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INTRODUCTION

A recent study showed that bacterial biofilms are
responsible for resistance to infection rather than
planktonic bacteria [1]. Biofilm refers to any group of
microorganisms in which cells bind to one another on the
surface. These adherent cells are often enclosed inside an
extracellular polymeric substance (EPS) self-produced
matrix. In addition to the quorum sensing effect, bacterial
biofilms show several distinct properties than plankton,
such as morphology and phenotype [2]. Such properties
play a significant role in the tolerance and resistance of
bacteria to antimicrobial agents [3]. First, EPS, consisting
of polysaccharides, proteins, lipids, and DNA, acts as a
protective barrier to delay the dissemination of
antimicrobial agents [4]; second, the nutritional limitation
is confronted by bacteria in a biofilm and thus exists in a

The objective of this research work was to formulate and develop a nanosponge delivery system comprised of the
polymers viz. B- Cyclodextrin, Chitosan and Hyaluronic acid using Biosurfactant (Rhamnolipid). The prepared
nanosponges were optimized by Plackett Burman design and Box Behnken Design. The optimized batch of the Blank
Carboxymethyl B —Cyclodextrins Chitosan rhamnolipids coated with Hyaluronic acid Nanosponges (CCHBS/NS) had
the particle size of 51010 nm, PDI 0.22 + 0.01 and Zeta Potential of - 30.8 £ 0.4mV. The optimized formulation was
found to be stable for 6 months at real time stability conditions of 4°C+2°C and 25°C+2°C /60%+5% RH respectively..
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slow-growing or starving state that is not very responsive
to antibiotics attacking the proliferation process [5];
Third, biofilms prevent being cleared by the host immune
system [6,7]; finally, biofilms express unique defensive
factors, such as multi-drug efflux pumps and stress
response regulators [7], each of which is lethal to
antimicrobial agents in the uncommon resistance of
biofilms. Compared to their planktonic counterparts,
antibacterial resistance to biofilm-growing bacteria can be
up to 1000-fold [8]. Biosurfactants emerge as one
potential alternative to antibiotics due to their
environmentally friendly properties and mild production
within some classes [9]. One of the most known
biosurfactant  classes  comprising  microorganism-
secondary metabolites rhamnolipids (RL) is certainly
glycolipid, consisting of a carbohydrate moiety attached
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to a fatty acid. Rhamnolipids are glycolipid surfactants,
primarily produced as mono-and di-rhamnolipids by
various Pseudomonas aeruginosa or similar species [10].
Making membrane degradation and subsequent bacterial
death, RL has antimicrobial properties against bacteria
[10,11]. Such a biosurfactant may be a beneficial solution
to enhancing the current strategies against bacterial-
mediated biomaterial infections in order to demonstrate
low toxicity, be environmentally safe, biodegradable,
large-scale production, and existing antimicrobial
properties [12]. In this study, we hypothesized that if this
biosurfactant is encapsulated in a chitosan particulate
system, RL antimicrobial activity against pathogenic
bacteria could be enhanced. Biosurfactants incorporated
in chitosan-based nanoparticles have therefore been
prepared and their physicochemical properties measured.

EXPERIMENTAL WORK

Preparation of Nanosponges

Carboxymethyl [ —Cyclodextrins, Chitosan,
Hyaluronic acid were purchased from Sigma® Aldrich,
Banglore. Rhamnolipid biosurfactant was isolated in
house from actinolycetes. Accurately  weigh
Carboxymethyl B —Cyclodextrins, isolated Bio surfactant
and Hyaluronic acid and dissolved them all in distilled
water in separately. Weigh chitosan and dissolved in 1%
acetic acid solution. Biosurfactant solution was added in
Cyclodextrins solution and mix thoroughly.  Add
Cyclodextrin solution drop wise in Chitosan solution kept
on magnetic stirrer for 4 hrs. CCBS nanoparticles were
collected using centrifuge and resuspend in nanopure
water. CCBS nanposponges suspension was added drop
wise in Hyaluronic acid solution kept on magnetic stirrer.
Mixture was kept on magnetic stirrer for 4 hrs followed

poly dispersity index=

Where,

by circulation of mixture for 2-4 cycles at 800 psi pressure
through a high pressure  homogenizer.  After
homogenization sample was further stirred for 24 hrs at

room temperature for hardening.

Collection of CCHBS Nanosponges

The nanosponges were separated by two step
centrifugation process using a refrigerated centrifuge.
Nano sized particles were separated initially at a low spin
of 500 rpm for 5 min, followed by centrifugation of
obtained supernatant containing nanoparticles at 20,000
rpm for 30 min. The supernatant was discarded and pellet
was freeze dried.

