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Abstract

Background: Primula vulgaris has been used in traditional treatment, and its biological functions are attributed to its polyphenolics
content.
Objectives: The aim of this study was to determine the phenolics composition and the antioxidant activity of water extract of P.
vulgaris (WEP) and to determine its probable preventive effects against H2O2-induced DNA damage in human fibroblast cells.
Methods: The total polyphenolic content (TPC), ferric reducing antioxidant power (FRAP), and radical scavenging activity of WEP
were determined using spectrophotometric methods. Phenolic compounds and antigenotoxic effects of WEP were evaluated using
HPLC and comet assay, respectively.
Results: The TPC and FRAP values of WEP were 15.023 ± 0.84 mg gallic acid and 82.63 ± 0.31 µM trolox per g sample, respectively.
ρ-coumaric acid and rutin were detected as major phenolics. Moreover, WEP reduced H2O2-induced DNA damage in a concentration
dependent manner in fibroblast cells compared to the positive controls (only 20µM H2O2 treatment).
Conclusions: Primula vulgaris can be used in food, cosmetics, and drug industries because of its antioxidant and antigenotoxic
activities.
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1. Background

Plants or plant products have been used as a traditional
medicine against many diseases by numerous civilizations
(1). Primula, which is a medicinal plant bearing flowers,
belongs to the family of Primulaceae and consists of 400
to 500 species. This species is found throughout the tem-
perate Europe and Asia. Some of them are popular gar-
den plants because of their colourful blossoms (1, 2). It is
known that Primula herb has been used in folk medicine
due to its antispasmodic, vermifuge, emetic, and astrin-
gent effects. Some of the Primula species are used tradi-
tionally to treat bronchitis, epilepsy, convulsions, cramps,
spasms, paralysis, and rheumatic pains (1-4). Phenolic gly-
cosides and saponins are the main compounds for the
genus Primula (2). Many studies have shown cytotoxic,
antibacterial, antiviral, antioxidant, antiangiogenic, anti-
inflammatory and antimitotic effects of different species
of Primula, and found that their biological effects are at-

tributed to their phenolic contents (2, 4-8).

Oxidative stress is the corruption case of the balance
between oxygen formation and antioxidant defense in the
direction of the oxidants, and leads to cellular damage.
DNA is an important target of oxidative attack, and reac-
tive oxygen species (ROS) induced DNA damage has a close
relationship with many pathological tables, such as can-
cer, heart diseases, and diabetes. Plants involve many an-
tioxidant components such as polyphenolic compounds,
and these compounds protect cells against the deleteri-
ous effects of ROS. The antioxidant effect of phenolic com-
pounds is explained by their ability to donate electrons to
ROS, chelating metal ions and stimulating antioxidant en-
zymes. Therefore, in the recent years, the exploration of
new natural antioxidants has become a popular research
area worldwide, and it seems that traditional medicine is
a starting point for new discoveries (4, 9, 10). The antioxi-
dant activity of Primula vulgaris extracts has been demon-
strated by some reports previously (4, 11). However, to the
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best of our knowledge, no study has been conducted on its
phenolics composition and antigenotoxic effects.

2. Objectives

The aim of this study was to determine the phenolics
composition and the antioxidant activity of water extract
of Primula vulgaris and to examine its probable preventive
effects against H2O2-induced DNA damage in foreskin fi-
broblast cells for the first time.

3. Methods

3.1. Reagents

All phenolic standards, folin reagent, methanol,
ethanol, sodium carbonate, 2,4,6-tri (2-pyridyl)-s-triazine
(TPTZ), iron (III) chloride, potassium acetate, trolox,
2,2-diphenyl-2-picrylhydrazyl hydrate (DPPH), agarose,
sodium chloride, sodium hydroxide, H2O2, trypan blue
and phosphate buffer saline (PBS) tablets were purchased
from Sigma (St. Louis, MO, USA). Acetonitrile, acetic acid,
hydrogen chloride and dimethyl sulfoxide (DMSO) were
purchased from Merck (Darmstadt, Germany). Penicillin-
streptomycin and trypsin were obtained from Biological
Industries (Kibbutz Beit Haemek, Israel). Eagle’s mini-
mum essential medium (EMEM) was bought from Lonza
(Verviers, Belgium), and fetal bovine serum (FBS) from
Biochrom (Berlin, Germany).

3.2. Plant Collection and Extraction

Samples of Primula vulgaris were harvested in the sum-
mer in Trabzon in Eastern Anatolia region in Turkey. These
flowers were air-dried at room temperature for 20 days and
were powdered using blender and milling. The powder of
the flowers were stored as packed in freezer bags at -20°C
until tested. To prepare stock WEP, 1 g of the flower pow-
der was weighed and mixed with 20 mL distilled water, and
then the mixture was continuously stirred with a shaker at
room temperature for 24 hours. Suspension was removed
by centrifuging at 10,000 g for 15 minutes. Then, the super-
natant was concentrated at 40°C in rotary evaporator (IKA-
Werke RV05 Basic, Staufen, Germany) under reduced pres-
sure. The dry residue was resolved with distilled water and
filtered with 0.2 µm filter, and stored in 4ºC until used for
further experiments.

3.2.1. Estimation of Total Phenolic Content (TPC)

The contents of the total phenolics of WEP were es-
tablished by the spectrophotometric method (12) using
gallic acid as a reference. The quantity of polyphenolic
compounds was indicated as mg of gallic acid equivalents
(GAE)/g sample.

