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Abstract: Cadmium (Cd) contamination in food is a problem endangering human health.
Cd detoxication is an interesting topic particularly using food which provides no side effects.
Ricegrass juice is a squeezed juice from young rice leaves which is introduced as a functional
drink rich in polyphenol components. Se-enrichment into ricegrass is initiated to provide extra
advantages of their functional properties. The protective role of ricegrass juice (RG) and Se-enriched
ricegrass juice (Se-RG) against Cd toxicity during pre-, co- and post-treatment on HEK293 kidney
cells were investigated. Results confirmed that RG and Se-RG had very low toxicity for kidney cells.
Both extracts showed a protective role during pre-treatment and co-treatment against Cd toxicity
by exerting a reduction in malondialdehyde (MDA) content and the percentage of DNA damage in
tail and tail length of the comets over the Cd-treated cells. However, the Se-RG indicated additional
benefits in all properties over RG. High Se content in Se-RG resulted in more protective effects of the
regular ricegrass juice. In summary, this study provides clear evidence that Se-enriched ricegrass juice
has potential to be developed as a functional food to protect the human body from Cd contamination
via the reduction of oxidative stress and DNA damage.

Keywords: anti-cadmium toxicity; comet assay; DNA protective; HEK293 cells; ricegrass juice;
selenium enrichment

1. Introduction

Currently, daily food consumption could lead to the unexpected exposure of contaminated
compounds in the human body. Heavy metals, known as harmful agents, enter the food chain
excessively via industrial operations, mining, sewage sludge and waste disposal from households
into agricultural lands and water resources [1]. Accumulation of heavy metals in the environment
has been reported as increasing substantially over the past decades [2]. Due to the highly soluble
ability of cadmium (Cd) compounds as compared to other metals, Cd is readily taken up by plants
resulting in food and feed accumulation. Cd contamination from the environment is a subject of
serious health complications affecting cellular organelles and components such as cell membrane,
mitochondrial, lysosome as well as genetic DNA [3]. The kidney is a critical target organ where Cd is
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predominantly bioaccumulated. The exposed level of Cd can cause chronic difficulties, thus leading
to damage of kidney filtering mechanisms, kidney dysfunction, liver damage as well as damage to
skeletal, reproductive and respiratory systems [4,5]. The mechanism of Cd toxicity is related to its
interaction with carboxyl and thiol groups of protein which generate the production of reactive oxygen
species (ROS) such as superoxide ions, hydrogen peroxides, and hydroxyl radicals, and therefore
inducing oxidative stress and DNA damage by initiation of lipid peroxidation [6].

Recently, several studies have been reported that antioxidant molecules have protective effects
against renal and hepatic cadmium toxicity via a function of free radical scavenging [7]. Plants are
the foremost source of natural antioxidant molecules such as vitamin C, vitamin E, polyphenols
and some minerals like Se and Zn [8], thus they can be hypothesized as effective anti-cadmium
toxicity materials. The discovery of functional plant food rich in antioxidant compounds is now
being considered. Sprouts or young plants of cereals, grains or legumes are currently of interest since
plants at the beginning of the growing stage are associated with large amounts of quality bioactive
compounds and antioxidant molecules like polyphenols. Ricegrass is a brand-new sprout which
was recently introduced as a substitute for wheatgrass, particularly in tropical areas, as a low-cost
ingredient. It is rich in polyphenol compounds and has been previously investigated for its ability to
scavenge free radicals in vitro effectively [9].

It was proposed that the human body attempts to reduce heavy metals toxicity via some
antioxidant mechanisms such as metal chelation or degradation of free radicals [10]. Selenium (Se) has
been stated as a cofactor of antioxidant enzymes and can be used as antidote agent for mercury (Hg),
cadmium (Cd) and silver (Ag) [11]. The enrichment of Se into plants has been studied worldwide to
increase the level of Se content and may possibly propose an extra role for the biological properties
in plant foods, although concern must be given to appropriate forms and concentrations of Se [12].
Therefore, the objective of this study was to identify the specific phenolic types of polyphenol in
ricegrass juice extract (RG) and Se-rich ricegrass juice extract (Se-RG) and to investigate the effect of
them on in vitro anti-cadmium toxicity in HEK293 (human embryonic kidney cells kidney cells), lipid
peroxidation and DNA protective properties.

