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Lasalocid, an ionophore coccidiostat, extensive use implies a risk of toxicological impacts. Protective effects of silybin, a herbal
compound of Silybum marianum, are reported elsewhere. e aim of this study was to compare effects of the combined use of
lasalocid and silybin in chicken hepatoma cells (LMH) and rat myoblasts (L6) cell lines cultures.e cytoprotective effect resulting
from an interaction of both pharmaceuticals was measured with the help of MTT reduction and, coomassie brilliant blue binding
(CBB) and LDH release assays. Isobolography and the combination index (CI) estimated the nature and scale of interaction. In
all performed tests, the lowest lasalocid EC50-values were obtained for chicken hepatocytes. In the rat myoblasts cultures, the
lowest lasalocid EC50-values were found with LDH test. Simultaneously, a lack of silybin cytotoxic effect was proven for the studied
cell lines. An interaction between both substances led to a considerable decrease of lasalocid cytotoxicity. e isobolograms and
combination index showed a signi�cant antagonistic nature of silybin effect in the course of lasalocid cytotoxicity. It is concluded
that the mechanism of cytoprotection results from complex reaction at biochemical and biophysical endpoints during chicken
hepatocytes and rat myoblasts cell lines exposure to silybin and lasalocid co-action.

1. Introduction

Lasalocid is a polyether carboxylic ionophorous antibiotic
intended for use in the veterinary practice as a coccidiostat
for the gastrointestinal parasites’ treatment in poultry. is
drug is characterized by a narrow safety margin, since the
accidental lasalocid poisoning cases among animals have
been reported [1–4]. e clinical syndrome of lasalocid
poisoning in animals includes skeletal muscle lesions, neu-
rological signs, and increase serum enzymes,s which results
from muscles and liver’s damages [1–4]. e toxicological
monitoring of eggs and chicken edible tissues (liver, muscles)
revealed that the concentration of lasalocid is much higher
than itsmaximum residue limits (MRL) [5, 6]. In vitro studies
report that lasalocid disturbs the ions membrane transport,
leading to mitochondria damages and cell functioning [7–
9]. In herbal medicine, milk thistle (Silybum marianum L.
Gaertn.) is a plant with a well-recognized cytoprotective

activity due to silymarin content. e extract from fruits
and seeds of milk thistle consists of silybin, as a main
�avonolignan, representing 50% to 70% of the silymarin
content [10, 11]. Both in vitro and in vivo studies reported
its cytoprotective, antioxidant, and chemopreventive proper-
ties. e hepatoprotective effect of silybin has been studied
in chicken intoxications induced by toxic agents, such as
acetaminophen, carbon tetrachloride, iron overload, amanita
mushroom poisoning, or a�atoxicosis [12–14]. Recently, sily-
bin found application in the cardiomyo-protective treatment
[15, 16]. Results of silybin study indicated that its activity
is expressed as a cell membrane stabilizer and permeability
regulator. In addition, promotion of ribosomal RNA synthe-
sis, free radicals scavenging, and regulation of intracellular
content of glutathione by silybin have been reported [17].
However, there is limited information regarding silybin
interaction with veterinary drugs.
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e aim of this study is focused on lasalocid and sily-
bin effects alone, followed by their combined simultane-
ous impact to liver and muscle cells, chicken hepatoma
(LMH), and rat myoblast (L6) cell lines. Impact on the
cell viability was examined by battery of tests, which eval-
uated the different endpoints at a cellular level. e MTT
reduction to measure metabolism activity of living cells,
coomassie brilliant blue dye (CBB) assay to evaluate total
cellular protein, and lactate dehydrogenase release (LDH)
to assess membrane stability tests were applied. e median
effective concentrations (EC50) were estimated separately
for lasalocid and silybin, followed by their combined effects
measurement. Presentation of the data on isobolograms and
estimation of combination index (CI) allowed to understand
the nature of lasalocid and silybin interaction and its scale.

2. Materials andMethods

2.1. Chemicals and Reagents. e following chemicals were
purchased from Sigma-Aldrich (St. Louis, MO, USA):
silybin ≥98%, lasalocid sodium salt >97%, dimethyl sul-
foxide (DMSO), 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl
tetrazolium bromide (MTT), coomassie brilliant blue R-
250 dye, Trixon X-100, trypsin-EDTA, fetal bovine serum
(FBS), antibiotic solution (penicillin and streptomycin), and
L-glutamine. Dulbecco’s modi�ed Eagle media (DMEM)
and Waymouth MB 751/1 were purchased from American
Type Culture Collection (ATCC). All other chemicals were
obtained from the commercial suppliers and were of the
highest available purity.

