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ABSTRACT:Males have a higher probability than women to develop prostate cancer which contributes considerably to
higher death rates in men worldwide. Prostate cancer patients present with either an illness that is either isolated or
progressed. Prior to this study, -3 polyunsaturated fatty acids & vitamin D were employed completely separately to
evaluate the efficacy of prostate cancer treatment. However, numerous combination studies for prostate cancer have
since been conducted.In comparison to individual therapy, the combinatory studies used in this review's analysis of
trials in terms of [J-3 fatty acids for the treatment of prostate cancer are quite effective at treating the disease. Because
there may be significant commonalities between this combinational research on anticancer effects. In this review, the
mechanics and efficacy of that will be addressed. Lastly, we contrast the combinations, finding that Vit D with [1-3 fatty
acids as well as easy at-home strength training, omega 3 stearidonic acid with doxorubicin, and 1,2-5 Dihydroxy
vitamin-D with [1-3 fatty acids are greater efficiency than to several other combinatory therapies with [1-3
polyunsaturated fatty acids & individual therapies.

KEYWORDS: []-3Polyunsaturated fatty acids, Prostate cancer, Combinatory therapy, Vit D, Simple home strength
exercise, Doxorubicin,Stearidonicacid.

INTRODUCTION:

Day by day increasing advancements in cancer biology but still,the death rate has not changed inthe past 50 years.'As a
result of the employment of a DNA alkylating chemical known as nitrogen mustard during World War 2,
conventionalmonotherapy is utilized to treat many malignancies by utilizing hazardous medications. In order to cure
cancer, almost 400 chemotherapy drugs have been discovered since then. Because of the physiological intricacy of
malignancies, monotherapy has unfavorable outcomes. Recently, a lot of scientists and engineers have created
combination therapies for the treatment of cancer.’When two or more treatments are used to selectively target cancer
cells, it is referred to as a combination therapy.**The conventional monotherapeutic approach, which is most frequently
used to treat multiple cancers, also exhibits toxicity if only one chemotherapeutic agent is used in it. Because of this, it is
typically less efficientthan combinational treatmentdue to the fact that it does not specifically target cells that are actively
proliferating, causing damage to both cancerous and non-cancerouscells.>’It is located where the first double bond of the
[1-3 fatty acidsis another name for n-3 fatty acids, which is located in themethyl end ofthemoleculeis located.In n-3 fatty
acids has contains two main groups such as alpha-linolenic acid&fatty acids of a long chain. a-linolenic acid has
contained 18 carbon molecules and it has 3 double bonds present in it,sources such as vegetable oil and nuts and fatty
acids of long chain contained 20 carbon atoms& it has five or more double bonds present in it and atleast 2 conjugated
double bonds present in cis position.One of the most important significant types of very lengthy polyunsaturated fatty
acids in terms of nutrition is known as marine omega 3-S, and they have all been commonly observed in fatty fish like
tuna& salmon. These fatty acids include eicosapentaenoic acid& docosahexaenoic acid. All of those are [1-3 fatty acid
subsets.®*®The additional root of availability for(1-3 fatty acids invegetable oils, walnuts, flax seeds, flax oil, canola oil,
green vegetables, and some animal fats.™

One of the serious cancers that affect men, prostate cancer is the sonext largest prevalent kindof cancer**In 2012, Prostate
cancer affected approximately 1.10 million men, as per Globocan. globally.In men, 15% of malignancies are detected, and
it is projected that 3,07,000 men die from them. 2015 saw the diagnosis of 2,20,800 prostate cancer cases increase in the
USA. In males, 26% of malignancies and 27,540 deaths are to be estimated? and in 2017, 1,60,000 males received a
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prostate cancer diagnosis this year.**As the male population of the world ages,it was anticipated that there would be
4,99,000 deaths and 1.7 million new cases will occur worldwide in 2030.%In mechanistic studies vitamin D3 is used for
cancer prevention and regulates several genes by inhibiting the growth of cancer cells it is responsible for cell
proliferation and differentiation.*The additional interactions between stearidonic [1-3 fatty acids (SDA). Due to its
cardioprotective qualities, it is combined with doxorubicin to stimulate the expansion of human prostate cancer cell lines
LNCaP, PC3, and DU145"In cancer treatments, (-3 fatty acids improve the effectiveness of different cancer
medications. Omega 3 fatty acids increasesefficacy of doxorubicin'®, mitomycin'’, epirubicin'®, arabinosylcytosine®, and
CPT11.%Randomized controlled clinical research found that VitD, [1-3 fatty acids& straightforward home exercise
regimen are in concert with the direction of prostate cancer treatment,the risk of cancer is reduced for active persons aged
70 and older.?This study examined various medication regimens that include [1-3 fatty acids in order to address prostate
cancer.

