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ABSTRACT

Nigella sativa is a plant well-known for its many medicinal properties and therapeutic activities. This study uses sodium
alginate, a natural biodegradable polymer to formulate and optimize a nanoparticle formula for Nigella sativa extract.
The hydroethanolic extract was loaded into sodium alginate nanoparticles by ionic gelation technique and optimized by
Box-Behnken design. Use of chitosan was found to have a positive impact on entrapment efficiency while polysorbate 80
reduced the entrapment of the extract. Polymer concentration, crosslinking agent and homogenization were considered as
independent variables. The optimized formulation has an average entrapment efficiency of 40.58%, average particle size
of 221.2 nm and a polydispersity index of 0.372. Release kinetics study found that the formulation adheres to Baker
Lonsdale Model indicating a spherical matrix with diffusion mechanism. Sodium alginate nanoparticles are a suitable
drug delivery system for the Nigella sativa extract and impacts the drug efficiency significantly.
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INTRODUCTION

Globally, 1 in 9 people have diabetes and 7 out 10 diabetes
patients are of working age. International Diabetes
Federation (IDF) has estimated the number of diabetes
patients across the world to be 589 million adults, of
which 90% of cases are type 2 diabetes. ! Nigella sativa
has shown promising antidiabetic effects by improving
glucose regulation, insulin sensitivity and reducing
oxidative stress. >3

Sodium alginate is a natural polymer and an important
food adjuvant.* Alginate swells and dissolves slowly under
alkaline environment, but it remains stable in acidic
conditions. Hence alginate can encapsulate the
phytoconstituents and release it in a controlled manner in
the alkaline environment of small intestine. Alginate has
been considered as nanocarrier due to its biodegradability
and biocompatibility. 3

Encapsulating  Nigella sativa extract in alginate
nanoparticles can enhance its stability in the gastric
environment and its bioavailability. It also ensures slow
absorption after oral administration, thereby lowering the
dose required for the therapeutic benefit. This study aims
to formulate Nigella sativa extract loaded alginate
nanoparticles for oral delivery. Ionic gelation method was
used for the formulation of sodium alginate nanoparticles
with calcium chloride as crosslinking agent. Chitosan was
used as polyelectrolyte in addition to calcium chloride
where the carboxylate group of alginate interacts with
ammonium group of chitosan. ¢

MATERIALS AND METHODS

Materials

Chitosan and sodium alginate were purchased from Hi
Media, Calcium chloride from Loba Chemie, Polysorbate
80 from Bangalore Fine Chemicals, Nigella sativa from
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MM Enterprises, alpha-amylase enzyme from Sigma
Aldrich and 3,5-dinitrosalicylic acid from SD fine Chem

Plant authentication:
Seeds of Nigella sativa was purchased and authenticated at
Agharkar Research Institute, Pune

Extraction and phytochemical analysis of Nigella sativa
seeds

Nigella sativa seeds were cleaned, washed, dried under
shade and used for extraction. Hydroethanolic (70:30)
solvent was used for the extraction. The plant material was
macerated for 48 hours with periodic mixing. The extract
was filtered and the solvent was allowed to evaporate
under stirring and was further dried using freeze dryer. %!
The seed extract was subjected to phytochemical tests for
flavonoids, phenols, tannins, saponins and alkaloids. !

Total Flavonoid and Phenolic Content (TFC & TPC)

TFC was determined spectrophotometrically by
aluminium chloride reagent method using quercetin as the
standard control. For the determination of TPC, Folin-

Ciocalteu reagent method was used with gallic acid as
standard control. 12714

Formulation of Sodium alginate nanoparticles

Sodium alginate was dissolved in water, incubated for 3
hours and mixed to uniformity. Aqueous solution of
extract was added and mixed for 15 minutes. Calcium
chloride is added dropwise under magnetic stirring at 1200
RPM for 30 minutes. Chitosan was added dropwise as
polyelectrolyte and stirring continued for 30 minutes. The
obtained nanoparticles were homogenized at high speed
for 15 minutes at different rpm. After a 30-minute
centrifugation at 12000 RPM, entrapment efficiency (EE),
particle size, zeta potential (ZP), polydispersity index
(PDI) were evaluated. >'>23, Initial study was conducted
by varying factors one-at-time. The impact of critical
process variables on the formulation of nanoparticles were
studied using Box-Behnken design. (as depicted in table 1
and 2).

