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Sorafenib, a multi kinase inhibitor, is the only FDA approved drug designed to target advanced
hepatocellular carcinoma (HCC). However, unbearable side effects, insufficient efficacy and resistance
mechanisms against this drug, generates necessity to develop novel therapeutic strategies and drugs.
Recently macrolides have drawn attention of researchers in the treatment of cancer owing to their
proposed chemotherapeutic role, based on the concept of repurposing, as they are well tolerated, less
toxic and inexpensive. In this study we evaluated the combine effects of low dose of Azithromycin with
Sorafenib in HepG2 cell line. Co-treatment of Sorafenib and Azithromycin showed enhanced inhibition of
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cell growth and suppressed the MAPK pathway associated with cellular proliferation, however the effects

on cellular apoptosis were found to be insignificant.
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INTRODUCTION

orafenib, an oral multi kinase inhibitor is the only

FDA approved drug for advanced HCC employed to
increase the survival of patients (Chen et al., 2010b). It is
bi-aryl urea (Chen et al., 2010a; Le Grazie et al., 2017) that
hinders tumor proliferation and angiogenesis by inhibiting
several kinases involved in the MAPK pathway, the Pro
inflammatory pathway involved in pathogenesis of HCC,
where it specifically targets Raf-1 and B-Raf and receptor
tyrosine kinase activity of vascular endothelial growth
factor receptors (VEGFRs) 1, 2, and 3 along with platelet-
derived growth factor receptor § (PDGFR-f) (Llovet et al.,
2008). As MAPK pathway is more often over activated
in HCC, Sorafenib is drug of choice for this cancer with
Raf-1 being the target molecule (Gauthier and Ho, 2013).
Monotherapy with Sorafenib is generally well tolerable,
however certain adverse effects including diarrhea and
hand-foot skin reaction are common. Other side effects
noticed in various trials occurring variably are anorexia,
alopecia, abdominal pain, dry skin, weight loss, voice
changes and other dermatological events (Keating and
Santoro, 2009). Apart from that, there are certain clinical
trials which documented non responsiveness of Sorafenib
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(Zhu et al., 2014). Since the knowledge of underlying
mechanistics involving etiology, progression and spread of
cancer extend spectacularly in last four decades, different
root causes of cancer resistance are continuously being
explored that subsequently leads to the unearthing and
development of novel approaches customized to hamper
cancer resistance (Zhu et al., 2017). In this regard, studies
have been conducted to understand the mechanisms
of resistance against sorafenib in resistant cells which
showed higher expression of different intermediates of
various proliferative or pro inflammatory pathways that
contributes to acquired resistance to sorafenib. These
pathways in some way are also associated with HCC
progression and run parallel to ERK/MAPK pathway
(Zhai and Sun, 2013). Over activation of PI3K/Akt and
MAPK pathway in Sorafenib resistant tested HCC cells
(van Malenstein ef al., 2013), tumor hypoxic environment
(Liang et al., 2013), aberrant activation of EGFR receptors
(Blivet-Van Eggelpoél et al., 2012), nuclear factor
kappa b and autophagy (Zhai and Sun, 2013) are some
of the mechanisms intricated with sorafenib resistance.
Therefore, there is an utmost need to explore new strategy
which could be used to reduce drug related adverse effects
or/and to overcome resistance against sorafenib. For long,
combination therapy is considered as the cornerstone of
cancer management (Mokhtari ef al., 2017) where two
or more drugs with different mechanisms and toxicity
profiles are usually combined in order to combat dilemma
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associated with cancer chemotherapy i.e. resistance and
drug withdrawal owing to adverse effects. Combination
therapy is known to improve long term prognosis and
decreases side effects by modulating different molecular
pathways which in turn enhances the therapeutic effect
and overcome phenomena of resistance (Greco and
Vicent, 2009). Combination can be beneficial in other
ways, unlike a high dose of single chemotherapeutic agent
which could be significantly toxic and immunosuppressant
ultimately weakening the host defenses (Partridge et al.,
2001) combination therapy decreases the toxicities of
individualized drugs meaningfully as the combination
works in a synergistic or additive manner at less
therapeutic dosage for each drug (Mokhtari ef al., 2013).
In some of the cases combination therapy is also expected
to prevent lethal effects of principle drug on normal cells
while rendering the cancer to cytotoxic effects like in case
of methotrexate and leucovorin combination (Ferdousi et
al., 2017). More recently combination therapy with novel
drugs are being considered for targeting cancer inducing
and cancer sustaining pathways, based on the phenomena
of repurposing having therapeutic values for different
diseases other than the cancer. Drug repositioning is an
efficient approach suggesting use of FDA-approved drugs
for the treatment of cancer with known pharmacological
profile. Moreover sometimes combination of drugs are
acquired to increase the half-life (Bell et al., 2008) or
accumulation of drugs at the target sites (Gupta and
Vyas, 2007) by utilizing the strategy of enzyme or efflux
pump inhibition (Csoti et al., 2019; Pule et al., 2016),
respectively. Recently combination therapy with novel
drugs are being considered for targeting cancer inducing
and sustaining pathways, based on the phenomenon drug
repositioning which is an efficient approach, suggesting
the use of FDA approved drugs for the treatment of cancer
having known pharmacokinetic and pharmacodynamic
profiles for other diseases. Recently acetazolamide (Islam
et al., 2016), metformin (Safe et al., 2018), macrolides
(Hirasawa et al., 2016), have been tailored for treating
certain cancers not merely as solo agent but as adjuvant
too (Chen et al., 2015). Azithromycin (AZM) is a semi
synthetic macrolide with a 15-membered macrolactam
ring structure which is also termed as azalide. It is obtained
by chemical modification of macrocyclic lactone ring of
erythromycin that acts by inhibition of bacterial protein
synthesis at 50S ribosome subunit. Though AZM gives
coverage to both aerobic and anaerobic gram negative and
Gram positive bacteria it is found to be more active against
gram negative bacteria (e.g., Haemophilus influenza and
M. catarrhalis), as well as atypical respiratory organisms
(e.g., Chlamydia, Mycoplasma, Listeria, Pneumocystis,
and Legionella spp.), making it broadly prescribed for

