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Abstract—Cisplatin (CIS) is one of the most effective an
anticancer drug and also toxic to cells by activating oxidative stress.
Oleuropein (OLE) has key role against oxidative stress in mammalian
cells, but the role of this antioxidant in the toxicity of CIS remains
unknown. The aim of the present study was to investigate the efficacy
of OLE on CIS-induced liver damages in male rats. With this aim,
male Sprague Dawley rats were randomly assigned to one of eight
groups: Control group; the group treated with 7 mg/kg/day CIS; the
groups treated with 50, 100 and 200 mg/kg/day OLE (i.p.); and the
groups treated with OLE for three days starting at 24 h following CIS
injection. After 4 days of injections, serum was provided to assess the
blood AST, ALT and LDH values. The liver tissues were removed
for histological, biochemical (TAC, TOS and MDA) and genotoxic
evaluations. In the CIS treated group, the whole liver tissue showed
significant histological changes. Also, CIS significantly increased
both the incidence of oxidative stress and the induction of 8-hydroxy-
deoxyguanosine (8-OH-dG). Moreover, the rats taking CIS have
abnormal results on liver function tests. However, these parameters
reached to the normal range after administration of OLE for 3 days.
Finally, OLE demonstrated an acceptable high potential and was
effective in attenuating CIS-induced liver injury. In this trial, the 200
mg/kg dose of OLE firstly appeared to induce the most optimal
protective response.

Keywords—Antioxidant response, cisplatin, histology, liver,
oleuropein, 8-OhdG.

I. INTRODUCTION

ISPLATIN-based chemotherapy is widely used for the

treatment of tumors including head, neck, breast, lung
ovarian, testicular and bladder cancers [1]. However, the
prevalence of CIS toxicity is high and liver toxicity is the most
prominent side-effect of CIS [2]. The drug induces
pathological signs [3], [4] and acute liver failure in laboratory
animals [5], [6]. Olive leaf contains large amounts of
potentially useful phytochemicals, many of the same phenolics
as the olive oil but in much higher concentration. The
polyphenols exhibit a range of beneficial effects including
antioxidant,  anti-inflammatory,  antiatherogenic =~ and
anticarcinogenic properties [7]. The antioxidant activity of
olive phenols has been demonstrated in several in vitro
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systems and some intervention studies have investigated the
DNA protective potential of phenolical compounds [8]. OLE
is the major bio-phenol component in olive leaf and fruit and
the most promising bioactive natural product. OLE is
commercially available as food supplement in Mediterranean
countries. OLE protects against a number of pathologies,
including Alzheimer's disease, type 2 diabetes, obesity, non-
alcoholic hepatitis, and other natural or experimentally-
induced pathological conditions. Such a protection could
result, at least in part, in a remarkable improvement of the
pathological signs arising from stress conditions including
oxidative stress, an excessive inflammatory response, and the
presence of cytotoxic aggregated material [9], [10].

The conventional chemotherapy is not adequately effective
against cancer and has severe side effects. Many natural
compounds isolated from plants have been found to inhibit
cancer growth and to decrease adverse effects of chemotherpic
drugs. CIS-induced liver toxicity involves the formation of
reactive oxygen species (ROS) and decrease in antioxidant
enzymes [11], [12]. Because OLE has been used to improve
liver function in various regions of the world [7], the present
study has been conducted to find the effects of OLE on CIS-
induced liver toxicity in rat. In this regards, histopathological
and biochemical evaluations of the liver tissue were
performed. Additionally, the objective of this study was to
evaluate the genotoxicity of CIS and to investigate
antigenotoxic potential of OLE against CIS-induced oxidative
DNA damage in rat liver.

II. MATERIALS AND METHODS

A. Animals

Fifty-six adult male Spraque-Dawley rats (weighing 200-
250 g) obtained from Medical Experimental Application and
Research Center, Atatiirk University were used. Animals were
housed inside polycarbonate cages in an air-conditioned room
(2242 °C) with 12-h light-dark cycle. Standard rat feed and
water were provided ad libitum. The rats were allowed to
acclimatize to the laboratory environment for 7 days before
the start of the experiment. All procedures were performed in
conformity with the Institutional Ethical Committee for
Animal Care and Use at Atatiirk University (protocol number:
B.30.2.ATA.0.23.85-11) and the Guide for the Care and Use
of Laboratory Animals (National Research Council, 1996).