3.2.2. Estimation of Reducing Power

The reducing power of WEP was established by FRAP as-
say (13) using trolox as a reference, and the results of FRAP
analysis were indicated as µmol trolox equivalents (TE)/g
sample.

3.2.3. Free Radical Scavenging Activity

The free radical scavenging activity of WEP was estab-
lished by DPPH assay (14) using trolox as a positive control.
The percent reduction of the DPPH radical was calculated
using the following equation:

DPPH inhibition (%) = 100 - (Asample/Acontrol) × 100

The SC50 value (the concentration of the compound re-
quired the reduction of the absorbance of DPPH by 50%)
was estimated graphically in five different concentrations.
SC50 value of the extract was stated as mg/mL (15).

3.3. HPLC Analysis of Phenolic Compounds

Thirteen standards were used for HPLC analysis as fol-
lows: Gallic acid, protocatechuic acid, ρ-OH benzoic acid,
vanillic acid, caffeic acid, ρ-coumaric acid, syringic acid,
ferulic acid, trans-cinnamic acid, catechin, epicatechin,
rutin, and luteolin. The propylparaben was used as an in-
ternal standard (16).

HPLC analysis of phenolic compounds was performed
using a reverse phase column (150 × 4 mm i.d, 5 µm) (For-
tis, Cheshire, UK) on a gradient program with two solvents
system [A: 2% acetic acid in water; B: 0.5% acetic acid in
acetonitrile:water (1:1)] at a constant solvent flow rate of
1.2 mL/min on a HPLC system (Thermo Finnigan Surveyor,
USA) (17). Injection volume was 25µL. Signals were detected
at 232, 246, 260, 272, 280, 290, 308 and 328 by diode array de-
tector (DAD) and at 280 nm by UV detection. Column tem-
perature was maintained at room temperature, 25°C. Iden-
tification of compounds was performed comparing reten-
tion times and spectral data with those of pure standards.
Calibration curves of the standarts were used for quantita-
tion. Data are stated as mean ± SD for three replicates.

3.4. Cell Culture

Human foreskin fibroblast cells were purchased from
American Type Culture Collection (Manassas, VA, USA).
Cells were grown in EMEM supplemented with 10% FBS, 2
mM glutamine, 1% penicillin and streptomycin in dispos-
able plastic flasks, at 37°C. All experiments were carried out
using foreskin fibroblast cells between the first and sixth
culture passages.
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3.4.1. Determining H2O2 Concentration

A total of 2 × 105 fibroblast cells were cultured in a T-
25 flask. After 24 hours, fibroblasts were handled with 10 -
30 µM H2O2 for five minutes to determine the concentra-
tion resulting in DNA damage, but not toxicity. After incu-
bation, cells were trypsinized and centrifuged for comet as-
say.

3.4.2. Determining WEP Concentration

Fibroblasts were pre-incubated with various concen-
trations of WEP (100, 250, and 500 µg/mL) for 60 minutes.
After that, flasks were washed with PBS, and cells were han-
dled with 20 µM H2O2 for five minutes. Following incuba-
tion, flasks were washed, trypsinized, and centrifuged for
comet protocol.

3.4.3. Cell Viability

Trypan blue dye exclusion test was used to evaluate cell
viability (18). After treatments and trypsinizations, the cell
suspensions were mixed with trypan blue solution, and
cell viabilities were determined by direct counting of the
cells in a neubauer chamber under an inverted microscobe
(Nikon Eclipse TS100, Tokyo, Japan). One hundred of cells
were counted per group and the experiment was run in
triplicate.

3.4.4. Comet Assay

The alkaline version of comet assay was used to de-
termine the DNA damage (19) with slight modifications.
A total of 75 µL of cell suspension was mixed with 75 µL
of 1% low melting agarose, and was rapidly spread on the
slides precoated with normal melting agarose (0.75%). The
slides were covered with coverslips, and agarose layer was
allowed to solidify at 4°C for five minutes. After removal
of the coverslips, slides were immersed into cold, freshly
made lysing solution (2.5 M NaCl, 100 mM EDTA, 10 mM
Tris, and 1% (v/v) Triton X-100) for one hour at 4°C. Then the
slides were removed from the lysing solution and placed in
a horizontal gel electrophoresis tank filled with fresh elec-
trophoresis buffer (300 mM NaOH, 10 mM Na2EDTA and 1%
(v/v) DMSO (pH 13.1). The slides were left for 30 minutes at
4°C to allow unwinding of DNA. Electrophoresis was then
carried out at room temperature in the same electrophore-
sis buffer for 25 minutes at 1 V/cm and 300 mA. After elec-
trophoresis, the slides were incubated in fresh neutraliza-
tion buffer for 15 minutes (0.4 M Tris, pH 7.5), before stain-
ing with ethidium bromide (20 µg/mL). For each treat-
ment condition, 100 randomly selected cells from each
slide were evaluated for DNA damage visually using a 40×
objective on a fluorescent microscope (Nikon Eclipse E800,
Tokyo, Japan). The selected cells were classified between 0
and 3, from non-damaged to most damaged, according to

tail length. Excessively long tails and DNA spectra scored 4
were not included. All slides were scored with the follow-
ing formula (18, 20) with a maximum damage possibility
of 300:

Comet score = (1×n1) + (2×n2) + (3×n3) (n: cell num-
ber for every score)

The percent reduction of DNA damage by WEP was de-
termined using the following equation (18) (Equation 1):

(1)%Reduction =
(A−B)

(A− C)
× 100

Where A: Comet score of cells treatment with only H2O2

(positive control), B: Comet score of cells with antigeno-
toxic treatment (WEP + H2O2) and C: Comet score of the
control cells (no treatment).