Particle size and Particle size index analysis.

The average particle size and size distribution of
CCHBS nanosponges was measured by dynamic light
scattering technique using a Malvern particle size
analyzer by photon cross-correlation spectrometry. The
measurement was done by using laser light scattering
which was monitored at a scattering angle of 90° at
wavelength of 635 nm [13]. The measurements were
repeated three times and average was taken. The
nanoparticle sample was diluted in distilled water and
sonicated gently for about 3-5 minutes in a bath-type
sonicator and the dispersion thus obtained was analyzed
for particle size by loading into 1 cm? cuvettes in a
thermostatic chamber at 25°C. The size distribution
obtained is by plotting the relative intensity of light
scattered by particles in various size classes and is
therefore known as an intensity size distribution. The
particle size distribution is exhibited in terms of span
value, which is obtained by using formula,

D 0.9 - D (0.1)
D (0.5)

D (0.9) corresponds to particle size immediately above 90% of the sample
D (0.5) corresponds to particle size immediately above 50% of the sample.
D (0.1) corresponds to particle size immediately above 10 % of the sample.

Zeta potential

Zeta potential is an indirect measurement of the
thickness of the diffusion layer and is used to predict long-
term stability. The particle electrophoresis movement was
measured using the laser Doppler electrophoresis
technique. Zeta potential was measured using Malvern
Zetasizer [13]. All measurement were carried out at 25°C
using disposable plain folded capillary zeta cells. The
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measurements were conducted in triplicate after
appropriate dilution of freshly prepared particles in
double-distilled water to obtain the optimum kilo counts
per second of 50-200 for measurement.

Design Space

For construction of process design space (a key
element of Quality by design (QbD)), it is imperative to
identify the Critical process parameters (CPPs) causing
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variabilities in the Critical Quality Attributes (CQAS) and
this is possible through thorough understanding of the
process so that the variations can be minimized by
controlling the CPPs. This is possible by prior knowledge
and risk assessment of all the CPPs and critical material
attributes (CMAS) which have the potential of hampering
the quality of the product. This characterization step is
fundamental for the understanding of the impact of the
most important variables on overall process performance,
because typically not all variables can be analyzed in great
detail. Finally, these studies can be used to define the
acceptable variability in material attributes and process
parameters. Operating within these multivariate ranges
(Process Design Space) provides the assurance of quality.
Based on the design space and process understanding a
control strategy is developed. The CQA are categorized

into high, medium and low risk parameters based on
knowledge space. Usually high-risk parameters are
considered important for Design of Experiments as they
are having more effect than others and need to be in
accepting multivariate ranges [14].

Preliminary investigation of critical variables

Preliminary optimization and screening for various
process and formulation variables was carried out using
Plackett- Burman Design. An 8-factor Plackett-Burman
design (PBD) at 2 levels was used for initial screening
of the main effects of independent variables (Table 1) on
particle size, zeta potential and PDI. The lower and
upper levels of the selected variables were selected on
the basis references [15].

Table 1 a: Independent factors level for screening experiments.

Factors Code Levels

Low (-1) | High (+1)
B —Cyclodextrins A 2 6
concentration
Chitosan Concentration B 2 6
BioSurfactant C 2 4
Concentration
Hyaluronic acid D 25 6.5
concentration
Homogenization E 100 750 mTorr
pressure mTorr
pH F 5.5 7.4
Temperature G 25°C 40°C
Hardening Time K 6 hr 24 hr

Table 1 b: Plackett-Burman screenin

design output generated using Minitab 17.

Batch | Carboxymethyl
code | p—Cyclodextrin | Chitosan | Biosurfactant | Hyaluronic | Homogenization Hardening
conc. Conc. Conc. acid conc. pressure pH | Temp. Time

PB1 6 6 2 6.5 100 55 25 24
PB2 6 2 2 25 750 7.4 40 6
PB3 6 2 4 6.5 100 7.4 25 6
PB4 2 6 2 2.5 100 7.4 40 24
PB5 2 2 4 6.5 750 55 40 24
PB6 2 2 2 25 100 5.5 25 6
PB7 2 2 2 6.5 750 7.4 25 24
PB8 6 2 4 25 100 5.5 40 24
PB9 2 6 4 6.5 100 7.4 40 6
PB10 2 6 4 25 750 5.5 25 6
PB11 6 6 2 6.5 750 5.5 40 6
PB12 6 6 4 25 750 7.4 25 24
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Optimisation of process using Box-Behnken (BB)
design method
Conventional pharmaceutical formulation

