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ABSTRACT

Purpose: - Estimation of Antioxidant and radioprotective efficacy of silymarin: An in vitro study
Methods: - The study shows the efficacy of silymarin as an antioxidant by calculating ABTS, DPPH,
EPR studies and radioprotective efficacy was performed by analysis of Micronuclei count.

Results: - The value of free radical scavenging activities of silymarin against DPPH (>65%) and ABTS
(22%) were evaluated. Based on the calculated g values, the strong EPR signal stability shows the
antioxidant activity of silymarin. Reduction in micronucleus count was seen at 25ug/ml with 2Gy y-

irradiation in HEK cells.

Conclusions: - Silymarin has the capacity of minimizing the deleterious of radiation. Due to its non-toxic
nature and safety in humans, silymarin could be used as a radiation countermeasure agent (RCM) agent

during nuclear/radiological emergencies.
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INTRODUCTION

Among the environmental stresses, both
ionizing and non-ionizing radiation have been
reported to induce free radicals. Free radicals
including reactive oxygen species (ROS) such
as superoxide anion radicals (O, ), hydroxyl
radicals (HO-), hydrogen peroxide (H,O,) and
peroxyl radicals (RCOO-) are active oxygen
components that are often generated during
aerobic conditions (1). Depending on the
nature of the ROS species, some are highly
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toxic and rapidly detoxified by various cellular
enzymatic and nonenzymatic mechanisms (2).

They are short lived known to cause damage to
cellular components including lipid, DNA,
protein, carbohydrate and other biological
molecules (3). In recent years, antioxidants
have been subjected to many studies that have
related their consumption to a reduction in the
incidence of oxidative damage related to
radiation. Therefore, attention has been
focused on the use of antioxidant-specially
natural herbal origin antioxidant for reduction
in the radiation-induced free radical and
improvement of human health (4). Kidney is
one of the most vital organs of human body.
Radiation induced kidney problems is a
common symptoms of acute radiation.
Silymarin, derived from Silybum marianum
(L.) Gaertner (common name Milk thistle)
worldwide  belongs to  the  family
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Asteraceae/Compositae. It contains mainly
flavonolignans with small amounts of
flavonoids and other polyphenolic compounds
is widely used as a hepatoprotectant and as a
supportive therapy of liver disorders (5) (6).
Flavonoids are phenolic compounds of plant
origin in which antioxidant properties have
been attributed (7). This may be attribute due
to their ability to scavenge free radicals and to
chelate metal ions (8). Silymarin is a mixture
of four structural components: silybin,
silidianin, silychristin and Silipide (9) (10) and
it was first isolated by using reversed phase-
HPLC method (11). Silybin has structural
similarity with steroidal hormones and thereby
acts in protein synthesis (12). Such potential
was attributed to its ability to maintain the cell
fluidity (13), to the hepatocyte Ca®" content
(14), to enhanced protein and DNA synthesis,
and to its anti-inflammatory ability (15), and
ability to modulate the hepatic detoxification
machinery (16). Silymarin interferes with
promotion and progression of cancer. It shows
direct anticancer effects against prostate,
breast, and ectocervical tumor cell line of the
active constituents of silymarin (17) (i.e.,
silibinin) is known for its radioprotective
efficacy on Plasmid and cellular DNA (18).

Keeping in view the multifarious properties of
silymarin, the present study was done using
standard  procedures to evaluate the
radioprotective properties of silymarin with a
view to elucidating the mechanism of action.

MATERIAL AND METHODS

Herbal Material

The milk thistle powder was obtained from
Wuxi Gorunjie Technology Co. Ltd, Jiangsu,
China. The sample was stored in a cool and dry
place away from strong light and heat as per
the prescribed information of the manufacturer.

Irradiation

A “Co gamma source (Gamma cell 5000,
Board of Radiation and Isotope Technology,
Mumbai, India) at a dose rate of 1.4 kGy/h was
used as source of irradiation in the liposomal
based membrane protection assay and HEK
cells were grown in 35 mm petri dishes, and
irradiated using “Co gamma chamber
(Bhabhatron-II Telecobalt unit — BARC,
Mumbai, India; Dose rate of 1.4 Gy/min) at
room temperature. Fresh air was circulated in
the chamber throughout the course of
irradiation.

DPPH radical scavenging activity
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The free radical scavenging activity using
DPPH was evaluated (19). The inhibitory
effect of different concentrations of silymarin
on DPPH was measured by recording the
absorbance of the reaction mixture at 517 nm,
continuously for 5 min.

ABTS radical scavenging activity

The ABTS diammonium salt radical cation
decolourization test is also a radical
scavenging test. (20). The reaction mixture
contained ABTS with varying concentrations
of silymarin. The absorbance was measured at
734 nm against PBS as control.