3.5. Statistical Analysis

All experiments were carried out triplicate. The results
were given as mean ± standard deviation. Compatibil-
ity with normal distribution was determined, using the
Kolmogorov-Smirnov test. One-way ANOVA was used to
compare the differences among the groups. Statistical sig-
nificance was set at P < 0.05.

4. Results

4.1. Antioxidant Properties of WEP

TPC, FRAP, and DPPH results of WEP were summarised
in Table 1.

Table 1. The Antioxidant Activities of the Water Extract of Primula vulgaris (n = 3)

Used Test WEP

Total polyphenols, mg GAE/ga 15.023 ± 0.843

FRAP value, µmol TE/gb 82.63 ± 0.31

DPPH SC50 , mg/mLc 0.282 ± 0.001

aTotal Phenolic Content Expressed in mg of Gallic Acid Equivalent (GAE) Per
Gram of Dry Plant Weight.
bExpressed as µmol Trolox Equivalents (TE) Per Gram of Dry Plant Weight.
cConcentration of the Test Sample Required to Produce 50% Inhibition of the
DPPH Radical.

4.2. HPLC Profile of Primula vulgaris

The chromatogram of phenolic standards are pre-
sented in Figure 1. The phenolic compounds found in Prim-
ula vulgaris are summarised in Table 2, and the values are
stated in µg/g sample. ρ-coumaric acid and rutin were
most abundant compounds in Primula vulgaris (Table 2).
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Figure 1. Chromatogram of Standard Phenolics in the Optimum HPLC Conditions Presented in the Experimental Group
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Peaks: Gallic Acid (1), Protocatechuic Acid (2),ρ-OH Benzoic Acid (3), Catechin (4), Vanillic Acid (5), Caffeic Acid (6), Syringic Acid (7), Epicatechin (8),ρ-Coumaric Acid (9), Ferulic
Acid (10), Rutin (11), Trans-cinnamic acid (12), and Luteolin (13).

Table 2. Phenolic Composition of the Water Extract of Primula vulgarisa

Phenolic
Compound
Assignment

Retention Time,
min

Peak Area, % Amount, µg/g
FW

Gallic acid 3.12 0.22 3.23 ± 0.06

Protocatechuic
acid

5.42 2.09 30.71 ± 0.03

ρ-OH benzoic
acid

9.21 5.21 76.56 ± 0.17

Catechin 10.74 3.68 53.97 ± 1.31

Vanillic acid 11.82 4.43 65.01 ± 0.10

Caffeic acid 12.52 3.63 53.19 ± 0.27

ρ-coumaric
acid

13.22 57.8 848.03 ± 2.70

Rutin 13.65 22.94 336.52 ± 15.32

Syringic acid 15.86 - ND

Epicatechin 17.12 - ND

Ferulic acid 17.88 - ND

Trans-cinnamic
acid

24.58 - ND

Luteolin 25.21 - ND

Abbreviation: ND, not detected.
aValues are expressed as mean ± SD of the three determinations.

4.3. Cell Viability and Comet Analysis

Cell viabilities were found to be over 98% in all groups.
A significant increase was induced in DNA damage with

increasing the concentration of H2O2 (10, and 20 µM; P <
0.001 for all; Figure 2); H2O2 of 20 µM, which produces ap-
proximately a 300 comet score in five minutes, was used as
the damage concentration in the following assay.

Figure 2. DNA Damage of Human Fibroblasts Exposed to Hydrogen Peroxide

a

a

Negative Control
(0 µM)

10 µM 20 µM 30 µM

Concentrations of Hydrogen Peroxide (µM)

400

350

300

250

200

150

100

50

0D
N

A
 D

am
ag

e 
(A

rb
it

ra
ry

 U
n

it
s)

Human fibroblasts were incubated for five minutes with different concentrations
of hydrogen peroxide. The results are presented in mean ± SD, (n = 3). a P < 0.001
compared to the negative control.

Cells were pretreated with WEP, and comet scores were
compared after damage with 20µM H2O2. Only the concen-
trations of 250 and 500 µg/mL WEP decreased DNA dam-
age significantly (P < 0.001) (Figure 3). The percentage re-
ductions of H2O2-induced DNA damage by WEP were 16%,
25%, and 32% for concentrations of 100, 250, and 500µg/mL
WEP, respectively.
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Figure 3. The Effect of One-hour Pretreatment of WEP on H2O2 -Induced DNA Damage
in Fibroblast Cells
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Groups: A, negative control; B, positive control (20 µM H2O2 alone); C, 100 µg/mL
WEP + 20 µM H2O2 ; D, 250 µg/mL WEP + 20 µM H2O2 ; E, 500 µg/mL WEP + 20 µM
H2O2 . Results are presented in mean± SD, (n = 3). a P < 0.001 compared to the posi-
tive control.