development is a time consuming task. DoE, however is a
cost-effective and efficient method of accessing the
critical factors in the development process. For this
screening design, the variables were chosen based on the
RA [16]. Box Behnken takes into consideration the
various variables simultaneously and is one of the
common methods to study the relationship between the
parameters and their effect on the desired dependent
attributes. BB gives the minimum number of experimental

trials with a high level of accuracy. The factors identified
after RA were evaluated for effect on response variables.
Independent factors were the concentration of HA (X1,
lower limit: 2.5 mg/ml, upper limit 6.5 mg/ml),
concentration ratio of CS: B-CD (X2, lower limit: 1:2,
upper limit 1:3 mg /ml) and Concentration of
Biosurfactant (X3, lower limit: 2 mg/ml, upper limit 4
mg/ml). A total of 17 runs involving 3 dependent variables
(Y1= Particle Size, Y2= Polydispersity Index (PDI), Y3=
Zeta Potential) were obtained using Design Expert® 11
software and ANOVA was applied to analyze the
statistical significance of each variable (p < 0.05).

Table 2 a.: High and low value of independent factors used for the optimization experiment

Factors -1 +1 Responses
X1 concentration of HA 2.5 mg/ml 6.5 mg/ml Y1 Particle Size
X2 concentration ratio of CS: | 6 (2:4) mg/ml | 10 (2:6) mg/ml | Y2 Polydispersity
B-CD Index (PDI)
X3 Concentration of BS 2 mg/ml 4 mg/ml Y3 Zeta Potential

Table 2b: Box —Bhenken design output generated using Design Expert vs. 11.

Bcztjc(:] Factor 1 EIB: %:g) rCZS Factor 3
A:HA mg/ml C:BS mg/ml
mg/ml
BBO1 4.5 8 4.5
BB02 2.5 8 6
BB03 4.5 6 6
BB04 4.5 8 4.5
BB05 4.5 10 3
BB06 4.5 10 6
BBO7 2.5 6 4.5
BB08 6.5 8 6
BB09 6.5 8 3
BB10 2.5 10 4.5
BB11 4.5 8 4.5
BB12 6.5 6 4.5
BB13 4.5 3
BB14 6.5 10 4.5
BB15 4.5 8 4.5
BB16 4.5 8 4.5
BB17 2.5 8 3
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Stability Studies
The stability Studies of blank Chitosan Gellan Gum

Nanoparticles were carried out by storing the optimized
batch in a stability chamber at 25+2°C/ 60 +5% RH for a
period of 6 months.

RESULT AND DISCUSSION

Preparation and physiochemical properties
of CCHBS Nanosponges

CCHBS nanoparticles were formed on the basis of
electrostatic interactions. As per the procedure described
in this chapter, the addition of the polymers is important
as, Carboxymethyl g —Cyclodextrins, biosurfactant (RLs)
and hyaluronic acid are negatively charged polymers
whereas chitosan is positively charged one. Biosurfactant
when mixed with, Carboxymethyl g —Cyclodextrins they
mixed but no interaction was taking place as both contains
free carboxyl group. When mixture of Biosurfactant and
Carboxymethyl B —Cyclodextrins was added in chitosan
solution, biosurfactant and Carboxymethyl B -
Cyclodextrins made polyelectrolyte complex (PEC) with
chitosan as PEC is strong enough we didn’t add any
crosslinker. It is possible that biosurfactant also worked as
to decrease surface tension which help in reducing the size
of the nanoparticles. Chitosan and biosurfactant itself
capable of forming nanoparticles but still Carboxymethyl
B —Cyclodextrins was added intentionally as cyclodextrin
structure is bucket like and can carry number of drug

molecules. This property of cyclodextrin is used to
entrapment number of different drug molecules together
in a system. Once the internal structure of nanosponges
formed it was coated with Hyaluronic acid. Hyaluronic
acid used in this procedure because it contains CD44 like
structure. Because of the structural properties of
Hyaluronic acid nanosponges can easily be attached with
CD44 receptor, which make nanosponges more site
specific. Only limitation of the present method is that, it
initially formed large nanosponges. To overcome this,
nanosponges passed from the high pressure homogenizer
to reduce size as well as it also increase the PDI.

Screening design

PB design was applied as a screening method for
identifying the most influencing significant factors.
Prediction of the main effect of formulation and process
parameters on the responses is a crucial requirement in the
development of nanosponges formulation. Eight factors
that may affect the experimental responses were selected
as independent variables at two levels for the study as
shown in Table 3 shows the outline and observed
responses of PB formulation (PBF) on two levels.
Polynomial equations for individual responses reflect the
relationship between dependent and independent factors.
The effect of independent factors on nanoparticle
characteristic are shown below using Pareto charts and
Normal Charts.

