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1. Introduction

health sciences, where drug delivery through nano-
based carriers has shown favourable developments in the 

life-threatening diseases1, 2. Indeed, the therapeutic 

reasons, viz., poor solubility, degradation at acidic and 

sites, short-half-life and high toxicity. Researchers 
are heavily researching nanoparticulate drug delivery 
systems as a strategy for producing nanosystems 

loaded with various drugs in order to improve the bio-
distribution of the drug to the desired site of action, 

degradation of the drug3. Further, higher therapeutic 
levels of the drug at lower doses can be achieved, 

targeted action potential of the nanosystems depends 
upon the physicochemical properties of the nanosystem 

be used in the production of nanosystems. However, 
polymers that are biodegradable, biocompatible, and 
non-immunogenic are most preferred. Bovine serum 

RESEARCH ARTICLE

Preparation and Characterization of Bovine Serum 
Albumin Nanoparticles of Curcumin using a 

Chemometric Approach
Ayesha Syed1, Preeti Karwa1* and V. Kusum Devi2

1Department of Pharmaceutics, Al-Ameen College of Pharmacy, Near Lalbagh Main Gate, Hosur Road, 
Bangalore - 560027, Karnataka, India; pharmaacp@gmail.com 

2Department of Pharmaceutics, Nitte College of Pharmaceutical Sciences, Yelahanka, Bengaluru - 560064, 
Karnataka, India

Abstract
Bovine Serum Albumin (BSA) has been presupposed to be a versatile protein polymer for targeted drug delivery. BSA 

Box Behnken Design (BBD) in order to achieve the desired 

zeta potential, total drug content, and in-vitro
12

procedure. Therefore, it presents an important model for producing the nanoparticles of the desired characteristics using 

Keywords:



638 Preparation and Characterization of Bovine Serum Albumin Nanoparticles of Curcumin using a Chemometric Approach

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 22 (4) | October 2022

albumin is one such wonder protein polymer that is 
biodegradable, biocompatible, non-immunogenic, 
guards drug molecules against degradation, increases 
water solubility and permeability, and can alter the drug 

size i.e., 20–200 nm can extravasate and accumulate 

wherein there is increased vascular permeability 

develops hypoalbuminemia hence have a high rate of 

an attractive agent for carrying the drug to the joint 
4, 5. Current 

literature carries strong evidence in support of natural 

of rheumatoid arthritis. Curcumin is one such wonder 

low bioavailability due to poor solubility and 
rapid metabolism6, 7. Optimizing the preparation 
of nanoparticles is complex and tedious as many 

utilised by many researchers, as it allows for systematic 
development of formulations with fewer experiments. 
It can also correlate the dependent and independent 
variables in the study and asses the interacting factors. 
Subsequently, the size of the nanoparticles plays a major 
role in deciding the fate of nanoparticle accumulation 

facts, the study was initiated to formulate the bovine 
serum albumin nanoparticles of curcumin by the 
nanoparticle albumin-bound technique (Nab) and 

independent variables on dependent variables.

2. Materials and Methods
2.1 Materials
Curcumin was procured from Konark Herbals and 
Health care Ltd. Bovine serum albumin, sodium 
hydroxide, and dialysis membrane were purchased 

from Hi-Media Ltd., India. All the other chemicals 
used in the study were of analytical grade.

2.2  Preparation of Bovine Serum Albumin 
Nanoparticles Loaded with Curcumin 
(BSA_CUR_NPs) by Nab Technology

Accurately weighed curcumin is dissolved in acetone 
and BSA in distilled water separately. Both the solutions 
are gently mixed together and the emulsion is subjected 
to homogenization using an ultra-turrax homogenizer. 

acetone. All the formulations were lyophilized to get a 
8. 

