
     *Corresponding author: Mahmoodreza Moein. Medicinal Plants Processing Research Center and Department of Pharmacognosy, School of Pharmacy, Shiraz University 
of Medical Sciences, Shiraz, Iran. Tel: +98-71-32424127; Fax: +98-71-32424126; Email: mrmoein@sums.ac.ir

Iranian Journal of Basic Medical Sciences
ijbms.mums.ac.ir

DNA protection, antioxidant and xanthine oxidase inhibition 
activities of polyphenol-enriched fraction of Berberis integerrima 
Bunge fruits
Zahra Sabahi 1, Fatemeh Farmani 1, Fatemeh Soltani 2, Mahmoodreza Moein 1, 3*
1 Medicinal Plants Processing Research Center, Shiraz University of Medical Sciences, Shiraz, Fars, Iran
2 Biotechnology Research Center, Pharmaceutical Technology Institute, Mashhad University of Medical Sciences, Mashhad, Iran
3 Department of Pharmacognosy, School of Pharmacy, Shiraz University of Medical Sciences, Shiraz, Fars, Iran

A R T I C L E  I N F O A B S T R A C T

Article type:
Original article

Objective(s): The aim of this study was to prepare fraction and determine the biological activities of the 
polyphenol-enriched fraction of Berberis integerrima Bunge fruits. 
Materials and Methods: In this assay fraction was extracted by column chromatography, using Amberlite 
column as the stationary phase. Phenol and flavonoids in the extract and fraction were analyzed by high 
performance liquid chromatography (HPLC). DNA protection ability, antioxidant and xanthine oxidase 
inhibition capacities of this fraction were also examined.
Results: Phenol and flavonoid content measurement and HPLC analyses of this fraction confirmed that 
phenol and flavonoids were increased in fraction in comparison to extract (before using Amberlite column). 
In antioxidant measurement assay, the trolox equivalent values were 1.05± 0.04 and 0.8±0.11 in oxygen 
radical absorbance capacity (ORAC) and the EC50 values for cellular antioxidant activity were 55.51±0.21 and 
95.67±0.13 µg/ml for quercetin and the fraction, respectively. The xanthine oxidase inhibition percentages 
were 97.6±0.003 and 90.2 6±0.003 in 100 µg/ml concentration of fraction and vitamin C respectively. Comet 
assay analysis showed that this fraction protects human lymphocytes against H2O2-induced DNA damages at 
12.5 to 100 µg/ml concentrations. 
Conclusion: This study suggests that Amberlite column as the stationary phase help to improve phenolic 
compound in separating fractions. The results showed that B. integerrima fruits are rich in phenolic 
compounds and they are potent antioxidants with protective effects on oxidative damages. They might be 
used as functional ingredients in food and supplements. 
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Introduction
Reactive oxygen species (ROS) are cellular metabolic 

products, categorized as free radicals (superoxide 
anion radicals (O2•−)) and non-free radical species 
(hydrogen peroxide (H2O2)). Oxidative stress is as a 
result of the disparity between ROS production and 
the cellular defense mechanism. The presence of extra 
ROS in the cells may eventually cause damage to the 
biomacromolecule. Protein, lipid and nucleic acid can 
be the target of these radicals (1, 2). The footprints 
of these types of damage were found in the etiology 
of cancers, as well as chronic and neurodegenerative 
diseases (3). Consequently, enzymatic and non-
enzymatic pathways attempted to reduce the incidence 
of these oxidative stress-associated diseases (2). For 
instance, the enzymatic mechanisms involved catalase, 
peroxidase (1) and non-enzymatic pathways involved 
albumin, myoglobin and ferritin (4). Medicinal plants 
are still great sources of novel pharmacological studies. 
Their secondary metabolites are responsible for these 
therapeutic effects. Many evidences confirmed the 
protective effects of some plants or their isolated 
compounds against the carcinogenesis and mutagenesis 
of ROS (5). Among the various natural products, phenolic 

compounds are known as the potent antioxidant and 
protective on DNA damage (1).

