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In order to explore the mechanism of berberine hydrochloride in treating diabetes, antioxidant activities
of the berberine hydrochloride in vitro were carried out. In the present study, our study aimed to
examine the antioxidant activity of berberine hydrochloride using different assays including: reducing
power, 2,2-diphenyl 1-picrylhydrazyl (DPPH) radical scavenging assay, ABTS radical scavenging assay,
superoxide anion and hydroxyl radical scavenging activity. The results exhibited that berberine
hydrochloride has significant reductive ability and radicals scavenging effects, especially on ABTS,

hydroxyl radicals and DPPH radicals.
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INTRODUCTION

Berberine hydrochloride, is an isoquinolin alkaloid from a
number of important medicinal plant species such as the
Berberidaceae, Ranunculaceae families. Many reports
and studies have been shown that Berberine
hydrochloride has various effects including anti-
inflammatory (Zhou and Mineshita, 2000), anti microbial
(lwasa et al.,, 1998), anti-tumor (Fukuda et al., 1999),
antipyretic (Esra et al., 2002). Recently, it was found that
berberine hydrochloride was effective and safe in the
treatment of diabetic patients (Yin et al., 2008). Diabetes
is a serious, complex metabolic disorder and prevalent
systemic disease affecting a significant proportion of the
population worldwide. It is characterized by absolute or
relative deficiencies in insulin secretion and/or insulin
action associated with chronic hyperglycemia and
disturbances of carbohydrate, lipid, and protein
metabolism (Tang et al., 2006).

It is also known that diabetes mellitus is associated with
increased formation of free radicals and decrease in
antioxidant potential (Tatiya et al., 2010). In diabetes
mellitus several features appear including an increase in
lipid peroxidation, alteration of the glutathione redox
state, a decrease in the content of individual natural
antioxidants, and finally a reduction in induction of
antioxidant enzymes. And various studies have been
confirmed that berberine hydrochloride could be effective
in treatment of diabetes on diabetic rats due to its
antioxidant properties (Zhou et al., 2009). Berberine
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hydrochloride significantly inhibited the progression of
diabetes induced by alloxan, and the inhibitory effect of
berberine hydrochloride on diabetes might be associated
with its hypoglycemic effect, modulating lipids metabolic
effects and its ability to scavenge free radical. So, how to
scavenge free radicals and which free radicals could be
scavenged by berberine hydrochloride on diabetes is
very important. However, until now, there are almost no
studies analyzing the free radical scavenging of berberine
hydrochloride in vitro. Therefore, in order to understand
the mechanisms of berberine hydrochloride in treating
diabetes, the study was to elucidate antioxidant activities
of the berberine hydrochloride in vitro.

MATERIALS AND METHODS
Drugs and reagents

BTH and Vitamin C were purchased from Sigma Chemical Co. 1,1-
diphenyl-2-picryl-hydrazyl ~ (DPPH),  potassium  ferricyanide
[KsFe(CN)g], trichloroacetic acid (TCA), polyoxyethylenesorbitan
monolaurate (Tween-20), and berberine hydrochloride were
purchased from Sigma (Sigma- Aldrich GmbH, Sternheim,
Germany). Thiobarbituric acid (TBA), sodium dodecyl sulphate,
nitroblue tetrazolium (NBT), nicotinamide adenine dinucleotide
(NADH), and phenazine methosulphate (PMS) were purchased
from Applichem. ABTS radical was purchased from Merck and all
other chemicals were analytical grade and were made in China.

Reducing power

The reducing power of berberine hydrochloride was quantified by
the method described earlier by Raza et al. (2007) and Yen et al.



(1995) with some modifications. Vitamin C and BHT were used as
reference material. Briefly, berberine hydrochloride, Vc and BHT
were used at differing concentrations (1 to 4000 pg/ml). 1 ml of
sample was mixed with phosphate buffer (2.5 ml, 0.2 mol/l, pH 6.6)
and potassium ferricyanide [KsFe(CN)g] (2.5 ml, 1%). The mixture
was incubated at 50°C for 20 min. Then the reaction was
terminated by 2.5 ml TCA solution (0.1%) and the mixture was
centrifuged at 3000 rpm for 10 min. The supernatant (2.5 ml) was
mixed with distilled water (2.5 ml) and ferric chloride (0.5 ml, 6
mmoll/l), and the absorbance was measured at 700 nm. Increased
absorbance of the reaction mixture indicated increased reducing
power.

