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SUMMARY

Neuroblastoma is a sympathetic nervous system cancer. Neuroblastoma
most commonly affects children under five years of age and is the
most common solid tumor in childhood. Topotecan is a topoisomerase
1 inbibitor. Carvacrol and epigallocatechin gallate are naturally
derived substances with anticancer, antioxidant, and apoptotic
properties. Our study aimed to evaluate the effects of topotecan,
carvacrol,  epigallocatechin  gallate,  topotecan+carvacrol,  and
topotecan+ epigallocatechin gallate combinations on the apoptotic
signaling pathway. 1C50 values were determined in neuroblastoma
and healthy astrocyte cells using the MTT assay. Apoprotic mRNA
expressions (topoisomerase 1 and 2, p53, BCL2, BAX, caspase 9,
caspase 3, IL1, TNFa) in astrocytes and neuroblastoma cells at the
neuroblastoma IC50 dose were analyzed using quantitative real-
time PCR. Topotecan and carvacrol did not exhibit selective cytotoxic
effects between healthy astrocytes and neuroblastoma cells. However,
we found that the combination of topotecan+ epigallocatechin gallate
and topotecan+carvacrol with epigallocatechin gallate showed selective
eytotoxic effects on the neuroblastoma cell line compared to astrocyte
cells. The obtained mRNA results can be interpreted as the initiation
of apoptosis in neuroblastoma cells in the topotecan, carvacrol,
epigallocatechin gallate, and topotecan+epigallocatechin gallate groups.
Further studies are needed to investigate this matter in more detail.
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Topotekan,  Karvakrol,  Epigallokatesin ~ Gallat  ve
Kombinasyonlarmmn Niroblastom ve Astrosit Hiicrelerinde
Apoptotik Siire¢ Uzerine Etkisinin Degerlendirilmesi

0z

Niroblastom, sempatik sinir sistemi kanseridir. Genellikle 5 yas
altindaki ¢ocuklar: etkiler ve cocukluk caginin en yaygin solid
tiimoriidiir. Topotekan, topoizomeraz 1 inhibitoriidiir. Karvakrol ve
epigallokatesin gallat ise dogal kaynakls maddeler olup antikanser,
antioksidan ve apoptotik izelliklere sahiptir. Bu calismanin amaci,
topotekan, karvakrol, epigallokatesin gallat, topotekan+karvakrol
ve topotekan+epigallokatesin gallar kombinasyonlarimn apoprotik
sinyal yolaklar: iizerindeki etkilerini degerlendirmektir. MTT testi
kullanilarak noroblastom ve saglikly astrosit hiicrelerinde IC50 degerleri
belirlenmistir. Noroblastom IC50 dozunda, astrosit ve niroblastom
hiicrelerinde apoptotik mRNA ifadeleri (topoizomeraz 1 ve 2, p53,
BCL2, BAX, kaspaz 9, kaspaz 3, IL1, TNFo) kantitatif gercek
zamanl: PCR yontemiyle analiz edilmigtir. Topotekan ve karvakroliin,
saglikly  astrositlerle ve niroblastom  hiicreleriyle  arasinda  segici
sitotoksik etkiler sergilemedigi bulunmugstur. Ancak, epigallokatesin
gallat ile birlikte topotekan-+karvakrol ve topotekan-+epigallokatesin
gallar kombinasyonlarinin, astrosit hiicrelerine gore niroblastom
hiicre hattinda secici sitotoksik etkiler gosterdigi bulunmugtur. Elde
edilen mRINA sonuglar: topotekan, karvakrol, epigallokatesin gallat,
topotekan+epigallo katesin gallat gruplarinda apoptozun niroblastom
hiicrelerinde baslanldigr seklinde yorumlanabiliv. Bu konuyn daba
detayly arastirmak igin ileri ¢aligmalara ihtiyag vardsr.
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INTRODUCTION

Neuroblastoma is a malignant tumor that devel-
ops in the sympathetic nervous system and primarily
affects pediatric patients. Neuroblastoma is a tumor
that originates from neural crest cells of the autonom-
ic nervous system and is typically found in children
under the age of five, although it can also occur in
older individuals. Neuroblastoma is responsible for
approximately 15% of pediatric cancer-related mor-
talities (Maris, 2010). The tumor is most commonly
located in the adrenal medulla (Maris, 2010). Neuro-
blastoma is classified according to prognostic factors
such as stage, age, and molecular changes (Ponzoni et
al., 2022). Among neuroblastoma patients with high-
risk metastases, 60% are diagnosed, and only 40%
survive (Chaturvedi et al., 2016). Effective treatments
need to be developed to treat high-risk neuroblasto-
ma (Ponzoni et al.,, 2022; Qiu & Matthay, 2022).

Astrocytes are the most abundant type of glial
cell in the brain, serving essential roles in support-
ing neuronal function, such as providing nutrients,
structural support, waste clearance, and immune reg-
ulation (Salles et al., 2022). Cells of neuroblastoma
originate derive from neural crest cells, which serve
as precursors to neurons and glia (Oltulu, Akindi,
& Bakar, 2022). We utilized the C8-D1A (Astrocyte
type I clone) astrocyte cell line to evaluate the effects
of topotecan, carvacrol, and EGCG on the apoptotic
signaling pathway. The C8-D1A astrocyte cell line was
selected for its well-characterized nature, ease of cul-
tivation, and manipulability. Astrocyte cell lines are
also commonly used as controls in studies examining
neuronal cell death (Messeha et al., 2016; Moji¢ et al.,
2014; Oltulu et al., 2022).

