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Abstract
 Berberine (BBR) is a quaternary ammonium salt that possesses plentiful therapeutics properties. 
But notwithstanding the positive points, it has two negative points: poor aqueous solubility and permeabil-
ity. These properties are important for achieving good bioavailability and therapeutic effect. Lately nano 
formulations developed to overcome these challenges through drug encapsulation. The aim of this study 
was preparation of nano formulations based on surfactant to achieve the best formulation with good char-
acteristics. In this research, nano micellar formulations were prepared by thin film hydration method using 
poly sorbate 20 as surfactant and BBR as drug to get the good formulation based on high encapsulation 
efficiency (EE). Then nano micelles were characterized by particle size and polydispersity index (PDI) by 
DLS, drug encapsulation by UV-Vis spectrophotometer and drug release behavior in simulated gastro fluid 
(SGF) and simulated intestinal fluid (SIF). BBR successfully was encapsulated within micelles by thin film 
hydration method. DLS analysis showed average size of nano micelle samples between 9.247 and 18.46 
nm, PDI was about 0.271, with maximum percentage of drug encapsulation of 78%. Also fluctuation of 
drug release was very low in elementary time points in SGF and SIF, and it was approximately sustained 
release profile. These results showed to achieve a good formulation and in order to have better drug deliv-
ery, physical attributes including the size distribution, PDI, and EE should be controlled. Our findings may 
be benefactress for different applications in variety research fields of pharmaceutical industry. 

Keywords: Berberine, Nano Formulation, Drug Delivery, Encapsulation, Micelle 

...........................................................................................................................
Corresponding Author: Seyyedeh Elaheh Mousavi & Seyed Mahdi 
Rezayat, Department of  Pharmacology, School of Medicine, Tehran 
University of Medical Sciences, Tehran, Iran 
Email: semousavi@sina.tums.ac.ir & rezayat@sina.tums.ac.ir

Recieved: 01/10/2020; Accepted: 01/12/2020

Original Article

.................................................................................................................................

1. Introduction
 Oral drug delivery is the most convention-
al method for drug administration due to patient 
friendly, convenient, cost effective, and noninva-
siveness (1). Also the oral route provides a large 
surface area for absorb the drug molecules through 

epithelium of the human intestine due to the abun-
dance of enterocytes in different parts of the in-
testine (2, 3). On the other hands, oral drugs for 
absorbing in the stomach and the small intestine 
need to be dissolved in gastrointestinal epithelium. 
Hence, formulations should be developed to have 
better delivery and therapeutic efficacy. 
 Preparation of drug formulations with ap-
proach of nanotechnology is one of strategies that 
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shown promising results to improve the solubil-
ity of hydrophobic drugs. One of the hydropho-
bic herbal extracts which have many medicinal 
properties is BBR. It is an isoquinoline alkaloid 
found in plants includes barberry (Berberis vul-
garis), coptis (Coptis chinensis), and tree turmer-
ic (Berberis aristata). Also, compared with other 
chemical drugs, it has fewer side effects (4-6). 
Researches have suggested BBR can help to treat 
diabetes, obesity, and degenerative diseases; also 
it has shown promising activities in anti-inflam-
mation, antioxidant and antimicrobial properties 
(7-12). But despite all the healing properties, it 
because of being hydrophobic nature, has poor 
aqueous solubility (log P=-1.3), poor absorption, 
and low bioavailability (<5%) (13-15). It is me-
tabolized rapidly in the liver, and its clearance 
from blood is very fast, which lead to decreased 
therapeutic efficacy (16, 17). So to overcome these 
challenges using the new approaches such as the  
nanotechnology would be very promising.
 Among the nano carriers (ranging from li-
posomes, polymer–drug conjugates and polymeric 
nano spheres), micelles possess very advantages 
as drug carriers such as small size (<50 nm), low 
toxicity, biodegradation, cost effective, easy prep-
aration, good permeability, enhance solubility of 
hydrophobic drugs, and drug protection against 
enzyme degradation (18-27). In between, surfac-
tant micelles are widely used in the pharmaceutical 
industry and food industry. Tween 20 is non-ionic 
surfactant that has low toxicity and do not usually 
interact with active ingredients, so has great signif-
icance in the pharmaceutical sciences (28).  In this 
research, in order to achieve the optimal micellar 
formulation for better drug delivery and improve 
the solubility of hydrophobic drug, the synthesis of 
nano BBR-micelles was carried out using thin film 
hydration method (29). The other benefits of this 
method are the simplicity in micelle production 
and its ability to create small and uniform particles 
(30).
 The aim of this study was use approach 
of nano technology to achieve the optimal BBR-
micelle formulation and its characterization to get 
the high encapsulation percentage. Hence, it seems 
that encapsulating of BBR (as a hydrophobic drug) 
within micelles could be a novel formulation for 

oral administration of drug. 

