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Materials & Methods: A total of seventy two male wistar rats were included in the study.
Early lung cancer was induced by urethane in the rats except for the control group. Rats were
divided randomly into 7 groups (10 animals each) as follows: I-Control, Il-cancer, untreated,
I11-cancer + free cisplatin alone 1V- cancer + cisplatin nanoparticles alone V- cancer + free
cisplatin + free curcumin VI-cancer + cisplatin nanoparticles + curcumin nanoparticles, VII-
cancer + cisplatin nanoparticles + free celecoxcib. Results: Treatment of lung cancer rats with
either free or nanoparticles of cisplatin alone showed a significant suppression of the plasma
levels of the CYFRA21-1 tumor marker, as well as the tissue expressions of the pro-
inflammatory, proliferative & antiapoptotic parameters as compared to those of group Il cancer
rats. Moreover , the free form of curcumin or its nanoparticles or free celecoxcib adjuvants
supplementation combined with cisplatin nanoplarticles led to a further decrease of all
parameters as compared to those treated with cisplatin alone, that was more evident in the
group treated with cisplatin nanoparticles combined with curcumin nanoparticles adjuvant.
Conclusion: The results of the present study emphasized the synergestic effect of cisplatin
nanoparticles combined with either forms of curcumin or free celecoxib adjuvants as promising
efficient new nanotherapy against lung cancer. To the best of our knowledge, it is the first study
that established the urethane induced experimental lung cancer model in Upper Egypt, along
with its treatment trial with cisplatin & curcumin nanoparticles adjuvant therapy
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INTRODUCTION

Lung cancer accounts for the first
incidence of all malignancies in males & its
mortality rate accounts for the second of all
cancers.! The 5 year-survival with pulmonary
tumors is 23% which is poor compared with
other types of cancer. In 2023, the new cases
and deaths from NSCLC and SCLC lung
cancer in the United States are estimated to be
238, 34 and 127,070 thousands respectively. It
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varies markedly for patients diagnosed at local
stage (61%), or distant stage (7%).’

Chemical induced carcinogenesis in
mouse models represents an important
approach aimed at the explanation of the
various mechanisms relating genotype and
ecological features in tumor progress,
comprising pulmonary tumors. The induction
of pulmonary tumors in rats with urethane led
to a respected model of Kras-driven pulmonary
tumors.®> The activation of the oncogene
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Kristen rat sarcoma virus (k-ras) is an early
event in non-small cell lung cancer occurrence
which imitates those identified in human
NScLC.*

Numerous tumor screening methods now
exist in experimental practice. Examples
comprise low-dose computed tomography
(LDCT) for prediction of pulmonary tumors.”

While some researches have revealed that
CEA, CA-125, and CYFRA 21-1 are predictive
elements for stage Ill-1V non-small cell lung
cancer, yet, they did not explore the hepatic
metastasis of pulmonary tumors.°

Tumor progress and its response to
treatment are controlled by inflammation.
Long-lasting inflammation assists cancer
development and drug resistance, while
induction of acute inflammatory responses
regularly motivates the progress of dendritic
cells (DCs) and antigen appearance, leading to
anti-tumor immune response.’

The cancer inflammatory
microenvironment encourages the appearance
of a diversity of pro-inflammatory cytokines &
stimulates angiogenesis & cancer
development.®

Nuclear factor-kappa B (NF-kB) is a
marker of inflammation, host immune
response, cell adhesion, growth signs, cell
proliferation, cell differentiation, and apoptosis
resistance. NF-kB pathways are actively
responsible for lung carcinoma. Moreover it
shows a vital role in infective illnesses as
COVID-19.° Moreover, several antiapoptotic
genes including bcl, are induced by the NFkB
pathway that promotes cell survival & tumor
development.™

The protein kinase B (PKB or AKT) is a
serine / threonine kinase acts as a downstream
effector of the PI3K. AKT controls numerous
cellular procedures such as cell proliferation
and existence, metabolism, cancer
development, and metastasis.™

Cisplatin  (cp-diamine dichloroplatinum
I1), the frequently employed antineoplastic
agent, is the key drug used in the management
of wvarious tumors including pulmonary
tumors.*

Owing to the adverse effects, treatment
relapse or toxicity associated with cisplatin,
more recent drug trials have focused on natural
sources that have minimal side effects.
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Curcumin, being a nontoxic, highly
antioxidant & antiinflammatory, has been
confirmed to keep good therapeutic &
pharmacologic effects against lung cancer.” It
has been offered to raise the treatment efficacy
& oral bioavailability of other therapeutics.'

The clinical advantage of the selective
cyclooxygenase-2 inhibitor, celecoxib, sharing
with antitumor treatment in progressive non-
small-cell lung cancer (NSCLC) is still
undistinguishable. A meta-analysis  was
achieved to report the effectiveness and safety
of celecoxib in sick people with progressive
NSCLC. Celecoxib don't assist survival of
patients with progressive NSCLC but enhanced
the objective response rate (ORR) of primary
stage management.*

With the beginning of nanotechnology, it
was probable to design cisplatin or curcumin —
encapsulated polymer nanoparticles with a
small bulky size, enhanced & improved
bioavailability."®

The anti-tumor properties of curcumin
itself or associated with cisplatin, disrupted the
cell proliferation cycle, transcription and
growth factors, inflammatory cytokines, protein
kinases, and oncogenic fragments.

Combination of diverse therapeutic factors
similar to curcumin or celecoxcib using
platinum medications as cisplatin for cancer
treatment has been shown to potentiate the
susceptibility of the resistant tumor cells to the
effect of chemotherapy.*"*®

The aim of this research was to evaluate
cisplatin ~ nanoparticles  with  curcumin
nanoparticles adjuvant as new nanotherapy for
urethane induced initial pulmonary tumor in
rats that may lead to a better management of
the disease.

MATERIALS AND METHODS

Ethics approval

This research project was approved by the
Institutional Review Board of the Faculty of
Medicine, Assiut University, Assiut, Egypt
(IRB no.17400006).

Substances

Urethane (ethylcarbamate) was bought
from Sigma / Aldrich, USA; Trading Dynamic
company, Egypt



Cisplatin (CP-diamine dichloroplatinum
I) was bought from Sigma, United States of
America; Chemocare corporation, Egypt.

Curcumin (1,7bis (4 hydroxy-3methoxy
phenol)-1,6-heptadiene-3,5 dione) was bought
from Sigma/Aldrich, USA; Trading Dynamic
corporation, Egypt)

Celebrex (celecoxib) was purchased from
PFizer pharmaceuticals, Egypt

Total substances used were of analytical
grade purity.

Fig. 3: TEM of Curcumin loaded PLGA.,

Preparation of
nanoparticles

This was described in our previous paper
E. Radwan et al.’*#

Cisplatin/PLGA

Preparation of curcumin/PLGA

nanoparticles and its TEM photograph
It was described in a supplement for the

paper.
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From the Fig.s, it is clear that, the middle
particle size of pure PLGA is in the range
50:52 nm and increased by loading of drug
onto the polymer surface, where the particle
mass got to 74 nm in case of curcumin loaded
PLGA and reached to 68 nm in case of
cisplatin loaded PLGA.

