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Article history: Abstract: 

Received: February 1st 2022 Aim: In this study, radiation therapy (RT) effects on some serum oxidant and 

antioxidant parameters in breast cancer (BC) patients were investigated. 

Background: RT, which is used to treat cancer, causes molecular damage 
to living cells by producing reactive oxygen species. Aqueous free radicals 

(radiation on water) produce the majority of radiation damage to human 
tissues since they include 80% water. The primary free radicals produced by 

aqueous radiolysis are (OH, H, eaq
–, HO2, H3O+). These free radicals damage 

DNA, RNA, proteins, membranes, and other biological components, causing 

cell death. Radiation causes these effects in both malignant and normal cells. 

Patients and Methods: Sixty BC female patients were involved in this study 
and received RT at a dose of 40.50 Gray for three weeks, in comparison with 

a matched (number, mean age, and mean BMI) healthy control group. Blood 
samples were obtained one day before and after the end of RT from each 

patient. Serum levels of Malondialdehyde (MDA), Total Serum Bilirubin (TSB), 

Uric Acid (UA), and Albumin (Alb) were analyzed by full-auto 
spectrophotometry or ELISA. T-test and a paired t-test were used to compare 

pre-and post-radiotherapy data with a healthy control group. 
Results: Between the patients’ group before RT and the control group, there 

was a non-significant change in MDA, UA, TSB, and Alb concentration levels. 

In the patients’ group after RT and the control group; and before and after 
RT patients’ group, a significant decrease in Alb levels was observed, while a 

significant increase in MDA levels was found (p< 0.05), while the antioxidant 
defence systems UA and TSB levels had no significant changes (p > 0.05) 

either. 
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BACKGROUND 

Breast cancer (BC) is the most 
prevalent cancer in women, comprising   )24.5 

%) of (9.2 million cases ) of all cancers that they 
are affected within the incident and (15.5%) of 

(4.4 million cases) in mortality [1]. It's also 

worth mentioning that BC affects more than two 
million women each year [2]. According to data, 

the disease's incidence rate is relatively low in 
Asian and African countries, although it is rising 

faster than in other countries [3]. Breast cancer 
is more common in women over 50 [4].  Because 

the actual cause of BC is unknown, it is thought 

to be a complex illness. Several studies have 
revealed that exposure to numerous carcinogens 

increases the chance of cancer, with 
inflammatory variables, dietary parameters, 

obesity, and genetic alterations being the most 

well-known potential causes of BC formation. 

"Currently, surgery, radiotherapy (RT), 
chemotherapy and hormone therapy are 

effectively used for the treatment of cancer 
patients " [5]. After surgery, RT, as one of the 

most regularly used modalities for cancer 

therapy, is capable of destroying any leftover 
cancer cells [6]. Cancer patients require RT for 

either therapeutic or palliative purposes, but this 
beneficial treatment comes with a slew of 

negative side effects [7]. RT has been 
demonstrated to raise the risk of heart disease 

in these people [8][9].  Although the goal of RT 

is to harm just the target organs, skin, bone 
marrow hematopoietic cells, and other tissues 

with a high rate of proliferation will be destroyed 
as well [10][11][12][13]. In tumor cells, RT 

treatment relies on ROS (reactive oxygen 
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species) toxicity, which may damage cellular 

macromolecules such as DNA (deoxyribonucleic 
acid), RNA (ribonucleic acid), microRNAs, 

proteins, and the membrane [14][15][16]. 
Antioxidants such as catalase, glutathione 

peroxidase, and superoxide dismutase protect 

normal cells against radiation damage through 
various enzymatic systems. Non-enzymatic 

systems (lipoid acid, glutathione, L-arginine, 
coenzyme Q10, uric acid, bilirubin, metal-

chelating proteins, and others) might also help 

normal cells scavenge free radicals [17][18]. It 
has been suggested that radiation can cause a 

decline in the level of Alb, UA [19][20], and TSB 
[21] in breast cancer patients. Other studies 

reported that RT could cause an elevation in the 
level of MDA [5][20][22].  

AIM 

RT's impacts on several antioxidant and 
oxidant systems have been investigated. 

However, the results are contradictory. RT has 
been shown to influence the antioxidant and 

oxidant systems in numerous studies 

[21][5][20][22]. In contrast, other research 
have indicated that it has little impact on the 

antioxidant and oxidant systems  [21][23]. As a 
result, the goal of this study was to see how RT 

affected malonaldehyde (MDA), uric acid (UA), 

total serum bilirubin (TSB), and albumin (Alb) 

levels in a sample of Iraqi women who had BC. 
To establish the effects of this sort of therapy on 

biochemical indicators, all the patients were 
followed up on before and after RT. 

