Brazilian Journal of
Pharmaceutical Sciences

Article

BIPS

Zofenopril antitumor activity in mice
bearing Ehrlich solid carcinoma: Modulation
of PI3K/AKT signaling pathway

http://dx.doi.org/10.1590/s2175-97902022e19922

Suzan Mohamed Mansour’*, Rasha Youssef Mohammed Ibrahim?

!Department of Pharmacology and Toxicology, Faculty of Pharmacy, Cairo University,
Cairo, Egypt, *Department of Pharmacology, Toxicology and Biochemistry, Faculty of
Pharmacy, Future University in Egypt, Cairo, Egypt, *Department of Radioisotopes,
Nuclear Research Centre, Atomic Energy Authority, Cairo, Egypt

Angiotensin-II (Agll) is thought to be crucial for tumor growth and progression. Moreover,
hydrogen sulfide (H,S) performs a controversial action in cancer pathology. Zofenopril (ZF)
is an angiotensin-converting enzyme (ACE) inhibitor with H,S donating properties. Hence,
this study aims at investigating the tumor suppressor activity of ZF and elucidating the
involved trajectories in Ehrlich’s solid tumor (EST)-bearing mice. EST was induced by the
intradermal injection of Ehrlich’s ascites carcinoma cells into femoral region. All parameters
were assessed after 28 days post-inoculation or one-week thereafter. ZF treatment resulted in
significant reduction of tumor weights with marked decrease in IL-6 and VEGF levels in serum,
and tumor Ag Il and CEA contents. Additionally, the administration of ZF downregulated the
tumor gene expression of cyclin-D, ACE-1, and Bcl2 and upregulated the proapoptotic gene,
BAX. Moreover, ZF increased CBS gene expression, which is a major contributor to cellular
H,S production. In addition, ZF was able to reduce the protein expression of PI3K, pAKT,
pGSK-3p, and NFkB. Our study has provided novel insights into the possible mechanisms by
which ZF may produce its tumor defeating properties. These intersecting trajectories involve
the interference between PI3K/Akt and CBS signaling pathways.

Keywords: Zofenopril. Angiotensin II. Cancer. PI3K/Akt. Hydrogen sulfide. Cystathionine
beta synthase.

INTRODUCTION metastasis (Zhang,Wang, 2018). Ag-II expression is

related to expanded protein tyrosine phosphorylation

Angiotensin-II (Ag-II) is a key member of the renin
angiotensin system (RAS) that is well known for its
impacts on blood pressure control, vascular remodeling,
angiogenesis, and inflammation. The components of
RAS are upregulated in assortment of tumors involving
breast (Rodrigues-Ferreira et al., 2012), endometrial
(Nowakowska et al., 2016), lung (Cortez-Retamozo et
al., 2013) and prostate (Dominska et al., 2017), affirming
the important role of Ag-II in tumor progression and
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and activation of the mitogen-activated protein kinases
(MAPK), which prompts the instigation of growth factors
and cytokines (Kim, Iwao, 2000; Touyz, Berry, 2002).
Numerous studies have demonstrated that RAS blockade
hampers tumor development both in vitro (Attoub et al.,
2008; Wilsdorf et al., 2001) and in vivo (Miyajima et
al., 2002; Neo et al., 2010, 2007). However, some other
studies have proposed that this inhibition is due to halting
angiogenesis.

Vascular Endothelial Growth Factor (VEGF) is the
most powerful proangiogenic inducer that can activate
phosphoinositide 3-kinase (PI3K)/ serine-threonine
kinase-1 (Akt) signaling pathways after binding to
its receptor tyrosine kinase to encourage tumor cell
expansion, migration and angiogenesis (Yan et al.,
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2019). The PI3K/Akt cascade is a main controller of
cell survival and fate through various downstream
cell targets. One of these targets is glycogen synthase
kinase-3 (GSK3p), which results in upregulated cyclin
D1 and Myc expression with considerable acceleration
of cell cycle (Zhu et al., 2011). NFkB is another key
signaling element affected by PI3K/Akt incitement.
Akt surges the degradation of the inhibitor of kB (IxB)
with ensuing release of NF«xB, which is pivotal in the
commencement and progression of the disease, as well
as development of aggressive tumors resisting the effect
of various drugs (Ahmad et al., 2013). Moreover, Akt
can restrict cellular apoptosis and augment its survival
through the deactivation of BAX and BAD, but it hoists
the antiapoptotic B-cell lymphoma 2 (Bcl-2), Bel-xl and
myeloid cell leukemia 1 levels (Atif, Yousuf, Stein, 2015).

