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SUMMARY

This study evaluates the potential of epigallocatechin-3-gallate
(EGCG) to mitigate 5-fluorouracil (5-FU)-induced hepatoroxicity
using the AML-12 cell line. The AML-12 cell line is divided into
Jour groups: control, 5-FU, EGCG, and 5-FU+EGCG. IC50
(Inhibirory Concentration 50) values are determined using the
MTT assay. The mRNA expression levels of antioxidant system-
related genes, including SOD, CAT, and GSH, are analyzed via
RTqPCR. Additionally, the expression levels of apoptosis-related
genes such as Caspase-9 (Cas-9), Apaf-1, Caspase-3 (Cas-3), Bcl-2,
and Bax, as well as p53 and SMAC/DIABLO, are evaluated. Co-
administration of EGCG with 5-FU results in a significant increase
in GSH, SOD, and CAT mRNA expression levels. Treatment with
5-FU alone significantly increases the expression levels of SMAC/
DIABLO, Bax, Apaf-1, Bcl-2, and Cas-3 mRNA by inducing
apoptosis. Furthermore, co-administration of EGCG and 5-FU
leads to a significant elevation in the mRNA expression levels of Cas-
9, Bax, Apaf-1, p53, Cas-3, and SMAC/DIABLO, indicating the
elimination of damaged structures through apoptosis. In conclusion,
our findings demonstrate that EGCG exerts a hepatoprotective effect
against 5-FU-induced damage through its antioxidant properties.
Moreover, EGCG enhances the anticancer efficacy of 5-FU by
promoting apoptosis and facilitating the removal of damaged cells.
These results suggest a potential therapeutic synergy between EGCG
and 5-FU in treating liver damage and cancer.

Keywords: 5-Fluorouracil, epigallocatechin-3-gallate,
hepatoprotective effect, oxidative stress, apaptosis.

AML-12 Hiicre Hattinda 5-Florourasil Kaynakli Karaciger
Hasarmnin Onlenmesinde Epigallokatesin-3-Gallat'in Etkileri

0z

Bu calismada, AML-12 hiicre hattr kullanilarak  epigallokatesin-3-
gallatin (EGCG), 5-florourasil (5-FU) kaynakly hepatotoksisiteyi azaltma
potansiyeli - degerlendirilmistiv. AML-12 hiicre hattr, kontrol, 5-FU,
EGCG ve EGCG+FU olmak iizere dért gruba ayrimustrr. 1C50 (Inhibitir
Konsantrasyon 50) degerleri, MTT testi kullantlarak hesaplanmagtir. SOD,
katalaz ve GSH gibi antioksidan sistemle iliskili genlerin mRNA ekspresyon
diizeyleri RT-qPCR yontemiyle analiz edilmigtir. Ayrica, apoptozla iliskili
Kaspaz-9 (Cas-9), Apaf-1, Kaspaz-3 (Cas-3), Bel-2 ve Bax genlerinin
ekspresyon diizeyleri ile birlikte p53 ve SMAC/DIABLO gen ekspresyonlar:
da  degerlendirilmistin. EGCGnin, 5-FU ile  birlikte uygulanmas:
sonucunda, GSH, SOD ve CAT mRNA ckspresyon diizeylerinde anlamly
bir arns tespit edilmigtir. 5-FU uygulamasinin, apoptozu uyararak SMAC/
DIABLO, Bax, Apaf-1, Bel-2 ve Cas-3 mRNA ekspresyon diizeylerini
istatistiksel olarak anlamls sekilde artirdigr gozlenmistir. EGCG'nin, 5-FU
ile birlikte wygulanmas: ise Cas-9, Bax, Apaf-1, p53, Cas-3 ve SMAC/
DIABLO mRNA ekspresyon diizeylerinde anlamly artiza neden olmug,
bu durumun hasarly yapilarin apoptoz yoluyla ortadan kaldirildigim
gosterdigi anlagilmugtir. Sonug olarak, bulgularimiz EGCG nin antioksidan
dzellikleri sayesinde 5-FU kaynakly hasara karsi hepatoprotektif etkiler
sagladiginy gistermektedir. Ayrica, EGCG'nin apoptozu tesvik ederck
hasarly biicrelerin ortadan kaldirilmasins kolaylastirdigr ve 5-FU'nun
antikanser etkinligini artirdige ortaya konmugtur. Bu sonuglay, karaciger
hasar: ve kanser tedavisinde EGCG ve 5-FU arasinda potansiyel bir
terapitik sinerji bulundugunu diisiindiirmektedir.