B. Experimental Protocols

The rats were weighed and randomly allocated into eight
experimental groups (n=7, each): (a) Control: the animals
received 1 mL of distillated water as vehicle; (b) CIS (Sigma
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Chemical Co., St. Louis, MO): the animals received 7 mg
CIS/kg b.w., diluted in distillated water (1 mL); ¢) OLE
(HPLC grade >98%; Sigma Chemical Co., St. Louis, MO):
the animals received 1 mL of OLE solution; and (d) CIS/OLE
the animals received 1 mL of preparations of OLE following
CIS administration.

The injections of CIS were given using a single dose, via
i.p. route for 24 hours. The OLE groups received i.p.
injections with a daily single dose of OLE (50, 100 and 200
mg/kg/day) for a total period of 3 days. On day 4 after
injections, the rats were anesthetized with isoflurane and blood
samples were collected for biochemical studies. After cervical
dislocation under anesthesia, the liver specimens were
gathered for further analyses. These investigations stem from
the works of the researchers [13], [14].

C. Biochemical Methods

Fresh liver tissues were rinsed with ice-cold saline and
immediately stored at —80°C. The tissue specimens were
weighed and then homogenized in a 50-mM phosphate
buffered saline (PBS) at pH 7.0. Homogenized liver tissues
were then centrifuged at 10.000 rpm at 4 °C over 15 minutes
to isolate the supernatant for subsequent analysis.

D. Determination of Lipid Peroxidation

Lipid peroxidation was determined by quantifying
malondialdehyde (MDA) content in the tissue supernatant,
which was spectrophotometrically measured by the
absorbance of a red-colored product with thiobarbituric acid
[15]. This reaction results in the production of a MDA-TBA2a
compound that has a measurable absorbance at 532 nm [16].

E. Measurement of TAC and TOS

Total antioxidant capacity (TAC) and total oxidant status
(TOS) were measured via colorimetric methods from rat liver
tissue. TAC units are mmol Trolox equivalents per gram of
tissue, and TOS units are mmol H202 equivalents per gram of
tissue. The oxidative stress index (OSI) was calculated
according to the following formula: OSI = TOS/TAC [17].

F. Liver Function Assessment

Blood samples were collected into serum superetor tubes
(Microtainer; Becton Dickinson, Franklin Lakes, NJ, USA),
allowed to stand (75-90 min), centrifuged (11,000 g, 5 min),

serum harvested, and stored at -20 °C. The following
parameters for liver injury were measured by an automated
biochemical analyzer (Olympus AU 2700) with commercially
available testing kits (Bioclinica): alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and lactate
dehydrogenase (LDH) [18].

G. Determination of 8-OH-dG Level

8-hydroxy-2'-deoxyguanosine assay kits were purchased
from Cayman Chemical for determining 8-OH-dG levels in
the liver samples. Since it is a competitive assay that can be
used for the quantification of 8-OHdG in homogenates and
recognizes both free 8-OH-dG and DNA-incorporated 8-OH-
dG, many researches are being performed to use this protocol.
This assay depends on the competition between 8-OH-dG and
8-OHd-G-acetylcholinesterase (AChE) conjugate (8-OH-
dGTracer) for a limited amount of 8-OHd-G monoclonal
antibody [19]. All procedures were carried out in accordance
with the provider manual.

H. Histopathological Examination

The livers of rats were fixed in buffered 10% formalin
solution for 72 h and embedded in a paraffin wax. Then tissue
specimens were cut into five-micron sized pieces and stained
with hematoxylin and eosin for routine histology (H&E).
Reticulin stain was used for the evaluation of fibrosis [20]. In
addition, glycogen storage ability of hepatocytes was assessed
through periodic acid-Schiff (PAS) [21]. A semi-quantitative
evaluation of liver tissue was accomplished by scoring the
degree of severity according to the formerly published criteria
[22]-[24]. Light microscope (X200) was wused for
histopathologic examination. The degree of the inflammation,
hemorrhage, fibrosis, congestion, hepatocyte damage and
glycogen content were scored for each group.

