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Berberine Hydrochloride-loaded Liposomes Gel:
Preparation, Characterization and Antioxidant Activity
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ABSTRACT

Aim: Berberine hydrochloride is a Traditional Chinese Medicine component with antibacterial,
antiviral, anti-inflammatory, antioxidant and lowering blood sugar effects. However, the
application of berberine hydrochloride has been hindered for a long time due to its poor
solubility and low bioavailability. This study aims to design a liposomes-gel to enhance the
bioavailability and antioxidant activity of berberine hydrochloride. Materials and Methods:
The thin-film dispersion hydration method was used to prepare liposomes, and liposomes-gel
was prepared by the natural swelling method using sodium alginate as the hydrogel matrix.
Berberine hydrochloride-loaded liposomes-gel was characterized by the encapsulation
efficiency, particle size, potential, and transmission electron microscopy, and studied by
in vitro release and antioxidant activity of the preparations. Results: The results revealed the
encapsulation efficiency of berberine hydrochloride-loaded liposomes was 79.62+4.20%
and the mean particle size was 153.7+11.2 nm. The release of berberine hydrochloride from
liposomes-gel conformed to a first-order release model. The scavenging rate of DPPH free
radicals and H,0, by berberine hydrochloride-loaded liposomes-gel exceeds 70%. Conclusion:
The liposomes-gel has a sustained-release effect on berberine hydrochloride. Berberine
hydrochloride-loaded liposomes-gel had good antioxidant properties by measuring the
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scavenging ability on DPPH free radicals, H,O, and lipid peroxidation resistance.
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INTRODUCTION

Liposomes prepared from soy lecithin and cholesterol can be
used as a suitable drug carrier for the delivery of drug molecules,
nucleic acids and proteins.! It has the advantages of drug targeting,
sustained release, reduced drug toxicity and others.?

Sodium alginate is a natural polysaccharide derived from brown
algae, which can be used in pharmaceutical preparations, food
thickeners, stabilizers and emulsifiers.>* Sodium alginate is non-
irritating, biocompatible, and easy to form the three-dimensional
cross-linked hydrogel. It can directly act on the macrophages
to promote wound healing. It is suitable for various biomedical
applications and provides a platform for drug delivery in different
forms.>*

Liposomes are similar to cell membranes in structure and have
good transdermal absorption characteristics. The network
structure of sodium alginate hydrogel has excellent water-
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locking ability, which is suitable for cell growth and improves
its application in biological tissue engineering.” Combining
liposomes with hydrogel can not only take advantage of the
sustained release and high bioavailability of liposomes but also
improve the disadvantages of easy leakage and difficult storage of
the drug. Liposomes-gel is a good carrier for transdermal drug
delivery, which can reduce the number of administrations and
improve patient compliance.?

Berberine hydrochloride (BBH) is a kind of quaternary
ammonium isoquinoline alkaloid, which is a yellow needle-
shaped crystal.’ It is a widely used natural medicine, mainly
found in plants such as Berberidaceae, Ranunculaceae Juss, and
Menispermaceae Juss.'” The structure of berberine hydrochloride
is shown in Figure 1. It has various pharmacological activities
such as antibacterial, antiviral, anti-inflammatory, anti-tumor,
lowering blood sugar, and regulating blood lipids.'"'* The main
clinical preparations of BBH are tablets, capsules and others. Poor
intestinal absorption of BBH after oral administration results in
low bioavailability, which limits its applicability."* Furthermore,
intravenous injection of BBH can cause serious adverse reactions,
such as vasodilation, cardiac depression.' Therefore, there is an
urgent need to develop a drug delivery vehicle for improving
the bioavailability of BBH and reducing toxic side effects. In this
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Figure 1: The structure of berberine hydrochloride.

study, we designed the liposomes-gel as the novel delivery to
encapsulate BBH and investigated the release properties of the
formulation in vitro.