the treatment of respiratory tract infections. AZM claims
excellent safety profile with minimal adverse effects and
once daily dosing schedule owing to relatively longer
half-life (Muniz et al., 2013). Apart from its well-known
antimicrobial effects, Azithromycin has been emerged
as a potent anti-inflammatory, immunomodulatory and
antirhinoviral agent (Zimmermann ef al., 2018). Currently
researchers are interested in repositioning of Azithromycin
as potent anticancer agent either as adjuvant or in unaided
form (Al-Darraji et al., 2018).

On the other hand, hepatoma is ranked as the fifth most
common cancer globally and stands at second position in
relation to cancer associated mortality (Hepatology, 2018).
Around 78,200 new cases are being diagnosed every year
and this incidence is expected to peak around in 2030
(Omata et al., 2017) owing to increasing chronic Hep B
or C infection which is a dominant risk factor worldwide
(Wallace et al., 2015). At early stages, surgical resection
of the tumor, liver transplantation and ablative therapies
are the different treatment options, while pharmacological
treatment i.e. Sorafenib is the last hope for advanced
disease designed to increase the mean survival of patients
(Chenetal.,2010b). Keeping in view the above mentioned
growing incidence of HCC cases, non-responsiveness of
Sorafenib and impending advantages of AZM, this in-
vitro study is designed to explore the anticipated amplified
response of Sorafenib in the presence of low dose of AZM
in the battle against HCC.

METHODOLGY

Drug/compound preparation

Test drug (Azithromycin) was purchased from Hebei
Dongfeng Pharmaceutical Co. Ltd., while Sorafenib
was purchased from MedChemExpress (USA). Stock
concentrations of drugs were prepared in sterile 100%
DMSO and were kept at -20°C. The working solutions
of drugs were freshly prepared from stock solutions by
diluting the stock in Dulbecco modified Eagle medium
(DMEM). Cells were treated with different working
concentrations of Sorafenib and combination of Sorafenib
and Azithromycin after optimization so that their combined
effect could be evaluated.

Cell cultures

Human hepatocellular cell line (HepG2) was kindly
provided from PCMD (Panjwani Center for Molecular
Medicine and Drug Research) Karachi, Pakistan. Cells
were cultured in T75 flask in DMEM (Sigma Chemicals)
supplemented with 1% penicillin and streptomycin 1%,
1% L-glutamine and 10% FBS in humidified atmosphere at
37°C containing 5% CO,. Once reached 80% confluency,
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cells were detached using 0.05% trypsin and counted using
trypan blue on hemocytometer slide under an inverted
microscope.