DNA topoisomerases regulate DNA topology
for DNA replication, repair, and transcription. To-
poisomerase 1 functions in the regulation of DNA
topology by transiently generating a single-strand
break in the absence of ATP, allowing the relaxation
and passage of the DNA supercoil by the other strand
(Ormrod & Spencer, 1999). In rapidly dividing cells

such as neuroblastoma, topoisomerase 1 creates a
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single-strand break in the DNA supercoil, temporar-
ily relaxes it by passing the other strand through the
break, repairs the transient single-strand break, and
dissociates from the DNA. At the same time, tran-
scription and replication processes continue (Orm-
rod & Spencer, 1999). Topotecan, a camptothecin
derivative, is a topoisomerase 1 inhibitor (Ormrod &
Spencer, 1999). It induces a permanent single-strand
break by preventing the dissociation of the DNA-to-
poisomerase 1 complex (Ormrod & Spencer, 1999).
Topoisomerase 2, on the other hand, regulates DNA
topology by creating double-strand breaks. Accumu-
lation of this damage leads to cell death. In addition, it
has been suggested that topotecan induces cell death
by generating free radicals (Sinha, Tokar, & Bushel,
2020). p53 is involved in cell cycle arrest, DNA repair,
or apoptosis induction. If repair is unsuccessful, the
cell undergoes apoptosis. Anti-apoptotic proteins like

B-cell lymphoma 2 (BCL2) promote cell survival.

Researchers have been studying naturally sourced
substances for their potential antioxidant and antican-
cer properties. Carvacrol is a compound found in the
essential oils of aromatic plants such as oregano and
thyme (Baser, 2008). Carvacrol is a phenolic mono-
terpenoid that can be used as a food additive and has
antibacterial, antifungal, antioxidant, neuroprotec-
tive, and anticancer effects (Magi, Marini, & Facinelli,
2015; Suntres, Coccimiglio, & Alipour, 2015; Unde-
ger, Basaran, Degen, & Basaran, 2009; Yu et al., 2012).
25 pM and 50 pM carvacrol administration to KELLY
and SH-SY5Y human neuroblastoma cell lines have
been reported to cause antiproliferative effects in both
cell lines (Calibasi Kocal & Pakdemirli, 2020). Car-
vacrol has been shown to induce apoptosis in colon
cancer cells through the influx of calcium ions into
the mitochondria by disrupting the mitochondrial
membrane potential (Fan et al., 2015). There are not
enough studies on the cytotoxic mechanism of action

of carvacrol on neuroblastoma and astrocyte cells.

Epigallocatechin gallate (EGCG) is a polypheno-
lic compound with anticancer, apoptotic, chemopre-

ventive, and antioxidant properties found in green
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tea (Berger, Gupta, Belfi, Gosky, & Mukhtar, 2001;
Castellano-Gonzalez et al., 2016; Chakrabarti & Ray,
2016). It has been reported that EGCG modulates cy-
tochrome oxidase activity and increases ATP produc-
tion in neurons and astrocytes (Castellano-Gonzélez
et al., 2016). It has been shown that low-dose applica-
tion of EGCG at 10-50 pM induces apoptosis in MCF-
7 cells, while high-dose application leads to necrosis
(Hsuuw & Chan, 2007).

Apoptosis is a natural process that occurs in all
living cells. It is a tightly regulated process that en-
sures that cells die in a controlled manner. Apoptosis
is essential for maintaining tissue homeostasis and
preventing the development of cancer. Two main
pathways can trigger apoptosis: the intrinsic pathway
and the extrinsic pathway. In the intrinsic pathway,
apoptosis is initiated through mitochondrial involve-
ment due to reasons such as increased intracellular
stress. The anti-apoptotic protein BCL2 is responsible
for maintaining mitochondrial membrane potential.
Pro-apoptotic proteins, including BCL2-associated
X (BAX), induce disruptions in mitochondrial mem-
brane potential and permeability. This disruption
triggers the release of cytochrome ¢ from the mito-
chondria into the cytoplasm, resulting from various
cellular stressors and factors. As a result, apoptotic
changes occur in the cell through the activation of
initiator caspase, caspase 9 (CAS9), and subsequent
activation of executioner caspase, caspase 3 (CAS3).
The extrinsic apoptosis pathway leads to cell death
through the initiation of the caspase cascade by death
receptors, such as the tumor necrosis factor-alpha

(TNFa) receptor located outside the cell membrane.

Topotecan, carvacrol, EGCG, and their combina-
tions are all-natural compounds with potential anti-
cancer activity by inducing apoptosis. However, these
agents can also harm normal cells, such as astrocytes.
Astrocytes are a type of glial cell that support neurons
in the brain. They play an essential role in many brain
functions, including neuroprotection and inflamma-
tion. The potential presence of these compounds in
astrocyte cell lines raises concerns about their impact

on brain astrocytes, which could result in side effects

like neurotoxicity and inflammation.