Anabtar Kelimeler:  5-Florourasil, epigallokatesin-3-gallat,
hepatoprotektif etki, oksidatif stres, apoptoz.
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INTRODUCTION

Cancer comprises a collection of prevalent
diseases marked by unregulated cellular proliferation.
Surgery, radiation, and chemotherapy are widely
utilized as cancer treatment options (Cleeland et al.,
2012; Herrmann et al.,, 2020; Dongsar et al., 2023).
Chemotherapy is essential in cancer treatment,
targeting the eradication or suppression of cancer
cell proliferation. However, chemotherapy resistance
remains a significant obstacle, impairing the
effectiveness of treatment and reducing its therapeutic
potential. Contemporary cancer therapies, aside
from their exorbitant expense, engage with signaling
pathways, leading to a diverse array of side effects
with differing severities and classifications. These side
effects depend on the dosage of chemotherapeutic
drugs and the patient’s sensitivity to the medications.
Due to their non-selective nature, chemotherapeutic
drugs damage healthy tissues and cells alongside

tumor cells (Wang et al., 2023).

Cytotoxic drugs, which represent an important
class of chemotherapy, demonstrate high efficacy
in cancer treatment. 5-fluorouracil (5-FU) is a
prominent cytotoxic drug (Ranjit et al., 2023). It
permanently inhibits thymidylate synthase (Yu et al.,
2015). 5-FU-based therapies are widely utilized as a
key component in various chemotherapy regimens for
cancer treatment. However, 5-FU is associated with
hepatoxicity, including hepatitis, steatohepatitis, and
hepatic sinusoidal obstruction syndrome (Vauthey et
al., 2006; Robinson et al., 2012; Hubert et al., 2013).
Hepatocellular damage is reported to intensify due
to elevated aminotransferases in 5-FU-induced liver

cirrhosis (Momiyam et al., 2015).

Certain phytochemicals, such as epigallocatechin
gallate (EGCG), enhance sensitivity to chemotherapy
and mitigate chemotherapy-induced toxic side effects
(Wang et al., 2023). EGCG exhibits various health
advantages (Alam et al, 2022). Depending on its
dosage, EGCG is reported to exhibit either antioxidant
or pro-oxidant properties (Yang et al., 2022). It also
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exhibits antioxidant, anti-inflammatory, anti-allergic,
anti-angiogenesis, vasodilator, and anti-carcinogenic
effects (Liczbinski et al., 2022).

This study investigates the impact of EGCG on
5-FU-induced hepatotoxicity. The study investigates
the mRNA levels of key antioxidant enzymes, such as
glutathione (GSH), catalase (CAT), and superoxide
dismutase (SOD). Furthermore, it explores the gene
expression profiles related to apoptosis, including
SMAC/DIABLO (Second Mitochondria-Derived
Activator of Caspases/Direct IAP Binding Protein
with Low pI), Bcl-2 (B-cell lymphoma 2), Caspase-9
(Cas-9), Apaf-1 (Apoptotic Protease-Activating Factor
1), p53 (tumor suppressor protein 53), Caspase-3
(Cas-3), and Bax (Bcl-2-associated X protein). The
effects of pathways involved in the apoptotic process
are analyzed to elucidate their influence on gene

expression.
MATERIALS AND METHODS
Groups

This study includes four experimental groups:
control, 5-FU, EGCG, and 5-FU+EGCG.

Cell culture
AML-12 cells (ATCC® CRL-2254 TM) are

cultured in flasks containing a nutrient medium
composed of 10 mg/ml streptomycin, 100 IU/ml
penicillin, 1% L-glutamine, and 5% heat-inactivated
fetal bovine serum. The medium is prepared in a 1:1
ratio of Dulbecco’s Modified Eagle’s Medium, HAMS
F12, and Eagle’s Minimum Essential Medium. The
study uses cells between the 5th and 12th passages
(5% CO,, 37°C).