Table 3: Response of Plackett-Burman screening design.

Batch code Particle size
PB1 558
PB2 430
PB3 484
PB4 520
PB5 474
PB6 452
PB7 484
PB8 434
PB9 556
PB10 524
PB11 548
PB12 521

PDI Zeta potential
0.19 -28.2
0.22 -22.3
0.19 -32.8
0.17 -21.2
0.25 -30.0
0.17 -21.5
0.24 -29.7
0.18 -26.9
0.19 -32.1
0.23 -27.5
0.25 -31.6
0.23 -26.9

Particle size

Particle size can play an important role as it can instantly
influence the physical stability, cellular uptake,
biodistribution and the drug release. Depending on the
desired administration route, the size of the particles
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should be optimized. The mean particle size was in the
range of 430- 558 nm and it was strongly affected by the
some of the selected variables.

The fitted model describing the influence of variables on
the mean of particle size is,
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Particle size = 406.48 - 1.458 B —Cyclodextrins
+ 19.542 Chitosan Concentration

+ 0.083 BioSurfactant Concentration

+9.292 Hyaluronic acid concentration

- 0.00590 Homogenization pressure +0.439 pH
- 0.6778 Temperature - 0.0278 Hardening Time.

The obtained F-value of the model had a significant effect.
The significance of F-value and R2 (0.9960) indicated that
there was a good linearity between the predicted and the
observed values. The predicted R2 (0.9973) and adjusted

Pareto Chart of the Standardized Effects
(response is Particle size, o = 0.05)
3.18

Factor Name

A B —Cyclodextrins

B Chitosan Concentration

C BioSurfactant Concentration
D Hyaluronic acid concentration
E Homogenization pressure

F pH
G Temperature
H Hardening Time

0 10 20 30 40 50 60

Standardized Effect

R2 (0.9882) values implied a good correlation between
the obtained and predicted value and those of the fitted
models. Pareto chart helps to prioritize main affecting
variables amongst all selected variables. It indicates that
any effects that extend beyond the reference line are
considered as significant. Here the pareto chart shows that
polymer concentrations and temperature were found to
significantly affect the particle size. Normal plot indicates
that chitosan and hyaluronic acid concentration has

Normal Plot of the Standardized Effects
(response is Particle size, a = 0.05)

Percent
o
3

Effect Type
# Not Significant
m Significant

mD

Factor Name

B —Cyclodextrins

Chitosan Concentration
BioSurfactant Concentration
Hyaluronic acid concentration
Homogenization pressure

pH

Temperature

Hardening Time

ToTMmOoON®>

0 10 20 30 40 50 60
Standardized Effect

Fig 1: Pareto chart and Normal plot of independent variables for the response of particle size.

positive whereas temperature and Carboxymethyl p —
Cyclodextrins has negative effect on particle size. From
the result it was evident that chitosan concentration has
more effect on particle size then temperature were found
to significantly affect the particle size. Normal plot
indicates that chitosan and hyaluronic acid concentration.
This may be attributed to molecular weight of the chitosan
i.e. 50-2000kDa leading to increase in size of
nanoparticles. Interesting part of the study is that,
Carboxymethyl B —Cyclodextrins decreased size of the
nanoparticles. This may be due to molecular weight of
cyclodextrin ie. 6000-8000 Da. When concentration of
cyclodextrin was increased it replaced chitosan and hence,
particle size decreased comparatively to nanosponge
containing low concentration of cyclodextrin.
Theoretically, surfactant must have pronounced effect on
the particle size but here in the present study biosurfactant
shows no significant effect on the particle size.
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Zeta potential
The fitted model describing the influence of variables on

the mean of Zeta potential is,
Zeta potential = -13.93
- 0.208 Chitosan Concentration
- 1.750 BioSurfactant Concentration- 1.625 Hyaluronic a
cid concentration- 0.00128 Homogenization pressure+ 0.
088 pH+ 0.0111 Temperature + 0.0463 Hardening Time.
The obtained F-value of the model had a significant effect.
The significance of F-value and R2 (0.9880) indicated that
there was a good linearity between the predicted and the
observed values. The predicted R2 (0.9554) and adjusted
R2 (0.9756) values implied a good correlation between
the obtained and predicted value and those of the fitted
models.

Result of PB study suggested that zeta potential is
influenced by concentration of hyaluronic acid and
biosurfactant, both shows positive effect on the zeta
potential.

- 0.208 B —Cyclodextrins
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Pareto Chart of the Standardized Effects
(response is Zeta potential, o = 0.05)

Term 3182

D
C
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C BioSurfactant Concentration
D Hyaluronic acid concentration
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G
E
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Normal Plot of the Standardized Effects
(response is Zeta potential, o = 0.05)
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Fig 2: Pareto chart and Normal plot of independent variables for the response of Zetapotential.