 

PATIENTS AND METHODS 
Study Population 

This study was carried out on 60 BC 
patients who had had pathological exams that 

were deemed satisfactory. Each patient's 

demographic and clinical information was 
documented, such as age, clinical stage, BMI, 

and histology grade. The tumor node metastasis 
(TNM) approach was used to assess the BC 

stage [24], as illustrated in table (1,2). All 
patients were given RT two months after 

finishing chemotherapy, and their hematological 

and biochemical markers were normal at the 
start of the trial. For three weeks (five days 

weekly), they were given RT at a dosage of 
40.05 Gray with a fraction size of 2.67 Gray each 

day. Blood samples were taken from all patients 

twice: one day before and one day after the 
completion of RT. The samples were 

centrifuged, and the serums were kept at a 
temperature of -24 °C until the final analysis. 

Table (1): Distribution of Study Participants According to Their Health Status in Relation to Breast 

Cancer, Mean Age, and Body Mass Index. 

 
Study group 

 
Frequency 

 
Percent 

Age 
Mean∓ SD 

 
40 

≥ 

 
40 

< 

BMI 
Mean∓SD 

Breast Cancer group  
60 

 
50 

 
43.47∓9.44 

 
28 

 
32 

 
28.8∓5.02 

      Healthy Control 
group                          

 
60 

 
50 

 
42.21∓9.61 

 
28 

 
32 

 
28.6∓5.03 

 
Total 

 
120 

 
100 

    

 

Table (2): Characteristics of Breast Cancer Patients Who Participated in This Study. 

 N % 

Clinical Stage 

Stage I 2 3.33 

Stage II 20 33.34 

Stage III 36 60 

Stage IV 2 3.33 
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Estradiol Receptor 

Positive 46 76.67 

Negative 14 23.33 

Progesterone Receptor 

Positive 40 66.67 

Negative 20 33.33 

Her-2 

Positive 16 26.66 

Negative 44 73.34 

Histology Type 

IDC 52 86.68 

ILC 4 6.66 

IDC+ILC 4 6.66 

Notes: Age and BMI are expressed as mean ± standard deviation (SD); BMI: Body 
mass index (kg/m2); Her-2: human epidermal growth factor receptor; IDC: invasive 

ductal carcinoma; ILC: invasive lobular carcinoma. 

 

Measurement of Some Antioxidant Status 

Parameters (Alb, TSB, and UA) by Coulometric 
Method 

In this study, some biochemical 
parameters of antioxidant status (Alb, TSB, and 

UA) were evaluated by using a full-auto 

spectrophotometer from Mindray, China.  
Serum total Bilirubin (TSB) was analyzed 

according to the VOX (vanadiate oxidation) 
method. At a pH of 3, the sample's bilirubin is 

oxidized to biliverdine in this test. The bilirubin-
specific yellow absorbance reduces as a result. 

As a result, measuring absorbance before and 

after vanadate oxidation can provide information 
on blood bilirubin concentrations. The TSB 

concentration was expressed in (mg/dL). 
Alb was analyzed with the dye-binding 

methods. The method uses bromocresol green 

(BCG). A blue-green dye complex is formed when 
the anionic dye bromocresol green (BCG) binds to 

Alb at pH 4.2. Blood albumin content is closely 
correlated with blue-green color intensity. The rise 

in absorbance between 580 and 630 nm is used to 

determine the Alb concentration, that was 
expressed in (g/dL). 

UA was determined with Uricase-Peroxidase 
(Uricase-POD) method. By using ascorbic oxidase to 

eliminate the interference of ascorbic acid, the UA is 
catalyzed to produce 𝐻2𝑂2, which oxidizes the 4-

Aminoantipyrine to yield a colored dye of quinoneimine. 

The absorbency decrease is directly proportional to the 
concentration of UA. The UA was expressed in 

(mg/dL) 

 
 

 

MDA Measurement by Sandwich Enzyme-linked 

immunosorbent assay (ELISA) 
The level of MDA, as the level of lipid 

peroxidation, was measured by ELISA kit on an 
ELISA reader from (Sunlong – China), by Sunlong 

Biotech Co., Ltd  ELISA kit, China (catalogue 

numbers: REF-SL1135Hu) employing the 
quantitative sandwich enzyme immunoassay 

technique. The analysis was performed 
according to the manufacturer’s instructions. The 

MDA was expressed in (ng/ml). 
Statistical Analysis 

SPSS version 20 (PASW, USA) was used to 

conduct statistical analysis. The mean± standard 
deviation was used to express the demographic and 

clinical data. The control group was compared to the 
patients' group before radiation and the patients' group 

after radiotherapy using the T-test. To compare before 

and post RT data, a paired t-test was employed, with 
statistical significance (p 0.05) taken into account. 