2.2. Cell Cultures. Chicken hepatoma cell line (LMH)
(ATCC) and rat myoblasts cell line (L6) (ATCC) were
cultured in DMEM and Waymouth MB 751/1, respectively.
e mediums were supplemented with foetal bovine serum
(10%), antibiotics, and L-glutamine.ose cells were cultured
in 75 cm2 cell culture �asks and kept at 5% CO2, 95% air, at
37○C. e mediums were refreshed every 2 days and cells
were trypsinized when they reached 70–80% con�uence.
e cells were counted using Bürker’s hemacytometer. e
initial cell viability was determined with the trypan blue
exclusion test. e cell suspensions were placed into 96-well
plates (NUNC) at a density of 2 × 105 (LMH) and 2.5 × 105
(L6) cells/mL in the incubation for 24 h.

2.3. Exposure to Drugs. e concentration ranges
(1–250 𝜇𝜇M) for lasalocid and silybin were selected on
the basis of the results of the preliminary studies. e
stock solution of lasalocid was prepared in DMSO, while
silybin was prepared in ethanol. e �nal concentration
of DMSO and ethanol was 0.1% in the medium. e
same �nal concentrations of the solvents were used in the
corresponding control. e effects of the substances, without
the presence of cells, were measured as a blank. Each drug
was tested in seven concentrations/six replications for 24 h.

2.4. MTT Assay. e metabolic activity of living cells was
assessed by the activity of dehydrogenases [18]. MTT was

dissolved in a solution of sterile phosphate buffered saline at
a concentration of 5mg/mL and �ltered through a 0.22𝜇𝜇m
�lter to sterilize and protect from light. A�er incubation of
the cells with the substances, 10 𝜇𝜇L of the MTT solution was
added to each well of 96-well plates and incubated for 3 h
at 37○C in humidi�ed atmosphere of 5% CO2. Formazan
crystals were solubilised overnight in an SDS buffer (10% SDS
in 0.01 N HCl), and the product was �uanti�ed at 570 nm
wavelength.

2.5. Coomassie Brilliant Blue (CBB) Assay. A total of cellular
protein was measured by the coomassie brilliant blue R-
250 dye uptake. Protein incorporation into the cells of the
culture re�ected the degree of cytotoxic effect of the studied
substances [19].e procedure was based on the INVITTOX
Protocol no. 15 [20].

2.6. LDH Assay. e lactate dehydrogenase release was
determined by means of commercially available Cytotoxicity
Detection Kit, LDH (Roche Diagnostics, Poland). e assay
was applied to measure membrane integrity as a function of
the amount of cytoplasmic LDH released into the medium.
Wells with cells and culture medium with 2% Trixon X-100
were the positive control [21].

2.7. Drug Interaction Analysis. e nature of the interaction
between the studied drugs was analysed with the help of
isobolography according to Chou and Talaly method, which
is based on the estimation of cytotoxic median effect (EC50)
[22–24].

e LMH and L6 cells were simultaneously incubated for
24 h with lasalocid at amedian effective concentration (EC50)
combined with silybin with the concentrations in the range
from 1 to 250𝜇𝜇M. Synergism or antagonism was depicted
by the linear cell-kill effects obtained by the toxic drug in
a combination with the interacting drug in the different
concentrations [24]. e CI (combination index) mathemat-
ically compiled a two-drug pharmacological interaction and
denominated its nature [22, 23].

2.8. Statistical Analysis. e obtained results (percentage of
control values) are presented as mean values± SD (stan-
dard deviation) of at least three independent experiments.
ose data were assessed using one-way analysis of variance
(ANOVA), then Dunnett post hoc test to determine the
signi�cance relative to an unexposed control.

e concentrations necessary for 50% inhibition of viabil-
ity of the cells for each substance (EC50) were calculated. e
statistical comparisons among EC50 results were performed
by an analysis of variance (ANOVA) followed by Tukey test.
Differences were considered as statistically signi�cant at 𝑃𝑃 𝑃
0.05.