Animals

This study is an extension of the previous
work . It was performed on an overall of 72
adult wistar albino rats with an average weight
of 110-120 g (10 weeks). They were bought
from animal household, Assiut Animal
Experimental unit, Medicine's College, Assiut
University. Rats were conserved for 2 weeks in
metal cages in animal house in a 12 hour
light/dark round at a continuous temprature of
25°C & 50 -60% moisture. Entirely rats were
allowed free access to regular food & water ad
lipitum in the whole test duration. Rats were
observed carefully for their overall health
throughout the research time & were treated in
agreement  with the strict  supervisory
guidelines of the National Institution of health
(USA). Totally events concerning rats were
accepted by the Institution of Animal Care
Group, Faculty of Medicine, Assiut University.

Control Group
o (Group I): After their acclimatization
for 2 weeks, completely healthy 10
control rats were chosen haphazardly;
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left un-treated & maintained on usual
care & represented the normal negative
control group.
The remaining 62 rats were taken to
induce pulmonary tumors model.

Induction of primary lung tumors

Fig. (4) represents the protocol of the
study design. Rats were administered 4 intra-
peritoneal (I.P.) injections of urethane of 0.375
g/kg/throughout twelve weeks duration with an
interval of three weeks (between each
injection)? . Three weeks next to the 4™ dosage
of urethane injection, two rats were killed &
pulmonary tumors were proven histo-
pathologically in them.

N.B.It is noteworthy to mention that
another two extra control groups (10 rats each)
were prepared as follows:

10 control rats, got acetonitrile alone (the
vehicle of nanoparticles polymer) in a dosage
of 5 mg/kg/week for 3 weeks by oral gavage.

10 control rats, got cisplatin nanoparticls
alone in a dosage of 5 mg/kg/week for 3 weeks
by oral gavage.

Then, they were omitted from the study
after they proved histopathologically &
biochemically to have non-significant changes
from the healthy control group.

Protocol of the
study design

1819/l 10

| 1*dose || 2*dose | | 3¢d

| Induction of lung cancer

Fig. 4: The protocol of the study design.
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The residual 60 cancer rats were separated into
further 6 groups as follows:

e Group II: 10 rats with pulmonary
tumors were left without management
& characterize the tumor positive
control group. They were normally
maintained till the end of the research.

e Group Ill: 10 rats with pulmonary
tumors, injected I.P. with free cisplatin
of 5 mg/kg/ week for 3 weeks
duration.?

e Group IV: 10 rats with pulmonary
tumors, supplemented with cisplatin
nanoparticles of 5 mg/kg/week for
three weeks by oral gavage.

e Group V: 10 rats with pulmonary
cancer, received I.P. free cisplatin (in
the same previous dose) plus free
curcumin in a dose of 200 mg/kg/twice
a week for 3 weeks.”

e Group VI: 10 rats with pulmonary
tumors, supplemented with cisplatin
nanoparticles (in the similar earlier
amount) plus curcumin nanoparticles in
a dosage of 200 mg/kg/twice a week
for 3 weeks orally.

e Group VII: 10 rats with pulmonary
tumors, supplemented with cisplatin
nanoparticles (in the similar earlier
amount) plus free celecoxcib in a
dosage of 5 mg/kg/week for 3 weeks
orally. The smallest oral dosage of
celecoxcib was elected to decrease the
probability of undesirable actions that
might be related to the higher doses in
different organs including the lung.>*

Sampling

After 2 weeks from the end of the
treatment intervention period, blood specimen
of each rat in each group was drawn (from the
retro —orbital vein) on EDTA coated tubes &
the plasma were separated by centrifugation &
kept subdivided at -20°C for subsequent
assessments. Then, rats were killed by cervical
dislocation. The entire upper & medium
portions of right lung of every rat were
separated, washed with cold phosphate
buffered saline, blotted and marked then saved
at -80°C in liquid nitrogen prior to RNA
extraction.

Histopathology

The inferior part of right lung was
dissected from every rat directly after they
were died, pulmonary samples were fixed in
10% neutral buffered formalin, dehydrated in
ordered alcohol sequences, cleared with methyl
benzoate & embedded in paraffin wax. Five
microns thick sections were cut. Sections were
marked with hematoxylin & eosin (H & E).

Biochemical analysis
Real-Time Quantitative (PCR) and Enzyme-
Linked Immunosorbent Assay (ELIZA)
Real-time quantitative PCR

Frozen lung tissue specimens were
homogenized using a rotary homogenizer.
Total RNA was extracted using Pure Link
RNA minikit (Catalog No. 12183020, Ambion-
Life technologies) following the manufacturer's
instruction. The RNA purity and concentration
was determined using a Biotek Nanodrop
system. cDNA was synthesized using high
capacity reverse transcription kit (Catalog No.
4368814, Applied biosystems) and subjected to
quantitative polymerase chain reaction (qPCR)
that was performed in a Step One Plus Real-
time PCR system (Applied biosystems) using
Maxima SYBR Green gPCR Mastermix
(Catalog No. KO0251, Thermo Fischer
Scientific). A two-step reaction protocol was
used with an initial denaturation of 1 min at
95°C, followed by 40 cycles of 95°C for 155,
then 60°C for 1 min. The primers used are
represented in table . B actin was utilized to
normalize expression data. Results were
expressed as fold change by the 2T method.

Enzyme-linked immunosorbent assay and
kits

Multi drug resistance protein-1 was
measured by a Rat Multi drug resistance
proteinl (ABCB1) ELISA, while Cytokeratin
19 protein was measured by a Rat Cytokeratin
19 (CK-19/KRT 19) ELISA kit. Both kits were
purchased from SinogeneClon Biotech Co.,
China. and used according to the
manufacturer's instructions (Catalogs no. SG-
21162 and SG-20500, respectively).
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Table : Primers used in qPCR experiments.
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B-actin F: (8"-TGTTGTCCCTGTATGCCTCT-3'
R: (§'-TAATGTCACGCACGATTTCC-3")
BCL2 F: (5"-ATCGCTCTGTGGATGACTGAGTAC-3")
R: (5'-AGAGACAGCCAGGAGAAATCAAAC-3")
NF-xB F: (5"-ACAACCCCTTCCAAGTTCCCT-3")
R: (§'-TGTGGGCGACTT CATCCT-3")
AKT F: (5'-CCGCTATTATGCCATGAAGAT-3")
R: (§'"-TGTGGGCGACTT CATCCT-3")

Statistical analysis

It was done by Graph pad prism program,
v5. Data are expressed as the mean values of
estimated parameters + SEM. One way analysis
of variance (ANOVA) was used for comparing
groups, tailed by Tukey's multi comparison
test. Values of P<0.05 were considered
significant.

RESULTS AND DISCUSSION

Results

I- Cytokeratin -19 tumor marker (CYFRA21-
1)

Acquired resistance to the cytotoxic anticancer
agents has been observed. The drug resistance
was evaluated in this study by MDR-1.

Urethane therapy caused a significant rise in the
mean plasma CYFRA 21-1 in the tumor group
as compared to that of controls (P< 0.001) &
other groups (P<0.05), table (1) & Fig. (5). The
cytostatic free cisplatin treatment to the cancer
group (1) led to a significant rise in CYFRA
21-1 plasma level as compared to other cancer
treated groups. Supplementation of cisplatin
nanoparticles either alone or associated with
curcumin nanoparticles or celecoxcib adjuvant
therapy (groups V to VII) showed normalization
of levels when compared to the control group,
with a non-significant reduction in comparison
to the free cisplatin group. The lowest value was
exhibited by the VI group that was treated with
both cisplatin & curcumin nanoparticles.