2. Materials and Methods

2.1. Reagents

Di-sodium ethylenediaminetetraacetic acid (EDTA-Na2), malondialdehyde (MDA),
2-thiobarbituric acid (TBA) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) were acquired from Sigma Aldrich Co. (St. Louis, MO, USA). SYBR gold nucleic acid stain and
trichloroacetic acid (TCA) were purchased from Thermo Fisher Scientific Co. (San Jose, CA, USA).
Reagents and media for the cell line included a trypan blue dye, trypsin-EDTA, fetal bovine serum
(FBS), penicillin-streptomycin and Dulbecco’s Modified Eagle Medium (DMEM) were purchased from
Gibco BRL, Life Technologies Inc. (Rockville, MD, USA). Low melting point agarose (LMA), dimethyl
sulfoxide (DMSO) and Triton-X was purchased from Amresco Inc. (Solon, OH, USA).

2.2. Plant Materials

Oryza sativa L. cv. Chainat 1 obtained from the Phatthalung Rice Research Center, Phatthalung,
Thailand was used in this study. Se in the form of sodium selenite at range 40 mg Se/L was used to
produce Se rich ricegrass as the best enrichment condition according to previous work [13]. Regular young
ricegrass and Se-rich ricegrass was grown for 8 d. After harvesting, both grasses were aqueous extracted
and the juices were lyophilized into powder. Ricegrass juice extract (RG) and Se-enriched ricegrass juice
extract (Se-RG) were determined for the total Se content using induced coupled plasma optical emission
spectroscopy (ICP-OES) and the contents were reported as 1.3 and 59.8 µg/g of extract, respectively.
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2.3. Polyphenols Identification

RG and Se-RG were investigated for the major compounds using the reversed-phase
ultra-high-performance liquid chromatography–electron spray ionization–mass detector
(UHPLC–ESI–MS) since only restricted data has been stated earlier on the specific types of
polyphenols found in the aqueous extract of young ricegrass. Polyphenols in RG and Se-RG were
identified using a Thermo Scientific (Dionex Softron GmbH., Germering, Germany) Ultimate 3000
UHPLC system equipped with diode array absorbance detector, electron spray ionization and linear
ion trap (LTQ XL) mass detector (DAD-ESI-MS). 10 mg/mL of extracts were dissolved in HPLC
water and filtered with a sterile syringe filter of 0.45 µm. Purosper STAR (250 mm × 4.6 mm) with
LiChrocart, Reverse Phase-18 column end-capped with 5 µm diameter particles (Merck, Darmstadt,
Germany) was used as the stationary phase. H2O containing 0.5% formic acid (solvent A) and
acetonitrile (solvent B) were selected as the mobile phase. The gradient condition was run according
to Table 1 and followed by washing with 100% methanol for 15 min and re-equilibration. The flow
rate was 0.8 mL/min, column temperature was 40 ◦C with the injection volume of 20 µL. The MS
parameters were as follows for both the negative and positive mode: heater temperature: 250 ◦C;
capillary temperature: 330 ◦C; sheath gas flow: 50 arbitrary units; auxiliary gas flow: 10 arbitrary units.
The mass data for the molecular ions were processed with Thermo XcaliburTM software version 2.2.44
(Thermo Scientific., Hemel Hempstead, UK). The peaks were examined based on the ultraviolet (UV)
spectra and mass ion compared to the existing literature.

Table 1. The gradient condition of ultra-high-performance liquid chromatography–diode array
absorbance detector–electron spray ionization–mass detector (UHPLC–DAD–ESI–MS).

