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ABSTRACT

INVESTIGATION OF CYTOTOXIC ACTIVITY OF BETA CAROTENE

ON GLIOBLASTOMA CELLS
Ayten Burcu EFE OZKAN

M.Sc., Department of Bioengineering
Supervisor: Assoc. Prof. Dilek GOKTURK
October 2024, 58 pages

Glioblastoma is a type of cancer that occurs in the central nervous system. It is highly lethal,
and spreads rapidly. The survival time of patients varies depending on the effectiveness of the
treatment methods, and the extent of the disease, but on average, it is around 15 months. The
standard treatment protocol currently includes surgical intervention, radiation therapy and
chemotherapy. Obstacles in treatment include difficulty in completely removing tumours
because of their placement in sensitive areas of the brain and close proximity to vital structures.
Other challenges are the blood-brain barrier preventing drugs from reaching brain tissue, and

the potential of glioblastoma cells to develop resistance to treatment.

Because of the side effects of chemotherapeutic drugs (especially Temozolomide) used in
glioblastoma treatment and the ability of tumor cells to develop resistance to these drugs,

alternative or supportive treatment methods are being researched.

[-carotene is a natural antioxidant carotenoid. The impact of -carotene on glioblastoma cells
was examined in this study. 3-carotene, etoposide, and temozolomide were applied to US7MG
glioblastoma cells, and the survival of the glioblastoma cells was assessed. The results indicated
that B -carotene alone significantly reduced the glioblastoma cell viability. When combined
with etoposide, it exhibited a synergistic effect, decreasing the number of glioblastoma cells
and their colony formation potential. However, it was found that B-carotene had an antagonistic
relationship with temozolomide when used together, and that glioblastoma cell viability and
colony-forming potential were greater under these conditions than when etoposide and -

carotene were administered alone.

Keywords: glioblastoma, 3-Carotene, temozolomid, etoposid, carotenoids



OZET

BETA KAROTENIN GLIOBLASTOMA HUCRELERI UZERINDEKI
SITOTOKSIK AKTIVITESININ ARASTIRILMASI

Ayten Burcu EFE OZKAN
Yiiksek Lisans, Biyomiihendislik Anabilim Dali
Danisman: Assoc.Prof. Dilek GOKTURK
Ekim 2024, 58 sayfa

Glioblastoma merkezi sinir sisteminde goriilen, 6liimciil ve hizli yayilan bir kanser tiirtidiir.
Hastalarin sag kalim siiresi tedavi yontemlerinin etkinliine ve hastaligin yayilma diizeyine
bagli olarak degisebilmekle birlikte, ortalama 15 aydir. Giiniimiizde mevcut tedavi protokolii,
cerrahi miidahale, 151n tedavisi ve kemoterapiyi icerir. Tedavide karsilasilan giicliikler,
timorlerin beyinde hassas bolgelere ve onemli yapilarin yakinina yerlesebilmesi nedeniyle
tamamen ¢ikarilmasinin zorlugu, ilaglarin beyin dokusuna ulagsmasini engelleyen kan-beyin

bariyeri ve glioblastoma hiicrelerinin tedaviye direng gelistirme potansiyeli olarak 6zetlenebilir.

Glioblastoma tedavisinde kullanilan kemoterapdtik ilaglarin yan etkileri ve tiimor hiicrelerinin
bu ilaglara direng gelistirebilmesi sebebiyle, alternatif ya da destekleyici tedavi yontemleri

arastirilmaktadir.

Bu caligmada dogal bir antioksidan olarak karotenoidlerden -karotenin, glioblastoma hiicreleri
tizerinde etkisi arastirllmistir. US7MG glioblastoma hiicreleri etoposid, temozolomid ve B-
karoten ile muamele edilerek hiicrelerin sag kalimi Olgiilmiis ve P-karotenin tek basina
glioblastoma hiicrelerinin biiylik 6l¢iide 6liimiine sebep oldugu, etoposidle kombinasyonunda
sinerjistik etki gostererek glioblastoma hiicrelerin sayisin1 azalttigi, koloni olusturma
potansiyelini diisiirdigii sonucuna ulagilmigtir. Bununla birlikte ¢alismada [-karotenin
temozolomid ile birlikte kullanildiginda antagonistik iliskiye sahip oldugu ve bu kosullarda
glioblastoma hiicre canliliginin ve koloni olusturma potansiyelinin, etoposit ve [3-karotenin tek

basina uygulandigi kosullara gore daha fazla oldugu tespit edilmistir.

Anahtar Kelimeler: glioblastoma, 3-karoten, temozolomid, etoposid, karoteoidler
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1. INTRODUCTION

Glioblastoma (GBM) is classified as grade IV in the World Health Organization’s (WHO's)
glioma classification (Louis et al., 2021) and GBMs are the most prevalent tumors of the central
nervous system. They grow quickly and often lead to patient death within a short period (Cao
et al., 2021). Traditional treatment involves surgical resection, radiation, and chemotherapy.
Issues with these conventional methods include incomplete tumor removal due to the difficulty
in defining tumor borders at the microscopic level, side effects from chemotherapeutic drugs,
and the development of drug resistance in tumor-initiating cells (Wu et al., 2021). For these
reasons, alternative treatment methods are being investigated. Herbs and plant compounds have
long been thought to prevent and treat many diseases. One study investigating the effect of
herbal teas in treating GBM used naturally grown herbal mixtures (Phytoteraphy) in addition
to standard medical treatment, resulting in significant improvement in the condition of GBM

patients who participated in the trial (Trogrli¢ et al., 2018).

Carotenoids are compounds present in fruits, vegetables, some seafood, microalgae and fungi.
Since animal organisms cannot synthesize these compounds, they must be obtained externally
through diet. Carotenoids are categorized into two subgroups: carotenes, which lack oxygen,
and xanthophylls, which contain oxygen. Examples of carotenes include -carotene, lycopene,
and torulene. B-carotene, an oxygen-free carotenoid, has the.chemical formula C40H56. It
consists of a polyene chain with 9 conjugated double bonds connecting two B-ionone rings. -
carotene, a precursor of vitamin A, is fat-soluble and prone to oxidation when exposed to air,
light and heat (Rapoport et al., 2021; Saini et al., 2022).

Figure 1.1. Chemical structure of f-carotene (National Center of Biotechnology Information,
2024)



[-carotene is present in carrots, pumpkins and green leafy vegetables. Microalgae like
Dunaliella salina and the fungus Blakeslea trispora are the other source of p-carotene.

Research has focused on -carotene's potential anti-cancer properties because of its antioxidant
characteristics, similar to other carotenoids (Saini et al., 2022). B-carotene is thought to be a
protector for diseases because of antioxidant properties. Some studies have focused on the anti-
cancer effect of [3-carotene on gastric cancer, colon cancer, lung cancer etc. it may reduce the
risk of stomach cancer. However more research is needed to confirm this, studies have shown
that it reduced the risk of gastric cancer. On the other hand, the dietary intake of B-carotene is
inconclusive on lung cancer. In a colon cancer study, -carotene was found to decrease the
number and size of tumors. Studies are ongoing to explore [-carotene's protective effects
against cancers (Lee et al., 2022; Chen et al., 2021; Kordiak et al., 2022).

This study investigated, the therapeutic potential of B-carotene in the GBM, a type of brain

cancer known with its poor prognosis and high fatality rates.



2. THEORETICAL FOUNDATIONS AND LITERATURE
REVIEW

2.1. An Overview Of Cancer Diseases Gliomas And Glioblastoma

A statistical study conducted in 2022 by International Agency For Research on Cancer (IARC)
that covered 36 types of cancer across 185 countries, there were 20.000.000 new cancer cases
globally, with approximately half of these resulting in death due to cancer. It is thought that
cancer cases will reach 35.000.000 in 2050. The most common type of cancer is lung cancer,
followed by breast cancer in women. This situation poses a significant indicator globally, both
in terms of public health, and economically (Bray et al., 2024). The annual global incidence of
gliomas is approximately 6 per million, with men having an incidence rate approximately 1.6

times higher than that of women (Weller et al. 2021).