PROSTATE CANCER:

History:

For men, the most typical cause of death is prostate cancer. During the previous seasons, scientists from various
disciplines have begun to comprehend prostate cancer's typical course of development.Before the widespread application
of prostate-specific antigen testing study was conducted.From the mid-1980s,when prostate-specific antigen analyses
were introduced, there wherethe rate of prostate cancer would also have increased considerably although the death rate
decreased. However, no long-term data on prostate-specific antigens were reported.?’Many scientists have begun to learn
more about the natural course for state cancer. In 1969 Barnes has started an investigation on localized prostate cancer
patients for long-term survival it is treated as confidentially. Between 1930 and 1958 patients were treated confidentially.
Of that 50% of patients survived in 10 years and 30% of patients survived in 15 years.Barnes noted that 2/3 of these men
passed away from medical complications rather than prostate cancer, and he noted that the tumour stage is just as relevant
as competing medical risks. Being a chronic condition, prostate cancer's curative therapy took up to 10 years to develop.
He came to the conclusion that conservative therapy would result in patient survival rates of 10 years or less.”The
urological cooperative of the veteran administration completed a number of controlled randomized studies between 1960
and 1974 and is currently evaluating various treatment options formales who haverecently been diagnosed with prostate
cancer.A total of 2911 adult males signed up for the trial to compare the effectiveness of radiation therapy with radical
proctectomy. While carrying out the study*Every patient's biopsy and histology who's already signed up for the
Urological research cooperative of the veteran administration has been subjected to an evaluation by Dr. Donald Gleason.
9 different forms of aberrant glandular development, he observed. These nine patterns are connected to sufferers' clinical
results.®After that from 1989 to 1997 Johansson finalized that men who are in the early diseased stage were not getting
any benefits from aggressive intervention in most of the cases.?

In 1994 chodak conducted non-randomized trials for 868 patients in six different countries, these results which are similar
to Johansson and Gleason's results.?*® The retrospective cohort study was conducted for local prostate cancer in Sweden
and he died between 1988 to 1990.” In 1997 patients were treated with radiation, surgery, and conservative
management.”®

PATHOPHYSIOLOGY:
Genetics:

A significant risk aspect for Prostate cancer is caused by the deposition of somatotype changes inside thegenetic sequence
of the prostate epithelial cell the curriculum ofa person's life.Those certain deviationscould impact oncogenes orcancer-
suppressing gene expressionand alter the transcription or translation of genes as well as operative shortcomings that
disturb the homeostasis of cells.*Mutations often impact genes and regulate cell development, cell proliferation& cell
death.Since most genetic changes linked to the disease are copy number changes or genomic building rearrangements,
prostate cancer is classified as a C-class cancerous cell with a modest mutational load.*

POLYUNSATURATED FATTY ACIDS:

Two primary constituents of [1-3 polyunsaturated fatty acids are eicosapentaenoic acid & docosahexaenoic acid, which
have several medical advantages. Epidemiological studies from the 1970s were the first to hypothesize that dietary
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polyunsaturated fatty acids would be helpful in reducing disease.®**?[1-3 polyunsaturated fatty acids are currently being

studied today, but their particular working mechanisms are still not completely known. Several recent developments have
increased our knowledge of how [J-3 polyunsaturated fatty acids affect human disease.As an example, it has been
demonstrated that the DHA-receptor GPR120 helps in the detection and regulation of obesity and metabolic
syndrome.®1-3 mediators resolvins and protectins, two recently identified ones, have been shown to exhibit anti-
inflammatory as well as pro-resolving properties.**The primary source of (-3 fatty acids such as fish oil, which contains a
double bond upon that third carbon atom of a carbon chain, starting from the methyl end.*

Role of polyunsaturated fatty acids in Cancer:

During the Industrial Revolution,entire fat consumption and the [1-6 to [1-3 polyunsaturated fatty acidsratioschanged
dramatically from Western food.***"Except for [1-3 polyunsaturated fatty acids, which stand out and exhibit effects that
guard against colon, breast, and prostate cancers ina variety of testing platforms,There's been an increase in fat
intakelinked to the formation of particular cancer types such as breast, colon, pancreaticand prostate cancers.®
“Investigations into the link between dietary fat and cancer conducted by epidemiologists indicate that(i-
3polyunsaturated fatty acids have taken steps to avert the disease while [1-6 polyunsaturated fatty acids have a cancer-
promoting impact. Experimental studies provide the majority of its clinical information about the influence of dietary fat
on malignancies,*those findings are inconsistent because few of these studies show a meaningful link between [I-
3polyunsaturated fatty acids and decreased prostate cancer danger or tumorprogression.*>*Western food has a high [1-6
to [1-3 polyunsaturated fatty acids proportion, which indicates1-6polyunsaturated fatty acids concentrations are hugely
disproportionate large and n-3 polyunsaturated fatty acids,the sum seems to be insufficient. A reduction in the risk of
prostate cancer is connected to increased dietary [1-6 polyunsaturated fatty acid advantages, according to different
studies.***The percentages of(1-3 and [1-6 polyunsaturated fatty acids precursors werefound much higher in malignant
tissues, according to research from Sweden that compared the polyunsaturated fatty acids composition of the same
prostate specimens contained both benign and malignant prostatic tissues. According tothis research further substantiates
the connection between [1-6 dietary fat and prostate cancer.*Williams& co-workers et:al found that the large percentage
of(1-6 to (-3 fatty acids can also elevatethe entire prostate cancer risk in white men and probably an elevated risk of
advanced prostate cancer over every man based on evaluates based on race of case-control research with 79 incidents of
prostate cancer with 187 controls.”*In their meta-analysis of fish consumption and prostate cancer, Szymanski et al.
concentrated on prostate incidence rates and prostate cancer-specific mortality. However, they were unable to establish a
protective connection between fish consumption& the occurrence of prostate cancer, despite their findings showing a
large 63% decrease in prostate cancer-specific death.*’
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Figurel. Classification of Fatty acids