Zofenopril (ZF) is an angiotensin-converting
enzyme (ACE) inhibitor with sulphydryl groups. It is
characterized by high lipophilicity, high tissue penetration
and powerful antioxidant effects (Napoli et al., 2004).
Studies have confirmed that hydrogen sulfide (H,S) is
engaged in the mechanisms by which ZF autonomously
improves the vascular function and performs its ACE
inhibiting activity (Bucci et al., 2014; Donnarumma et
al., 2016; Monti et al., 2016). Synthesis of H,S occurs
naturally from cysteine through some enzymes including
cystathionine-c lyase (CSE), cystathionine -synthetase
(CBS) and 3-mercaptosulfurtransferase (3-MST). The
role of CBS-triggered endogenous H,S generation in
cancer biology is disputable. On one hand, at low H,S
levels, it has been proved that it aids tumor development
by keeping up mitochondrial respiration and production
of ATP, invigorating proliferation and survival, as well
as, redox balance and vasodilation (Zhu et al., 2018). On
the other hand, at higher concentrations, it works as a
mitochondrial toxin by hampering cytochrome c oxidase
with subsequent antitumor activity (Szabo et al., 2013b).

In light of the previous background, the present
study has been carried out to explore the potential tumor
suppressing ability of ZF in Ehrlich solid tumor (EST)-
bearing mice. The study was also extended to elucidate

Page 2/12

Suzan Mohamed Mansour, Rasha Youssef Mohammed Ibrahim

some of the possibly involved trajectories that could be
responsible for the obtained antitumor activity.

MATERIAL AND METHODS
Material
Animals

Male Swiss albino mice, weighing 20-30 g, were used
in the present study. They were obtained from the animal
house of the National Cancer Institute, Cairo, Egypt.
Mice were housed in polyethylene cages under controlled
laboratory conditions (25 £+ 1°C temperature, constant
relative humidity and normal dark/light cycle). They were
acclimatized to the experimental conditions for at least 1
week prior to the start of the experiment. Animals were
allowed free access to standardized laboratory balanced
diet and water. The study was carried out under strict
conditions in accordance with the recommendations of
the Guide for the Care and Use of Laboratory Animals of
the National Institutes of Health (NIH publication No.85-
23, 1996). The protocol was revised and approved by the
Ethics Research Committee of Faculty of Pharmaceutical
Sciences and Pharmaceutical Industries, Future University
in Egypt (REC-FPSPI-12/85). All efforts were exerted
to minimize animal suffering during the experimental
period. The duration of the experiment was as short
as possible, and the number of animals was kept to a
minimum. Unnecessary disturbance of animals was
avoided. Tough maneuver was avoided, and all animals
were sacrificed by an overdose of thiopental.

Drugs and Chemicals

Zofenopril calcium (ZF) was purchased from Sigma
Aldrich®, MO, USA. ZF was kept at 2-8°C and freshly
dissolved in saline. The concentration was adjusted so
that each 10 g animal body weight would receive 0.1 ml
solution. All other chemicals were of analytical grade
or equal quality.
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Methods
Ehrlich tumor cells inoculation

Mice were injected with fixed number of Ehrlich’s
ascites carcinoma (EAC) cell line (0.2 mL EAC cells
containing 2 x 10° cells/ mouse) suspended in saline.
EAC cell line was obtained from the Tumor Biology
Department, National Cancer Institute, Cairo University
(Cairo, Egypt). They were prepared under sterile
conditions. The viability of EAC cell line was tested
using Trypan blue dye exclusion technique. Tumors
were induced by intradermal injection into the femoral
region of the recipient male mouse. Tumors were left
for 7-10 days to grow big as its diameter achieved
0.7-1.2 cm (Abd-Alhaseeb et al., 2014; Calixto-Campos
et al., 2013).

Experimental design

Animals were initially weighed and randomly
divided into five groups (n=10): (1) Normal-Control group;
(2) Positive-Control group (EST-bearing mice); (3) ZF-
Control group received ZF (15 mg/kg/day; p.o.) for 1
month; (4) ZF-Protection group that administered ZF (15
mg/kg/day; p.o.) from the day of EAC cells inoculation
(day 1) until the end of experiment on day 30; (5) ZF-
Treatment group given ZF (15 mg/kg/day; p.o.) form day
7 of EAC cells inoculation to the end of the experiment
on day 37.