Micronuclei reduction

HEK cells, treated with different
concentrations of silymarin, were washed
twice with in phosphate buffer saline (PBS, pH
7.2; Himedia, India) and fixed in 70% ethanol
at 4°C for 2-4h. Fixed cells were stained with
10pg/ml Propidium iodide (Sigma, USA) in
phosphate  buffer (Na,HPO,.2H,O, 0.5%
tween-20 and 0.1M Citric acid) final pH 7.4
for 30min in dark at room temperature (21).
After washing the excess stain with distilled
water, the slides were observed under
fluorescence microscope (Olympus BX60,
Japan) using UV excitation filter. A total of
1000 cells in duplicates were scored per group.

Electron paramagnetic
spectroscopy analysis

For all EPR measurements an X-band
EMXmicro, EPR spectrometer (Bruker,
Germany) equipped with standard Resonator
were performed. Quartz capillaries were used
as sample tubes. The capillary tubes were
sealed and placed inside a standard EPR quartz
tube (i.d. 3mm) that was placed in the EPR
cavity. All EPR experiments were performed
at room temperature (18-230C), air conditions
and relative humidity 40 %, were carried out in
triplicate and repeated. Spectral processing (g-
value calculation, spectra intensity) were
performed using Bruker WIN-EPR and
SimFonia software.

resonance

Direct EPR spectroscopy study of Silymarin
powder and ethanol solution form were
recorded before and after 2hr of irradiation in
the range of light-waves from 290 nm to 320
nm using Transilluminator - 4000 (Stratagene,
USA). EPR settings were the follows: center
field 3513,5 G, sweep width 120 G,
modulation amplitude 10.00 G, microwave
power 1.28 mW, gain 2 x 103, time constant
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40.96 ms, sweep time 61.44 s, 10 scans per
sample. EPR spectrum of the irradiated powder
was recorded at the following EPR settings:
center field 3513,5 G, sweep width 120 G,
modulation amplitude 10.00 G, microwave
power 1.28 mW, gain 2 x 103, time constant
40.96 ms, sweep time 61.44 s, 1 scans per
sample.

RESULTS

Antioxidative property of Silymarin by using
DPPH and ABTS scavenging activity

The primary basis of free radical mechanism
was evaluated using ABTS and DPPH free
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radical scavenging activity models. In the
former case, silymarin exhibited 22% activity
at 100ng/ml and increased in a concentration-
dependent manner (Figure 1b), while in the
latter case, the activity was found to be 67%.
Concluding the DPPH scavenging activity,
silymarin exhibited significantly (p < 0.05)
higher activity as compared to ascorbic acid,
which was used as standard (Figure 1a). A
difference of more than 30% activity in free
radical modulation was observed in both
models with higher activity in the DPPH
model revealing its broad spectrum action
against various free radicals.
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Figure 1(a). Percentage of DPPH scavenging activity in comparison to the standard ascorbic acid
(b). Percentage of ABTS scavenging activity in comparison to the standard quercetin

Radioprotective efficacy of silymarin by
calculating Micronuclei frequency

Radioprotective  ability of silymarin was
estimating micronuclei frequency using HEK
cells. The micronuclei (22) formation frequency
in HEK cells was evaluated after 2Gy of y-
irradiation or in combination with silymarin
(25pg/ml).  2Gy  y-irradiation  significantly
increased the MN formation in cells as compared
to control (p < 0.05), as well as in silymarin
alone group also at all concentrations. Pre-treated
irradiated silymarin also resulted in decrease in
MN formation as compared to irradiated group.
Silymarin alone (25pg/ml) decreased MN
frequency by nearly three-times as compared to
irradiated control, exhibiting its nontoxic nature.
Silymarin elicited maximum reduction (69%) in
the radiation-induced MN induction at 72h time-
point (Figure 2). Maximal reduction in
micronuclei was observed at an optimum dosage

of 25pug/ml and optimal pre-treatment time of
0.5h.

Electron paramagnetic resonance spectroscopy

Radiation degrades the membrane of the cells,
the wall of the cells, and so facilities a more
efficient release of the extractable substances
(23). EPR spectra registered in the non-irradiated
powder and and after 2h- UVB- radiation of
Silymarin are presented on Figure 5.

As is seen the EPR spectra registered in non-
irradiated powder studied samples exhibited
almost a symmetrical single EPR spectral line
with g values - 2.00597+ 0.0002 at 3513 G
magnetic field, intensity of the EPR signal DI/N-
1.826 (in arbitrary units). After 2 hours UVB-
irradiation, EPR spectra registered in powder
samples of Silymarin exhibited EPR singlet
signal with g values - 2.00586+ 0.0002 at the
same magnetic field and intensity of the signal
DI/N- 1.431, correspondingly (Figure 3).
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Figure 2. Micronuclei frequency calculated in HEK cells per 500 cells. Pre-treated silymarin group significantly
showing decline in MN frequency as compared to Irradiated group in all time-points. Results are expressed as
mean of replicates (in thrice) from three independent experiments. *Significant (p < 0.001) as compared to
unirradiated control at various time point
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Figure 3. EPR spectrum of silymarin in powder form before (a) and after 2h of irradiation (b).