5. Discussion

Oxidative stress is caused by ROS and is the main by-
product formed in the cells of aerobic organisms and has
a close relationship with many pathological tables, such
as cancer, heart diseases, and diabetes. Therefore, antiox-
idant activity is an essential feature for human health.
It is believed that many of the biological functions may
originate from this feature. Phenolics in natural prod-
ucts might protect the humankind against chronic dis-
eases with their antioxidant action. Determining the an-
tioxidant activity of the tested natural product is therefore
accepted as a starting point for more comprehensive stud-
ies (21). Many in vitro assay are used to determine the an-
tioxidant capacity of herbal extracts, and at least two dif-
ferent methods are recommended (22, 23). Total pheno-
lics content is often used to examine the antioxidant prop-
erties of plant extracts since it is useful, rapid, and cost-
effective (24). A direct relationship was found between the
total polyphenolic contents and antioxidant capacity of
many fruits and vegetables (25). The FRAP method is fre-
quently preferred to estimate the antioxidant power of a
compound (26). The DPPH scavenging assay is one of the
most used methods because it reacts directly and rapidly
to antioxidants in a simple manner (23). Consequently,
we preferred to determine the antioxidant capacity of WEP
with these three different assays. TPC, FRAP, and DPPH re-
sults of WEP are presented in Table 1. Orhan et al. demon-
strated that the TPC value of water extract of Primula vul-
garis is 7.55 mg GAE/g extract (4). Also, Demir et al. demon-
strated that the TPC value of water extract of Primula vul-
garis is 89.6µg GAE/mg extract. Besides, the FRAP and DPPH

inhibition values of water extract of Primula vulgaris are
43% and 99.5% for the concentration of 45 µg/mL in the
same study, respectively (11). The difference between our
antioxidant activity results and those of other studies may
be due to the plant species, type of extraction method, ge-
ographic region, harvest season, and post-harvesting con-
ditions.

Several reports have described the use of HPLC with
DAD for characterization and quantification of phenolic
composition. It is known that HPLC presents higher ro-
bustness, reproducibility, and sensitivity, and it interfaces
easily with a great range of detectors (27-29). Therefore,
HPLC-DAD system was preferred for phytochemical anal-
ysis in this study, and eight phenolic compounds (gal-
lic acid, protocatechuic acid, ρ-OH benzoic acid, catechin,
vanillic acid, caffeic acid, ρ-coumaric acid and rutin) were
determined in the WEP (Table 2). The results of previous re-
searches revealed that the genus Primula is rich in polyphe-
nolic compounds, such as quercetin, kaempferol, isorham-
netin, rutin, methoxy derivatives of flavone, and gallic acid
(10, 30-32). Phenolic compounds are secondary metabo-
lites of plants and can exhibit many medical properties
(antioxidant, cardioprotective, anti-inflammatory, antimi-
crobial, anticancer, anti-ageing, etc.). Thus, polyhenols or
natural products including polyphenols have allured in-
creasing interest as potential agents for preventing and
treating many oxidative stress-related diseases, such as car-
diovascular diseases, cancer, ageing, diabetes mellitus, and
neurodegenerative diseases (33, 34). Primula vulgaris is a
medicinal plant, which has traditionally been used to treat
many diseases (1-4). The positive therapeutical properties
of Primula vulgaris in traditional medicine may arise from
these phenolic compounds. There was not any overlap
between our phenolic composition results and the litera-
ture data. This situation may arise from the plant species
and the number and kind of the used standards. We be-
lieve that the phenolic composition of P. vulgaris might of-
fer higher standard compounds should be changed with
might reveal with further standard compounds.

The comet assay is frequently used to detect DNA dam-
age in cellular level due to its cheapness, easiness, and
more sensitivity than the other assays (18, 19). Moreover, it
has been considered as a favorable assay to evaluate the ca-
pacity of phytochemicals to protect cells against genotoxic
agents (35, 36). Therefore, we preferred to determine DNA
damage using comet assay in this study. Methyl methane-
sulfonate, H2O2, ferrous sulfate, tert-butyl hydroperoxide,
and doxorubicine have been reported to cause in vitro DNA
damage in cells in antigenotoxicity studies (18, 20, 37, 38).
In this study, H2O2 was used to generate oxidative DNA
damage in fibroblast cells. H2O2 is a hydrofobic molecule;
It can therefore diffuse into the cytoplasm quite easily and
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can be rapidly transformed into hydroxyl radicals by the
Haber-Weiss or Fenton reactions. Hydroxyl radical is the
most detrimental type of ROS and can induce various types
of DNA damage, such as strand break, alkali-labile site, ox-
idized purine and pyrimidine (18). In this study, comet
scoring was performed using a scale of 0 (no damage) to
3 (most damage) in visual analysis in the comet assay be-
tween 10 and 30 µM H2O2 damaging concentrations. A sig-
nificant increase was induced in DNA damage with increas-
ing the concentration of H2O2 (10, and 20 µM; P < 0.001
for all; Figure 2). Maximum comet score is 300 on this
scale, and the H2O2 concentration was therefore selected
as 20 µM. Excessively long tails and DNA spectra scored at
4 were not included in this study, so 30 µM H2O2 was not
preferred as an optimum concentration of H2O2. Previous
reports have demonstrated that the damaging concentra-
tion of H2O2 in fibroblast cells changes between 10 and 100
µM. Thus, we used both concentrations of H2O2 (18, 39, 40)
and incubation time of H2O2 (5 Min), which were compat-
ible with previous literature (18, 41, 42). In this study, Prim-
ula vulgaris extract, rich in phenolic compounds, was inves-
tigated for its protective effect on H2O2-induced oxidative
DNA damage in foreskin fibroblast cells. The pretreatment
time (1 hour) of fibroblast cells with WEP was established
according to similar studies conducted on the antigeno-
toxic effect of natural products (18, 41, 43). Cells were pre-
treated with different concentrations of WEP before H22O2

