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Abstract
Bacopa monniera (Brahmi) is widely used as traditional medicine to treat cognitive disorders. It contains several bioactive compounds which are bitter in taste when 
consumed. Therefore, encapsulation was carried-out to prepare Bacopa monniera extract (BME) nanoparticles. To optimize the condition for nano-encapsulation of 
extract, central composite rotatable design (CCRD) of response surface methodology (RSM) was implemented. Chitosan (%), TPP (%) and BME concentration (mg) 
levels were taken as variables and size and zeta potential as responses. Regression analysis for two responses such as size and zeta potential were conducted by fitting 
the quadratic model. The optimized conditions were (0.1% chitosan, 0.15 % TPP and 15 mg/ml of BME) and showed a high zeta potential value of about +48.5mV 
and size as 220 ± 12nm. HPLC, total polyphenol contents, antioxidant assays (DPPH, ABTS) were carried out to ensure the efficiency of the encapsulation and it 
was found to be 52.0 %.

Introduction
A variety of functional foods and dietary supplements have been 

introduced to the market over the past few years, with the promising 
prospects for the improvement of the public health. However the 
concern of the research community is that the bioactive compounds 
may not be fully absorbed into the body, because they had been 
degraded before reaching the target organ. The efficacy of bioactive 
compounds may be reduced due to their instability caused by harsh 
acidic condition, enzymatic reactions and low permeability in the 
gastrointestinal tract. Therefore, the delivery and release of bioactive 
cores from ingestion to digestion have been recognized as the most 
important criteria in improving their absorption [1].

Bacopa monniera is a member of Scrophulariaceae, hold great 
promise for the improvement of cognitive and endurance enhancing 
function. It is an important constituent of the ayurvedic medica 
and classified into medhyarasayana, a drug known to improve 
memory and intellect [2]. Extensive investigations indicated that the 
cognition facilitating effect of B. monniera was due to the presence of 
active saponins, bacoside A [3]. These active principles, apart from 
facilitating learning and memory in normal rats, it has several other 
health benefits such as antioxidant [4-6]. anti-stress [7], vasodilator [8], 
anti-inflammatory [9], anxiolytic [10]. In our earlier studies we have 
demonstrated the anti-fatigue property [11], neuroprotective property 
of Bacopa monniera against various neurotoxicants such as hydrogen 
peroxide, scopolamine, sodium nitroprusside and crackers smoke [12-14].

Nanotechnology applications were initially implemented to prevent 
cancer, decrease toxicity, increase stability and bioavailability and 
promote selective tumor uptake [15]. More recently, these approaches 
are extended in cancer prevention with dietary phytochemicals [16]. 
As a result, a new area of investigation, nano-chemoprevention, was 

born which holds promise to enhance the efficacy of bioactive food 
compounds through nanoencapsulation. In fact, recent studies showed 
that nanoparticles of epigallocatechin-3-gallate (EGCG) from green 
tea, curcumin from turmeric, and resveratrol from table grapes are 
more efficacious than their free counterparts [17-19].

Response Surface Methodology (RSM) explores the relationships 
between several explanatory variables and one or more response 
variables. RSM is a collection of mathematical and statistical 
techniques useful for the modeling and analysis of problems in which a 
response of interest is influenced by several variables and the objective 
is to optimize this response [20]. Originally, RSM was developed to 
model experimental responses, and then migrated into the modelling 
of numerical experiments [21]. The application of RSM to design 
optimization is aimed at reducing the cost of expensive analysis 
methods and their associated numerical noise. Statistical design tools 
such as RSM helps quite effectively in optimizing the independent 
variable levels in product and process parameters based on statistical 
and mathematical techniques. The RSM technique gives the effect of 
an individual parameter as well as interactive effect of the parameters 
[22]. This statistical tool has been employed for the standardization 
and optimizing processing variables for different products like 
mutton manchurian, designer chicken shreds [23,24] food-processing 
operations [25] and carrot dehydration process [26].
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monniera extract (BME) of different concentrations were prepared by 
dissolving Bacopa monniera extract (lyophilized powder) in 10 ml of 
milli-Q water. Extract was filtered through 0.22 µm syringe filter and 
used for further preparation. A dry clean autoclaved beaker of 100 
ml capacity was taken and 5 ml of chitosan solution was added. BME 
solution of about 0.75 ml is added to the above and kept in a magnetic 
stirrer for 15 min at 1000 rpm at 37º C. TPP of 1.5 ml is added at the 
rate of 200 µl/min slowly and steadily to maintain the uniformity of 
charge and potential. The above reaction mixture was continued to be 
in magnetic stirrer for about 45 minutes, at 1000 rpm, and 37º C was 
maintained (Table 1). 