MTT cytotoxic assay

Cytotoxicity of Sorafenib and its combination with
AZM was assessed by using standard MTT colorimetric
assay. Initially exponentially growing cells (30,000 cells/
well) were seeded in 96-wells flat bottom cell culture-
treated plate in complete DMEM. Cells were given
incubation for 24 h followed by removal of media,
200uL of fresh medium was added along with five
different concentrations of Sorafenib (0.625ug/ml, 1.25
pg/ml, 2.5ug/ml, Spg/ml, 10pg/ml) and its combination
with AZM (0.625ug/ml, 1.25 ug/ml, 2.5pg/ml, Spg/ml,
10pg/ml) in triplicates. Treated cells were incubated in
a humidified incubator with 5% CO, at 37°C. After 48 h
of treatment, media was aspirated and 50uL of MTT dye
(0.5mg/mL) was added in each well and the plate was
further incubated for 4 h. Afterwards, DMSO was added to
solubilize formazan crystals, the extent of MTT reduction
to formazan within cells was calculated by measuring
absorbance at 570nm using microplate reader (Spectra
Max plus, Molecular devices, CA, USA) as described (Luo
et al., 2010). The cytotoxicity exerted by compounds was
recorded as concentration causing 50% growth inhibition
(IC50) for HepG2 cells.

Nuclear condensation

HepG2 cells (30,000 cells per well/24 well plate)
were analyzed for nuclear fragmentation after being
treated with Sorafenib and its combination with AZM.
Cells were grown and treated with test compound for 48
h as described. After incubation cells were fixed with 4%
paraformaldehyde, washed with PBS, and then stained
with the fluorescent binding dye DAPI (4,6-diamidino-2-
phenylindole). Cells were then visualized under flouroscent
microscope (Nikon, Japan) (DeCoster, 2007). Nuclear
area factor which is circulatory 4 pi (area/perimeter?) and
roundness (perimeter2)/ (4*pi*area) was calculated after
processing the images by ImageJ software as described.

Real time RT-mRNA expression

RNA was isolated from the treated HepG2 cells (1 million
cells per well/6 well plate) by the TRIzol method, as per
manufacturer’s instructions. The concentration and purity
of RNA was analysed by using NanoDrop 2000, Thermo
Scientific USA. Quantification of purified RNA was done
by measuring the absorbance at 260nm. RNA (1 pg) was
used for cDNA synthesis by using Thermo scientific Revert
Aid First Strand cDNA Synthesis kit. Real time PCR of
cDNA samples was performed by using Thermo Scientific

Maxima Sybr Green/ROX qPCR Master Mix (2X), Each
sample was run in triplicate and GAPDH was used as
the normalizing control. Primers for Raf-1, MAPK3 and
GAPDH are listed in Table I. The real time PCR data was
analysed using the 24CT relative quantization method
following the manufacturer’s instructions. Thermocycler
conditions were comprised of an initial activation step at
95°C for 10 min, followed by 95°C for 30 sec, 60°C for
min for 40 cycles. Comparative CT method was used to
calculate the fold change in gene expression (Luo ef al.,
2010).

Fig. 1. Cytotoxic effects of Sorafenib and combination
on HepG?2 cells following 48 h of treatment. A, the graph
shows dose dependent inhibitory effect of Sorafenib on
growth of HepG2 cells. Significant difference between
untreated and Sorafenib treated cells was observed and
is indicated as **P<0.01 at 0.625pg/ml and 1.25pg/ml,
and ***P<0.001 at higher doses. B, bar graph shows dose
dependent effect of combination on growth inhibition of
HepG2 cells with level of significance ***P<0.001 versus
untreated group. Each bar represents mean + SEM for the
experiments run in triplicates.

Statistical analysis

SPSS program (version 20) was used for analysis
of data. All numerical values were presented as mean +
S.E. of mean (SEM). The mean and SEM of the treatment
group was generated by ANOVA (Analysis of variance).
To find comparison between the groups, Tukey’s post hoc
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tests were applied. The significant difference between and
within the treatment groups was considered significant at
set P-value < 0.05.