treatment, and comet scores were compared with only 20
µM H2O2 treatment group (the positive control). The only
concentrations of 250 and 500 µg/mL WEP decreased DNA
damage significantly (P < 0.001) (Figure 3). The percent-
age reductions of H2O2-induced DNA damage by WEP were
16%, 25%, and 32% for concentrations of 100, 250, and 500
µg/mL WEP, respectively. Due to the pro-oxidant effect of
the extract at greater than 500 µg/mL concentration on
fibroblast cells, 500 µg/mL concentration was selected as
the highest concentration following the preliminary tests.
In our study, WEP did not return H2O2-induced DNA dam-
age to negative control levels. This, in part, may be due to
the pre-incubation time of one hour being too short. To
date, no study has reported the effect of Primula vulgaris ex-
tract on oxidative DNA damage by the comet assay. How-
ever, only Aslam et al. demonstrated that the ethanolic
leaf extract of Primula denticulata prevents DNA damage
against oxidative stress on calf thymus DNA (10). We be-
lieve that at this time the antigenotoxic effect of P. vulgaris
should be investigated both in vitro condition with differ-
ent treatment types (post or simultaneous) and in vivo con-
dition.

Many plants contain antioxidant components such
as polyphenolic compounds, which protect cells against
the detrimental effects of ROS (9). The antioxidant prop-

erty of polyphenolic compounds is attributed to their
ability to donate electrons to ROS (44). Aherne and
O’Brien reported that preincubation with three flavonoids
(quercetin, myricetin, and rutin) significantly protect hu-
man colon and liver cells against H2O2-induced DNA dam-
age without affecting cell viability and activity of antiox-
idant enzymes (catalase and superoxide dismutase) (45).
Also, (+)-catechin exhibits a protective effect against hete-
rocyclic amines-induced oxidative DNA damage in human
liver cells and it is more efficient than (-)-epicatechin in pre-
venting DNA damage (36). In addition, the protective ef-
fects of benzoic acid, caffeic acid, coumaric acid, gallic acid
and vanillic acid against DNA damage have been demon-
strated in several in vitro and in vivo studies (45-48). In
this study, many of these compounds were determined in
the extract, and the antigenotoxic effects of WEP may arise
from its phenolic content.

To our knowledge, this was the first study on phenolics
composition, antioxidant and antigenotoxic effect of Prim-
ula vulgaris extract. Further studies are required for the
isolation and identification of individual phenolic com-
pounds in the extracts. Moreover, the phytochemical stud-
ies together with biological activity investigations are es-
sential to reach a complete understanding of the medici-
nal applications.

Acknowledgments

The authors thank Dr. Huseyin Sahin (Giresun Univer-
sity) for his assistance with HPLC analysis. This work was
supported by Foundation of Scientific Research of Karad-
eniz Technical University.

Footnotes

Author Contribution: Study concept and Design: Mehtap
Tugce Ozkan, Rezzan Aliyazicioglu and Yuksel Aliyazi-
cioglu; analysis and interpretation of data: Mehtap Tugce
Ozkan, Selim Demir, Sema Misir and Ibrahim Turan; draft-
ing of the manuscript: Selim Demir and Sermet Yildirmis;
critical revision of the manuscript for important intel-
lectual content: Mehtap Tugce Ozkan, Rezzan Aliyazi-
cioglu, Yuksel Aliyazicioglu, Selim Demir, Sermet Yildirmis,
Ibrahim Turan and Sema Misir; statistical analysis: Selim
Demir and Ibrahim Turan.

Conflicts of Interest: None of the authors had any finan-
cial or personal relationships with other individuals or
organizations that might inappropriately influence their
work during the submission process.

6 Jundishapur J Nat Pharm Prod. 2017; 12(1):e40073.

http://jjnpp.com


Tugce Ozkan M et al.

References

1. Majid A, Hassan S, Hussain W, Khan A, Hassan A, Khan A, et al. In vitro
Approaches of Primula vulgaris Leaves and Roots Extraction against
Human Pathogenic Bacterial Strains. World Appl Sci J. 2014;30(5):575–
80.

2. Basbulbul G, Ozmen A, Biyik HH, Sen O. Antimitotic and an-
tibacterial effects of thePrimula verisL. flower extracts. Caryologia.
2008;61(1):88–91. doi: 10.1080/00087114.2008.10589614.

3. Jager AK, Gauguin B, Adsersen A, Gudiksen L. Screening of plants used
in Danish folk medicine to treat epilepsy and convulsions. J Ethnophar-
macol. 2006;105(1-2):294–300. doi: 10.1016/j.jep.2005.10.015. [PubMed:
16293381].

4. Orhan DD, Ozcelik B, Hosbas S, Vural M. Assessment of antioxidant,
antibacterial, antimycobacterial, and antifungal activities of some
plants used as folk remedies in Turkey against dermatophytes and
yeast-like fungi. Turk J Biol. 2012;36(6):672–86.

5. Kati H, Erturk O, Demirbag Z, Belduz AO. Antiviral activity of
Primula longipes extracts against baculovirus. Biologia Bratislava.
2001;57(6):633–6.

6. Tokalov SV, Kind B, Wollenweber E, Gutzeit HO. Biological ef-
fects of epicuticular flavonoids from Primula denticulata on hu-
man leukemia cells. J Agric Food Chem. 2004;52(2):239–45. doi:
10.1021/jf0347160. [PubMed: 14733502].

7. Buruk K, Sokmen A, Aydin F, Erturk M. Antimicrobial activity of some
endemic plants growing in the Eastern Black Sea Region, Turkey.
Fitoterapia. 2006;77(5):388–91. doi: 10.1016/j.fitote.2006.03.002.
[PubMed: 16716535].