After the completion of the stirring 1 ml the reaction mixture was 
transferred to different 2 ml vials and subjected to centrifugation at 
13,000 rpm for 13 min at 4º C. The supernatant was collected to a fresh 
tube to carry out encapsulation efficiency assays and the pellet was 
redissolved in 1 ml of milli-Q water and subjected to centrifugation at 
13,000 rpm for 13 minutes at 4º C and the protocol was repeated thrice. 
Redissoved pellet was mixed well with micro pipette and was sonicated 
at sterile conditions for about 30 minutes and was further subjected to 
characterization of size and potential.

Characterization of Bacoside by HPLC

The amount of bacoside present in the crude and supernatant 
samples were quantified by using a Jasco LC-NetII/ADC HPLC system 
equipped with a HiQSil C18HS (150 × 4.6 mm, 5 µm partical size) 
column, photodiode array detector (PDA) and PU1580 pump (Jasco, 
USA), and a rheodyne injector with 20 µl loop. The mobile phase 
consisted of 0.2% phosphoric acid and acetonitrile (65:35 v/v). The 
pH of the mobile phase was adjusted to 3.0 with 5M NaOH. The flow 
rate and total run time were 1.0 mL/min and 60 min respectively. A 
20 µl of standard, crude extract sample and supernatant sample was 
injected and analyzed. All peaks were integrated at the wavelength of 
205 nm. They were initially assigned by comparing retention times 
with standard and compared with characteristic spectra obtained from 

Based on the previous interesting results of our studies on bacoside 
rich extract, present study was under taken to standardize and optimize 
of the conditions for nanoencapsulation of bacoside by RSM technique 
to efficiently encapsulate and mask the bitterness and bioavailability of 
the extract. 

Materials and Methods 
Chemicals

Chitosan, Ascorbic acid, 1,1diphenyl-2picrylhydrazyl (DPPH), 
2,2’-azinobis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), 
Tripolyphosphate, were purchased from Sigma-Aldrich Chemicals, (St. 
Louis, MO, USA). Acetic acid (HPLC grade), methanol (HPLC grade), 
ethanol, phosphoric acid, gallic acid, acetonitrile, sodium hydroxide, 
tetrabutyl hydroxyl quinone, folin ciocalteau’s reagent, sodium 
carbonate, potassium persulphate were purchased from Qualigens 
India ltd, Mumbai, India. Bacoside standard was purchased from M/s 
Natural Remedies Pvt, Ltd, Bengaluru, India. 

Experimental design

The central composite rotatable design (CCRD) of RSM was used 
for designing the experimental combinations for the optimization of 
conditions for nano-encapsulation of bacoside using software State-
Ease (Design Expert version 6.0.10). Chitosan (%), TPP (%) and BME 
concentration (mg) levels were taken as variables and size and zeta 
potential as responses. The number of design points was obtained 
with the help of statistical software depending on the number of 
independent variables. Design consisted of seven factorial points, six 
central points and seven axial points leading to 21 sets of experiments 
[27]. Design of experiments for the optimization of conditions for 
nano-encapsulation of bacoside was shown in Table 1. The results for 
the central composite designs were used to fit second-order polynomial 
equation. The regression analysis of the responses namely size and zeta 
potential were carried out by fitting with suitable models represented 
by (1) & (2). All variables of the polynomial regression at a significance 
level of p < 0.05 were included in the model, and the coefficient of 
determination (R2) was generated in order to assess the accuracy of 
the model. The response surfaces were generated from the equation 
of the second order polynomial, using the values of each independent 
variable to the maximum quadratic response [28].