Our hypothesis is that topotecan, carvacrol,
EGCG, and their combinations will exhibit selective
targeting effects, showing no cytotoxic results on the
healthy astrocyte cell line but inducing cytotoxic im-
pact on the neuroblastoma cell line. In our study, we
aimed to evaluate the apoptotic effects of topotecan
combinations with carvacrol and EGCG on neuro-

blastoma cancer cells and healthy astrocytes.
MATERIALS AND METHODS
Groups

Our study included the following groups: control,
topotecan, carvacrol, EGCG, topotecan+carvacrol

combination, and topotecan+EGCG combination.
Cell Culture

In our investigation, we employed two cell lines:
the N1E-115 (ATCC® CRL-2263™) neuroblastoma
cancer cell line and the C8-D1A (ATCC® CRL-2541™)
healthy astrocyte cell line, both obtained from Mus
musculus. The cells were cultured in a nutrient me-
dium consisting of a 1:1 ratio of Eagle’s Minimum
Essential Medium (EMEM) (MultiCell, Quebec,
Canada), DMEM (MultiCell, Woonsocket, RI, USA),
and HAMS F12 (MultiCell, Quebec, Canada), sup-
plemented with 10 mg/ml streptomycin (Multicell,
Wisent, USA), 5% heat-inactivated fetal bovine se-
rum (FBS) (Multicell, Toronto, Canada), 100 IU/ml
penicillin (Multicell, Quebec, Canada), and 1% L-glu-
tamine (Multicell, Toronto, Canada). The cells were
seeded in flasks and incubated in a humidified atmo-
sphere with 95% moisture and 5% CO, at 37 °C. The
study was initiated using cells from the 5th passage

and continued until the 12th passage.

Determination of IC, doses by MTT (3-
(4,5-dimethyldiazol-2-yl) -2,5 diphenyl tetrazoli-
um bromide) Method

To determine the IC,  values of all groups used in
the study, cells were seeded in 96-well plates at a den-
sity of 1x10° cells per well, using 180 puL of cell suspen-
sion. The cells were incubated for 24 hours to allow

them to adhere to the plate wells. All substances ex-
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cept the control group were administered to all groups
in a volume of 20 uL at the concentrations shown in
Figure 1. The cells were incubated (37 °C, 5% CO,)
for 24 hours. An aqueous solution containing 0.01%
DMSO (Merck, Darmstadt, Germany) was applied to
the control group. Topotecan (Sigma t2705 St. Louis,
Missouri, United States), carvacrol (Sigma 282197,
Steinheim, Germany), and EGCG (Sigma 1236700,
St. Louis, Missouri, United States) solutions were pre-
pared in 0.01% DMSO. Drug combinations were pre-
pared in 0.01% DMSO at a 1:1 ratio. For example, 20
uM topotecan+carvacrol was prepared by combining
40 uM topotecan and 40 uM carvacrol. After 3 hours,
200 pL of 0.01% DMSO solution was introduced,
and the absorbance at 492 nm was quantified using a
microplate reader (Thermo Scientific Multiskan Go,
USA). The control group was considered 100% viable,
and the IC,  dose was calculated using probit analysis.

The MTT assay was performed in four replicates.
Isolation of RNA and synthesis of cDNA

Neuroblastoma and astrocyte cells were seeded
three times in culture plates to achieve a density of

3x10° cells per well. After 24 hours, the experimen-

Table 1. Sequences of primers used in qRT-PCR.

tal groups were treated with chemicals at the dose of
neuroblastoma IC_ for 24 hours. RNA was isolated
from cells using the PureLink RNA Mini Kit. The
concentration and purity of RNA samples were deter-
mined with NanoDrop (NaNoQ OPTIZEN, Korea).
Complementary DNA (cDNA) was synthesized from
RNA samples with a High Capacity cDNA Reverse
Transcription Kit.

Analysis of quantitative real-time PCR (qRT-
PCR)

gRT-PCR was used to analyze gene expression
levels of cells associated with topoisomerase 1, to-
poisomerase 2, p53, BCL2, BAX, CAS3, CAS9, inter-
leukin 1 (IL1), and TNFa. The qPCR was performed
using a Quant Studio 6 Flex instrument with SYBR
Select Master Mix. The PCR conditions were as fol-
lows: 1 cycle at 50 °C for 2 minutes, 10 minutes at 95
°C, 50 cycles at 95 °C for 15 seconds, 60 °C for 1 sec-
ond. mRNA expression levels were analyzed using the
comparative cycle threshold (2-AACt) method (Table
1). Gene expression was normalized to -actin mRNA
expression and then compared to the control group to

determine relative fold-change.