 
RESULTS AND DISCUSSION 

Tables (2,3 and 4) and Figures (1,2,3 and 4) 

show serum levels of the antioxidant and oxidant 
parameters for the patients' group before RT (G2) and 

the patients' group after the RT (G3) in comparison with 
the healthy control group (G1) 
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Table (3): Results for Control Group (G1) and Patients Group Before Radiotherapy (G2) 

Groups Test 

Name 

Sample 

Size 

Mean SD P-Value 

G1 Alb 60 3.924 0.2573 0.732 

G2 60 3.943 0.3481 

G1 UA 60 3.831 0.7738 0.532 

G2 60 3.730 0.9780 

G1 TSB 60 0.618 0.1223 0.959 

G2 60 0.617 0.1304 

G1 MDA 60 50.250 13.5400 0.361 

G2 60 52.580 14.2900 

 

 
 

Table (4): Results for Control Group (G1) and Patients Group After Radiotherapy (G3). 

Groups Test 
Name 

Sample Size Mean SD P-Value 

G1 Alb 60 3.924 0.2573 0.003** 

G3 60 3.790 0.2168 

G1 UA 60 3.831 0.7738 0.994 

G3 60 3.830 0.6796 

G1 TSB 60 0.618 0.1223 0.207 

G3 60 0.650 0.1535 

G1 MDA 60 50.250 13.5400  

0.000** 
G3 60 74.910 19.2800 

 
Table (5): Results for Patients Group Before Radiotherapy (G2) and Patients Group After Radiotherapy 

(G3). 

Groups Teat 
Name 

Sample 
Size 

Mean SD P-Value 

G2 Alb 60 3.943 0.3481 0.017* 

G3 60 3.790 0.2168 

G2 UA 60 3.730 0.9780 0.522 

G3 60 3.830 0.6800 

G2 TSB 60 0.617 0.1304 0.128 

G3 60 0.650 0.1535 

G2 MDA 60 52.580 14.2900 0.000** 

G3 60 74.910 19.2800 
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Figure (1):  MDA Mean Concentration Levels (ng/ml) for Control Group, Patients Group Before RT, and 

Patients Group After RT. 
The mean distribution of MDA serum levels for 

studied groups are listed in tables (3, 4 and 5) and 

graphic demonstration in figure (1). 
 The results of MDA concentration levels in G2 

and G1 showed there was a non-significant change, and 
that was in agreement with a study done by (Taha I. 

Hewala , Moustafa R. Abo Elsoud, 2019) [23]. Table (4) 
illustrates the effects of RT (which produces FRs and 

promotes lipid peroxidation), which explains why the 

results show a significant increase in MDA in the G3, 
and this is in agreement with the two follow-up studies 

conducted before and after RT: the first, conducted by 
(M. Khalil Arjmandi, et al.) [5], and the second, 

conducted by (H. Youssef and H. Salem) [22]. When 

comparing the same patients, the effect of RT on MDA 
was also found to be statistically significant, as shown 

in table (5); this agreed with (Aqeel Shakir Mahmood, 

2019), that found, “The result shows a high significantly 

increase of MDA levels (p<0.01) when comparing (after 
radiotherapy group) with the same group (before 

radiotherapy)”. Increased MDA levels after radiation 
have been shown to strengthen erythrocyte membranes 

by forming cross-connections with first amino groups of 
proteins or membrane phospholipids. The increase in 

MDA in cancer is linked to oxidative stress, which 

reduces polyunsaturated fatty acid (PUFA) in the plasma 
membrane, and causes mitochondrial malfunction [20]. 

Breast cancer and lipid peroxidation have been proven 
to positively correlate in other research, with lipid 

peroxidation assessed as MDA being greater in the 

breast cancer group than in healthy women in 
numerous investigations [19][25]. 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

Figure (2): Alb Mean Concentration Levels (g/dL) for Control Group, Patients Group Before RT, And 
Patients Group After RT. 
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The mean distribution of Alb serum levels for 
studied groups are listed in tables (3, 4 and 5) and 

graphic demonstration in figure (2). 
Low serum Alb has previously been shown to 

be an independent predictor of poor survival in cancers 

such as gastrointestinal cancer, lung cancer, ovarian 
cancer, nasopharyngeal carcinoma, and breast cancer. 