The general nomenclature of central nervous system (CNS) tumors originating from non-
neoplastic glial (precursor) cells is 'Glioma' , and the most aggressive and lethal subtype of
malignant gliomas is GBM (Kristensen et al., 2019; Ren et al.,2021).

The World Health Organization's (WHO's) classification of central nervous system (CNS)
tumors has significantly evolved with improvement in molecular characterization, and the
biomarkers' identification. IDH wild type diffuse astrocytic glioma is classified as GBM, IDH-
wild type, WHO grade 4 by the latest classification updated with recommendations from the
Consortium to Inform Molecular and Practical Approaches to CNS Tumor Taxonomy
(cIMPACT). EGFR amplification, which promotes cell proliferation, invasion, and apoptosis
resistance; TERT promoter mutation presence, enhancing cell longevity and proliferation; and
cytogenetic signatures such as +7 / -10, indicating chromosomal alterations are the key
biomarkers for IDH Wild Type GBM. O-6-methylguanine-DNA methyltransferase (MGMT)
promoter methylation is also crucial as it signifies the potential benefit of alkylating
chemotherapy in IDH wild-type GBM patients (Louis et al., 2020; Louis et al., 2021; Weller et
al., 2021).

Genomic analysis of GBM began in 2008, focusing on 20,661 protein-coding genes across 22
human GBM samples. The genetic characteristics of these GBMs were investigated, and as a
result, genetic alterations were detected in IDH1 gene located on chromosome 2933, which

plays an important role in cellular oxidative damage control by catalyzing isocitrate to alpha-



ketoglutarate and producing NADPH. Mutant IDH1 produces 2-hydroxyglutarate (2HG) when
its metabolism is impaired. This situation is also seen in 2-hydroxyglutaric aciduria disease. 2-

hydroxiglutarate production is connected with brain tumor risk (Parsons et al., 2008).

2HG production targeted by therapeutic strategies may benefit the GBM patients. Additionally,
GBM stem cells (GSCs), constituting about 1% of tumor cells, are resistant to radiotherapy,
suggesting a need for understanding molecular pathways in cancer stem cells (CSC) for
effective treatment design. There is research on the inhibition of GBM cell motility achieved
through membrane signaling proteins such as aquaporins and glutamate receptors. Factors like
ionizing radiation exposure, family brain tumor history, and certain health conditions influence
GBM risk (Dang et al., 2009; Sasaki et al., 2012; Jin et al., 2013; Yin et al., 2020; Mirzaei et
al., 2022).

Various approaches have been put forward to limit the invasive nature of GBM cells. Targeting
membrane signaling proteins that facilitate high motility is one of these approaches. Studies
have shown that pharmacological interventions on aquaporin water channels, glutamate
receptors, and ion channels of GBM cells can potentially restrict tumor cell movement during
treatment (Varricchio et al., 2023).

Studies of atomic bomb survivors have shown that moderate to high doses of ionizing radiation
increase the risk of brain tumors. Additionally, a family history of brain tumors elevates the
cancer risk among adults with glioma. Conversely, conditions like allergies or eczema are
associated with a 30% reduction in brain tumor risk. Interestingly, genotypes associated with
higher risk of asthma have shown a decreased susceptibility to GBM (Melhem et al., 2022;
Khabibov et al., 2022).

Temozolomide

Temozolomide, which is particularly used in the treatment of brain tumors such as GBM, is a
chemotherapy drug classified as an alkylating agent. This drug has the ability to cross the blood-
brain barrier and induces apoptosis (programmed cell death) in tumor cells by adding a methyl
group to purines and pyrimidines in the DNA structure and acts through a mechanism that can
allow tumor cells to evade cytotoxic effects and develop resistance, facilitated by the DNA
repair system called MGMT (O-6-methylguanine-DNA methyltransferase) (Karachi et al.,
2018). In GBM, the biomarker MGMT first came into clinical use (Kristensen et al., 2019).



In 2005, a clinical trial demonstrated that administering temozolomide alongside radiotherapy
resulted in a significant survival benefit for patients. The study included 573 newly diagnosed
GBM patients from 85 centers, with a median age of 56 years. 287 of these patients, received
a combination of radiotherapy and temozolomide, while 286 received radiotherapy alone. The
results showed that combining chemotherapy with radiotherapy significantly prolonged
survival in newly diagnosed GBM patients. The addition of chemotherapy to treatment reduced
the risk of death in newly diagnosed patients by 37% (Stupp et al., 2005). Following this study,
the FDA approved the use of temozolomide in combination with radiotherapy for standard

clinical practice.

Hematological toxicity is the most common side effect of temozolomide treatment. Morover,
the infiltrative nature of tumor cells has been found to contribute to repetitions originating from
GBM stem cells (GSCs) that survive in the area following surgical resection have been observed

to develop temozolomide resistance (Wu et al.,2021).

It was reported that the sIncRNA, known as XLOC013218, overexpression significantly
increases temozolomide resistance, preventes cell death and promotes cell proliferation and
XLOC013218 was identified as a potential target for overcoming temozolomide resistance in
GBM (Zhou et al., 2022).

The temozolomide resistance of GBM cells has led researchers to explore alternative drugs.
Studies have showed that azole, and benzimidazole compounds have potential anti-tumor
effects on GBM cells (Torres et al., 2015). Specifically, benzimidazoles such as Flubendazole,
Fenbendazole, and Mebendazole have been found effectively inhibit the growth ,and spread of
U87TMG GBM cells. Additionally, comparision of the effects of temozolomide and
flubendazole on tumor shrinkage, flubendazole has provided similar benefits to temozolomide
was shown. This research findings suggest that alternative drugs, like benzimidazoles, may
offer potential therapeutic options for temozolomide resistant patients. Additionally, the
combination of temozolomide with benzimidazoles is highlighting a promising treatment

strategy for patients exhibiting low responsiveness to temozolomide (Ren et al., 2021).

2.1.1. Etoposide

Etoposide which is a chemotherapy drug works by disrupting the function of topoisomerase |1
whichis an enzyme critical for DNA repair and replication, leading to DNA strand breaks and

consequently causing cell death in rapidly dividing cancer cells. It is used to treat various



cancers, including lymphoma, testicular cancer, lung cancer, and brain tumors such as GBM
(Wei et al., 2021; Franceschi et al., 2004).

A study towards the end of 1900s demonstrated that etoposide (VP16-213) effectively
penetrated the cerebro spinal fluid following high-dose intravenous administration, highlighting
its potential for treating central nervous system metastases (Postmus et al., 1984). Etoposide
enhance survival rates, and address recurrent therapy-resistant tumors, researchers have
explored combination therapies using carboplatin, an alkylating agent capable of crossing the
blood-brain barrier , and effective against various solid tumors, similar to etoposide (Franceschi
etal., 2004).

Several clinical studies have been conducted in order to explore ways to enhance the etoposide
effectiveness. These studies have focused on describing substances that work synergistically
with etoposide, besides the development of etoposide-related nanoparticles (Engelhard et al.,
2020; Wei et al., 2021; Franceschi et al., 2004). The usage of a rotating magnet to guide
magnetic etoposide nanoparticles in delivering etoposide externally tested in a recent study. It
was found that this approach was effective in targeting cancer cells found in the cerebrospinal

fluid, especially in the early stages of the disease (Engelhard et al., 2020).

