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OZET

Amac: Kolorektal kanser, diinya genelinde yliksek morbidite ve mortalite oranlarina
sahip yaygin bir malignitedir. Mevcut kemoterapétik ajanlara kars1 gelisen direng,
alternatif veya destekleyici tedavi stratejilerine olan ihtiyaci artirmaktadir. Bu
calismada, dogal bir bitki olan Mentha Longifolia ekstresi ile kemoterapotik bir ajan
olan Dosetaksel'in kombinasyonunun, kolorektal kanser hiicrelerinde DNA tamir
mekanizmalari lizerindeki etkisi aragtirilmigtir.

Yontem: Calismada ozellikle DNA hasar onariminda kritik rol oynayan ERCCI
(Eksizyon Onarim Capraz Tamamlayict Grup 1) ve hiicresel stres yanitinda énemli
gorevleri bulunan A7R (Ataksi Teleanjiektazi ve Rad3 ile ilgili) genlerinin ekspresyon
diizeyleri degerlendirilmistir.

Bulgular: Kolorektal kanser hiicreleri iizerinde uygulanan kombine tedavi, tek bagina
uygulanan bilesenlere kiyasla DNA tamir genlerinin ekspresyonunda anlamli
degisikliklere neden olmustur.

Sonuc: Bu sonuglar, Mentha Longifolia'nin Dosetaksel ile birlikte uygulanmasinin
DNA tamir yollarim1 hedef alarak tedavi etkinligini artirabilecegini ve boylece
kemoterapiye direng gelisimini azaltabilecegini diislindlirmektedir. Bulgular,
kolorektal kanser tedavisinde bitkisel kokenli ajanlarin potansiyel destekleyici roliinii
ortaya koymakta ve gelecekteki klinik ¢alismalar i¢in temel olugturmaktadir.
Anahtar kelimeler: DNA tamir mekanizmalari, kolon kanseri, Mentha Longifolia,
kombine tedavi.

ABSTRACT

Objective: Colorectal cancer is a common malignancy with high morbidity and
mortality rates worldwide. The emerging resistance to current chemotherapeutic
agents increases the need for alternative or supportive treatment strategies. In this
study, the effect of the combination of Mentha Longifolia extract, a natural plant, and
Docetaxel, a chemotherapeutic agent, on DNA repair mechanisms in colorectal cancer
cells was investigated.

Methods: In the study, the expression levels of ERCCI (Excision Repair Cross-
Complementation Group 1), which plays a critical role in DNA damage repair, and
ATR (Ataxia Telangiectasia and Rad3-related) genes, which have important roles in
cellular stress response, were evaluated.

Results: The combined treatment of colorectal cancer cells caused significant
changes in the expression of DNA repair genes compared to the components
administered alone.

Conclusion: These results suggest that the co-administration of Mentha Longifolia
with Docetaxel may improve treatment efficacy by targeting DNA repair pathways
and thus reduce the development of resistance to chemotherapy. The findings reveal
the potential supportive role of plant-based agents in the treatment of colorectal cancer
and provide a basis for future clinical trials.

Keywords: DNA repair mechanisms, colon cancer, Mentha Longifolia, combination
therapy..
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INTRODUCTION

Cancer is a disease characterized by
uncontrolled proliferation of cells due to
environmental and  genetic  factors.!
Although the overall survival time and early
detection time of the disease have
shortened, cancer-related mortality is the
second leading cause of death worldwide.?
Approximately 19.98 million people
worldwide have been diagnosed with
cancer and 9.74 million people have been
reported to have died due to cancer. Among
cancer types, lung cancer is the most
common cancer with 2.48 million new
cases (12.4%), followed by breast cancer
(11.5%) and colorectal cancer (9.6%).>*
Colorectal cancer (CRC) is the third most
commonly diagnosed cancer worldwide and
the second leading cause of cancer-related
deaths.® The 5- and 10-year survival rates of
CRC are reported to be 65% and 58%,
respectively.® The global incidence of
colorectal cancer is predicted to increase
significantly in the coming years.” The vast
majority of colorectal cancer cases are
sporadic; however, a small proportion are
associated with genetic disorders. However,
lifestyle factors and the aging process play
an important role in the development of
CRC.8’9’10

Despite the emergence of advanced
treatment modalities such as
immunotherapy and gene therapy, surgery,
radiotherapy, chemotherapy and hormonal
therapy are still the most commonly used
treatment modalities due to their cost-
effectiveness and widespread use.!! Each of
these modalities has its own specific
disadvantages and side effects.!>!3 In
particular, local tumor recurrence and
development of distant metastasis are
common complications encountered during
the treatment process in many CRC patients

and pose significant challenges in disease
management.'“!5  Therefore, researchers
continue their efforts to develop more
effective and safer treatment strategies to
overcome these challenges.'®