I. Statistical Analysis

For statistical analysis, we used SPSS for Windows 13.0
(SPSS 1Inc., Chicago, USA). The experimental data were
analysed using one-way analysis of variance (ANOVA)
followed by Tukey post hoc test for multiple comparisons.
Results are presented as mean + standard error (SE) and
values p<0.05 were regarded as statistically significant.

TABLEI
THE EFFECTS OF OLE ON LIVER AST, ALT, LDH, MDA, TOS, AND TAC LEVELS AFTER TREATED WITH CIS

Groups AST(U/L) ALT(U/L) LDH (U/L) MDA TOS TAC

Mean+SE Mean+SE Mean+SE Mean+SE Mean+SE Mean+SE
Control 185.14+15.3* 56.70+11.10* 4110.33+296.53* 3.90+0.92° 15.31+4.06* 2.14+0.88°
CIS 537.23+67.73%4 159.80+20.05*¢ 21695.13+£965.15*¢ 15.61+£3.73% 77.85£17.21%*¢ 8.09+2.16%4
OLE 50 mg/kg 176.41+20.24° 58.13+18.10° 4096.17+231.25* 3.75+10.14* 16.27+3.44* 2.11+0.76*
OLE 100 mg/kg 184.47+21.23% 53.32+29.11°* 4122.18+251.21* 3.88+0.82° 15.55+5.23* 2.24+0.53*
OLE 200 mg/kg 182.61+30.09° 55.20+23.06* 4165.36+210.30* 3.95+0.56° 17.48+6.38* 2.48+0.55°
CIS+OLE 50 mg/kg 522.24+40.03*4  145.23420.15%° 21186.79+867.34%4 14.32+2.69%¢ 73.19+£20.11%*¢ 7.85+3.24%¢4d
CIS+OLE100 mg/kg 415.52+37.21%*> 128.76+2.07*> 18568.46+763.46*° 10.5442.64*> 59.79+21.09*° 6.15+2.69*°
CIS+OLE200 mg/kg 185.14+15.3* 61.03£12.27° 4189.76+242.22* 4.01+0.86* 17.19+£3.79* 2.54+0.69*

Notes: Data are presented as means = SD (n=7). *Symbol < 0,05 represents significant difference among the groups compared to controls. “*¢The groups in
the same column with different letters are statistically significant (p0.05). For abbreviations see legend in Table I. Abbreviations used: CIS: Cisplatin; OLE:

Oleuropein
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III. RESULTS

CIS group displayed remarkable elevation in the levels of
liver enzymes, MDA and TOS (Table I). On the other hand, a
significant decrease was found in TAC level with CIS
administration. Whereas, supplementation of rat with OLE
resulted in reversal of biochemical indicators. And these
effects were associated with the increasing dose of OLE
therapy. Notably, all parameters were reached statistical
significance in the high-dose OLE group when compared to
the CIS group (p<0.05).

As presented in Table II, the 8-OH-dG levels, a hallmark of
oxidative stress-DNA base damage, were markedly increased
in rat liver after CIS administration. On the contrary, there
were no significant difference between the levels of 8-OH-dG
in the control and all OLE treated groups. Moreover, levels of
8-OHdG caused by CIS were normalized by dose of 200
mg/kg OLE.

Fig. 1 Light microscopic appearance of liver from control rats (a),
liver in CIS group rats (b)-(e) (b) Sinusoidal dilatation (arrows),
Hepatocyte necrosis (inside of square symbols), (¢) Inflammation
(inside of circle symbol), (d) Congestion (C), (¢) Diffuse hepatic
necrosis (N), (f) Hemorrhage (double arrow) (H&E)

As compared with control group, CIS group showed
significant hepatopathologic changes; hepatic necrosis,
inflammation, hemorrhage, fibrosis, congestion, sinusoidal
dilatations, the activation of Kupffer cells and decreased
glycogen content. On the other hand, the administration of
OLE was able to reduce the liver injury. Furthermore, this
positive impact was notably correlated with increased OLE
doses (Figs. 1-9). And the analysis of histopathological data
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demonstrated significant differences between the groups
(p<0.05, Table III).