STUDIES COMBINING [1-3 FATTY ACIDS:
VITAMIN D:

Anticancer benefits of Vit D&polyunsaturated [1-3 fatty acidshave obtained significant consideration in recent times.A
growing body ofthe study largely supports both chemical groups' anticancer properties. Breast***°, prostate®®“*, and
colorectal cancer*®****?in vitro studies looking intotheimpactof1-3 polyunsaturated fatty acids ontumour cells have
yielded good results. Although less definitive, epidemiological research in human populations appears to suggest a
negative correlation between an increasing [1-3 polyunsaturated fatty acid diet& lower probability of cancer.****Studies
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on vitamin D appear to consistently show a negative association between consumption and endangerment of the breast,
prostate, colorectal, and other cancers, in contrast to epidemiological research on [J-3 fatty acids.In vitro studies for
vitamin D's effects on the breast™, prostate™, colorectal®, and lung cancer® have also been consistently positive.These
chemicals, although differ chemically, have some very comparable impacts on cancer.

1,25-dihydroxy vitamin D [1,25(OH)2D]:

prostate cancerous cells must have access to androgens to grow.*®Asa result of, androgen restriction Counselling has been
theprimary formof treatment for advanced prostate cancer for the previous 50 years. The average response time is only
two years. As the result, cancer cells become much more aggressive, hormone-refractory, and capable of growing without
androgen activation.*Efforts to prevent and also treat androgen-independent prostate cancer are attracting significant
scientific attention. [1-3 polyunsaturated fatty acids are widelyperforms preventive role of prostate cancer.®Human
prostate cells have receptors for the effective type of Vit D is 1,25-dihydroxy Vit D [1,25(0OH)2D]. When 1,25-
dihydroxyvitaminD3was added, prostate cancer cells exhibit increased differentiation and apoptosis, a G0/G1-phase
arrest, and reduced invasiveness and metastasis, if androgen suppression was unsuccessful. Astudybylstfan et;al analysed
the cytokinetic properties of androgen-dependent & androgen-independent prostate tumor cells to assessthe inhibitory
activity of 1,25-dihydroxy vitamin D and three polyunsaturated fatty acids in fish o0il.The transition fromthe G1/S
phase has to be more suppressed when 1,25-dihydroxy vitamin D3 and fish oil were used jointly than when either
medication was used alone. Interestingly, the 1,25-dihydroxyvitamin D3 and fish oil synergistic impact were
observedwithinthe androgen-free LNCaP-c115 subline. These findings led us to propose that dietary elements like three
polyunsaturated fatty acids and Vit D may prevent prostate cancer cells from developing into an aggressive and incurable
stage. In particular, vitamin D and polyunsaturated omega-3 fatty acids can affectstrategies that make prostate cancer
aggressive and challenging to cure. This research would also provide essential mechanistic information required to design
the clinical and human studies in an effort to lessen prostate cancer-related Death and disease rates.®

Vitamin D3 and Simple Home strength exercise(SHSE):

According to mechanistic research, vitamin D controls several involved in tumor division and multiplication to stop the
cancer cells from expanding.**According to observational research, blood vitamin D levels and total cancer risk are
inversely correlated.®*But even so, inconsistent outcomes of clinical studies evaluatingvitamin D supplements suggest that
the vitamin has little benefit in preventing cancer however, it might decrease the danger of deadly cancer& advanced
cancer.®**"More recent cancer studies have postulated a separate method by which both [1-3 and [1-6 fatty acids influence
acidic cancer cells' mortality through ferroptosis.®®Through a variety of molecular strategies, exercise may decrease the
risk of cancer, including both an improvement in the immune system's response as well as a decrease in the inflammatory
process.®™ Increased physical activity lowers the incidence of those cancers™ as well as improves cancer survival,
according to several scientific studies.”’Despite the fact that a recent review of randomised controlled studies failed to
show that omega-3 fatty acids had a protective effect towards combatas opposed to cancer.

