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ABSTRACT

One of the methods of cancer treatment is radiotherapy. Although radiation resistance and toxicity in normal
cells limit the use of radiotherapy in some specific anatomical situations, the use of substances that increase the
radiation sensitivity of cancer cells while minimizing toxicity to normal cells can be beneficial. The present study
aimed to investigate the radio-sensitizing effect of tolmetin in radiotherapy treatment on human colon cancer
cells. In this study, human clone HT-29 cancer cells in different groups were divided into different groups and
exposed to X-rays and tolmetin drugs. They were then compared with each other and with the control group using
the micronucleus evaluation method and the nuclear division index. The effect of cytotoxicity was evaluated using
the nuclear division index and the genotoxicity of cells was assessed by evaluating the number of micronuclei.
Based on the results, the number of micronuclei increased significantly in the radiation-receiving group compared
to the control group. In the group receiving tolmetin at concentrations of 75 and 100 uM, the number of
micronuclei also increased compared to the control group. A significant increase in the number of micronuclei
was observed in all groups treated with tolmetin that received radiation, with the increase being most pronounced
at concentrations of 100 and 150 uM. Meanwhile, tolmetin did not change the nuclear division index in the studied
concentrations. The present study showed that tolmetin has a radiosensitizing effect on HT-29 human colon
cancer cells, and this effect is concentration-dependent. In addition, tolmetin was found not to exhibit cytotoxicity
in the mentioned cell line.
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INTRODUCTION

Radiotherapy is one of the most common methods of cancer treatment, which is used alone or together with
chemotherapy. lonizing radiation used in radiation therapy is a physical agent used to destroy cancer cells. High-
energy radiation damages the genetic material (DNA) of cells, thereby blocking their ability to divide and
reproduce. Although radiation causes damage to both normal cells and cancer cells, the goal of radiation therapy
is to destroy as many cancer cells as possible while minimizing damage to healthy tissues. It is important to note
that cancer cells are less efficient at regenerating radiation damage compared to healthy cells. Resistance to
radiation is considered one of the inherent defects of the treatment system, and there is still a difference of opinion
between its therapeutic benefits and physiological disadvantages. There are multiple approaches to increase the
effectiveness of radiation therapy while reducing toxicity, which include enhancing the radiation protection of
healthy tissue cells, reducing radiation resistance in cancerous tissue, and increasing the radiation sensitivity of
cancerous tissue [1, 2].
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lonizing radiations are among the factors that cause structural damage to chromosomes [3, 4]. Micronucleus
(micronucleus) is a piece of a chromosome or a whole chromosome that does not enter the nucleus of the daughter
cell during nuclear division during anaphase (chromosome separation). lonizing radiation is known as a factor
that induces the formation of micronucleus in cells, which is a sign of genetic damage caused by radiation.
Currently, this method is used as a biological marker to estimate the absorbed radiation dose. An increase in the
formation of micronuclei in cells has also been observed after the consumption of many sensitizing compounds
against radiation [1].

The role of damage to the genetic material and chromosomes in the development of cancer is a topic that has
attracted many studies [5]. For example, several chromosomal structural abnormalities have been observed in
solid tumors, including colon cancer [6-8]. Colon cancer is known as the fourth cause of death from cancer
worldwide [9]. The connection between inflammation and cancer is well known. Non-steroidal anti-inflammatory
drugs (NSAIDs) are a good class of anti-inflammatory drugs that inhibit cyclooxygenase (COX) enzyme [10].
Many studies show the ability of many anti-inflammatory agents, especially NSAIDs, to inhibit tumor growth. In
addition, a significant reduction in colon cancer mortality has been reported in association with the use of NSAIDs
[11-13]. In addition, the pro-apoptotic effect and inhibition of tumor growth of some compounds derived from
NSAIDs have been reported [14-17].