By the end of the experiment, animals were
weighed to estimate % weight gain, which was
calculated using the following formula: (([final body
weight - initial body weight]/ intial body weight) *100).
Blood samples were withdrawn from each mouse from
the orbital sinuses. Blood samples were allowed to stand
for 15 min. at room temperature and then centrifuged at
3000 g for 10 min. Serum samples were then separated
and stored at -80°C till used for biochemical parameters
determination. Mice were sacrificed by a lethal dose
injection of thiopental. Tumor discs were isolated
from inoculated mice viz; groups 2, 4 and 5. The discs
were weighed and processed for histopathological or
molecular biology studies.
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Biochemical studies

The serum levels of interleukin-6 (IL-6), vascular
endothelial growth factor (VEGF) and angiotensin-II (Ag-
IT) were determined using ELISA kits according to the
manufacturer’s instructions using monoclonal antibodies
specific for mouse [L-6 and VEGF (R&D Systems, USA)
and Ag-II (Sigma-Aldrich, Germany). The color intensity
was measured at 450 nm using a microplate reader (Bio
Tek Instruments, VT, USA). On the other hand, the level
of carcinoembryonic antigen (CEA) was measured by a
radioimmunoassay method using commercially available
kits (Immunotech. A Beckman Coulter/ Ref.2121).

Quantitative real-time (QRT-PCR)

Total RNA Isolation system (Promega, Madison,
WI, USA) was used for total RNA extraction from tumor
tissues using SV and the purity of obtained RNA was
verified spectrophotometrically at 260 nm. The extracted
RNA was reverse transcribed into cDNA using RT-
PCR kit (Stratagene, Santa Clara, CA) according to the
manufacturer’s instructions. To assess the expression of
the target genes, quantitative real-time PCR was performed
using SYBR green PCR Master mix (Qiagen, Germany) as
described by the manufacturer. Briefly, 25uL of QuntiFast
SYBR Green PCR Master Mix, 22.5uL dH20, 2pL primer
pair mix (5 pmol/uL each primer), and 0.5pL cDNA to reach
a final reaction volume of 50uL. The sequences of primers
(ThermoFisher Scientific, MA, USA) of BAX, Bel2, ACE-1,
cyclin-D, CBS and housekeeping gene (B-actin) are listed
in Table I. PCR reactions included 10 min at 95 °C for
the activation of AmpliTaqg DNA polymerase, followed
by 40 cycles at 95°C for 15 s (denaturing) and 60°C for
1 min (annealing/extension). The data were expressed in
cycle threshold (C), where the increased fluorescence curve
passes across a threshold value. The relative expression
of the target gene was obtained using the comparative C,
(AAC) method. The AC, was calculated by subtracting
BAX, Bcl2, ACE-1, cyclin-D or CBS C, from that of target
gene, whereas AAC, was obtained by subtracting the AC, of
reference sample (internal control) from that of test sample.
The relative expression ratios were calculated by the 2-AAC,
(Pfaffi, 2001).
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Table I - Primer sequences for qRT-PCR.

Gene Sequences

Forward 5°-CCC TGT GCA
CTA AAG TGC CC-3°
Reverse 5°- CTT CTT CAC
GAT GGT GAG CG-3°

Forward 5°-CTA CGA GTG
GGA TGC TGG AG-3'
Reverse 5°-GGT CAG ATG
GAC ACA TGG TG-3'

Forward 5°-CCA CCG TTA CCA
GAC AAC TAT CC-3°

Reverse 5°-GCG TAT TCG

TTC CAC AAC ACC T-3'

BAX

Bcl2

ACE-1

Forward
5’ TGGAGCCCCTGAAGAAGAG-3’
Reverse ’AAGTGCGTTGTGCGGTAGC-3’

Forward primer :5’-CGG ATC
CAC ACGN GACT CTT-3
Reverse primer:5-GGA ATT CCA
ATAG GAC CAGC ACGA TC-3

Forward primer: 5° ATC CGT
AAA GAC CTC TATGC 3’
Reverse primer: 5 AAC GCA
GCT CAGTAACAGTC ¥