Time (min) % Solvent B

0.00–10.00 0.00–10.00
10.01–15.00 10.00
15.01–20.00 10.00–15.00
20.01–30.00 15.00–25.00
30.01–35.00 25.00
35.01–45.00 25.00–100.00

2.4. Cell Culture Model

HEK293, human embryonic kidney cells, were purchased from the American Type Culture
Collection (Manassas, VA, USA). Dulbecco’s Modified Eagle Medium (DMEM) supplemented with
1.5% sodium bicarbonate, 10% fetal bovine serum (FBS), 1% penicillin-streptomycin was used for the
maintenance of cells at 37 ◦C, 5% CO2, in a fully humidified incubator. Phosphate buffer saline (PBS)
at pH 7.2 was used to wash the cells through the experiment.

2.5. Cell Viability Assay

Functional food products which can be claimed as safe need to be confirmed on their viability
effect of mammalian cells. The experiment was operated on human embryonic kidney cells, HEK293,
to define the dose of extracts indicated as safe to the cells to be used for the anti-cadmium toxicity
test. The MTT assay was used to determine the cell viability. Cells grown at 80–90% confluent were
harvested with 0.25% trypsin–EDTA and suspended in a fresh medium. Cell counts were measured
using a standard haemocytometer based trypan blue cell counting technique [14]. HEK293 cells at the
density of 1 × 106 cells/mL were seeded in 96-well tissue culture plates and allowed to adhere for 24 h.
After the cells were washed with PBS (pH 7.2), the media was mixed with a various concentration
of the extracts (250–10,000 µg/mL), then applied to the cells followed by 24 h incubation. After 24 h,
the cell viability was evaluated by adding 20 µL of MTT solution and 2 h incubation. Afterward,
the MTT solution was removed, and 100 µL of 0.04 N HCl in isopropanol was added to dissolve the
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formazan crystals. Absorbances were recorded at 570 nm using a microplate reader. The percentage of
cell viability was calculated with Equation (1);

% Cell viability = (Absorbance of sample/Absorbance of control) × 100 (1)

2.6. Anti-Cadmium Toxicity Properties

To examine the anti-cadmium toxicity properties of RG and Se-RG in HEK293 cells, initially, the
half maximal cytotoxicity concentration (CC50) of CdCl2 was investigated to be used as the established
dose to induce toxicity to the cells. After seeding HEK293 cells into 96-well plates at a density of
1 × 106 cells/mL, the cells were left to attach for 24 h before being treated with either CdCl2 or extracts.
The experiment was divided into three groups separated by different time order for treating the cells
with extracts. The first treatment group was the extracts’ pre-treatment; the ideal substances that can
reduce toxicity from this treatment could represent the role of the protective substances. Secondly, the
group of co-treatment was examined to check if the extracts could provide a protective role to cells
while it directly reacted to Cd. Lastly, the post-treatment group was designed to indicate the role of
the extracts as therapeutic agents. The detail of each group is briefly indicated in Table 2. The extract
was fixed to have a contact time of 24 h on cells in all treatments. The percentage of cell viability was
detected by MTT cytotoxicity assay and calculated as Equation (1). The morphology of the cells in
each treatment was also observed and captured using a microscope.

Table 2. The experimental treatment group on anti-cadmium toxicity and DNA protective properties.

Control Negative Control Sample

Time 24 h + 24 h 24 h + 24 h 24 h + 24 h

Pre-incubation Media Media Media CdCl2 * Extracts ** CdCl2
Co-incubation Media - Media + CdCl2 - Extracts + CdCl2 -
Post-incubation Media Media CdCl2 Media CdCl2 Extracts

* CdCl2 at CC50 level was used. ** Extracts from RG and Se-RG at 10,000 µg/mL were used.

2.7. Determination of Lipid Peroxidation

TBARS (thiobarbituric acid reactive substances) assay was used to determine the level of lipid
peroxidation. The endogenous cellular fluid was extracted according to the modified method of
Du, et al. [15]. Cells were harvested with 0.25% trypsin-EDTA and followed by centrifugation at
1000× g for 10 min. Cell pellets were washed with cold PBS until clean and re-suspended in 1 mL
of cold PBS. Cells were lysed using a probe-type sonicator (Vibra-Cell, Sonics and Materials Inc.,
Newtown, CT, USA) by pulsing at 15 s on and 10 s off for 5 cycles on ice. The cell extracts were
centrifuged at 10,000× g (4 ◦C) to discard the cell debris while supernatants were used for the
determination of MDA content and protein levels. Protein content was examined using bovine serum
albumin (BSA) as standard [16]. The modified method of Chen, et al. [17] was used to determine
the MDA content. 1 mL of cellular extracts were mixed with 4 mL of 20% TCA containing 0.8%
of TBA (w/v). The mixtures were heated at 95 ◦C for 60 min, then cooled in ice and centrifuged
at 3000× g for 10 min. The absorbance was measured at 532 nm. The amount of MDA–TBA red
complexes were compared to an external standard of MDA. The amount of TBARS was expressed as
nmol MDA/mg protein.