RESULTS

Cytotoxicity of Sorafenib HepG2

We have tested the effects of Sorafenib alone and
combination of Sorafenib with Azithromycin (AZM)
against hepatocellular cancer (HepG2) cell line. Cytotoxic
analysis was done via MTT for both treatment groups
at different concentrations. The concentrations tested
for Sorafenib and combination were attained after the
procedure of optimization. Sorafenib showed inhibition

of proliferation at 0.625 pg/mL, 1.25 pg/mL with p-value
(<0.01) and at 2.5 pg/mL, 5 ng/mL and 10 pg/mL the
p-value was <0.001 (Fig. 1A) while combination showed
highly significant cytotoxicity at all concentrations
with P-value (<0.001) (Fig. 1B). The IC50 calculated
for Sorafenib was 1.5 pg/mL and was decreased for
combination treatment i.e.1.01 pg/mL.

Effect on cell Morphology

The effect of Sorafenib and combination on
morphology of HepG2 was studied under inverted phase
microscope. After 48 h of treatment with Sorafenib and
combination at their IC50 concentrations, cells showed
morphological alteration as compare to control (Fig. 2).

Table I.- The primer sequence for quantitative real time PCR.

Gene Gene name

Primer sequence

Forward Reverse

GAPDH Glyceraldehyde-3 Phosphate Dehydrogenase
MAPK3 Mitogen-Activated Protein Kinase 3

RAF1 Raf-1 Proto-Oncogene, Serine/Threonine Kinase

CCAGAACATCATCCCTGCCT CCTGCTTCACCACCTTCTTG
GGCCCGAAACTACCTACAGT CGTCGGGTCATAGTACTGCT
CAACCCCAGAGCAATTCCAG AGGTGTTTGTAGAGGCTGCT

Fig. 2. Inverted phase microscopy showing HepG2 cells control (A), Sorafenib (B) and combination (C) treated cells. The control
cells (A) display normal morphology of HepG2 cells. In contrast, the cells treated with sorafenib (B) and combination (C) at their
IC50 concentrations showed morphological alteration as compared to control. Images were taken at 10X magnification and scale

bar is 100um.

Fig. 3. Fluorescence microscopy showing DAPI stained nuclei of HepG2 control (A), Sorafenib (B) and combination (C) treated
cells depicting insignificant results. Fluorescence microscopy was done at 10X magnification. Scale bar was 100pm.
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Effect of Sorafenib on apoptosis of HepG2

The effect of Sorafenib and combination on
apoptosis was studied by performing DAPI staining.
Disintegration of nuclei and reduction in nuclear area
factor are morphological markers of apoptosis. After 48 h
of treatment with Sorafenib and combination at their [C50
concentrations, HepG2 cells were observed for nuclear
condensation (Fig. 3) and for reduction in nuclear area
factor (Fig. 4) which showed insignificant effects.

Fig. 4. Analysis of nuclear area factor after Sorafenib and
combination treatment induced apoptosis in DAPI stained
HepG2 cells. Imaje] software was used for calculating
circularity 4 pi (area/perimetre?) and roundness (perimeter?)/
(4*pi*area). Nuclear area factor was calculated as the
product of object area (in pixels2)*roundness. Data was
presented as mean = SEM and experiments were run in
triplicates.

Effect of Sorafenib on expression of Raf-1 and MAPK3
gqRT-PCR analysis was performed to determine the
effects of Sorafenib and combination on the expression
of genes (RAF-1 and MAPK3) which showed highly
significant (***P<0.001) downregulation of RAF-1 by
both the groups at their IC50 concentrations. MAPK3
expression was also significantly decreased after Sorafenib
(***P<0.001) and combination treatment (¥*P<0.05).

DISCUSSION

Macrolides are recently being considered for the
development of novel chemotherapeutic agents or as an
adjuvant to traditional anticancer drugs in the treatment
of various carcinomas (Zehra et al., 2019). Azithromycin,
one of the safest macrolide has been studied in
combination with recommended anticancer drugs for
their anticipated synergistic activity previously in colon
(Qiao et al., 2018), cervical and gastric cancer (Zhou
et al., 2012). Further its role in overcoming resistance

generated by chemotherapeutic agents has also been
appreciated (Asakura et al., 2004). Therefore, considering
the usefulness of this drug we explored its synergistic
anticancer role against hepatoma cell line.

