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ABSTRACT 

Objective: The current work aimed to prepare and characterize epigallocatechin gallate (EGCG)+berberine-loaded chitosan nanoparticle (EBNP).  

Methods: The ionic gelation method was adopted. A batch of 17 nanoformulations was prepared by using chitosan as a natural biodegradable 
polymer and EGCG+berberine as active drug content and characterised. 

Results: The SEM data proved that the chitosan-based nanoparticles were formed successfully with a spherical shape at 272 nm along with PDI 
0.346. The FT-IR spectra confirmed that no drug-polymer interaction was observed. The DSC data proved that the formation of nanoparticles due to 
the presence of endothermic sharp melting points at 246 °C and 332 °C for EGCG and berberine in the pure form of the drug, whereas the same is 
absent in nanoformulation. The optimized formulation showed a percentage entrapment efficiency (% EE) for EGCG is  83.91 % and berberine at 
90.62%, ZP of the nanoparticle is 11 mV.  

Conclusion: This study demonstrated that box–behnken designs can optimize the formulation and the process variables to achieve favorable 
responses. Hence, it can be concluded that the best-optimized nanoparticle formation was confirmed and characterized. 
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INTRODUCTION  

Nanotechnology plays a key function to convert large structures into 
nanostructures [0.1-100 nm]. Due to its improved bioavailability, 
nanotechnology is being successfully used to deliver medications to 
their intended sites [1, 2]. Polymeric NPs, ceramic NPs, and metallic 
NPs are a few forms of NPs obtained from polymers such as alginate, 
xanthan gum, chitosan, PVA, PLGA, and PEG have been employed [3, 
4]. The NPs controlled drug distribution benefits them, improving 
stability and minimizing negative effects [5]. Chitosan is a natural 
polymer for nanotechnology research because of its 
biocompatibility, bio-reducibility, and low toxicity [6-9]. Drugs with 
pre-systemic effects can be delivered mucosally, which has certain 
particular advantages over oral administration. Several techniques, 
including emulsion droplet coalescence, reverse micelle synthesis, 
polyelectrolyte complexation, emulsion solvent diffusion, ionic 
gelation, and desolvation, have been reported for the generation of 

NPs [10, 11]. The mean particle size, zeta potential, PDI, and 
entrapment efficiency are characterized to confirm the formulation. 
Biodegradable hydrophilic polymers like chitosan, gelatin, and 
sodium alginate are generally employed to create NPs utilizing the 
ionic chelation process with cross-linking chemicals like sodium 
tripolyphosphate or glutaraldehyde [12]. Keeping this view in mind, 
in this present study epigallocatechin gallate and berberine were 
used to prepare nanoformulation. Berberine is an alkaloidal 
substance that is commonly used to treat cancer, inflammation, 
diabetes, viral infections, and bacterial infections [13-16]. 
Epigallocatechin gallate (EGCG) is a polyphenolic substance can be 
found in both green and black tea. It is currently being researched as 
a neuroprotective and anticancer Hsp90 inhibitor [17-20]. The 
chemical structure of both EGCG+Berberine is given in fig. 1. Based 
on the above facts, the present study was designed to prepare 
chitosan-based nanoformulation and its characterization by DSC, 
SEM, and FT-IR etc. 

 

 

Fig. 1: Structure of berberine and epigallocatechin gallate 

 

MATERIALS AND METHODS 

The EGCG and berberine were purchased from Sigma Aldrich. All 
other solvents and chemicals used were of analytical grade. Scanning 
electron microscopy (SEM; JEOL JMS-6390 apparatus) at 25±2 °C 

was used for recording the image of the nanoparticle. A Differential 
Scanning Calorimeter (DSC 6000–PerkinElmer) was used for DSC 
analysis. The IR spectra were recorded by IR spectrometer 
(Shimadzu Corporation, Kyoto, Japan). All the HPLC analysis was 
carried out by HPLC (Shimadzu LC-2030C prominence-I (Japan). 
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Preparation of chitosan nanoparticles 

Preparation of chitosan solution 

Chitosan solution was prepared by dispersing 100 mg of chitosan in 
100 ml of glacial acetic acid solution (1%) while stirring 
continuously for three hours. The mixture was then filtered through 
a PVDF syringe filter with a 0.22 m pore size. In addition, the 
produced solution was left overnight to create a clear solution. 