2.8. DNA Protective Properties Using Comet Assay

DNA damage can be induced by exogenous agents such as heavy metals, polycyclic aromatic
hydrocarbon from pollution, endogenous chemical genotoxic agents such as reactive oxygen species
(ROS) and natural chemical reactions [18]. The damage to the cellular genome can generate errors in
the transcription of DNA and protein translation which impair signaling and the cellular function and
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could result in the development of diseases [19]. The alkaline single cell gel electrophoresis assay or
comet assay was used to evaluate the DNA damage [20]. The DNA protective properties of the RG
and Se-RG extracts on HEK293 cells towards the exposure to CdCl2 were investigated. Briefly, HEK293
cells were seeded at 1 × 106 cells/mL in 12-well plates and incubated at 37 ◦C for 24 h. The cells
were treated with the following condition stated above (Table 2). Then, cells were harvested and fixed
into slides which had been covered with 150 µL of 1.5% LMA as the first layer. After solidification,
20 µL of freshly prepared cell suspension with 180 µL of 0.5% LMA (ratio 1:10) was rapidly mixed
by pipetting, and 80 µL of the mixture was loaded as the second layer. Then, 70 µL of 1% LMA was
added on to the cell layer as the third layer. Once the gel was solidified, the slides were placed in a
chilled lysis buffer containing 2.5 M NaCl, 100 mM EDTA, 100 mM Tris–HCl at pH 10 and 1% DMSO,
1% Triton X-100 for at least 2 h at 4 ◦C. The slides were then removed and placed in a comet assay
tank (Model CSL-COM20, Cleaver Scientific, Rugby, Warwickshire, UK) filled with freshly prepared
alkaline buffer at 4 ◦C (300 mM NaOH, 1 mM Na2EDTA, pH ≥ 13) for 15 min to unwind the DNA,
and electrophoresis was carried out at 25 V and 300 mA for 45 min. Afterward, the slides were rinsed
with deionized water and neutralized gently with 0.4 M Tris–HCl buffer, pH 7.5 for 5 min. Finally, the
slides were soaked in ethanol for 5 min and left at room temperature until they were completely dried.
The cellular DNA was stained using SYBR gold nucleic acid stain in the dark for 20 min and visualized
using a fluorescent microscope (Eclipse 80i, Nikon, Tokyo, Japan). The comet images (45–60 cells/slide)
were captured and analyzed. The quantification of the DNA strand breaks was done using CometScore
2.0.0.38 software (Tritek Corp., Sumerduck, VA, USA). The % DNA in tail and tail length were obtained.

2.9. Statistical Analysis

Completely randomized design (CRD) was used throughout the study. All experimental data
were presented as the mean ± standard deviation (SD) of three replications. Means were analyzed
using analysis of variance (ANOVA). The significant differences among means were determined by
Tukey’s test (p < 0.05) using SPSS for Windows (SPSS Inc, Chicago, IL, USA).