Table 1 :The levels of inflammatory, proliferative,antiapoptotic, tumor & drug resistance markers in
different study groups of a rat model of lung cancer.

Cancer +
Cancer + | Cancer + Cancer + N- | Cancer + N- N-
Cancer - . X . | Cisplatin + | Cisplatin + N . .
Controls cisplatin | N- cisplatin . . Cisplatin+ P value
group Curcumin curcumin .
group group Celecoxib
group group
group
1.07 27.96 11.02 5.34 1.15 0.53 1.57
NFKB 024 | 404 | 073 0.63 0.40 0.34 0.75 <0.0001
1.97 8.36 4.26 3.69 0.66 0.20 1.03
AR 515 124 | 041 0.54 0.10 0.08 0.21 <0.0001
1.18 11.48 5.62 2.85 0.82 0.46 0.80
BCL2 043 1.26 0.47 0.25 0.10 0.06 0.27 <0.0001
259.40 673.80 514.20 325.00 349.40 290.00 303.80
CK13 20.75 49.73 19.38 28.61 22.29 21.23 39.95 <0.0001
1082.00 | 1344.00| 1541.00 1164.00 1195.00 965.60 1113.00
MDR-I™3104 | 15450 | 13420 | 76.03 38.30 94.01 54.08 <0002

Data are presented as mean £+ SEM, ANOVA was used for comparison between groups followed by
Turkey's multiple comparisontest. P-value is considered significant when < 0.05.

N-cisplatin: cisplatin nanoparticles, N-curcumin: curcumin nanoparticles, NFkB: Nuclear factor kappa
B, AKt: protein kinase B, Bcl, :B- cell lymphoma -2, CK19: Cytokeratin-19, MDR-1: multidrug

resistance-1.
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Fig. 5 : Levels of cytokeratin 19 in different study groups of a rat lung cancer model.

Data are presented as mean + SEM, ANOVA was used for comparison between groups followed by
Turkey's multiple comparisontest. P-value is considered significant when < 0.05.

*compared to other groups

$ Related to other tumor treated groups except free cisplatin treated cancer group

N-cisplatin: cisplatin nanoparticles, N-curcumin: curcumin nanoparticles, Celecox: Celecoxib free form,
NFkB: Nuclear factor kappa B, AKt: protein kinase B, Bcl; :B- cell lymphoma -2, CK19: Cytokeratin-

19, MDR-1: multidrug resistance-1.

I1-The pro inflammatory biomarker (NFkB)
Treating rats with urethane initiated a significant
rise in NFkB mean expression levels in group Il
as compared to their levels in controls & other
groups (P< 0.001 each), table (1) & Fig. (6).
Administration of free cisplatin caused a
significant decrease in their levels as compared
to group Il with a significant increase in
comparison to other cancer treated groups (P<
0.01 each).

- The cancer groups treated with cisplatin
nanoparticles plus either curcumin or
free celecoxcib showed normalization of
NFKB levels.

- Supplementation of tumor rats with
cisplatin nanoparticles in addition to
curcumin  nanoparticles  adjuvant,
demonstrated a significant reduction in
the NFKB expression levels in relation
to the free cisplatin treated group (P<
0.001) which was the lowest value
amongst all groups.

I11-The proliferative (AKt) & antiapoptotic
(bcl2) markers

The mean relative expression of AKT &
bcl, levels were significantly increased in
tumor group (1) as related to the other groups
(P< 0.01 each), table (1) & Fig.s (7, 8).
Significant down regulation of their levels were
observed in all treated groups (P< 0.05) but
there was a slight activation in groups Il & IV.
Combination of free curcumin or its
nanoparticles with cisplatin nanoparticles for
cancer treatment (group V & VI), down
regulates AKT & bcl, (P < 0 .05 & P< 0.001
correspondingly) as related to those of free
cisplatin treated group.

Cancer rats supplemented with both
cisplatin & curcumin nanoparticles (group VI)
was found to exhibit the lowest AKT & bcl,

expression levels that was significantly
dissimilar ~ (P<0.05) from the group
supplemented with cisplatin nanoparticles
alone.
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Fig. 6 : Expression of the pro inflammatory marker (NFkB) in different study groups of a rat model of

lung cancer.

Data are presented as mean £ SEM, ANOVA was used for comparison between groups followed by
Turkey's multiple comparisontest. P-value is considered significant when < 0.05.

*related to other groups
$ compared to other tumor treated groups
& compared to free cisplatin treated cancer group

NFK-B: nuclear factor kappa-B, N-cisplatin: cisplatin nanoparticles, Curc: Curcumin free form, N-curc:

curcumin nanoparticles, Celecox: Celecoxib free form.

AKT
15+

Fig. 7: Expression of the proliferative marker (AKT) in different study groups of a rat model of lung

cancer.

Data are presented as mean + SEM, ANOVA was used for comparison between groups followed by
Turkey's multiple comparisontest. P-value is considered significant when < 0.05.

*related to other groups.

$ compared to other tumor treated groups except free cisplatin treated cancer group
& compared to free and nanoparticls of curcumin combined with cisplatin nanoparticles treated

cancer group.

AKT: protein kinase B, N-cisplatin: cisplatin nanoparticles, Curc: Curcumin free form, N-curc:

curcumin nanoparticles, Celecox: Celecoxib free form.
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Fig. 8 : Expression of the antiapoptotic marker (bcl,)
cancer.

in different study groups of a rat model of lung

Data are presented as mean £ SEM, ANOVA was used for comparison between groups followed by
Turkey's multiple comparisontest. P-value is considered significant when < 0.05.

*related to other groups.

$ compared to other tumor treated groups except free cisplatin treated cancer group.
& compared to free curcumin,curcumin nanoparticls and celecoxcib combined with cisplatin

nanoparticls treated cancer groups.
Bcl,. B-cell lymphoma -2, N-cisplatin: cisplatin nan
curcumin nanoparticles, Celecox: Celecoxib free form.

IV-The multidrug resistance -1 indicator
(MDR-1)

Urethane treatment lead to a non-

significant rise in the plasma levels of MDR-1
in group Il in relation to that of controls, table
(1) & Fig. (9).
Free cisplatin treatment to cancer rats, produced
a significant rise (P< 0.05) in the mean plasma
MDR-1 levels (in group IlI) when compared to
their equivalent levels of controls & groups VI
& VII. Non-significant differences were
observed in the levels of other treated groups as
compared to those of controls. The group treated
with both cisplatin & curcumin nanoparticles
exhibited the lowest level in comparison to other
treated groups.

Histopathological results (Fig. 10)

Fig. 10A demonstrates the standard
histological structure of the lung of a healthy
rat. Histological variations related to urethane
treatment are showed in Fig.s10B, C, D, E
where adenocarcinoma , small cell carcinoma

oparticles, Curc: Curcumin free form, N-curc:

& adenocarcinoma of mixed type were
detected. Fig. 10F indicates the necrosis &
apoptosis in tumor rats treated with free
cisplatin . Fig.s 10G&H show raised apoptosis,
necrosis & hemorrhage in tumor rats treated
with either cisplatin nanoparticles or free
cisplatin with curcumin. Fig. 10l shows
multiple foci of necrosis & apoptosis in tumor
rats supplemented with combinations of
cisplatin and curcumin nanoparticles.Fig.10J
shows  adenomatous  hyperplasia  with
lymphocytes infiltration& hemorrhage in
cancer rats treated with cisplatin nanoparticles
& celecoxcib.