Tolmetin is a nonsteroidal anti-inflammatory drug (NSAID) that inhibits the synthesis of prostaglandins. The
regulatory role of tolmetin in anticancer drug therapy has been studied, showing that tolmetin and other NSAIDs
inhibit R-catenin [18], and increase the cytotoxic effects of anticancer drugs [19]. For this reason, tolmetin is
known as the developer of new anti-cancer agents [18]. As mentioned, a selective radiosensitizer is needed to
control tumors without increasing toxicity in normal tissue. Several new agents have shown promising activity in
preclinical studies, but few have progressed beyond the early stages of clinical development [20].

Since a high level of ionizing radiation causes a high level of oxidative stress, which is also toxic to the normal
tissue around the tumor, it is desirable to use a sensitizing agent that enhances toxicity in cancer cells while
minimizing exposure and damage to normal cells. It is slow in normal cells [21]. Based on this, this study aims to
investigate the sensitization effect of tolmetin radiation in radiotherapy treatment on the HT-29 colon cancer cell
line. To achieve this, the micronucleus estimation test, an established method in genotoxicity studies, will be used
[22], and the nuclear division index (NDI) will be used to evaluate the cytotoxic effect of the drug [23].

MATERIALS AND METHODS

Cell culture

Cells were cultured in RPMI medium (Dacell) containing 10% fetal bovine serum (Gibco), streptomycin 200
pg/ml, and penicillin (Gibco) 500 units/ml. Finally, they were kept inside the incubator with a temperature of 37
C°, 5% CO2, and 95% humidity. After initiating cell culture (once every three days) to prevent color change and
increased acidity due to metabolic activity. When the cells reached 80% confluence, they were trypsinized using
a 0.25% trypsin solution (Gibco) and passaged.

Treatment of cells

HT-29 cells were cultured at 300,000 to 400,000 cells in 12-well plates. Concentrations of 75, 100, and 150 uM
were prepared from the Tolmetin drug. The cells were divided into eight groups; including group 1 (control),
group 2 (irradiation), group 3 (contains tolmetin 75 uM), group 4 (contains tolmetin 100 puM), group 5 (contains
tolmetin 150 uM), group 6 (radiation + tolmetin 75 uM), group 7 (radiation + tolmetin 100 uM), group 8 (radiation
+ tolmetin 150 puM). Three hours before irradiation, the cells were exposed to the determined concentrations of
tolmetin. So based on the mentioned groups, 100 uM of tolmetin solution with a specific concentration was added
to the culture medium of the cells.

Irradiation and retreatment

Shinva Company’s linear accelerator was used for irradiation. X-rays were irradiated to the exposed groups with
a dose of 4 Gy and a dose rate of 1.96 Gy/min and maintaining a distance of 60 cm from the radiation source.
After receiving radiation, the plates were transferred to the incubator at 37 °C, 5% CO,, and 95% humidity. 48
hours after irradiation, the cells were treated with 100 uL cytochalasin B (Sigma-Aldrich) at a concentration of 6
puL/mL to stop proliferation and binucleation [1].

Micronucleus test
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Cells were harvested 28 hours after cytolysin B addition. The cell suspension was centrifuged at 5000 rpm for 7
minutes. After fixing the cells with acetic acid/methanol solution with a 1:6 ratio, the cells were transferred to
clean and cold slides and dried for 24 hours at room temperature. Staining was performed with 10% Giemsa. In
each sample, for every 500 binucleated cells, the number of binucleated cells with micronuclei was counted and
the average number of micronuclei in each group was defined as an index. To determine the nuclear division index
(NDI), 500 cells from each sample were counted, and the number of one-, two-, three-, and four-nucleated cells
was determined. The NDI index is calculated using Eq. (1).
(m1+ 2 (m2) + 3 (m3) + 4 (m4))

NDI = N €Y

In the above relationship, m1, m2, m3, and m4 are the number of cells with one, two, three, and four nuclei,
respectively, and N is the total number of cells [1].