Determination of EGCG and 5-FU Dosages

The dosages of EGCG and 5-FU are determined

based on prior studies. In vitro research indicates
a wide range of IC50 (Inhibitory Concentration
50) values for 5-FU, varying with cell line and
experimental conditions. For example, the IC50 of
5-FU is approximately 13 pg/ml in SW620 colon

cancer cells (Gao et al.,, 2014) and ranges from 0.25
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uM to 1.5 pM in MCF7 breast cancer cells when
used with B-escin (Mazrouei et al., 2019). Similarly,
EGCG at a concentration of 20 uM has been shown to
augment the apoptotic effects of 5-FU in MCF7 cells
(Zhang et al,, 2016). Based on these findings and the
requirements of the experimental design, 5-FU and
EGCG are administered at concentrations between
1.25and 20 uM in this study, enabling a comprehensive
evaluation of their effects on the AML-12 cell line.

Determination of IC50 doses by the MTT assay

Percent viability is calculated using the Thiazolyl
Blue Tetrazolium Bromide (MTT) assay, and IC50
values are determined via probit analysis (Turker
and Bakar, 2023). A total of 180 pL of 1x10° cells
are inoculated into each well of 96-well plates, with
four replicates studied. At the end of the 24 hours
of incubation (37°C, 5% CO,) 20 uL of the agents
indicated for each group are applied and incubated
for an additional 24 hours. An aqueous solution
containing 0.01% dimethyl sulfoxide (DMSO) was
added to the control group. Aqueous solutions of 5-FU
(Sigma F6627) and EGCG (Sigma 1236700), each
containing 0.01% DMSO, are prepared separately.
5-FU and EGCG are combined in a 1:1 (v/v) ratio and
administered simultaneously to the treatment groups.
All substances, except in the control group, are
applied at varying doses of 1.25, 2.5, 5, 10, and 20 pM,
with a total volume of 20 pL. The cells in all groups
are exposed to the substances for a total duration of
24 hours. Thereafter, 20 uL of MTT solution (5 mg/
mL) is introduced into the wells, and the plates are
left to incubate (3 hours). 200 pL of 0.01% DMSO

is added to dissolve the resultant formazan crystals.
Absorbance values are recorded at 492 nm using a
microplate reader. The viability of cells in the control
group is assumed to be 100%, and the IC50 doses are

determined using probit analysis.
RNA isolation and cDNA synthesis

The AML-12 cell line is plated in culture dishes
with 3x10° cells allocated to each well and maintained
under incubation for 24 hours. Subsequently, the
chemical compounds are applied to the cells at their
determined IC50 values and left to incubate (24
hours). Following treatment, RNA is extracted from
the cells using the PureLink RNA Mini Kit. The quality
and amount of RNA obtained are evaluated using a
Nanodrop spectrophotometer. ¢cDNA synthesis is
subsequently carried out using the High Capacity
cDNA Reverse Transcription Kit.

RT-qPCR analysis

Real-time Quantitative polymerase chain reaction
(RT-qPCR) analysis is conducted using the method
described by Akinci et al. (Akinc et al., 2023). Primer
sequences are provided in Table 1. This analysis
assesses the expression levels of antioxidant enzymes,
such as SOD, CAT, and GSH, as well as genes
associated with apoptosis, such as Apaf-1, SMAC/
DIABLO, Bax, Cas-9, Bcl-2, p53, and Cas-3. mRNA
expression is evaluated through the comparative cycle
threshold method (2A-AACt) (Akina et al., 2023).
Gene expression levels are analyzed relative to the
control group and standardized using glyceraldehyde
3-phosphate dehydrogenase (GAPDH) mRNA as a

reference.
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Table 1. Primer sequences of the genes used for RT-qPCR analysis

Gene Primer sequences (Forward/Reverse)

SOD 5-AGCTGCACCACAGCAAGCAC-3’ (Tam et al. 2023)
5-TCCACCACCCTTAGGGCTCA-3’

CAT 5-TCCGGGATCTTTTTAACGCCATTG-3" (Dkhil et al. 2016)
5-TCGAGCACGGTAGGGACAGTTCAC-3

GSH 5-ACTTGGCACTCCTCTCCTGA-3’ (Akinci et al. 2023)
5-AGGCACTAGAACCTGCTGGA-3’

Cas-3 5-GGTATTGAGACAGACAGTGG-3" (Oltulu et al. 2022)
5-CATGGGATCTGTTTCTTTGC-3’