3. Results and Discussion

3.1. Polyphenols Identification Using Ultra High-Performance Liquid Chromatography–Electron Spray
Ionization–Mass Detector (UHPLC–ESI–MS)

Results of polyphenols identification showed that RG and Se-RG contain similar types of
identified compounds. Six major compounds comprising more than 70% of relative content
were tentatively identified (Table 3) where the molecular weight and electrospray ionization mass
spectrometry of detected compounds were reported. Phenolic glycoside was detected and defined as
1-O-sinapoyl-β-D-glucose. The ion found with the m/z of 367 was defined as 3-O-feruloyl quinic acid
due to the presence of a ferulic acid fragment at m/z 193. The largest compounds in RG were identified
as a group of flavone glycosides including chrysoeriol arabinosyl arabinoside, tricin, swertisin and
tricin-7-O-β-D-glucopyranoside which has been earlier reported as having been found in the leaves of
Oryza sativa and Triticum aestivum (wheat) [21,22].
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Table 3. Tentative identification of phenolic compounds in ricegrass juice extract (RG) and Se-rich
ricegrass juice extract (Se-RG) analyzed by UHPLC–ESI–MS.

Tentative Compounds MW * [M − H]+ (m/z) References

Tricin 330 329 [22,23]
1-O-Sinapoyl-β-D-glucose 386 385 [22]
3-O-Feruloylquinic acid 368 367 [22,24]

Chrysoeriol arabinosyl arabinoside 564 563 [22,24]
Swertisin 446 445 [22]

Tricin-7-O-β-D-glucopyranoside 492 491 [25]

* MW: Molecular weight.

3.2. Cytotoxicity of Ricegrass Juice Extract (RG) and Se-Rich Ricegrass Juice Extract (Se-RG)

The dose of extracts indicated as safe to cells was used for the anti-cadmium toxicity test. Figure 1
revealed that the cell number of HEK293 slightly decreases while treated with both RG and Se-RG and
remained constant while the concentration of the extracts was increased up to the dose of 10,000 µg/mL.
Se-RG extracts displayed no significantly different effect on the reduction of cell numbers compared to
the RG (p < 0.05). There was a minor reduction in cell number, however, the cells remained higher than
80% of the control which was indicated as the acceptable range classified as safe [26]. Although the
alteration of cell morphology after treatment with the extracts has been detected, it was regarded as a
result of the sensitivity of cells when they had encountered the foreign matter and attempted to adapt
to the new environment. Therefore, from this result it can be assumed that both extracts had no or low
toxicity to the kidney cells and the dose of both extracts at the highest concentration (10,000 µg/mL)
could be used for the next experiment.
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Figure 1. Effect of different concentrations of RG and Se-RG on the cell viability of HEK293 kidney cells.
Data are means ± standard deviation (SD). Different letters indicated significant differences between
treatment in the similar concentration of extracts (p < 0.05) in Tukey’s significant differences test.

3.3. Anti-Cd Toxicity of RG and Se-RG and Effect on Lipid Peroxidation

The kidney is the critical organ affected by chronic Cd exposure and toxicity. Cd accumulates
in the kidney because of its preferential uptake by the receptor in the renal proximal tubule and
accumulates in the human kidney for a relatively long time, from 20 to 30 years [27]. The exposed level
of Cd can cause chronic difficulties, thus leading to damage of kidney filtering mechanisms and kidney
dysfunction [4]. HEK293 cells, human embryonic kidney cells, were used as a demonstrative model
to examine the effect of CdCl2 toxicity and the protective role of extracts against CdCl2. The level
of CdCl2 which could be used to induce the cytotoxicity was examined. Figure 2 showed that the
viability of HEK293 cells was significantly decreased (p < 0.05) while exposed to higher level of CdCl2.
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Cd is not able to generate radical itself but the toxicity was related to the generation of reactive oxygen
species (ROS) such as superoxide ions, hydrogen peroxides and hydroxyls radicals and therefore
induced oxidative stress and DNA damage by initiation of the lipid peroxidation [6].The estimated
half maximal concentration (CC50) dose of CdCl2 in HEK293 was indicated as 68.5 µmol/L and this
level could be used as a suitable dose for the evaluation of anti-cadmium toxicity properties of the RG
and Se-RG.