Superoxide anion scavenging assay

Measurement of superoxide anion scavenging activity of berberine
hydrochloride was based on the method described by Zhao et al.
(2003) and Wang et al. (2008), with slight modification. 4.5 ml Tris—
HCI buffer (50 mmol/L,pH 8.2) and 1.0 ml tested samples with
various concentrations (1, 3, 10, 30, 100, 300, 1000, 2000, 3000
and 4000 pg/ml) were mixed in tubes with lids. Then the mixture
was incubated for 20 min in the water bath at 25°C. Meanwhile, 0.4
ml of 25 mmol/L pyrogallol preheated at 25°C was added
immediately. After 4 min, the reaction was terminated by 0.1 ml HCI
solution (8 mol/L) and the mixture was centrifuged at 4000 rpm for
15 min. The absorbance of sample and control were determined by
UV spectrophotometer at 325 nm. The curve was made based on
the absorbance value. Vc was used as the positive control
compounds. Scavenging activity was calculated using the following
equation:

Superoxide anion scavenging effect (%) = (Ao-As)/Aox 100

where Ay is the absorbance without sample, and As is absorbance
with sample.

ABTS radicals scavenging assay

The antioxidant activity of berberine hydrochloride was determined
by ABTS radical cation as described by Fan et al. (2009) and Re et
al. (1999), with some modifications. ABTS was dissolved in PBS
(0.01 M, pH 7.4) to a 7 mM concentration. ABTS radical cation was
produced by reacting reacting 7 mM ABTS solution with 2.45 mM
potassium persulphate and allowing the mixture to stand in the dark
at room temperature for 16 h before use. The ABTS radical cation
solution was diluted to an absorbance of 0.70+0.02 at 734 nm and
equilibrated at 30°C for 30 min. Each sample (0.2 ml) with various
concentrations (1, 3, 10, 30, 100, 300 and 1000 pg/ml) was mixed
with 2.0 ml of diluted ABTS radical cation solution. After reaction at
room temperature for 6 min, the absorbance at 734 nm was
measured immediately. The ABTS scavenging effect was
calculated as follows:

ABTS scavenging effect (%) = [Ao-(As-Ab) 1/ Ao x 100

where Ag:Azss of ABTS without sample, As: Azss of sample and
ABTS, and Ab: Azz4 of sample without ABTS.

DPPH radicals scavenging assay

DPPH radical cation scavenging activity of berberine hydrochloride
was carried out as described by Luo et al. (2009, 2011) and Braca
(2001) with minor modifications. Vitamin C and BHT were used as
reference material. 3 ml of sample with various concentrations (10,
30, 100, 300, 1000, 2000, 3000 and 4000 pug/ml) was added to 1 ml

Luo and Fan 3703

of 0.1 mM solution of DPPH. The solution was kept at room
temperature for 30 min, and the absorbance at 517 nm was
measured. The DPPH scavenging effect was calculated as follows:

DPPH scavenging effect (%) = [Ao-(As-Ab) ]/ Ag x 100

where Ap is the absorbance of DPPH without sample, As is the
absorbance of sample and DPPH, and Ab is the absorbance of
sample without DPPH.

Hydroxyl radical scavenging assay

The hydroxyl radical scavenging activity of berberine hydrochloride
was carried out according to the method of Luo et al. (2010, 2011)
and Wang et al. (2008), with some modifications. Various
concentrations (1, 3, 10, 30, 100, 300 and 1000 pg/ml) samples
were incubated with 2.0 mM EDTA-Fe (0.5 ml), 3% H>0, (1.0 ml)
and 360 pg/ml crocus in 4.5 ml sodium phosphate buffer (150.0
mM, pH 7.4) for 30 min at 37°C, and hydroxyl radical was detected
by monitoring absorbance at 520 nm. The hydroxyl radical
scavenging effect was calculated as follows:

Hydroxyl radical scavenging effect (%) = [(Ao-As) / Ag] x 100

where As is the absorbance of sample and Ay is the absorbance of
control. In the control, sample was substituted with distilled water,
and sodium phosphate buffer replaced H>Ox.

Statistical analysis

All data are expressed as means + SD (n=3). Data were analyzed
by an analysis of variance (P < 0.05) and the results were
processed by SPSS software.

RESULTS AND DISCUSSION

Effect of reducing power

Research has revealed that there is a direct correlation
between antioxidant activities and reducing power
(Yildirim et al., 2001). To measure reductive power of
berberine hydrochloride, we investigated the Fe®'-Fe**
transformation in the presence of different concentrations
sample, BHT and Vc were used as reference material.
The reductive capabilities of berberine hydrochloride and
reference material were exhibited as Figure 1. From the
result, reducing powers of all samples were in a
concentration-dependent manner. The references
exhibited strong reducing power, especially for Vc. The
reducing power of berberine hydrochloride was also
strong, at the high concentrations (from 1000 to 3000
pg/ml), which was close to BHT (p < 0.05).