Fig. 2 Liver in OLE group rats a) 50 mg/kg OLE group, b) 100
mg/kg OLE group. Portal vein (Pv), ¢) 200 mg/kg OLE group,
(H&E)

Fig. 3 (a) Decreased dilatations in CIS+50 mg/kg OLE group (inside
of circle symbol), and congestion (C), (b) Decreased congestion (C)
and sinusoidal dilatations as compared CIS+100 mg/kg OLE group.
(c) Normal histological structure of liver in CIS+200 mg/kg OLE
group, (H&E)

TABLEII
THE EFFECT OF OLE ON LIVER 8-OH-DG LEVELS AFTER TREATED WITH CIS

Groups 8-OH-dG level (as pg/ml); Mean+SE
Control 1.07 +0.9a

CIS 3.87+0.31*d
OLE 50 mg/kg 093+0.11a
OLE 100 mg/kg 0.98 £0.12a
OLE 200 mg/kg 1.04 +£0.16a
CIS+OLE 50 mg/kg 2.18 £0.42b
CIS+OLE 100 mg/kg 1.49 £0.14¢c
CIS+OLE 200 mg/kg 1.08 £0.18a

Notes: Data are presented as means = SD (n=7). *Symbol < 0,05
represents significant difference among the groups compared to controls. The
groups in the same column with different letters are statistically significant
(p0.05). For abbreviations see legend in Table 1.
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TABLE III
HISTOPATHOLOGICAL SCORES OF LIVER PATHOLOGY AFTER TREATED WITH CIS
Scores for Scores for hepatic Scores for Scores for Scores for Scores for
hepatic damage glycogen content fibrous inflammation hemorrhage congestion
Groups (maximum score (maximum score of (maximum (maximum score of (maximum score (maximum score
of 18) 3) score of 3) 18) of 3) of 3)
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Control 0,58+0,14* 3,04+0,42° 0,43+0,09* 0,12+0,03* 0,15+0,10° 0,23+0,27*
CIS 9,45+0,40*¢ 0,48+0,11%*¢ 2,50+0,12*¢ 3,010,424 4,03+0,83*¢ 4,65+1,01*¢
OLE 50 mg/kg 0,59+0,13* 2,91+0,33* 0,55+0,11* 0,15+0,05* 0,14+0,11* 0,22+0,33*
OLE 100 mg/kg 0,62+0,04* 2,89+0,45° 0,46+0,10* 0,13+0,04° 0,17+0,12° 0,26+0,32*
OLE 200 mg/kg 0,58+0,11° 2,93 £0,28* 0,52+0,09* 0,12+0,08* 0,13 +0,18* 0,21+0,28*
CIS+OLE 50 mg/kg 9,05+0,22%*¢ 0,92+0,14%b¢ 2,12+0,21° 2,45+0,44%<4 3,97+0,61*¢ 3,60+0,10%*¢
CIS+OLE 100 mg/kg 7,80+0,46%*° 1,39+0,15%° 1,73+0,14%° 1,14+0,37%° 2,73+0,76*° 1,62+0,88*°
CIS+OLE 200 mg/kg 0,95+0,24° 2,90+0,27° 0,66+0,09* 0,25+0,09° 0,19+0,24° 0,31+0,25*
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Notes: Data are presented as means + SD (n=7). *Symbol < 0,05 represents significant difference among the groups compared to controls. ***¢ The groups in
the same column with different letters are statistically significant (p<0.05) by Tukey’s multiple range tests. For abbreviations see legend in Table I.

Fig. 4 Liver in control and CIS group rats; (a) Kupffer cells in control Fig. 6 The liver tissue following OLE exposure in CIS rats: a)
group liver (arrow) and darkly stained hepatocytes, (b) The glycogen CIS+50 mg/kg OLE group, decreased Kupffer cell activation (inside
depletion in hepatocytes of CIS group, (c) The increasing Kupffer of circle symbol), b) The glycogen accumulation in liver of CIS+100
cell activation in CIS group (inside of circle symbol), (PAS) mg/kg OLE group, c) Liver histology similar to controls in CIS+200
mg/kg OLE group (PAS)

Fig. 5 The normal glycogen storage in liver of OLE group rats: (a) 50
mg/kg OLE group, (b) 100 mg/kg OLE group and (c) 200 mg/kg Fig. 7 Liver in control and CIS group rats: a) The normal architecture
OLE group (PAS) of liver from control rats, b) Increased intensity of fibrosis in portal
veins of CIS group rat liver (arrows), ¢) Increased fibrosis in
intercellular space (inside of circle symbol), (Reticulin)
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Fig. 8 The liver tissue in OLE group rats: a) CIS+50 mg/kg OLE
group, b) CIS+100 mg/kg OLE group, ¢) CIS+200 mg/kg OLE
group, (Reticulin)