3. Results

3.1. Effects of Lasalocid on Chicken Hepatoma Cells (LMH)
and RatMyoblasts (L6). e cell metabolism, cellular protein
content, and integrity of cell membrane were signi�cantly
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affected in a concentration-dependent manner aer 24 h
exposure of chicken hepatocytes and rat myoblasts in the
tested concentrations ranging from 1.0 to 250 𝜇𝜇M and com-
pared to the control ones (𝑃𝑃 < 0.05) (Figure 1).

Lasalocid at concentrations above 10 𝜇𝜇M was cytotoxic
for all chicken hepatocytes in performed three assays (Figure
1).

Lasalocid at concentrations 1, 5, 10 𝜇𝜇M in rat myoblast
cultures signi�cantly (𝑃𝑃 < 0.05) affected the integrity of
cell membrane, cellular protein content, and cell metabolism,
respectively (Figure 1).

e results of MTT, CBB, and LDH assays with lasalocid
EC50 in LMH and L-6 cell lines are shown in Table 1. e
mean values of effective concentrations of lasalocid in all
assays with rat myoblasts were statistically different (𝑃𝑃 <
0.05), but it was not the case with chicken hepatocytes. e
EC50 values of lasalocid on chicken hepatocytes were at least
twofold lower than those values on rat myoblasts with the
exception of LDH test, where the values for lasalocid were at
the same level in both cell lines (Table 1).

3.2. Effects of Silybin on Chicken Hepatoma Cells (LMH) and
Rat Myoblasts (L6). Silybin at a concentration higher than
25, 50, and 100 𝜇𝜇M decreased cellular metabolism, cellular
protein content, and integrity of the cellmembrane in chicken
hepatocytes, respectively (𝑃𝑃 < 0.05) (Figure 1).

Silybin at a concentration 100 𝜇𝜇M decreased metabolism
and the cellular protein content in rat myoblasts. However,
membrane integrity was affected at 10 𝜇𝜇M of the drug
concentration; an increased LDH release was recorded at a
signi�cant level (Figure 1).

e results of MTT, CBB, and LDH assays with silybin
EC50 in chicken and rat cells are shown in Table 1. e EC50
values for silybin in both cell lines were of one to two orders
higher when compared to lasalocid EC50 values. e EC50
from MTT assay was signi�cantly (𝑃𝑃 < 0.05) lower than
the values from EC50 for CBB and LDH tests carried out
with chicken hepatocytes (Table 1). e EC50 values of MTT
assay with silybin on chicken cells were threefold lower than
that value for the rat myoblasts, whereas CBB and LDH tests
yielded EC50 values at the same level on both cell lines (Table
1). e mean values of effective concentrations of silybin in
MTT, CBB, and LDH assays with myoblasts were statistically
different (𝑃𝑃 < 0.05).

3.3. Effects Silybin on Cytotoxicity of Lasalocid on Chicken
Hepatoma Cells (LMH) and Rat Myoblasts (L6). Subsequent
concentrations within 1–250 𝜇𝜇Mrange of silybin in co-action
with lasalocid EC50 tested by MTT, CBB, and LDH assays
stemmed for an estimation ofmarked interaction scale (Table
1, Figure 1).e values obtained for silybin in the interaction
with lasalocid in MTT assay on chicken hepatocytes were
signi�cantly lower, than the EC50 estimated by use of CBB
and LDH tests. e combined effect of both drugs yielded
higher values than EC50 values obtained for silybin acting
alone in chicken hepatocytes and rat myoblasts, with an
exception of the results of LDH assay in the rat cells cultures
(Table 1). e assays with rat myoblasts run for silybin in the

interactionwith lasalocid enabled to estimate EC50 value only
at LDH test.

3.4. e Nature of Interaction. e nature of the interaction
between silybin and lasalocid in the chicken hepatocytes
and rat myoblasts, analyzed with the help of isobologra-
phy, was depicted in Figure 2. It shows an antagonistic
character of the interaction that affects the cell metabolism,
cellular protein content, and membrane integrity of chicken
hepatocyte and rat myoblast cell-lines. An extent of the
antagonistic interaction was shown by CI > 1, values which
were obtained from the fractional cell-kill levels (Fa) at both
culture cells (Figure 3). e strong antagonistic effect of both
compounds has been demonstrated for cellular metabolism
and total protein contents in the hepatocytes. However, in
themyoblasts the antagonistic effect of both interacting com-
pounds was revealed for cellular membrane integrity and the
total protein content. Antagonism was proven statistically,
achieving combination index above 1 (CI > 1) at all tests
assayed on chicken hepatocytes and rat myoblasts (Figure 3).
e weak antagonism was noted at a higher concentration
than 25 𝜇𝜇M of silybin coacting with lasalocid EC50 at both
cell lines (Figure 3).