2.2.1  Optimization of Bovine Serum Albumin 
Nanoparticles Loaded with Curcumin (BSA_
CUR_NPs) by 33 Box-Behnken Design

3 Box-
Behnken Design (BBD), allowing the simultaneous 
assessment of selected independent formulation and 
process variables. A 3-factor, the 3-level design was 

independent variables: drug: albumin ratio (X1), the 
volume of organic solvent (X2), and homogenization 
speed (rpm) (X3) on dependent variables viz., particle 
size (Y1 2). Based on 
preliminary screening experiments that determined 
the main variables and their suitable optimum range, 
the factors were evaluated at three levels: low (-1), 

of the variables are given in Table 1. A total number of 
17 experiments were performed generated by the Box-

7.0.0. Step-wise linear regression analysis developed 
polynomial equations for dependent variables which 
are represented in the form of equation-1:

Y = b0+b1X1+b2X2++b3X3+b11X1
2+b22X2

2+b33X3
2+b12

X1X2+b13X1X3+b23X2X3… (1)
Here, Y represents the dependent variable, the 

dependent variable; b0 is the intercept; b1, b2 and b3 are 

X1, X2 and X3 while b11, b22, and b33 are their squared 
12, b13 and b23

of X1X2, X1X3, and X2X3, which indicate the variation in 
response when X1, X2 and X3 are simultaneously varied. 
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9, 10.

2.3 Evaluation of Nanoparticles
2.3.1  Determination of Particle Size and 

Polydispersity Index (PDI)

albumin nanoparticles were measured using a Malvern 
Nano S-90 Zetasizer (Malvern Instruments Ltd., UK). 

2.3.2  
and Total Drug Content 

centrifuged at 8000 RPM for 30 minutes to separate the 
supernatant phase and the solid pellet of nanoparticles 

of free drug in the supernatant was determined by 
the developed method of analysis using a UV-Visible 
spectrophotometer at 425nm. 

using the below equation: 

(%) *100Winitialdrug Wfreedrug
Winitialdrug

Entrapment Efficiency

a mixture of water and DMSO to dissolve albumin and 

diluted with methanol before being subjected to analysis 
by UV spectrophotometry at 425nm11.

(%) *100Wdrug in residue Wfreedrug
Winitialdrug

Totaldrugcontent 

2.3.3 In-vitro Drug Release Study

In-vitro release studies of the developed nanoparticles 

the absence of light as curcumin extensively degrades in 

(pH 7.4) was used as dissolution media and was stirred 
on a magnetic stirrer at 37±0.5°C at 50 rpm. Since 
the stability of curcumin is very low in PBS, therefore 
ascorbic acid at a concentration of 2% was added 

curcumin. A nanoparticulate dispersion equivalent to 2 
mg of the drug was applied to the donor compartment. 
Approximately 2ml of the dissolution media from the 

periods (0, 4, 8, 12, 24, 48, 72, 96, 120, 144, 168, 192 hours) 
and was immediately replaced with the same volume of 

release by a developed method of analysis using a UV-

release study was performed in multiples of three to 
maintain accuracy and precision12, 13.

2.3.4 Kinetics Studies of Drug Release Data

In order to determine the drug release mechanism, 
the in-vitro release data was of a selected optimised 
formulation C12
matrix, Higuchi, Hixon-Crowell cube root law and 

test, the most appropriate model was selected14.

2.3.5 Zeta Potential

12 was 
measured using Malvern Zetasizer Nano ZS (Model 

a 1:10 ratio with distilled water before measurement.

2.3.6 UV- Visible Spectroscopy

the spectra of BSA, CUR individually, and BSA_CUR_
NPs were taken by scanning the solutions in the 190–800 

Table 1. Independent variables and level used for 33 BBD

Independent variables +1(high) 0(medium) -1(low)
Drug : Albumin ratio 100 mg 50 mg 10 mg
Vol. of Organic solvent 50 % 30 % 10 %
Homogenisation rpm 20,000 15,000 10,000

Syed et al.,
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nm range with a quartz cuvette of 1 cm path length, 
using a Shimadzu UV–visible spectrophotometer (UV-
1700; Shimadzu). From the spectra, the lambda max 
was measured.