Statistical analysis

In the present study, the values of quantitative variables were shown as mean + standard deviation. One-way
analysis of variance (and Tukey's post hoc test) was used to compare the average of the studied variables between
the groups. The data was analyzed using Prism version 9 software, and a significance level of 0.05 was considered.

RESULTS AND DISCUSSION

Measuring the sensitivity of tolmetin radiation on HT-29 cells using the micronucleus test

To measure the radiation sensitivity of tolmetin, concentrations of 75, 100, and 150 uM of tolmetin were incubated
with HT-29 cells for 3 hours. The cells of the control group and the radiation group (the group that is only exposed
to ionizing radiation) were cultured at the same time. Then, one group of each concentration and radiation group
was exposed to 4 Gy of X-ray radiation. Cytoclaisin B was used to stop the production of binucleated cells. After
harvesting and staining the cells, the micronucleus test was performed for all groups. The results of three
repetitions are shown in Table 1.

Table 1. Mean percentage of micronucleus and NDI produced in HT-29 cells.

No. Treated groups - — Mean = 5D —
Micronuclei in binucleated HT-29 cells  NDI in binucleated HT-29 cells
1 Control 0.11+0.01 1.35+0.10
2 Irradiated group 0.63+0.03 1.01 +£0.07
3 Tolmetin 75 uM 0.13+£0.01 1.20+0.19
4 Tolmetin 100 uM 0.15+0.01 1.06 £ 0.04
5 Tolmetin 150 uM 0.12£0.01 1.25+0.08
6 Tolmetin 75 uM + radiation 0.68 £ 0.02 0.99 £ 0.02
7 Tolmetin 100 uM + radiation 0.91+£0.01 0.90 £ 0.04
8 Tolmetin 150 uM + radiation 0.79 £0.01 1.01+0.03

The average percentage of micronucleus index in 8 groups was 0.11 + 0.01, 0.63 £ 0.03, 0.13 £ 0.01, 0.15 + 0.01,
0.12 £ 0.01, 0.68 £ 0.02, 0.091 + 0.01, and 0.79 + 0.01, respectively.

The results of the effect of tolmetin on the production of micronuclei in HT-29 cells without receiving radiation
showed that there is a significant difference between the groups treated with tolmetin concentrations of 75 and
100 uM and the control group (P < 0.05). In all groups receiving radiation, a significant difference was observed
with the radiation group only (P < 0.05), which was more evident in the groups treated with 100 and 150 pM
tolmetin concentrations, in addition, the difference between the radiation group and the control group was also
significant (P < 0.05).

Measuring the cytotoxicity of tolmetin on HT-29 cells by evaluating the nuclear division index

To measure the cytotoxicity of tolmetin on HT-29 cells, concentrations of 75, 100, and 150 uM of tolmetin were
incubated with the cells for 3 hours. The cells of the control group and the radiation group were cultured
simultaneously. Then one group of each concentration and radiation group was exposed to 4 Gy of X-ray radiation.
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Cytoclaisin B was used to stop the production of binucleated cells. After harvesting and staining the cells, the
nuclear division index was evaluated by counting one, two, three, and four-nucleated cells for all groups. The
results of 3 repetitions are shown in Table 1. The average percentage of NDI in the studied groups was 1.35 +
0.10, 1.01 £ 0.07, 1.20 + 0.19, 1.06 £ 0.04, 1.25 + 0.08, 0.99 £ 0.02, 0.90 + 0.04, and 1.01 + 0.03, respectively.
The effect of tolmetin on changes in the nuclear division index in HT-29 cells without receiving radiation is shown

in Figure 1.
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Figure 1. Cytoplasmic toxicity effect caused by tolmetin (at concentrations of 75, 100, and 150 uM) in HT-
29 cells by measuring nuclear division index (NDI) in groups without radiation.