Persistent inflammation in chronic wounds will increase reactive
oxygen species that prevent wound healing, so antioxidants are
critical in wound healing.'>'¢ Freag et al. showed that berberine
(1 mg/mL) oleate complex can effectively play an antioxidant
role in the skin of psoriasis mice, reducing malondialdehyde and
increasing glutathione.”” We designed a new formulation based
on liposomes and sodium alginate. The interaction of liposome
and sodium alginate hydrogel changes the release characteristics.
The unsaturated fatty acids contained in soy lecithin make the
liposomes prepared to have good antioxidant properties and also
affect the stability of the liposomes. The liposome nanoparticles
evenly dispersed in sodium alginate hydrogel matrix as a novel
delivery vehicle will also improve the stability and antioxidant
properties of liposomes. The antioxidant activity of the BBH-
loaded liposomes-gel was investigated through the inhibitory
ability of DPPH free radicals, H,O,, and lipid peroxidation.

MATERIALS AND METHODS
Materials

Berberine hydrochloride was obtained from Xian Reain
Biotechnology Co., Ltd. (Xi’an, China). Soy lecithin, cholesterol
and sodium alginate were obtained from Tianjin Guangfu Fine
Chemical Research Institut (Tianjin, China). Ethanol absolute
(AR) was purchased from Shanghai Richjoint Chemical
Reagents Co., Ltd. (Shanghai, China). 1,1-Diphenyl-2-
trinitrophenylhydrazine (DPPH) and thiobarbituric acid (TBA)
were purchased from Shanghai Yuanye Biology Science and
Technology Co., Ltd. (Shanghai, China). Hydrogen peroxide
(AR) was obtained from Shanghai SuYi Chemical Reagent Co.,
Ltd. (Shanghai, China). Iron II sulfate heptahydrate (AR) and
trichloroacetic acid (TCA) (AR) were purchased from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China).

Preparation of Berberine Hydrochloride-loaded
Liposomes-gel

The preparation of liposomes refers to the thin-film dispersion
hydration method." Weigh 0.3 g of soy lecithin and 0.1 g of
cholesterol into a round-bottom flask, add ethanol absolute
to dissolve completely, spin the flask to form a lipid film, and
remove absolute ethanol at room temperature. Add 10 ml of
0.4 mg/mL BBH solution into the flask, hydrate at 40°C for 1 hr,
and filter the obtained sample with 0.22um microporous
membrane for 3 times to obtain BBH-loaded liposomes (BBH-L)
solution. A Sephadex G-50 column (Shanghai Blue Season
Technology Development Co., Ltd. Shanghai, China) was used
to remove the free berberine hydrochloride from BBH-L. Blank
liposomes (B-L) were prepared in the same way.

Add 0.1 g of sodium alginate powder to 10 mL of BBH-loaded
liposomes solution (sodium alginate concentration equivalent
to 1%), place it on a magnetic stirrer and stir evenly, and make
the hydrogel swell overnight to obtain yellow BBH-loaded
liposomes-gel (BBH-L-Gel). Blank liposomes-gel (B-L-Gel) were
prepared in the same way using blank liposomes. Blank hydrogel
(B-Gel) and BBH-loaded hydrogel (BBH-Gel) were prepared
with PBS solution and berberine hydrochloride solution in the
same way. Figure 2 shows the molecular structure of BBH-loaded
liposomes-gel.

Characterization of Liposomes

The encapsulated berberine hydrochloride was determined by
a UV-1000 spectrophotometer (AOE Instruments, Shanghai,
China) at 345nm. Calculate the concentration of encapsulated
drugaccording to the analytical curve of berberine hydrochloride
(2.0 to 10.0 ug/mL, A=0.0633*C+0.0028, R?=0.9999). The
encapsulation rate (EN%) of BBH is calculated using the following

equation:
EN(%) = Encapsulated drug 100
Total drug
,d."“*o;
g

< Lipid molecule

3 Cholesterol
® BBl

Figure 2: Molecular structure of BBH-loaded liposomes-gel.
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The sample was diluted 100 times with a PBS solution, and their
morphology was observed by transmission electron microscope
(HITACHI-HT7700, Japan). The Malvern nano-particle size
potential analyzer (ZEN3690, UK) was used to measure the
particle size and potential of liposomes.