2. Materials and methods 
2.1. Materials
 Deionized water was used for the prepa-
ration of all formulations. All the chemicals used 
in the study were of the highest purity and were 
obtained from nano technology Research Centre, 
Pharmaceutical Technology Institute, Mashhad, 
Iran. The materials used for the preparation of the 
formulations were: BBR chloride, Polysorbate-20, 
methanol, chloroform, NaOH, KH2PO4, NaCL 
and HCL.  Equipment used includes rotary (Buchi, 
Switzerland), centrifuge, microfuge, spectropho-
tometer UV-Vis (SPEKOL 1300; Analytik Jena, 
Germany), DLS (Malvern Zetasizer, Co.UK). 

2.2 Preparation and characterization of nano mi-
celle-BBR formulations
 For the preparation of the first nano micel-
lar formulation, amount of 0.4% (w/w) BBR was 
mixed with 49.6% (w/w) polysorbate 20 at room 
temperature, then was added at least amount of 
methanol to solution. Vortex was used to increase 
the solubility of the drug and the solution was 
place in the rotary apparatus for more than 2 hours 
to form the solid thin film. Also, methanol was re-
moved by rotary evaporation under reduced pres-
sure. Then, at the hydration phase, the mass of thin 
film was hydrated by 50% (w/w) of twice distilled 
deionized water at temperature 50-55 °C (provid-
ed by bain-marie) and stirring continued until was 
obtained a relatively clear solution. Then prepared 
solution kept under microfuge for 20 min with 
14400 rpm. Supernatant moved to amicon filter 
(3000) and again kept under centrifuge for 20 min 
with 4000 rpm to remove the unentrapped or free 
drug. Finally, the supernatant was used to analysis 
in the spectrophotometer at λ=348 nm (29).
 All formulations were prepared in exactly 
the same method and showed in (Table 1 and 2). 

2.3. DLS 
 Average particle size (z-average), poly-
dispersity index (PDI), and zeta potential of BBR-
nano micelle samples were determined by laser 
dynamic light scattering (DLS) using Malvern 
Zetasizer (Nano ZS, Malvern Co.UK). The mea-
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surements were repeated three times (Intensity, 
Number, and Volume). 

2.4. Encapsulation Efficiency (EE)
 Encapsulation efficacy was determined by 
an indirect method. Briefly, after the micellar solu-
tion was microfuge at 14,000 rpm for 20 minutes, 
the supernatant was filtrated through an amicon 
filter (3000) in centrifuge at 4000 rpm for 20 min-
utes. Then EE was calculated by equation 1 (31).

   EE%  100
 

BBR Concentration in supernatant filtrate
initial concentration

− = × 
 

           Eq. 1

2.5. Drug release studies
 In order to determine the stability of nano 
micelles, the release studies of BBR nano mi-
celles were carried out in SGF (pH=2), and SIF 
(pH=6.5). SGF containing 246 µL HCl, 200 mg 
NaCl was added to 60 ml deionized water (DW), 
and pH was adjusted at 2, then the final volume 
was filled to 100 mL with DW.
 Also SIF containing 680 mg of KH2PO4 
and 61.6 mg of NaOH dissolved in 60 mL DW, and 
the pH was adjusted 6.5, and then the final volume 
was filled to 100 mL with DW.
 For prepare of SIF and SGF, samples were 
diluted in a ratio of 1:10, and incubated at 37 °C. 
Then sampling carried out at time points 30 min, 

1, 2, 4, 8, 24 hr and were evaluated by spectropho-
tometer at λ=348 nm (32).

3. Results and discussion
3.1. Calibration curve
 The calibration curve for BBR was cre-
ated using spectrophotometer technique. The stan-
dard solutions were prepared at concentrations of 
0.6, 1.25, 2.5, 5, 10 mg/mL, with a correlation co-
efficient R2=0.999 and Y=62.583, X+21.253 (with 
dilution coefficient), signifying that 99.9% of the 
absorbance values. Regression analysis revealed a 
significant relationship between concentration and 
light absorbance. Results of the assay verified lin-
earity and accuracy of the method and showed in 
(Figure 1). 