4. Discussion and Conclusion

e conducted studies represent a preliminary in vitro inves-
tigation aiming to quantify the potentials for the coccidiostat
and silybin interaction. In this study, we used cell lines
derived from chicken hepatoma (LMH) and rat myoblasts
(L6). e cell line cultures do not display all abilities of
primary cell cultures, as the last ones retain more of phys-
iological and biochemical functions. Nevertheless, the cell
line cultures represent some good characteristics enabling
to estimate a nature and a scale of cytotoxic effects. e
cells are homogeneous and of long viability. Moreover, they
allow to avoid preliminary step with animals keeping along
with 3R rules. e LMH cell line was shown to possess a
liver-like enzyme pattern including the enzymes involved in
biotransformation [25, 26].

Lasalocid’s median effective concentration was deter-
mined in chicken hepatoma cells in order to �nd out the
extend of the inhibition of cellular metabolism, decrease
of the cellular protein content, and disintegration of cell
membrane, which served as the basic cytotoxicity biomark-
ers. e inhibition of cells viability was found at rather low
concentration of lasalocid, which indicates on its potential
cytotoxicity. Our �ndings are in accordance with other
studies carried out on different cultures. e results both
from primary cells and cell lines assays proved that lasalocid
causes a chain of cellular damages, which lead to the death
of cells [8, 27–29]. e studies on FaO and HepG2 cell lines
showed clearly that lasalocid toxicity targeted cellmetabolism
[29, 30]. e EC50 of lasalocid MTT assay was found in
range 4.0–9.0 𝜇𝜇Mon rat (FaO) and human (HepG2) cell lines,
which corresponds with EC50 for chicken cell lines (LMH).
ese results suggest similar sensitivity of those metabolizing
cells to the coccidiostat.
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T 1: Effective concentration, EC50 (𝜇𝜇M) of lasalocid, silybin, and lasalocid EC50 in the interaction with silybin 1–250 𝜇𝜇M range
concentrations estimated by the MTT, CBB, and LDH assays on chicken hepatoma (LMH) and rat myoblasts (L6) cell line, mean ± SEM,
(𝑛𝑛 = 3).

Lasalocid Silybin Silybin with lasalocid (∼EC50)
LMH L6 LMH L6 LMH L6

MTT 7.0 ± 0.54a 14.0 ± 1.08b 70.4 ± 1.05 a 247 ± 3.90 c 114 ± 11.37 a N/D
CBB 6.8 ± 0.55 a 20.9 ± 1.36c 93.4 ± 2.63 b 104 ± 6.50d 154 ± 9.22 b N/D
LDH 8.1 ± 0.54 a 7.6 ± 1.39 a 93.6 ± 0.98 b 70.5 ± 9.51 a 157 ± 6.65 b 42.7 ± 1.15 c

e different superscripts (a, b, c, d) within a column of compounds indicate signi�cant differences between the methods (𝑃𝑃 < 0.05), N/D: not detected within
the studied concentration range.
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F 1: e effect of lasalocid, silybin, and silybin range concentrations in the interaction with lasalocid (EC50) on metabolism (MTT),
total cellular protein and lactate dehydrogenase release (LDH) in chicken hepatoma (LMH), and rat myoblasts (L6) cell line. e values of
three experiments are expressed as percentage of control response and are means ± SD (𝑛𝑛 = 3), ∗𝑃𝑃 < 0.05.
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F 2: Isobolograms describing the interaction of silybin with lasalocid in LMH and L6 cells. e isobolograms were constructed by
connecting the EC50 values of lasalocid with the EC50 of silybin. e black heavy lines indicate the theoretical line of additivity. e results
below the additive line indicate synergism and those above the additive line denote antagonism.

e mechanism of lasalocid toxicity implies cytochrome
P-450 microsomal enzymes involvement. eir catalytic
activity can lead to formation of toxic metabolites, includ-
ing the reactive and free radical derivatives of the coc-
cidiostat [31]. Our results showed that chicken hepato-
cytes were more sensitive to the coccidiostat than rat
myoblasts. It suggests that the role of lasalocid metabo-
lites was involved in cytotoxicity. Myoblasts are the poor
metabolizing cells and as a result EC50 values were up
to two times higher than at biochemically active chicken
hepatocytes. e lower lasalocid EC50 value of LDH test
with myoblasts re�ected the toxicant targeting towards a
membrane as the most sensitive endpoints of cell damage
(Table 1). e coccidiostat is responsible for changes in
intracellular Ca2+ level. e formation of complexes with
cations leads to mediate their transport across the cell

membrane in response to diffusion gradients. erefore,
failures of ion pumps result in elevated intracellular sodium
and calcium concentrations. Subsequently, mitochondrial
swelling, metabolic disruption, and necrosis are developed
[32].