Tablel: Initial study of impact of chitosan and polysorbate 80

Formulation SO(.hum Calcnflm Chitosan Polysorbate EE Particle
code alginate chloride 0.6 80 % size PDI
3 mg/ml 2mg/ml mg/ml
FC1 20 ml 4 ml 4 ml Nil 40 234.8 0.389
FC2 20 ml 4 ml 4 ml 1% 25.2 212.4 0.451
FC3 20 ml 4 ml 8 ml 1% 4.7 280.9 0.411
Table 2: Formulation Composition of alginate nanoparticles in Box-Behnken design
Factor Response
Formu-lation A B & Y1 Y2 L&
RUN | Sodium | Calcium Homogeni- . .
code . . .. EE Average particle size
Alginate | chloride zation time (%) (nm) PDI
(mg/ml) (mg/ml) (rpm)
FAl 1 1 1 12500 31.62 232.1 0.437
FA2 2 2 1 15000 35.8 239.2 0.387
FA3 3 2 2 12500 30.96 212.5 0.534
FA4 4 1 3 12500 28.8 258.7 0.394
FAS 5 3 2 10000 38.27 194.1 0.375
FA6 6 2 2 12500 32.1 199.1 0.547
FA7 7 2 2 12500 33.95 201.4 0.557
FAS 8 2 3 15000 31.1 259.1 0.422
FA9 9 3 3 12500 36.98 208.9 0.495
FA10 10 2 3 10000 33.07 264.9 0.32
FA1l 11 3 1 12500 40.05 253.7 0.388
FA12 12 2 2 12500 32.58 208.4 0.482
FA13 13 1 2 10000 31.22 210.5 0.399
FA14 14 2 1 10000 34.78 259.5 0.296
FA1S 15 3 2 15000 37.2 190.8 0.488
FA16 16 2 2 12500 29.48 218.3 0.491
FA17 17 1 2 15000 30.08 201.5 0.449

Evaluation of Nanoparticles
1) Determination of Particle size, PDI and Zeta potential

These were determined using dynamic light scattering
using Horiba Scientific nano Partica Nano Particle
Analyzer SZ-100. 2*

2) FTIR Study
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Fourier transform infrared spectrum (FTIR) was recorded
using Shimadzu Infrared Spectrophotometer FTIR 8400S.
24

3) Determination of Drug EE

The formulated nanoparticles were centrifuged for 1 hour
at 12000 RPM. The supernatant was analysed for the
concentration of free extract. The amount of drug (extract)
in the supernatant is the residual amount. 2 The
percentage of encapsulation is calculated as:

%EE = [(initial quantity of extract — residual quantity of
extract)/initial quantity of extract] x 100

4) Determination of Process Yield and Loading Capacity
The loading capacity of the optimized formulation was
found using the same method as of drug EE. The
formulation was lyophilized and weighed.

%  Yield of nanoparticles = [weight of
nanoparticles/weight of raw materials added] x 100

The percentage of drug loading is calculated as:

%LC = [(initial amount of extract — residual amount of
extract)/weight of nanoparticles] x 100

All quantities were recorded in microgram for the
calculation. 2*

5) In-vitro extract release and kinetic studies

Dialysis bag method was used to study the in-vitro drug
(extract) release from the optimized formulation.
Formulated nanoparticles (250 mg) was suspended in 5 ml
of purified water and transferred into the dialysis bag. The
bag was immersed in 30ml of purified water in a beaker
under stirring at 150 rpm to remain homogeneous.
Samples were collected and studied
spectrophotometrically to quantify the drug concentration
in the media. 2628

The cumulative percentage of released drug was plotted as
a function of time and kinetic models were applied. An
adequate fit of the release data to the kinetic models
suggests the best model to explain the pattern of drug
release.

6) In-vitro antidiabetic activity

a-amylase inhibition assay was performed on the plant
extract and formulation using the DNSA method using
3,5-dinitrosalicylic acid reagent. Test samples were
evaluated at concentrations of 3.125, 6.25, 12.5, 25, 50,
100 and 200pg/ml. From each working solution, 2l of the
test samples were mixed with 198 ul of 1 U/mL a-amylase
enzyme solution (in 0.02M phosphate buffer). For 10
minutes, this mix was incubated at 37°C, after which
soluble starch solution (200 uL of 1% w/v) was added as
substrate, and incubated for 10 minutes at 37°C. DNSA
was added and heated for 5 minutes to allow the color to
develop. The sample is cooled, centrifuged and 200ul of
supernatant is transferred to a microplate reader. The
absorbance was measured at 540 nm. Decrease in
absorbance compared to the vehicle control (without
inhibitor) indicated inhibition of a-amylase activity. 332