According to investigations by Bischoff et al., the trial took place. To fill in these barriers, a study conducted for 2,157
better and healthier persons aged 70 and older examined the impact of daily maximum vitamin D3, daily [1-3 fatty acid
supplements, in addition, a simple home exercise program, may reduce the likelihood of developing any invasive cancer
in people of that kind old group.When compared to treatments that only included vitamin D, omega 3 fatty acids, simple
at-home strength training, vitamin D+simple at-home strength training, or omega 3+simple at-home strength training,
adding daily maximum vitamin D3 and omega 3 fatty acid supplements with simple at-home strength training had a
cumulative effect of lowering the risk of developing cancer.?

OMEGA-3 STEARIDONIC ACID & DOXORUBICIN:

Doxorubicin:
Antineoplastic antibiotic doxorubicin was discovered in a culture of Streptomycespeucetius.” In the 1950s, researchers
started looking for chemotherapeutic substances in soil-based microorganisms. A novel variety ofStreptomycespeucetius
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that formed a vivid red pigment and was found to have strong antitumor effects on mouse tumors was developed into an
antibiotic. The brand-new drug, daunorubicin, proved effective in treating lymphoma and acute leukemia.”®’" But by
1967, it was understood that daunorubicin causes lethal heart damage.Researchers genetically altered the Streptomyces
species to generate Adriamycin, a substance that was eventually renamed doxorubicin.”® Doxorubicin's precise action
mode is complicated and also still unknown. Doxorubicin inhibits macromolecular production by interacting with DNA
through intercalation.”®°An unfamiliar bacterial strain was used to make an antibiotic. The DNA supercoils are loosened
for transcription as a matter of fact of inhibition of the topoisomerase 11 enzyme. A novel strain of bacteria was used to
develop an antibiotic. The complex is stabilized by doxorubicin after topoisomerase 1l splits its DNA chain to allow for
cell division, to stop the DNA dual helix from resealing, so terminating the regeneration process. Theprostate cancerous
lesions, breast, stomach, lung, ovaries, thyroid, soft tissue sarcoma, multiple myeloma, and Hodgkin's lymphoma are most
typical cancers that are treated with doxorubicin.”

Omega 3 stearidonic acid:
Eicosapentaenoic and docosahexaenoic acid progenitor stearidonic acid decreases the indicator of proliferation and
increases apoptosis inheterograft models of prostate cancer, similarto Doxorubicin.?"®
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Figure 2.8 Metabolic step for the formation of Stearidonic acid

According to the study of Mahmoud Mansour® the ability of the 71-3 fatty acids from plantsStearidonic acid preventdevelopment of
tumours & can improveDoxorubicin anticancer effects in the Cell lines LNCaP, PC3, and DU145 from prostate cancer.

Prostatecancercell line DoxorubicinlC 50 Stearidonic acid IC 50 Combo's ratio
LNCaP 0.802 +0.1 601+10 (1:750)
PC3 0.760+0.08 11646 (1:150)
DU145 0.363+0.01 14543 (1:400)

Table1®: Generated equipotency ratios by using IC50 values for DOX & SDA hoth for androgen-dependent LNCaP cells and
androgen-independent PC3 and DU145 cells.

DISCUSSION

Mixed results from trials testing human treatment strategies for cancer prevention may clarify this result.%> On the other
hand, there aren't many combined interventions that take advantage of the maybe negligible cumulative advantages of
various human health strategies.®® Despite the fact that new cancer treatments combine many drugs to target various

1298
Eur. Chem. Bull. 2023,12(3), 1293-1304



THE COMBINATORY STUDIES WITH OMEGA-3 FATTY ACIDS
AND THEIR EFFECTIVENESS IN THETREATMENT OF
PROSTATE CANCER: A REVIEW Section A-Research paper

cancer development routes.*’For example,the Inhibition of human melanoma, oral carcinoma, lung, and breast
malignancies is another usage for vitamin E. However, in both in vitro and in vivo conditions, Vit E has also inhibited
thegrowth of prostate cancer by administering various chemotherapeutic dosages to rats.Accordingly, selenium combined
with vitamin E is having a positive effect on prostatic cancer, according to current studies. There are numerous more
combinatory therapies used for the prevention of human prostate cancer furthermore this combination with omega 3 fatty
acid combinations.®Nowadays, a number of combination therapy based on nanoparticles are commercially available, and
many more are in various phases of preclinical or clinical research.?*Outlook for the future Combination therapies using
nanoparticles has demonstrated a number of distinct advantages over conventional chemotherapy. Drug combinations
cannow be given ingeniously and optimally for increased effectiveness.*

Treatment for prostate cancer
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Figure 3.Combinatory effects based on Effectiveness for prostate cancer
CONCLUSION:

Treating prostate cancer combines various techniques and medications to increase effectiveness as well as decrease
postoperative complications. A key factor preventing more people from using cancer drugs is their serious side effects.
Besides that, cancer cells are becoming more resistant to chemo treatments, which has enhanced the need for relatively
new, more affordable compounds with fewer side effects and higher cytotoxicity toward cancerous cells. In contrast to
individual and only moderately effective research findings, combination studies are often more effective at treating
prostate cancer.New therapeutic approaches are gaining acceptance for the aforementioned causes and for resolving these
issues. The term is called "combinatory therapy".Such combinations include Vit D with [1-3 fatty acids and easy at-home
strength training, [1-3 stearidonic acid with doxorubicin, and 1,2-5 Dihydroxy Vit-D with [J-3 fatty acids.In comparison
to individual pharmacological therapies, combination therapies work so well. Particularly when treating prostate cancer,
combinatory chemotherapy has been revealed to have elevated favourable results.Researchers can greatly reduce prostate
cancer-related fatalities by adopting these combination medicines.