In recent years, phytotherapy, in which
extracts obtained from herbal sources are
used, has come to the forefront among
alternative  treatment  approaches.!”!3
Mentha genus plants belonging to the
Lamiaceae family are evaluated as
phytotherapeutic  agents.  Anti-obesity,
antimicrobial, anti-inflammatory, anti-
diabetic and cardioprotective effects of
these species have been demonstrated in
scientific studies.!” The main components
of essential oils obtained from Mentha
species include alcohols, ketones, esters,
ethers and oxides.2%?! In addition, Mentha
genus and many similar medicinal plants
have antioxidant capacity and reduce the
effects of oxidative stress with molecules
such as phenolic compounds, ascorbic acid
and carotenoids. Reported that Mentha
Longifolia had the highest antioxidant
activity among nine different Mentha

species in their study.??
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Figure 1. Mentha Longifolia L.
Plants have historically been used to treat
many diseases, including cancer, and more
than 60% of currently used anti-cancer
drugs are derived from natural sources.
These natural anti-cancer agents include
vinca alkaloids, taxanes and analogs,
podophyllotoxin. and derivatives,
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camptothecin (CPT) and derivatives,
anthracyclines and others.?3?* Docetaxel,
one of the chemotherapeutic agents used in
colorectal cancer treatment, is an anti-
mitotic taxane class drug. Taxanes inhibit
microtubule dynamics by binding to [-
tubulin and trigger apoptosis by regulating
cell division.?326

Loss of function of DNA repair
mechanisms plays an important role in
cancer development.?’-?® Colorectal cancer
is characterized by genetic defects in DNA
repair genes at both germline and somatic
levels.?>*? There are six major DNA repair
pathways in human somatic and germ cells:
base excision repair (BER), nucleotide
excision repair (NER), mismatch repair
(MMR), homologous recombination (HR),
non-homologous end joining (NHEJ) and
translational DNA  synthesis (TLS).?!
Among these mechanisms, Excision Repair
Cross Complement 1 (ERCCI), an
important enzyme that repairs platinum-
DNA  complexes by showing 5’
endonuclease activity in the nucleotide
excision repair (NER) pathway, is a 15.3 kb
gene located on 19q13.2-q13.3 encoding a
33 kDa protein of 297 amino acids.?!-3233
ERCCI1 has been reported to play a critical
role in treatment resistance to platinum-
based chemotherapy and is therefore
considered as a potential prognostic marker

: 32,33
in colorectal cancer.”*
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Figure 2. Repair mechanism of ERCC1.26

Another important protein involved in DNA
repair is Ataxia Teleangiectasia and Rad3-
Related 3 (ATR) kinase. ATR is activated
in the presence of single-stranded DNA
coated by replication protein A (RPA) and
ensures stabilization of replication forks
and cell cycle arrest.*

Figure 3. ATR repair mechanism.?

Another important protein involved in DNA
repair is Ataxia Teleangiectasia and Rad3-
Related 3 (ATR) kinase. ATR is activated in
the presence of single-stranded DNA coated
by replication protein A (RPA) and ensures
stabilization of replication forks and cell
cycle arrest.?

MATERIAL and METHODS

Plant material

Mentha Longifolia L. Used in the study was
collected from Tepekdy and Utiik villages
of Zara district of Sivas province in two
different periods in May and September
2023.

Preparation of the extracts

The essential oils of the plants were
extracted separately as flowerless whole
stem and flower+stem. Essential oils were
obtained by hydrodistillation of the
specified parts of the plants in the Clevenger
apparatus for 3 hours. The condenser part of
the Clevenger apparatus was connected to
the microhiller and the cooling water was
kept at 4°C. The yield of the oil obtained
was determined as v/W (mL oil/g plant).
The isolated essential oil was purified from
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the water it contained on NaxSOs and
transferred to amber bottles to be stored
until the day of analysis and stored at -
20°C.3¢