Determination of Liposomes Stability

Berberine hydrochloride-loaded liposomes solution stored
at 2-8°C in the dark, and take samples for particle size and
encapsulation efficiency determination after 3 months.

Viscosity and pH Measurement of Hydrogel

Check the hydrogel for characteristics such as color, pH, and
viscosity. The pH meter (Leici PHS]-4A, Shanghai, China) was
used to determine pH of the hydrogel, and the average value was
calculated from three measurements. The hydrogel samples were
diluted 5-fold and their viscosity was measured using a capillary
viscometer (Capillary inner diameter 3.00 mm, Shanghai Shenyi
Glass Products Co., Ltd. Shanghai, China), recording time.

Drug Release from Liposomes-gel in vitro

The dialysis membrane with a molecular wight cutoff of 8000-
14000 was put on Franz diffusion cell for experiments. The
experiment was divided into eight groups: PBS, BBH, B-L,
BBH-L, B-Gel, BBH-Gel, B-L-Gel, BBH-L-Gel. Put 1 mL of the
sample into the supply tank, a small stir bar was placed in the
receiving tank and fill it with PBS (pH 7.4). Put the diffusion
cell device into the magnetic stirrer, and set the temperature to
3740.5°C with moderate stirring speed. Within the first 12 hr of
the experiment, 2 mL of solution was taken out of the receiving
tank every 1 hr, and then take samples every 12 hr until the end
of 84 hr. Add the same amount of PBS solution to the receiving
tank after each sampling. The spectrophotometer measured the
absorbance of various sample separately.

DPPH free Radical Scavenging Capacity Assay

The capacity of scavenging DPPH free radicals from berberine
hydrochloride and its preparations was determined. Take 2 mL
of the sample solution and 1 mL of 0.2 mmol/L DPPH-ethanol
absolute solution in a centrifuge tube, mix well, react in the dark
for 30 min, adjust to zero with ethanol absolute, and measure
the absorbance at the wavelength of 517 nm. The blank group
changed the sample solution into PBS solution, and the sample
control group changed DPPH- absolute ethanol solution into
absolute ethanol. According to the absorbance value of each
group, the following formula was used to calculate the DPPH free
radical scavenging rate (E%):

sample £ *control

E%=1- x 100

blank

Determination of H,0, Scavenging Capacity

Take 0.6 mL sample solution and 1.8 mL 0.4% H,O, solution in a
centrifuge tube, mix them, react for 10 min, adjust the zero with
distilled water, and measure the absorbance at 230 nm. The blank
group changed the sample solution into PBS solution, and the
sample control group changed the H,O, solution into distilled
water. The H O, scavenging rate was calculated in the same way
as the DPPH free radical scavenging rate.

Lipid Peroxidation Inhibition Analysis

Fe?* can induce lipid peroxidation to produce malondialdehyde
(MDA), and the degree of lipid peroxidation can be evaluated by
the change of MDA content.” The product of MDA reacting with
TBA at high temperature can be measured by a spectrophotometer
at 532 nm.*