% Inhibition = [(Acontrol - Asamplc) / Acontrol ] * 100
3. RESULTS AND DISCUSSION

Phytochemical analysis of Nigella sativa seed extract
The extract was subjected to qualitative phytochemical
testing and found to contain flavonoids, phenols, tannins,
saponins and alkaloids. The TPC was found to be 17mg
Gallic acid equivalent/g extract. The TFC was found to be
71mg Quercetin equivalent/g extract. '>!3

Impact of formulation variables:

Alginate is an anionic unbranched polysaccharide
copolymer of guluronic acid and mannuronic acid which
are linked by 1,4-glycosidic linkages. In ionic gelation
method, cations like calcium ions can form the egg-box
complexes with the guluronic acid blocks resulting in an
alginate hydrogel by the phenomenon of gelation. Alginate
nanoparticles are wused as carriers to increase
bioavailability of drugs. Complexation of alginate using
crosslinking agents like divalent cations in aqueous
medium results in nanoaggregates. Polycationic polymers
like chitosan can be used further to form a polyelectrolyte
complex coated alginate nanoparticles. Alginate
concentration can influence the encapsulation efficiency
and size of nanoparticles prepared by this method. It also
depends on the interaction between the alginate functional
groups and calcium ions. Calcium ions diffusion increases
as crosslinking time increases. This leads to increase in
viscosity and porosity of alginate resulting in movement of
drug molecules from alginate droplets to aqueous
medium.> Crosslinking time of 30 minutes after addition
of calcium chloride as well as chitosan was set for this
study. 32!

Impact of Calcium chloride concentration:

Concentration of calcium chloride can impact particle size
and EE of alginate nanoparticles. During the crosslinking
process, the carboxylic group in alginate interact with
calcium ions to form a stable three-dimensional network.
Higher crosslinking causes more density in the gel matrix
which can impact the particle size and EE. The increase in
calcium ions can alter the zeta potential to a less negative
value.?

To optimize the nanoparticle preparation, Design of
Experiments were adapted using Design Expert 13
software. Along with Box Behnken design, a few
experiments were run on 1 factor at a time analysis to
ascertain the critical independent factors. Initial
formulations were prepared with 20 ml of 3 levels of
sodium alginate (0.6, 1 and 3 mg/ml) and 4 ml of 2 levels
of calcium chloride (1 and 2 mg/ml). From this study,
3mg/ml sodium alginate level and 2mg/ml calcium
chloride level were selected to further understand the
impact of polyelectrolyte - chitosan and surfactant -
polysorbate 80. The evaluation results of these
formulations are given in tablel. 3

Use of surfactant:
Polysorbate 80 has been used in this study as a surfactant
to understand its effect on encapsulation and lower particle
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size. A reduction in entrapment was observed in Nigella
sativa loaded alginate nanoparticles in presence of
surfactant Polysorbate 80 (1%) as seen in formulations
FC1 and FC2 in table 1.

The hydrophilic nature of the hydroethanolic extract of
Nigella sativa can contribute to increased loss of drug in
aqueous layer during ionic gelation process. The drug in
the aqueous layer is discarded as supernatant after
centrifugation and does not get encapsulated in the
alginate nanoparticles.

Alginate: Chitosan Mass Ratio

Chitosan can impact the drug entrapment based on its
concentration. Increase in chitosan concentration has lead
to an increase in particle size and influenced entrapment of
the drug. Amino groups in chitosan have higher affinity for
the mannuronic acid group of alginate. Cations (like
calcium) complex with guluronic acid block of alginate. If
the concentration of chitosan is high; that is, a reduced
alginate: chitosan ratio, it will result in competition

between chitosan and calcium ions for guluronic acid
blocks after the saturation of mannuronic acid blocks. ¢3
This can lead to particle aggregation and impact the drug
loading negatively. Hence the levels of chitosan have to be
at the minimum. In this study, 4ml of 0.6mg/ml chitosan
was chosen based on the evaluation parameters in table 1.

Box-Behnken Experimental Design

The independent variables and their levels used in the 17
formulations of Box-Behnken design are enumerated in
table 2 along with the dependent variables -EE, particle
size and PDI. 3437

All of the responded data were fitted into suitable models
and the best fit for the dependent variables was determined
to be the one with a higher regression coefficient.

Table 3 presents the outcomes of the ANOVA of best-fit
model and significant responses with P value less than
0.05 were recorded. All statistical parameters recorded are
in table 3 and 4 and p-values less than 0.0500 indicate
model terms are significant.