Lung cancer is the principal reason of
tumor death & one of the higher mortality rate
malignancies in population life of the
universe.'

Despite advances in its systemic standard
treatment, its late symptoms & poor prognosis
necessitate the intensive research for novel
effective therapeutic intervention.
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Fig. 9: Levels of multidrug resistance (MDR-1) in different study groups of a rat model of lung

cancer.
Data are presented as mean + SEM, ANOVA was used for comparison between groups followed by

Turkey's multiple comparisontest. P-value is considered significant when < 0.05.
*related to controls, curcumin nanoparticls and celecoxcib combined with cisplatin nanoparticls
treated cancer groups
MDR-1: multidrug resistance-1, N-cisplatin: cisplatin nanoparticles, Curc: Curcumin free form, N-curc:
curcumin nanoparticles, Celecox: Celecoxib free form
The Photomicrographs of lung showing the following:

(A) Healthy histological structure from control rat.
In urethane treated rats, the lung presented variant patterns of cancer development (B) Lung

adenocarcinoma.
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(C) bronchoalveolar growth of adenocarcinoma , (D) small cell carcinoma.
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(E) adenocarcinoma of mixed type.

In the additional treated rats groups, (F) the cancer cells go through necrosis (n) or apoptosis in urethane

co-treated with cisplatin rats.

X

(G) tumor necrosis(n) & hemorrhage(h) were observed in rats co-treated with cisplatin nanoparticles,
(H) the tumor development showing severe necrosis(n) & hemorrhage(h) in urethane co-treated with

cisplatin and curcumin rats.

"

& L - Lo Y

multiple foci of necrosis or apoptosis of tumor cells (n) in lung of rat co-treated with combination of
cisplatin and curcumin nanoparticles, (J) bronchial adenomatous hyperplasia with minimal infiltration
of lymphocytes (arrow) and hemorrhage(h) in rats treated with urethane in association with the mixture
of cisplatin nanoparticles and celecoxcib (COX 2 inhibitor).

Fig. 10: The histopathological photomicrographs of the lung

The present study established a reliable
primary pulmonary tumor model in wister rats
by urethane which is distinctly linked to human
lung cancer. A murine tumor cell line LA-4
was formed through urethane treatment to an
AJ/He rat and established typical appearance of
pulmonary adenoma cells that were translated
into the human genome and is well-matched as
a model for human squamous cell pulmonary
tumor.?? The authors found that the powerful
inflammatory state & activated epithelial NFkB

promotes the wurethane induced lung
carcinogenesis.

The induction of pulmonary cancer in rats
with urethane is appreciated as a model of
Kras-driven  pulmonary tumor. However,
inborn rat strains illustrate liability to
pulmonary cancer creation, which is
particularly similar to that identified in human
lung cancer.*

The early suspicious lung masses & their
response to therapy were detected by
cytokeratin -19 tumor marker (CYFRA 21-1).
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Their mean plasma levels showed significant
increase in group Il rats. Moreover, free
cisplatin treatment to group Il caused a
significant rise in CYFRA 21-1 levels as
compared to other treated groups that reflects
the poor response to the free cisplatin.

Cytokeratin -19 is the soluble protein
constituent of the intermediate filament
proteins in epithelial cells. It is released in
blood as a result of malignant cells necrosis.

Supplementation of cisplatin nanoparticles
either alone or in combination with curcumin in
either forms or celecoxib adjuvant therapies
showed normalization of CYFRA 21-1 levels
where the lowest value was possessed by the
VI group that was treated with both cisplatin &
curcumin nanoparticles.

This illustrated the respectable response of
tumor cells to cisplatin nanoparticles either
alone or with adjuvant therapies of curcumin or
celecoxib. Serum cancer indicators can be
added as harmonizing tests that predict tumors,
its development and management checking. %

In the present research, urethane treatment
caused a significant increase of the mean
comparative expressions of the
proinflammatory marker (NFkB) in group II.
This is in line with the earlier results of
Stathopoulos et al.?? who reported an initial
NFkB stimulation with an associated
inflammatory state in mouse lungs after
urethane treatment.NFkB signaling & crosstalk
are found in numerous stages of tumor growth
comprising a stimulus, long-lasting
inflammation, fibrosis, formation of
precancerous nich & conversion of the healthy
cell to a tumor one.”

NFKkB can promote cancer progression via
induction of several antiapoptotic & cell cycle
regulatory genes controlling epithelial to
mesenchymal transition (EMT).*

The present research demonstrated a
noteworthy  downregulation of  NFkB
expression levels in rats who received free
cisplatin. Furthermore,  tumor  groups
supplemented with cisplatin nanoparticles in
addition to either free curcumin or celecoxcib
showed normalization of NFkB expression
levels.

In addition, supplementation of cancer rats
with cisplatin nanoparticles coadministrated
with curcumin nanoforms showed a significant
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downregulation of NFKB expression levels that
was the lowest value amongst other groups.

This was confirmed histopathologically by
the multiple foci of increased apoptosis in rats
supplemented with cisplatin & curcumin
nanoparticles adjuvant therapy.

Cisplatin is a cytostatic & cytotoxic
chemotherapeutic agent emerged as a front line
option for several forms of tumor treatment,
comprising pulmonary tumors.*? Its mechanism
of action leads to inhibition of protein synthesis
in dividing cancer cells.®**

Curcumin (4 hydroxy-3 methoxy phenol)-
1, 6 heptatadiene-3,5dione) is a yellow
phenolic spice. The Curcuma genus has an
extended history of therapeutic presentations,
collected from about 120 species. Amongst the
Curcuma classes, Curcuma longa L. (Curcuma;
Turmeric) is the extensively documented; a
cultivated plant, full-grown in a warm weather,
in several areas of the universe®**. Its poor
aquous solubility, rapid degradation & short
half-life limit its efficiency as a talented
healing therapy in tumor treatment. ** To be
more effective, it must be supplemented in a
high concentration but patients showed low-
response to its bulky treatment.*

Several reports indicated that curcumin
can augment the anticancer effects of cisplatin,
by blocking tumor initiation, promotion &
invasion, inhibiting the proinflammatory
cytokines & inflammatory cell signals through
NFkB down regulation & its target genes (e.g.
cyclin D; Bcly) in human cancer both in vivo &
in vitro.***#3324 The ysage of nanoparticles can
beat the hydrophobic environment of curcumin,
besides its steadiness success and cellular bio-
availability in vitro and in vivo®"®. Numerous
strategies for nanocurcumin construction have
been established, by its individual set of
features and exclusive characteristics, where
most of them are still in the conceptual stage®”

Cox, signaling pathway has a pivotal
character in the pathogenesis of pulmonary
tumors. About 70% of adenocarcinoma in
NSCLC has been found with increased cox,
expression. Previous studies have indicated that
non-small cell lung cancer (NSCLC) cell lines
with increased COX-2 expression were
characterized by high expression of CD44 and
their aggressive nature was expressively
negotiated due to the effect of exact CD44



down regulators. Researches on colorectal and
pulmonary tumors also demonstrated that
COX-2 upregulation raises tumor invasiveness
through a CD44-pathway.*

Consequently, inhibition of cox, is
anticipated to be an approach to stabilize the
tumor suppressor P53 functionality™

Growing evidence has emphasized the
highly selective cox, inhibitor celecoxcib as a
hopeful medicinal approach in a diversity of
malignancies comprising lung tumors.”*** Rich
epidemiological and preclinical/medical
researches established that celecoxib, an exact
COX-2 inhibitor, was correlated to the
destruction of tumor cell multiplication and
reduction in tumor events.” In addition,
celecoxib is a non-steroidal anti-inflammatory
drug that has shown promise in prevention of
cancer and has been used as adjunct to surgery
to reduce the member of adenomatous
colorectal polyps in patients with familial
adenomatous polyposis.

