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1. Introduction

ABSTRACT

Objective: To investigate the role of water—soluble extract of Salvia fruticosa (Greek sage) (S.
Jruticosa) leaves in reducing both intrinsic cellular and H,0,—induced DNA oxidation in cultured
human embryonic kidney 293 cells. S. fruticosa, native to the Eastern—Mediterranean basin, is
widely used as a medicinal herb for treatment of various diseases.

Methods: Dried leaves of S. fruticosa were extracted in phosphate buffer saline and purified
using both vacuum and high pressure filtrations. Each mL of the preparation contained (7.1£1.0)
mg of extract. HEK—293 cells were incubated in one set with S. fruticosa extract in the presence
of 0.1 mmol/L H,0,, and in the other set with the addition of the extract alone. The DNA oxidation
was measured using fluorescence upon fluorescein isothiocyanate derivatization of 8—oxoguanine
moieties. The fluorescence was measured using flow cytometry technique.

Results: Cells incubated 3 h with 150 UL extract and exposed to 0.1 mmol/L H,0, showed lower
intensity of fluorescence, and thus lower DNA oxidation. Moreover, cells incubated 3 h with 100
UL of the extract showed lower intensity of fluorescence, and thus lower intrinsic cellular DNA
oxidation compared to control (without S. fruticosa).

Conclusions: The results from this study suggest that the water—soluble extract of S. fruticosa
leaves protects against both H,0,-induced and intrinsic cellular DNA oxidation in human
embryonic kidney 293 cells.

KEYWORDS
Salvia fruticosa, DNA oxidation, Oxidative stress, Human embryonic kidney 293 cells, Flow
cytometry

degenerative disorders such as cancer and diabetes[6.7].

Recently, the development of new technologies has

Antioxidants are substances capable of counteracting the
oxidative damage of the free radicals in body tissues, and
reducing the cellular oxidative stress(1.2l, thus, decreasing
DNA, protein and lipid oxidation(3-5l. Enhancement of body
defenses via oral antioxidant supplementation would seem
to provide a reasonable and a practical approach to reduce

the level of oxidative stress, and thus preventing the

revolutionized the screening of natural products for potent
antioxidants and anticancer materials. Plant—derived
extracts are emerging as major players in this field.

Salvia fruticosa (also called a Greek sage) (S. fruticosa),
is a perennial herb native to the eastern Mediterranean
region. Cohorts in the Mediterranean region have used

water—soluble leaf extract of S. fruticosa to treat various
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diseases, especially digestive system diseases(8l. Tt has
been suggested that S. fruticosa treatment produces
hypoglycemia mainly by reducing intestinal absorption
of glucosel9.101. Pitarokili et al. (2003) showed that volatile
metabolites of S. fruticosa exhibited high antifungal
activities[11l. S. fruticosa oil extract as well as its alcoholic
extract revealed a strong antioxidant activity[12.13].
Moreover, Orhan et al. (2008) showed that S. fruticosa has
a significant anticholinesterase activityll4l. Later reports
showed that S. fruticosa stimulates DNA repair mechanism
in cultured HeLa cells(15l. Recent study found that the
crude ethanol extract of S. fruticosa has antiproliferative
aclivity against breast cancer cells(16l. A newly published
study by Sevindik and Rencuzogullari (2013) concluded
that S. fruticosa leaf extract had no cytotoxic effect against
human blood lymphocytes17].

The vast majority of S. fruticosa research has investigated
the possible health benefits of S. fruticosa oil and its
constituents; little information is available about its water—
soluble material. This study aimed to assess the H,0,—
induced DNA oxidation protection activity of water—soluble
extract of S. fruticosa leaves in human embryonic kidney
293 cells (HEK-293 cells). To do this, we measured the
8—oxoguanine moieties, sensitive biomarkers for oxidative
DNA lesions, using flow cytometry. This study is the first one
that utilizes flow cytometry to measure directly the anti—-DNA
oxidation activity of a plant extract.

2. Materials and methods
2.1. Preparation of Salvia Fruticosa Extract

Fresh S. fruticosa leaves were collected from the Marzoog
garden in the northern Jordan. The leaves were dried in the
shade for one week and stored in the dark for three months
before use. The dried leaves were grounded by mortar
and pestle to fine particles then dissolved in PBS buffer.
A volume of 5 mL buffer per gram of S. fruticosa leaves
was added, and the final suspension was homogenized,
transferred to a centrifuge tube, shaken overnight at
room temperature and stored at 4 °C in the dark. The
homogenized mixture was centrifuged at 10000 r/min for
10 min and the supernatant was transferred to a new tube.
The extract supernatant was further passed through an
ultra—centrifugation membrane (<30000 kDa; Amicon,
Bedford) under high—pressure conditions (12 psi), in a
filtration device (Amicon, Bedford). The extract passing the
membrane was collected and stored at 4 °C in the dark for
future use. Each mL of the preparation will contain (7.1+
1.0) mg of extract dry weight (0.7% w/v).
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2.2. Cell culture

We used human kidney cells (the HEK-293 cell line, ATCC,
Manassas, VA, USA) as a cell model in our investigation.
HEK—293 cells have been extensively used in cell biology
research for many years. The possible genotoxicity of the
extracts were examined previously in these cells[18].