Cytotoxicity activites

The cytotoxic activity of Mentha Longifolia
on HT-29 cell line was analyzed using 3-
[4,5-dimethylthiazol-2-yl1]-2,5 diphenyl
tetrazolium bromide (MTT) method. RPMI
medium supplemented with 10% fetal
bovine serum (FBS), 1% penicillin-
streptomycin and 1% L-glutamine was used
for cell lines. Cell lines were incubated at 37
°C and 5% COa. Cells (1x10°/well) were
seeded in 96-well plates and after 24 hours
of growth, the indicated compounds were
applied to the cells at concentrations of 250,
100, 50, 25, 10.5, 10.5, and 0.5 pM. Cells
were exposed to Mentha Longifolia for 24,
48 and 72 hours of incubation. At the end of
these periods, MTT assay was performed.
Therefore, 10 pL. of MTT prepared in
phosphate buffered saline at a concentration
of 5 mg/ml was added to each well and
incubated for 3 hours at 37 °C in an
environment containing 5% CO2. After
aspirating the medium containing MTT,
dimethyl sulfoxide (DMSO) was used to
dissolve formazan crystals. 100 pL of
DMSO was added and incubated for 15
minutes at room temperature and
absorbance values were read with a
microplate reader UV spectrophotometer at
a wavelength of 540 nm. These
measurements were performed in 3
replicates for each sample and repeated at
least three different passage numbers. ICso
values were calculated using GraphPad
Prism and graphs were generated.

Cell culture

Cell lines including HT-29 RPMI medium,
containing 10% fetal bovine serum (FBS),
penicillin (100 U/mL) and streptomycin (10

mg/L). Cells were grown in at 37°C, 5%
COzand 95 % air in a humidified incubator.
For each cell line, 70-80% confluent cell
culture flask was trypsinized and cells were
seeded in 6 well plates.

Statistical analysis

All experiments were carried out in
triplicates and results are expressed as
means + standard error mean. Data were
analyzed wusing one-way analysis of
variance and differences were considered
significant at p < 0.05. The ICso were
determined by  statistical  software,
GraphPad Prism8 (GraphPad Software, San
Diego, CA, USA).

DISCUSSION

The cytotoxic effects of combination
treatment of Mentha Longifolia extract and
Docetaxel on colorectal cancer cells and the
effects on ATR (ataxia telangiectasia and
Rad3-related) and ERCCI (excision repair
cross-complementation group 1) gene
expression levels, which play a critical role
in DNA  damage
investigated. The findings revealed that the

response, wCEre

combination treatment both significantly
reduced cell viability and suppressed the
expression of these two key genes involved
in DNA repair. The decrease in cell viability
observed in cytotoxic assays suggests that
the phenolic compounds and flavonoids
contained in Mentha Longifolia show a
synergistic anticancer effect with the
microtubule stabilizing effect  of
docetaxel.’” Docetaxel arrests the cell cycle
in the G2/M phase and induces apoptosis
through stabilization of mitotic spindle
strands.®® It has been previously reported
that herbal compounds may contribute to
this effect by suppressing cell proliferation
and increasing oxidative stress and DNA
damage.’® ATR, which is involved in the
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DNA damage response, is particularly
known for its activation in replication stress
and single-stranded DNA regions.

CONCLUSION

In this study, the observed decrease in ATR
gene expression suggests that combination
therapy weakens the response of cells to
DNA damage. This may contribute to cells
being directed to apoptosis due to the
inability to repair DNA damage.*
Similarly, the ERCCI gene is a key
component of the nucleotide insertion
repair (NER) pathway and plays an
important role in resistance to platinum-
based and DNA cross-linking drugs. It is
thought that decreased ERCC1 expression
may increase sensitivity to docetaxel
treatment. Our findings suggest that this
suppression in the expression of DNA
repair genes is associated with the
weakening  of defense

mechanisms against treatment and thus

intracellular

may increase the efficacy of combination
therapy. Targeting repair genes such as
ATR and ERCCI may be an important
strategy,  especially  considering  the
problem  of  chemotherapy
resistance in colorectal cancers.However,

common

the limitation of this study is that it was
performed in vitro. Confirmatory analyses
at the protein (Western  blot,
immunohistochemistry) and testing the

level

efficacy in in vivo models will reinforce the
clinical validity of the results.

REFERENCES

1. Hanahan D, Weinberg RA. Cancer Symptoms.
Cell.  2000;100(1):57-70.  10.1016/S0092-
8674(00)81683-9.

2. Stewart BW, Wild CP World Cancer Report
2014. World Health Organization; Lyon, France:

3. Ferlay J Ervik M Lam F Laversanne M Colombet
M Mery L, et al (2024). Global Cancer
Observatory: Cancer Today. Lyon, France:
International Agency for Research on Cancer.

10.

11.

12.

13.

14.

15.

16.

Available from: https://gco.iarc.who.int/today .
[Last accessed March 2, 2024].