ACKNOWLEDGMENT:

I consider it as my honour to acknowledge my sincere thanks to JSS College of Pharmacy, Ooty for the help and support
throughout this work. It is my privilege to express my extreme sense of gratitude for extending facilities and providing
constant support throughout this work.

CONFLICT OF INTEREST: The Authors have no conflict of interest.
ABBREVIATIONS:
EPA: Eicosapentaenoic Acid;DPA:DocosapentaenoicAcid;GLA: Gamma Linolenic Acid

LC 50: Lethal concentration 50;SHSE: Simple home strength Exercise;DOX: DoxorubicinSDA: Stearidonic Acid
REFERENCES:

1. Ruddon RW. Cancer biology. Oxford University Press; 2007.
Qin SY, Cheng YJ, Lei Q, et al., Combinational strategy for high-performance cancer chemotherapy.
J. Biomater. Appl. 2018;171:178-97.

3. Yap TA, Omlin A, De Bono JS. Development of therapeutic combinations targeting major cancer signaling
pathways.Clin. Oncol. 2013 Apr 20; 31:1592-605.

4. Blagosklonny MV. Analysis of FDA approved anticancer drugs reveals the future of cancer therapy. Cell cycle.
2004;3:1033-40.

5. Albain KS, Nag SM, Calderillo-Ruiz G, et al., Gemcitabine plus paclitaxel versus paclitaxel monotherapy in
patients with metastatic breast cancer and prior anthracycline treatment. Clin. Oncol. 2008;26:3950-7.

6. Mokhtari RB, Kumar S, Islam SS, et al.,Combination of carbonic anhydrase inhibitor, acetazolamide, and
sulforaphane, reduces the viability and growth of bronchial carcinoid cell lines. BMC cancer. 2013 ;13:1-8.

7. Blagosklonny MV. Overcoming limitations of natural anticancer drugs by combining with artificial agents. Trends
Pharmacol Sci.2005;26:77-81.

8. Brouwer IA. Fish, omega-3 fatty acids and heart disease. Improving seafood products for the consumer. 2008:165-
181.

9. Adarme-Vega TC, Thomas-Hall SR, Schenk PM. Towards sustainable sources for omega-3 fatty acids production.
Curr Opin Biotechnol. 2014;26:14-8.

10. Covington M. Omega-3 fatty acids. Am Fam Physician. 2004;70:133-40.

1300
Eur. Chem. Bull. 2023,12(3), 1293-1304



THE COMBINATORY STUDIES WITH OMEGA-3 FATTY ACIDS
AND THEIR EFFECTIVENESS IN THETREATMENT OF

PROSTATE CANCER: A REVIEW Section A-Research paper

11. Nelen V. Epidemiology of prostate cancer. Prostate cancer. 2007:1-8.

12. Bashir MN. Epidemiology of prostate cancer. Asian Pac. J. Cancer Prev. 2015;16:5137-41.

13. Litwin MS, Tan HJ. The diagnosis and treatment of prostate cancer: a review. Jama. 2017;317:2532-42.

14. James SY, Mackay AG, Colston KW. Effects of 1, 25 dihydroxyvitamin D3 and its analogues on induction of
apoptosis in breast cancer cells. J. Steroid Biochem. Mol. Biol. 1996;58:395-401.

15. Mansour M, van Ginkel S, Dennis JC, et al., The combination of omega-3 stearidonic acid and docetaxel enhances
cell death over docetaxel alone in human prostate cancer cells. J. Cancer 2018;9:4536.

16. Hardman WE, Avula CR, Fernandes G, et al., Three percent dietary fish oil concentrate increased efficacy of
doxorubicin against MDA-MB 231 breast cancer xenografts. Clin. Cancer Res. 2001;7:2041-9.

17. Shao Y, Pardini L, Pardini RS. Dietary menhaden ssoil enhances mitomycin C antitumor activity toward human
mammary carcinoma MX- 1. Lipids. 1995;30:1035.

18. Germain E, Lavandier F, Chajes V, et al., Dietary n-3 polyunsaturated fatty acids and oxidants increase rat
mammary tumor sensitivity to epirubicin without change in cardiac toxicity. Lipids. 1999;34:5203.

19. Cha MC, Aldred A, Stewart C, et al.,, Dietary docosahexaenoic acid levels influence the outcome of
arabinosylcytosine chemotherapy in L1210 leukemic mice.Nutr Cancer. 2002;44:176-81.