2.1.2. Challenges of Conventional Treatment Methods

Conventional treatment strategies for GBM involve surgical resection of the tumor followed by
chemoradiotherapy. However, several challenges block effective treatment outcomes. One of
the important difficulty is that the tumors can’t be removed completely due to their infiltrative
nature, where tumor cells spread into surrounding tissues resembling finger-like projections.
This infiltrative behavior causes incomplete resection of cancerous cells during surgery (Wu et
al., 2021).

Another major problem is the development of resistance by GBM cells to both radiotherapy
and chemotherapeutic drugs like temozolomide, which are generally administered post-surgery.
This resistance is often attributed to GBM stem cells that survive initial treatments and
contribute to the recurrence of tumors (Mattei et al., 2021; Yin etal., 2020). Morover, the blood-
brain barrier limits the effectiveness of many chemotherapeutic substances, preventing them

from reaching therapeutic concentrations within the brain (Altshuler et al., 2020).



Inspite of advancements, current treatment approaches have not significantly improved overall
survival rates for GBM patients. The exploration of new methods and therapeutic strategies
aimed to enhance survival times, and outcomes in this challenging disease continues (Wu et al.,
2021; Altshuler et al., 2020; Mattei et al., 2021; Yin et al., 2020).

2.1.3. Recent Advances in GBM Therapy

To enhance the benefits of conventional treatment methods and overcome treatment challenges,
new combined and alternative treatment strategies are being evaluated. In some of these studies,
the interaction of drugs previously used for different disorders with temozolomide (TMZ) and
their potential effects on treating GBM is investigated by researchers. In a study by Yadav et
al. (2022), the impact of "stiripentol”, a medication administered to patients with Dravet
syndrome (an epilepsy form), on TMZ-resistant (TR) U87MG - GBM cells was investigated.
The researchers indicated that stiripentol exhibited a synergistic effect with temozolomide and
also effectively reduced cell viability, proliferation, cloning ability, and cell migration in TR
GBM cells. Moreover, a study examining how Celastrol, an herbal medicine used for diseases
such as rheumatoid arthritis and psoriasis, interacts with temozolomide in GBM treatment,
found that Celastrol inhibited vasculogenic mimicry, and angiogenesis by regulating the
PISK/Akt/mTOR pathway, which is closely related with angiogenesis, and the vasculogenic
mimicry formation (Zhu et al., 2020).

Suppressing the invasive character of the tumor through membrane signaling mechanisms
(pharmacological inhibition such as aquaporin water channels, glutamate receptors, and ion
channels) affecting the mobility of GBM cells was also reported (Varricchio et al., 2023).

With advancements in nanotechnology, biodegradable nanoparticles are utilized for various
applications increasingly. The cisplatin-alginate nanocomplex related to GBM treatment,
induced apoptosis in U87TMG GBM cells by enhancing their radiosensitivity (Mousavi et al.,
2023). Furthermore, near-infrared fluorescence-guided resection of GBM using a
biodegradable nanoimaging agent, polymalic acid chlorotoxin nanoconjugate, was reported
(Patel et al.,2019).

Experiments have been conducted on hypericin-mediated photodynamic therapy and
photobiomodulation aiming to increase treatment effectiveness and reduce damage to

surrounding healthy tissues (Pevna et al., 2021). Studies on immunotherapy continue to



strengthen the immune system suppressed by chemotherapeutic drugs (Karachi et al., 2018;
Hotchkiss et al., 2021).

Emerging methods such as immunotherapy, synthetic molecules, natural compounds, and
inhibition of GBM stem cells are anticipated to be effective in the GBM management
(Rodriguez-Camacho et al., 2022).

2.1.4. Alternative Compounds Previously Judged for GBM Treatment

Currently, there is remarkable interest in exploring the potential anticancer properties of natural
compounds in the treatment of GBM and other nervous system cancers. In research, substances
like phospholipase A2 and mellitin present in honey bee venom, which have demonstrated
effectiveness against cancer cells were being actively investigated. Honey bee venom is
especially promising due to its ability to penetrate the blood-brain barrier, making it an
important candidate for treating the central nervous system disorders (Malek et al., 2022).

Curcumin is a compound known for its anticancer properties. However, curcumin has obstacles
in crossing the blood-brain barrier effectively. To overcome blood-brain barrier limitation,
researchers have investigated packaging curcumin with dendrimers, which has enabled it to
penetrate the blood-brain barrier. Studies have demonstrated that this approach enhances

curcumin’s effectiveness in inducing apoptosis in GBM cells (Gallien et al., 2021).

One interesting substance for GBM treatment is the venom of a scorpion species Leiurus
quinquestriatus. Researchers have identified that chlorotoxin, present in this venom, binds to
chloride ion channels in GBM cells. This discovery holds promise for targeted therapies in the
treatment of GBM (Varricchio et al., 2023; Cohen et al., 2018).

Studies are also investigating the anticancer properties of plants used in Chinese traditional
medicine. Wedelia chinensis, a herbal remedy from Chinese alternative medicine, has
demonstrated effectiveness against various types of cancer. Studies indicate that it induces
apoptosis in GBM cells (Chen et al., 2021).

2.2. Carotenoids and B-carotene

The total number of natural carotenoids exceeds 1000 and they are classified into two
subgroups: carotenes and xanthophylls. Out of these, approximately 50 are provitamin A.

Carotenoids are present and synthesized in all photoautotrophic organisms. Since animals



cannot synthesize carotenoids, they must obtain them from their diet. Carotenes are a group of
carotenoids that lack oxygen in their chemical structure, while xanthophylls are the group that

contains oxygen. The chemical structures of some common carotenoids are depicted in Figure

2.1.

p-carotene

Lutein

Zeaxanthin

Astaxanthin

Fucoxanthin

pB-cryptoxanthin

Canthaxanthin

Lycopene

Figure 2.1. Chemical structures of some carotenoids (Brewczynski et al.,2021)

Research on carotenoids focuses on their natural production, encapsulation, and health benefits.
Clinical and epidemiological studies have demonstrated that consuming carotenoid-rich fruits
and vegetables can extend lifespan. Carotenoids are believed to be effective in preventing and
treating cancer due to their antioxidant properties, and numerous studies have been conducted
on this subject. Carotenoids are susceptible to decomposition when exposed to heat, light,

oxygen, and catalysts. Carotenes, in particular, are prone to oxidation, hydrolysis,



isomerization, and degradation. Therefore, it is recommended to use carotenoids that are free
from peroxides in biological studies (Wang et al., 2022; Saini et al., 2022).

Carotene species, -carotene, lycopene and torulene are unsaturated hydrocarbon structures
consisting of 40 carbons and exhibit red, yellow, and orange colors. In plants, carotenes are
stored in plastids and play roles such as detoxification, photoprotection, and the synthesis of
phytohormones (Maoka, 2020; Saini et al., 2022; Wang et al., 2022).

[-carotene, classified under carotenes, is the most abundant provitamin A. Dietary [3-carotene
is absorbed in the duodenum of the small intestine. Its antioxidant effect has been proven,
leading to the promising idea that it can prevent many chronic diseases, most importantly
cancer. However, study results did not show a significant relationship between [-carotene
supplementation and cancer prevention, despite highlighting its antioxidant activity (e.g., lung
cancer, colorectal cancer, head and neck cancers) (Kordiak et al., 2022; Brewczynski et al.,
2021; Jiang et al., 2022). While most studies emphasize the antioxidant properties of 3-carotene,
it also has pro-oxidant properties. B-carotene can shift from antioxidant to pro-oxidant behavior

under changing oxygen concentrations, leading to inconsistent results (Black et al., 2020).

For these reasons, the extraction of f-carotene and other carotenoids aims for maximum
efficiency and long-term preservation to maintain their antioxidant properties (Patel et al., 2019;
Parniakov et al., 2015; Wang et al., 2023).