The PI:k/AKT/mTOR pathway is related
to the cell proliferation & cancer.*®

The data of the present research
demonstrated a noteworthy upregulation in
both the multiplying AKT marker & anti-
apoptotic bcl, expression values in urethane
treated tumor rats, that were significantly
decreased on treatment with either free
cisplatin or its nanoparticles or those treated
with both curcumin forms or celecoxcib
adjuvant. Interestingly, this downregulation
was the highest in the group treated with both
cisplatin & curcumin  nanoparticles in
comparison with other treated groups. These
findings indicate the synergistic effect between
curcumin & cisplatin nanoparticles treatment
that clue to the return of apoptotic role &
stopping the proliferation of tumor cells in rat
pulmonary tissues.

AKT activation induces cell survival in
numerous types of cancer cells.* A residual
activation of AKT was demonstrated in rats of
the current study that were treated with either
free or nanoform of cisplatin. The expression
of JAK2 and p-STAT3 pathway was reduced
by cisplatin and doxorubicin®*  which
participate in inducing AKT gene expression.

It has been reported that curcumin can
inhibit cancer development by inducing
apoptosis*’ & downregulating bclexpression.
The result of both complexes of doxorubicin

and curcumin together lead to caspase-9 and
Bax up regulation plus the down regulation of
Bcl-2 expression,* several cell signaling paths
& their cross talks®.

Combination of curcumin either forms
with  cisplatin  nanoparticles for cancer
treatment in the present study, significantly
downregulates AKT & in turn inhibits
proliferation of cancer cells. This may be
attributed to the induction of G2/M transition
phase cell cycle arrest through the modulation
of AKT & p38 MAP kinase & the downstream
effector P53 gene.® Similarly, Pugazhenthi et
al™® reported that, curcumin has a
cytoprotective effect on mouse pancreatic B-
cells as mediated through PI3K/AKT signaling
downregulation. Moreover, Johnson et al.**
results suggested that curcumin is a good
inhibitor of PI;K/AKT/mTOR  signaling
through the modulation of their expression &
their phosphorylation in some cancer cell lines.

Furthermore, free celecoxcib has been
reported to exert its effects through AKT
signaling suppression. It promotes
antiproliferative effects on colon cancer cells &
reduces cancer development in vivo.** Earlier
researches have revealed that celecoxcib can
induce lung cancer apoptosis via inhibiting
bcl, gene & maintaining the cells in G;
phase.”¥ It can enhance the activity of the
standard chemotherapeutic agents by its
effective treatment of resistant tumors with
overexpression of bcl,.>®

Again, our results confirmed the fact that
cisplatin nanoparticles combined with either
curcumin or celecoxcib adjuvant therapy were
able to exert a more pronounced effect on
cancer cells as compared to the cisplatin free
drug alone.

The former studies suggested that, the
combined treatment of curcumin & cisplatin in
NSCLC cell lines, can cause cell cycle arrest,
which in turn, leads to the start of apoptosis
besides the proteosomal degradation of bcl,
that mediates cisplatin resistance & increased
the P53 expression.*®  These  drugs
combination can decrease tumor mass & cancer
progression.>

The data of the current study are in
agreement with the results of previous
investigators: Tomeh et al.’®* & Chakraborty et
al.®*, who found that curcumin augmented the
cell proliferation inhibition, enhanced the
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cytotoxic activity of cisplatin & corroborated
the apoptotic action of cisplatin-resistant
pulmonary tumor cells.

Cisplatin & curcumin nanoparticles,
carried on the PLGA & designed in a size of
50-100 nm, as in the current study, go in line
with other previous investigators who found
that this particle size appears promising
chemopreventive  therapeutic ~ compounds
against enzymatic deprivation, extended
circulating  period, improved solubility,
sustained release, and stability, selective
absorption,passive targeting into deep lung,
reduced toxicity & improved efficacy as
compared to the free drug®”®

The histopathological examination of the
current research are in harmony with the
biochemical outcomes, which confirmed
apoptosis in rats-cancer cells co-treated with
cisplatin-either froms. It was evident that
apoptosis was severely increased in rats treated
with curcumin adjuvant therapy with a return to
the  precancerous phase of NSCLC
(adenomatous hyperplasia) in rats
supplemented with cisplatin nanoparticles
associated with free celecoxcib.

Tumor cell resistance to apoptosis appears
frequently with treatment failure.®" Cell cycle
arrest in tumor cells with different p53 values
induced by neoplastic therapy can be tailed by
poly-ploidization and reprogramming which
cause variations in the appearance of genes
involved in meiosis control.?? In the current
research, drug resistance was evaluated by
MDR-1 & the data revealed a noteworthy rise
in the mean plasma values in rats treated with
free cisplatin alone.

Cisplatin, when used as NSCLC therapy
often provide a resistant pulmonary tumor cells
that possess epithelial mesenchymal transition
(EMT) phenotype ™. Enhancement of drug
efflux out of cells by ATP connecting cassette
protein transporters lead to a restricted influx
of the drug to the cell, activation of cell
survival pathways e.g. DNA-repair or
detoxification & blockade of apoptosis™®*°.

Normalization of MDR-1 levels in the
present study was observed in the other treated
groups, where the lowest value was exhibited
by the group treated with both cisplatin &
curcumin nanoparticles adjuvant that reflects
efficient therapeutic intervention.
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These results support the findings of
Panda et al.®® who suggested the usage of
adjuvants combined to chemotherapy to
decrease the undesirable properties of drug
resistance & rise the active targeting to tumor
cells.

Thus, the utility of drugs with diverse
mechanisms against several signaling pathways
implicated in lung cancer could provide a more
effective & a better response for the selected
anticancer drug®®.

In conclusion

The results of the existing study proposed
the use of cisplatin nanoparticles combined
with  either curcumin nanoparticles or
celecoxcib adjuvants as effective promising
synergistic new therapeutic intervention for
NSCLC induced by urethane in rats.

Additional researches with greater sample
size & extended period are required to affirm
our outcomes.

To the best of our knowledge, it is the first
study that established the urethane-induced
experimental lung cancer model in Upper
Egypt along with its treatment trial.

Acknowledgments

The authors are thankful to the Assiut
Medical School Grant Office for providing the
financial support to this study.

REFERENCES

1. H. Zeng, R. Zheng, Y. Guo, S. Zhang, X.
Zou, N. Wang, L. Zhang, et al., "Cancer
survival in  China, 2005-2008: a
population-based study", Int J Cancer,
136(8), 1921-1930(2015).