First order Linear Equation (1) 
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where, 0 was the value of the fitted response at the canter point of 
the design; i, ii and ij were the linear, quadratic and cross product 
(interaction effect) regression terms respectively and n denoted the 
number of independent variables.

Preparation of Nanoparticles

Appropriate percent amount of chitosan was dissolved in 1% acetic 
acid and kept in magnetic stirrer for about 45 minutes to dissolve 
completely. Different percent concentrations of tripolyphosphate were 
dissolved in milli-Q water completely to get a clear solution. Bacopa 

Run ordera

Factors Responses
Chitosanb 

(%) TPPc (%) BMEd (mg) Sizee (nm) Potentialf 
(mv)

1 0.3 0.325 10 140 23
2 0.3 0.33 18.41 392 32
3 0.3 0.03 10 180 28
4 0.5 0.15 5 140 18.2
5 0.1 0.15 15 220 52
6 0.64 0.33 10 210 25.3
7 0.3 0.62 10 197 24
8 -0.04 0.33 10 120 27
9 0.3 0.33 1.59 100 18

10 0.5 0.5 15 380 27
11 0.3 0.33 10 160 25
12 0.3 0.33 10 155 28
13 0.3 0.33 10 132 21
14 0.3 0.33 10 137 24
15 0.1 0.5 15 340 29
16 0.5 0.15 15 370 30
17 0.1 0.15 5 120 15
18 0.1 0.5 5 140 17
19 0.5 0.5 5 160 21
20 0.3 0.33 10 110 25

Table 1. Design of experiment for optimization of conditions for nano-encapsulation of 
Bacopa monniera extract.aRun Order; bChitosan (%); cTripolyphosphate (%); dBacopa 
monniera Extract (mg); eSize (nm); fPotential (mv).
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the PDA [29]. The efficiency of encapsulation of BME was compared 
with standard.

DPPH Radical Scavenging Activity

The antioxidant activity of bacoside rich extract was checked on the 
basis of 1, 1 diphenyl-2picrylhydrazyl (DPPH) free radical scavenging 
activity. DPPH assay was performed as per the method described by 
Eberhardt et al. [30]. DPPH (500µl, 0.5 mM in methanol) solution 
was mixed with different amounts of sample and volume was made 
to 3.5 ml with methanol. The mixture was incubated in dark for 45 
min at room temperature.  Absorbance was recorded at 550 nm in 
a spectrophotometer. Tetrabutyl hydroxyl quinone was used as a 
standard compound. A positive control was prepared by mixing 3 ml 
methanol without DPPH solution to eliminate the absorbance of crude 
extracts. Methanol was used as blank. The DPPH radical scavenging 
activity percentage was calculated by using the formula as given below:

DPPH radical scavenging activity (%) = {(Ac –As)/Ac} ×100

Where Ac is the absorbance of the positive control solution and As is 
the absorbance of test solution. IC50 value, the concentration of sample 
or extract required to scavenge 50% of the DPPH free radicals in the 
mixture, was calculated using a linear regression equation derived from 
the graph of % DPPH scavenging activity and sample concentration.

Total polyphenol content

The TPC was determined according to the Folin Ciocalteau’s 
method [31]. The reaction mixture was composed of 0.1 ml of extract, 
2.9 ml of milli-Q water, 0.5 ml of FC reagent and 2 ml of 7% sodium 
carbonate.  The reaction mixture was incubated at room temperature 
for 90mins. The absorbance was measured at 735 nm. The TPC was 
determined as Gallic acid equivalent of extracts. The phospho-
molybdate in FC reacts under alkaline condition to give a blue color 
that is read at 735 nm.