Ionic gelation method  

The chitosan-based nanoparticles were prepared based on the ionic 
gelation of chitosan with sodium tripolyphosphate (TPP) anions. EGCG 
and Berberine with constant concentration (50 mg each) were added 
to different concentrations of the polymer prepared from the above 
chitosan solution. The cross-linking of chitosan with TPP at equal 
volume was performed drop by drop under a magnetic stirrer at 1000 
rpm. The resulting formulation was centrifuged for 10 min at 10,000 
rpm, and the pellet was suspended in sterile distilled water followed 
by ultra-sonication for 100 seconds at 4 °C for further analysis [21, 22]. 

Experimental design 

Most formulation experiments vary one element (or variable) at a time 
while maintaining the status quo for other factors. When all elements 
are changed at once, as is possible with a factorial design, the effects of 
independent variables and their interactions may be quantified. By 
selecting the chitosan concentration (C), TPP concentration (TP), drug 
concentration (D), stirring speed (SS), and stirring time (ST) as 
independent variables, the experimental design was used in this study 
to optimize the formulation of nanoparticles. The studies were carried 
out with three levels of three variables [23]. The analysis of variance 
(ANOVA) approach was used to statistically evaluate the data, and the 
findings were presented as mean, standard deviation. P<0.05 was used 
as the threshold for significance. 

Optimization of nanoparticles by scanning electron microscope 
(SEM) 

The particle shape and surface characteristics of the freshly 
prepared nanoparticle formulations were investigated by scanning 
electron microscope (SEM) Scanning electron microscopy (SEM; 
JEOL JMS-6390 apparatus) at 25±2 °C. 

Differential scanning calorimetry (DSC) 

The structural and crystallinity changes in EGCG+berberine and the 
polymer due to the thermal impacts during the formulation steps 
were evaluated using differential scanning calorimetry (Perkin 
Elmer Differential Scanning Calorimeter (DSC 6000–PerkinElmer)). 
Ten milligrams of the samples were accurately weighed in aluminum 
pans and heated from 25 to 500 °C at a heating rate of 20 °C min−1 
under a continuous nitrogen flow. 

FT-IR analysis 

Fourier Transform Infrared (FT-IR) analysis spectra were recorded 
using a Shimadzu IR (Shimadzu Corporation, Kyoto, Japan) at the 
wavelength range of 4000-500 cm-1. 

Particle size, polydispersity index and zeta potential analysis 

Particle size, PDI, zeta potential of the prepared nanoparticles were 
analyzed by Dynamic light scattering technique using Malvern zeta 
size Nano ZS 90 (Malvern instrument UK). The Nano formulation 
was dissolved with distilled water (1:10).1 ml of the dil. the sample 
was analyzed by using Zeta sizer at 25 °C. Each sample was analyzed 
is triplicated as mean±SD. 

Entrapment efficacy (% EE) 

The entrapment efficacy of nanoformulation was determined by 
measuring the unentrapped drug by using the centrifugation 
method. The nanoparticle samples were centrifuged at 1000rpm at 4 
°C for 15 min. The amount of EGCG+Berberine was collected diluted 
with methanol and analyzed by HPLC and 205 and 230 nm. The % 
EE was expressed as follows. 

% EE = Total concentration of drug
− Free conc of drug/total conc of drug 

The analysis was done in triplicate; the results were expressed 
mean±SD 

Drug release studies by HPLC 

The release behavior of nanoparticles was studied using a dialysis 
membrane technique. The 10 h duration, the in vitro release profiles 
of EBNP in freshly made simulated intestinal fluid (SIF, pH 6.8) were 
examined. In a nutshell, dialysis bags (with a molecular cut-off of 12-
14 kD, Sigma) were filled with drug-loaded nanoparticles and sealed 
with closures. In a water bath at 37 °C, the bags were submerged in a 
dissolving media containing 80 ml of SIF while being continuously 
magnetically stirred at a rate of 100 rpm. The Concentration of 
EGCG+berberine in the receptor chamber was then evaluated by 
HPLC (Shimadzu LC-2030C prominence-I (Japan)). Subsequent 1-ml 
samples were taken at predefined time intervals. The receptor 
compartment was kept in sink conditions throughout the in vitro 
release experiments. Three times each experiment was carried out. 