2. American Cancer Society, "Cancer Facts
and Figures 2023", Am Can Soc, (2023).

3. F. Sozio, T. Schioppa, S. Sozzani and A.
Del Prete, "Urethane-induced lung
carcinogenesis", Methods Cell Biol, 163,
45-57(2021).

4. PM. Westcott, KD. Halliwill, M. Rashid,
AG. Rust, TM. Keane, R. Delrosario, et
al., "The mutational landscapes of genetic
and chemical models of Kras-driven lung
cancer", Nature, 517(7535), 489-
492(2015).

5. E.P. Mitchell, "Screening for lung cancer",
J Natl Med Assoc, 113(3), 239-240(2021).



10.

11.

12.

13.

14.

T. Cheng, J. Chen, P. Ying, H. Wei, H.
Shu, M. Kang, J. Zou, Q. Ling, X. Liao,
Y. Wang and Y. Shao, "Clinical risk
factors of carbohydrate antigen-125,
cytokeratin fragment 19, and neuron-
specific enolase in liver metastases from

elderly lung cancer patients", Front
Genet, 13, 1013253(2022).
H. Zhao, L. Wu, G. Yan, et al,

"Inflammation and tumor progression:
signaling  pathways and  targeted
intervention", Sig Transduct Target Ther,
6(1), 263(2021).

L. M.Cai, Lu L., Yi C. RL, Wang JH, Cho
CH, "The current role and therapeutic
targets of vitamin D in gastrointestinal
inflammation and cancer", Curr Pharm
Des, 21(21), 2917-2923(2015).

Khalid S. A., Neeraj K. F., Shivkanya F.,
Sk Batin R., Waleed H. A., Mohammad A.
S., et al., "Nuclear factor-kappa B and its
role in inflammatory lung disease", Chem
Biol Interact, 345,109568(2021).

A. E. Samia., A. A. Nadia., |. H. Taha, M.
A. Medhatt M. R. Seham, "The
Diagnostic, Prognostic and Follow-up
Value of Serum Bcl-2, Bax and p53
Proteins in Breast Cancer Patients: A
Comparison with Serum CA 15-3",
Middle East J Cancer, 4(2), 51-62(2013).
A. Basu, C. B. Lambring, "Akt isoforms: a
family affair in breast cancer", Cancers,
13(14), 3445(2021).

P. Kumar, C. C. Barua, K. Sulakhiya, R.
K. Sharma, "Curcumin Ameliorates
Cisplatin-Induced  Nephrotoxicity and
Potentiates Its Anticancer Activity in SD
Rats: Potential Role of Curcumin in Breast
Cancer Chemotherapy", Front
Pharmacol, 8(132), (2017).

S. Chakraborty, T. Sarkar, "Multi edged
sword against cancer, ancient exotic
spice", Indian J physical allied Sci, 68(4),
129-150(2014).

Suneet S., Robert W. R., Susan E. B. and
Suresh V. A, "Sunitinib (Sutent,
SU11248), a Small-Molecule Receptor
Tyrosine  Kinase Inhibitor,  Blocks
Function of the ATP-Binding Cassette
(ABC)  Transporters  P-Glycoprotein
(ABCB1) and ABCG2", Drug Metab
Dispos, 37(2), 359-365(2009).

15.

16.

17.

18.

19.

20.

21.

22.

23.

L. Yi, W. Zhang, H. Zhang, J. Shen, J.
Zou, P. Luo and J. Zhang, "Systematic
review and meta-analysis of the benefit of
celecoxib in treating advanced non-small-
cell lung cancer", Drug Des Devel Ther,
12, 2455-2466(2018).

Raksha S. P., Swapnil C. G., Gauravi A.
A., Aniket K. G. and Mahendra R.,

"Curcumin nanoparticles: physico-
chemical fabrication and it's in vitro
efficacy against human pathogens",

Biotech, 5(6), 991-997(2015).

S. Dasari, S. Njiki, A. Mbemi, C. G.
Yedjou and P. B. Tchounwou,
"Pharmacological Effects of Cisplatin
Combination with Natural Products in
Cancer Chemotherapy", Int J Mol Sci,
23(3), 1532(2022).

M. A. Tomeh, R. Hadianamrei and X.
Zhao, A Review of Curcumin and Its
Derivatives as Anticancer Agents", Int J
Mol Sci, 20(5), 1033(2019).

Marzough A. A., W. S. Mohamed and
Nadia H. E., "Utilization of MMT Clay
and MMT-Chitosan for Platinol Drug
Delivery", Der Pharma Chemica, 8(23),
27-34(2016).

S. M. Masloub, M. H. EImalahy, D. Sabry,
W. S. Mohamed and S. H. Ahmed,
"Comparative  evaluation of PLGA
nanoparticle delivery system for 5-
fluorouracil and curcumin on squamous
cell carcinoma", Arch Oral Biol, 64, 1-
10(2016).

E. Radwan, M. Ali, S. M. A. Faied, H. M.
Omer, W. Sabry M., S. Kh. Abdel Ghaffar
and A. A. Sayed, "Novel therapeutic
regimens for urethane-induced early lung
cancer in rats: Combined cisplatin
nanoparticles with vitamin D3", IUBMB
Life, 73(2), 1-13(2020).

G. T. Stathopoulos, T. P. Sherrill, D. S.
Cheng, R. M. Scoggins, W. Han, V. V.
Polosukhin, L. Connelly, F. E. Yull, B.
Fingleton and T. S. Blackwell, "Epithelial
NF-kappaB activation promotes urethane-
induced lung carcinogenesis", Proc Natl
Acad  Sci  USA,  104(47),18514-
18519(2007).

A. Akdemir, B. Zeybek, et al,
"Granulocyte colony stimulating factor
decreases the extent of ovarian drainage

389



24,

25.

26.

27.

28.

29.

30.

31.

32.

390

caused by cisplatin in an experimental rat
model", J Gynecol oncol, 25(4), 328-
333(2014).

J. C.Yu, O. Y.Chin, T. J.Byeong, Y. J Yi.,,
M. K. Gi and E. L. Jung, "GuSeobRoh :
Curcumin Attenuates Radiation-Induced
Inflammation and Fibrosis in Rat Lungs",
Korean J Physiol Pharmacol, 17(4), 267-
274(2013).

P.J. Hu, J. Yu, Z. R. Zeng, W. K. Leung,
H. L. Lin, B. D. Tang, A. H. C. Bai and J.
J. Y. Sung, "Chemoprevention of gastric
cancer by celecoxib in rats", Gut, 53(2),
195-200(2004).

E. A. Bonin, A. C. L. Campos, J. C.
Coelho, J. E. Matias, O. Malafaia and T.
H. Jonasson, "Effect of pantoprazole
administered  subcutaneously on the
healing of sutured gastric incisions in
rats", Eur Surg Res, 37(4), 250-
256(2005).

S. Francesca, S. Tiziana, S. Silvano and D.
Annalisa, "Chapter 3 - Urethane-induced
lung carcinogenesis, Editor(s): Lorenzo
Galluzzi, Aitziber Buqué, Methods in Cell
Biology", Academic Press, 163, 45-
57(2021).