Bray F, Jemal A, Grey N, Ferlay J, Forman D.
Global cancer transitions according to the
Human Development Index (2008-2030): a
population-based  study.  Lancet  Oncol
2012;13:790-801. Doi: 10.1016/S1470-
2045(12)70211-5.

Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram I, Jemal A, et al. Global cancer
statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

Siegel RL, Miller KD, Fedewa SA, Ahnen DJ,
Meester RGS, Barzi A, Jemal A. 2017.
Colorectal cancer statistics, 2017. CA Cancer J
Clin 67:177-193. 10.3322/caac.21395

XiY, Xu P. Global Colorectal Cancer Burden in
2020 and Projections to 2040. Transl Oncol.
2021;14(10):101174.
10.1016/j.tranon.2021.101174.

Clares B, Biedma-Ortiz RA, Saez-Fernandez E,
Prados JC, Melguizo C, Cabeza L, Ortiz R, Arias
JL. Nanoengineering of S5-fluorouracil-loaded
magnetoliposomes for combined hyperthermia
and chemotherapy against colon cancer. Eur J
Pharm Biopharm. 2013;85:329-338. Doi:
10.1016/.ejpb.2013.01.028.

Minko T. Drug targeting to the colon with lectins
and neoglycoconjugates. Adv Drug Deliv Rev.
2004;56:491-509.

Yao YF, Du CZ, Chen N, Chen P, Gu J. HER-2
expression in rectal cancers undergoing
preoperative radiotherapy: a possible biomarker
of metastasis. Dis Colon Rectum. 2014;57:602-
607.

Nikanjam M, Kato S, Kurzrock R. Liquid biopsy:
current technology and clinical applications. J
Hematol Oncol. 2022;15(1):131.59

Dekker E, Tanis PJ, Vleugels JLA, Kasi PM,
Wallace MB. Colorectal cancer. Lancet.
2019;394(10207):1467 1480.

Ermst J, Kuipers WMG, Lieberman D,
Seufferlein T, Sung JJ, Boelens PG, Cornelis JH,
van de Velde, Watanabe T. Colorectal cancer.

2015.
Survival rates for colorectal cancer. American
Cancer Society.2020.

https://www.cancer.org/cancer/colon-rectal-
cancer/detection-diagnosis-staging/survival-
rates.html] .

NCI (2017) Surveillance, Epidemiology, and
End Results (SEER) Program Populations (1969-
2016). Retrieved on April 1, 2018 from
WWww.seer.cancer.gov/popdata.

Y. Xiang , Z. Guo , P. Zhu , J. Chen, Y. Huang.
Traditional Chinese medicine as cancer
treatment: Modern perspectives of ancient but

© Copyright belongs to Health Sciences Student Journal.

23


https://gco.iarc.who.int/today
https://www.cancer.org/cancer/colon-rectal-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/colon-rectal-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/colon-rectal-cancer/detection-diagnosis-staging/survival-rates.html
http://www.seer.cancer.gov/popdata

HSSJ 2025; 5(1), 19-25

Rustamzade ve ark.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

advanced science Cancer Med , 8 (5) (2019),
pp. 1958 — 1975.

Sharma R., Jain S. Cancer treatment: an
overview of herbal medicines. World Journal of
Pharmacy and Pharmaceutical Sciences.
2014;3(8):222-230.

Stewart BW, Wild CP World Cancer Report
2014. World Health Organization; Lyon, France:
2016.

Sari¢-Kundali¢ B., Fialova S., Dobe§ C., Olzant
S., Tekelova D., Grancai D., Reznicek G.,
Saukel J. Multivariate numerical taxonomy of
Mentha species, hybrids, varieties and cultivars.
Science. Pharm. 2009;77:851-876

Lawrence BM Mint. The Genus Mentha. CRC
Press; Boca Raton, FL, USA: 2006. P. 1-56.
Malingré TM Chemotaxonomic study of Mentha
arvensis L. Pharm. Week. 1971;106:165-171
Park YJ, Baek S.-A., Choi Y., Kim JK, Park SU
Metabolic Profiling of Nine Mentha Species and
Estimation of Their Antioxidant Properties
Using Chemometrics. Molecules. 2019;24:258.
Bhanot A., Sharma R., Noolvi MN (2011).
Natural sources as potential anti-cancer agents: a
review. Int. J. Phytomed. 3, 9-26.