Detoxifying properties of the milk thistle (Silybum mar-
ianum L.) extracts are connected with silymarin, a mixture
of �avonolignan compounds. Silybin, the ma�or constituent
of silymarin, is a chemically standardized substance, which
enabled its application in numerous in vivo and in vitro
studies. All of them indicated a lack of silybin toxicity
[29, 33–35]. e EC50 for silybin was more than ten times
higher than EC50 for lasalocid in all endpoints tested. e
literature data show that concentrations of silybin up to
100 𝜇𝜇M and longer exposure than 24 h led to apparent
inhibition of cells growth; however, no cytotoxic effects were
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F 3: Values of thecombination index (CI) when lasalocid (EC50) was combined with silybin concentration range in LMH and L6 cells
culture used conversion of tetrazolium salt (MTT) as an indicator of cell metabolism, coomassie brilliant blue (CBB) assay to evaluate cell
proliferation and lactate dehydrogenase release (LDH) as an indicator of membrane integrity. CI value signi�cantly higher than 1 indicates
antagonism, CI not signi�cantly different from 1 indicates addition, and CI signi�cantly less than 1 indicates synergism (∗∗∗𝑃𝑃 < 0.001).

found [34–37]. We showed that silybin in the concentrations
lower than 100 𝜇𝜇M decreased cellular metabolism of chicken
hepatocytes and increased the amount of LDH released
from rat myoblasts. However, Chlopciková showed none
cytotoxic effect of silybin on rat cardiomyocytes in con-
centration range 25–100𝜇𝜇M and proved that the cardiomy-
ocyte membranes are stabilized by silybin [16]. e mecha-
nism of silybin effect may be explained by its hydrophobic
character. is feature enables silybin penetration mainly
to lipid bilayer component of the membrane leading to
strengthen its biophysical structure. ese effects on mem-
brane stabilization may correspond to the cell protection
and lack of serious side effects aer the drug administration
[38].

We have not found studies in the literature addressing the
interaction of silybin with ionophore antibiotics. An inter-
action analyzed by Chou and Talalay method provided an
assessment of cytotoxicity scale affected by combined use of
silybin and lasalocid. It provided also an estimation of greater,
equal, or smaller effects of lasalocid in coaction with silybin
than for their action alone. Our study showed a decrease of
lasalocid cytotoxicity aer its simultaneous exposure with
silybin on both chicken hepatocytes and rat myoblasts.
e data analyzed from Figure 1 and Table 1 proved a
signi�cant interaction extent between those substances both
on the chicken hepatocytes and ratmyoblasts, which re�ected
protective effect of silybin in course of lasalocid cytotoxicity.
e EC50 values obtained from MTT, CBB, and LDH assays
analyzed by isobolograms showed antagonism of lasalocid
and silybin interaction, which resulted in protection of cells
derived from chicken liver. Furthermore, the EC50 values
from MTT and CBB assays with rat myoblasts were higher
than the concentrations range of the drugs used in the assays
with the hepatocytes. is implies different mechanisms
of toxicity within the target cells and different antagonism