Table 3: Statistical analysis results of ANOVA of the fitted quadratic polynomial model for EE, Particle size and PDI

Response Source Sum of Squares | DF | Mean square | F-value | p-value Significance
Model 138.59 3 46.2 17.79 <0.0001 Significant
EE A 118.43 1 118.43 45.6 <0.0001 Significant
B 18.91 1 18.91 7.28 0.0182 Significant
Lack of Fit 22.35 9 2.48 0.8708 0.6059 Not significant
Model 10488.49 9 1165.39 16 0.0007 Significant
AB 1274.49 1 1274.49 17.5 0.0041 Significant
Particle size A? 713.77 1 713.77 9.8 0.0166 Significant
B? 7941.75 1 7941.75 109.06 | <0.0001 Significant
Lack of Fit 260.5 3 86.8 1.39 0.3668 Not significant
Model 0.0879 9 0.0098 14.12 0.001 Significant
C 0.0158 1 0.0158 22.9 0.002 Significant
PDI AB 0.0056 1 0.0056 8.13 0.0246 Significant
B? 0.0287 1 0.0287 41.53 0.0004 Significant
C? 0.0293 1 0.0293 42.29 0.0003 Significant
Lack of Fit 0.0003 3 0.0001 0.0839 0.9652 Not significant

Table 4: Regression coefficient of model that was used and recommended by Design Expert software

Adjusted | Predicted | Standard % Adequate
Model R’ R R? deviation | CV pregsion Comment
Entrapment efficiency (EE)
Linear 0.8041 0.7589 0.7254 1.61 4.82 Suggested
2F1 0.8172 0.7075 0.6239 1.78 -
Quadratic 0.9281 0.8358 0.8059 1.33 13.7782 -
Particle size
Linear 0.0521 -0.1667 -0.8454 28.32 -
2F1 0.1735 -0.3224 -2.6692 30.15 -
Quadratic 0.9537 0.8941 0.5856 8.53 3.8 11.4689 Suggested
PDI
Linear 0.1973 0.012 -0.272 0.0757 -
2F1 0.269 -0.1697 -1.0585 0.0823 -
Quadratic 0.9478 0.8807 0.8738 0.0263 5.99 11.0594 Suggested

Non-significant lack of fit directs to an acceptable model.
Adequate Precision above 4 is desirable. High Coefficient
of variation (CV) suggests that the data points are widely

spread around the average and there is large variability in
the data set. The low CV, as seen in table 4, indicates that
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the data points are clustering around the average with less
variability.

Entrapment efficiency (EE)
For EE, A, B are significant model terms. The high level
factor is coded as (+1) and the low level is coded as (-1).
By comparing the factor coefficients, the coded equation
can be used to identify the relative impact of the factors.
Regression equation for EE is:

EE (Y1)=3341+3.85A-154B-0395C

EE (%)

B: Calcium chloride (mg/mi) 15

Predicted R?*(0.7254) and adjusted R?(0.7589) is in
agreement as the variance is less than 0.2. The ratio of
13.778 indicates an adequate signal and this model can be
used to navigate the design space. Low CV (4.82%) shows
a better precision of the experiments.

The EE of the formulations varied from 28.8% to 40.05%.
EE followed a linear pattern where it increased with the
levels of sodium alginate and decreased with levels of
calcium chloride (figure 1).

A: Sodium alginate (mg/ml)

Figure 1: Response Surface Plot of EE

Particle size

For particle size, AB, A% and B? are significant model
terms. Regression equation of the coded value for the
particle size is

Particle size (Y2) = 207.94 -6.91 A + 0.8875B -4.8 C -
17.85 AB + 1.43 AC + 3.63 BC - 13.02 A% + 43.43 B> +
4.3C2.

The selected variables are able to produce particle size in
the range of 190.8nm to 264.9nm. The operational range
of the 3 variables are suitable to produce nanoparticles in

Particle size (nm)

8: Calcium chloride (mg/mi)

this size range. Adequate precision of 11.469 indicate an
adequate signal. The low CV (3.8%) shows a good
precision of the experiments and points to less variability
in average particle size while using the 3 variable factors
in these set of experiments.

Average particle size aligned towards a quadratic model
where the average size increased and then decreased with
the levels of sodium alginate and calcium chloride.
Increasing homogenization speed showed slight decrease
in particle size but does not significantly impact the
formulation (figure 2).