The experiment on anti-cadmium toxicity properties was designed to assess the effect of RG and
Se-RG against CdCl2 exposure on the cell viability and lipid peroxidation at different time orders, as
each substance may alleviate the toxicity from Cd induction differently [10]. Results reveal that RG
and Se-RG significantly increased (p < 0.05) the percentage of cell viability during pre-treatment and
co-treatment but not during post-treatment with Cd compared to the cells treated with Cd at CC50

level alone (Figure 3).
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Figure 2. Effect of different concentrations of CdCl2 on the cell viability of HEK293 kidney cells. Data
are means ± standard deviation (SD).
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Figure 3. Anti-Cd toxicity properties of RG and Se-RG on HEK293 kidney cells while exposed to CdCl2
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The highest concentration of both extracts (10,000 µg/mL) exerted the highest ability to protect
HEK293 cells against Cd toxicity. Thus, the pathological evaluation of cell morphology treated with
the extracts at this concentration was observed as shown in Figure 4. The morphological changes while
treating the cells with Cd were detected. A majority of the cells were broken and floated into the media
while the rest were weakened and lost their cell structure. Although the cells in the condition of extracts
pre-treatment illustrated some lost and unusual cells morphology, the cells remained strengthened
in their frame similarly to web shape. The changes of cells in co-treatment conditions were also
detected as they were swollen and changed to a circle-like shape, but they preserved their structure.
These data suggested that pre-treatment and co-treatment of RG and Se-RG with Cd could improve
the Cd-induced pathological damage of kidney cells better than the Cd-treated and can potentially
protect against kidney cell damage. Living organisms contain lipid as the main structure of cellular
membranes. Cd could induce the damaging effects to the cells from the lipid peroxidation process [28].
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Therefore, the extent of lipid peroxidation by-products produced like malondialdehyde (MDA) can
imitate the extent of cells oxidative damage initiated by Cd [29]. TBARS assay is a well-established
method use as an index of lipid peroxidation and lipid hydroperoxides. When the cells exposed to
Cd, the MDA content was markedly increased, thus suggesting the increased in oxidative stress of
kidney cells (Figure 5). However, outcomes indicated that during pre-treatment and co-treatment of
both RG and Se-RG, the level of MDA in HEK293 was significantly reduced compared to Cd-treated
cells (p < 0.05).
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The role of phenolic compounds in the extracts was considered as having the major effects on the
protective role against Cd-induced damage. It could be explained that the extracts rich in polyphenols
compounds possess the inhibition of lipid peroxidation chain reaction by stabilizing the hydroxyl
radicals and lipid peroxyl radicals, thereby lowering the extent of oxidative damage to the lipid cell
membrane and lower level of MDA [30,31]. Moreover, phenolic compounds as antioxidant molecules
could propose the role of upregulating the antioxidant protection system by stimulating the production
of antioxidant enzymes including super oxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx). As a result, strengthening the immunity and lowering the damage caused by Cd
during pre-treatment and co-treatment to the cells [10]. RG and Se-RG contained abundant polyphenols
such as flavone glycosides. Therefore, the protective role of the extracts could be related mainly to
these groups of compounds. Similar results also indicated the protective effect of bioflavonoids, for
example, quercetin against Cd-induced oxidative stress-related renal dysfunction in rats by attenuating
the Cd-induced biochemical alterations in serum, urine and tissue pathological changes via a decrease
in lipid peroxidation rate [32]. Flavonoid, namely catechin from green tea, has also been proved to
protect against bone metabolic disorders in cadmium-poisoned rats [33]. While focusing on the effect
of high Se, Se-RG extracts revealed marginally higher protective properties against Cd toxicity over the
RG in pre-treatment and co-treatment conditions. Se was used as antidote agent to a range of heavy
metal toxicities including Cd, Hg, and Ag [11]. Generally, studies have indicated the beneficial effect of
Se on antioxidant status and lipid peroxidation when pre-exposed and co-exposed to Cd [34–36]. Lipid
peroxidation occurred because of Cd exposure; moreover, a significant decrease in the antioxidant
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composition factors, such as glutathione (GSH) levels, the activities of glutathione peroxidase (GPx)
and thioredoxin reductase (TrxR), was also stated [34]. Se compounds have been generally known as a
major cofactor of GPx and TrxR, thus, Se could logically promote the greater level of these antioxidant
enzymes activity and play a role in managing the radicals occurring in the cells. Se could also present
protective effects on mitochondria dysfunction by blocking the ROS generation, a possible inhibition
of Cd-induced mitochondrial membrane collapse [37].