ABTS assay: ABTS assay was carried out as per the method of 
Cai et al. (2004) [32]. The ABTS radical cation (ABTS*) solution was 
prepared by mixing 7 mm ABTS and 2.45 mm potassium persulphate 
and incubated in the dark at room temperature for 16 hr. The ABTS* 
solution was then diluted with 80% (v/v) ethanol to obtain an 
absorbance of 0.700±0.005 at 734 nm. ABTS* solution (3.9 ml) was 
added to 0.1 ml of the test sample (pre-diluted at a ratio of 1:50) and 
mixed vigorously. The reaction mixture was allowed to stand at 23º C 
for 6 min and the absorbance was recorded at 734nm immediately. A 
standard curve was obtained by using ascorbic acid in 80% ethanol. 
The % ABTS which was scavenged (%ABTSsc) was calculated using the 
formula:

(%ABTSsc= (Acon-Asample) × 100/ Acon

Where Acon is the absorbance of the control and Asample is the 
absorbance of the sample read at 734 nm. 

Preparation of FITC labeled nanoparticles

Five milligrams of FITC was weighed and dissolved in 1 ml of 
100% ethanol and 24 ml of milli Q water was added to makeup and was 
stored in dark at 4o C. Nanoparticles were prepared using the FITC dye 
into Bacopa extract with five different volumes of dye as follows: (a) 375 
µl of 2X BME + 50 µl of FITC dye + 325 µl of water= 750, (b) 375 µl of 
2X BME +100 µl of FITC dye + 275 µl of water= 750, (c) 375 µl of 2X 
BME +150 µl of FITC dye + 225 µl of water= 750, (d) 375 µl of 2X of 
BME + 200 µl of FITC dye + 175 µl  of water= 750 and (e) 375 µl of 2X 

of BME +250 µl of FITC dye + 125 µl of water= 750. All the 5 different 
conditions were done to check the optimum concentration of FITC 
labeled nanoparticles would fluoresce under microscope.

Internalization of FITC labeled nanoparticles into the 
SKNSH cells

 The SK-N-SH human neuroblastoma cell line was used in this 
study was supplied by the NCCS, Pune, India. The cells were grown 
in minimal essential medium containing 10% fetal bovine serum with 
penicillin (100 u/ml) and streptomycin (100 mg/ml) (Sigma, St. Louis, 
MO, USA) in a humid atmosphere of 5% CO2 and 95% air at 37o C for 
all the experiments with 80% confluence and more than 95% viability 
was considered as optimum. All the experiments were performed in 
serum free media. Cells were grown on cover slips and 50 µl of FITC 
labeled particles were added to the cells and incubated for 24 hr. All the 
above steps were carried out in a dark environment. Individual slide 
was observed under fluorescent microscopes for its internalization into 
the cells [33].

Statistical analysis

Response surfaces were generated using the Design Expert version 
6.0.10 software (Stat Ease Inc., Minneapolis, MN). The data obtained 
were subjected to analysis of variance (ANOVA) and Duncan’s multiple 
range test to evaluate the statistical significance of the treatments and 
significance was established at p<0.05. 

Results and Discussion
Consumption of raw Bacoside extract is not that efficiently accepted 

in day today life because of bitter in taste. Optimization of conditions 
for nano-encapsulation of bacoside with addition of chitosan and TPP 
were carried out in order to reduce the bitterness of the extract. The 
CCRD of RSM was used for designing the experimental combinations 
for the optimization of conditions for nano-encapsulation of 
bacosides. Parameters such as Chitosan (%), TPP (%) and BME extract 
concentration (mg) levels were taken as variables and size and zeta 
potential as response. Properties of chitosan such as biocompatibility, 
non-toxicity and biodegradability, made it a favorable candidate for 
wall material in food encapsulation [33,34]. In addition chitosan has 
a mucoadhesive character, which is an advantage for extensive use 
in controlled delivery application. Hence, as a component of wall 
materials in a controlled release formula, chitosan has the potential to 
prolong residence in the delivery of the core material. TPP being the 
negatively charged molecule plays vital role in holding of two chitosan 
molecule which is positively charged. 