Primer Primer Sequence Reference
Topoisomerase 1 E Eiéaq%r&é&}cf GCC(;léFCé}(':TFl:FC(:Z(IZX (Oltulu et al., 2022)
Topoisomerase 2 E ETGF&CCP{FCGTTGGAGTSXggﬁgigéiéii{;SCATTCC (Oltulu et al., 2022)
P> R ACAGGCACAAACACGCACAA (Ol e, 2022
i R CACCAAGCTTTTTIGCTGTGAGT (Ol a, 2022
TNFa E ggﬁgg%;ggé%%ﬁr (Oltulu et al., 2022)
o

376



FABAD ]. Pharm. Sci., 48, 3, 373-384, 2023

Statistics

To determine the IC, values, the percentage of
viability data obtained from the MTT test were sub-
jected to probit analysis. After administering the IC_|
dose of the neuroblastoma cell line to astrocyte and
neuroblastoma cell lines for 24 hours, we used a one-
way ANOVA test to analyze the relative fold change
values of gene expressions. Then, the difference be-
tween the groups was determined by post hoc Tukey
test, as p<0.05 was accepted as statistically significant.
All statistical analyses, including probit analysis and
ANOVA test, were conducted using SPSS 25 software
(IBM).

RESULTS AND DISCUSSION

Due to the high mortality rate in high-risk neuro-

blastoma, there is a need for the development of new
treatments. In our study on neuroblastoma, we evalu-
ated the cytotoxic and apoptotic effects of topotecan,
carvacrol, EGCG, and their combinations on both
neuroblastoma cell line and astrocyte cell line at the
neuroblastoma IC, dose for 24 hours. The similari-
ty of IC_; values between topotecan and carvacrol for
both healthy astrocyte cell lines and cancerous neu-
roblastoma cell lines suggests that these agents have
a non-selective effect (Figure 1). Selective agents are
needed in cancer treatment. When evaluating the IC_|
values, it can be interpreted that EGCG and topote-
can+carvacrol, topotecan+EGCG combinations may
exhibit a selective effect between neuroblastoma cells

and astrocyte cells.

Figure 1. Graph showing the results of the 24-hour MTT test and IC, values for (A) C8-D1A astrocyte cell line and
(B) N1E-115 neuroblastoma cell line.
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Topoisomerase 1 is an enzyme that regulates DNA
topology. Changes in the expression of topoisomer-
ase 1 mRNA may be associated with DNA damage or
genotoxicity in cells. Topotecan is a topoisomerase 1
inhibitor and exerts its cytotoxic effect by preventing
the separation of the DNA-topoisomerase 1 complex,
leading to the formation of toxic compounds. In the
astrocyte cell line, a statistically significant increase

in topoisomerase 1 mRNA expression has been ob-

served in the carvacrol and topotecan+EGCG groups
compared to the control and topotecan groups (Fig-
ure 2). In the neuroblastoma cell line, an increase in
topoisomerase 1 mRNA expression has been found in
response to topotecan, carvacrol, and topotecan+car-
vacrol combination compared to the control group.
Among all groups, a statistically significant increase

has been observed compared to the topotecan group.

Figure 2. The mRNA expressions of topoisomerase 1 (A), topoisomerase 2 (B), IL1 (C), p53 (D), and TNFa (E) were

shown in the qQRT-PCR results graph. (a: p <0.05, aa: p <0.01, aaa: p <0.001, aaaa: p <0.0001 compared with the control
group; b: p <0.05, bb: p <0.01, bbb: p <0.001, bbbb: p <0.0001 compared to the topotecan group; one-way ANOVA post
hoc Tukey, p <0.05)
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The topoisomerase 2 enzyme is responsible for
regulating DNA topology. In the astrocyte cell line,
an increase in topoisomerase 2 mRNA expression has
been observed in the carvacrol, EGCG, and topotec-
an+EGCG groups compared to both the control and
topotecan groups. In the neuroblastoma cell line, an
increase in Topoisomerase 2 mRNA expression has
been found in the topotecan+carvacrol combination
group compared to both the control and topotecan

groups.

IL-1 is an inflammatory cytokine involved in tu-
mor initiation and progression (Mantovani, Barajon,
& Garlanda, 2018). Inhibiting IL-1 can lead to an an-
ticancer effect. The expression of IL1 mRNA has in-
creased in the astrocyte cell line in the topotecan, car-
vacrol, EGCG, and topotecan+carvacrol groups. IL1
expression has increased in the carvacrol group com-
pared to the topotecan group, while it has decreased
in the topotecan+EGCG group. In the neuroblastoma
cell line, the topotecan+carvacrol group has shown an
increase in IL1 expression compared to the control
and topotecan groups.

p53 plays a crucial role in cell cycle arrest and can
initiate apoptosis. It can also suppress tumor growth.
The expression of p53 mRNA has increased in the as-
trocyte cell line in the topotecan, carvacrol, EGCG,
and topotecan+EGCG groups. The expression of p53
has increased in the carvacrol and EGCG groups com-
pared to the topotecan group, while it has decreased
in the combination groups. In the neuroblastoma cell
line, the expression of p53 mRNA has increased in the
topotecan+carvacrol group compared to the control

and topotecan groups.

TNFa is an inflammatory cytokine that may con-
tribute to tumor development. It can also trigger apop-
tosis through the activation of the extrinsic pathway.
In this study, we found that the expression of TNFa
was significantly increased in both the astrocyte and
neuroblastoma cell lines in the topotecan+carvacrol

group compared to the control and topotecan groups.