2.2.1. Studies on the Effect of p-Carotene in Various Cancer Types

[-carotene is a precursor of Vitamin A (retinol) with antioxidant effects. It exhibits anticancer
properties by reducing the production of reactive oxygen species mediated by NADPH oxidase.
Retinol is converted to retinoic acid in cells. All-trans retinoic acid increases apoptosis by
blocking the cell cycle in cancer cells (Chen et al., 2021).

Carotenoids serve as precursors for retinoids. -carotene is the precursor of provitamin A, and
retinoids are derived from carotenoids by carotenoid-cutting dioxygenases (Moise et al., 2022;
Milani et al.,2017). The opinion that retinoids can impact cancers has been long-standing. This
idea is based on the consept that carcinogenesis is a multi-step process that tranforms normal
cells into malignant tumors. Hereby, it has been suggested that retinoids could potentially be

used as anti-cancer agents at any stage (Dragnev et al., 2000).
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The connection between carotenes and cancer has been extensively researched, especialy in
combination with consumption of fruits and vegetables. These studies have shown that -
carotene has anti-cancer properties, mainly because of its antioxidant activity (Chen et al., 2021;
Brewczynski et al., 2021; Kordiak et al., 2022). B-carotene , a precursor of Vitamin A (retinol)
with antioxidant properties, demonstrates anti-cancer effects by reducing the production of
reactive oxygen species mediated by NADPH oxidase (Chen et al., 2021).

In a study conducted by Lee et al. in 2022, mice injected with CD133+, CD44+, HCT116
colorectal cancer cells, it was found that B-carotene reduced tumor size and number, and
delayed tumor onset in mice. Vemurafenib (PLX4032), an approved targeted therapy for
melanoma —a type of skin cancer with a poor prognosis can face resistance from melanoma
cells. A study investigated the effects of Coenzyme Q10 and B-carotene, both alone and in
combination with vemurafenib, on the vemurafenib-resistant melanoma cell line A2058 and the
vemurafenib-sensitive melanoma cell line SK-MEL-28. The results showed that -carotene
suppressed the anti-cancer effects of vemurafenib, while coenzyme Q10 exhibited a synergistic
effect with the drug (Hu et al., 2021). Additionally, a 2022 study on drug combinations, found
that Se-methylselenocysteine, D-alpha-tocopheryl succinate, [-carotene, and L-lysine

enhanced the therapeutic efficacy of breast cancer chemotherapy drugs (Cheng et al., 2022).

In a study on ovarian cancer stem cells, a combination of retinoid 9cUAB130 and carboplatin
was proved to be the most effective. This combination determined more effective than
carboplatin alone, leading to reduced cell viability, decreased CSC marker expression, and
tumorigenesis inhibition (Whitworth et al., 2012).

Retinol, derived from its precursor B-carotene, is further converted into retinoic acid within
cells. All-trans retinoic acid promotes apoptosis by blocking cell cycle in gastric cancer cells
(Chen et al., 2021). All-trans retinoic asid also inhibits tumor growth by targeting ALDH1
activity, a marker of malignant cancer stem cells, including those in ovarian cancer. Morover,
retinoids enhance antitumor immunotherapy by increasing the expression of interleukin-2
receptors, which play a key role in activation of the immune system to combat cancer. Retinoic
acid regulates signaling pathways by exerting inhibitory effects on Telomerase Reverse
Transcriptase Gene (TERT), and Epidermal Growth Factor Receptor (EGFR) (Wierzbowska et
al., 2024).
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A gram-negative bacterium Helicobacter pylori, is linked to the gastric cancer development. In
gastric astrocytoma cells, the expression of Matrix Metalloproteinase-10 (MMP-10), which is
derived from H. Pylori is elevated (Hardbower et al., 2014). A study researching the effects of
[-carotene on gastric astrocytoma cells found that MMP-10 expression is inhibited, and cell

invasion is reduced by p-carotene (Bae et al., 2021).

A study involving 540 head and neck cancer (HNC) patients undergoing radiotherapy, indicated
that dietary intake of f-carotene was connected to reduced negative effects of thereatment.
Additionally, patients with higher plasma p-carotene levels experienced less frequent local
recurrence (Brewczynski et al., 2021). In contrast, another study on B-carotene supplementation

on lung cancer suggested an increased risk of developing the disease (Kordiak et al., 2022)

2.2.2. p-Carotene Characteristics and Delicate Attributes

[-carotene is highly sensitive to degradation when exposed to oxygen, light, and elevated
temperatures, so maintaining a light-free environment, minimizing oxygen exposure, and
keeping temperatures below 70 °C are essential to preserve f-carotene during research and

studies.

Various efforts are underway to optimize the extraction of 3-carotene for maximum efficiency.
While organic solvents have traditionally been employed for extraction, CO:-based
supercritical fluid extraction (SFE) method has emerged as a promising alternative. SFE method
successfully extracted p-carotene with high efficiency in a study utilizing ripe bitter melon
pericarp. The optimal conditions for maximizing [3-carotene content of extract were determined
to be 393.32 bar pressure, a flow rate of 36.98 mL/min, and a temperature of 69.15 °C (Patel et
al., 2019).

Numerous studies focused on maximization of the extraction of carotenoids while maintaining
their antioxidant properties. f-carotene has lipophilic characteristics. Historically, dimethyl
sulfoxide (DMSOQ) has proven effective as a solvent for lipophilic pigments (Parniakov et al.,
2015). A 2023 study on the extraction of carotenoids and other valuable compounds from
microalgae, the combined use of DMSO and Presured Liquid Extraction (PLE) at
concentrations exceeding 50% was successful in obtaining carotenoids while preserving their

antioxidant properties (Wang et al., 2023).
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Excessive intake of the fat-soluble vitamin A can cause hypervitaminosis because excess of
them is stored in tissues and can cause significant side effects. 3-carotene is a precursor of
vitamin A. This situation should be taken into consideration when using of -carotene for

therapeutic purposes (Chen et al., 2023).
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3. MATERIALS AND METHODS

This study aimed to evaluate the cytotoxic effects of f-carotene on GBM cellsThe workflow of

the methods utilized in the study was shown in Figure 3.1.

Glioblastoma cells/well were seeded in a 96-well cell plate

Cells were exposed to different concentrations of
Carotene for 24 hours.

Cytotoxicity assay was performed to determine the cytotoxic effect
of B-Carotene.

Cells were exposed to IC50 of B-Carotene, chemotherapeutic
etoposide and temozolomide for 24 hours

Cytotoxicity assay was performed

Wound Healing Assay was performed.

Giemsa Staining

Colony Formation Assay was performed

Figure 3.1. Workflow of the Methods

3.1. Cell Thawing and Cell Culture Conditions

U87MG (ATCC HTB-14 TM) GBM cells frozen at —80 °C in a solution of 10% DMSO and
FBS were rapidly thawed in a 37 °C water bath to minimize cell loss. Following thawing, the
cells were centrifuged in nutrient medium at 1000 rpm for 5 minutes, and the supernatant was
discarded to remove freezing substances. The resulting cell pellet was then resuspended in
growth medium. The cells were incubated in DMEM supplemented with 10% FBS, 1% L-
Glutamine, and 1% penicillin-streptomycin at 37 °C with 5% CO, to promote cellular
proliferation. After incubation, the medium was aspirated, and cells were washed with PBS.
Trypsinization was subsequently performed, with cells remaining in the incubator for 2-3

minutes. A 10 pL aliquot was taken and placed in a Neubauer chamber for cell counting under
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a microscope. The average number of viable cells per mL was determined, and 15,000 cells
were then seeded into each well of 24-well plates.

3.2. Cell Counting Methodology

Cell counting is performed by using a Neubauer chamber. Initially cell samples were prepared
in suspension and mixed thoroughly. A coverslip was then placed over the chamber, and the
cell suspension was pipetted into it. Cells were counted under a light microscope (Leica

Biosystems, Wetzlar,Germany).