Cas-9 5-GAGTCAGGCTCTTCCTTTG-3’ (Oltulu et al. 2022)
5-CCTCAAACTCTCAAGAGCAC-3

Apaf-1 5-GATATGGAATGTCTCAGATGGCC-3* (Yakovlev et al. 2001)

5-GGTCTGTGAGGACTCCCCA-3’

Bax 5-TTCATCCAGGATCGAGCAGA-3’ (Oltulu et al. 2022)
5-GCAAAGTAGAAGGCAACG-3

Bcl-2

5-ATGTGTGTGGAGAGCGTCAA-3’ (Oltulu et al. 2022)
5-ACAGTTCCACAAAGGCATCC-3’

p53 5-CACGAGCGCTGCTCAGATAGC-3’ (Oltulu et al. 2022)
5-ACAGGCACAAACACGCACAAA-3’

SMAC/DIABLO 5-CTCTGTGGCTGAGGGTTGAT-3" (Tokatl et al. 2020)
5-TTGTAGATGATGCCCACAGG -3

GAPDH 5-GTCTCCTCTGACTTCAACAGCG-3’ (Bednarz-Misa et al. 2020)
5-ACCACCCTGTTGCTGTAGCCAA-3

Statistical analysis RESULTS

IC50 values were determined by probit analysis MTT Assay

using MTT assay data. The AML-12 cell line is
subsequently treated with the IC50 doses of EGCG
and 5-FU, which are calculated as 0.38 uM for EGCG
and, 4.78 uM for 5-FU respectively, for 24 hours. The
relative fold-change values of gene expressions are
analyzed using one-way ANOVA followed by post hoc
Tukey’s test, with statistical significance set at p < 0.05.
Probit analysis and ANOVA tests are performed using
SPSS 20 software (IBM).
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The MTT assay evaluates the effects of 5-FU,
EGCG, and their combination (5-FU+EGCG) on the
viability of AML-12 cells. The cells are incubated for
24 hours before the MTT assay. The results indicate
a dose-dependent decline in cell viability across all
treatment groups (5-FU, EGCG, and 5-FU+EGCQG)
compared to the control group (Figure 1). The IC50

values are presented in Figure 1.
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Figure 1. MTT assay results. The standard deviation is shown by vertical bars. (mean +std dev.) (The
percentage of viability is calculated using the formula: (average absorbance of the sample/average absorbance

of the control) x 100.).

Antioxidant Gene mRNA Expression CAT and GSH mRNA expression levels, where

CAT, SOD, and GSH are analyzed. SOD mRNA the combination group reveals a considerable
expression significantly increases in all treatment iMprovement over the control and single-treatment
groups (EGCG, 5-FU, and 5-FU+EGCG) against 8rOUps (Figures 2B and 2C). These findings indicate
the control group, with the combination group that the combined application of EGCG and 5-FU
(5-FU+EGCG) exhibiting the highest expression enhances the antioxidant defense mechanism.

levels (Figure 2A). Similar trends are observed for
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Figure 2. SOD (A), CAT (B), GSH (C) Relative mRNA Expression. **** p<0.0001, *** p<0.001 compared to
control group, ++++ p<0.0001, +++ p<0.001 compared to 5-FU group, #### p<0.0001, ### p<0.001 compared
to EGCG group.

Apoptosis-Related Gene mRNA Expression

The expression levels of apoptosis-related genes
Bax, Apoptotic protease-activating factor 1 (Apaf-
1), Bcl-2, Cas-9, p53, Cas-3, and SMAC/DIABLO
are evaluated. Treatment with 5-FU significantly
increases the expression of pro-apoptotic genes (Cas-
3, SMAC/DIABLO, Cas-9, Bax, and Apaf-1), while

anti-apoptotic Bcl-2 expression decreases against
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the control group (Figure 3). Co-administration of
EGCG and 5-FU leads to further upregulation of
pro-apoptotic genes and p53 expression, suggesting
enhanced apoptosis in the combination group
(Figures 3A-3G). These findings imply that EGCG
amplifies the apoptotic effects of 5-FU by regulating
both anti- and pro-apoptotic pathways.
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Figure 3. Cas-3 (A), Cas-9 (B), Apaf-1 (C), Bax (D), Bcl-2 (E), p53 (F), SMAC/DIABLO (G) Relative mRNA
Expression. **** p<0.0001, *** p<0.001 comparing to control group, ++++ p<0.0001, +++ p<0.001 comparing
to 5-FU group, #### p<0.0001 comparing to EGCG group.
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DISCUSSION