3.2. DLS
 PParticle size and PDI of BBR-micelle 
nanoparticles were measured for all the prepared 
formulations by laser dynamic light scattering 
(Malvern Zeta sizer, UK). Results were shown in 
(Figure 2 A-E). In this research, results showed 
a single pick and the different sizes of nano mi-
celles were between 9.247 and 18.46 nm, PDI 
was about less than 0.275 and zeta potential of F2 
was achieved the negative and the other formula-
tions were positive. The results are shown in the  
(Table 2).

Table 1. Preparation of nano micellar formulations.
Formulation Drug+ Surfactant+ water (W/W)

F1 0.4%+49.6%+50% 
F2 0.5%+49.5%+50% 
F3 1%+49%+50% 
F4 2.5%+47.5%+50% 
F5 5%+45%+50% 

 

Figure 1. Standard curve (Considering the dilution coefficient).
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3.3. Encapsulation Efficiency
 According to spectrophotometer assay 
results, encapsulation efficacy was measured be-
tween 26.37 and 78%. Results have shown increas-
ing in surfactant concentration lead to increase of 

drug encapsulation efficiency. This finding was in 
agreement with Deepak et al, 2014 (33). Further-
more, the hydrophobic nature of BBR enforces its 
maximum entrapment inside the core of nano mi-
celles. 

Figure 2. Size distribution graph of drug (BBR) loaded nanomicelle  A: F1, B: F2, C: F3, D: F4, E: F5).
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3.4. Drug release study
 In vitro release studies were conducted in 
SGF and SIF. The change rate of drug release was 
very low in primary time points include 30 min, 

1, and 2 hr in SGF and SIF (Figure 3 A, B). How-
ever, the concentration of BBR was reduced after 
4 hr in SGF and SIF. According to the results, drug 
release in the SGF was less than in the SIF. So du-

Table 2. Size distribution of nano micelle berberine formulations.
Formulation Drug (W/W) Size (nm) PDI Zeta potential EE (%) Result by malvern

1 0.4 15.07 0.275 1.5 72.86% good
14.64 0.172
15.10 0.202

2 0.5 13.18 0.258 -1.33 78% good
12.38 0.259
12.92 0.222

3 1 18.46 0.153 2.39 38.3% ---
12.47 0.240
9.51 0.203

4 2.5 14.7 0.207 2.07 26.37% good
14.73 0.263 good
16.43 0.240

5 5 9.409 0.191 2.08 25% good
9.247 0.175 good

9.695 0.204 good
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Figure 3. Release study of BBR from Nanomicelle at 37 °C.
A: Simulated Gastric Fluid (SGF), B: Simulated Intrinsic Fluid (SIF).
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rability of nano micelles was higher in SGF than 
SIF.
 In this research, micellar technique was 
utilized to prepare nano BBR-micelle formulations 
using thin film hydration method. BBR encapsu-
lated due to its low solubility in water (0.000354 
mg/mL) and hydrophobic nature (Log P=-1.3). In 
brief, BBR (at specified concentrations) was add-
ed to tween 20 as surfactant and then carried out 
hydration step, then to get the good formulation, 
were evaluated physicochemical characteristics of 
micellar formulations based on size, size distribu-
tion, homogeneity, encapsulation efficiency, drug 
release in SGF and SIF.
 Previous studies have shown particle size 
is an important factor in drug encapsulation and re-
lease (34). Various particle sizes for routes of drug 
administration including: Lymphatic (10-50 nm), 
Intravenous (200-2000 nm), Ocular (100-3000 
nm), Aerosol (1-10Mm), and Nasal (8-20 Mm) 
(35). So, we conclude that the size of prepared mi-
celles is appropriate to the oral route. In the other 
hand, PDI explain the size distribution or the de-
gree of non-uniformity of particles or nano carri-
ers (36). In drug delivery applications, the samples 
with PDI values of 0.3 and less than indicate a 
homogenous sample of phospholipid vesicles 
(37,38), whatever PDI values bigger than 0.7 show 
size distribution of particles is widespread and not 
suitable to be analyzed by the dynamic light scat-

tering (DLS) technique. In this research PDI was 
less than 0.25 that shown good size distribution.  
 According to previous studies, it was ob-
served that drug concentration hadn’t effect on size 
average and PDI, whereas increase or decrease of 
surfactant caused change in particle size (39).

4. Conclusion
 Our results showed that this technique 
was successfully usage for the preparation of nano 
BBR-micelles with high EE% and good distribu-
tion. These results were shown in Tab. 1 and 2, 
which found increase in surfactant concentration 
lead to increase to EE%. The probable reason 
could be sufficient amount of surfactant for mi-
celles formation. This study suggests that surfac-
tant concentration has an important effect on the 
properties of the final particle.  
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