20. Hardman WE, Moyer MP, Cameron IL. Fish oil supplementation enhanced CPT-11 (irinotecan) efficacy against
MCF7 breast carcinoma xenografts and ameliorated intestinal side-effects. Br. J. Cancer. 1999;81:440-8.

21. Bischoff-Ferrari HA, Willett WC, Manson JE, et al., Combined Vitamin D, Omega-3 Fatty Acids, and a Simple
Home Exercise Program May Reduce Cancer Risk Among Active Adults Aged 70 and Older: A Randomized
Clinical Trial. Front. Aging Neurosci. 2022:33.

22. Potosky AL, Miller BA, Albertsen PC, et al., The role of increasing detection in the rising incidence of prostate
cancer. Jama. 1995;273:548-52.

23. Barnes RW. Survival with conservative therapy. Jama. 1969;210:331-2.

24. Gleason DF. Histologic grading of prostate cancer: a perspective. Hum. Pathol.1992;23:273-9.

25. Gleason D. Histologic grading and clinical staging of carcinoma of the prostate. Urologic pathology: the prostate.
1977.

26. Johansson JE, Holmberg L, Johansson S. Fifteen year survival in prostate cancer: Results and identification of
high-risk patient population. JAMA. 1997;277:467-71.

27. Aus G, Hugosson J, Norlen L. Long-term survival and mortality in prostate cancer treated
withnoncurativeintent.J. Urol., Balt.1995;154:4605.

28. Lu-Yao GL, Yao SL. Population-based study of long-term survival in patients with clinically localised prostate
cancer.Lancet. 1997,349:906-10.

29. Ahmed M, Eeles R. Germline genetic profiling in prostate cancer: latest developments and potential clinical
applications. Future Sci. OA. 2016;2.

30. Hieronymus H, Schultz N, Gopalan A, et al., Copy number alteration burden predicts prostate cancer relapse. Proc.
Natl. Acad. Sci. U.S.A. 2014;111:11139-44.

31. Bang HO, Dyerberg J, Nielsen AB. Plasma lipid and lipoprotein pattern in Greenlandic West-coast
Eskimos.Lancet. 1971;297:1143-6.

32. Dyerberg J, Bang HO, Hjgrne N. Fatty acid composition of the plasma lipids in Greenland Eskimos. Am J Clin
Nutr. 1975;28:958-66.

33. Talukdar S, Bae EJ, Imamura T, et al., GPR120 is an omega-3 fatty acid receptor mediating potent anti-
inflammatory and insulin-sensitizing effects. Cell. 2010;142:687-98.

34. Ariel A, Serhan CN. Resolvins and protectins in the termination program of acute inflammation.Trends Immunol.
2007;28:176-83.

35, Calder PC. Omega- 3 polyunsaturated fatty acids and inflammatory  processes:  nutrition
orpharmacology?.Br. J. Clin. Pharmacol.2013;75:64562.

36. Simopoulos AP. Evolutionary aspects of omega-3 fatty acids in the food supply. Prostaglandins Leukot. Essent.
Fat. Acids.1999;60:421-9.

37. Simopoulos AP. The importance of the ratio of omega-6/omega-3 essential fatty acids. Biomed. Pharmacother.
2002;56:365-79.

38. Berquin IM, Min Y, Wu R, et al., Modulation of prostate cancer genetic risk by omega-3 and omega-6 fatty acids.

J. Clin. Investig. 2007;117:1866-75.
1301

Eur. Chem. Bull. 2023,12(3), 1293-1304



THE COMBINATORY STUDIES WITH OMEGA-3 FATTY ACIDS
AND THEIR EFFECTIVENESS IN THETREATMENT OF
PROSTATE CANCER: A REVIEW Section A-Research paper

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Chen YQ, Edwards 1J, Kridel SJ, et al., Dietary fat’gene interactions in cancer. Cancer Metastasis Rev
2007;26:535-51.

Wang S, Wu J, Suburu J, et al., Effect of dietary polyunsaturated fatty acids on castration-resistant Pten-null
prostate cancer. J. Carcinog. 2012;33:404-12.

Gerber M. Omega-3 fatty acids and cancers: a systematic update review of epidemiological studies. Br. J. Nutr.
2012;107:5228-39.

Berquin 1M, Edwards IJ, Chen YQ. Multi-targeted therapy of cancer by omega-3 fatty acids. Cancer Lett.
2008;269:363-77.

Terry PD, Rohan TE, Wolk A. Intakes of fish and marine fatty acids and the risks of cancers of the breast and
prostate and of other hormone-related cancers: a review of the epidemiologic evidence. Am J Clin Nutr.
2003;77:532-43.

Schumacher MC, Laven B, Petersson F, et al.,A comparative study of tissue ®-6 and ®-3 polyunsaturated fatty
acids (PUFA) in benign and malignant pathologic stage pT2a radical prostatectomy specimens. InUrologic
Oncology: Urol. Oncol.: Semin. Orig. Investig. 2013;31:318-324.