The experimental mice (Kunming female mice) were fasted for
12 hr, sacrificed, and their livers were harvested. The bloodstains
were repeatedly washed with cold normal saline at 4°C, the filter
paper was blotted dry, and the mass was weighed. Add 9 times
the amount of m/v to cold physiological saline, and homogenize
it with a glass homogenizer. The suspension was centrifuged at
4 000 r/min for 15 min to prepare 10% liver homogenate, which
was stored at 4°C for later use. The experiment was divided into
three groups, namely blank group, model group and sample
group. First, 1 mL of liver homogenate was put in each tube, and
the sample group was added to berberine hydrochloride solution
with concentration of 0.4~2.0 mg/mL, blank liposomes-gel and
BBH-loaded liposomes-gel 0.1 mL, respectively. The blank group
and model group were replaced by the same amount of normal
saline. Except for the blank group, 0.1 mL FeSO, (10 mmol/L)
was added to each tube, and the blank group was replaced with
the same amount of normal saline. After mixing, they were
incubated for 1.5 hr in a 37°C water bath. Take out the test tubes,
cool them to room temperature, then add 2 mL10% TCA, 5min
later add 1 mL 0.67% TBA, 95°C water bath for 40min, take
them out, cool them to room temperature with running water.
Take the supernatant of the sample and measure the absorbance
at the wavelength of 532 nm. According to the absorbance of
blank group (A ), model group (A ) and sample group (A), the
following formula was used to calculate the MDA inhibition rate
(IR%).

TR(%) = AZA 00
A -A

C o

Statistical Analysis

SPSS statistic 23.0 software (IBM, USA) was used for one-way
ANOVA to analyze the statistically significant differences of the
results, which were expressed as mean + standard deviation.
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RESULTS
Encapsulation rate of liposomes

The encapsulation rate of BBH-loaded liposomes measured
after centrifugation was 79.62+4.20%. The results showed that
the liposomes prepared by the thin-film dispersion hydration
method with soybean lecithin and cholesterol as raw materials
had a good encapsulation effect on berberine hydrochloride.

Particle size, and potential of liposomes

The results of the average particle size and zeta potential of blank
liposomes and BBH-loaded liposomes are shown in Table 1.
The liposomes prepared by the thin-film dispersion hydration
method have suitable particle size. The particle size of liposomes
increases after drug encapsulation.

Transmission Electron Microscope Observation of
Liposomes

Figure 3 shows the liposomes under a transmission electron
microscope. The liposomes were spherical in appearance, smooth
in surface, and dispersed independently of each other.

Stability Study of Liposomes

Table 2 shows the particle size and encapsulation rate of BBH-L
after storage for 3 months. Compared with the initial results,
there was no statistical difference in the stability of liposomes

Table 1: The average particle size and zeta potential of liposomes.

Group Particle size/nm Zeta potential/mV
B-L 134.6 £ 12.9 -309+24
BBH-L 153.7 £ 11.2 -325+29

Figure 3: BBH-loaded liposomes observed under the electron microscope.

(p>0.05). The results indicated that the liposomes were stable for
3 months at 2-8°C.

Viscosity and pH of Hydrogels

The viscosity and pH value of B-Gel, BBH-Gel, B-L-Gel, and
BBH-L-Gel are shown in Table 3. The results showed that the
viscosity and pH of berberine hydrochloride-loaded liposomes-
gel were suitable for skin administration.

In vitro Release Study

The release curves of BBH, BBH-L, BBH-Gel and BBH-L-Gel
were plotted with time as abscissa and cumulative permeation
quantity (Q) per unit area as the ordinate as ordinate, as shown
in Figure 4.

With the increase of diffusion time, berberine hydrochloride was
released into PBS solution across the dialysis membrane. It can
be seen from Figure 4 that the cumulative release quantity per
unit area of BBH and BBH-Gel increased rapidly before 600 min,
and then stabilized. The release quantity of BBH-L and BBH-L-
Gel increased slowly and continuously within 84 hr. At 84 hr,
the cumulative release per unit area of the BBH-L, BBH-Gel,
and BBH-L-Gel groups was lower than that of the BBH group,
indicating that both liposomes and sodium alginate hydrogel
had sustained and controlled effects on berberine hydrochloride
release.