Xanthine oxidase (XO) is responsible for the last two 
steps in purine metabolism by converting hypoxanthine 
to xanthine, then xanthine to uric acid and H2O2 (6). 
XO activity procedure leads to ROS products. Gout, 
hyperuricemia, hepatitis, carcinogenesis, and aging 
are involved in this enzyme activity. Consequently, 
XO inhibitors are considered in different pathological 
conditions in relation to the formation of uric acid and 
superoxide anion radical. Besides classic XO inhibitors 
with different side effects, several natural products 
have been suggested to reduce uric acid in gout, such as 
caffeic acid, rutin, and chestnut honey (7).

Berberis integerrima Bunge belongs to the Berberidaceae 
family with various secondary metabolites and therapeutic 
effects (8). This medicinal plant is used in the treatment 
of different diseases such as bleeding, swollen gums 
teeth, sore throat, fever, malaria, hepatitis, inflammation 
and diarrhea (9).

In the present investigation, polyphenol rich fraction 
was isolated from B. integerrima fruits by using 
Amberlite as the stationary phase and it was evaluated 
for its antioxidant activity, XO inhibition and protective 
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effects against DNA damage induced by H2O2 on isolated 
human lymphocytes.

Materials and Methods
Extraction

Fruits of Berberis integerrima were collected from 
Kohmar (Fars Province, Iran) during August and 
September 2105. The voucher numbers for fruits was 
P.M. 396. They were deposited at Museum of Medicinal 
Plants, Shiraz University of Medical Sciences, Shiraz, 
Iran. 

The fruits were freeze-dried using freeze dryer 
(Zirbus, Germany) and ground into powder. The 
powder (100 g) was macerated with ethanol (70%, 1 
L) in a dark place, followed by filtration. The extract 
was concentrated using a rotary evaporator (Heidolph, 
Germany) under vacuum, followed by speed vacuum 
to get 60 g gummy material. The crude extract (30 g) 
was suspended in trifluoroacetic acid (TFA) (Samchun, 
Korea) (0.3%), was filtered and poured into the 
decanter, where it was properly shaken with ethyl 
acetate (Samchun, Korea). This extraction procedure 
was repeated three times and the aqueous phase was 
collected in each repeat. The aqueous phase was loaded 
on Amberlite column XAD-7 (2.5 × 45 cm) (Sigma-
Aldrich, St Louis, MO, USA) as the stationary phase. 
This phase was rinsed with distilled water containing 
TFA, respectively. At the last time, the stationary phase 
was rinsed with methanol containing TFA, and then the 
extract was collected and concentrated using a rotary 
evaporator. Yield of extraction fractionation was 20%.

 
Analysis and purification by high performance liquid 
chromatography (HPLC)

To obtain a highly purified fraction, stock solution of 
(1 mg/ml), B. integerrima in methanol was prepared. 
The current solution was analyzed by HPLC (LC-10 
VP, Shimadzu, Japan) using analytical column (C18, 
4.6×250 mm, 5 μm, Erouspher, Kanuer). The mobile 
phase contained Solvent A: 0.1% TFA in water and 
Solvent B: methanol. The elution gradiant systems were 
as follows: Solvent A (0 min: 100%; 15 min: 80%; 25 
min: 60%, 40 min: 0%,). The flow rate was 1 ml/min, the 
injection volume was 20 μl, and detection wavelength 
was 342 nm. Through the use of a preparative column, 
isolation was done using the preparative Kanuer system 
(Model 1800) using preparative column (C18, 20 × 250 
mm, 7 μm, Erouspher, Kanuer). The mobile phase was 
also used for the analysis, while flow rate and injection 
volume were 13.5 ml/min and 2000 μl, respectively.