BCL2 is a protein that inhibits apoptosis in cells.
The expression of BCL2 mRNA has increased in the

topotecan group compared to the control group in the

astrocyte cell line. In the other groups, BCL2 expres-
sion was significantly decreased compared to both the
control and topotecan groups. The decrease in BCL2
expression may be associated with the activation of
apoptotic processes and increased cytotoxic activi-
ty in the cells. In the neuroblastoma cell line, BCL2
expression has decreased in all groups compared to
the control group. Furthermore, in the neuroblastoma
cells, BCL2 expression has also decreased in groups
other than the control group compared to the topo-

tecan group.

BAX is a proapoptotic protein. Increased expres-
sion of BAX is associated with the activation of apop-
totic processes and the triggering of cell death in can-
cer cells. The expression of BAX mRNA has shown an
increase in both the astrocyte and neuroblastoma cell
lines in the carvacrol and topotecan+carvacrol groups
compared to the control and topotecan groups.

CAS9 is involved in the mitochondrial pathway of
apoptosis. The expression of CAS9 has increased in all
groups compared to the control in the astrocyte cell
line. The decreased expression has been observed in
the carvacrol and topotecan+EGCG groups compared
to the topotecan group, while increased expression
has been observed in the topotecan-+carvacrol group.
In the neuroblastoma cell line, an increase in CAS9
expression has been observed in all groups except the
topotecan group. The topotecan+carvacrol group has

shown an increase compared to the topotecan group.

CAS3 is a protease that plays a role in apopto-
sis-induced cell death. In the astrocyte cell line, the
expression of CAS3 has decreased in all groups except
the carvacrol group compared to the control group.
The carvacrol group showed a significantly higher
expression of CAS3 than both the control group and
the topotecan group. In the neuroblastoma cell line,
CAS3 expression has decreased in the topotecan+car-
vacrol group compared to the control group, while
it has increased in the other groups. A decrease has
been observed in the topotecan group compared to
the control group and the topotecan+carvacrol group,
while an increase has been observed in the other
groups.
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Figure 3. The mRNA expressions of BCL2 (A), BAX (B), caspase 9 (C), and caspase 3 (D) were shown in the gqRT-PCR
results graph. (a: p <0.05, aa: p <0.01, aaa: p <0.001, aaaa: p <0.0001 compared with the control group; b: p <0.05, bb: p
<0.01, bbb: p <0.001, bbbb: p <0.0001 compared to the topotecan group; one-way ANOVA post hoc Tukey, p <0.05)

Astrocyte cells were treated with topotecan at the
neuroblastoma cell line IC,  dose for 24 hours. The in-
crease in p53 and IL1 mRNA expression in the cells
may be attributed to cellular stress (Figure 2). An in-
crease in CAS9 mRNA expression and a decrease in
CAS3 expression can be interpreted as apoptotic sig-
naling not triggered yet (Figure 3). BCL2 is a protein
that protects cells from apoptosis by inhibiting the
release of cytochrome ¢ from the mitochondria, an

essential step in the apoptotic pathway.

The application of topotecan at the neuroblastoma

IC,, dose for 24 hours has resulted in an increase in

380

CAS9 and CAS3 mRNA expression, indicating that the
decrease in neuroblastoma cell viability may be due to
apoptosis. Topotecan acts by disrupting the function
of the DNA-topoisomerase 1 complex, preventing its
separation. The decrease in topoisomerase 1 mRNA
expression suggests the potential development of cell
resistance. While previous studies have demonstrated
genotoxic damage caused by topotecan in the SK-N-
BE(2c) neuroblastoma cell line using the comet assay,
our study did not show an increase in mRNA expres-
sion associated with DNA damage in the neuroblasto-
ma cell line we used (McCluskey et al., 2008).
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The increase in mRNA expression levels of to-
poisomerase 1, topoisomerase 2, and p53 in astrocyte
cells after exposure to the neuroblastoma IC_, dose
of carvacrol for 24 hours can be attributed to genetic
damage and the activation of cellular repair mecha-
nisms. Cellular stress and inflammation can cause
the release of IL1, a cytokine that can lead to further
inflammation and damage to cells. The increase in
CAS3, CAS9, BAX, and p53 mRNA expression indi-
cates a potential involvement of apoptosis. The lack of
changes in BCL2 and TNF alpha mRNA expression
suggests these genes may not play a significant role in
apoptotic cell death mechanisms. These findings are

consistent with our findings.

The similarity between the astrocyte IC,  value of
carvacrol (2.53 uM) and the neuroblastoma IC,  value
(2.09 uM) indicates that carvacrol exhibits a compa-
rable cytotoxic effect on these cell lines, suggesting a
lack of selectivity. The increase in BAX, CAS3, and
CAS9 mRNA expression after 24 hours of treatment
with carvacrol at the IC_ dose is consistent with apop-
tosis-mediated cell death in neuroblastoma cells. A
study conducted on HELA cancer and CCD-1123Sk
fibroblast human cell lines showed that the cytotox-
ic effect of carvacrol was non-specific, similar to our
findings (Ranjitkar et al., 2021). It has been reported
that carvacrol exhibits weak antioxidant activity and
low anticancer efficacy in rat N2a neuroblastoma cells
and primary rat neuron cell cultures, which is consis-
tent with our study results (Aydin, Tiirkez, & Keles,
2014).