The cumulative release quantity of the BBH-Gel group is lower
than that of BBH, which maybe due to the berberine hydrochloride
being in the cross-linked structure of sodium alginate hydrogel to
form interacting macromolecules, and berberine hydrochloride
is difficult to release from the hydrogel.”** The cumulative release
amount per unit area of BBH-L increased gradually, and the final
release amount was close to that of the BBH-Gel group. Due
to the sustained-release effect of liposomes, the release rate of
BBH-L group was slower than that of BBH-Gel group.

The release rate of the BBH-L-Gel group is the slowest because
the diffusion of BBH needs to pass through the double barrier of

Table 2: The particle size and encapsulation rate of liposomes before and
after 3 months.

Storage time/months 0 3
Particle size/nm 153.7 £ 11.2 147.46+10.9
Encapsulation effciency 79.62+4.20% 74.28+3.43%
Table 3: Viscosity and pH of different hydrogels.
Group Viscosity (x103Pa*s) pH
B-Gel 8.23+0.83 7.12+0.06
BBH-Gel 9.44+0.70 6.69+0.05
B-L-Gel 15.67+0.76 7.27+0.06
BBH-L-Gel 17.98+7.57 7.33+..07
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Figure 4: Cumulative release quantity per unit area of BBH and its
preparations.

liposomes and hydrogel, so berberine hydrochloride is difficult to
release from the liposomes-gel. The viscosity of the BBH-L-Gel
group is higher than that of the BBH-Gel group, which limits the
molecular diffusion of berberine hydrochloride.

First-order release model is fit for the diffusion curve of BBH-
loaded liposomes-gel in vitro, and the results are shown in
Figure 5. According to curve fitting, the release of BBH from
the liposomes-gel followed a first-order release model,” and the
correlation R? is above 0.99 (Table 4).

The Scavenging Effect of BBH on DPPH and H,O,

The mass concentration of BBH in the range of 1.00 to 5.00 mg/
mL could increase the scavenging rate of DPPH free radicals from
31.70% to 94.44%, as shown in Figure 6. The curve regression
was performed on the drug concentration to obtain the equation:
E%=0.1469*C+0.32209 (R’=0.973), and the half-scavenging
rate (IC,)) of BBH on DPPH free radical was calculated to be
2.22 mg/mlL.

BBH with a concentration of 0.4~2.0 mg/mL had a good
scavenging ability on H,O,. Figure 7 shows that when the
concentration of BBH reached to 1.6 mg/mL, the scavenging rate
could reach over 90%. The curve regression was performed on the
drug concentration to obtain the equation: E%=0.4767*C+0.0134
(R*=0.978), and the half-scavenging rate (IC_ ) of BBH on H,O,
was 0.99 mg/mL. The scavenging effect of BBH on hydrogen
peroxide was higher than that of DPPH free radicals.

The Scavenging Effect of BBH-Containing Preparations
on DPPHand H,0,

The scavenging abilities on DPPH free radicals and H,O, were
measured after the preparation was diluted 10 times (the content
of BBH in the preparation was equivalent to 40 ug/mL). It could

—8—BBH
—a— BEH-L
100 - —a— BBH-Gel
—w»- BBH-L-Gel
- - -—w - - -
5 &0 ; PNV S S S,
9 N -
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Figure 5: The fitting curve according to First-order release model.

Table 4: The fitting formula of the first-order release model for each
group.

Group Fitting equation R?
BBH Q=84.2110%(1-e0-00844) 0.9968
BBH-L Q=48.6379*(1--0:00154) 0.9910
BBH-Gel Q=60.5666%(1-e0-005%0) 0.9986
BBH-L-Gel Q=36.2882%(1-¢el4080) 0.9903

be seen from Figure 8 that BBH (40 pg/mL) had a low scavenging
ability to DPPH free radical and H,O,, while the scavenging rate
on DPPH free radical and H,O, by the BBH-loaded preparation
was higher than that of blank preparation group, which indicates
that BBH and the preparation play a synergistic role in the
antioxidation. The scavenging rate of the groups containing
liposomes all reached more than 50%, indicating that liposomes
have obvious antioxidant effects. The scavenging rate of the BBH-
loaded liposomes-gel was higher than that of the BBH-loaded
liposomes, which may be due to the enhanced stability of the
liposomes surrounded by the sodium alginate hydrogel network
and reduced the auto-oxidation of phospholipids. However,
sodium alginate hydrogel group had a low scavenging rate of
DPPH free radicals due to the low concentration of sodium
alginate.* Overall, the liposomes-gel have good antioxidant
properties, which improve the antioxidant application of
berberine hydrochloride.