The average number of cells was determined by counting cells in the four corner squares and
the central area of the Neubauer slide, followed by calculating the overall average. The number

of cells in 1 mL was calculated using the given formula:
Number of cells in 1ImL= Average of cells counted x Dilution factor x 10*

Based on this cell concentration, the volume of cell suspension required per well was calculated

to achieve the desired number of cells for growth.
3.3. Determination of IC50 Values for p-Carotene, Etoposide, and Temozolomide

The IC50 values of -carotene, etoposide, and temozolomide on GBM cells were determined
by exposing the cells to various concentrations of each compound individually for 24 hours.
Cell viability was then evaluated using of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) test to establish the concentration at which each substance exhibited a 50%

inhibitory effect on cell growth.
3.4. MTT Cell Viability Assay

To determine cell viability, the MTT method, which relies on the conversion of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) to formazan by the

mitochondria of living cells, was used.

A 5 mg/mL MTT solution was diluted 1/20 in PBS. p-carotene, etoposide, temozolomide and
their combinations were administered to the cells. After incubation, the medium was removed
from the wells and the cells were washed with PBS. Then, 500 mL of MTT was added to each
well. Following a 1-hour incubation, the MTT solution was removed from the wells and 1 mL

of isopropanol was added to solubilize the formazan crystals.. A shaker (Everlast Rocker 147)
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was used to mix the samples homogeneously (Figure 3.2). After 30 minutes of incubation, the
samples were transferred to cuvettes and analyzed using a spectrophotometer (Spectrostar
Nano, BMG Labtech, Ortenberg, Germany) at a wavelength of 570 nm.

EvERIAST™ mocmm B
& ~|.4:.\-Juﬂ~ e I L

Figure 3.2. Dissolving samples. Samples were shaken on Everlast Rocker 247 after treatment
with isopropanol.

3.5. Scratch Assay

To evaluate the effects of B-carotene, etoposide, temozolomide, and their combinations on

GBM cell migration and invasiveness, scratch assay was performed.

U87TMG (ATCC HTB-14 TM) GBM cells were seeded in 6-well plates, and following
incubation, a wound was created using a pipette tip, as illustrated in Figure 3.3. The cells were
then treated with B-carotene, etoposide, temozolomide, and their combinations. Wound closure

was monitored under a microscope and photographed to assess the effects of the treatments.

Figure 3.3. Scratch assay. Each well was scratched with a fine tip pipet. Measurements of
wound closure and cell migration were performed.
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3.6. Giemsa Staining

Giemsa staining was performed to visualize how B-carotene, temozolomide, etoposide and
combinations of these substances affected the proliferation, morphology and communication of
GBM cells.

Giemsa solution was sterile filtered through a 0.22 micron syringe filter. U87MG GBM cells
were grown in six-well plates under 6 different conditions: control (no treatment), 3-carotene
treatment, etoposide treatment and temozolomide treatment, etoposide + [-carotene
combination treatment, and temozolomide + B-carotene combination treatment. Drugs were
administered at their IC50 values. (The 24-h IC50 values of P-carotene, etoposide, and
temozolomide on GBM cells had been determined as 2.24 uM for B-carotene, 24 uM for
etoposide, 1.5 mM for temozolomide.) After 24 h of incubation, the cell culture medium was
removed, and the cells were washed twice with PBS.

A total of 1 mL of 60% methanol in PBS was added to each well and incubated for 10 minutes
at room temperature. The solution was then removed, and the cells were washed with pure
methanol. Giemsa staining solution (0.01 g/mL) was added to each well (1 mL per well) and
left at room temperature for 20 minutes. After incubation, the Giemsa staining solution was
removed, and the cells were washed three times with distilled water. Cell morphology was
observed using an LED inverted microscope (Leica Biosystems, Wetzlar, Germany). Cells

stained with Giemsa were visualized as shown in Figure 3.4.

Figure 3.4. Visualization of cells post- Giemsa staining
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3.7. Colony Formation Assay

A colony formation assay was performed to evaluate the effect of B-carotene, etoposide, and
combination of B-carotene and etoposide on the colony-forming ability of UB7MG GBM cells.
Cells were seeded at low density (500 cells/well), cultured in six-well plates, and treated with
four different conditions: control (no treatment), -carotene treatment, etoposide treatment, and
combination of B-carotene and etoposide, and allowed to grow into colonies, which were later

stained and counted to assess their proliferative capacity.

The substances were used at concentrations corresponding to their 1C50 values for US7TMG
cells: 2.24 uM for B-carotene, 24 uM for etoposide, and 1.5 mM for temozolomide.. For colony
formation, cells were incubated for 21 days at 37°C in a humidified atmosphere containing 5%
CO. Cells were then fixed in 4% paraformaldehyde and stained with 2% crystal violet. Colonies
were counted using a Leica EZ50 dissecting microscope (Leica Biosystems, Wetzlar,

Germany). An example of a colony image is shown in Figure 3.5.

Figure 3.5. Colony formation assay to evaluate the colony-forming ability of U87MG cells
treated with B-carotene, etoposide, temozolomide, and their combinations for 24 hours,
followed by colony counting.
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4. RESULTS AND DISCUSSION

4.1. Cytotoxic Effect of p-Carotene and Chemotherapeutic Drugs: Etoposide and

Temozolomide

The cytotoxic effect of B-carotene alone and in combination with the chemotherapeutic drugs
etoposide and temozolomide on GBM cells was investigated. The 24-hour IC50 values of -
carotene, etoposide, and temozolomide on GBM cells were determined by exposing the cells to
various concentrations of these compounds individually and evaluating their viability. The 24-
hour IC50 value of B-carotene for U87MG GBM cells was calculated as 1.2 pg/mL (2.24 uM)

based on the equation derived from the graph presented in Figure 4.1.

In a study about the cytotoxic effects of neutraceuticals on lymphoblastic cancer and, colon
cancer cell lines, B-carotene 48-hour IC-50 values for HCT116 and HCT116 P53 colon cancer
cell lines were determined as 139.53+ 5.72 uM and 34.94+0.47 uM, respectively. In the same
study, p-carotene IC50 values for CEM/CCRF and CEM/ADRS5000 lymphoblastic leukemia
cell lines were determined as 34.46+1.2 uM and 220.58+12.25 uM (Nibret et al.,2021). In our
study, the IC50 value of B-carotene determined for GBM cells (2.24 uM) was lower than the
IC50 value determined for colon cancer and lymphoblastic cell lines. This suggests that (-

carotene has a higher cytotoxic effect on GBM cells.
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Figure 4.1. The effect of various concentration of B-carotene on GBM cells for 24 hours
(p<0,01).
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The IC50 values of etoposide and temozolomide, calculated based on the equations obtained
from the graph shown in Figure 4.2.a and b, are 24 uM and 1.5 mM, respectively.
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Figure 4.2. The effect of various concentrations of a) etoposide and b) temozolomide on GBM
cells for 24 hours (p<0,01).

4.2. Cytotoxic Effect of p-carotene, Etoposide, Temezolomide, and Their Combinations
on GBM Cells

[-carotene, etoposide, and temozolomide at calculated 1C50 values were were administered to
GBM cells individually and in combination at their calculated IC50 values. The effects of these
substances on cell viability after 24- and 48-hours were determined using the MTT cell viability

test. The results are presented in Figure 4.3.
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Figure 4.3. Cytotoxic effect of B-carotene, etoposide, temezolomide, and their combinations
on GBM cells (p<0.01)

According to the cell viability test results, B-carotene alone induced cell death at both 24 and
48 hours, with these effects increasing over time. At 24 hours, cell viability was 49.14%, which
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decreased further to 43.17% at 48 hours, indicating a continuous decline in the percentage of
viable cells.