Stability studies 

The generated EBNPs formulations were tested for three months of 
stability, and samples were kept at 4 °C in sealed amber-colored 
glass vials. The samples were evaluated for particle size, ZP, EE, and 
drug loading after three months. 

RESULTS AND DISCUSSION 

Statistical analysis of formulations 

The results obtained from all 17 formulations were analyzed by 
using design-expert version 11.0 software. programme was used to 
construct appropriate research designs and response surface plots, 
and a numerical optimization technique was used to produce new 
formulations with desirable responses. The elicited responses were 
put to use to research the impact of independent variables. For 
particle size, ZP, and % entrapment efficiency, a quadratic model 
was proposed. The software generated a list of solutions, and those 
that met the necessary criteria were reported and ordered in 
descending order of desirability. Using analysis of variance, the 
factors that had a significant impact on the responses were found 
(ANOVA). The optimum formulation was created by following the 
solutions found and evaluated using the predetermined criteria. The 
experimental values that were obtained were compared to the 
predicted values. Based on the report from design expert software, 
the formula for the best formulation i.e. F18 was predicted and 
prepared for further studies [Table 1 and 1.1and 1.1a]. 

Optimization and validation 

To find out the optimal formulation, Design-expert software was used to 
analyze the desirability function. The smallest size of solid lipid 
nanoparticles include ZP, the ideal poly dispersibility index, and the 
highest drug entrapment efficiency were the requirements for the 
optimization. The software's answers were saved in descending order of 
desirability, and the formulation with the highest factor of desirability 
was chosen. Predicted values and actual values were compared using the 
formulation, and the relative error was calculated. The batch's minimal 
relative error was determined to be less than 5%. 

Differential scanning calorimetry 

It is a very important analytical tool to investigate the melting and 
recrystallization behavior of solid nanoparticles. It revealed the 
thermogram of pure EGCG, berberine, a combination of both and a 
chitosan-based nanoparticle of EGCG+berberine (EBNP). Fig. 2 
shows the DSC thermogram of EGCG that describes the sharp 
endothermic peak of EGCG is 246 °C. Fig. 2.1 shows the peak at 332 
°C, which corresponds to the crystalline nature of berberine. These 
sharp endothermic melting points indicated that both EGCG and 
berberine are crystalline in nature. Fig. 2.2 did not show any peak in 
the endothermic region that confirms the amorphous state of both 
drugs. From this observation, it can be concluded that both drugs are 
uniformly dispersed, which is a unique characteristic feature of the 
formation of the nanoparticle [24]. 
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Table 1: 3D factorial design with values of an independent variable and possible nanoformulations 

Std Run Factor 1 X1 Factor 2 X2 Factor 3 X3 Response 1 Response 2 Response 3 Response 3 
A: Chitosan B: TPP C: Stirring speed PS Y1 ZP Y2 EE (EGCG) Y3 EE (berberine) Y3 

  % % RPM nm mV % % 
7 1 1 1 1000 350 5 53 76 
1 2 1 0.5 750 150 10 58 62 
17 3 1.5 1 750 270 12 86 91 
11 4 1.5 0.5 1000 190 10 41 80 
14 5 1.5 1 750 270 12 86 91 
10 6 1.5 1.5 500 120 5 72 42 
8 7 2 1 1000 240 4 81 50 
2 8 2 0.5 750 350 18 90 69 
9 9 1.5 0.5 500 80 19 32 75 
12 10 1.5 1.5 1000 240 21 64 79 
4 11 2 1.5 750 450 2 84 71 
13 12 1.5 1 750 270 12 86 91 
5 13 1 1 500 220 6 43 61 
6 14 2 1 500 510 9 70 49 
3 15 1 1.5 750 330 5 59 67 
16 16 1.5 1 750 270 12 86 91 
15 17 1.5 1 750 270 12 86 91 