The increase in p53 and Topoisomerase 2 mRNA
expression in the astrocyte cell line after EGCG ap-
plication indicates the presence of genetic damage. It
suggests that the cell cycle has halted, with the cell ini-
tiating repair processes. Although there is an increase
in CAS9 expression and a decrease in BCL2 expres-
sion, the absence of consistent changes in BAX and
CAS3 implies that the apoptotic process has not been
initiated yet. Additionally, the fact that the IC, value
for astrocytes is above 20 uM and the IC, dose we

applied corresponds to 3.44 pM in the neuroblastoma
cell line is consistent with the mRNA expression pat-
terns. The increase in IL1 mRNA expression can be

attributed to cellular stress and inflammation.

The increase in CAS3 and CAS9 mRNA expres-
sion and the decrease in BCL2 observed in the neu-
roblastoma cell line after 24-hour treatment with the
IC,, dose of 3.44 uM EGCG suggest that the reduc-
tion in cell viability is likely due to apoptosis. A study
conducted on human undifferentiated hepatocellular
carcinoma HLE cell line reported that in vivo and in
vitro administration of EGCG induces apoptosis and
dose-dependently activates caspases 3, 8, and 9, with-
out affecting BAX (Nishikawa et al., 2006). Another
study demonstrated that EGCG leads to a decrease in
BCL-2 and an increase in p53, BAX, CAS3, and CAS9
in LM6 hepatocellular carcinoma cells, resulting in
apoptosis. At the same time, it does not exhibit the
same effect on healthy liver cells. This selective ef-
fect of EGCG is consistent with our findings (Zhang,
Duan, Owusu, Wu, & Xin, 2015).

The increase in IL1 and TNF-alpha mRNA expres-
sion in the astrocyte cell line following the 24-hour
treatment with the neuroblastoma IC, dose of TOP+-
CARYV indicates their association with inflammato-
ry-related proteins and can indicate cellular stress.
The upregulation of CAS9 and BAX mRNA expres-
sion by carvacrol suggests that apoptotic signaling
is being initiated. This is supported by the decrease
in BCL2 expression, which is a protein that inhibits
apoptosis. The decrease in CAS3 mRNA expression
may be attributed to apoptosis not triggered yet. De-
spite these cellular signals, the combined application
of topotecan and carvacrol in the astrocyte line has
increased the IC, dose compared to neuroblastoma

and conferred a selective targeting feature.

The increase in P53, topoisomerase 1, and To-
poisomerase 2 expression indicates DNA stress and
the cell’s effort to repair itself. The observed reduc-

tion in BAX and CAS3 expression, coupled with the
381
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concurrent increase in CAS9 expression, implies that
the caspase cascade has not yet been initiated. The in-
crease in TNF-alpha expression is indicative of cellu-

lar stress in neuroblastoma.

The application of a combination of topotecan and
EGCG at the neuroblastoma IC, value for 24 hours
on the astrocyte cell line, which is significantly below
the astrocyte 24-hour IC, value, may indicate an in-
crease in the expression of topoisomerase 1 and to-
poisomerase 2, suggesting DNA damage. Despite the
increase in CAS9 expression, the decrease in CAS3
and BCL2 expression can be explained by apoptosis

not triggered.
The increase in CAS3 and CAS9 mRNA expres-

sion observed in neuroblastoma cells following the
application of topotecan+EGCG at the neuroblasto-
ma 24-hour IC_ dose suggests that the decrease in cell

viability may be attributed to apoptosis.

We acknowledge that the differential effects ob-
served on the astrocyte and neuroblastoma cell lines
may arise from inherent cell type disparities beyond
the distinction between cancerous and healthy cells.
Nevertheless, employing an astrocyte cell line is a

valuable starting point for further investigations.

One of the limitations of this study is that the as-
sessment of apoptotic-related mRNA levels may not
always be predictive of the synthesis of function-
al proteins or their proper activity. While mRNA
expression provides valuable insights into cellular
processes, it is essential to recognize that post-tran-
scriptional and post-translational modifications can
influence protein synthesis and activity. Additional-
ly, protein degradation, localization, and interaction
with other molecules may affect the ultimate func-
tional outcome. Therefore, caution should be exer-
cised when interpreting the results solely based on
mRNA expression, as it does not necessarily reflect
the actual protein levels or their functionality. Future
studies incorporating protein-level analysis and func-
tional assays will be essential to elucidate further the

role of these apoptotic-related mRNA expressions in
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cellular processes.

Additionally, when evaluating the cytotoxic effects
of a chemical substance on cancer cells, it is crucial
to assess its cytotoxicity at a specific dose in healthy
cells as well. The selected dose for our study was the
IC,, value determined via the MTT assay, which rep-
resents the cytotoxic dose in the neuroblastoma cell
line. The same dose needs to exhibit an acceptable
level of cytotoxicity in healthy cells. In our study, to-
potecan was employed as an antineoplastic agent. If
the administered carvacrol, EGCG, or combinations
demonstrated significantly lower cytotoxic effects in
healthy cells, even at higher doses than topotecan,
they would possess a higher potential for clinical sig-
nificance with fewer adverse effects. In this study, we
will use neuroblastoma and astrocyte cells to investi-
gate their selective effects in vitro, rather than solely
focusing on their anticancer potential. Further in vivo
studies are needed to develop and evaluate formula-
tions that enhance the delivery of drugs to target tis-
sues, as well as to assess the effects of systemic factors

and metabolites on drug delivery in an in vivo setting.
CONCLUSION

Based on the data obtained in our study, it can be
concluded that topotecan and carvacrol did not ex-
hibit selective cytotoxic effects between the healthy
astrocyte cell line and the neuroblastoma cell line.
However, EGCG and the combinations of topotecan
with carvacrol and topotecan with EGCG demon-
strated specific cytotoxic effects on the neuroblastoma

cell line.