Cyclin-D1

CBS

B-actin

Western blot analysis

Following tumor protein quantification (Bio-Rad
Protein Assay Kit, CA, USA), 10 ug protein of each sample
were separated by SDS polyacrylamide gel electrophoresis
and transferred to a nitrocellulose membrane using
a semi-dry transfer apparatus (Bio-Rad, CA, USA).
Membranes were then soaked in 5% non-fat dry milk to
block non-specific binding sites. Later, the membrane
was incubated with anti-pAkt (1:1000; cat#: 44-621G),
anti-PI3K (1:500; cat#: MAS5-17150), anti-NF-xB p-65
(cat#: PA1-186), anti-T-GSK3p (1:250; cat#: 39-9500),
anti-pGSK3p (1:1000; cat#: MA5-14873) (ThermoFisher
Scientific, MA, USA) overnight at 4°C on a roller shaker.
The membranes were then probed with horseradish
peroxidase-conjugated goat anti-rat immunoglobulin
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(Dianova, Hamburg, Germany). Finally, the blots were
developed with enhanced chemiluminescence detection
reagent (Amersham Biosciences, IL, USA). The protein
was quantified by densitometric analysis using a scanning
laser densitometer (GS-800 system, Bio-Rad, CA, USA).
The results were expressed as arbitrary units (AU) after
normalization for B-actin protein expression.

Histopathological examinations

The tumor samples were fixed in 10% phosphate
buffered formaldehyde. Subsequently, all the specimens
were washed in tap water for half an hour and then
dehydrated using ascending grades of alcohol (70%,
80%, 90% and finally absolute alcohol). The specimens
were then cleared in xylene, impregnated in soft paraffin
wax at 55°C and embedded in hard paraffin. Sections of
6 um thickness were cut using a slide microtome and
then stained with hematoxylin and eosin (Bancroft,
Gamble, 2008). Six random non overlapping fields were
scanned and analyzed for the assessment of mean area
% of necrotic tissue per tissue section of each sample.
All obtained data and micrographs were analyzed by
using Leica application module (Leica Microsystems
GmbH, Germany) for tissue sections analysis. Moreover,
scoring for tumor sections was carried out to determine
tumor cells pleomorphism, newly formed blood
vessels, inflammatory cells infiltration and skeletal
muscle damage. The severity of these alterations was
represented as: + mild, ++ moderate and +++ severe.
All histopathological examinations were performed
by an experienced pathologist who was blinded to the
experimental groups.

Statistical methods

Data are expressed as mean + standard error (SE).
All statistical analyses were performed using Version 6
(GraphPad Software Inc., CA, USA). The comparison
among groups was performed by using One-way ANOVA
followed by Tukey as a post hoc test at p< 0.05.
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RESULTS
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FIGURE 1 - Effect of ZF on percentage body weight gain and tumor weight

As depicted by Figure 1A, the administration of
ZF to the normal mice resulted in marked increase in %
body weight gain. On the other hand, the EST-bearing
mice showed significant reduction in % body weight
gain, as compared to the normal-control group. The
treatment of tumor-bearing mice with ZF starting from
the first day (Protection Group) of EAC inoculation or

the first week (Treatment Group) thereafter markedly
raised % body weight gain, as compared to the EST-
control group.

Regarding the effect on tumor weight, Figure 1B
showed that the administration of ZF to both protection
and treatment groups significantly reduced tumor weight,
as compared to the EST-control mice.
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FIGURE 2 - Effect of ZF on serum levels of IL-6 and VEGF, as well as, Ag-Il and CEA tumor levels
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As demonstrated in Figure 2, IL-6 and VEGF levels
in serum were obviously greater in the EST-control mice,
as compared to the normal ones. However, the treatment
with ZF starting from the first day of EAC inoculation or
the first week thereafter significantly reduced their levels,
as compared to the EST-control mice (Figure 2A & 2B).
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Similarly, the administration of ZF starting from
first day of EAC inoculation or the first week thereafter
resulted in pronounced reduction of tumor Ag-II and CEA
contents, as compared to the EST-control mice (Figure
2 C & D).
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FIGURE 3 - Effect of ZF on intratumoral gene expression of ACE-1 and CBS

ACE-1 gene expression was significantly reduced
following the administration of ZF either starting from the
first day of EAC inoculation or the first week thereafter,
as compared to the EST-control mice (Figure 3 A).