 

Table 1.1: Variable selection and their usage in 33 factorial design 

Name Unit Type Lower level (-1) Higher level (+1) 
chitosan (X1) % Factor 1 2 
TPP (X2)  % Factor 0.5 1.5 
RPM (X3) - Factor 500 1000 
Particle size (Y1) nm Response   
Zeta potential (Y2) mV Response   
% EE (Y3) % Response   

 

Table 1.1a: The predicted best nanoformulation and the effects of variable factors on response 

Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3 Response 3 
A: Chitosan B: TPP C: Stirring speed PS Y1 ZP Y2 EE (EGCG) Y3 EE (berberine) Y3 
% % RPM nm mV % % 
1.41 1.11 733 270 11 83.91 90.62 

 

 

Fig. 2: DSC Thermogram of EGCG 

 

IR analysis 

FT-IR Analysis was done to ascertain the interaction of 
EGCG+berberine combination with chitosan polymer. The IR Spectra 
recorded for ECGC had shown the characteristic peaks at 3414 cm-1 for 
the OH group 1599 cm-1 for the C=O group, 1207 cm-1 for CH2- for 1388 

and 1508, 1331, 1105, 712 cm-1 for Ar ring vibrations. Similarly 
berberine had shown the peaks at 2922 cm-1 (OMe),1506(C=N)–O-C-
O-(1105 cm-1) along with Aromatic ring vibrations at 1599 cm-1, 1388 
cm-1, 1362 cm-1 1036, 712 cm-1. The chitosan polymer had shown 
peaks at NH2–3432 OH–3432, C-O-C–1153, and CH2–2921 cm-1. The 
peak at 3432 resulted due to the OH group, which overlapped with the 
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NH2 group of chitosan. The appearance of peaks at 3355, 3402, 2945, 
1601, and 1506 cm-1 confirmed that both drugs berberine and EGCG 
did not have any chemical interactions with respect to their functional 
groups. This was confirmed by the appearance of sharp peaks at 
respective wave numbers for respective functional groups such as OH, 
NH2, C=N, C=O, C-O-C and aromatic ring vibrations in the IR spectrum 

of both compounds. The presence of peaks at 3431, 2922, 1631, and 
1026 confirmed that no drug-polymer interaction was observed. 
Finally, the IR spectrum of both drug+polymer was recorded. The 
appearances of characteristic peaks present in both compounds were 
also present with a slight shift in wave number. This confirmed that no 
drug-polymer interaction observed [fig. 3, 3.1, 3.2, 3.3]. 

 

 

Fig. 2.1: DSC thermogram of berberine 

 

 

Fig. 2.2: DSC thermogram of nanoparticle 

 

 

Fig. 3: FT IR spectrum of EGCG 
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Fig. 3.1: FT IR spectrum of berberine 

 

 

Fig. 3.2: FT IR spectrum of chitosan 

 

 

Fig. 3.3: FT IR spectrum of EGCG+berberine+chitosan polymer combination 

 

Effect on particle size (PS) 

The particle size varied from 80 nm to 510 nm (formulation 1-17) 
for various factor-level combinations. The effects of polymer 
concentration, TPP concentration, and stirring speed as independent 
factors (variables) impacting particle size were investigated. The 
suggested quadratic model with an F-value of 5.36 implies that the 
model was significant. The model P value was<0.01, indicating that 
the model terms are significant. P values for the polymer-to-drug 

ratio was 0.0002; polymer concentration was<0.0001. The result 
indicated that there was no significant difference in particle size 
with the change in homogenization time. The regression coefficient 
value R2 was 0.9461, adjusted R2 was 0.7105 and predicted R2 was 
0.8652 indicating minimum variations in the experimental model.  