As shown in the results, there was no significant difference in the average nuclear division index between all
groups treated with Tolmetin compared to the control group. In the groups receiving radiation (Figure 2), in all
groups treated with tolmetin, there was no significant difference in the percentage of NDI compared to the
radiation group. Only a significant difference was observed between the group receiving radiation alone and the

control group (P < 0.05).
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Figure 2. Cytoplasmic toxicity effect caused by tolmetin (at concentrations of 75, 100, and 150 uM) in HT-
29 cells by measuring nuclear division index (NDI) in groups without radiation; *** Significant difference
with the control group (P < 0.001).

Along with chemotherapy, radiation therapy plays a prominent role in the treatment of most cancers. The goal of
radiation therapy is to deliver the maximum amount of radiation to the tumor tissue with the least amount of
damage to the healthy cells so that while destroying the cancerous masses or shrinking them, the surrounding
healthy cells are not damaged. The resistance of cancer cells to ionizing radiation is a challenge in radiotherapy
regimens in patients. Cancer cells activate different signaling pathways that lead to resistance to radiation-induced
cell death [24]. Therefore, the use of agents or compounds that can sensitize tumor cells to radiation and also
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maximize the radiation dose to the patient will be considered. These compounds should have minimal side effects,
no cytotoxicity, and be cheap and available to the public.

In recent years, more and more studies have been conducted in the field of investigating the radiation sensitization
effects of NSAIDs. For example, Seyed Jalal Hosseini Mehr and his colleagues in a study in 2018 investigated
the sensitizing effects of mefenamic acid radiation with ionizing radiation on the HT-29 clone cancer cell line.
The cells were exposed to ionizing radiation with a dose of 4 Gy, and in the groups with the presence of mefenamic
acid compared to the group that was not exposed to mefenamic acid, micronuclei significantly increased [1].
Another study conducted by Ahmad et al. [25] in evaluating the effect of oxidative stress, hepatotoxicity, and
genotoxicity of naproxen on male Wistar rats showed that naproxen causes a significant increase in DNA damage
by increasing the micronucleus; also, treatment with naproxen leads to biochemical imbalance and oxidative
stress, which leads to the loss of cell integrity and significant damage to the genetic material and the effect of liver
function in male Wistar rats, so naproxen is known as a potential genotoxic agent [25]. In another study, tolmetin
was among the drugs that enhanced the killing effect of cyclophosphamide on cancer cells without a significant
toxic effect on CFU-GM bone marrow cells [26]. Another study on the effect of NSAIDs was conducted by
Pouyafar et al. [27], who investigated the cytotoxic effect of resveratrol and sulindac on a human clone HT-29
cancer cell line. Both of these were shown to inhibit or reduce the survival of human cancer cell clone HT-29
[27].

In 2015, new derivatives of tolmetin were designed and evaluated in laboratory conditions on the human clone
HT-29 cancer cell line, and the MTT method was used to determine the growth inhibition and cell viability. The
results showed that the anticancer activity of tolmetin derivatives is due to the activation of caspase-8 and caspase-
9 involved in the apoptosis pathway [28]. Another study in 2019 investigated the radiation sensitization effect of
5-aminolevulinic acid on human colon cancer cell line HT-29 in vivo and in vitro conditions. The results of the
work showed that, in vitro, cells treated with 5-aminolevulinic acid, which were irradiated in a multi-dose manner,
had a significant decrease in their survival rate, and in addition, in vivo, the volume of the xenografted cancer
mass after radiotherapy along with The mentioned composition was significantly smaller compared to the masses
that did not receive 5-aminolevulinic acid [29]. In this way, the studies clearly show the effectiveness of the
radiation-sensitizing compound in the success rate of the radiotherapy treatment process.