Regarding evaluating apoptotic mRNA levels in
our study, it is evident that the effects of topotecan,
carvacrol, and EGCG on the apoptotic signaling path-
way have been elucidated. Nonetheless, it is essential
to note that mRNA expression levels may not directly
reflect protein levels or functional activity. Further in
vitro and in vivo studies are needed to confirm our
findings and to gain a better understanding of the
protein levels and functional aspects of apoptosis.

These studies will provide a more comprehensive un-



FABAD ]. Pharm. Sci., 48, 3, 373-384, 2023

derstanding of the mechanisms involved in apoptosis
and shed light on the potential therapeutic implica-

tions.
CONFLICT OF INTEREST

The authors declare that there is no conflict of

interest
AUTHOR CONTRIBUTION STATEMENT

Developing hypothesis (CO, MA, EB), experi-
menting (CO, MA, EB), preparing the study text (CO,
MA, EB), reviewing the text (CO, MA, EB), statistics
(CO, MA, EB), analysis and interpretation of the data
(CO, MA, EB), literature research (CO, MA, EB)

REFERENCES
Aydin, E., Tirkez, H., & Keles, M. S. (2014). The effect

of carvacrol on healthy neurons and N2a cancer
cells: some biochemical, anticancerogenicity and
genotoxicity studies. Cytotechnology, 66, 149-157.
doi:10.1007/s10616-013-9547-5

Baser, K. H. (2008). Biological and pharmacological
activities of carvacrol and carvacrol bearing es-
sential oils. Curr Pharm Des, 14(29), 3106-3119.
doi:10.2174/138161208786404227

Berger, S. J., Gupta, S., Belfi, C. A., Gosky, D. M.,
& Mukhtar, H.
(-)-epigallocatechin-3-gallate inhibits topoisom-

(2001). Green tea constituent

erase I activity in human colon carcinoma cells.
Biochemical biophysical research communications,
288(1), 101-105. doi:10.1006/bbrc.2001.5736

Calibasi Kocal, G., & Pakdemirli, A. (2020). Antipro-
liferative Effects of Carvacrol on Neuroblastoma
Cells. Izmir Dr. Behget Uz Cocuk Hast. Dergisi,
10(1), 61-64. doi:10.5222/buchd.2020.59251

Castellano-Gonzalez, G., Pichaud, N., Ballard, J. W.
O., Bessede, A., Marcal, H., & Guillemin, G. J.
(2016). Epigallocatechin-3-gallate induces oxida-
tive phosphorylation by activating cytochrome
¢ oxidase in human cultured neurons and astro-
cytes. Oncotarget, 7(7), 7426-7440. doi:10.18632/
oncotarget.6863

Chakrabarti, M., & Ray, S. K. (2016). Anti-cancer
activities of the green tea polyphenols EGC and
EGCG in human malignant neuroblastoma. Inter-
national Journal of Cancer Research and Preven-
tion, 9(4).

Chaturvedi, N. K., McGuire, T. R., Coulter, D. W,,
Shukla, A., McIntyre, E. M., Sharp, J. G., & Joshi,
S. S. (2016). Improved therapy for neuroblastoma
using a combination approach: superior efficacy
with vismodegib and topotecan. Oncotarget, 7(12),
15215-15229. doi:10.18632/oncotarget.7714

Fan, K., Li, X,, Cao, Y., Qi, H., Li, L., Zhang, Q., & Sun,
H. (2015). Carvacrol inhibits proliferation and
induces apoptosis in human colon cancer cells.
Anti-Cancer Drugs, 26(8), 813-823. doi:10.1097/
CAD.0000000000000263

Hsuuw, Y. D., & Chan, W. H. (2007). Epigallocate-
chin gallate dose-dependently induces apoptosis
or necrosis in human MCEF-7 cells. Annals of the
New York Academy of Sciences, 1095(1), 428-440.
doi:10.1196/annals.1397.046

Magi, G., Marini, E., & Facinelli, B. (2015). Antimi-
crobial activity of essential oils and carvacrol, and
synergy of carvacrol and erythromycin, against
clinical, erythromycin-resistant Group A Strep-
tococci. Front Microbiol, 6, 165. doi:10.3389/
fmicb.2015.00165

Mantovani, A., Barajon, I., & Garlanda, C. J. L. r.
(2018). IL-1 and IL-1 regulatory pathways in can-
cer progression and therapy. 281(1), 57-61.