WD. Travis, E. Brambilla, AG. Nicholson,
Y. Yatabe, HM Austin, MB Beasley, et
al., "The 2015 World Health Organization
Classification of Lung Tumors", J Thorac
Oncol, 10, (2015).

L.D.M Bjorn, L. Florian and S. J. ljaz,
"NFkB signaling and crosstalk during
carcinogenesis", 2(13), (2019).

Jin-tang Xia, Lian-zhou Chen, Wei-
hualian, Ke-Bing Wang, Yong-zhen Yang,
Wei-ling He, Yu-long He, "MicroRNA-
362 induces cell proliferation and
apoptosis resistance in gastric cancer by
activation of NFkB signaling”, J Transl
Med, 12, 33 (2014).

V. Meraner, E.M. Gamper, A. Grahmann,
J.M. Giesinger, P. Wiesbauer, M.
Sztankay, A.G. Zeimet, B.Sperner-
Unterweger and B. Holzner, "Monitoring
physical and psychosocial symptom
trajectories in ovarian cancer patients
receiving chemotherapy", BMC Cancer,
12,77 (2012).

N. Mut-Salud, PJ. Alvarez, JM. Garrido,
E. Carrasco, A. Aranega and F.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Nahed A. Mohamed, et al.

Rodriguez-Serrano, "Antioxidant Intake
and  Antitumor  Therapy:  Toward
Nutritional Recommendations for Optimal
Results”, Oxid Med Cell Longev, 2016,
6719534 (2016).

N. Akarchariya, S. Sirilun, J. Julsrigival
and S. Chansakaowa, "Chemical profiling
and antimicrobial activity of essential oil
from  Curcuma  aeruginosa  Roxb.,
Curcuma glans K. Larsen & J. Mood and
Curcuma cf. xanthorrhiza Roxb. collected
in Thailand", Asian Pacific J Trop
Biomed, 7, 881-885 (2017).

N. S. Dosoky, W. N. Setzer, "Chemical
Composition and Biological Activities of
Essential Oils of Curcuma Species",
Nutrients, 10 (9), 1-42 (2018).

M. Wink, "Current understanding of mode
of action of multicomponent bioactive
phytochemicals: potential for
nutraceuticals and antimicrobials", Annu

Rev Food Sci Technol, 13, 337-359
(2022).
B.B. Aggarwal and P. Gebhlot,

"Inflammation and cancer: how friendly is
the relationship for cancer patients", Curr
Opin Pharmacol, 9(4), 351-369 (2009).

M.  Tsukamoto, K. Kuroda, A.
Ramamoorthy  and K. Yasuhara,
"Modulation of raft domains in a lipid
bilayer by boundary-active curcumin”,

Chem  Commun, 50(26),  3427-
3430(2014).

S. Hafez G., A. Calcaterra, M. Abbasi, F.
Taktaz, K. Nieselt and E. Babaei,
"Curcumin-Based Nanoformulations: A
Promising Adjuvant towards Cancer
Treatment", Molecules, 27(16),
5236(2022).

M. A. Tomeh, R. Hadianamrei and X.
Zhao, "A Review of Curcumin and Its
Derivatives as Anticancer Agents", Int J
Mol Sci, 20(5), 1033(2019).

M. Szweda, A. Rychlik, I. Babinska and
A. Pomianowski, "Significance of
Cyclooxygenase-2 in Oncogenesis", J Vet
Res, 63(2), 215-224(2019).

M. Gharghabi, F. Rezaei, F. Mir
Mohammadrezaei and M. H. Ghahremani,
"Celecoxib Treatment Alters p53 and
MDM2 Expression via COX-2 Crosstalk



42.

43.

44,

45.

46.

47.

48.

49.

50.

in A549 Cells", Iran J Pharm Res, 15(2),
483-489(2016).

J. Li, Q. Hao, W. Cao, J. V. Vadgama and
Y. Wu, "Celecoxib in breast cancer
prevention and therapy", Cancer Manag
Res, 10, 4653-4667(2018).

S. A. Danielsen, P. W. Eide, A.
Nesbakken, T. Guren, E. Leithe and R. A.
Lothe, "Portrait of the PI3BK/AKT pathway
in colorectal cancer", Biochim Biophys
Acta, 1855(1), 104-121(2015).

R. Deng, J. Tang, B. F. Xie, G. K. Feng,
Y. H. Huang, Z. C. Liu and X. F. Zhu,
"SYUNZ-16, a newly synthesized
alkannin derivative, induces tumor cells
apoptosis and suppresses tumor growth
through inhibition of PKB/AKT kinase
activity and blockade of AKT/FOXO
signal pathway", Int J Cancer, 127(1),
220-229(2010).

C. J. Li, H. W. Tsai, Y. L. Chen, C. I
Wang, Y. H. Lin, P. M. Chu, H. C. Chi, Y.
C. Huang and C. Y. Chen, "Cisplatin or
Doxorubicin Reduces Cell Viability via
the PTPIVA3-JAK2-STAT3 Cascade in
Hepatocellular Carcinoma", J Hepatocell
Carcinoma, 10, 123-138(2023).

L. Qu, Y. Gao, H. Sun, H. Wang, X. Liu
and D. Sun, "Role of PTEN-Akt-CREB
Signaling Pathway in Nervous System
impairment of Rats with Chronic Arsenite
Exposure", Biol Trace Elem Res, 170(2),
366-372(2016).

S. Reuter, S. Eifes, M. Dicato, B. B.
Aggarwal and M. Diederich, "Modulation
of anti-apoptotic and survival pathways by
curcumin as a strategy to induce apoptosis
in cancer cells", Biochem Pharmacol,
76(11), 1340-1351(2008).

F. Firouzi Amoodizaj, et al., "Enhanced
anticancer potency of doxorubicin in
combination with curcumin in gastric
adenocarcinoma", J Biochem Mol
Toxicol, 34 (6), e22486(2020).

Sheema H., Tayyiba A. A., Sabah A,
Sabah N., Geetanjali S., Shahid A., et al.,
"Targeting cancer signaling pathways by
natural products: Exploring promising
anti-cancer agents", Biomed
Pharmacother, 150, 113054(2022).

S. Pugazhenthi, L. Akhov, G. Selvaraj, M.
Wang and J. Alam, "Regulation of heme

51.

52.

53.

54.

95.

56.

57.

58.

oxygenase-1 expression by
demethoxycurcuminoids through Nrf2 by
a PI3-kinase/Akt-mediated pathway in

mouse  beta-cells", Am J Physiol
Endocrinol Metab, 293(3), 645-
655(2007).

S. M. Johnson, P. Gulhati, I. Arrieta, X.
Wang, T. Uchida, T. Gao and B. M. Evers,
"Curcumin inhibits proliferation of
colorectal carcinoma by modulating
Akt/mTOR signaling", Anticancer Res,
29(8), 3185-3190(2009).

S. Schiffmann, T. J. Maier, |. Wobst, A.
Janssen, H. Corban-Wilhelm, C. Angioni,
G. Geisslinger and S. Grésch, "The anti-
proliferative potency of celecoxib is not a
class effect of coxibs", Biochem
Pharmacol, 76(2), 179-187(2008).