Poly dispersibility index (PDI)

The fabricated nanoparticles, size population
commonly follows a multimodal distribution. The
polydispersity is a significant parameter, which can
provide the information about the homogeneity size
distribution and it suggest the particles are
monodispersity. The effect of variables on the PDI of the
particle size and it should be below 0.3. The below 0.3 of

Pareto Chart of the Standardized Effects
(response is PDI, a = 0.05)
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polydispersity index shows narrow could be explained by
following linear model equation,

PDI = 0.15372 + 0.000417 B —Cyclodextrins

+0.000417 Chitosan Concentration

+ 0.002500 BioSurfactant Concentration

+ 0.004583 Hyaluronic acid concentration

+ 0.000085 Homogenization pressure - 0.002632 pH
+0.000111 Temperature + 0.000093 Hardening Time

Normal Plot of the Standardized Effects
(response is PDI, a = 0.05)

"3
Effect Type
L & Not Significant
m Significant
Factor Name
A B —Cyclodextrins
B Chitosan Concentration
C BioSurfactant Concentration
D Hyaluronic acid concentration
E Homogenization pressure
F pH
G Temperature
H Hardening Time
5 10 15 20 25 30 35

Standardized Effect

Fig 3: Pareto chart and Normal plot of independent variables for the response of PDI.

Optimization of Nanoparticles

In the current study, particle size, PDI, Zeta Potential
were the considered as quality attributes which is the first
step of QbD ie. determination of CQAs. Several other
parameters like polymer concentration, temperature,
homogenizer pressure and duration considerably affect
the response variables. When these variables were linked
with the CQAs, we obtained a design space for the
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effective formulation design. Hence, the optimization of
these variables will be done by Box- Behnken design.

Box- Behnken Design

The preliminary studies revealed that polymers
concentration and biosurfactant concentration were the
significant factors. Hence, Box- Behnken Design was
applied to understand their effect on particle size, PDI and
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Zeta Potential. A statistical design was utilized in order to
derive the relationship between the response variables and
independent variables. Table 4 shows the independent

factors and response values of respective batches. The
statistical evaluation of the results was carried out by
design expert software.

Table 4: Response obtained for coded units of Box Behnken design

Formulation Code | Particle size | PDI | Zeta potential
B01 488 0.24 -27.6
B02 430 0.16 -26.5
B03 465 0.18 -28.6
B04 482 0.24 -26.2
B0S 540 0.22 -26.8
B06 504 0.21 -28.7
BO7 415 0.17 -24.6
B08 478 0.24 -31.2
B09 492 0.24 -30.9
B10 465 0.18 -24.5
B11 480 0.22 -26.9
B12 470 0.19 -31.7
B13 418 0.17 -26.4
B14 552 0.23 -31.9
B15 484 0.24 -27.8
B16 483 0.24 -26.4
B17 434 0.18 -24.3
Particle Size From the charts it is evident that Carboxymethyl B —
Mathematical Model for Particle Size Cyclodextrins and chitosan ratio was positively affect the
Particle  Size = 35.92656  +38.29375HA particle size, when ratio increased the particle size also

+9.73750CD:CS +95.80000BS +2.00000 HA * CD:CS -
0.833333 HA * BS -6.91667 CD:CS * BS -3.89375 HA?
+1.91875 CD:CS? -4.14444 BS?

Particle Size

B: CD:CS (mg/ml) 6

Particle Size

increased and vice versa. Same result was seen with

Hyaluronic acid.

T 2z 7 .. 2
......... <
27 RZ AT AL S

A: HA (mg/ml)

C: BS (mg/ml) 3
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Particle Size

C: BS (mg/ml) 3 6

Hyaluronic acid and pB-Cyclodextrin-Chitosan, Biosurfactant kept fixed at 4.5 (b) hyaluronic acid and Biosurfactant, f-
Cyclodextrin-Chitosan kept fixed at 8 (c¢) B-Cyclodextrin-Chitosan and Biosurfactant, hyaluronic acid kept fixed at 4.5.

Fig 4: 3D Surface Contour Interaction plot and its effect on particle size.
PDI

Mathematical Model for PDI

PDI=-0.480359 +0.028313HA +0.114187CD:CS +0.061167BS +0.001875HA * CD:CS +0.001667HA * BS -
0.001667CD:CS * BS -0.004187HA? -0.006687CD:CS? -0.006333BS?