scale between the studied drugs. Competitive bindings are
probably involved in cytoprotective mechanisms of silybin
and lasalocid interaction. If the components used as amixture
have different affinities towards the same binding site of the
target cells, some of them could not be able to induce their
toxicity. e antagonistic interactions were observed in cases
of combination of silybin and phalloidin or ethanol [39]. e
data of our previous studies have been shown an antagonistic
interaction between lasalocid and silybin on rat (FaO) and
human (HepG2) hepatoma cell lines. As a result of silybin
interference a signi�cant decrease of lasalocid cytotoxicity
was revealed in both cell cultures [29, 30]. Hepatocellular
injury due to high level of lasalocid seems to be the primary
event. It is a consequence of the drug action itself; however;
the toxicmetabolites are responsible for cellular damages, too
[40]. Silybin displays a regulatory effect on cellularmembrane
permeability in association with an increase of membrane
stability. It prevents against xenobiotics injury, as control of
a toxin absorption into the cells by occupying the binding
sites as well as inhibiting many transport proteins in the
membrane is involved. Considering the protective properties
of silybin, we should take into account its antioxidant effect,
which could be particularly visible by metabolism stimu-
lation in chicken hepatocytes. Silybin reduced cytotoxicity
induced by benzo(a)pyrene, bleomycin, and a�atoxin B1
[35]. Furthermore, silybin potentiated antitumor action of
doxorubicin, cisplatin, carboplatin, and baicalein by syner-
gistic effects leading to cell growth inhibition [37, 41]. e
synergism or antagonism is probably an intricate balance
between the concentration and type of antioxidants used,
the class of chemotherapeutic agents administered, and the
category of a cell involved [34].

In general, it is difficult to clarify the full mechanisms
underlying the effects of both drugs used in combination. It
is possible that the interactions of silybin and lasalocid are
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because of some unknown mechanism related to complex
perturbations of biochemical processes.

Nevertheless, the obtained results suggest in vivo interac-
tion study when simultaneous presence of lasalocid and sily-
bin in feeding is used. Hence, investigation on target animals
can pose a rationale of therapy safety margin assessment and
lasalocid residue tissue formation. Both issues are relevant to
protection of animal welfare and public health.

Abbreviations

EC: Median effective concentration of drug
MTT: 3-[4.5-Dimethylthiazol-2yl]-2.5-diphenyl

tetrazolium bromide
CBB: Coomassie brilliant blue
LDH: Lactate dehydrogenase
SD: Standard deviation
SEM: Standard error of the mean
ATCC: American Type Culture Collection.

�on�ict of �nterests

e authors declare that there is no con�ict of interests.

Acknowledgments

e studies were conducted in the Department of Toxicol-
ogy and Environmental Protection, Faculty of Veterinary
Medicine, University of Life Sciences in Lublin. is study
was supported by a ResearchGrant from the State Committee
for Scienti�c Research (KBN) no. N30801332�135.

References

[1] A. Decloedt, T. Verheyen, D. De Clercq et al., “Acute and
long-term cardiomyopathy and delayed neurotoxicity aer
accidental lasalocid poisoning in horses,” Journal of Veterinary
Internal Medicine, vol. 26, no. 4, pp. 1005–1011, 2012.

[2] L. Espino, M. L. Suarez, N. Miño, A. Goicoa, L. E. Fidalgo, and
G. Santamarina, “Suspected lasalocid poisoning in three dogs,”
Veterinary and Human Toxicology, vol. 45, no. 5, pp. 241–242,
2003.

[3] D. S. Kronfeld, “Lasalocid toxicosis is inadequately quanti�ed
for horses,”Veterinary and Human Toxicology, vol. 44, no. 4, pp.
245–247, 2002.

[4] B. Perelman, M. Pirak, and B. Smith, “Effects of the accidental
feeding of lasalocid sodium to broiler breeder chickens,”Veteri-
nary Record, vol. 132, no. 11, pp. 271–273, 1993.

[5] R. Y. P. Wong and J. W. Roxburgh, “Lasalocid awareness and
sampling in Scotland,” International Journal of Environmental
Health Research, vol. 20, no. 3, pp. 159–169, 2010.

[6] M. Olejnik and T. Szprengier-Juszkiewicz, “Coccidiostats
residues in poultry tissues and eggs,”MedycynaWeterynaryjna,
vol. 63, no. 12, pp. 1539–1545, 2007.

[7] S. Mehrotra, P. N. Viswanathan, and P. Kakkar, “In�uence
of some biological response modi�ers on swelling of rat liver
mitochondria in vitro,” Molecular and Cellular Biochemistry,
vol. 124, no. 2, pp. 101–106, 1993.

[8] R. V. Antonio, L. Pereira da Silva, and A. E. Vercesi, “Alterations
in mitochondrial Ca2+ �ux by the antibiotic X-537A (lasalocid-
A),” Biochimica et Biophysica Acta, vol. 1056, no. 3, pp. 250–258,
1991.