Maris, J. M. (2010). Recent advances in neuro-
blastoma. N Engl ] Med, 362(23), 2202-2211.
doi:10.1056/NEJMra0804577

McCluskey, A. G., Boyd, M., Pimlott, S. L., Babich,
J. W,, Gaze, M. N., & Mairs, R. J. (2008). Experi-
mental treatment of neuroblastoma using [131I]
meta-iodobenzylguanidine and topotecan in
combination. Br ] Radiol, 81 Spec No 1, S28-35.
doi:10.1259/bjr/27723093

383



Oltulu, Akinci, Bakar

Messeha, S., Zarmouh, N., Taka, E., Gendy, S., Shokry,
G., Kolta, M., & Soliman, K. J. E. j. o. m. p. (2016).
The role of monocarboxylate transporters and
their chaperone c¢d147 in lactate efflux inhibition
and the anticancer effects of Terminalia chebula in

neuroblastoma cell line n2-a. 12(4).

Moji¢, M., Pristov, J. B., Maksimovi¢-Ivani¢, D., Jones,
D. R, Stani¢, M., Mijatovi¢, S., & Spasojevi¢, L. J. S.
r. (2014). Extracellular iron diminishes anticancer

effects of vitamin C: an in vitro study. 4(1), 5955.

Niiro, A., Ohno, S. N., Yamagata, K. A., Yamaga-
ta, K., Tomita, K., Kuramoto, E., . . . Sugimura,
M. (2021). Diurnal variation in trigeminal pain
sensitivity in mice. Frontiers in Neuroscience, 15,
703440. doi:10.3389/fnins.2021.703440

Nishikawa, T., Nakajima, T., Moriguchi, M., Jo, M.,
Sekoguchi, S., Ishii, M., . . . Okanoue, T. (2006).
A green tea polyphenol, epigalocatechin-3-gal-
late, induces apoptosis of human hepatocellular
carcinoma, possibly through inhibition of Bcl-
2 family proteins. /] Hepatol, 44(6), 1074-1082.
do0i:10.1016/j.jhep.2005.11.045

Oltulu, C., Akinci, M., & Bakar, E. (2022). Antitumor
Activity of Etoposide, Puerarin, Galangin and
Their Combinations in Neuroblastoma Cells. In-
ternational Journal of Life Sciences Biotechnology,
5(3), 407-423. d0i:10.38001/ijlsb.1089164

Ormrod, D., & Spencer, C. M. (1999). Topotecan:
a review of its efficacy in small cell lung cancer.
Drugs, 58(3), 533-551. doi:10.2165/00003495-
199958030-00020

Ponzoni, M., Bachetti, T., Corrias, M. V., Brignole, C.,
Pastorino, F, Calarco, E., . . . Perri, P. (2022). Re-
cent advances in the developmental origin of neu-
roblastoma: an overview. ] Exp Clin Cancer Res,
41(1), 92. d0i:10.1186/s13046-022-02281-w

Qiu, B., & Matthay, K. K. (2022). Advancing thera-
py for neuroblastoma. Nat Rev Clin Oncol, 19(8),
515-533. d0i:10.1038/s41571-022-00643-z

384

Ranjitkar, S., Zhang, D., Sun, E, Salman, S., He, W,,
Venkitanarayanan, K., . . . Tian, X. (2021). Cyto-
toxic effects on cancerous and non-cancerous cells
of trans-cinnamaldehyde, carvacrol, and euge-
nol. Scientific Reports, 11(1), 16281. doi:10.1038/
$41598-021-95394-9

Salles, D., Samartini, R. S., de Seixas Alves, M. T., de
Moraes Malinverni, A. C., Stavale, J. N. J. M. S.,
& Disorders, R. (2022). Functions of astrocytes in
multiple sclerosis: A review. 60, 103749.

Sinha, B. K., Tokar, E. J., & Bushel, P. R. (2020). Eluci-
dation of Mechanisms of Topotecan-Induced Cell
Death in Human Breast MCF-7 Cancer Cells by
Gene Expression Analysis. Front Genet, 11, 775.
doi:10.3389/fgene.2020.00775

Suntres, Z. E., Coccimiglio, ]., & Alipour, M. (2015).
The bioactivity and toxicological actions of car-
vacrol. Crit Rev Food Sci Nutr, 55(3), 304-318. doi:
10.1080/10408398.2011.653458

Undeger, U, Basaran, A., Degen, G. H., & Basaran,
N. (2009). Antioxidant activities of major thyme
ingredients and lack of (oxidative) DNA damage
in V79 Chinese hamster lung fibroblast cells at low
levels of carvacrol and thymol. Food Chem Toxicol,
47(8), 2037-2043. doi:10.1016/j.£ct.2009.05.020

Yu, H., Zhang, Z.-L., Chen, J., Pei, A., Hua, F, Qian,
X., ... Xu, X. (2012). Carvacrol, a food-additive,
provides neuroprotection on focal cerebral isch-
emia/reperfusion injury in mice. PloS one, 7(3),
€33584. doi:10.1371/journal.pone.0033584

Zhang, Y., Duan, W.,, Owusu, L., Wu, D., & Xin, Y.
(2015). Epigallocatechin-3-gallate induces the
apoptosis of hepatocellular carcinoma LM6 cells
but not non-cancerous liver cells. Int ] Mol Med,
35(1), 117-124. doi:10.3892/ijmm.2014.1988



	_Hlk135401386
	_GoBack