The liver constitutes a vital organ responsible for
maintaining health and homeostasis. It performs
critical roles in numerous biochemical processes,
including growth, disease defense, nutrient
provisioning, and energy production. The primary
functions of the liver include carbohydrate, protein,
and fat metabolism, bile secretion, vitamin storage,
and detoxification. A healthy liver is therefore
indispensable for overall well-being. Hepatotoxicity
denotes liver injury induced by various chemicals.
Certain medications, particularly at high doses or
in predisposed individuals, induce hepatotoxicity.
Examples of hepatotoxins include acetaminophen
and alcohol, along with herbal products and industrial
chemicals. These agents damage hepatocytes, leading
to dysfunction and potentially causing hepatitis,
jaundice, liver fibrosis, or alcoholic liver disease.
The liver injury induced by the drug is estimated to
represent around 5% of all hospital admissions for

acute liver failure (Pandit et al., 2012).

5-FU is commonly used in the treatment of
various cancers. It is used either as monotherapy or
in conjunction with other medications (Pujari and
Bandawane, 2021). 5-FU, classified as an antimetabolic
drug, influences the synthesis of RNA and DNA in both
tumor and normal cells. The predominant portion of
5-FU undergoes detoxification via the liver, with only
aminor quantity excreted through the kidneys (Gelen
et al, 2018). Toxic intermediates responsible for
liver injury are produced during 5-FU metabolism.
Studies demonstrate that 5-FU treatment induces
oxidative stress in the liver, resulting in structural and
functional abnormalities in hepatocytes, as observed
in both in vitro and in vivo investigations (Tam et al.,
2003). In response to 5-FU, increased activity levels of
ALP (Alkaline Phosphatase), lactate dehydrogenase,
and AST (Aspartate Aminotransferase) are observed
(Gelen et al., 2018).

Traditional medicines have historically been used

to treat liver ailments. The hepatoprotective benefits of
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these remedies are often ascribed to their antioxidative
characteristics and their ability to stimulate the body’s
innate antioxidative defense system. Given the role of
oxidative stress in nearly all forms of liver damage,
the antioxidative properties of these substances
likely play a significant role in their hepatoprotective
effects. Increasing data indicates that the therapeutic
activity of natural substances is attributable to
qualities antioxidative

pharmacological beyond

mechanisms (Domitrovi¢ and Poto¢njak, 2016).

EGCG, the primary flavonoid in tea, is shown
in numerous studies to mitigate drug-induced liver
injury, although its precise mechanism of action
remains unclear. Forinstance, in an experimental study
conducted by Lin et al. in rats, EGCG demonstrates
antioxidant activity that reduces acetaminophen-
induced liver damage (Lin et al., 2021). This study
focuses on EGCG’s ability to prevent 5-FU-induced

liver damage.

The increase in antioxidant enzyme mRNA
expression levels (SOD, CAT, and GSH) observed
in our study aligns with findings from Gelen et al.
(Gelen et al., 2018), which demonstrate the depletion
of these enzymes under 5-FU-induced oxidative
stress. By enhancing their expression, EGCG appears
to counteract the oxidative damage induced by 5-FU,
consistent with the hepatoprotective effects reported
by Lin et al. in acetaminophen-induced liver injury
(Lin et al., 2021).

Recent findings reveal that 5-FU-induced liver
and kidney damage is associated with elevated ROS
levels. Antioxidant levels, such as SOD, CAT, and
GSH, are shown to decrease in liver and kidney
tissues following 5-FU administration. Furthermore,
serum malondialdehyde (MDA) levels increase
significantly. Studies in experimental animals indicate
that 5-FU administration lowers SOD and GSH
levels, accelerates lipid peroxidation, and significantly
elevates serum ALT (Alanine Aminotransferase),
AST, and ALP activity, leading to hepatotoxicity
(Gelen et al., 2018).
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EGCG, known for its anti-inflammatory and
antioxidant activities, exhibits anticancer properties
in animal studies. EGCG inhibits the proliferation of
hepatocellular carcinoma cells and promotes apoptosis
(Yang et al. 2012). Yang et al. (2012) demonstrate that
EGCG enhances the suppression of cell proliferation
induced by 5-FU in hepatocellular carcinoma cells.
EGCG enhances the susceptibility of hepatocellular
carcinoma cells to the anticancer properties of 5-FU.
Moreover, EGCG and 5-FU exhibit a synergistic effect
on chemoresistant cancer cells (Moracci et al., 2022).
This study demonstrates that co-administration of
EGCG with 5-FU significantly increases the mRNA
expression levels of SOD, CAT, and GSH, supporting

the antioxidant defense system.