Results reveals that PDI was in range and no factors shows of homogenization step and as nanosponges were coat
any significant effect on PDI. But still Hyaluronic acid separately with hyaluronic acid, hyaluronic acid has
pronounces more effect on PDI in comparison to other greater effect than any other factors.

factors. PDI effect was seem to be silent may be because

PDI

a

25 6
B: CD:CS (mg/ml) b C: BS (mg/ml)
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PDI

AN
SN

AN
S

C: BS (mg/mi)

(a) Hyaluronic acid and p-Cyclodextrin-Chitosan, Biosurfactant kept fixed at 4.5 (b) hyaluronic acid and Biosurfactant, [3-
Cyclodextrin-Chitosan kept fixed at 8 (c) B-Cyclodextrin-Chitosan and Biosurfactant, hyaluronic acid kept fixed at 4.5.

Fig 5: 3D Surface Contour Interaction plot and its effect on PDI.

Zeta Potential
Mathematical Model for Zeta Potential

Zetapotential = -25.94859 -0.155625 HA +1.12437
CD:CS -0.072500 BS -0.018750 HA * CD:CS
+0.158333 HA * BS +0.025000 CD:CS * BS -0.224375
HAZ2 -0.074375 CD:CS? -0.154444BS?

It can be seen that the Zeta Potential increases with an
increase in Hyaluronic acid concentration. While
biosurfacant and Cyclodextrin-Chitosan has no effect on
the zeta potential. Results clearly indicated that our
nanosponges were fully coated with the hyaluronic acid.
And biosurfactant, cyclodextrin and chitosan was present
in the core.

Validation by Check Point Batch Analysis

On the basis of reality, a check point batch was selected
and evaluated for average Particle size, PDI and
zetapotential.

Check point batch analysis was carried out to validate the
optimization process. It provides the predicted values of
the response with the optimized values of the variables.
These check point batches were prepared and compared
with the predicted values of the responses. From the table,
it was clear that the obtained values were similar to the
predicted values. Therefore, it can be predicted that there
was no significant difference between the predicted and
observed values (p value >0.05). Hence, the applied Box-
Behnken design is validated.

Table 5: Check Point Batch Composition

Check Point Batch Composition
Hyaluronic acid 5 pg/mi
CD:CS Concentration 9 pg/ml
Biosurfactant 4.5 pg/ml
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Zetapotential

A: HA (mg/ml)

Zetapotential

C: BS (mg/ml)

Zetapotential

b C: BS (mg/ml) ! 6 65

B: CD:CS (mg/ml)

(@) Hyaluronic acid and B-Cyclodextrin-Chitosan, Biosurfactant kept fixed at 4.5 (b) hyaluronic acid and Biosurfactant,
B-Cyclodextrin-Chitosan kept fixed at 8 (c) B-Cyclodextrin-Chitosan and Biosurfactant, hyaluronic acid kept fixed

at4.5.
Fig 6: 3D Surface Contour Interaction plot and its effect on zeta potential
Table 6: Actual and Predicted Values for Check point Batches
Check Point | Average Particle size (nm) PDI Zeta Potential (mV)
Batch Code
Actual Predicted Actual | Predicted Actual | Predicted
Value Value Value Value Value Value
CP1 504 489.68 0.22 0.24 32 28
CP2 512 0.22 31
CP3 506 0.23 31
Validation by Numerical Optimization - The value is completely dependent on how closely the

Desirability Plot

Desirability is an objective function that ranges from
zero outside of the limits to one at the goal. The numerical
optimization finds a point that maximizes the desirability
function. The characteristics of a goal may be altered by
adjusting the weight or importance. For several responses
and factors, all goals get combined into one desirability
function.
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lower and upper limits are set relative to the actual
optimum. The goal of optimization is to find a good set of
conditions that will meet all the goals, not to get to a
desirability value of 1.0. Desirability is simply a
mathematical method to find the optimum. Here we obtain
the desirability of 0.893 which indicates that our
optimized batch is closer to 1.

Overlay Plot is obtained by superimposing the contour
plots of responses of independent variables. It displays the
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areas of feasible response values of the variables in the yellow. Overlay plot shows that our check point batch is
design space. Regions that don’t fit into the optimization in the design space as well as actual observation is in the
criteria look grey in colour while design space is coloured range of the predicted value.
Desirability
o\ 10 Overlay Plot
Particle Sizer 512523
PDL 0243906
Zetapotential: -280035
X1 501741
X2 903781
9 |
£ 3
()] ~
z g
¢, g % ]
o =
O S
[2a] o
«
7
€ T T I
25 35 45 55 6.5
A: HA (mg/ml) A: HA (mg/ml)

Fig 7 : Desirability and Overlay plot showing the design space for optimized batches
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Fig 8 : Optimized Batch Particle size
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Fig 9: Optimized Batch- Zeta Potential

Stability study

The optimized formulation was evaluated for the
change in particles size, dispersibility and physical
appearance at 0,1,3,6 months. The particle size was found

to slighty increase may be due to the aggregation of
nanoparticles. But they were easily redispersed after
reconstitution. No significant difference was observed in
the appearance of the nanosponges.