The lowering of Alb following RT was seen during RT 
exposure in the case of radiation therapy. The structure 

and activities of plasma proteins were altered by free 

radicals. It has been discovered that the modifications 
generated by Alb radicals are linked to antioxidant 

property degradation and can result in severe changes 
in protein stability [20]. In this study, there was not a 

significant variation in Alb when comparing G2 with G1. 
At the same time, there was a significant decrease in 

G3 compared with G1; this result agrees with (A A. R. 
Mahmood, M. R. Abdullah, and H. S. Khalaf) research.  

In response to oxidative stress in cells, the body may 
burn up its stores of antioxidants faster than it can 

produce them, lowering their concentration. Toxins, 

including tumor necrosis factor (TNF) and interleukin 6 
(IL-6), have been shown to decrease Alb synthesis and 

enhance acute-phase protein production in isolated 
hepatocytes, which may explain the decreased Alb 

content [19]. Also, there was a significant decrease in 

Alb concentration before and after RT, and this was in 
agreement with (Aqeel Shakir Mahmood,2019) study 

[20] and That was expected for Alb as an antioxidant 
[26], can be due to the free radicals that were 

generated from RT [24][27].  
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

Figure (3): TSB Mean Concentration Levels (mg/dl), for Control Group, Patients Group Before RT, and 
Patients Group After RT.  

 
The mean distribution of TSB serum levels for 

studied groups are listed in tables (3, 4 and 5) and 

graphic demonstration in figure (3). 
Total bilirubin concentration reflects the liver's 

functional transport capability and has strong 
antioxidant effects. This might be attributed to lower 

hepatocyte damage and no increase in haemoglobin 
breakdown in BC patients. The production of 

apolipoprotein D by unconjugated bilirubin reduced BC 

cell line proliferation in a dose-dependent way, which 
might explain the small decrease of bilirubin reported in 

BC patients with high triglyceride levels in an attempt to 
minimize BC cell growth [28]. This study showed 

insignificant change in TSB concentration between the 

G1 and G2, the G1 and G3, and the G2 and G3. As 

shown in tables (3,4 and 5) and figure (3), and our 

results in agreement with (G. Krishna Veni et al. (2011)) 

[21], that was observed an insignificant change in the 
levels of TSB. The study was done by (N. So, S. O. 

Nwozo, et al.,2013) also reported that TSB was a non-
significant decrease in the bilirubin level when 

compared with control. Despite taking a group of 
patients on chemotherapy/radiotherapy and immune 

booster supplements (a combination of essential 

vitamins and minerals), this study agreed with it. 
Because, following surgery, most cancer patients 

receive a combination of radiation and/or 
chemotherapy, which might increase oxidative 

stress.[28] 
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Figure (4): UA Mean Concentration Levels (mg/dl) for Control Group, Patients Group Before RT, and 
Patients Group After RT. 

 
The mean distribution of UA serum levels for 

studied groups are listed in tables (3,4 and 5) and 

graphic demonstration in figure (4). 
This study showed a statistically non-significant 

change in UA concentration between the G1 and G2, 
the G1 and G3, and the G2 and G3. UA is derived 

exclusively from xanthine and hypoxanthine by xanthine 
oxidoreductase (XOR), and it is in agreement with 

(Mahmood AR, Abdullah MR, and Khalaf HS (2018)), 

who observed a non-significant increase in G1 and 
patient groups (P>0.05) [19]. And this was in 

disagreement with (G. Krishna Veni et al. (2011)) that 
observed a significant increase in the levels of UA [21]. 

In contrast, in (Aqeel Shakir Mahmood 2019) study, he 

observed A significant change (decrease) in UA 
concentration levels at (p<0.05) in comparison of the 

RT group with the before RT group. Assuming UA is an 
effective antioxidant and protective agent, it might help 

prevent cancer by avoiding the creation of oxygen 

radicals, which in turn would help prevent the incidence 
of cancer. In scientific research, uric acid and cancer 

have been linked several times [20]. 
 

CONCLUSIONS 
 This study revealed some interesting outputs 

that we summarise: an increase in the oxidative stress 

biomarker and a decrease in the levels of antioxidants 
that arise from exposure of body cells to radiotherapy.  

 
RECOMMENDATIONS 

 Antioxidants should be used after RT for BC 

patients to reduce the danger of activating another 
carcinogenic process and ultimately increase the patient 

survival rate. To obtain obvious correlations, the sample 
size should be increased in any future work. Also, dose 

dependents follow up study should be done to obtain a 

detailed change in biomarker 

 
ACKNOWLEDGMENTS: The authors would like to 

thank the patients, the healthy volunteers, the staff in 
Alamal national hospital for cancer management 

hospital and laboratory technicians for their expert work 
in collecting the samples and useful assistance. 