[9] A. B. Borle and R. Studer, “Effects of calcium ionophores on
the transport and distribution of calcium in isolated cells and
in liver and kidney slices,” Journal of Membrane Biology, vol. 38,
no. 1-2, pp. 51–72, 1978.

[10] R. Gažák, D. Walterová, and V. Křen, “Silybin and sily-
marin—new and emerging applications in medicine,” Current
Medicinal Chemistry, vol. 14, no. 3, pp. 315–338, 2007.

[11] C. Loguercio and D. Festi, “Silybin and the liver: from basic
research to clinical practice,”World Journal of Gastroenterology,
vol. 17, no. 18, pp. 2288–2301, 2011.

[12] R. Avizeh, H. Najafzadeh, M. R. Jalali, and S. Shirali, “Evalu-
ation of prophylactic and therapeutic effects of silymarin and
N-acetylcysteine in acetaminophen-induced hepatotoxicity in
cats,” Journal of Veterinary Pharmacology anderapeutics, vol.
33, no. 1, pp. 95–99, 2010.

[13] R. Parveen, S. Baboota, J. Ali, A. Ahuja, S. S. Vasudev, and
S. Ahmad, “Effects of silymarin nanoemulsion against carbon
tetrachloride-induced hepatic damage,” Archives of Pharmacal
Research, vol. 34, no. 5, pp. 767–774, 2011.

[14] D. Tedesco, S. Steidler, S. Galletti, M. Tameni, O. Sonzogni, and
L. Ravarotto, “Efficacy of silymarin-phospholipid complex in
reducing the toxicity of a�atoxin B1 in broiler chicks,” Poultry
Science, vol. 83, no. 11, pp. 1839–1843, 2004.

[15] A. Rašković, N. Stilinović, V. Vasović, S. Vukmirović, and M.
Mikov, “e protective effects of silymarin against doxorubicin-
induced cardiotoxicity and hepatotoxicity in rats,” Molecules,
vol. 16, no. 10, pp. 8601–8613, 2011.

[16] Š. Chlopčíková, J. Psotová, P. Miketová, and V. Šimánek,
“Chemoprotective effect of plant phenolics against
anthracycline-induced toxicity on rat cardiomyocytes. Part I.
Silymarin and its �avonolignans,” Phytotherapy Research, vol.
18, no. 2, pp. 107–110, 2004.

[17] S. C. Pradhan and C. Girish, “Hepatoprotective herbal
drug, silymarin from experimental pharmacology to clinical
medicine,” Indian Journal of Medical Research, vol. 124, pp.
491–504, 2006.

[18] T. Mosmann, “Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays,”
Journal of Immunological Methods, vol. 65, no. 1-2, pp. 55–63,
1983.

[19] M. M. Bradford, “A rapid and sensitive method for the quanti-
tation of microgram quantities of protein utilizing the principle
of protein dye binding,”Analytical Biochemistry, vol. 72, no. 1-2,
pp. 248–254, 1976.

[20] e FRAME Cytotoxicity Test (Kenacid Blue), “e ECVAM
DB-ALM data bank of in vitro techniques in toxicology,”
INVITTOX Protocol no. 15, Nottingham, UK, 1992.

[21] T. Sasaki, K. Kawai, K. Saijo-Kurita, and T. Ohno, “Detergent
cytotoxicity: simpli�ed assay of cytolysis by measuring LDH
activity,” Toxicology in Vitro, vol. 6, no. 5, pp. 451–457, 1992.

[22] T. C. Chou and P. Talalay, “Analysis of combined drug effects:
a new look at a very old problem,” Trends in Pharmacological
Sciences, vol. 4, pp. 450–454, 1983.

[23] T. C. Chou and P. Talalay, “Quantitative analysis of dose-effect
relationships: the combined effects of multiple drugs or enzyme
inhibitors,” Advances in Enzyme Regulation, vol. 22, pp. 27–55,
1984.



8 BioMed Research International

[24] P. K. Gessner, “Isobolographic analysis of interactions: an
update on applications and utility,” Toxicology, vol. 105, no. 2-3,
pp. 161–179, 1995.

[25] J. C. Ourlin, M. Baader, D. Fraser, J. R. Halpert, and U. A.
Meyer, “Cloning and functional expression of a �rst inducible
avian cytochrome P450 of the CYP3A subfamily (CYP3A37),”
Archives of Biochemistry and Biophysics, vol. 373, no. 2, pp.
375–384, 2000.