Apoptosis, a physiological process that selectively
eliminates undesirable cells, plays a pathological role
in cases of cell injury. Cytotoxic or chemotherapeutic
drug exposure induces oxidative stress, causing
cell damage. Cancer progression can be mitigated
by eliminating damaged cells through apoptosis
(Coskun and Ozgiir, 2011). DNA damage activates
P53, a transcription factor that allows time for DNA
repair while suppressing anti-apoptotic factors and
promoting pro-apoptotic factors (Gokhan etal., 2020).
Anti-apoptotic effectors like Bcl-2 are downregulated,
while pro-apoptotic effectors such as Bax are released.
Bax/Bak proteins oligomerize and translocate to
the mitochondria, promoting outer membrane
permeabilization. This facilitates the cytoplasmic
translocation of pro-apoptotic proteins such as
cytochrome ¢ and SMAC/DIABLO. Cytochrome ¢
and Apaf-1 form the apoptosome, which activates
Cas-9 and subsequently Cas-3 (Pradhan et al., 2023).
The upregulation of pro-apoptotic genes (SMAC/
DIABLO, Bax, Apaf-1, Cas-3, and Cas-9) and the
downregulation of anti-apoptotic Bcl-2, observed
upon 5-FU treatment, are consistent with apoptosis
induction mechanisms described by Coskun and
Ozgiir (Coskun and Ozgiir, 2011) and Pradhan et
al. (Pradhan et al, 2023). The enhanced apoptotic

response when EGCG is co-administered highlights
its role in amplifying chemotherapeutic efficacy, as
similarly demonstrated by Moracci et al. (Moracci et

al., 2022) in chemoresistant cancer cells.

Our study builds upon the existing literature by
providing comprehensive data on the dual role of
EGCG in mitigating 5-FU-induced hepatotoxicity
while enhancing its anticancer activity. Previous
research has demonstrated the antioxidant properties
of EGCG in preventing oxidative stress-induced liver
damage (Lin et al., 2021) and its ability to enhance the
cytotoxic effects of 5-FU in cancer models (Yang et
al., 2012; Moracci et al,, 2022). However, the precise
mechanisms underlying these effects, particularly
in the context of apoptosis and antioxidant gene

modulation, remain poorly understood.

Our findings provide novel insights into the

molecular  pathways involved, —demonstrating
significant upregulation of key antioxidant enzymes
(SOD, CAT, and GSH) and pro-apoptotic genes
(SMAC/DIABLO, Bax, Apaf-1, Cas-9, and Cas-3)
when EGCG is co-administered with 5-FU. This
suggests that EGCG not only mitigates oxidative
damage but also promotes the removal of damaged
cells through apoptosis, thereby reducing the
hepatotoxic effects of 5-FU and potentially enhancing

its therapeutic efficacy.

By targeting both oxidative stress and apoptotic
pathways, EGCG demonstrates a dual protective
and synergistic effect when combined with 5-FU.
These findings advance our understanding of the
therapeutic synergy between natural compounds
like EGCG and conventional chemotherapeutics
such as 5-FU. They also validate the role of natural
compounds in mitigating drug-induced toxicities,
while emphasizing their potential to enhance cancer
treatment outcomes. This study thus provides a
foundation for future in vivo investigations and
clinical trials to evaluate EGCG as a promising

adjuvant therapy in cancer treatment.
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CONCLUSION

The findings of this study demonstrate that EGCG
protects the liver from 5-FU-induced damage through
its antioxidant effects. Additionally, EGCG enhances
the anticancer efficacy of 5-FU by inducing apoptosis,
thereby facilitating the elimination of cells damaged
by 5-FU. These results suggest that further in vivo
studies and clinical research are warranted to evaluate
the potential of EGCG in mitigating hepatotoxicity

and enhancing cancer treatment outcomes.
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