Table 7: stability study data for optimized nanosponge batch.

Sr no. Parameters 0 month | 1 month | 3 month | 6 month

1 Physical White/ White/ White/ White/
Appearance off white | off white | off white | off white

2 Avg Particle Size 508 521 530 554

3 Dispersibility + + + +
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Fig 10: SEM of optimized Batch nanosponges.

CONCLUSION

In the present study, various process and formulation
variables were successfully evaluated and screened using
Placket-Burman design. The polymer concentration and
biosurfactant were the most critical factors which affects
particle size and zetapotential. Box- Behnken design gave
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the idea for the design space, which can be used to
produce optimized batch. The subsequent
experimentation can be performed using these critical
parameters and design space for the formulation design of
the drug loaded nanosponges.



Nikunj R Solanki et al/Int. ]. of Allied Med. Sci. and Clin. Research Vol-9(4) 2021 [748-761]

REFRENCES

10.

11.

12.

13.

14.

15.

16.

17.

Vyas SP, Sihorkar V, Jain S. Mannosylated liposomes for bio-film targeting. Int J Pharm. 2007;330(1-2):6-13. doi:
10.1016/j.ijpharm.2006.08.034, PMID 16997519.

Pamp SJ, Gjermansen M, Johansen HK, Tolker-Nielsen T. Tolerance to the antimicrobial peptide colistin in
Pseudomonas aeruginosa biofilms is linked to metabolically active cells, and depends on the pmr and mexAB-oprM
genes. Mol Microbiol. 2008;68(1):223-40. doi: 10.1111/j.1365-2958.2008.06152.x, PMID 18312276.

Penesyan A, Gillings M, Paulsen IT. Antibiotic discovery: combatting bacterial resistance in cells and in biofilm
communities. Molecules. 2015;20(4):5286-98. doi: 10.3390/molecules20045286, PMID 25812150.

Hobley L, Harkins C, MacPhee CE, Stanley-Wall NR. Giving structure to the biofilm matrix: an overview of
individual strategies and emerging common themes. FEMS Microbiol Rev. 2015;39(5):649-69. doi:
10.1093/femsre/fuv015, PMID 25907113.

Hgiby N, Bjarnsholt T, Givskov M, Molin S, Ciofu O. Antibiotic resistance of bacterial biofilms. Int J Antimicrob
Agents. 2010;35(4):322-32. doi: 10.1016/j.ijantimicag.2009.12.011, PMID 20149602.

Jensen ET, Kharazmi A, Lam K, Costerton JW, Hgiby N. Human polymorphonuclear leukocyte response to
Pseudomonas aeruginosa grown in biofilms. Infect Immun. 1990;58(7):2383-5. doi: 10.1128/iai.58.7.2383-
2385.1990, PMID 2114367.

Domenech M, Ramos-Sevillano E, Garcia E, Moscoso M, Yuste J. Biofilm formation avoids complement immunity
and phagocytosis of Streptococcus pneumoniae. Infect Immun. 2013;81(7):2606-15. doi: 10.1128/1A1.00491-13,
PMID 23649097.

Chen LM, Xu YH, Zhou CL, Zhao J, Li CY, Wang R. Overexpression of CDR1 and CDR2 genes plays an important
role in fluconazole resistance in Candida albicans with G487T and T916C mutations. J Int Med Res. 2010;38(2):536-
45, doi: 10.1177/147323001003800216, PMID 20515567.

Anwar H, Dasgupta MK, Costerton JW. Testing the susceptibility of bacteria in biofilms to antibacterial agents.
Antimicrob Agents Chemother. 1990;34(11):2043-6. doi: 10.1128/AAC.34.11.2043, PMID 2073094. 18 M. ARIFET
AL.

Ribeiro IA, Castro MF, Ribeiro MH. Sophorolipids: production, characterization and biologic activity in applications
of microbial engineering. In: Gupta VK, Schmoll M, Maki M, Tuohy M, Mazutti MA, editors. Applications of
microbial engineering. Boca Raton: CRC Press Press; 2013a. p. 367-407.