3. Results
3.1  Optimization of Bovine Serum 

Albumin Nanoparticles Loaded with 
Curcumin (BSA_CUR_NP’s) by 33 Box-
Behnken Design (BBD)

Box-Behnken design is a quadratic optimization design 
developed based on a three-level incomplete factorial 
design, which provides maximum information from 
a minimum number of experiments. Hence, with a 
reduced number of experimental trails, an optimum 

3.1.1 Polynomial Equations Obtained by 33 BBD

Particle size (Y1) = 257.23+68.16A-20.64B-
38.30C+0.35AB-13.37AC+11.53BC-13.23A2 -22.53B2 

+20.09C2.

2) = 
7 7 . 9 5 + 1 1 . 5 4 A + 3 . 2 4 B + 0 . 9 7 C + 0 . 8 0 A B -
0.54AC+0.94BC-2.91A 0.93B2+2.46C2

In equation (Y1

as the concentration of albumin increases, particle size 
increases, whereas as the volume of organic solvent and 
homogenization speed increases, particle size decreases. 
In equation (Y2
and C shows that as the concentration of albumin, volume 
of organic solvent and homogenization speed increase, 

check point formulation.

3.1.2 Response Surface Plots

Graphical presentation of the facts can help to expose 
the relationship between dependent and independent 
variables. Graphs furnish facts just like the mathematical 

getting to know about the principle interaction among 
the independent variables (factors).

Table 2.  Experimental measured values for particle size and PDI and %EE of BSA_CUR_NPs by 33 Box Behnken 
Design

Formulation Code Drug:Albumin 
ratio (mg)

Vol. of organic 
solvent (%) Homogenization rpm Particle size 

(nm)
Entrapment 

C1 50 50 15000 211.7 84.81
C2 50 30 15000 267.6 79.56
C3 50 10 10000 300.2 72.80
C4 100 50 15000 242.5 88.38
C5 50 30 15000 267.6 79.56
C6 50 30 15000 267.6 79.56
C7 100 30 10000 383.4 87
C8 10 30 20000 150.8 65.86
C9 10 30 10000 208.7 64.94
C10 100 30 20000 272.0 85.77
C11 50 50 10000 257.2 78.91
C12 50 10 20000 208.6 74.96
C13 100 10 15000 304.4 81.80
C14 10 10 15000 180.4 58.23
C15 50 30 15000 267.6 79.56
C16 10 30 15000 163.9 63.48
C17 10 50 15000 117.1 61.61
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3.1.3 ANOVA for Particle Size and Entrapment 

Figure 1. 

Figure 2. 

Syed et al.,
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3.1.4 Parameters of the Check Point Formulation

formulation are given in Figure 3.

3.2 Evaluation of Nanoparticles
Particle size, PDI, % EE and TDC was analyzed for all 
the batches of formulation and the results are depicted 
in Table 4.

3.2.1 In-vitro Drug Release Studies

in-vitro release studies for the selected 
optimised formulations of the prepared nanoparticles 
in the form of cumulative percentage drug release at 

in Figure 5.

Figure 3. Particle size and PDI of check point formulation.

Table 3. Parameters of the check point formulation

Formulation C
Independent Variable Dependent variable Predicted value Observed Value

X1=74mg
X2=11.7mL

X3= 15000 rpm

Particle size (nm) 169.4 170.9

69.35 71.45
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Figure 4. Particle size and PDI of C12 formulation.

Table 4. Experimental measured values for particle size, PDI, %EE and TDC of BSA_CUR_NPs