On the other hand, the treatment with ZF markedly
elevated intratumoral CBS gene expression of EST-
bearing mice, as compared to the EST-control ones
(Figure 3B).
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FIGURE 4 - Effect of ZF on intratumoral gene expression of cyclin-D, BAX and Bcl2

Cyclin-D and Bcl2 gene expression were markedly
decreased after the administration of ZF either starting from
the first day of EAC inoculation or the first week thereafter,
as compared to the EST-control mice (Figure 4A & 4C).
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However, the treatment with ZF effectively
increased intratumoral BAX gene expression of EST-
bearing mice, as compared to the EST-control ones
(Figure 4B).
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FIGURE 5 - Effect of ZF on intratumoral protein expression of PI3K and p-(5473) Akt

As depicted in Figure 5, the administration of ZF in both treatment regimens suppressed the intratumoral protein

expression of PI3K and p-Akt, as compared to EST-bearing mice.
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FIGURE 6 - Intratumoral protein expression of p-(59) GSK-33 and p 65 NfkB

Figure 6 shows that the treatment with ZF for 1
month either from the first day of EAC inoculation
or the first week thereafter significantly reduced the
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intratumoral protein expression of p-GSK-3f and NfkB,

as compared to EST-bearing mice.
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FIGURE 7 - Effect on tumor histopathological examination

The histopathological findings demonstrated in
Figure 7 show that EST-bearing control mice have
extensive subcutaneous infiltration of viable tumor
cells [A], with marked pleomorphism, anaplasia [B] and
newly formed blood vessels with hyperchromatsia [C],
in addition to massive infiltration of viable tumor cells
between degenerated skeletal muscle fibers [D].

On the other hand, the administration of ZF starting
from the day of EAC inoculation resulted in marked
reduction in tumor mass as manifested by wide diffuse
areas of necrotic tumor tissue with smaller areas of
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inflammatory cells [E], [G] and [H], in addition to intact
skeletal muscle fibers in the outer tumor zones [F].

The treatment of EST-bearing mice with ZF starting
from 7" day post-inoculation resulted in moderate
reduction in tumor mass as demonstrated by the wider
outer viable zone of tumor cells with diffuse areas of
necrotic tissue in the deeper zones with viable sheets of
tumor cells with many small blood vessels [I] and [J].
Many of tumor cells showed 1 or 2 prominent nucleoli
with many mitotic figures and few scattered lymphocytes
[K] and [L]. These data are summarized in Table II.
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Table Il - Effect of oral administration of zofenopril (15
mg/kg/day) on severity of histopathological alterations in
tumors isolated from EST-bearing mice

E ZF ZF
(Protect) (Treat.)

Tumor cell§ St . ot
pleomorphism
Newly formed

+++ + ++
blood vessels
Inﬂarpmatory 4t 4 +
cells infiltration
Skeletal muscle A 4 Tt

damage

where +++ severe, ++ moderate, + mild

DISCUSSION

This investigation affords novel insights into the
antitumor activity of ZF in EST-bearing mice. ESTs are
quite similar to human tumors and are utilized in numerous
investigations as experimental models to examine the
antitumor activity of drugs or natural compounds. In
this regard, the results of this work have shown that the
administration of ZF starting from the 1** day of tumor
inoculation or one week thereafter resulted in marked
reduction in tumor masses with wide diffuse areas of
necrosis. Such findings are consistent with some other
findings reached by many authors who confirmed the
central role of RAS in cancer pathology and the anticancer
activity of drugs causing RAS blockade (Abd-Alhaseeb et
al., 2014; Araujo et al., 2015; Zhang,Wang, 2018).