Phenol content analysis
The total phenolic constituents of the extracts were 

evaluated using Folin-Ciocalteu’s phenol reagent and 
gallic acid (Sigma-Aldrich, Co LLC, USA) as standard 
(10). For the calibration curve, different concentrations 
of gallic acid were mixed with Folin-Ciocalteu reagent 
and sodium carbonate (7.5 g/l). The mixture was kept 
at 20 °C for 30 min and the absorption was read at 765 
nm. Plant extract was mixed with the same reagents as 
described previously. All samples were performed in 
triplicate. 

Total content of phenolic compounds in plant express 
as gallic acid equivalents (GAE) and were calculated by 

this formula: 
C= c. V/m
C: total content of phenolic compounds 
c: the concentration of gallic acid established from 

the calibration curve (mg/ml)
v: the volume of extract (ml) 
m: the weight of plant extract (g)

Determination of flavonoid content
The total flavonoid contents of B. integerrima 

extract were measured using the previously described 
colorimetric method (11). The sample solution was 
mixed with distilled water and then with NaNO2 (% 0.15) 
solution. NaOH solution (4%) was added to the mixture 
after 6 min. Then, water was added to get the final 
volume to 5 ml; the mixture was mixed and incubated 
for another 15 min. Absorbance of the reaction was 
measured at 510 nm against reagent blank. Quercetin 
(Sigma-Aldrich, Co LLC, USA) was used as the standard 
for total flavonoid content measurement. The results 
were expressed as milligram of quercetin equivalent per 
1 g of the extract. Data was recorded as mean ± standard 
deviation (SD) for three replicates.

Antioxidant analysis
Oxygen radical absorbance capacity assay (ORAC)

ORAC assay was done using Polar star omega device 
(BMG LABTECH GmbH, Germany) according to the 
method defined by Hossain et al (12). The final assay 
mixture contained AAPH (Sigma-Aldrich, Co LLC, USA) 
(240 Mm), fluorescein (10 Nm) (Sigma-Aldrich, Co. 
LLC, USA) and 25 μl of the sample (25-400 µg/ml) or 
phosphate buffer as the blank. The quercetin was used 
as standard (0.6-3.6 µg/ml). The fluorescence of this 
mixture was recorded every 90 sec per cycle using 
fluorescent filters. Different concentrations of Trolox 
(Sigma-Aldrich, Co. LLC, USA) (3-50 µg/ml) were used 
to give a standard curve to compare the ORAC values 
of various samples. The data were analyzed using data 
analysis software, MARS, linked with Omega reader 
control software. The difference between the “area 
under the fluorescence decay curve” (AUC) of blank and 
each sample were expressed as Trolox equivalents (TE).

Antioxidant assay for cellular antioxidant activity (CAA)
HepG2 cells at a concentration of 6×104 cells in 100 

µl growth media per well were incubated for 24 hr. After 
24 hr seeding, the growth medium was removed and 
cells were washed gently 3 times with PBS. Triplicate 
wells were treated with DCFH-DA (Sigma-Aldrich, 
Co LLC, USA)  probe solution (50 µl) and with either 
quercetin standards or (0.4-2 µg/ml) samples (3-
250 µg/ml) dissolved in the treatment medium. The 
microplate was incubated for 60 min at 37 °C. Then the 
liquid was removed and cells were washed 3 times using 
PBS and then the last phase was washed and the liquid 
was removed and discarded. Lastly, AAPH (free radical 
initiator solution) was added to all wells and the plate 
was read on the Polar star omega (13).

Xanthin oxidase (XO) assay
The effects of the extract on XO activity were 

evaluated using xanthine oxidase Activity Assay Kit 
(Sigma-Aldrich, Co LLC, USA) according to protocol. 
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According to this protocol, the xanthin oxidase activity 
of the extract and vitamin C at 100 µg/ml concentration 
was measured.

XO inhibitory activity was evaluated by the following 
formula,

% enzyme inhibition = (1 – b/a) × 100          
where “a” is the activity of the enzyme without plant 

extract and “b” is the activity of XO with extract (14).

Comet assay
Isolation of human lymphocytes

Informed consent was taken from all volunteers and 
all procedures performed in this study were conducted 
in line with Declaration of Helsinki (15).