Fitting the Model 

Central composite design results were used to fit the second order 
polynomial equation. Regression analysis of all the two responses 
such as size and zeta potential were conducted by fitting the quadratic 
model. Analysis of variance was calculated and model statistics for all 
the responses were shown in Table 2. All the responses showed highly 
significant and fitted with quadratic and linear models. The p-value 
showed as p<F which should be always less than 0.05 for model to 
significant. The response surface plots for these two models can be 
plotted as a function of two variables by keeping other variables at 
optimum or constant levels. The effect of variations in the levels of 
variables (Chitosan, TPP and BME concentration) in the present 
design on two responses (size and zeta potential) has been depicted in 
3D response plots in Figure 1. Multiple regression equations generated 
for all two responses are represented as follows in actual factors:
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Final equation in terms of actual factors

Size  =  +241.34 -153.76 *chitosan-434.44 *TPP =-26.99 
*BMEconc-392.85 *chitosan *TPP18.750 *chitosan *BMEconc+12.85 
*TPP *BMEconc+389.27 *chitosan2+779.73 *TPP2+1.76 *BME conc2

Potential  = -0.55+7.65 *chitosan+10.02 *TPP+3.92 *BME conc 
+74.28* chitosan *TPP-3.90 *chitosan *BME conc-4.40 *TPP *BME conc

Responses were optimized using Design Expert version-6 software. 
Optimization of the independent variable levels (Chitosan, TPP and 
BME) was achieved based on the maximization of the responses (size 
and potential). From this design best among the suitable desirability 

was taken as optimized ingredients level. Nanoparticle was developed 
with optimized levels of variables and responses were analyzed and 
verified with the predicted values and these are shown in Table 2. It 
showed that predicted and actual the values were almost similar. Hence, 
the above levels of ingredients were recommended for the optimization 
of the product.

HPLC

Samples with the charge of ± 30 mV supernatants were analyzed by 
HPLC for its residual amounts of bacoside extract and were integrated 
with the crude and supernatant samples (Figure 2).  Chromatogram 
shows that the Bacopa monniera extract was encapsulated in the form 
of nanoparticles. 

Total Polyphenols Assay
Polyphenolics compounds have been known to combat free radical 

scavenging, various diseases and dietary use of the same has been 
advocated. In the present investigation the phenolic content of brahmi 
that was estimated in the supernatants of nanoencapsulated mixture in 
terms of gallic acid equivalent.  There are other reports which suggest 
differential phenolic content in the test plant, which might be due to 
topographical and environmental effect which leads to variation in 
metabolite content [35,36]. According to TPC assay, the encapsulation 
efficiency was maximum for the sample prepared with the parameters 
of 0.1% chitosan, 0.15% TPP and 15 mg/ml, around 52.00% when 
compared to other test samples (Figure 3).

Term Model
Responses

Size Potential
F Value 26.21 13.202

P > F < 0.0001 < 0.0001
Mean 195.15 25.45
S.D a 26.58 3.512

C V % 13.62 13.788
R squared 0.9593 0.859

Adjusted R Squared 0.9227 0.7939
Predicted R Squared 0.7322 0.3356
Adequate Precision 16.562 15.19

Model Quadratic 2FI

Table 2. Anova and model statistics for the optimization of conditions for nano-
encapsulation of Bacopa monniera extract.
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Figure 1. Cube graph of variables Chitosan, TPP and BME for (I) Desirability, (II) Size (III) Potential; 3 D plot depicting effect of independent variables Chitosan, TPP and BME for (I) 
Desirability, (II) Size (III) Potential.
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Bacopa monniera 
Crude