HEK—293 cells were incubated in the Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with non—essential
amino acids, 2 mmol/L. L—glutamine, 5% penicillin/
streptomycin and Earle’s BSS adjusted to contain 1.5 g/L
sodium bicarbonate. Cells were kept at 37 °C in a humidified

incubator containing 5% CO, in air.
2.3. H,0, treatment

HEK—293 cells (1x10° cells/mL) are plated and exposed to
different treatments (a though ¢ below) before flow cytometry
analysis:

a. Addition of freshly prepared H,0, and incubation for 3 h
at 37 °C. The final concentration of H,0, in the cultured cell
plates was 0.1 mmol/L. Control assays were prepared in the
absence of H,0,.

b. Addition of freshly prepared H,0, followed by 150 pL
S. fruticosa extract and incubation for 3 h at 37 °C. The final
concentration of H,0, in the cultured cell plates was 0.1
mmol/L. Control assays were prepared in the absence of S.
Jruticosa extract.

c. Incubated for 3 h at 37 °C with only 100 uL of S. fruticosa
extract. Control assays were prepared in the absence of the

extract.
2.4. Flow cytometry

The level of DNA oxidation was measured using a flow
cytometric OxiDNA assay kit (Calbiochem, San Diego). The
method used was adapted and standardized in our previous
work to assess the oxidative DNA damage in human sperm(19].
This assay is based on utilizing a direct fluorescent protein
binding method for detection the DNA oxidation moieties
(8—oxoguanines). Briefly, HEK—293 cells were washed twice in
PBS, resuspended in 19 paraformaldehyde at a concentration
of (1-2)10° cell/mL and placed on ice for 15 to 30 min. These
cells were again washed and resuspended in 70% ice—cold
ethanol by 5 min centrifugation at 1600 r/min. The ethanol
supernatant was removed and the cell pellets were washed
twice in wash buffer and resuspended in 100 UL of the
staining solution for 1 h at room temperature.

The staining solution contained fluorescein isothiocyanate
(FITC) labeled protein conjugate, and deionized water. All
cells were further washed using rinse buffer, resuspended
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in 250 pL and incubated for 30 min in the dark on the ice for
flow cytometry measurements.

Data acquisition was operated within 1 h on a flow
cytometer equipped with a 515-nm argon laser as a light
source (FACScan; Becton Dickinson, San Jose, CA). 10000 cells
were interrogated for each single assay at a flow rate of 100
cells/second. The rITC fluorescence (log green fluorescence)
was measured on FL1 channel and data analysis was done
using FlowJo v4.4.4 software (Tree Star Inc., Ashland, OR).

2.5. Statistical analysis

Differences in the mean values of FITC fluorescence were
considered significant at P<0.05. Statistical analyses were
performed using paired i—test and two—tailed distribution by
the SPSS/PC computer software (SPSS 10.0.7, SPSS Inc.).

3. Results

The direct effect of H,0, on DNA oxidation in HEK—293
cells is shown in Figure 1. Flow cytometry analysis of FITC—
labeled HEK—293 showed that cells treated with 0.1 mmol/L
H,0, and incubated 3 h at 37 °C exhibit increased intensity of
FITC fluorescence (P<0.05), indicating an expected positive
effect of H,0, on the intrinsic baseline of cellular DNA

oxidation.
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Figure 1. The effect of H,0, in inducing DNA oxidation in HEK—293 cells as

evaluated by flow cytometry.

a: Represents the flow cytometry histogram for cells without H,0, treatment;

b: represents the flow cytomety histogram for cells incubated 3 h with 0.1

mmol/L H,0,. Data are representative of 6 independent experiments; the mean

values of the histograms (a, and b) are statistically different (P<0.05).

Figure 2 shows the effect of the S. fruticosa extract in
decreasing DNA oxidation induced by 0.1 mm H,0, in HEK—
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293 cells. Cells incubated 3 h with 150 uL of the extract
and exposed to 0.1 mmol/L. H,0, showed lower intensity of
fluorescence (P<0.05), and thus lower DNA damage.
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Figure 2. The DNA-oxidation protection activity of S. fruticosa extract.
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a: Represents the flow cytometry histogram for cells incubated 3 h with 0.1 mmol/
L H,0,; b: represents the population incubated 3 h with 0.1mmol/L H,0,
in the presence of 150 UL S. fruticosa extract. Data are representative of 6
independent experiments; the mean values of the histograms (a, and b) are
statistically different (P<0.05).