Particle size (nm)

C: Homogenization speed (pm) 11000 'S A Sodium alginate (mg/mi)

10000 1

Figure 2: Response Surface Plots of particle size
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Polydispersity Index

For PDI, C, AB, B? and C? are significant model terms.
Regression equation representing the coded value for the
PDI is

PDI (Y3) = 0.5222 +0.0084A + 0.0154B + 0.0445C +
0.0375AB + 0.0158AC + 0.0027BC - 0.0111A2 - 0.0928 B2
- 0.0834C?

The Predicted R*(0.8738) and adjusted R?(0.8807) is in
agreement as the variance is less than 0.2. Adequate
precision of 11.059 indicates an adequate signal. The low
CV (5.99%) shows good precision of the experiments.

The PDI ranged from 0.296 to 0.557. PDI decreased with
increasing concentration of sodium alginate. PDI increased
and increased with increasing concentration of calcium
chloride and speed of homogenization (figure 3).

Figure 3: Response Surface Plots of PDI

Optimization of formulation

The criterion for alginate nanoparticles size was set below
210 nm with minimum PDI and maximum EE. The
variables sodium alginate level, calcium chloride level and
homogenization speed were set at 2.7mg/ml, 1.6mg/ml
and 10000 RPM respectively. 347

Evaluation parameters of optimized formulation
The nanoparticle size and PDI of optimized formulation is
221.3 nm and 0.372 respectively (figure 4a).
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P LM " | Figure 4b:
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Figure 4a: Particle size of optimized nanoparticles; Figure 4b: zeta potential depicting stable nanoparticle formulation.

A lower PDI value (closer to zero) indicates homogeneity
in the prepared nanoparticles. The negative zeta potential
value of -18.7 is sufficient to stabilize the formulation in
liquid state for short duration (figure 4b). The preparation
is lyophilized to dry form to improve stability. The average

EE of 40.58% +3.52 also matches with the design of
expert predicted value as seen in table 5. The loading
capacity and percentage yield of the best formulation was
found to be 53.2% and 83% respectively.

Table 5: Point prediction and observed values of optimized formulation

. . %
Material & Goal Lower | Upper Import Predicted Observed Prediction
parameters ance Value Value

Error
Sodiumalginate | oL on 0 3 3 2.65 2.7 -
(mg/ml)
Calcium chloride minimize 1 3 3 1.64 1.6 -
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o,
Material & Import Predicted Observed A) .
Goal Lower | Upper Prediction
parameters ance Value Value
Error
(mg/ml)
Homogenization o
(RPM) minimize | 10000 | 15000 3 10000 10000 -
EE (%) maximize 30 60 3 36.1258 40.58 £3.52 1.98
particle size (nm) minimize 190 230 3 216.7 221.3 -2.12
PDI minimize 0.3 0.4 3 0.360927 0.372 -3.07

FTIR Study of optimized formulation

The FTIR spectra of the dried extract of Nigella sativa and
extract loaded sodium alginate nanoparticles (figure S5a &
5b) indicate the presence of functional groups. Increased
hydrogen bonds between the polymer and drug (extract)
could lead to positional changes in the peaks, indicating
physical entrapment of extract in the polymer matrix. 2’

The characteristic band of absorption at 3421.83cm™ is

the OH group of the aromatic ring of carvacrol and

thymol. At 3012.91cm™ is the C-H absorption band of
aromatic rings and at 2926.11cm™' is the tertiary C-H
stretch in thymoquinone, carvacrol and thymol.
Absorption at 2854.74cm™! is due to symmetric stretching
modes of three methyl groups.(10,38) . At 1629.9 cm™
absorption is the C=C stretching. In the formulation
spectrum, the characteristic peak at 1026.16¢cm™" is C-O-C
stretching vibration. The cross-linking of sodium alginate
with calcium lead to absorption peak of O-H stretching at
3341.12cm™. ¥

Figure 5a:
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Figure 5a: FTIR Spectra of hydroethanolic extract of Nigella sativa, Figure 5b: FTIR Spectra of extract loaded sodium
alginate nanoparticle formulation

In-vitro drug release study of optimized formulation

Dialysis bag method was utilized to study the drug release
from the optimized sodium alginate nanoparticle loaded
with hydroethanolic extract of Nigella sativa. Around 60%

of drug release was observed in the initial 6 hours of the
dissolution study and a nearly complete release of the drug
with 24 hours. The pattern of drug release is depicted in
Figure 6.
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DISSOLUTION PROFILE OF OPTIMIZED FORMULATION

g
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o
=
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Figure 6: Dissolution Profile of optimized formulation

Drug release kinetics

The extract release of the optimized formulation was fitted
into various models of release kinetics. The R? values were
calculated using MS Excel and best fit (Table 6) was found
to be in the Baker Lonsdale Model; developed to describe
drug release from a matrix of spherical shape. According

to this model, if a plot of 3/2[1-(1-Q)**]-Q vs time will
result in a straight line, diffusion mechanism is the basis
for drug release from the spherical matrix. ‘Q’ stands for
fraction of drug released. This model is more appropriate
to describe the release of drug from submicron or fine
particles.