The results of MDA inhibition by BBH and BBH-L-Gel

The inhibitory rate on MDA showed an upward trend when
the mass concentration of BBH was in the range of 0.4 to
2.0 mg/mL, as shown in Figure 9. Berberine hydrochloride could
effectively inhibit the production of hepatic lipid peroxide MDA.
The degree of lipid oxidation can also be expressed by changes
in absorbance values. The larger the MDA absorbance value,
the higher the degree of lipid oxidation. Fe**-induced not only
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Figure 6: The scavenging rate (E%) of DPPH free radical by the different
concentration of BBH.
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Figure 7: The scavenging rate (E%) of H,0, by the different concentration of
BBH.

oxidizes hepatocytes, but also leads to oxidation of liposome
membranes to produce MDA. The amount of MDA produced by
the blank liposomes-gel was similar to that of the model group
(no difference in absorbance between the two groups, p>0.05),
indicating that the oxidation of the liposomes-gel protects
the hepatocytes from being oxidized. Figure 10 shows that the
absorbance of the BBH-loaded liposomes-gel group is lower than
that of the blank liposomes-gel group, indicating that the BBH-
loaded liposomes-gel has a certain degree of inhibition on the
production of MDA. Berberine hydrochloride is encapsulated in
the liposomes-gel, in which it exerts an antioxidant effect.

DISCUSSION

The physicochemical properties of drugs and the preparation
method of liposomes can affect the encapsulation rate of BBH-
loaded liposomes,*?* and different composition of liposomes will
affect their particle size and potential.”” Liposomes prepared by
thin-film dispersion method have good encapsulation efficiency
and appropriate particle size. The preparation method and storage
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Figure 8: (A) The scavenging rate (E%) of DPPH free radical by BBH-containing
preparations. (B) The scavenging rate (E%) of H,0, by BBH-containing
preparations. *P < 0.05, **P < 0.01, ***P < 0.001.

conditions of liposomes can affect their stability.” Temperature of
2-8°C is a suitable storage condition for liposomes.

Sodium alginate molecule contains a large number of “-COO-”
groups, and its hydrophilicity changes with the change of pH. The
aqueous solution of sodium alginate has certain adhesiveness and
is easy to adhere to skin and mucous membrane, so it can be used
as a drug carrier for skin administration.”” The ability of sodium
alginate to readily form the hydrogel prevents inactivation of
sensitive drugs, proteins and other active substances, which
improves its biomedical applicability.®® The viscosity, pH, and
cross-linking form of sodium alginate will be the factors affecting
drug release.”

Molecules of a certain size can be retained by the dialysis
membrane, the smaller molecules can quickly penetrate the
dialysis membrane into the release medium, while the larger
molecules are intercepted outside the dialysis membrane.
Compared with liposomes and sodium alginate hydrogel,
berberine hydrochloride has the smallest molecular weight and
is most easily permeated across dialysis membranes. This method
is suitable for berberine hydrochloride release studies in vitro.>*
Through release studies in vitro, it was found that the liposomes-
gel is suitable as a drug carrier for the release of BBH. Liposomes-
gel has a sustained and controlled release effect on BBH due to
the good encapsulation efficiency of liposomes and the three-
dimensional network structure of hydrogel.