In the present study, we investigated the radiosensitizing effect of tolmetin in radiotherapy treatment on human
clone HT-29 cancer cells. In the current study, by performing the micronuclei test in HT-29 cancer cells that were
not exposed to ionizing radiation, all groups of cells treated with tolmetin increased micronuclei, but only at the
concentration of 75 and 100 uM, they caused significant radiation sensitization effects in tumor cells (P < 0.05).
Also, by conducting the micronucleus test in HT-29 cancer cells that were exposed to ionizing radiation, it was
found that in addition to the fact that the group receiving radiation had a significant difference from the control
group (P < 0.05), the cells treated with the mentioned drug in all studied concentrations There was a significant
difference with the group that received only radiation (P < 0.05) and caused radiosensitizing effects in tumor cells.
Most of the micronuclei were seen in the concentration of 100 pM, which indicates the maximum effect of the
drug in this concentration and its optimal effect (Figure 3).
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Figure 3. Comparison of the average percentage of the nuclear division index and the average percentage of
the number of micronuclei in HT-29 cells in the groups receiving radiation and the groups receiving radiation
and tolmetin at the same time (in concentrations of 75, 100, and 150 pM).
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In investigating the cytotoxic effects of Tolmetin in HT-29 cancer cells that were not exposed to ionizing radiation,
a decrease in the NDI index was seen, but it was not statistically significant. Also, the effect of the Tolmetin drug
on cytotoxicity caused by ionizing radiation on the human clone HT-29 cancer cell line was investigated using
the NDI index. The results of the study on HT-29 cells in this research show that tolmetin does not have
cytotoxicity effects on tumor cells in the studied concentrations.

Based on the results of this study, tolmetin in the studied concentrations has radiosensitizing effects on tumor
cells and in addition, tolmetin in the studied concentrations does not have cytotoxicity effects on tumor cells.
Known mechanisms in increasing radiation sensitivity by anti-inflammatory drugs include inhibition of
cyclooxygenase-2 enzyme and subsequent reduction or cessation of prostaglandin production, resulting in
increased apoptosis and decreased angiogenesis and growth. Also, the cell cycle stop in the G1-S region should
be considered as one of the sensitive areas in this cycle. However, the mechanism by which this stop is done is
not fully known until now. The mechanism of radiation sensitization of tumor cells in radiotherapy by NSIAD
drugs is not fully understood and is not the main subject of our discussion, but in general, it can be said that anti-
inflammatory drugs as radiation sensitizers move the radiation response curve to the right. Considering that the
study conducted is the first study in the field of the radiation sensitization effect of Tolmetin drug on the amount
of acute damage caused by ionizing radiation on the human colon cancer cell line HT-29, considering the positive
results of this research, it is suggested that the number of inflammatory factors should also be measured in the
next studies measured in these cells, it will also be more appropriate to study in vivo and on mice with colon
cancer.

CONCLUSION

The present study aimed to investigate the radiosensitizing effect of tolmetin in radiotherapy treatment on human
clonal cancer cells. Based on the results, the number of micronuclei increased significantly in the radiation-
receiving group compared to the control group. In the group receiving tolmetin with 75 and 100 uM
concentrations, the number of micronuclei also increased compared to the control group. A significant increase in
the number of micronuclei was observed in all groups treated with tolmetin that received radiation, and this
increase was more noticeable in concentrations of 100 and 150 puM. Meanwhile, tolmetin did not change the
nuclear division index in the studied concentrations. The present study showed that tolmetin has a radiosensitizing
effect on HT-29 human colon cancer cells, which is dependent on tolmetin concentration. In addition, tolmetin
does not have a cytotoxicity effect on the mentioned cell line.

ACKNOWLEDGMENTS: None
CONFLICT OF INTEREST: None
FINANCIAL SUPPORT: None
ETHICS STATEMENT: None

REFERENCES

1. Hosseinimehr SJ, Safavi Z, Kangarani Farahani S, Noaparst Z, Ghasemi A, Asgarian-Omran H. The
synergistic effect of mefenamic acid with ionizing radiation in colon cancer. J Bioenerg Biomembr.
2019;51(3):249-57.