Table 6: Release kinetic Data

Release kinetics model R?
Zero-order 0.8386
First-order 0.9812

Weibull Model 0.9872
Baker Lonsdale Model 0.9889
Hixson Crowell 0.9456
Korsmeyer-Peppas 0.9812
Higuchi model 0.9693

The Weibull model showed an R? value of 0.9872 with a
slope of 0.81 (figure 7). When the slope of Weibull model
is less than 1, it indicates that the release pattern of the
formulation is parabolic and is capable of biphasic release.
The Korsmeyer-peppas and first order release has shown
same R? of 0.9812. Water soluble drugs dispersed in
porous matrix tend to show first order kinetics. Nigella
sativa extract and sodium alginate are water soluble. This

value also indicates that the sodium alginate nanoparticles
have a porous nature. The value of ‘n’ derived from the
Korsmeyer-peppas model is 0.685, indicating a non-
fickian drug release from a non-swellable spherical
sample. As the n value is less than 1, drug release
mechanism includes diffusion through the polymer as well
as erosion of the polymer. 2%
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Figure 7: Graphical representation of Release kinetic models

In-vitro antidiabetic activity

The nanoparticle formulation has exhibited good amylase
inhibitory activity which reflects on its effectiveness to
reduce the starch breakdown.® The inhibition of a-
amylase was in a dose-dependent manner (figure 8). This
test reveals a very significant potentiation of drug (extract
of Nigella sativa) in the formulation. The entrapment
efficiency of the formulation under study is 40.58%. The
amylase inhibitory activity of loaded sodium alginate

nanoparticles demonstrated ICso value of 192.75 +
6.531pg/ml; while the ICso value of extract is 62.95 £
4.055pg/ml. The ICsy value of formulation is lower than
that of Nigella sativa extract because the excipients
contribute to 60% of the formulation. The graph below
shows a stratified comparison between the inhibitory
action of extract vs formulation. The higher ICsy value of
the formulation is an indicator of a controlled release
mechanism.
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Figure 8: a-amylase activity of Nigella sativa extract and optimized formulation

CONCLUSION

The Nigella sativa extract loaded sodium alginate
nanoparticles were formulated by ionic gelation-
homogenization technique. This combined method enabled
the synthesis of nanoparticles with size range from 190.8
nm to 264.9 nm. The nanoparticles were prepared in

accordance with the Box-Behnken design and subjected to
characterization. Based on EE, particle size and PDI, the
optimized nanoparticles were formulated and evaluated.
The evaluated parameters and predicted values (by design
expert software) were close. The lower particle size
achieved through this design enables better absorption and
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efficiency of the formulation. The FTIR spectra showing
the characteristic peaks of Nigella sativa in the
formulation indicates a physical entrapment rather than a
chemical reaction. The optimized formulation was
subjected to in-vitro dissolution study and release kinetics.
The dissolution study demonstrates a slow and gradual
release of the drug from the formulation. It could indicate
an electrostatic interaction between polymer and drug,
responsible for the slower release. Dissolution profile
adheres to the Baker Lonsdale Model indicating a
spherical matrix with diffusion mechanism. The Weibull
model, Korsmeyer Peppas model and first order kinetics
also can explain the release pattern from this formulation,
which is a non-fickian diffusion and erosion from a non-
swelling porous spherical matrix. o-amylase inhibition of
optimized sodium alginate formulation proved the in-vitro
anti-diabetic activity of nanoparticles. The alginate
nanoparticles were able to inhibit the a-amylase enzyme at
ICsp value of 192.75 + 6.531pg/ml. Extract is released
quickly into the medium, whereas the nanoparticle matrix
is a spherical matrix with a diffusion-controlled release
mechanism. The non-Fickian drug release mechanism,
supported by our Korsmeyer-Peppas model data confirms
that the formulation provides a stable, porous matrix that
facilitates both drug diffusion and polymer erosion.
Alginate based nanoformulations are promising carriers
for herbal drug delivery systems.
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