We initially analyzed its cytotoxic activity of
Sorafenib alone and in combination with low dose of
Azithromycin on HepG2 cell line for 48 h where we
found more significant results with later treatment. A
study supporting our results conducted with combination
Vincristine (VCR) and AZM via MTT on Hela and SGC-
7901 cells by Zhou et al showed significant inhibition in
both cancer cell lines in time and dose dependent manner
indicating that their combination was more effective in
inhibiting the proliferation of cancer cells when compared
to Vincristine alone (Zhou et al., 2012).

In the same study, the effects of AZM alone and in
combination were also studied in non-cancer cell line
i.e. BHK-21 (a transformed hamster fibroblast cell line)
in which AZM or combination showed no significant
cytotoxicity proving the safety of AZM in normal cells
(Zhou et al., 2012).

Another study done on colon cancer cell lines
(SW480, HCT-116), AZM alone and in combination with
TRAIL showed significant cell death by combination
treatment when analyzed by annexin V-FITC/PI staining
detected by flowcytometry (Qiao ef al., 2018).

Others macrolides along with Azithromycin (AZM)
i.e., Erythromycin (EM) and Clarithromycin (CAM)
were also studied by Moriya et a/ on multiple myeloma
cell lines (U266, IM-9 and RPMI8226) both alone and
in combination with Bortezomib (BZ). It was also noted
that AZM, CAM or erythromycin alone showed no
cytotoxicity up to 100 pg/mL in MM cell lines while the
combination of AZM at 25 and 50 pg/mL with bortezomib
enhanced the BZ-induced cytotoxicity which suggests the
use of macrolide antibiotic as adjuvant for MM therapy.
Further, it was stated that the cytotoxicity by combination
is based on two major intracellular protein degradation
systems such as ubiquitin-proteasome system inhibition
by bortezomib and the autophagy-lysosome system
suppression by macrolides which together enhanced
endoplasmic reticulum mediated apoptosis in MM cells
(Moriya et al., 2013).

Apart from Macrolide’s antibiotics ability to
restrain autophagy, another supposed mechanism of their
cytotoxicity is inhibition of mitochondrial biogenesis
which is the fundamental requirement of cancer stem cells
for their survival (Lamb et al., 2015). This side effect of
antibiotics of inhibiting mitochondrial biogenesis could be
connected to the therapeutic effects in terms of anticancer
potential. AZM came out as inhibitor of mitochondrial
biogenesis in this study (Lamb et al., 2015).
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We also performed q-PCR to confirm our results and
to inquest the underlying molecular effects of combined
therapy. The molecular basis for the anticancer mechanism
was assessed via testing the effects of these drugs (at
IC50 concentrations) on regulation of genes (RAF1 and
MAPK3) involved in MAPK proliferative pathway (Pang
etal., 2012).

Sorafenib is renowned for its inhibitory effects on
MAPK pathway therefore it was expected to obtain highly
significant down regulation of both RAF and MAPK genes
(Carlo-Stella ef al., 2013; Gedaly et al., 2012) (Fig. 5).

While for combination, unlike Sorafenib alone we
didn’t get much significant downregulation of MAPK3
gene (p value<0.05) when compared to Sorafenib (Fig. 5),
despite of highly significant Raf down regulation (p
value<0.001) (Fig. 5) and low IC50 value for cytotoxicity
(1.01pgm/ml).

Fig. 5. Down regulation of mRNA expression of RAF-
1 and MAPK3 after being treated with sorafenib and
combination at their IC50 concentrations. GAPDH was
used as control gene. Fold change was calculated by ACt
method after obtaining CT values. The data was presented
as mean + SEM of three independent experiments.

The possible explanation behind this surprising finding
is a drug combination could be different from individual
constituent and may act likely in one of the three ways
i.e. it may homogenize individual drug mechanism, it may
create a novel binding site; not present in individual drugs,
or it may behave as totally original molecule (Pritchard et
al.,2013).

Apart from that, there are multiple cross talks at
level of Raf, therefore it is possible that likely structural/
chemical modifications in combined dosage form may
inhibit other ERK independent pathways.

In this regard MAPK independent, different cross
links of Raf (Feng et al., 2017) have been reported which
showed the interaction of Raf-1 with Rb and p130 proteins
in vitro, which is pivotal step in the growth factor-mediated
induction of cell proliferation (Wang et al., 1998).