Peripheral blood was taken from 10 healthy volunteers 
(25 to 30 years) with no history of smoking or chronic use 
of medication. Samples were collected into cell preparation 
tubes containing 10% (EDTA) in PBS as anticoagulant 
agent. Blood (5 ml) was diluted 1:1 with PBS and the 
suspension was placed over the lymphocyte separation 
medium carefully in a tube and then centrifuged for 20 
min at 2000 rpm, and gradient-separated lymphocytes 
were recovered, diluted with PBS and centrifuged 
at 1500 rpm for 10 min again. The pellets were 
resuspended in PBS, and then cells were counted in a 
Neobauer chamber. The cell concentration was adjusted 
to 5000 cells/ml. Trypan blue dye exclusion technique 
was used to check cell viability (16).

In vitro comet assay experiments with human lymphocytes
The alkaline comet assay was carried out according 

to the guidelines of Singh et al. (17) for comet assay 
with some modifications. The cells were treated with 
different concentrations of polyphenol fraction and 
H2O2 (50 µM) simultaneously, for 20 min in the dark 
at 4 °C to prevent repair of the induced oxidative DNA 
damage (18). Positive control cells were treated with 
H2O2 in PBS. 

The cells were harvested and centrifuged at 3000 
rpm for 10 min and then washed with PBS. The cell 
pellets were mixed with 100 μl of 0.75% (w/v) low 
melting point agarose, then spread on a fully frosted 
microscopic slide precoated with 1% normal melting 
agarose, covered with a cover slip and kept for 10 min 
at 4 °C.

After removing the cover slips, the slides were immersed 
in freshly prepared cold lysing solution [2.5 M NaCl, 100 
mM Na2EDTA, 10 mM Tris, 1% (v/v) triton X-100, 10% 
DMSO, pH 10.0] at 4 °C for at least 2 hr. The slides were 
presoaked in freshly prepared alkaline electrophoresis 
buffer for 30 min. Electrophoresis was carried out for 45 
min at 4 °C. All procedural steps were performed under 
yellow light conditions to minimize additional DNA 
damage. 

Then slides were placed vertically in a neutralizing 
tank and washed with neutralizing solution (0.4 m tris 
HCl buffer, pH 7.5). Finally, the slides were stained with 
propidium iodide (Sigma-Aldrich, Co LLC, USA) (20 µg/
ml) dispensed directly onto the slides and covered with 
a coverslip. The slides were studied by a fluorescent 
microscope (Olympus-BX61). All experiments were 
performed at least three times. For each slide, 50 selected 
cells were analyzed with Casplab software.

Statistical analysis
For statistical analyses of the results, data was ana-

Table 1. Total phenolic and total flavonoids content of extract of 
Berberis integerrima before (extract) and after (phenolic rich fraction) 
loading on column

lyzed using one-way analysis of variance (ANOVA), 
followed by Tukey’s post tests done by SPSS (version 
20). Values were expressed as mean±standard error 
of mean (SEM) of triplicate experiments. Statistical 
significance was determined at P<0.05. 

Results
Quantification of phenolic compounds and HPLC 
analysis

The results of the total phenolic and total flavonoids 
content were shown in Table 1. The total phenolic 
and total flavonoids content of the extract increased 
significantly after being loaded on the column. Possibly, 
Amberlite column (XAD-7) which used as stationary 
phase in the extraction process, separate nonpolar 
compound from extract and increase phenolic and 
flavonoids concentrations. It can be seen also in the 
HPLC chromatogram in Figure 1. More polar compounds 
such as polysaccharides with retention time less than 30 
min, were separated by XAD-7.

Antioxidant assay
In ORAC assay, AAPH decompose to peroxyl radicals 

which are capable of reacting with a fluorescent probe 
(19). This assay shows the ability of the sample to 
participate in hydrogen atom transfer (HAT) reactions; 
since the peroxyl radical (ROO·) was generated hydrogen 
atom of the antioxidant transferred to these radicals 
(20). The Trolox equivalents value for the fraction and 
quercetin in ORAC assay were 0.8±0.11 and 1.05±0.04 
respectively.