DPPH free radicals as organic free radicals are relatively stable,
which are widely used to determine the antioxidant activity in
vitro.** It has a strong absorption at the wavelength of 517 nm.
Some antioxidants combine with DPPH free radicals to reduce
their absorbance. By detecting the absorption at this wavelength,
the scavenging rate of free radicals can be determined and the
antioxidant capacity of the drug can be evaluated.”® Hydrogen
peroxide (H,0,) is a strong oxidant which can be oxidized and
decomposed to generate oxygen and water. A certain amount
of antioxidants can react with H,O, to reduce the harm caused
by it.36 Berberine hydrochloride has a much lower ability to
scavenge DPPH free radicals and H,0O, compared with vitamin C
and some natural medicines.” The IC, of polysaccharides from
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Figure 9: The inhibition rate (IR%) on MDA by the different concentration
of BBH.
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Figure 10: The absorbance of MDA in BBH-loaded liposomes-gel.
(ns) P>0.05, *P<0.05.

Semen Juglandis to DPPH scavenge rate is 0.21 mg/mL, and its
antioxidant activity is obviously stronger than that of berberine
hydrochloride.”® Most natural active antioxidants contain active
functional groups, such as phenolic hydroxyl groups. Derivatives
containing phenolic hydroxyl groups have better direct
antioxidant activity than berberine.”

The main components of lipids in cell membranes are
phospholipids and cholesterol. The phospholipid bilayer
constitutes the basic scaffold of the cell membrane. The polar top
(-OH) of the cholesterol molecule is close to the hydrophilic end
of the phospholipid, and the steroid ring at the non-polar end
interacts with the fatty acid end of the phospholipid. The presence
of cholesterol molecules weakens the dispersive force of binding
between phospholipid molecules and enhances the fluidity of

cell membranes.* Phospholipids are rich in unsaturated fatty
acids, and when attacked by reactive oxygen species, peroxide
products such as MDA are generated, resulting in changes in
cell membrane fluidity and permeability. Therefore, the body’s
antioxidant is particularly important. Iron is the most important
promoter of lipid peroxidation among transition metals in vivo.*
We studied the anti-lipid peroxidation ability of BBH and BBH-
loaded liposomes-gel with Fe** -induced lipid peroxidation of
hepatocytes to produce MDA as an oxidation model. Berberine
hydrochloride and liposomes-gel have synergistic antioxidant
effect. Some studies have shown that berberine hydrochloride
can treat diabetes, cardiovascular and cerebrovascular diseases
and other diseases by reducing the oxidative stress of the body.****

CONCLUSION

Berberine hydrochloride-loaded liposomes-gel was prepared
for antioxidant research in this study. The liposomes-gel
showed good stability and sustained-releasing behaviors for
berberine hydrochloride in vitro. Berberine hydrochloride-
loaded liposomes-gel has good scavenging ability to DPPH free
radicals and hydrogen peroxide, and berberine hydrochloride
can effectively inhibit lipid peroxidation. The liposomes-gel helps
to improve the bioavailability of berberine hydrochloride and its
application in antioxidant.
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ABBREVIATIONS

BBH: Berberine Hydrochloride; AR: Analytical Reagent; PBS:
Phosphate Buffer Solution; BBH-L: Berberine Hydrochloride-
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loaded Liposomes; BBH-Gel: Berberine Hydrochloride-Loaded

Hydrogel;

BBH-L-Gel:  Berberine Hydrochloride-loaded

Liposomes Gel; DPPH: 1,1-Diphenyl-2-trinitrophenylhydrazine;
TBA: Thiobarbituric Acid; TCA: Trichloroacetic Acid; MDA:
Malondialdehyde.

SUMMARY

The liposomes-gel has sustained and controlled release ability
for berberine hydrochloride in vitro which can be used as a
delivery carrier. Berberine hydrochloride-loaded liposomes-gel
has good scavenging ability to DPPH free radicals and H,O,, and
can effectively inhibit lipid peroxidation damage. Liposomes-gel
helps to improve the bioavailability and antioxidant activity of
berberine hydrochloride.
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