Effect of scavenging superoxide radicals

Superoxide radical is known to be a very harmful species
and plays an important role in the formation of other
reactive oxygen-species such as hydroxyl radical,
hydrogen peroxide, or singlet oxygen in living systems (Li
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Figure.1. Reductive abilities of Berberine and the references. Results are presented as means

+ standard deviations.
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Figure.2. The superoxide radicals scavenging activities of Berberine and Vc. Results are presented as means

+ standard deviations.

et al., 2009). Figure 2 shows the superoxide scavenging
activity of berberine hydrochloride was increased with the
increase of concentration, while it was not significantly
active at different concentrations. At the concentration of
4000 pg/ml, the scavenging rates of vitamin C and
berberine hydrochloride reached 87.99 and 20.53%,
respectively. The results indicated that berberine
hydrochloride exhibited very low superoxide radical
scavenging activity.

Effect of scavenging ABTS radicals

The ABTS assay is often used in evaluating total
antioxidant ability in both lipophilic and hydrophilic
samples. The results of scavenging power on ABTS free
radical for the present experiment were shown in Figure
3. The scavenging power of berberine hydrochloride was
strong at the range of 300 to 1000 pg/ml, which was
closed to that of BHT, though that was lower than vitamin
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Figure 3. The ABTS scavenging activity of berberine and the references. Results are presented

as means * standard deviations.
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Figure 4. The DPPH scavenging activity of berberine and the references. Results are

presented as means * standard deviations.

C. The results indicated that berberine hydrochloride had
excellent ABTS radical scavenging activity and should be
explored as novel potential antioxidants.

Effect of scavenging DPPH radicals

In this experiment, the scavenging ability of berberine

hydrochloride on DPPH free radical were examined in the
concentration range of 10 to 4000 pg/ml using the DPPH
colorimetric assay. And the results were given in Figure 4.
As is illustrated in the figure, all the samples obvious
scavenging activity in a concentration dependent
manner.The  results indicated that Berberine
hydrochloride  exhibited very significantly radical
scavenging. The effect of Berberine hydrochloride was
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Figure 5. The hydroxyl radicals scavenging activity of berberine and the references. Results are

presented as means * standard deviations.

strong (72.72% at the high dose 4000 pg/ml), but lower
than that of BHT (92.97% at the high dose 4000 pg/ml).
The results suggest that berberine hydrochloride display
scavenging effect on DPPH radicals generation that could
help prevent or ameliorate oxidative damage.

Effect of scavenging hydroxyl radicals

Hydroxyl radicals were mainly responsible for the
oxidative injury of biomolecules. The scavenging ability of
berberine hydrochloride compared to those of vitamin C
was shown in Figure 5. The samples exhibited obvious
scavenging activities on hydroxyl radical in a
concentration-dependent manner. The scavenging
activities of berberine hydrochloride increased very
significantly with increasing concentrations (300 to 1000
pg/ml). Especially in the high doses (1000 upg/ml),
berberine hydrochloride exhibited very high radical
scavenging, which was close to that of Vitamin C
(p<0.05). So, it was obvious that berberine hydrochloride
has significant effects on hydroxyl radicals scavenging.

Conclusion

In the present study, antioxidant ability in vitro of
berberine hydrochloride was studied. According to the
results above, it was concluded that berberine
hydrochloride has significant radicals scavenging effects,
especially on ABTS, hydroxyl radicals and DPPH
radicals. Moreover, berberine hydrochloride has strong
reductive ability. Therefore, the results of this study
clearly indicate that berberine hydrochloride has powerful
antioxidant capacity in vitro and the capacity was
concentration dependent. Various studies have shown
that diabetes mellitus is associated with increased

formation of free radicals and decrease in antioxidant
potential. Due to these events, the balance normally
present in cells between radical formation and protection
against them is disturbed. This leads to oxidative damage
of cell components such as proteins, lipids, and nucleic
acids. When the B-cells of the pancreas were destroyed,
the secretion of insulin would be abnormal. It would lead
to diabetes mellitus. Some researches have indicated
berberine hydrochloride could treat the diabetes mellitus
through increasing the activity of superoxide dismutase,
blocking malondialdehyde, and attenuating glutathione.
From the results above, we concluded the other
mechanism on treat the diabetes mellitus of berberine
hydrochloride. Because of berberine hydrochloride has
significant radicals scavenging effects, so it was indicate
that berberine hydrochloride has the protective effects
against B-cell damage and antioxidant of pancreas in
diabetic. Therefore, it seems reasonable that antioxidants
can play an important role in the improvement of diabetes
and in screening the novel treatment drug of diabetes
mellitus.
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