Bharali P, Saikia JP, Ray A, Konwar BK. Rhamnolipid (RL) from Pseudomonas aeruginosa OBP1: a novel chemotaxis
and antibacterial agent. Colloids Surf B Biointerfaces. 2013;103:502-9. doi: 10.1016/j.colsurfb.2012.10.064, PMID
23261573.

Silveira VAI, Nishio EK, Freitas CAUQ, Amador IR, Kobayashi RKT, Caretta T, Macedo F, Celligoi MAPC.
Production and antimicrobial activity of sophorolipid against Clostridium perfringens and Campylobacter jejuni and
their additive interaction with lactic acid. Biocatal Agric Biotechnol. 2019;21. doi: 10.1016/j.bcab.2019.101287,
PMID 101287.

Pontes C, Alves M, Santos C, Ribeiro MH, Gongalves L, Bettencourt AF, Ribeiro IA. Can Sophorolipids prevent
biofilm  formation on silicone catheter tubes? Int J Pharm. 2016;513(1-2):697-708. doi:
10.1016/j.ijpharm.2016.09.074, PMID 27693709.

Marangon CA, Martins VCA, Ling MH, Melo CC, Plepis AMG, Meyer RL, Nitschke M. Combination of rhamnolipid
and chitosan in nanoparticles boosts their antimicrobial efficacy. ACS Appl Mater Interfaces. 2020 Feb 5;12(5):5488-
99. doi: 10.1021/acsami.9b19253, PMID 31927982.

Yerlikaya F, Ozgen A, Vural I, Guven O, Karaagaoglu E, Khan MA, Capan Y. Development and evaluation of
paclitaxel nanoparticles using a quality-by-design approach. J Pharm Sci. 2013;102(10):3748-61. doi:
10.1002/jps.23686, PMID 23918313.

Sahu AK, Jain V. Screening of process variables using Plackett—Burman design in the fabrication of gedunin-loaded
liposomes. Artif Cells Nanomed Biotechnol. 2017;45(5):1011-22. doi: 10.1080/21691401.2016.1200057, PMID
27917681.

Sah AK, Suresh PK. Loteprednol etabonate nanoparticles: optimization via Box-Behnken design response surface
methodology and  physicochemical characterization. Curr Drug Deliv. 2017;14(5):676-89. doi:
10.2174/1567201813666160801125235, PMID 27480117.

How to cite this article: Nikunj R Solanki, Praful D Bharadia. Design and Development of Biosurfactant induced
Nanosponges using QBD approach. Part-1. Int J of Allied Med Sci and Clin Res 2021; 9(4): 748-761.

Source of Support: Nil. Conflict of Interest: None declared.

761


https://doi.org/10.1016/j.ijpharm.2006.08.034
https://www.ncbi.nlm.nih.gov/pubmed/16997519
https://doi.org/10.1111/j.1365-2958.2008.06152.x
https://www.ncbi.nlm.nih.gov/pubmed/18312276
https://doi.org/10.3390/molecules20045286
https://www.ncbi.nlm.nih.gov/pubmed/25812150
https://doi.org/10.1093/femsre/fuv015
https://www.ncbi.nlm.nih.gov/pubmed/25907113
https://doi.org/10.1016/j.ijantimicag.2009.12.011
https://www.ncbi.nlm.nih.gov/pubmed/20149602
https://doi.org/10.1128/iai.58.7.2383-2385.1990
https://doi.org/10.1128/iai.58.7.2383-2385.1990
https://www.ncbi.nlm.nih.gov/pubmed/2114367
https://doi.org/10.1128/IAI.00491-13
https://www.ncbi.nlm.nih.gov/pubmed/23649097
https://doi.org/10.1177/147323001003800216
https://www.ncbi.nlm.nih.gov/pubmed/20515567
https://doi.org/10.1128/AAC.34.11.2043
https://www.ncbi.nlm.nih.gov/pubmed/2073094
https://doi.org/10.1016/j.colsurfb.2012.10.064
https://www.ncbi.nlm.nih.gov/pubmed/23261573
https://doi.org/10.1016/j.bcab.2019.101287
http://www.ncbi.nlm.nih.gov/pubmed/101287
https://doi.org/10.1016/j.ijpharm.2016.09.074
https://www.ncbi.nlm.nih.gov/pubmed/27693709
https://doi.org/10.1021/acsami.9b19253
https://www.ncbi.nlm.nih.gov/pubmed/31927982
https://doi.org/10.1002/jps.23686
https://www.ncbi.nlm.nih.gov/pubmed/23918313
https://doi.org/10.1080/21691401.2016.1200057
https://www.ncbi.nlm.nih.gov/pubmed/27917681
https://doi.org/10.2174/1567201813666160801125235
https://www.ncbi.nlm.nih.gov/pubmed/27480117

