considerably
change their optical and electronic properties (21).
The size of the silver nanoparticles was found to be
54-65 nm.
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Figure.3. Scanning Electron Micrograph of Silver Nanoparticles

(A) 49727 X Magnification (B) 59711 X Magnification (C) 60000 X Magnification (D) 12000 X Magnification

The X-ray Diffraction patterns of silver
nanoparticle were recorded according to the
description of Wang (2000). Samples were air
dried, powdered and used for XRD analysis. Fig 4
shows the XRD patterns obtained from
biosynthesized silver nanoparticles using
Colpomenia sinuosa shows characteristics peaks
shows characteristics peaks at (2e =1 ), marked
with (111). A number of Bragg reflections
corresponding to the (111) sets of lattice planes are
observed which may be indexed based on the face-
centered cubic structure of silver. The XRD pattern
thus clearly shows that the silver nanoparticles are
crystalline in nature. The XRD pattern of pure silver
ions is known to display peaks at 2e =1 (22). The
value of pure silver lattice constant has been
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estimated to be o = 4.081, a value that is consistent
with o =4.0862 A0 reported by the JCPDS file no 4-
0783.This estimation confirmed the hypothesis of
particle monocrystallinity. The sharpening of the
peaks clearly indicates that the particles are in
nanoregime. The size of the silver nano crystallites
as estimated from the FWHM of the (111) peak of
silver using the Scherrer formula were reported as
54-85 nm.

ANTIDIABETIC ACTIVITY

Several possible mechanisms of algae can
control the blood glucose level (23), the inhibition
activity of alpha amylase and alpha glucosidase
would delay the degradation of carbohydrate,
resulting in the decrease of glucose absorption as a
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result of postprandial of blood glucose level
elevation (24). The silver nanoparticles showed a
dose dependent significantly (P<0.005). The
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Figure.4. XRD studies of silver nanoparticles

The silver nanoparticles showed a dose dependent
significantly (P<0.005). The increase in percentage
inhibitory activity against a-amylase enzyme, at a
concentration of 0.2 mg/ml 2870 % 0.10%

inhibition was seen and at 1.0 mg/ml 94.30 *
0.10% inhibition was observed, similarly dose
dependent significantly (P<0.005) increase in
percentage inhibitory activity against a-glucosidase
enzyme was also observed where in at lower
concentration of 0.2 mg/ml 3240 = 0.10% of
inhibition and at higher concentration of 1.0 mg/ml
90.50 = 0.10%
respectively. The Figures 5 and 6 shows the % of
inhibition (mg/ml) of a-amylase and a-glucosidase
against standard acarbose respectively. The o-
amylase and a-glucosidase inhibitor effectiveness
of silver nano particle from brown algae
Colpomenia sinuosa were compared on the basis of
their resulting ICso values. Inhibited the activity of
a-amylase with an ICso value of 490 + 0.02 mg/ml
and a-glucosidase with an ICso value of 385 + 0.02
mg/ml. The ICso value of standard drug acarbose
against a-amylase 630 + 0.01 mg/ml was o-
glucosidase was found to be 695 + 0.01 mg/ml.
(Tables.1,2

inhibition were recorded

Table.1. In vitro Antidiabetic activity of alpha — amylase from Colpomenia sinuosa

Concentration of

% of inhibition of

S.No Acarbose . .
Sample (mg/ml) silver nanoparticles

1 0.2 25.39 £0.012 28.70 £0.102
2 0.4 33.35+0.01° 49.30 +0.10°
3 0.6 4415+ 0.01¢ 63.20 +0.10°
4 0.8 56.35 + 0.01¢ 88.50 +0.10¢
5 1 59.69 £ 0.10¢ 94.30 £ 0.10¢

F-Value 0.00000508 0.0000223

X P-Value 0.000 0.000
7 ICso 630 £ 0.01 mg/ml 480 + 0.10 mg/ml
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Fig.5. In vitro Antidiabetic activity of a-amylase

Fig.6. In vitro antidiabetic activity of a-glucosidase

Concentration of

S.No Acarbose .%of Inhibitim} of
Sample (mg/ml) silver nanoparticles
1 0.2 27.34£0.01a 32.40 £ 0.10
2 0.4 35.43 £0.01b 54.20 £ 0.10v
3 0.6 46.33 £0.01c 69.30 £ 0.10¢
4 0.8 57.13 +0.014 77.20 £ 0.10d
5 1 59.63 +0.01e 90.50 £ 0.10e
F-Value 0.00000574 0.0000149
° P-Value 0.000 0.000
7 ICso 695 + 0.01 mg/ml 370 £ 0.10 mg/ml

Table.2. In vitro Antidiabetic activity of alpha -glucosidase from Colpomenia sinuosa

CONCLUSION

The use of marine brown alga for the
biosynthesis of silver nano particle is a viable
method because of its ecofriendly and low cost
effectiveness. The present findings suggest that
biosynthesized particles  from
Colpomenia sinuosa effectively inhibit both a-

silver nano
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