A ratio greater than 4 is desirable, and this model can be used to 
navigate the design space. The polynomial equation in terms of 
coded factors is given below. 
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PS = +270 + 62.50 A + 46.25 B + 11.25 C − 20 AB − 100 AC

+ 2.50 BC + 111.25 A2 − 61.25 B2 − 51.25 C2 

A= chitosan polymer, B= TPP, C-stirring speed  

The individual factor A had a positive effect on particle size shown by 
the positive coefficient estimate value. From the equation, it can be 
understood that the particle size has a linear relationship with the 

concentration of polymer, the concentration of TPP, and stirring speed. 
Since the coefficient of A and B are showing positive value, the particle 
size increased with the ratio of polymer to the drug, whereas TPP 
Concentration showed a positive effect and homogenization time 
showed a negative effect. The effect of polymer: drug ratio, 
homogenization time, and polymer concentration on the particle size 
were presented in the form of response surface plots [fig. 5]. 

 

 

 

Fig. 5: 3D surface plot for the effect of independent variable on particle size 

 

 

 

Fig. 4: SEM image of nanoparticle of EGCG+berberine at 1 µm and 200 µm 
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The size and shape of the nanoparticle were evaluated by SEM. [fig. 
4] The SEM image of the nanoparticles was confirmed by the oval 
and spherical shape with narrow size distribution. Fig. 4.1 showed 
the SEM image of the nanoparticle. Moreover, the particles are not in 
the aggregated state. The observed diameter of the nanoparticles is 

in agreement with the data from the Malvern particle size analyzer. 
From the particle size analysis and intensity distribution, the 
polydispersity index from the nanoformulation was found to be 
0.346 with a diameter 272 nm. The PDI value 0.346 implied that the 
sample is mono dispersed in nanoformulation. 

 

 

Fig. 4.1: Particle size analysis data of nanoformulation 

 

 

 

Fig. 5.1: 3D surface plot for the effect of an independent variable on zeta potential 
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Effect on zeta potential 

The zeta potential for EBNP is an important parameter, as it shows 
the stability of the formulation. The positive zeta potential of all 
formulations showed the stability of the NPs. The zeta potential of 
the 17 formulations ranged from 2 to 21 mV. Based on the r2 value 
(0.6993), the quadratic model was fitted with the following 
regression equation: [fig. 5.1]. 

ZP = +12 + 0.8750 A − 3 B + 0.1250 C − 2.75 AB − 1 AC + 6.25 BC
− 5.50 A2 + 2.25 B2  − 0.5000C2 

From the quadratic model, it has been found that the zeta potential 
for the nanoformulation was 11mV. A high positive zeta potential is 
required for effective cell contact and to encourage intracellular 
transport of the nanoparticulate chitosan system [25]. Zeta potential 
testing is a crucial metric for assessing the stability of the 
formulation for nanoparticles. Large absolute zeta potential values 
indicate drug-loaded nanoparticles with high electric surface 
charges, which might provide strong repulsive forces between the 
particles to avoid aggregation [26]. 

Effect on % EE 

The suggested quadratic model for EGCG with an F-value of 6.45 
implied that the model was significant. The model-free P value 
was<0.05, indicating that the model terms are significant. P values 
for, polymer to drug ratio was 0.004, polymer concentration was 
0.0067, and that for homogenization time was<0.0001. The results 
indicated that there was no significant difference in % EE with the 
change in homogenization time. The regression coefficient value R2 
was 0.9504, adjusted R2 was 0.9420, and predicted R2 was 0.7971 

indicating minimum variations in the experimental model and this 
model can be used to navigate the design space. The polynomial 
equation in terms of coded factor is given below. (fig. 5.2 and 5.3). 
Similarly, the study was done for berberine; the quadratic model 
with F value for berberine is 4.59 confirmed the model is significant 
with a P value of 0.00285. The P value for chitosan was 0.004, TPP 
0.03 stirring speed was 0.06. 