Williams CD, Whitley BM, Hoyo C, et al., A high ratio of dietary n-6/n-3 polyunsaturated fatty acids is associated
with increased risk of prostate cancer. Nutr Res. 2011;31:1-8.

Brown MD, Hart C, Gazi E, et al., Influence of omega-6 PUFA arachidonic acid and bone marrow adipocytes on
metastatic spread from prostate cancer.Br. J. Cancer. 2010;102:403-13.

Szymanski KM, Wheeler DC, Mucci LA. Fish consumption and prostate cancer risk: a review and meta-
analysis.Am J Clin Nutr. 2010;92:1223-33.

Stripp C, Overvad K, Christensen J, et al., Fish intake is positively associated with breast cancer incidence rate. J.
Nutr. 2003;133:3664-9.

Terry PD, Terry JB, Rohan TE. Long-chain (n-3) fatty acid intake and risk of cancers of the breast and the prostate:
recent epidemiological studies, biological mechanisms, and directions for future research. J. Nutr. 2004;134:3412S-
20S.

Schley PD, Brindley DN, Field CJ. (n-3) PUFA alter raft lipid composition and decrease epidermal growth factor
receptor levels in lipid rafts of human breast cancer cells. J. Nutr. 2007;137:548-53.

Petrik MB, McEntee MF, Johnson BT, et al., Highly unsaturated (n-3) fatty acids, but not a-linolenic, conjugated
linoleic or y-linolenic acids, reduce tumorigenesis in Apc Min/+ mice. J. Nutr. 2000;130:2434-43.

Ng Y, Barhoumi R, Tjalkens RB, Fan YY, et al., The role of docosahexaenoic acid in mediating mitochondrial
membrane lipid oxidation and apoptosis in colonocytes. J. Carcinog. 2005;26:1914-21.

Geelen A, Schouten JM, Kamphuis C, et al., Fish consumption, n-3 fatty acids, and colorectal cancer: a meta-
analysis of prospective cohort studies. Am. J. Epidemiol.2007;166:1116-25.

Bertone-Johnson ER. Prospective studies of dietary vitamin D and breast cancer: more questions raised than
answered. Nutr. Rev. 2007;65:459-66.

Li H, Stampfer MJ, Hollis JB, Mucci LA, et al., A prospective study of plasma vitamin D metabolites, vitamin D
receptor polymorphisms, and prostate cancer. PLoS Med. 2007;3:e103.

Cross HS, Bises G, Lechner D, et al., The vitamin D endocrine system of the gut—its possible role in colorectal
cancer prevention. J. Steroid Biochem. Mol. Biol. 2005;97:121-8.

Porojnicu A, Robsahm TE, Berg JP, et al., Season of diagnosis is a predictor of cancer survival. Sun-induced
vitamin D may be involved: a possible role of sun-induced Vitamin D. J. Steroid Biochem. Mol. Biol.
2007;103:675-8.

World Health Organization. The world health report 1997: conquering suffering; enriching humanity. InThe world
health report 1997: conquering suffering; enriching humanity 1997:162-162.

Shim M, Cohen P. IGFs and human cancer: implications regarding the risk of growth hormone therapy.Horm Res
Paediatr . 1999;51:42-51.

Armstrong B, Doll R. Environmental factors and cancer incidence and mortality in different countries, with special
reference to dietary practices.Int. J. Cancer. 1975;15:617-31.

Doll R. The lessons of life: keynote address to the nutrition and cancer conference. Cancer Research.
1992;52:2024s-9s. Online Issn: 1538-7445

Giovannucci E, Rimm EB, Colditz GA, et al., A prospective study of dietary fat and risk of prostate cancer. J. Natl.
Cancer Inst. 1993;85:1571-9.

1302

Eur. Chem. Bull. 2023,12(3), 1293-1304



THE COMBINATORY STUDIES WITH OMEGA-3 FATTY ACIDS
AND THEIR EFFECTIVENESS IN THETREATMENT OF
PROSTATE CANCER: A REVIEW Section A-Research paper

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.
76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.
88.

89.

90.

Istfan NW, Person KS, Holick MF, et al., 1a, 25-Dihydroxyvitamin D and fish oil synergistically inhibit G1/S-
phase transition in prostate cancer cells. J. Steroid Biochem. Mol. Biol. 2007;103:726-30.

Han J, Guo X, Yu X, et al., 25-Hydroxyvitamin D and total cancer incidence and mortality: a meta-analysis of
prospective cohort studies. Nutr. J. 2019;11:2295.

Haykal T, Samji V, Zayed Y, et al., The role of vitamin D supplementation for primary prevention of cancer: meta-
analysis of randomized controlled trials. J. Community Hosp. Intern. Med. 2019;9:480-8.

Keum N, Lee DH, Greenwood DC, et al., Vitamin D supplementation and total cancer incidence and mortality: a
meta-analysis of randomized controlled trials. Ann. Oncol. 2019;30:733-43.