The increased expression of Ag-II is in part
associated with the release of inflammatory cytokines
such IL-6 (Nakaigawa et al., 2006; Nakamura et al., 2018)
and NfkB (Zhao et al., 2014) and the rise in tyrosine
phosphorylation is associated with ensuing instigation
of growth factors such as VEGF (Abd-Alhaseeb et al.,
2014; Nakamura et al., 2018). They were all reported
to promote chief components in cancer pathology. We
found that administration of ZF was accompanied by
marked reduction in serum levels of Ag-II and VEGEF,
and intratumoral gene expression of NfkB as well.
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Besides, the current work has demonstrated that
the administration of ZF resulted in significant decrease
in phosphorylation of PI3K and Akt with consequent
reduction in their downstream signaling pathways
including GSK-3f, NfkB and cyclin-D. The PI3K/Akt
signaling cascade is believed to stand out amongst
chief oncogenic trajectories in human malignancy.
An increasing body of evidence has shown that this
pathway is commonly hyperactivated in many cancer
types (Crowell, Steele, Fay, 2007; Song et al., 2019).
PI3K transmits impulses from various growth factors,
cytokines and oncoproteins to multiple targets including
Akt, which in turn, controls various cellular functions,
including cell survival, proliferation and development
(Crowell, Steele, Fay, 2007). GSK-3p, a serine/threonine
kinase is phosphorylated and deactivated by Akt that
accordingly augments cyclin D1 and Myc expression
(Zhu et al., 2011). In addition, Akt-induced suppression
of forkhead box O1 (FOXO1) diminishes p27 and p21
levels and sequentially enhanced cyclin-dependent
kinase expression. Consequently, the enhancement of
these molecules significantly encouraged progression of
the cell cycle. Hence, inhibiting the PI3K/Akt signaling
trajectories could be one of the imperative factors by
which ZF produces its antitumor activity.

Moreover, NfkB is an additional signaling molecule
activated by Akt. It is crucial for the initiation and progress
of cancers, and for gaining of drug resistance in aggressive
cancers (Ahmad et al., 2013b; Zhang et al., 2015). Once
NF«B turns free under the influence of Akt, it can quickly
translocate to the nucleus and trigger the transcription of
several target genes. Moreover, Akt may hamper cellular
programmed cell death. It is able to debilitate pro-apoptotic
Bad and Bax activities, and strengthen anti-apoptotic Bcl2,
Bcl-x1 though (Atif, Yousuf, Stein, 2015). Thus, the global
power of PI3K/Akt signaling is about enhancing cellular
replication and survival and lessening apoptosis, that are in
whole hallmarks for carcinogenesis. ZF was able to suppress
PI3K/Akt signaling cascade either directly by inhibiting
their trajectories or indirectly by inhibiting ACE-1 with
subsequent reduction in Ag-11, cytokines such as IL-6 or
growth factors like VEGF.

Another prime target that may explain the observed
tumor suppressing activity of ZF is its H,S donating
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properties. Supporting body of evidence has proposed
the association of H,S as yet another mechanism by which
ZF improves peripheral vascular function (Bucci ef al,
2014). Our findings showed that ZF use was accompanied
by marked increase in intratumoral CBS gene expression,
a key enzyme involved in H2S biosynthesis, suggesting
a pronounced increase in intratumoral H,S contents.
Diminished CBS activity was also reported in a mouse-
hepatocellular carcinoma tumor model (Avila et al.,
2000). However, it is now obvious that CBS activity
plays a controversial role in cancer pathology. Under
normal circumstances, CBS-prompted endogenous H,S
production was accounted to support tumor growth by
preserving mitochondrial respiration and ATP synthesis,
and to stimulate cell proliferation and survival (Lagoutte
et al., 2010; Szabo et al., 2013a). Additionally, H,S may
stimulate cellular replication through augmentation
of specific kinase pathways such as PI3K/Akt (CAI
et al., 2007, Manna, Jain, 2011). Further, H,S induces
the sulfhydration of NFkB, which appeared to repress
apoptosis and might be of specific importance to cancer
cell growth and survival (Sen et al., 2012).

Despite what might be expected, at higher
concentrations, H,S goes about as a mitochondrial poison
by means of the concealment of cytochrome c oxidase in
mitochondrial complex IV. Additional cytotoxic effects
may involve calcium and iron mobilization, mitochondrial
uncoupling, pore opening, DNA damage, release of
excitatory amino acids and intracellular acidification
(Szabo et al., 2013b). H,S-donating compounds, such
as sulfhydryl ACEI as ZF possess biphasic response,
deliver H,S exogenously in which low H.,S levels boost
cellular proliferation and cell viability. However, high
H,S concentrations cause malicious/unfavorable impacts
in cells (Hellmich et al., 2015; Szabo et al., 2013b). Our
findings have demonstrated that ZF upregulated CBS
intratumoral gene expression, confirming the significant
rise in intratumoral H,S contents with subsequent
cytotoxicity.

In conclusion, this study has highlighted the
beneficial tumor defeating properties of ZF. Such
favorable effects could be achieved via modulating
the crosstalk between PI3K/Akt and H S signaling
pathways. Further investigations are however necessary
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to determine the likelihood of incorporating ZF in the
treatment of malignant tumors.
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