There are studies in the literature which are supporting our findings. In a study investigating
the apoptotic effects of B-carotene and lycopene on human breast cancer, it was noted that the
apoptotic effect of B-carotene continued to increase at 48 hours and 96 hours in MCF-7, MDA-
MB-231 and MDA-MB-235 human breast cancer cell lines (Gloria et al.,2014). The results of
this study on breast cancer are consistent with our findings on GBM cells. In our study, at 24
hours, cell viability was 49.14%, which decreased further to 43.17% at 48 hours, indicating a

continuous decrease in the percentage of viable cells.

Additionally, It was observed that B-carotene significantly enhanced the cytotoxic effect of
etoposide, reducing in cell viability to 33.49% at 24 hours and 38.21% at 48 hours. However,
an antagonistic effect was observed when [3-carotene was combined with temozolomide (Figure
4.3). The results were statistically confirmed with the 24 and 48 hour t test analyses in Table 1
and Table 2.

Table 4.1. Statistical Analyses of 24h Cytotoxicity for Temozolomid, Etoposid, [B-carotene,
and the Combinations of these substances (p<0,001)

Groups Count Sum Average \Variance
Control 3 0,639 0,213 5,2E-05
p-Carotene 3 0,314 0,104667 4,43E-05
Etoposide 3 0,328 0,1093232 6,332E-06
Temozolomide 3 0,321 0,107 3,1E-05
B-Carotene+Etoposide 3 0,214 0,071323 6,33E-06
B-
Carotene+Temozolomide 3 0,427 0,1423323 1,73E-05
AMNOWVA
Source of Variation 55 df MS F P-value Fcrit
Between Groups 0,03572 5 0,007144 272,4377 6,43E-12 3,105875
Within Groups 0,000315 12 2,62E-05
Total 0,036034 17
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Table 4.2. Statistical Analyses of 48h Cytotoxicity (p<0,001)

Groups Count Sum Average Variance

Control 3 1,128 0,376 3,9E-05
B-Carotene 3 0,487 0,162333 1,73E-05
Etoposide 3 0,628 0,209333 4,23E-05
Temozolomide 3 0,678 0,226 0,0000153
B-Carotene+Etoposide 3 0,431 0,143667 3,03E-05
B-Carotene+Temozolomide 3 0,8 0,266667 4,A3E-05
ANOWVA

Source of

Variation 55 df MS F P-value F crit
Between
Groups 0,1053595 3 0,02108 657,6042 3,37E-14 3, 105875
Within Groups 0,000385 12 3,21E-05
Total 0,105784 17

Figure 4.4. Microscope images (a-control, b-etoposide, c-temozolomide, d- p-carotene, e- -

carotene+etoposide, f- B-carotene+temozolomide)

Figure 4.4. illustrates the images under different conditions before giemsa staining. In Image a
cell cultures designated as the control group appear to show high proliferation, communication
and motility. In Image b,c,d,e it is seen that etoposide, temozolomide B-carotene and the
combination of B-carotene and etoposide reduce proliferation and motility. In image f, it is seen
that the combination of 3-carotene and temozolomide cause higher proliferation than b, ¢, d and

e.
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The data presented in the graph in Figure 4.3 that B-carotene and the combination of B-carotene
and etoposide caused a significant reduction in the number of U87MG GBM cells was also
confirmed by the unstained cell images presented in Figure 4.4. The individualization of GBM
cells, the weakening of communication and bond between them, and the rounded shape of
existing cells are indicators of cell death. The cytotoxic effect of the etoposide + B-carotene
combination on U87MG GBM cells is demonstrated in these images, too.

4.3. Giemsa Staining

Giemsa staining technique is used to stain viable cells purple, allowing visualization of
chromatin, nuclear membranes, and various cellular components (Ipek et al., 2023). In this
study, Giemsa staining was used to evaluate the effect of etoposide, temozolomide, B-carotene,
and their combinations on the U87MG GBM cells. Morphological changes were observed in
GBM cells, and a significant dicrease determined in cell numbers in the group treated with the
etoposide + B-carotene combination. The appearance of rounded cells observed, and it was
noted that cellular individualization increased, leading to weakened intercellular

communication and bonding.

Among the GBM cells treated with Giemsa, viable cells were stained purple. The fewest viable
cells were observed in the group treated with the combination of f-carotene and etoposide. In
contrast, the control group exhibited the most purple staining, indicating the highest number of
viable cells. When used individually, etoposide, temozolomide and B-carotene showed lower
cell viability compared to the temozolomide and B-carotene combination, as shown in Figure
4.5.
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Figure 4.5. Giemsa Staining images (a-control, b-etoposide applied, c-temozolomide applied,
d- B-carotene applied, e- B-carotene+etoposide applied, f- B-carotene+temozolomide applied.

The effects of the substances on cell viability are also evident in Giemsa staining and unstained
cell images. The data presented in Figure 4.3 is confirmed with the microscope images in Figure
4.4 and images after Giemsa staining in Figure 4.5. The distinctive characteristics of GBM cells
in b, ¢, d, and e images, such as the disrupted communication and connections between them,

as well as the spherical shape of the cells, suggest the presence of apoptosis within the cells.

There are other studies in the literature that support our findings that B-carotene and other
carotenoids induce cell death and apoptosis in cancer cells. In a study investigated the effect of
[-carotene on colon cancer cell lines it was determined that 3-carotene had a similar effect on
colorectal cancer cells, too. In the study, it was determined that B-carotene inhibited the self-
renewal capacity and colon cancer stem cell markers, including CD44, CD133, ALDH1A1,
NOTCHI1, Sox2 and B-catenin in vitro. In addition, it was indicated that B-carotene
supplementation reduced the number and size of tumors and delayed the tumor onset time in
xenograft mice injected with CD133, + CD44, + HCT116 cells (Lee et al., 2022).

Morover, in another study in which 1 uM [B-carotene treatment was applied to MCF-7 human
breast cancer cell line, B-carotene was associated with the induction of apoptosis and increased
caspase-3 activity. The study concluded that 1 uM concentration of B-carotene effectively
reduced the expression of anti-apoptotic proteins Bcl-2 and PARP and survival protein NF-kB,

and also inhibited the activation of intracellular growth signaling proteins Akt and ERK1/2, and
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down-regulated the antioxidant enzyme SOD-2 and its transactivation factor (Nrf-2) and the
endoplasmic reticulum (ER) stress marker XBP-1 at protein levels. These findings revealed the
anticancer effect of B-carotene on this cell line even at low physiological concentrations
(Sowmya Shree et al., 2017). The study proved that low concentrations of B-carotene cause
MCF-7 human breast cancer cell death. The pro-oxidant effects of carotenoids in triggering
apoptosis of cancer cells are known and investigated. Pro-oxidant activity has been reported to

promote cancer cell death via reactive oxygen species (Shin et al., 2020).

In the study examining the induction of apoptosis by fucoxanthin, one of the carotenoids in the
xanthophyll group, in U251 human glioma cells, it was concluded that fucoxanthin triggered
reactive oxygen species-mediated oxidative DNA damage in a time-dependent manner, and
also caused dysfunction of MAPKSs and PI3K-AKT pathways in a time-dependent manner and
induced apoptosis (Wu et al.,2019).