2. Maghsoudi H, Sheikhnia F, Sitarek P, Hajmalek N, Hassani S, Rashidi V, et al. The potential preventive and
therapeutic roles of NSAIDs in prostate cancer. Cancers. 2023;15(22):5435. doi:10.3390/cancers15225435

3. Chandra Jagetia G, Reddy TK. Modulation of radiation-induced alteration in the antioxidant status of mice
by naringin. Life Sci. 2005;77(7):780-94.

4. Mohamed EE, Ahmed OM, Abdel-Moneim A, Zoheir KMA, Elesawy BH, Al Askary A, et al. Protective
effects of naringin-dextrin nano-formula against chemically induced hepatocellular carcinoma in Wistar rats:
Roles of oxidative stress, inflammation, cell apoptosis, and proliferation. Pharmaceuticals (Basel).
2022;15(12):1558. doi:10.3390/ph15121558

5. Zimonjic D, Brooks MW, Popescu N, Weinberg RA, Hahn WC. Derivation of human tumor cells in vitro
without widespread genomic instability. Cancer Res. 2001;61(24):8838-44.



Kwatra et al. Int. J. Pharm. Res. Allied Sci., 2024, 13(3): 1-8

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Stewénius Y, Gorunova L, Jonson T, Larsson N, Hoglund M, Mandahl N, et al. Structural and numerical
chromosome changes in colon cancer develop through telomere-mediated anaphase bridges, not through
mitotic multipolarity. Proc Natl Acad Sci U S A. 2005;102(15):5541-6.

Lauriola A, Davalli P, Marverti G, Caporali A, Mai S, D'Arca D. Telomere dysfunction is associated with
altered DNA organization in trichoplein/Tchp/Mitostatin (TpMs) depleted cells. Biomedicines.
2022;10(7):1602. doi:10.3390/biomedicines10071602

Mohr B, Ilimer T. Structural chromosomal aberrations in the colon cancer cell line HCT 116-results of
investigations based on spectral karyotyping. Cytogenet Genome Res. 2005;108(4):359-61.

Beck DE, Roberts PL, Rombeau JL, Stamos MJ, Wexner SD. Colorectal cancer: Epidemiology, etiology,
and molecular basis. In: Wexner SD, Stamos MJ, Rombeau J, Roberts Pl, Beck DE, editors. The ASCRS
Manual of Colon and Rectal Surgery. New York: Springer; 2009. pp. 463-84.

Vane JR, Botting RM. Mechanism of action of anti-inflammatory drugs. Scand J Rheumatol. 1996;102:9-
21.

Giovannucci E, Rimm EB, Stampfer MJ, Colditz GA, Ascherio A, Willett WC. Aspirin use and the risk for
colorectal cancer and adenoma in male health professionals. Ann Intern Med. 1994;121(4):241-6.

Thun MJ, Namboodiri MM, Heath Jr CW. Aspirin use and reduced risk of fatal colon cancer. N Engl J Med.
1991;325(23):1593-6.

Kune GA, Kune S, Watson LF. Colorectal cancer risk, chronic illnesses, operations, and medications: Case-
control results from the Melbourne colorectal cancer study. Cancer Res. 1988;48(15):4399-404.
Kiiciikgiizel SG, Coskun I, Aydmn S, Aktay G, Giirsoy S, Cevik O, et al. Synthesis and characterization of
celecoxib derivatives as possible anti-inflammatory, analgesic, antioxidant, anticancer, and anti-HCV
agents. Molecules. 2013;18(3):3595-614.

Cikla P, Ozsaver D, Bing6l-Ozakpmar O, Sener A, Cevik O, Ozbas-Turan S, et al. Synthesis, cytotoxicity,
and pro-apoptosis activity of etodolac hydrazide derivatives as anticancer agents. Arch Pharm.
2013;346(5):367-79.