8. El-Sayed RM, Moustafa YM, El-Azab MF. Evening primrose oil and cele-
coxib inhibited pathological angiogenesis, inflammation, and oxida-
tive stress in adjuvant-induced arthritis: novel role of angiopoietin-
1. Inflammopharmacology. 2014;22(5):305–17. doi: 10.1007/s10787-014-
0200-5. [PubMed: 24664592].

9. Park HR, Park E, Rim R, Jeon KI, Hwang JH, Lee S. Antioxidant activity of
extracts from Acanthopanax senticosus. Afr J Biotechnol. 2006;5(23).

10. Aslam K, Nawchoo IA, Ganai BA. In Vitro Antioxidant, Antibacterial
Activity and Phytochemical Studies of Primula Denticulata–An Im-
portant Medicinal Plant of Kashmir Himalaya. Int J Pharmacol Res.
2015;5(3):49–56.

11. Demir N, Gungor AA, Nadaroglu H, Demir Y. The antioxidant and radi-
cal scavenging activities of Primrose (Primula vulgaris). Eur J Exp Biol.
2014;4:395–401.

12. Slinkard K, Singleton VL. Total phenol analysis: automation and com-
parison with manual methods. Am J Enol Viticulture. 1977;28(1):49–55.

13. Benzie IF, Strain JJ. Ferric reducing/antioxidant power assay: di-
rect measure of total antioxidant activity of biological fluids and
modified version for simultaneous measurement of total antiox-
idant power and ascorbic acid concentration. Methods Enzymol.
1999;299:15–27. [PubMed: 9916193].

14. Blois MS. Antioxidant Determinations by the Use of a Stable Free Rad-
ical. Nature. 1958;181(4617):1199–200. doi: 10.1038/1811199a0.

15. Hwang YJ, Lee EJ, Kim HR, Hwang KA. In vitro antioxidant and anti-
cancer effects of solvent fractions from Prunella vulgaris var. lilacina.
BMC Complement Altern Med. 2013;13:310. doi: 10.1186/1472-6882-13-310.
[PubMed: 24206840].

16. Ozturk N, Tuncel M, Tuncel NB. Determination of Phenolic Acids
by a Modified HPLC: Its Application to Various Plant Materi-
als. J Liquid Chromatograph Relat Technol. 2007;30(4):587–96. doi:
10.1080/10826070601093911.

17. de Villiers A, Lynen F, Crouch A, Sandra P. Development of a Solid-
Phase Extraction Procedure for the Simultaneous Determination of
Polyphenols, Organic Acids and Sugars in Wine. Chromatographia.
2004;59(7-8) doi: 10.1365/s10337-004-0204-1.

18. Aliyazicioglu Y, Demir S, Turan I, Cakiroglu TN, Akalin I, Deger O,
et al. Preventive and protective effects of Turkish propolis on H2O2-

induced DNA damage in foreskin fibroblast cell lines. Acta Biol Hung.
2011;62(4):388–96. doi: 10.1556/ABiol.62.2011.4.5. [PubMed: 22119868].

19. Singh NP, McCoy MT, Tice RR, Schneider EL. A simple technique for
quantitation of low levels of DNA damage in individual cells. Exp Cell
Res. 1988;175(1):184–91. [PubMed: 3345800].

20. Turan I, Deger O, Aliyazicioglu Y, Demir S, Kilinc K, Sumer A. Effects
of Turkish propolis on expression of hOGG-1 and NEIL-1. Turk J Med Sci.
2015;45(4):804–11. [PubMed: 26422850].

21. Kaur C, Kapoor HC. Antioxidants in fruits and vegetables - the
millennium’s health. Int J Food Sci Technol. 2001;36(7):703–25. doi:
10.1046/j.1365-2621.2001.00513.x.

22. Nuutila AM, Puupponen-Pimia R, Aarni M, Oksman-Caldentey KM.
Comparison of antioxidant activities of onion and garlic extracts by
inhibition of lipid peroxidation and radical scavenging activity. Food
Chem. 2003;81(4):485–93. doi: 10.1016/s0308-8146(02)00476-4.

23. Lee JH, Lee SJ, Park S, Kim HK, Jeong WY, Choi JY, et al. Charac-
terisation of flavonoids in Orostachys japonicus A. Berger using
HPLC–MS/MS: Contribution to the overall antioxidant effect. Food
Chem. 2011;124(4):1627–33.

24. Dai J, Mumper RJ. Plant phenolics: extraction, analysis and their an-
tioxidant and anticancer properties. Molecules. 2010;15(10):7313–52.
doi: 10.3390/molecules15107313. [PubMed: 20966876].

25. Vinson JA, Su X, Zubik L, Bose P. Phenol antioxidant quantity and qual-
ity in foods: fruits. J Agric Food Chem. 2001;49(11):5315–21. [PubMed:
11714322].

26. Aliyazıcıoglu R, Sahin H, Erturk O, Ulusoy E, Kolayli S. Proper-
ties of Phenolic Composition and Biological Activity of Propo-
lis from Turkey. Int J Food Properties. 2013;16(2):277–87. doi:
10.1080/10942912.2010.551312.

27. da Silveira TF, Meinhart AD, de Souza TC, Teixeira Filho J, Godoy
HT. Phenolic compounds from yerba mate based beverages–
A multivariate optimisation. Food Chem. 2016;190:1159–67. doi:
10.1016/j.foodchem.2015.06.031. [PubMed: 26213090].

28. Giuffre AM. High performance liquid chromatography-diode array
detector (HPLC-DAD) detection of trans-resveratrol: Evolution during
ripening in grape berry skins. Afr J Agric Res. 2013;8(2):224–9.