Fig. 9 a) and b) The decreased fibrosis in liver tissue following 50
mg/kg and 100 mg/kg OLE exposure in CIS rats, slightly fibrosis in
portal veins (arrow) and ¢) The normal architecture similar to
controls in CIS+200 mg/kg OLE group, (Reticulin)

IV. DISCUSSION

Hepatotoxicity is one of the most common liver problems
and occurs when a body is exposed to chemotherapy drugs
[25]. Many studies have focused on the alternative approach to
protect CIS-induced hepatotoxicity using natural products-
derived antioxidants [26]. Our study produced two
observations with important implications. CIS treatment is
harmful to liver and OLE treatment is beneficial in protecting
against CIS-induced hepatic injury.

Although CIS-caused nephrotoxicity has been very well
documented, hepatotoxicity has been rarely characterized and
is less studied. Whereas, CIS is significantly taken up in
human liver and that the drug produces hepatic damages [27].
In our study, the balance between oxidant and antioxidant
system seemed to be disturbed due to CIS treatment. In the
present study, significant increases in MDA concentration
were observed in the liver, indicating increased lipid
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peroxidation. The main breakdown product of oxidized lipids
is the MDA and determining the concentration of MDA is one
of the most popular methods for studying oxidative stress
magnitude [28]. Recent studies have shown that oxidative
stress and its responses are relevant to the physiological
function of the liver and the development of liver injury [29].
Functional oxidative modifications of cellular proteins, both
reversible and irreversible, are a causal step in cellular
dysfunction. Redox-sensitive proteins with important cellular
functions are important to defense in liver cells [30]. Changes
in antioxidant enzymes and their protective mechanisms are
early indicators of cellular susceptibility to oxidant injury
caused by ROS. Modulation of oxidative stress plays an
important role in the resistance to anticancer therapies [31].

Antioxidants can eliminate free oxygen radicals that appear
in the body after radiation or chemotherapeutic agent exposure
[32]. According to our findings, OLE could prevent membrane
lipid peroxidation caused by MDA in liver and it could protect
tissue from the harmful effects of CIS by increasing the level
of reduced TAC. The previous studies have reported the
beneficial physiological and pharmacological properties of
OLE. One of its most prominent properties is its strong
antioxidant activity, mainly due to the presence of hydroxyl
groups in its chemical structure which could donate hydrogen
to prevent oxidation [33]. The high antioxidative potential of
the OLE was presented in different experimental models: in
ethanol and cold stress-induced gastric ulcers [34], [35], in
cerebral ischemia and reperfusion [36] and in hypertensive
rats [37]. Additionally, OLE caused a significant increase of
antioxidant status in erythrocytes [38], [39]. Moreover, the
treatment with OLE decreased tissue MDA in aged rats [40].
Nevertheless, these comments are not based on full dose—
response studies, and a more accurate investigation of the
relative properties of these olive oil phenolics as biological
antioxidants will be worthwhile [41], [42]. At this point, our
study is one of studies contributing to dose—response studies.
We established that OLE administration dose dependently
increased antioxidant capacity (50 and 100 mg/kg). Especially,
200 mg/kg OLE exhibited powerful antioxidant activity in
liver against CIS exposure.

A wide range of studies focus especially on substances
causing oxidative DNA damage. CIS-induced oxidative DNA
damage, specifically 8-OHdG lesions, has been demonstrated
in both animal models and in humans [43]. Our study revealed
that the highest concentration of the OLE exhibited the highest
decrease in the number of cells with DNA damage in the liver
samples treated with CIS. Efficiency of treatment with the
OLE against CIS-induced DNA damage might be explained
by the mechanisms reported by some authors that OLE
increased the cells' antioxidant capacity by stimulating the
synthesis of antioxidant enzymes and helped maintain their
activity during oxidative stress [44]. It was shown that
phenolic components such OLE had a higher antioxidant
activity than vitamin C and vitamin E [45]. The olive
phenolics prevented the H,O»-induced and phorbol myristate
acetate-induced DNA damage [46]. Recently, the protective
effects of OLE on sister chromatid exchange (SCE) and
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chromosome aberration (CA) were found in cultured human
blood cells treated with permethrin [47]. Additionally, OLE
influenced the structure and stability of the DNA helix [48].
Our positive results showed that OLE dose-dependently has
genoprotective feature on CIS-induced 8-OHdG lesions and
altered DNA repair was a consequence of OLE exposure in
liver cells. Moreover, these results were paralleled by
increased anti-oxidant defense capacity and decreased TOS
response in liver.