EE(EGCG) = +86 + 14A + 7.25B + 2.75C − 1.75AB + 0.2500 AC

− 4.25 BC − 1.87A2 − 11.37B2 − 22.38 C2 

EE (berberine) = +91 − 3.38A − 3.37B + 7.25C − 0.7500AB

− 3.50AC + 8.00BC − 16.88A2 − 6.88B2

− 15.12C2 

The entrapment efficiency of berberine can be increased by 
decreasing the polymer concentrations and concentration of TPP 
since it shows the negative coefficient in the above equation. A= 
chitosan polymer, B= TPP, C-stirring speed  

All three factors were significant in the entrapment of EGCG+berberine 
in chitosan NPs. The highest positive coefficient with berberine 
indicated that as the drug concentration increases, entrapment also 
increases. Smaller particles possess a large surface and more drugs 
were entrapped into the particles than in chitosan nanoparticles, 
which showed entrapment efficiencies of 83.91% for EGCG and 90.62 
% for berberine. The equation in terms of coded factors can be used to 
make predictions about the response to given levels of each factor. By 
default, the high levels of the factors are coded as+1 and the low levels 
are coded as-1. The coded equation is useful for identifying the relative 
impact of the factors by comparing the factor coefficients. 

 

 

 

Fig. 5.2: 3D surface plot for the effect of an independent variable on entrapment efficiency (EGCG) 
 

Desirability 

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.  

A desirability of 1.00 means the goals were easy to reach and better 

results [27]. Based on the results from the 3D graph, the desirability 

function is 0.836 which ascertained that all the functions used in this 
study are within the permissible limit [fig. 5.4]. 
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Fig. 5.3: 3D surface plot for the effect of independent variable on entrapment efficiency (berberine) 

 

 

Fig. 5.4: Desirability plot 

 

Drug release studies 

The in vitro drug release studies of EGCG were carried out from the 
300μg-1500μg/ml concentration range. The graph was plotted 
against concentration vs area. The R2 value 0.9972 proved that the 
graph obeyed the linearity (fig. 6, 6.1, 6.2, 6.3]. The concentration of 
the drug release profile was studied within the particular time 
frame. The HPLC results demonstrated that the drug (EGCG) is 
released gradually to time for example: at 1 h. 14.02%; 2 hr. 24.68% 
and so on [table 2, 2.1, 2.2]. Similarly, study was performed to assess 
the release profile of berberine and showed that the graph obeyed 
linearity with an R2 value 0.9776. Interestingly the drug also 
released in linearly with respect to time i.e. 1h 16.25%, 2h 23.87%, 
and 10hr. 95.23%. The report from HPLC demonstrated that both 
the drugs EGCG and berberine loaded in chitosan, nanoparticles 
expressed uniform release profile and were also present within the 
acceptable range [Table 3, 3.1, 3.2]. There are several methods by 
which drugs are released from nanoparticles, including surface 

erosion, disintegration, diffusion, and desorption [28]. Chitosan 
nanoparticles with EBNP loaded revealed an initial release of 
16.25% and 14.02, respectively, which might be explained by 
berberine and EGCG adsorbed to the surface. 95.23% and 94.08% of 
both drugs were released over 10 h. The swelling feature of the 
polymer causes an enhanced release in aqueous solutions with 
respect to time. 

 

Table 2: Std calibration graph conc vs area 

Con (mcg/ml) Area 
300 4025467 
600 8133815 
900 12168541 
1200 17632396 
1500 21776294 
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Fig. 6: Std calibration graph by HPLC 

 

Table 2.1: In vitro release profile of EGCG 

Time (h) % Drug release 
0 0 
1 14.02±0.10 
2 24.68±0.21 
3 40.15±0.16 
4 53.62±0.23 
6 73.41±0.36 
8 86.89±0.41 
10 94.08±0.11 

Data are expressed mean±SD (n=3)  

 

Fig. 6.1: Diffusion study profile 
 

 

Fig. 6.2: Std calibration graph by HPLC

 