Chandler PD, Chen WY, Ajala ON, et al., Effect of vitamin D3 supplements on development of advanced cancer: a
secondary analysis of the VITAL randomized clinical trial. JAMA network open. 2020;3:62025850-.

Dierge E, Debock E, Guilbaud C, et al., Peroxidation of n-3 and n-6 polyunsaturated fatty acids in the acidic tumor
environment leads to ferroptosis-mediated anticancer effects. Cell Metab. 2021;33:1701-15.

McTiernan A. Mechanisms linking physical activity with cancer. Nat. Rev. Cancer. 2008;8:205-11.

Hong BS, Lee KP. A systematic review of the biological mechanisms linking physical activity and breast
cancer.Phys Act Nutr.2020;24:25.

Wang Q, Zhou W. Roles and molecular mechanisms of physical exercise in cancer prevention and treatment. J
Sport Health Sci. 2021;10:201-10.

de Rezende LF, de S& TH, Markozannes G, et al., Physical activity and cancer: an umbrella review of the literature
including 22 major anatomical sites and 770 000 cancer cases.Br. J. Sports Med. 2018;52:826-33.

Cormie P, Zopf EM, Zhang X, et al., The impact of exercise on cancer mortality, recurrence, and treatment-related
adverse effects. Epidemiol. Rev. 2017;39:71-92.

Hanson S, Thorpe G, Winstanley L, et al., Omega-3, omega-6 and total dietary polyunsaturated fat on cancer
incidence: systematic review and meta-analysis of randomised trials. Br. J. Cancer. 2020;122:1260-70.

Vigevani A, Williamson MJ. Doxorubicin. Anal. profiles drug subst.1981;9, 245-274. Academic Press.

Von Brockmann H. Anthracyclinone und Anthracycline.(Rhodomycinone, Pyrromycinone und ihreGlykoside.).
Prog Chem Org Nat Prod.1963:121-82.

Arcamone F, Cassinelli G, Fantini G, et al., Adriamycin, 14- Hydroxydaunomycin, a new antitumor antibiotic
from S. peucetius var. caesius. Biotechnol. Bioeng. 2000;67:704-13.

Rivankar S. An overview of doxorubicin formulations in cancer therapy. J. Cancer Res. Ther. 2014;10:853.

Fornari FA, Randolph JK, Yalowich JC, et al., Interference by doxorubicin with DNA unwinding in MCF-7 breast
tumor cells. Mol. Pharmacol. 1994;45:649-56.

Momparler RL, Karon M, Siegel SE, et al., Effect of adriamycin on DNA, RNA, and protein synthesis in cell-free
systems and intact cells. Cancer research. 1976;36:2891-5. Online Issn: 1538-7445

Kelavkar UP, Hutzley J, Dhir R, et al., Prostate tumor growth and recurrence can be modulated by the m-6: -3
ratio in diet: athymic mouse xenograft model simulating radical prostatectomy. Neoplasia. 2006;8:112-24.

Whelan J. Dietary stearidonic acid is a long chain (n-3) polyunsaturated fatty acid with potential health benefits. J.
Nutr. 2009;139:5-10.

Callaway JC, Tennild T, Pate DW. Occurrence of “omega-3” stearidonic acid (cis-6, 9, 12, 15-octadecatetraenoic
acid) in hemp (Cannabis sativa L.) seed. J Int Hemp Assoc. 1997;3:61-3.

Trebelhorn CH, Dennis JC, Pondugula SR, et al., Plant-based omega-3 stearidonic acid enhances antitumor activity
of doxorubicin in human prostate cancer cell lines. J Cancer Res Ther. 2014;2:132-43.

White MC, Holman DM, Boehm JE, et al., Age and cancer risk: a potentially modifiable relationship.
Am. J. Prev. Med. 2014;46:S7-15.

Sabia S, Singh-Manoux A, Hagger-Johnson G, et al., Influence of individual and combined healthy behaviours on
successful aging. Cmaj. 2012;184:1985-92.

Reza BM, Tina SH, Narges B, et al., Combination therapy in combating cancer. Oncotarget. 2017;8:3822-43.

Klein EA, Thompson IM, Lippman SM, et al., SELECT: the next prostate cancer prevention trial. J. Urol., Balt.
2001;166:1311-5.

Brannon-Peppas L, Blanchette JO. Nanoparticle and targeted systems for cancer therapy. Adv. Drug Deliv. Rev.
2004;56:1649-59.

Hu CM, Aryal S, Zhang L. Nanoparticle-assisted combination therapies for effective cancer
treatment.Ther. Deliv.2010;1:323-34.

1303

Eur. Chem. Bull. 2023,12(3), 1293-1304



THE COMBINATORY STUDIES WITH OMEGA-3 FATTY ACIDS
AND THEIR EFFECTIVENESS IN THETREATMENT OF
PROSTATE CANCER: A REVIEW Section A-Research paper

1304
Eur. Chem. Bull. 2023,12(3), 1293-1304