4.4. Scratch Assay

The Scratch assay is an experiment designed to assess the inhibitory effects of various
components on the migration ability of cancer cells, providing insights into how treatments may
limit the invasive characteristics of these cells. In this experiment, cells seeded in a 6-well plate
were scratched using a pipette tip to create a wound. The effects of B-carotene and drugs alone
and in combination on the invasion capacity of U87MG cells was examined for 0, 12, 24 hours
by using an inverted microscope (Leica Biosystems, Wetzlar Germany) and photographed
(Figure 4.6).
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Figure 4.6. Cell Migration Images (C: Control group, B: j-carotene applied, E: Etoposide
applied, TB:Temozolomide + (-carotene applied, EB: Etoposid + p-carotene applied; at Oth,
12th, 24th hours)

The migration rate and wound closure based on the captured images were quantified using
ImageJ software (version 1.53t) and graphically represented to quantify the effects of these
treatments. Cell migration images indicated that the combination of etoposide and -carotene
not only induced cell death but also reduced the motility and invasiveness of the cells.
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In the graph depicting cell migration speed (Figure 4.7.), it was observed that 3-carotene alone
significantly decreased the cell diffusion rate -4.63 um/h. The combination of 3-carotene with
etoposide further reduced the diffusion rate to -7.85 um/h. However, the combination of
temozolomide and B-carotene was less effective than the other combination, resulting in a
diffusion rate of +3.16 um/h when evaluated individually.

This situation suggests that the pB-carotene and etoposide combination treatment have caused
cell death, leading to a decrease in the number of migrating cells and hindering wound closure
due to the high cytotoxic effects of B-carotene and etoposide.
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Figure 4.7. Effects of B-carotene, Etoposide, “Temozolomide+ B-carotene”, “Etoposid+ [-
carotene” on Cell Migration Rates

Wound closure percentages were calculated by measuring the initial wound area and comparing
it to the area at following time points described in Figure 4.8. The wound closure percentages
were found to be compatible with the cell migration rate data presented in Figure 4.7. The
lowest wound closure percentage is indicated in the B-carotene and etoposide combination (-
72.20%), while the highest is seen in the B-carotene and temozolomide combination.(+58,82%).
When administered alone, wound closure percentages are respectively: -69.93, for B-carotene ,
+2.38 for temozolomide, and +7.43 for etoposide. The lowest wound closure percentage is
indicated in the pB-carotene and etoposide combination (-72.20%), while the highest is seen in

the p-carotene and temozolomide combination.(+58,82%).

When administered alone, wound closure percentages are respectively: -69.93, for B-carotene ,

+2.38 for temozolomide, and +7.43 for etoposide.
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The individual wound closure percentages for each substance treatment were: p-carotene: -
69.93%, temozolomide: +2.38%, and etoposide: +7.43%. The combined use of p-carotene and
etoposide further reduced the wound closure percentage to -72.20%, while the combination of
temozolomide and B-carotene increased the wound closure percentage to +58.82%. According
to these results, it was determined that the combination of [3-carotene with etoposide reduced
the wound closure percentage, while the combination of f-carotene and temozolomide

increased the wound closure percentage.

As a result, the obtained cell migration rate and wound closure percentage findings were
consistent with our cytotoxicity findings, which indicated that cell proliferation was reduced

when B-carotene administered alone, and cell viability was further reduced when B-carotene

was co-administered with etoposide.
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Figure 4.8. Wound Closure Percentages From Scratch Assay

The wound area and wound width are presented in figure 4.9. and figure 4.10.

As shown in the graphical results of wound area measurements, the largest wound area was
observed in the etoposide and B-carotene combination, while the greatest reduction in wound

area was seen with the B-carotene temozolomide combination application (Figure 4.9).
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Figure 4.9. Measurements of Wound Area Over Time

The wound width measurements from the graphical results indicate that the widest wound width
was observed in the combination of etoposide and -carotene. Conversely, the most significant
reduction in wound width was noted in the combination of B-carotene and temozolomide
(Figure 4.10). These findings suggest that f-carotene has an inhibitory effect on metastasis
activity of GBM cells and also its combination with etoposide increases it.
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Figure 4.10. Measurements of Average Wound Width Over Time

There are studies in the literature investigating the effects of B-carotene and other carotenoids

on metastasis of cancer cells and a few of these studies are sumarized below.

In a study investigating the antimetastatic effects of astaxanthin, a natural carotenoid derivative,
it was shown that astaxanthin at concentrations of 50 uM and 100 pM inhibited the migration

and invasion ability of A172 GBM cells by reducing the expression of MMP-2 and MMP-9
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(Siangcham et al., 2020). In a separate study on GBM, the mouse GBM cell line GL261, and
the human GBM cell line U251 MG cell line antitumor effects of astaxantin, and adonixantin
were reported (Tsuji et al., 2020). These studies support that the carotenoid family is effective

on the inhibition of motility of glioblastoma cells.

The impact of B-carotene on the lung metastasis by B16F10 melanoma cells was investigated
in C57BL16 mice. As a result of this study, it was found that simultaneous administration of 8-
carotene after tumor induction reduced tumor nodule formation by 71.36%. In addition,
increased lung collagen hydroxyproline (22.37 pg/mg protein) in the lungs of metastasized
control animals decreased to 4.19 ug/mg protein in -carotene -treated animals. High levels of
uronic acid (355.83 pg/100 mg tissue) in metastasized control animals decreased significantly
to 87.87 nug/100 mg tissue in B-carotene -treated mice. Also, lung hexosamine content in 3-
carotene treated mice (1.58 mg/100 mg lyophilized tissue) was significantly decreased
compared to untreated control animals (4.2 mg/100 mg lyophilized tissue). The results

confirmed the antimetastatic effect of B-carotene (Pradeep et al.,2003).
4.5. Colony Formation Assay

Colony formation experiments aimed to investigate and compare the effects of B-carotene,
etoposide, and B-carotene-etoposide combination on the colony formation ability of GBM cells.
The colony formation capacities of cells under the following conditions were presented in
Figure 4.11: a) control (no drug), b) B-carotene, c¢) etoposide, and d) 3-carotene combined with
etoposide.

Figure 4.11. Colony Images under the following conditions: (a) control, (b) B-carotene applied,
(c) etoposide applied, and (d) B-carotene + etoposide applied.

When administered independently, $-carotene has been shown to diminish the colony-forming

capacity of GBM cells and reducethe size of the size of pre- existing colonies. Furthermore, it
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has been noted that 3-carotene enhances the reduction of colony numbers when combined with
etoposide. The combination of etoposide and B-carotene resulted in the fewest colonies.
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Figure 4.12. Colony Counts Following Treatment with B-carotene, Etoposide, Temozolomide,
and Their Combinations.

The colony counts were determined following the administration of p-carotene, etoposide,
temozolomide, and their combinations, as illustrated in Figure 4.12. The colony counts for the
various treatments are as follows: control: 555 colonies, B-carotene: 351 colonies, etoposide:

137 colonies, and the combination of B-carotene with etoposide: 111 colonies, respectively.

Results of the experiments indicate that B-carotene alone has a lethal effect on U87 MG GBM
cells, and its combination with etoposide enhances cell death and decreases colony formation
capacities. However, the combination of 3-carotene with temozolomide resulted in an increase
in cell numbers and colony forming capacities. This situation suggests an antagonistic

interaction potential between [3-carotene and temozolomide.
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5. CONCLUSION

This study aimed to investigate the cytotoxic effects of 3-carotene on U87 MG GBM cells when
administered alone and in conjunction with the chemotherapeutic agents etoposide and
temozolomide. p-carotene alone induces cell death in GBM cells was concluded by
experiments. It has also been found to increase cell death and reduces colony formation when
combined with etoposide. Conversely, a negative interaction was indicated in cell viability,
colony formation, and wound closure experiments when [-carotene was combined with
temozolomide. These findings highlight the potential importance of B-carotene as a valuable
component in GBM treatment. Furthermore, the observed synergistic effect of f-carotene when
combined with the conventional chemotherapeutic drug etoposide shows promise in improving
the prognosis of GBM patients, especially in addressing chemotherapeutic resistance

challenges.
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APPENDIX A

Table.A.1. Statistycal Analyses of IC50 of B-carotene (p<0,001)