Sample Total phenolic 
(mg GAE /g extract) 

Total flavonoids 
(mg QE/g extract) 

Extract  130.52±0.42 52.35±0.52 
Phenolic rich fraction 396.44±0.4 138.71±0.28 

 
  

 
  

Figure 1. Typical chromatograms of HPLC of extract (A) and phenolic 
rich fraction of Berberis integerrima Bunge fruits (B)
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CAA is the assay to determine intracellular oxidative 
stress and predict antioxidant activity of the sample 
in cellular conditions. The results of this method 
depend on antioxidants properties such as cellular 
uptake, distribution and metabolism (19). In this 
assay, the fraction was able to prevent oxidation of 
2’,7’-dichlorofluorescin (DCFH) to DCF by peroxyl 
radicals in HepG2 cells. The reduction of DCF fluorescent 
in the cells exhibits the antioxidant capacity (21). 

In the present study, EC50 values for the inhibition of 
DCFH oxidation are 55.51±0.21 and 95.67±0.13 µg/ml 
for quercetin and the fraction, respectively.

Xanthin oxidase activity 
It is known that XO is a source of cellular ROS 

and oxidative stress (22). Several researches have 
revealed the significant role of XO in the pathology of 
several diseases such as vascular injuries, as well as 
inflammatory and chronic heart failure (23). So, during 
the past decades, screening for the novel XO inhibitors 
especially natural derivate has been considered (23, 
24). Polyphenol compounds are known as the potent XO 
inhibitors (25). The result of XO inhibition percentage of 
B. integerrima fraction is 97.6±0.003% and this value is 

90.2 6± 0.003% for vitamin C.

Comet assay 
The capacity of the samples to protect cells against 

damage induced by H2O2 shows the cellular antioxidant 
power (26). In the presence of transition metal ions 
(especially Fe2+) in Fenton reaction, H2O2 generates 
hydroxyl radicals which are more reactive and prompt 
reactive radicals (27). Therefore, in protective assay 
studies, cells were exposed to H2O2 and an antioxidant 
sample simultaneously, for a short time and DNA 
damage were measured using comet assay. The lower 
frequency of DNA breaks shows more antioxidant 
activities (26). Over the past decades, the Comet assay 
has been developed as a standard, simple, and reliable 
method for examining the DNA damage caused by ROS 
(26, 28).

In the present study, different levels of DNA damage 
induced by H2O2 were measured using the Comet assay. 
The results showed that 50 and 100 µM of H2O2 caused 
DNA damage (Figure 2). For the B. integrimma fraction, 
a range of concentrations (100- 800 µg/ml) did not 
reveal any genotoxicity and could be considered as non-
genotoxic concentrations (Figure 3).

As shown in Figure 4, DNA damage induced by H2O2 
decreased by 12.5, 25, 50, and 100 μg/ml of the fraction 
significantly and the percentage of DNA tail reduced 
from 30% to less than 10%. Although, H2O2 induced 
serious DNA damage, but B. integrimma fraction protects 
lymphocyte against DNA damage effectively. 

Discussion
The isolated compounds from different species of 

Berberis include Berberine, Oxyacanthine, Bermamine, 
Palmatine, Jateorrhizinem, Columbamine and 
Berberubine (29-30). These different secondary 
metabolites suggest the application of Berberis species 
in different medicinal conditions as well as folk and 
traditional medicine (30). More evidences confirmed 
the biological effects of these secondary metabolites 
and proposed them as preventive and treatment 
factors. Occasionally, among these compounds, phenolic 
compounds are known as extremely important radical 
scavengers and potent antioxidants (31).