29. Omoba OS, Obafaye RO, Salawu SO, Boligon AA, Athayde ML. HPLC-
DAD Phenolic Characterization and Antioxidant Activities of Ripe and
Unripe Sweet Orange Peels. Antioxidants (Basel). 2015;4(3):498–512.
doi: 10.3390/antiox4030498. [PubMed: 26783839].

30. Sofic E, Copra-Janicijevic A, Salihovic M, Tahirovic I, Kroyer G. Screen-
ing of medicinal plant extracts for quercetin-3-rutinoside (rutin) in
Bosnia and Herzegovina. Med Plants. 2010;2(2):97–102.

31. Mostafa FA, Gamal MA, Sabrin IRM, Ehab ES. Antioxidant and anti-
inflamatory activities of phenolic constituents from Primula elatior
L. Aerial part. Int J Pharmacogn Phytochemi Res. 2014;6:74–8.

32. Colombo PS, Flamini G, Fico G. Primula latifolia Lapeyr. and Prim-
ula vulgaris Hudson flavonoids. Nat Prod Res. 2014;28(19):1641–4. doi:
10.1080/14786419.2014.924003. [PubMed: 24969099].

33. Pandey KB, Rizvi SI. Plant polyphenols as dietary antioxidants in hu-
man health and disease. Oxid Med Cell Longev. 2009;2(5):270–8. doi:
10.4161/oxim.2.5.9498. [PubMed: 20716914].

34. Li AN, Li S, Zhang YJ, Xu XR, Chen YM, Li HB. Resources and biological
activities of natural polyphenols. Nutrients. 2014;6(12):6020–47. doi:
10.3390/nu6126020. [PubMed: 25533011].

35. Collins AR. Assays for oxidative stress and antioxidant status: applica-
tions to research into the biological effectiveness of polyphenols. Am
J Clin Nutr. 2005;81(1 Suppl):261S–7S. [PubMed: 15640489].

36. Haza AI, Morales P. Effects of (+)-catechin and (-)-epicatechin on
heterocyclic amines-induced oxidative DNA damage. J Appl Toxicol.
2011;31(1):53–62. doi: 10.1002/jat.1559. [PubMed: 20583320].

37. Gao K, Henning SM, Niu Y, Youssefian AA, Seeram NP, Xu A,
et al. The citrus flavonoid naringenin stimulates DNA repair
in prostate cancer cells. J Nutr Biochem. 2006;17(2):89–95. doi:
10.1016/j.jnutbio.2005.05.009. [PubMed: 16111881].

Jundishapur J Nat Pharm Prod. 2017; 12(1):e40073. 7

http://dx.doi.org/10.1080/00087114.2008.10589614
http://dx.doi.org/10.1016/j.jep.2005.10.015
http://www.ncbi.nlm.nih.gov/pubmed/16293381
http://dx.doi.org/10.1021/jf0347160
http://www.ncbi.nlm.nih.gov/pubmed/14733502
http://dx.doi.org/10.1016/j.fitote.2006.03.002
http://www.ncbi.nlm.nih.gov/pubmed/16716535
http://dx.doi.org/10.1007/s10787-014-0200-5
http://dx.doi.org/10.1007/s10787-014-0200-5
http://www.ncbi.nlm.nih.gov/pubmed/24664592
http://www.ncbi.nlm.nih.gov/pubmed/9916193
http://dx.doi.org/10.1038/1811199a0
http://dx.doi.org/10.1186/1472-6882-13-310
http://www.ncbi.nlm.nih.gov/pubmed/24206840
http://dx.doi.org/10.1080/10826070601093911
http://dx.doi.org/10.1365/s10337-004-0204-1
http://dx.doi.org/10.1556/ABiol.62.2011.4.5
http://www.ncbi.nlm.nih.gov/pubmed/22119868
http://www.ncbi.nlm.nih.gov/pubmed/3345800
http://www.ncbi.nlm.nih.gov/pubmed/26422850
http://dx.doi.org/10.1046/j.1365-2621.2001.00513.x
http://dx.doi.org/10.1016/s0308-8146(02)00476-4
http://dx.doi.org/10.3390/molecules15107313
http://www.ncbi.nlm.nih.gov/pubmed/20966876
http://www.ncbi.nlm.nih.gov/pubmed/11714322
http://dx.doi.org/10.1080/10942912.2010.551312
http://dx.doi.org/10.1016/j.foodchem.2015.06.031
http://www.ncbi.nlm.nih.gov/pubmed/26213090
http://dx.doi.org/10.3390/antiox4030498
http://www.ncbi.nlm.nih.gov/pubmed/26783839
http://dx.doi.org/10.1080/14786419.2014.924003
http://www.ncbi.nlm.nih.gov/pubmed/24969099
http://dx.doi.org/10.4161/oxim.2.5.9498
http://www.ncbi.nlm.nih.gov/pubmed/20716914
http://dx.doi.org/10.3390/nu6126020
http://www.ncbi.nlm.nih.gov/pubmed/25533011
http://www.ncbi.nlm.nih.gov/pubmed/15640489
http://dx.doi.org/10.1002/jat.1559
http://www.ncbi.nlm.nih.gov/pubmed/20583320
http://dx.doi.org/10.1016/j.jnutbio.2005.05.009
http://www.ncbi.nlm.nih.gov/pubmed/16111881
http://jjnpp.com


Tugce Ozkan M et al.