Song YH, Sun H., Zhang A., Yan G., Han Y.,
Wang X. (2014). Plant-derived natural products
pioneer anti-cancer drugs. J. Med. Plant Herb.
Ther. Res. 2, 6-15

Sweeney CJ, Chen YH, Carducci M, Liu G,
Jarrard  DF, Eisenberger M. Et al.
Chemohormonal  therapy for  metastatic
hormone-sensitive prostate cancer. New England
Journal of Medicine. 2015;373:737-46.

James ND, Sydes MR, Clarke NW, Mason MD,
Dearnaley DP, Spears MR. Et al. Addition of
docetaxel, zoledronic acid, or both (stampete) to
first-line long-term hormone therapy in prostate
cancer: survival results from an adaptive, multi-
arm, multi-stage, platform  randomized
controlled trial. Lancet. 2016;387:116377.
Curtin NJ. DNA repair dysregulation from
cancer driver to therapeutic target. Nat Rev
Cancer. 2012;12:801-17.

Lord CJ, Ashworth A. DNA damage response
and cancer therapy. Nature. 2012;481:287-94.
Knijnenburg TA, Wang L, Zimmermann MT,
Chambwe N, Gao GF, Cherniack AD, et al.
Genomic and molecular landscape of DNA
damage repair deficiency across the cancer
genome atlas. Cell Rep. 2018;23:239- 54.¢6.
Reilly NM, Novara L, Di Nicolantonio F,
Bardelli A, Utilizing DNA. Repair defects in
colorectal cancer. Mol Oncol. 2019;13:681-700.
Kennedy RD, D’Andrea AD DNA repair
pathways in clinical practice: Lessons from
pediatric cancer susceptibility syndromes. J.
Clin. Oncol. 2006;24:3799-3808. Doi:
10.1200/JC0O.2005.05.4171.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Li Z, Qing Y, Guan W, Li M, Peng Y, Zhang S,
Xiong Y, Wang D. Predictive value of APEI,
BRCA1, ERCC1 and TUBB3 expression in
advanced non-small cell lung cancer (NSCLC)
patients receiving first-line platinum-paclitaxel
chemotherapy. Cancer Chemother Pharmacol.
2014;74:777-786. Doi: 10.1007/s00280-014-
2562-1.

Ruzzo A, Graziano F, Loupakis F, Rulli E,
Canestrari E, Santini D, Catalano V, Ficarelli R,
Maltese P, Bisonni R, et al. Pharmacogenetic
profiling in patients with advanced colorectal
cancer treated with first-line FOLFOX-4
chemotherapy. J Clin Oncol. 2007;25:1247-
1254. Doi: 10.1200/JC0.2006.08.1844
Cimprich K.A., Cortez D. ATR: an essential
regulator of genome integrity. Nat. Rev. Mol.
Cell Biol. 2008;9(8):616-627.

Buisson R, Boisvert JL, Benes CH, Zou L. 2015.
Distinct but concerted roles of ATR, DNA-PK
and Chk1 in resisting replication stress during S
phase. Mol Cell 59: 1011-1024.
10.1016/j.molcel.2015.07.029

Alkan, M., Giizel, M., Aksit, H., Bagdat, R.B.,
Alkan, F.R., Evlice, E., 2021. Chemical
components and insecticidal effects of essential
oils from three lavender Sitophilus cultivars
granarius against (L. Adult 1758)(Coleoptera:
Curculionidae). Turkish Journal of Entomology,
45(4): 405-416.

Olaussen, K. A., Fouret, P., Kroemer, G., et al.
(2006). DNA repair by ERCCI1 in non-small-cell

lung cancer and cisplatin-based adjuvant
chemotherapy. New England Journal of
Medicine, 355(10), 983-991.

https://doi.org/10.1056/NEJM0a060570
Subramaniam, D., Ramalingam, S., Houchen, C.
W., & Anant, S. (2020). Cancer
chemoprevention by dietary polyphenols:
Promising role for epigenetics. Biochemical
Pharmacology, 173, 113724.
https://doi.org/10.1016/j.bcp.2019.113724

Zhou, J., Giannakakou, P., & Blagosklonny, M.
V. (2005). Low concentrations of paclitaxel
induce cell type—specific inhibition of cell cycle
progression. Cancer Research, 65(6), 2434—
2443, https://doi.org/10.1158/0008-5472.CAN-
04-2011

Khan, N., Afaq, F., & Mukhtar, H. (2014).
Lifestyle as risk factor for cancer: Evidence from
human studies. Cancer Letters, 352(1), 15-22.
https://doi.org/10.1016/j.canl-et.2014.06.038

© Telif haklar1 Saglik Bilimleri Ogrenci Dergisine aittir.

24


https://doi.org/10.1056/NEJMoa060570