Foods 2018, 7, x FOR PEER REVIEW  9 of 13 

 

during pre-treatment and co-treatment to the cells [10]. RG and Se-RG contained abundant 
polyphenols such as flavone glycosides. Therefore, the protective role of the extracts could be related 
mainly to these groups of compounds. Similar results also indicated the protective effect of 
bioflavonoids, for example, quercetin against Cd-induced oxidative stress-related renal dysfunction 
in rats by attenuating the Cd-induced biochemical alterations in serum, urine and tissue pathological 
changes via a decrease in lipid peroxidation rate [32]. Flavonoid, namely catechin from green tea, has 
also been proved to protect against bone metabolic disorders in cadmium-poisoned rats [33]. While 
focusing on the effect of high Se, Se-RG extracts revealed marginally higher protective properties 
against Cd toxicity over the RG in pre-treatment and co-treatment conditions. Se was used as antidote 
agent to a range of heavy metal toxicities including Cd, Hg, and Ag [11]. Generally, studies have 
indicated the beneficial effect of Se on antioxidant status and lipid peroxidation when pre-exposed 
and co-exposed to Cd [34–36]. Lipid peroxidation occurred because of Cd exposure; moreover, a 
significant decrease in the antioxidant composition factors, such as glutathione (GSH) levels, the 
activities of glutathione peroxidase (GPx) and thioredoxin reductase (TrxR), was also stated [34]. Se 
compounds have been generally known as a major cofactor of GPx and TrxR, thus, Se could logically 
promote the greater level of these antioxidant enzymes activity and play a role in managing the 
radicals occurring in the cells. Se could also present protective effects on mitochondria dysfunction 
by blocking the ROS generation, a possible inhibition of Cd-induced mitochondrial membrane 
collapse [37]. 

 
Figure 5. Level of malondialdehyde (MDA) in HEK293 cells treated with RG and Se-RG at the level 
10,000 µg/mL compared to the control and Cd-treated ones. Data are means ± standard deviation 
(SD). Different letters indicated significant differences in the similar group of treatment (p < 0.05) in 
Tukey’s significant differences test. 

3.4. DNA Protective Properties 

Comet assay or single cell gel electrophoresis is a standard rapid method for detecting DNA 
damage in individual cells. The percentage of DNA in tail and tail length was analyzed as the measure 
of primary DNA damage [24]. Therefore, comet assay is useful for this study to evaluate the DNA 
protective role of RG and Se-RG extracts against Cd. The highest concentration of both was used 
(10,000 µg/mL) as they protect the highest number of percent cell viability. Figure 6 illustrates the 
capture of comet cells of each treatment during pre-treatment, co-treatment, and post-treatment of 
RG and Se-RG compared to the Cd-treated and control. Figure 7 shows the parameters of the comet 
cells included % DNA in tail and tail length. 

Comet cells of the control of every treatment displayed a circle-like shape in which the whole 
nuclei and DNA were beautifully stained with the fluorescent color. The condition of Cd-treated cells 
indicated the presence of a clouded comet tail in which the % DNA in tail and tail length were 
increased significantly (p < 0.05) because of Cd-induced the oxidative damage to cells. In both of pre-
treatment and co-treatment conditions, the RG and Se-RG treated cells significantly exhibited the 

d d b

a
a

a

b b

a

c c

a

0
1
2
3
4
5
6
7
8

Pre Co Post

M
D

A
 c

on
te

nt
 

(n
m

ol
/m

g 
pr

ot
ei

n)

Treatment

Control

Cd

RG

Se-RG

Figure 5. Level of malondialdehyde (MDA) in HEK293 cells treated with RG and Se-RG at the level
10,000 µg/mL compared to the control and Cd-treated ones. Data are means ± standard deviation
(SD). Different letters indicated significant differences in the similar group of treatment (p < 0.05) in
Tukey’s significant differences test.