Formulation Code *Particle size (nm) *PDI *Total Drug Content (%)
C1 212.1 ± 2.52 0.147 ± 0.04 84.90 ± 0.48 93.63 ± 0.33
C2 266.2 ± 1.31 0.152 ± 0.04 79.82 ± 0.28 95.11 ± 0.33
C3 302.7 ± 2.41 0.338 ± 0.08 72.63 ± 0.16 92.63 ± 0.20
C4 243.1 ± 0.76 0.383 ± 0.11 88.61 ± 0.61 90.40 ± 0.29
C5 265.8 ± 1.80 0.160 ± 0.04 79.71 ± 0.13 95.24 ± 0.15
C6 265.8 ± 1.80 0.160 ±0.04 79.67 ± 0.11 95.29 ± 0.13
C7 383.6 ± 1.31 0.650 ± 0.10 86.92 ± 0.38 91.71 ± 0.40
C8 151.4 ± 0.93 0.354 ± 0.13 66.13 ± 0.24 96.99 ± 0.35
C9 207.9 ± 1.65 0.270 ± 0.04 65.17 ± 0.22 98.21 ± 0.33
C10 270.6 ± 1.53 0.505 ± 0.02 85.49 ± 0.30 93.24 ± 0.33
C11 255.4 ± 1.55 0.212 ± 0.03 79.09 ± 0.22 95.99 ± 0.27
C12 207.1 ± 1.36 0.138 ± 0.03 75.04 ± 0.06 91.40 ± 0.08
C13 303.4 ± 1.29 0.168 ± 0.01 81.69 ± 0.11 94.37 ± 0.13
C14 181.1 ± 0.81 0.185 ± 0.06 58.53 ± .37 87.00 ± 0.54
C15 266.6 ± 2.09 0.230 ± 0.12 79.89 ± 0.48 95.03 ± 0.57
C16 162.4 ± 1.45 0.264 ± 0.17 63.29 ± 0.25 86.65 ± 0.35
C17 116.1 ± 1.07 0.522 ± 0.07 61.65 ± 0.14 88.96 ± 0.20

*N=3, Average of three determinations

Syed et al.,
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Figure 5. In-vitro drug release study of optimized BSA_CUR_NPs (C12).

Figure 6. Zeta potential of C12 formulation.
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3.2.2 Kinetics Studies of Drug Release Data

formulation C12 was determined and the results are 
furnished in Table 5.

3.2.3 Zeta Potential

nanoparticles was found to be -32.9mV indicating 
good stability.

3.2.4 UV-Visible Spectroscopy

Estimation of spectra of pure BSA, CUR and BSA_CUR_

encapsulation of CUR within the formed nanoparticles 
of bovine serum albumin.

4. Discussion
4.1 Optimization of Bovine Serum 

Albumin Nanoparticles Loaded with 
Curcumin (BSA_CUR_NP’s) by 33 Box-
Behnken Design (BBD)

of size less than 200nm. Hence it is important to 
control the process and formulation parameters 

Surface Methodology (RSM) helps in understanding 
of complex system behavior and region of optimum 
conditions, where drug: albumin ratio, volume of 
organic solvent and homogenization rpm were 
considered as independent variables which were found 

Box Behnken Design gave a statistically systematic 
approach for the development of nanoparticles with 

the form of polynomial equations, ANOVA responses, 
squared values of dependent variables and parameters 
about the check point formulation.

4.1.1 

BSA is an attractive drug carrier, especially for loading 
water-insoluble drugs. In our study, we prepared BSA-
based nanoparticles by a high pressure homogenization 
technique, which results in the formation of a new 

which results in cross-linking into nanoparticles, 
thereby forming a tight complex with drugs loaded. 

increased solution viscosity at a higher concentration of 
albumin, which hinders the process of homogenization 

albumin nanoparticles prepared15, 16.

with the rise in content of BSA (Figure 1C), as BSA 

charged groups, can bind to drugs through electrostatic 
interactions. Hence, higher concentration of albumin will 

4.1.2 

From Figure 1B, it is evident that the volume of organic 

the nanoparticles. Increasing the volume from 10 to 50 

phenomenon is likely due to the increased volume of 
organic solvent providing a larger surface area for the 
emulsion during the homogenization process, thereby 
producing smaller globules due to high shear force. As 
a result, smaller nanoparticles are produced17.

Table 5. Drug release kinetics of formulation C12

Formulation 
Code

Zero Order 
Model

First 
Order 
Model

Higuchi 
Model 

Hixon 
Crowell 
Model

Korsmeyer Peppas 
Model Result

R square n

C12 0.9574 0.9243 0.8307 0.8408 0.955 0.8601 Korsmeyer peppas 
model

Syed et al.,
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Increased volumes of organic solvent values had a 

fact that water miscible organic solvent allows the fast mass-
transfer between the dispersed phase and the continuous 

organic solvent (i.e., acetone) used for the preparation of 
BSA_CUR_NPs is miscible with water.