To assess the functional aspects, biochemical alterations in
our study included elevated levels of AST, ALT and LDH in
the blood after CIS treatment. AST and ALT are often
associated with an increased release oxidative insult of CIS
lead to damage in hepatocytes [49]. Cell necrosis leads to a
rise in the concentration of the LDH enzyme in serum and
tissue. The LDH released into the medium provides an index
of cell death and membrane permeability to LDH, and an
increase in LDH activity in the medium occurs as a result of
cell membrane disintegration and enzyme leakage [50]. Thus,
the increased activities of serum enzymes is mainly due to the
leakage of these enzymes largely from the liver cytosol into
the blood stream [51], which gives an indication of the
abnormal function of liver. ROS can act as a molecular trigger
of CIS and can attack the biological membranes directly [52].
Our results are in agreement with the commonly accepted
view that serum level of transaminase returns to normal with
healing of hepatic parenchyma and the regeneration of
hepatocytes [53]. OLE appears to be effective in reducing the
injurious effect of CIS observed in the present study. OLE is
an indication of stabilization of plasma membrane, as well as
repair of hepatic tissue damage caused by CIS. OLE is shown
to be the effective antioxidant in protecting the 2,2'-azo-bis(2-
amidinopropane) dihydrochloride-induced lipid peroxidation
of the erythrocytes membranes [54]. Besides, scavenging of
aqueous peroxyl radicals at the surface of membranes, as well
as scavenging of lipid peroxyl radicals within the membranes,
seems to play a considerable part in antioxidant activity of
lipophilic antioxidants as OLE [55].

Our histopathological manifestations confirmed the
biochemical changes in liver. The common findings in CIS-
treated rats were fibrosis, inflammation, sinusoidal dilatations,
congestion, hemorrhage, diminished glycogen content, focal
necrosis and also diffuse hepatic necrosis. CIS caused an
important histological sign by increasing fibrosis content in
liver [56]. Current knowledge suggest that the inflammatory
mediators and oxidative stress are actively involved in hepatic
fibrogenesis [57], [58]. In agreement with our histological
findings, CIS has been shown to activate inflammatory cells
[59]. The administration of OLE decreased lymphocyte
infilitration and activation of Kupffer cells in a dose-
dependent manner. Thus, the suppression of them with OLE
might contribute to deactivation of fibrogenic potential in our
study. Because, OLE presented significant immunomodulatory
properties in the liver by oxidative stress regulation. On the
other hand, CIS has another critical side-effect as hemorrhage
[60]. Moreover, CIS was considered in high risk for vascular
disorders [61]. In present study, the OLE could save the liver
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from congestion, sinusoidal dilatations and also hemorrhage. It
was reported that OLE reduced microvascular leakage as well
as leukocyte adhesion and ROS formation, while capillary
perfusion was protected [62]. Again, CIS altered the activities
of gluconeogenesis enzymes in hepatocytes [63]. Our present
data indicated that OLE resulted in the overall improvement of
glycogenesis as evident by higher of glycogen deposits as
compared to CIS group. In addition, consistent with the
findings of this study, in liver of the animals treated with CIS
was recorded diffuse degenerative changes and necrosis [64].
Whereas, 200 mg/kg OLE could decrease the degree and
severity of necrosis after CIS therapy. Studies have suggested
that oxidative stress might a causative agent of cell death in
many different pathological states and in various models of
toxic hepatic failure including CIS [65]. In the present study,
disappearance of such morphological changes in the liver
tissues of CIS-treated rats given evidence of antioxidant and
anti-inflammatory properties of OLE.

In this study, OLE was tested for the first time for reducing
the toxicity of anticancer drug. Our results showed that OLE
dose-dependently has protective feature in the CIS-induced
liver damages and might be considered a potential candidate to
protect hepatocytes against the deleterious effects of cancer
chemotherapy.
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