Another crosstalk exists at the level of Raf with PIKt3/
Akt Pathway. Akt is found to interact with Raf and bring
about its phosphorylation which inhibits the activation of
Raf-MEK-ERK (Zimmermann and Moelling, 1999).

Apart from above mentioned cross talks, recently
role of Raf in the inhibition of apoptosis beside cell
proliferation and survival, has also been identified in one
study where the interaction of Raf-1 with ASK1 (apoptosis
signal-regulating kinase 1) suggests a novel pro survival
(antiapoptotic) mechanism for Raf-1 which is independent
of MEK-ERK pathway (Chen et al., 2001). Unlike B-Raf,
Rafl is not essential for ERK activation so in the process
of tumorigenesis it tends to interact with different proteins
to allow cross-talk between signaling pathways such as
include p2l-activated kinase (PAK3), serine/threonine
kinase 3 (STK3), and protein kinase C (PKC) (Huang et
al., 2017). That might be the reason of non-significant
suppression of MAP Kinase genes and insufficient
evidence for apoptosis in cells which is just discussed
ahead.

Therefore, further detailed studies appraising
multiple gene expression analysis for relevant molecular
pathways are warranted to explore exact mechanism of
drugs combination.

We also dug out the potential of Sorafenib in
inducing apoptosis of cancer cells which came out with
insignificant results and so for Sorafenib with low dose
of AZM. Literature supports the escape of cancer cells
from apoptosis and formation of compensatory signaling
pathways after being exposed to Sorafenib, are the
possible reasons for its decreased efficacy (Cui et al.,
2016). Sorafenib is a multi-kinase inhibitor of VEGFR,
PDGFR, PI3K, MAPK, Raf etc. Although it had been
after approved for the treatment of HCC but the overall
efficacy of Sorafenib is not effectual as the tumor cells
lose their sensitivity after long term exposure to antitumor
drugs culminating into acquired resistance secondary to
mechanisms such as addiction switching, compensatory
pathway because of pathway loops or crosstalk, epithelial-
mesenchymal transition, cancer stem cells, disabling of
pro-apoptotic signals, hypoxic environment (Zhai and
Sun, 2013).

Nevertheless, more recently it was found in a study
that Sorafenib exert its cytotoxic effect by the mechanism
of ferroptosis which is necrosis in a regulated manner and
quite different from apoptosis when it was tested in ten
different cell lines including HCC cells (Huh7 and PLC/
PRFY). This study also established the role of Sorafenib as
the first clinically approved drug that can induce ferroptosis
(Lachaier et al., 2014; Cao et al., 2016). Hence, detailed
researches must be conducted to study the underlying
cancer cell death mechanisms of Sorafenib.
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Despite of significant data related to efficacy of AZM
as proapoptotic agent (Zhou et al., 2012) our combination
group didn’t show any significant effects on apoptosis of
HCC, the underlying reason may be lower dose of AZM
used to employ the improved effects of sorafenib.

All of the above mentioned studies including present
study, support that Sorafenib in combination with AZM
poses enhanced anticancer activity with several probable
mechanisms impeding growth and proliferation of cancer
cells. Therefore their combination may be acceptable
and justified, though mechanism of cytotoxicity the
combinatorial treatment have employed, is highly reliant
on dose and ratio of individual drugs.

CONCLUSION

The use of Sorafenib as the treatment option for HCC
has been hampered by side effects subsequently resulting
into discontinuation of therapy. The rationale behind
combining Sorafenib with Azithromycin is to reduce the
dose of Sorafenib in order to combat side effects and
secondly to minimize the resistance faced by it. This in
vitro study resulted in enhanced cytotoxicity of Sorafenib
against hepatoma cells when it has been combined with
AZM. With this combination the inhibition of proliferative
MAPK pathway was found to be significant which could
have been resulted in marked cell death at relatively
lower dose but the cellular apoptosis turn out to be non-
significant which highlights the need for assessing further
molecular pharmacodynamical and pharmacokinetical
basis behind the cytotoxicity exerted by the Sorafenib in
the presence of AZM.

Future recommendation

Although drug repositioning has brought new
insights into cancer research in terms of efficacy, it would
be beneficial to conduct well-designed clinical researches
that are able to test the combined efficacy of repurposed
and renowned cytotoxic agent in order to achieve more
useful transitional outcomes.
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