Groups Count sum Average Variance
0 3 0511 0170333  323E-05
0.75 3 0332 0110667  3.03E-05
1.5 3 0224 0074667  9.33E-06
3 3 0.181 0060333  3.73E-05
ANOWVA
Source of
Variation 55 df Ms F P-value Forit
Between
Groups, 0.021633 3 0,007212 2230447 4.77E-08 4066181
Within Groups  0.000259 8 3,23E-03
Total 0.021894 11
Table A.2. Statistycal Analyses of IC50 of Etoposid (p<0,001)
Groups Count Sum  Avergge  Varignce
0 3 0,999 0,333 5.7E-05
5 3 0,895 0.298333  4.93E-05
10 3 0,707 0.233667  3,03E-05
20 3 0,568 0.189333  9.23E-05
40 3 0341 0.113667  2,63E-05
60 3 0,287 0.095667  3,63E-05
ANOVA
Source of |
Varigtion 355 df MS F P-value F crit
Between
Groups 0.1390%94 5 0,027819  503,2333 1.67E-13 3.103875
Within Groups  0.000663 12 3,53E-05
Total 0.139757 17
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Table A.3. Statistycal Analyses of IC50 of Temozolomide (p<0,001)

Groups Count Sum Average Variance
0 3 0,885 0,295 5,7E-05
500 3 0,811 0270333 2,03E-05
1000 3 0,622 0207333 1,63E-05
1250 3 0,553 0,185 3,6E-05
1500 3 044 0146667 2.03E-05
1750 3 0334 0,111333 5,83E-05

3

2000 0.21 0.07 0.000067

ANOVA

Source aof

Variation 55 df M5 F P-value F crit
Between
Groups, 0.119968 6 0,019995 508,339  1.48E-15 2.847726

Within Groups 0000551 14 3.93E-05

Total 0.120519 20

APPENDIX B. Statistical Analyses for 24h and 48h Cytotoxicity

Table B.1. Statistical Analyses of 24h Cytotoxicity (p<0,001)

Groups Count Sum Average Varionce
Control 2 0,639 0,213 5,2E-05
p-carotene 2 0,314 0,104667 4,43E-05
Etoposide 3 0,328 0,105333 6,33E-06
Temozolomide 3 0,321 0,107  3,1E-05
B-Carotene+Etoposide 3 0,214 0,071333 6,33E-06
B-
Carotene+Temozolomide 3 0,427 0,142333 1,73E-05
ANOVA
Source of Variation 55 df MS F P-value F crit
Between Groups 0,03572 5 0,007144 2724377 6,43E-12 3,105875
Within Groups 0,000315 12 2,62E-05
Total 0,036024 17
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Table B.2. 24h Cytotoxicity for Temozolomid, Etoposid, B-carotene, and their Combinations
t-Test Analyses (p<0,001)

t-Test: Faired Two Samplefor Means t-Test: Faired Two Sampls for Means t-Test: Faired Two Sampls for Means
Cantrol G-Corotens Controd Froposids Cormtrol Temozolomide
Mean 0,213 0,104667 | Mean 0,213 0,109333 | Mean 0,213 0,107
Variance 5, 2E-05 4 43E-05 | Variance 5,2E-05 6,33E-D06 | Variance &, 2E-O5 3,1E-05
Obssrations 3 2 | Obsenvations 3 3 | Obsenvations 3 3
Pearzomn Pearzon Pearzomn
Correlation 0, 166618 Correlation -0,38573 Correlation -0,32155
Hypothesized Hypothesized Hypothesized
Mean Mean Mean
Difference a Difference a Difference o
df 2 di 2 df 2
t5tat 20,93509 t5tat 21,11206 1 5tat 14,65267
P(T==t) ane- P(T==t) ane- P(T==t) ans-
tail 0,001137 tail 0,001118 tail 0,002313
t Critical one- t Critical one- t Critical one-
tail 2919986 tail 2,919936 2919986
PT==t) twao- P{T==t) twao- P(T==t) tweo-
tail 0002274 tail 0,002236 tail 0,004625
t Critical two- t Critical two- t Critical two-
tail 4 302653 tail 4 302653 tail 4 302653
t-Test: Paired Two Sample for Means t-Test: Paired Two Sample for Means
Contral G-Corotene+Etoposide Cantral G-Carotens+Temozolomides
Mean 0,213 0,071333 Mean 0,213 0,142333
Wariance S 2E-05 6,22E-08 Wariance L, 2E-05 1,73E-05
Observations 3 3 Observations 3 3
Pearzon
Pearsom Correlstion -0,38573 Correlation 0,53526
Hypothesized Mean Hypothesized
Difference o Mean Difference Y
df 2 df 2
t 5tat 28,85028 t 5tat 40,05423
0,0006 F{T==t) one-tai 0,000311
t Critical one-tail 2,919935 t Critical one-t=il 2913935
P|T==t} twao-tail 0,001159 P|T==t} two-tail 0,000622
t Critical two-tail 4302653 t Critical two-tail 4302653
Table B.3. Statistical Analyses of 48h Cytotoxicity (p<0,001)
Groups Count Sum Average Variance
Control 3 1,128 0,376 3,9E-05
p-Carotene 3 0,487 0,162333 1,73E-05
Etoposide 3 0,628 0,209333 4,23E-05
Temozolomide 3 0,678 0,226 0,000019
p-Carotene+Etoposide 3 0,431 0,143667 3,03E-05
B-Carotene+Temozolomide 3 0,8 0,266667 4,43E-05
ANOWA
Source of
Variation 55 df MS F P-value F crit
Between
Groups 0,1053539 3 0,02108 ©57,6042 3,37E-14 3,105875
Within Groups 0,000385 12 3,21E-05
Total 0,105784 17
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Table B.4. t-Test Analyses for 24h Cytotoxicity for Temozolomid, Etoposid, f-carotene, and
their Combinations (p<0,001)

t+-Test: Pairad Two Sample for Means ‘ t-Test: Paired Twe Sampls for Means t-Test: Paired Two Sampla for Means
Cormtrol f-Carotens Control Etoposide Control Temozolomide
0376 0.162333 | Maan 0,376 0,209333 | Mean 0376 0,22
I 9E-03 1. T3E-03 | Varianca 3.9E-05 4,23E-05 | Wariance 3 9E-05 0000019
3 3 | Observations 3 3| Observations 3 3
Pearzon
0038462 Paarsom Correlation 0947517 Carrelation 0.165312
Hypothasized
Hypothesizad Maan hiean
0 Diffarencs [4] Difference 0
2 ar 2 df 2
50,20699 t Stat 138,675 t Stat 37,11537
PiT==t) one-
0000158 PiT<=t) ona-tail 2.6E-05 tail 0000563
t Critical one-
2915986 t Critical one-tail 2919988 tail 2.919584
PiT==t) two-
0000356 PiT<=t) two-tail 5.2E-05 tail 0,000725
t Critical two-
4 302653 t Critieal toweo-tail 4302653 tail 4 302653
t-Test: Paired Two Sample for Means t-Test: Paired Two Sample for Means
Comntrol g-Lorotense+Eroposide Comtrol G-Corotens+Temazolomide
0,376 0,143567 | Mean 0,376 0,266667
3,9E-05 3,03E-05 | Variance 3,9E-05 4 43E-05
3 3 | Ob=zarvations 3 3
Pearzon
0 1889482 Carrelation 0,553134
Hypothesized Mean Hypothesized Mean
Difference a Difference a
df 2 df 2
t Stat 5361538 t Stat 30,53309
PiT<=t) one-tai 0000174 PiT==t) one-tai 0,00052
t Critical one-tzil 2919536 t Critical ocne-tail 2,9135936
PiT==t) two-tail 0,000242 PiT==t) two-tail 0,001033
t Critical two-tail 4 302653 t Critical two-tail 4 302653
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