38. Munari CC, Alves JM, Bastos JK, Tavares DC. Evaluation of the geno-
toxic and antigenotoxic potential of Baccharis dracunculifolia ex-
tract on V79 cells by the comet assay. J Appl Toxicol. 2010;30(1):22–8.
doi: 10.1002/jat.1467. [PubMed: 19701884].

39. Teramoto S, Tomita T, Matsui H, Ohga E, Matsuse T, Ouchi Y. Hydro-
gen peroxide-induced apoptosis and necrosis in human lung fibrob-
lasts: protective roles of glutathione. Jpn J Pharmacol. 1999;79(1):33–
40. [PubMed: 10082315].

40. Chen X, Nishida H, Konishi T. Baicalin promoted the repair of DNA
single strand breakage caused by H2O2 in cultured NIH3T3 fibrob-
lasts. Biol Pharm Bull. 2003;26(2):282–4. [PubMed: 12576696].

41. Park YK, Lee HB, Jeon EJ, Jung HS, Kang MH. Chaga mushroom extract
inhibits oxidative DNA damage in human lymphocytes as assessed by
comet assay. Biofactors. 2004;21(1-4):109–12. [PubMed: 15630179].

42. Lin KH, Yang YY, Yang CM, Huang MY, Lo HF, Liu KC, et al. Antiox-
idant activity of herbaceous plant extracts protect against hydro-
gen peroxide-induced DNA damage in human lymphocytes. BMC Res
Notes. 2013;6:490. doi: 10.1186/1756-0500-6-490. [PubMed: 24279749].

43. Ke Y, Xu X, Wu S, Huang J, Geng Y, Misra H, et al. Protective effects
of extracts from Fructus rhodomyrti against oxidative DNA damage

in vitro and in vivo. Oxid Med Cell Longev. 2013;2013:507407. doi:
10.1155/2013/507407. [PubMed: 24089629].

44. Rice-Evans C, Miller N, Paganga G. Antioxidant properties of pheno-
lic compounds. Trends Plant Sci. 1997;2(4):152–9. doi: 10.1016/s1360-
1385(97)01018-2.

45. Aherne SA, O’Brien NM. Protection by the flavonoids myricetin,
quercetin, and rutin against hydrogen peroxide-induced DNA dam-
age in Caco-2 and Hep G2 cells. Nutr Cancer. 1999;34(2):160–6. doi:
10.1207/S15327914NC3402_6. [PubMed: 10578483].

46. Guglielmi F, Luceri C, Giovannelli L, Dolara P, Lodovici M. Effect
of 4-coumaric and 3,4-dihydroxybenzoic acid on oxidative DNA
damage in rat colonic mucosa. Br J Nutr. 2003;89(5):581–7. doi:
10.1079/BJN2003849. [PubMed: 12720578].

47. Gandhi NM, Nair CK. Protection of DNA and membrane from gamma
radiation induced damage by gallic acid. Mol Cell Biochem. 2005;278(1-
2):111–7. doi: 10.1007/s11010-005-6940-1. [PubMed: 16180096].

48. Erdem MG, Cinkilic N, Vatan O, Yilmaz D, Bagdas D, Bilaloglu R. Geno-
toxic and anti-genotoxic effects of vanillic acid against mitomycin C-
induced genomic damage in human lymphocytes in vitro. Asian Pac J
Cancer Prev. 2012;13(10):4993–8. [PubMed: 23244097].

8 Jundishapur J Nat Pharm Prod. 2017; 12(1):e40073.

http://dx.doi.org/10.1002/jat.1467
http://www.ncbi.nlm.nih.gov/pubmed/19701884
http://www.ncbi.nlm.nih.gov/pubmed/10082315
http://www.ncbi.nlm.nih.gov/pubmed/12576696
http://www.ncbi.nlm.nih.gov/pubmed/15630179
http://dx.doi.org/10.1186/1756-0500-6-490
http://www.ncbi.nlm.nih.gov/pubmed/24279749
http://dx.doi.org/10.1155/2013/507407
http://www.ncbi.nlm.nih.gov/pubmed/24089629
http://dx.doi.org/10.1016/s1360-1385(97)01018-2
http://dx.doi.org/10.1016/s1360-1385(97)01018-2
http://dx.doi.org/10.1207/S15327914NC3402_6
http://www.ncbi.nlm.nih.gov/pubmed/10578483
http://dx.doi.org/10.1079/BJN2003849
http://www.ncbi.nlm.nih.gov/pubmed/12720578
http://dx.doi.org/10.1007/s11010-005-6940-1
http://www.ncbi.nlm.nih.gov/pubmed/16180096
http://www.ncbi.nlm.nih.gov/pubmed/23244097
http://jjnpp.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Reagents
	3.2. Plant Collection and Extraction
	3.2.1. Estimation of Total Phenolic Content (TPC)
	3.2.2. Estimation of Reducing Power
	3.2.3. Free Radical Scavenging Activity

	3.3. HPLC Analysis of Phenolic Compounds
	3.4. Cell Culture
	3.4.1. Determining H2O2 Concentration
	3.4.2. Determining WEP Concentration
	3.4.3. Cell Viability
	3.4.4. Comet Assay

	3.5. Statistical Analysis

	4. Results
	4.1. Antioxidant Properties of WEP
	Table 1

	4.2. HPLC Profile of Primula vulgaris
	Figure 1
	Table 2

	4.3. Cell Viability and Comet Analysis
	Figure 2
	Figure 3


	5. Discussion
	Acknowledgments
	Footnotes
	Author Contribution
	Conflicts of Interest

	References