Bacopa monniera 
supernatant

Figure 2. Quantification of bacoside encapsulation by HPLC analysis revealed different 
peaks of the crude (Bacopa monniera) and the supernatant left over after the encapsulation 
of BME. Encapsulation of active compounds shows the reduced size of chromatogram peaks.
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Figure 3. Total polyphenols and antioxidant asaays of the optimised nanoparticles leftover 
supernatant sample. Mean values of triplicates; SDs are denoted as bars. The values 
superscripted with different letters varies significantly (p<0.05)

DPPH Assay

 The antioxidant activity of different extracts was calculated as their 
capacity to scavenge free radicals of DPPH, which has been widely used 
to evaluate the antioxidant activity of natural products from plant and 
microbial sources. Although radical scavenging activity should not 
be considered as being synonyms with antioxidant activity, it is a fact 
that almost all the powerful natural antioxidants, such as tocopherol, 
carnosol and ascorbic acid are also strong scavenger of DPPH radical. 
Thus, good activity in this test is also an indication of the presence of 
possible antioxidants. BHA was used as a standard. With the correlation 
of IC50 and regression equations derived from standards and the test 
samples, the efficiency of the BME encapsulation was calculated. 
Encapsulation efficiency of the assay was shown in the Table 3, as 0.1% 
chitosan, 0.15% TPP and 15 mg/ml showed maximum encapsulation of 
52.00 % when compared to other test samples (Figure 3).

ABTS Assay

 The scavenging activity of the ABTS with respect to the supernatant 
of the nano-encapsulated Bacopa monniera extract, which gives the 
highest yield of antioxidant with desired antioxidant activities were 
selected as test sample. With the correlation of the standards, the test 
sample was analyzed for the encapsulation efficiency. The optimized 
conditions from the RSM technique for (0.1% chitosan, 0.15% TPP and 
15 mg/ml) revealed a maximum encapsulation efficiency of 51.90% 
when compared to other test samples (Figure 3).

Internalization of FITC labeled nanoparticles
 SK-N-SH is a neuroblastoma cell line that displays epithelial 

morphology and grows in adherent culture. These cells were treated 
with different concentrations of FITC labeled nanoparticles and 
incubated for 24 hr. After incubation for 24 hr, these cells were observed 
under fluorescent microscope to determine the internalization of 
nanoparticles into the cells. Various volumes of FITC solution was 
added into to the solution along with the brahmi extract and evaluated 
that the required amount was found to be 250 µl of FITC of 200µg/ml 
concentration was the minimum concentration to be required to be 
visualized under the fluorescence microscope (Figure 4).

Conclusion
The present study reveals that the Chitosan-TPP based 

nanoparticles of bacoside extract was prepared using the response 
surface methodology. The results showed that the concentration of 
chitosan (0.1%), tripolyphosphate (0,15%), bacoside extract (BME) 
(15 mg/ml) has shown to be optimum concentration to encapsulate 
bacosides in nanosize. Since, it maintained optimum size (226.3 nm) 
and zeta potential (48.5 mv). Overall, our study suggests that the model 
obtained in the present study can be applied for large scale production 
of nanoparticles for further use in pharma/food industries. This 
may ease the fortification/supplementation of bioactive compounds 
in various food formulations designed to combat performance 
enhancement and mitigate the cognitive impairments, health problems 
by their biochemical and physiological processes.  Further studies are 
warranted to test its efficiency in vitro and in vivo models for its toxicity 
and bioavailability of the nanoparticles.

Highlights
1. Bacopa monniera Nanoparticles were prepared using the 

central composite rotatable design (CCRD) of response surface 
methodology (RSM).

2. The optimized conditions were (0.1% chitosan, 0.15 % TPP and 15 
mg/ml of BME) and showed a high zeta potential value of about + 
48.5 mV and size as 220 ± 12nm.

3. Analytical results of HPLC, total polyphenol contents, antioxidant 
assays (DPPH, ABTS) were carried out to ensure the efficiency of 
the encapsulation and it was found to be 52.0 %.
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Figure 4. Internalization of nanoaparticles into the SK-N-SH cells was observed under the 
fluorescence microscope at 40x magnification. Nanoparticles were circled and indicated 
with red arrows. 
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