Aydin S, Kaushik-Basu N, Ozbas-Turan S, Akbuga J, Mega Tiber P, Orun O, et al. Synthesis of 1-aroyl-3,
5-dimethyl-1H-pyrazoles as Anti-HCV and anticancer agents. Lett Drug Des Discov. 2014;11(2):121-31.
Cikla P, Tatar E, Kiiciikgiizel I, Sahin F, Yurdakul D, Basu A, et al. Synthesis and characterization of
flurbiprofen hydrazide derivatives as potential anti-HCV, anticancer, and antimicrobial agents. Med Chem
Res. 2013;22(12):5685-99.

Lu D, Cottam HB, Corr M, Carson DA. Repression of B-catenin function in malignant cells by nonsteroidal
antiinflammatory drugs. Proc Natl Acad Sci U S A. 2005;102(51):18567-71.

Duffy CP, Elliott CJ, O’Connor RA, Heenan MM, Coyle S, Cleary IM, et al. Enhancement of
chemotherapeutic drug toxicity to human tumor cells in vitro by a subset of non-steroidal anti-inflammatory
drugs (NSAIDs). Eur J Cancer. 1998;34(8):1250-9.

Dillon MT, Harrington KJ. Human papillomavirus-negative pharyngeal cancer. J Clin Oncol.
2015;33(29):3251-61.

Malik A, Sultana M, Qazi A, Qazi MH, Parveen G, Waquar S, et al. Role of natural radiosensitizers and
cancer cell radioresistance: An update. Anal Cell Pathol. 2016;2016:6146595.

Fenech M. The cytokinesis-block micronucleus technique: A detailed description of the method and its
application to genotoxicity studies in human populations. Mutat Res. 1993;285(1):35-44.

Di Sotto A, Mazzanti G, Carbone F, Hrelia P, Maffei F. Inhibition by pB-caryophyllene of ethyl
methanesulfonate-induced clastogenicity in cultured human lymphocytes. Mutat Res Genet Toxicol Environ
Mutagen. 2010;699(1/2):23-8.

Salehifar E, Hosseinimehr SJ. The use of cyclooxygenase-2 inhibitors for improvement of efficacy of
radiotherapy in cancers. Drug Discov Today. 2016;21(4):654-62.

Ahmad MH, Fatima M, Hossain M, Mondal AC. Evaluation of naproxen-induced oxidative stress,
hepatotoxicity, and in-vivo genotoxicity in male Wistar rats. J Pharm Anal. 2018;8(6):400-6.

Teicher BA, Korbut TT, Menon K, Holden SA, Ara G. Cyclooxygenase and lipoxygenase inhibitors as
modulators of cancer therapies. Cancer Chemother Pharmacol. 1994;33(6):515-22.

Pouyafar A, Rezabakhsh A, Rahbarghazi R, Heydarabad MZ, Shokrollahi E, Sokullu E, et al. Treatment of
cancer stem cells from human colon adenocarcinoma cell line HT-29 with resveratrol and sulindac-induced
mesenchymal-endothelial transition rate. Cell Tissue Res. 2019;376(3):377-88.



Kwatra et al. Int. J. Pharm. Res. Allied Sci., 2024, 13(3): 1-8

28. Kiigiikgiizel SG, Kog¢ D, Cikla-Siizgiin P, Ozsavci D, Bing6l-Ozakpmar O, Mega-Tiber P, et al. Synthesis
of tolmetin hydrazide-hydrazones and discovery of a potent apoptosis inducer in colon cancer cells. Arch
Pharm. 2015;348(10):730-42.

29. Yamada K, Murayama Y, Kamada Y, Arita T, Kosuga T, Konishi H, et al. Radiosensitizing effect of 5-
aminolevulinic acid in colorectal cancer in vitro and in vivo. Oncol Lett. 2019;17(6):5132-8.