Table 2.2: In vitro release profile of EGCG 

Time (H) Sample area Conc (mcg/ml) Conc (mg) Con inc 900 ml release % Release 
0 0 0 0 0 0 0 
1 116833.333 7.788888889 0.007789 7.01 0.1402 14.02 
2 205666.667 13.71111111 0.013711 12.34 0.2468 24.68 
3 334583.333 22.30555556 0.022306 20.075 0.4015 40.15 
4 446833.333 29.78888889 0.029789 26.81 0.5362 53.62 
6 611750 40.78333333 0.040783 36.705 0.7341 73.41 
8 724083.333 48.27222222 0.048272 43.445 0.8689 86.89 
10 784000 52.26666667 0.052267 47.04 0.9408 94.08 

 

Table 3: Std calibration graph conc vs area 

Con (mcg/ml) Area 
300 2704141 
600 5613377 
900 8512825 
1200 11619900 
1500 17158030 

 

Table 3.1: In vitro release profile of berberine 

Time (h) % Drug release 
0 0 
1 16.25±0.22 
2 23.87±0.19 
3 34.64±0.30 
4 50.98±0.17 
6 71.23±0.33 
8 83.42±0.17 
10 95.23±0.28 

 

Stability study 

The stability studies were carried out to assess the stability and 
integrity of chitosan-loaded NPs. The EBNP-loaded NPs showed 
minor changes in % content and release profile from 30, 60 and 90 
d at 4 °C. The stability study results showed that the % drug 
content for EGCG was 96.04%, 95.26% and 94.05% after 30 d, 60 

d, and 90 d, respectively. Similarly, for % drug release is 94.08%, 
93.87%, and 93.14%. A similar kind of results was observed for 
berberine i.e. % drug release is 95.23%, 94.98%, and 93.71% at 
30, 60, 90 d intervals, respectively. The data showed that there 
was a slight reduction in % drug content and percentage release. 
The difference in percentage drug content and release in both 
drugs was±1% only. The changes were insignificant, which 
indicated good physical stability of the NPs during their storage at 
4 °C for three months [Table 4 and 5]. 

 

 

Fig. 6.3: Diffusion study profile of berberine data are expressed 
mean±SD (n=3)
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Table 3.2: In vitro release profile of berberine 

Time (H) Abs Conc (mcg/ml) Conc (mg) Concin 900 ml Release % release 
0 0 0 0 0 0 0 
1 105065.3 9.027778 0.009028 8.125 0.1625 16.25 
2 154332.8 13.26111 0.013261 11.935 0.2387 23.87 
3 223966.8 19.24444 0.019244 17.32 0.3464 34.64 
4 329614 28.32222 0.028322 25.49 0.5098 50.98 
6 460541.5 39.57222 0.039572 35.615 0.7123 71.23 
8 539356.6 46.34444 0.046344 41.71 0.8342 83.42 
10 615714.9 52.90556 0.052906 47.615 0.9523 95.23 

 

Table 4: Stability report of the EGCG 

Evaluation parameter After 30 d After 60 d After 90 d 
Colour and appearance No change No change No change 
% drug content 96.04±1.48 95.26±1.80 94.05±2.76 
% drug release 94.08±2.25 93.87±1.27 93.14±1.38 

Data are expressed mean±SD (n=3) 

 

Table 5: Stability report of the berberine 

Evaluation parameter After 30 d After 60 d After 90 d 
Colour and appearance No change No change No change 
% drug content 98.64±1.48 97.72±1.80 95.76±2.76 
% drug release 95.23±1.97 94.98±2.64 93.71±1.45 

Data are expressed mean±SD (n=3) 

 

CONCLUSION 

In this research work, the EGCG+berberine combination was used as 
a model drug to be trapped in chitosan i.e. a natural biodegradable 
polymer using the gelation method. The results demonstrated that 
spherical-shaped nanoparticles were prepared successfully. The 
obtained nanoparticles exhibited narrow size distribution and high 
EE. The other characterization studies, such as DSC, and FT-IR 
confirmed the successful incorporation of EGCG+berberine into a 
polymeric matrix. The in vitro studies results demonstrated that the 
drug release profile follows the linearity to time. The in vivo studies 
are to be done to reach a concrete conclusion about the biological 
response, particularly anticancer effect. 
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