Figure 3 shows the effect of the S. fruticosa extract in
reducing the intrinsic cellular DNA oxidation in HEK—293
cells. As shown in the figure, cells incubated 3 h with 100
uL of the extract showed a lower intensity of fluorescence
(P<0.05), and thus lower intrinsic cellular DNA damage

compared to the control (in absence of S. fruticosa).
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Figure 3. The DNA—oxidation protection activity of S. fruticosa extract as
evaluated by flow cytometry.

a: Represents the flow cytometry histogram for cells without S. fruticosa extract
treatment; b: Represents the flow cytomety histogram for cells incubated 3
h with 100 pL S. fruticosa extract. Data are representative of 6 independent
experiments; the mean values of the histograms (a, and b) are statistically
different (P<0.05).
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4. Discussion

In cellular systems, in the presence of free ferrous and
cuprous ions, and superoxide anion (*0,-), H,0, can produce
hydroxyl radicals (*OH), a very short-lived reactive oxygen
species, which recognized as Fenton’s reaction[20-22]. *OH
causes DNA lesion; when created adjacent to the DNA it
strikes its main building blocks such as deoxyribose sugar
and nitrogen bases (purines and pyrimidines), which may
result in chemical alteration, and subsequently leads to
injury, death, or enhancement of abnormal growth of cells
(cancer development) [23].

The first flow cytometry experiment aimed to standardize
the level of H,0,—induced DNA oxidation in HEK-293
cells as determined using 8—oxoguanine as oxidative
damage marker. As expected for H,0,, our flow cytometry
experiments showed an increase in the DNA oxidation after
the addition of H,0,. However, in the presence of S. fruticosa
extract, we show a lower FITC—fluorescence intensity
compared to H,0, alone, and hence, a lower level of DNA
oxidation. Similar changes in DNA oxidation, have been
reported in the study the protective effect of L—carnitine to
reduce the in vitro oxidative stress on human spermatozoa
using this same 8—oxoguanine marker in flow cytometryl191.
Although, the constituents of our extract in this study are
unknown, the antioxidant effect may due to the presence
of polyphenols such as rosmarinic acid and luteolin—7-
glucosidellsl.

In the last flow cytometry experiment, we intended to
investigate the effect of water—soluble extract of S. fruticosa
on the basal—intrinsic cellular DNA oxidation in HEK—293
cells. Cells incubated 3 h with the extract showed lower
levels of 8—oxoguanine moieties compared to controls in
the absence of extract. This decrease in the cellular DNA
oxidation may due to an increase in the activity of DNA
repair machinery in the presence of S. fruticosa extract.
These results are in line with similar reports by Ramos
et al.(2010)15], who used the comet assay to investigate
the antioxidant activity of the water—soluble extract of S.
Jruticosa. The exact mechanism by which S. fruticosa boosts
the repair machinery of HEK—293 cells is not known at this
point. However, like the recent reports about extracting
polyphenols[24.25], a possible mechanism by which our water
extract of S. fruticosa reduces the level of DNA oxidation is
probably via alleviating the load of cellular oxidative stress
by directly scavenging the reactive oxygen species.

In conclusion, our results suggest that water—soluble
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extract of S. fruticosa leaves mediates protection against
both intrinsic cellular and H,0,—induced DNA oxidation in
HEK-293 cells. The reduction in the intrinsic cellular DNA
oxidation may reflect an enhanced activity of the DNA repair

machinery.
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Comments

Background

The oxidation of lipid, DNA, protein, carbohydrate, and
other biological molecules by toxic ROS may cause DNA
mutation or/and serve to damage target cells or tissues,
and this often results in cell senescence and death. Cancer
chemoprevention by using antioxidant approaches has been
suggested to offer a good potential in providing important
fundamental benefits to public health. Antioxidants of
plant extracts have formed the basis of many applications,
including processed food preservation, pharmaceuticals,

alternative medicine and natural therapies.

Research frontiers

This study is carried out to evaluate the water extract of
S. fruticosa leaves for its antioxidants activity in HEK293
cells by measuring 8—oxoguanine moieties as a sensitive

biomarkers oxidation, using flow cytometry.

Related reports
L—carnitine has similar changes in DNA oxidation; to
reduce the in vitro oxidative stress on human spermatozoa

using this same 8—oxoguanine marker in flow cytometry.

Innovations and breakthroughs
In this study authors have demonstrated the antioxidant

activity of the aqueous extract of S. fruticosa leaves in HEK-



Banihani SA and Bayachou M/Asian Pac ] Trop Biomed 2014; 4(5): 399-403

293 cells by using flow cytometry.

Applications

Enhancement of body defenses via oral supplementation
with S. fruticosa leaves protects against both H,0,—induced
and intrinsic cellular DNA oxidation and so reduce the level
of oxidative stress, and thus preventing the degenerative

disorders such as cancer.

Peer review

This is a good research in which authors cleared assess
H,0,-induced DNA oxidation protection activity of the
aqueous extract of S. fruticosa leaves based on measuring
8—oxoguanine moieties as a sensitive biomarkers oxidation
for oxidative DNA lesions in HEK-293 cells, using flow

cytometry.
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