[26] S. Kolluri, K. K. Elbirt, and H. L. Bonkovsky, “Heme biosyn-
thesis in a chicken hepatoma cell line (LMH): comparison
with primary chick embryo liver cells (CELC),” Biochimica et
Biophysica Acta, vol. 1472, no. 3, pp. 658–667, 1999.

[27] S. Bolkent and K. Zierold, “Effects of the ionophores valino-
mycin, ionomycin and gramicidin A on the element compart-
mentation in cultured rat hepatocytes,” Toxicology in Vitro, vol.
16, no. 2, pp. 159–165, 2002.

[28] L. Radko, W. Cybulski, and W. Rzeski, “Cytotoxicity of salino-
mycin and lasalocid in a model hepatocyte cell line of a rat,”
Medycyna Weterynaryjna, vol. 63, no. 7, pp. 839–842, 2007.

[29] L. Radko, W. Cybulski, and W. Rzeski, “Cytotoxicity studies of
lasalocid and silybin in rat hepatoma cell culture,” Bulletin of the
Veterinary Institute in Pulawy, vol. 55, pp. 547–554, 2011.

[30] L. Radko, W. Cybulski, and W. Rzeski, “Cytoprotective effect of
silybin against lasalocid-induced toxicity inHepG2 cells,” Polish
Journal of Veterinary Sciences, vol. 16, no. 1, 2013.

[31] A. J. Kowaltowski and A. E. Vercesi, “Mitochondrial damage
induced by conditions of oxidative stress,” Free Radical Biology
and Medicine, vol. 26, no. 3-4, pp. 463–471, 1999.

[32] W. G. Bergen and D. B. Bates, “Ionophores: their effect on
production efficiency and mode of action,” Journal of Animal
Science, vol. 58, no. 6, pp. 1465–1483, 1984.

[33] Z.Dvořák, P. Kosina,D.Walterová, V. Šimánek, P. Bachleda, and
J. Ulrichová, “Primary cultures of human hepatocytes as a tool
in cytotoxicity studies: cell protection against model toxins by
�avonolignans obtained from Silybum marianum,” Toxicology
Letters, vol. 137, no. 3, pp. 201–212, 2003.

[34] S. H. Pook, C. K. Toh, and R. Mahendran, “Combination of
thiol antioxidant Silibinin with Brostallicin is associated with
increase in the anti-apoptotic protein Bcl-2 and decrease in
caspase 3 activity,” Cancer Letters, vol. 238, no. 1, pp. 146–152,
2006.

[35] J. P. F. Angeli, G. R. M. Barcelos, J. M. Serpeloni, F. Barbosa
Júnior, A. Nersesyan, and M. S. Mantovani, “Evaluation of the
genotoxic and anti-genotoxic activities of Silybin in human
hepatoma cells (HepG2),” Mutagenesis, vol. 25, no. 3, pp.
223–229, 2010.

[36] J. J. Lah, W. Cui, and K. Q. Hu, “Effects and mechanisms
of silibinin on human hepatoma cell lines,” World Journal of
Gastroenterology, vol. 13, no. 40, pp. 5299–5305, 2007.

[37] C. H. Chen, T. S. Huang, C. H. Wong et al., “Synergistic anti-
cancer effect of baicalein and silymarin on human hepatoma
HepG2 Cells,” Food and Chemical Toxicology, vol. 47, no. 3, pp.
638–644, 2009.

[38] O.Weso�owska, B. �ania-Pietrzak, M. Kuzdza� et al., “In�uence
of silybin on biophysical properties of phospholipid bilayers,”
Acta Pharmacologica Sinica, vol. 28, no. 2, pp. 296–306, 2007.

[39] A. Loranger, C. Gicquaud, and B. Tuchweber, “Effect of silybin
on phalloidin-actin interactions in vitro,”Toxicology Letters, vol.
11, no. 1-2, pp. 111–117, 1982.

[40] S. Sherlock and J. Dooley, Siseases of Liver and Biliary System,
Blackwell Scienti�c Publications, Oxford, UK, 11th edition,
2002.

[41] A. K. Tyagi, C. Agarwal, D. C. Chan, and R. Agarwal, “Synergis-
tic anti-cancer effects of silibinin with conventional cytotoxic
agents doxorubicin, cisplatin and carboplatin against human
breast carcinoma MCF-7 and MDA-MB468 cells,” Oncology
Reports, vol. 11, no. 2, pp. 493–499, 2004.