 
Figure 4. Effect of B. integerrima extract on lymphocyte DNA 
damaged induced by 50 μM H2O2. Human lymphocytes were 
incubated for 15 min at 4 °C with a combination of 50 μM H2O2 with 
different concentrations of B. integerrima fraction (F12.5-F100 μg/
ml). Results are mean±SEM (n=6 slides×50 lymphocytes) * P<0.05

 
  Figure 2. DNA damage of human lymphocytes treated with H2O2. 
Human lymphocytes were incubated for 15 min at 4 °C with 
different concentrations of H2O2. Results are mean±SEM (n=6 slides 
× 50 lymphocytes). * P<0.05

 
  Figure 3. DNA damage of human lymphocytes treated with B. 
integerrima extract. Human lymphocytes were incubated for 15 
min at 4 °C with different concentrations of fraction. Results are 
mean±SEM (n = 6 slides × 50 lymphocytes)
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In this assay, Amberlite XAD-7 was used as stationary 
phase in extraction process. These columns were able 
to interact with nonpolar and moderate polar phenolic 
compounds with intensive hydrogen bonds between 
hydroxyl groups of these compounds and the ester 
groups on the column surfaces (32). The total phenolic 
and flavonoids content of extract increase significantly 
after extract loaded on column. It seems that Amberlite 
phase separate non phenolic (polar) compound such 
as polysaccharides and protein from extract and 
increase the concentration of phenolic and flavonoids 
content. The results of HPLC chromatogram showed 
more concentrated phenolic compound in fraction in 
comparison to extract. 

Although there are few reported data on the total 
phenolic content of Berberis sp., the total amount of 
phenol obtained in this study was more than the total 
phenolic content value of B. integerrima leaves (33) 
Berberis crataegina fruits (34) and B. integerrima fruits 
(35). 

This is supported by antioxidant activity measured 
using ORAC and CAA assays and high amount of phenol 
and flavonoid compound in this fraction, since previous 
evidence showed the correlation between antioxidant 
activity and phenolic compounds in herbs (36).

In this assay, B. integerrima fraction inhibits XO while 
there is no previous report of XO inhibitory activity of this 
plant. B. integerrima fruits showed rich sources of poly 
phenol and anthocyanin. It should be noted that there 
are no previously published studies on the chemical 
constituents and physicochemical characteristics of 
B. integerrima fruits. However, anthocyanin can be 
considered as a XO inhibitor as reported by Bräunlich 
et al (37).

 In comet assay analysis, DNA damage induced by 
H2O2 decreased by 12.5-100 μg/ml of the fraction 
significantly and the percentage of DNA tail reduced. 
Although, H2O2 induced serious DNA damage, but B. 
integrimma fraction protects lymphocyte against DNA 
damage effectively. This is supported by antioxidant 
activity measured using ORAC and CAA assays and 
high amount of phenol and flavonoid compound in this 
fraction. As shown, the antioxidant activities of phenolic 
compounds are due to their structures (38-40). Three 
parts of their structure play important role in radical 
scavenging effects. Phenolic hydroxyl groups were able 
to donate a hydrogen atom or an electron to free radical, 
hydrocarbon backbone delocalizes an unpaired electron 
(39) and dihydroxy groups were able to conjugate 
to transition metals such as Cu+ or Fe2+ to inhibit free 
radical formation by these metals in Fenton reaction 
(39). Consequently, the antioxidant activity of phenolic 
compounds was performed by different mechanisms: 
scavenging radical species, donating hydrogen atoms or 
electron, enzyme inhibition, chelating metal cations and 
up regulating or boosting cellular antioxidants (38-40). 

The different reports about the medical application 
of B. integerrima such as anti-inflammatory, anticancer, 
hepatoprotective, hypoglycemic and hypolipidemic 
activities can be attributed to the radical scavenging and 
protective effects of this plant against ROS (33).

Conclusion
This study recommends that using Amberlite column 

as the stationary phase enrich phenolic compound in 
fraction. Since B. integerrima is a rich source of phenolic 
and flavonoid content, it can be an antioxidant, xanthin 
oxidase inhibitor and antigenotoxic. It might be a 
protective agent against the DNA damage caused by 
chemicals. Though, additional investigation should be 
carried out in order to determine the mechanisms of its 
chemopreventive activity.
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