EPR spectra registered in the solution form
before and after 2h- radiation of silymarin are
presented on Fig. 4.
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Figure 4. EPR spectrum of silymarin in solution form before irradiation.

As is seen the EPR spectra registered in non-
irradiated powder studied samples exhibited
almost a symmetrical single EPR spectral line
with g value - 2.00597+ 0.0002 at 3513 G
magnetic field, intensity of the EPR signal
DI/N- 1.826 (in arbitrary units). After 2 hr
irradiation, EPR spectra registered in s powder
samples of silymarin exhibited EPR singlet
signal with g values - 2.00586+ 0.0002 at the
same magnetic field and intensity of the signal
DI/N- 1.431, correspondingly (Figure 4).

Moreover, the intensities of the EPR signals,
their g values and the presence of high

numbers of polyphenols in the structure
registered in powdered or in solution form of
silymarin were not affected by the irradiation
(p > 0.05) which means that the radical
structure presenting in silymarin is rather
stable to the radiation treatment.

It is well known that the stable radical DPPH
can react with antioxidants that possess
functional groups donating H and/or with free
radicals and these interactions might be written
as:

DPPH + AH=DPPH-H+ A" or DPPH + R = DPPH-R

It was also reported that a number of natural
antioxidants and  synthetic = compounds
possessing phenolic groups in their structures
could generate unstable radicals after oxidation
(24).

Results obtained from determination of the
DPPH radical scavenging capacity of
silymarin, after 2h of irirradiation by the EPR
spectroscopy technique are present on Figure
4. After addition, the corresponding tested
samples concentration no changes in the shape
of the DPPH spectrum was found but relative
intensity of the spectrum was decreased.

Maximum scavenging ability for non-
irradiated silymarin solution form (83.48% =+
6,503%) was observed at the highest
concentration (50 ul/ml) as compared to the
maximum activity of irradiated form (81,87 +
6,3781%) at the same concentration.

It was established that before irradiation the
percent of the scavenged DPPH radicals
statistical significant increased when the
concentration of silymarin increased (p <
0.05). The same dependence was demonstrated
for the irradiated samples (Figure 5).
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Figure 5. The percent of DPPH radical scavenging capacity of Silymarin ethanol solution after 5Gy

irradiation at different concentrations.

For every studied concentration of silymarin,
either before or after irradiation, there was not
found statistical significant difference in the
percent of the scavenged DPPH radicals. This
result was in accordance with our finding that
the free radical structure presenting in
silymarin was not affected by radiation
treatment for the period of 2hr and probably
the same structure was involved in the reaction
with DPPH.

DISCUSSION

The continued quest to develop ideal
radioprotective agents has, with reference to
designing appropriate modifiers of radiation
response, led to an enhanced understanding of
free radical biology. This led to the screening
of various natural plant products as bioactive
constituents for the development of future
radioprotective formulations. The focus of the
present study was to evaluate the antioxidant
and radiomodulatory potential of silymarin.

An imbalance of generation of ROS with
respect  to inactivation  caused by
internal/external effects/stimuli or by radiation
stress may lead to oxidative stress. The
underlying basis of free radical mechanism
was evaluated using ABTS and DPPH free
radical scavenging activity models (Figure 1).
A difference of more than 30% activity in free
radical modulation was observed in both
models with higher activity in the DPPH

model revealing its broad spectrum action
against various free radicals.

In order to determine radiation-induced
damage on critical normal tissues, we selected
HEK cells and check radiation-induced DNA
damage of Micronuclei (22) assay with
combinations of radiation and silymarin at
different dose concentration (10-100pg/ml).
Gamma radiation known to induce genotoxic
damage to DNA, chromosomes, and the
nucleus. Micronuclei frequency used as a
biological dosimetry now days for scoring
dicentric chromosomes in the field of radiation
protection (25). The current study revealed that
25ug/ml concentration of silymarin is most
appropriate dose as it demonstrates the non-
toxic nature of silymarin towards HEK cells. In
the current study, irradiation (2Gy) enhanced
the frequency of MN in HEK cells
significantly in comparison to control. Pre-
irradiation (0.5h) treatment with silymarin
substantially countered this upsurge in MN
frequency thereby shielding them against
radiation-induced DNA damage. By the
present EPR in vitro spectroscopy studies, we
have demonstrated that silymarin behaves in
vivo as a good antioxidant. Moreover, after
irradiation its antioxidant activity increases,
presumably due to the generation of
considerably stable free radicals in the
chemical composition, confirmed by the EPR
spectra registered.
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