4.1.3 

preparation is the emulsion formation, as the size 
of the globule formed is directly proportional to the 

combining an organic phase containing the drug 
with an aqueous phase containing the polymer and 

Hence, homogenization rpm plays an important role 
in producing smaller sized nanoparticles (Figure 1B). 

It was found that homogenization rpm had a positive 

in homogenization rpm, the particle size is reduced as 
the shear pressure breaks down the larger globules into 
smaller ones with the mechanical collision against the 

stress within the gap between the rotor and the stator 
owing to the rapid rotation of the stator. Hence, the 
resulting smaller-sized nanoparticles18–20. Further, the 

in homogenization rpm. 

4.1.4 ANOVA for Response Surface Quadratic Model 
 

was used to develop the experimental plan for RSM. 

Figure 7. UV absorption spectra of BSA, CUR and BSA_CUR_NP’s.
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size and %EE, the model F value was found to be 5.85 
and 5.36, respectively, which suggests that the model 

0.8540 and 0.8427 respectively; the adjusted r2 value 
was 0.7079 and 0.6853 respectively. Predicted r2 values 
were 0.4933and 0.5357 respectively, and adequate 
precision was found to be 10.223 and 7.903 respectively. 

2 value was in good agreement with 
the adjusted r2 

signal to noise ratio. A ratio greater than 4 is desirable. 

of 10.223 and 7.903 respectively, which indicates 
an adequate signal and thus the model was used to 
navigate design space.

4.2 Evaluation of Nanoparticles
4.2.1 

and Total Drug Content

Particle size and PDI of all the batches of formulated 
nanoparticles were carried out using a Malvern 

Polydispersity index (PDI) for all the batches was 
found to be between 0.1 to 0.5. Generally, PDI below 
0.3 designates homogeneity in the size distribution. A 
PDI of less than 0.3 is considered good, and 0.3 to 0.7 

between 58.53 to 88.61 % and total drug content was 
found to be between 88.96 to 98.21% (Table 4). Based 
on the results of particle size, PDI and entrapment 

12 was found to be most 
satisfactory and was subjected to further analysis. 

4.2.2 In-Vitro Drug Release Studies

Drug release from nanoparticles and subsequent 
biodegradation are vital characteristics to be considered 

the drug through the polymer wall or nanoparticle 
matrix, polymer erosion, desorption of the drug and a 

and biodegradation direct the drug release from 
12 formulation 

was found to sustain the release of the drug for a longer 
period of time i.e. 192 hours. 

4.2.3 Kinetics Studies of Drug Release Data

In order to establish the pattern and mechanism of 
drug release, the experimental in-vitro drug release 
data of the C12 

(r) values, the suitable model describing drug release 

optimised nanoparticles follow the Korsmeyer Peppas 
model, which indicates that the drug release from the 
nanoparticles follows a zero-order release pattern.

4.2.4 Zeta Potential

nanoparticles C12 was found to be -32.9mV (Figure 6), 
indicating good colloidal stability as negatively charged 
particles lead to higher stability.

4.2.5 UV Spectroscopy

278nm and CUR exhibits a peak at 425.5nm (Figure 

nanoparticles loaded with curcumin exhibited only the 
characteristic peak of BSA and there was no peak of 
CUR, indicating the encapsulation of CUR within the 
nanoparticles.

5. Conclusion
Bovine serum albumin nanoparticles loaded with 
curcumin were successfully developed by Nab 

of BSA_CUR_NP’s with a size range 100-300 nm and 

chemometric approach involving a minimum number of 
experiments. Furthermore, the experiments performed 
as per the suggested experimental design allowed the 

the responses. In addition, the in-vitro drug delivery 

8 days. Hence, it can be concluded that the prepared 
BSA_CUR_NPs, owing to its composition, can deliver 

degradation and improving stability.

Syed et al.,
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