3.4. DNA Protective Properties

Comet assay or single cell gel electrophoresis is a standard rapid method for detecting DNA
damage in individual cells. The percentage of DNA in tail and tail length was analyzed as the measure
of primary DNA damage [24]. Therefore, comet assay is useful for this study to evaluate the DNA
protective role of RG and Se-RG extracts against Cd. The highest concentration of both was used
(10,000 µg/mL) as they protect the highest number of percent cell viability. Figure 6 illustrates the
capture of comet cells of each treatment during pre-treatment, co-treatment, and post-treatment of RG
and Se-RG compared to the Cd-treated and control. Figure 7 shows the parameters of the comet cells
included % DNA in tail and tail length.

Comet cells of the control of every treatment displayed a circle-like shape in which the whole
nuclei and DNA were beautifully stained with the fluorescent color. The condition of Cd-treated
cells indicated the presence of a clouded comet tail in which the % DNA in tail and tail length were
increased significantly (p < 0.05) because of Cd-induced the oxidative damage to cells. In both of
pre-treatment and co-treatment conditions, the RG and Se-RG treated cells significantly exhibited the
reduction in the % DNA in tail and tail length compared to the Cd-treated group (negative control),
and thus illustrated a DNA protective effect. The results on comet assay parameters of each treatment
were correlated to the content of MDA production.

The damaging of DNA could be a subsequent effect on the production of high ROS and lipid
radicals induced by Cd. The role of flavone glycosides as a natural antioxidant in the RG and Se-RG
may influence the protective property by possibly up-regulating the level of the antioxidant defense
system and abolishing oxidative DNA damage via the donation of electrons to reactive metabolites
and rendering them inactive to prevent the interaction to the DNA. The experiment on the protective
role of flavonoid compounds as an excellent radical scavenger to reduce the DNA damage in human
blood lymphocyte is also consistent with this result [38]. Se-RG showed higher ability on the reduction
in the tail length and % DNA in the tail of the comets compared to the RG. This indicated that Se in
combination with the polyphenols could provide an extra protection and promote a protective role for
the kidney cells. Se as the cofactor of various endogenous enzymes works in the antioxidant system
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could support the activity on the destructive of ROS. Fischer, et al. [39] suggested another possible
role of Se, especially in the organic form, of protecting DNA damage via induction of p53 DNA repair
pathway and transactivation of p53-regulated effector genes.

In the post-treatment condition, although the addition of the RG and Se-RG showed no significant
effect on an improvement in cell viability of HEK293 cells, a minor role of DNA protection can visibly
be seen. In the Cd-treated condition, most DNA in cells were broken down as indicated by the size
of the comet head being obviously decreased from the control. DNA fragments were spread into
the surrounding area as detected from the blurred green background. However, the addition of
the extracts could not save the cell viability from Cd exposure, and the intensive black background
remained to be observed. This might indicate a slight reduction in the number of DNA fragments
in the surrounding area as both RG and Se-RG indicated a reduction in % DNA in the tail of comets
compared to Cd-treated cells. Moreover, the addition of Se-RG indicated significant reduction in the
tail length (p < 0.05), and thus showed better DNA protective properties.
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control; Cd means CdCl2 at CC50 level (68.50 µg/mL).
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Figure 7. Assessment of DNA damage parameters in HEK293 cells treated with RG and Se-RG at the
level 10,000 µg/mL compared to the control and Cd-treated ones evaluated using the CometScore
software. (a) changes in % DNA in tail; (b) changes in tail length. Data are means ± standard deviation
(SD). Different letters indicated significant differences (p < 0.05) in Tukey’s significant differences test.

4. Conclusions

In conclusion, our results showed the protective effect of RG and Se-RG in counteracting
Cd-induced damage in HEK293 kidney cells during pre-treatment and co-treatment with Cd.
The results could support the hypothesis that polyphenols in combination with Se compounds may
help in the reduction of oxidative stress, lipid peroxidation rate, morphological impairments and DNA
damage to kidney cells. Flavone glycosides as the major polyphenols in the extracts should contribute
to these beneficial effects. Se-enrichment to ricegrass could promote additional benefits over typical
ricegrass through the upregulation of the GPx enzyme. Se-RG should have potential to be produced
and consumed as a functional food to protect the human body from Cd contamination.
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