V. Jendrossek, "Targeting apoptosis
pathways by Celecoxib in cancer", Cancer
Lett, 332(2), 313-324(2013).

P. Chanvorachote, V. Pongrakhananon, S.
Wannachaiyasit, S. Luanpitpong, Y.
Rojanasakul and U.  Nimmannit,
"Curcumin sensitizes lung cancer cells to
cisplatin-induced  apoptosis  through
superoxide anion-mediated Bcl-2
degradation", Cancer Invest, 27(6), 624-
635(2009).

P. Baharuddin, N. Satar, K. S. Fakiruddin,
N Zakaria, M. N. Lim, N. M. Yusoff, Z.
Zakaria and B. H. Yahaya, "Curcumin
improves the efficacy of cisplatin by
targeting cancer stem- like cells through
P21 & cyclin —D1- mediated tumor cell
inhibition in NSCLC cell line", Oncol
Rep, 35(1), 13-25(2015).

S. Bose, A. K. Panda, S. Mukherjee and
G. Sa, "Curcumin & tumor immune
editing: resurrecting the immune system",
Cell Div, 10(6), (2015).

Dorothy F., Krzysztof P., Nicholas J. P.
and Piotr,G. "Nanotechnology - based
cancer therapeutics Promise & challenge —
lessons learned through the NCI alliance
for nanotechnology in cancer", Pharm
Res, 28(2), 273-278(2011).

Elisa P., Valentina I., Bernardetta A. T.,
Elisabetta C., and Luciana D,
"Nanomaterials & autophagy: new
insights in cancer treatment", Cancers,
5(1), 296-319(2013).

391



59.

60.

61.

392

Wing Hin L., Ching Yee L., Daniela T.
and Paul Y., "Inhalation of nanoparticle —
based drug for lung cancer treatment:
Advantages & challenges", Asian J of
Pharmaceutical Sciences, 10(6), 481-
489(2015).

B. Bharat and P. Gopinath, "Nano-enabled
approaches for lung cancer therapy",
Austin J lung cancer Res, 1(2),
1008(2016).

R. Mirzayans and D. Murray, "What Are
the Reasons for Continuing Failures in
Cancer Therapy? Are
Misleading/Inappropriate Preclinical
Assays to Be Blamed? Might Some
Modern Therapies Cause More Harm than
Benefit?" Int J Mol Sci, 23(21),
13217(2022).

62.

63.

64.

Nahed A. Mohamed, et al.

J. Czarnecka-Herok, M. A. Sliwinska, M.
Herok, A. Targonska, A. Strzeszewska-
Potyrala, et al., "Therapy-induced
senescent/polyploid cancer cells undergo
atypical divisions associated with altered
expression of meiosis, spermatogenesis
and EMT genes", Int J Mol Sci, 23(15),
8288(2022).

Abir K. P., Dwaipayan C., Irene S., Tila
K. and Gaurisankar S., "New insights into
therapeutic  activity &  anticancer
properties of curcumin", J EXp
Pharmacol, 9, 31-45(2017).

S. Giuliano and G. Pages, "Mechanisms of
resistance to anti-angiogenesis Therapies",
Biochimie, 95(6), 1110-1119(2013).



Bull. Pharm. Sci., Assiut University, Vol. 47, Issue 1, 2024, pp. 375-394.

Tmid ctial| gl 3 i ,
b30) durle B PRS0

11O A8 A sl Go aalil) jSeal) 450 (la jud Bagaa Ladle Aala]
eSS (a4 53 by 45 e 4y 9l (o lagea
g P3RS Q;Jb.n_vgg*smdib ' alua _’@d.d\ edad — 'uld alaa — 'daaa AU
daaa A — il as aa )l s —

30 gl Lgml Arol (! Al (il | 4393 £ LonsI | g’

a0 gl (gl rolo (palall A5 (y1gusd! ohe |

70 8l o Dogoll oogdll 38 pall (Dl oalgl ol

a0 gl (gl role (5 pland! Ll AL Ay Lagdaildly o1 o phe

30 gl (Lol Arols (Wil A5 (i gusnd ! 5 Lo uad ®

a0 ‘bwi ‘)A.g ‘iml’ ‘§M| Mh” w“

-AaMAl)

oS gl ALl W) mead AU il Jamay oY) Alall A0 e i
Ol Baas Aadle 5k areal g c@llily 5 S Ala je b 4BLES) e 3 Al 6 allae
b ol) Jans
-dadial)

Gl ool laral saeluddl 4 gl € KU Cilasaa andl Al all sda iy jal
5ok (M gam B gl oIl Ol o aalll Sl 400 e sud daa iU 23S
oa sl e Juadl
-kl g 3 gal

Ol o Slanin) &5 A pall (& ) sSA Jlig s O 8 e (many il 42 gane Lo (panal o
VN i gde )yl a3 Adailiall de gand) ol ol il ol sell Adand g Saall A5 0
:g\:ﬂ\ )AA‘L;‘“ (kwdﬁ&\j\ﬁ ) ')&LILG)A_A.A

+ Ola ) V- eaa g s ilaian + e yudlg)- (@l e (ol |l <I-Control
+ Olaudl V- Jadl (eSS 4 s Bl 4 Ol aall V- Laa g 4y i) (Bl Glapus
Ot Glapn 4+ Gl gl (S S Claas + 45300 Dl Slapan
oAl S Sl + 4 gl

393



Nahed A. Mohamed, et al.

LAY Cigay SNy il Al e eyl dygaly sl Z3dl 80 s o

:\:1}3“)(\ :\.4513.4 H:asﬁ ?3 Z\AJS\ M\ ‘;A ‘g\jﬂ\ ‘_;r_ bel2 sAKT 5 NFKB <ol juad E\.L-a...u\ﬁ C.AJ.LA\

&3 LS CYFRA21-1. LoDl iy ginse Adand g0 3 Saall &30 ol sl GLEIS) a3 MDR-1 4wl 53
el i) o gl

1528 Ll o g il (e Ay il ) 5 al) Cilapaally Wl &350 sy O s ole gl
sugall ol pdgall AWl Gl et ) ASLaYL ¢ CYFRA2L-1pos0 sdisel Le Bl il ginsdl
Ol e Al de geaddl o Aalal) el &5 e LAY sl saliaddly Ay Sl culilgi™
o€ bl S gl Ay il ddlasin b eS SISl JKEN ol cedlld e 3 Dle duila Lyl
«533..1 3_1‘)&.4 Q\)ﬁ:}.«j\ o ‘;A &Lm;\ UA\AAJ\ ‘;;\ 2\_3}11_:5\ uﬁw\ QLA;LMA & BJAM 3ac Lol
Ol Cilaseny Calge Al de ganall 8 K gy ST @l 5 0aa 5 Gl dalladll
B2e Lusall Ay i (e QN ilagusn ga in ) Ui &y il
-AIAl
e ) ae Al Ol Clapual (g sl AN e dlall Al jall pils Sl
M dely b aaa 5530 28 jall Cun bl 5l (eSS JIKET (e ae Lusall ) gl
AN gl
bl asll Johl 4adle saay climll S8 aaa ld ol all (e 330 ) dals S
Lede Jeaniall

aalil) 45 0 (s pud Uy et 83 gt ol ) Y1 o Al all oda () 48 jai Lo Juzadl o))
eSS ilapen 5 Bl =30l 4y et caila ) ¢ eme e 8 ) gl B0le e
Bac Ll 4 il

394