 

REFERENCES  
1. J. Ferlay et al., “Cancer statistics for the year 

2020: An overview.,” Int. J. cancer, vol. 149, 
no. 4, pp. 778–789, Apr. 2021, doi: 

10.1002/ijc.33588. 

2. M. Maes‐Carballo, I. Muñoz‐Núñez, M. Martín‐
Díaz, L. Mignini, A. Bueno‐Cavanillas, and K. S. 

Khan, “Shared decision making in breast cancer 
treatment guidelines: Development of a quality 

assessment tool and a systematic review,” 

Heal. Expect., vol. 23, no. 5, pp. 1045–1064, 
Oct. 2020, doi: 10.1111/hex.13112. 

3. H. Sung et al., “Global Cancer Statistics 2020: 
GLOBOCAN Estimates of Incidence and 

Mortality Worldwide for 36 Cancers in 185 
Countries,” CA. Cancer J. Clin., vol. 71, no. 3, 

pp. 209–249, May 2021, doi: 

10.3322/caac.21660. 
4. A. Montazeri et al., “Breast cancer in Iran: need 

for greater women awareness of warning signs 
and effective screening methods,” Asia Pac. 
Fam. Med., vol. 7, no. 1, p. 6, 2008, doi: 

10.1186/1447-056x-7-6. 
5. M. Khalil Arjmandi et al., “Pre and post 

radiotherapy serum oxidant/antioxidant status 
in breast cancer patients: Impact of age, BMI 



 

 

World Bulletin of Public Health (WBPH)  
Available Online at: https://www.scholarexpress.net 
Volume-9, April 2022 
ISSN: 2749-3644 

 

 
60 

and clinical stage of the disease,” Reports Pract. 
Oncol. Radiother., vol. 21, no. 3, pp. 141–148, 
May 2016, doi: 10.1016/j.rpor.2015.12.009. 

6. P. Murawa, D. Murawa, B. Adamczyk, and K. 
Połom, “Breast cancer: Actual methods of 

treatment and future trends,” Reports Pract. 
Oncol. Radiother., vol. 19, no. 3, pp. 165–172, 
2014, doi: 10.1016/j.rpor.2013.12.003. 

7. C. K. K. NAIR, D. K. PARIDA, and T. NOMURA, 
“Radioprotectors in Radiotherapy,” J. Radiat. 
Res., vol. 42, no. 1, pp. 21–37, 2001, doi: 

10.1269/jrr.42.21. 
8. S. C. Darby et al., “Risk of Ischemic Heart 

Disease in Women after Radiotherapy for 
Breast Cancer,” N. Engl. J. Med., vol. 368, no. 

11, pp. 987–998, 2013, doi: 
10.1056/nejmoa1209825. 

9. C. L. Shapiro et al., “Cardiac effects of adjuvant 

doxorubicin and radiation therapy in breast 
cancer patients.,” J. Clin. Oncol., vol. 16, no. 

11, pp. 3493–3501, Nov. 1998, doi: 
10.1200/JCO.1998.16.11.3493. 

10. J. L. Harper, L. E. Franklin, J. M. Jenrette, and 

E. G. Aguero, “Skin Toxicity During Breast 
Irradiation: Pathophysiology and 

Management,” South. Med. J., vol. 97, no. 10, 
pp. 989–993, Oct. 2004, doi: 

10.1097/01.SMJ.0000140866.97278.87. 
11. M. A. Rochelle E. Curtis et al., “Risk of Leukemia 

after Chemotherapy and Radiation Treatment 

for Breast Cancer,” Massachusetts Med. Soc. 
All, vol. 326, no. 26, pp. 1745–1751, 1992. 

12. M. N. Alam, N. J. Bristi, and M. Rafiquzzaman, 
“Review on in vivo and in vitro methods 

evaluation of antioxidant activity,” Saudi 
Pharm. J., vol. 21, no. 2, pp. 143–152, Apr. 
2013, doi: 10.1016/j.jsps.2012.05.002. 

13. K. Hojan and P. Milecki, “Opportunities for 
rehabilitation of patients with radiation fibrosis 

syndrome,” Reports Pract. Oncol. Radiother., 
vol. 19, no. 1, pp. 1–6, Jan. 2014, doi: 
10.1016/j.rpor.2013.07.007. 

14. A. Marín et al., “Bystander effects and 
radiotherapy,” Reports Pract. Oncol. 
Radiother., vol. 20, no. 1, pp. 12–21, 2015, doi: 
10.1016/j.rpor.2014.08.004. 

15. M. Halimi, S. M. Asghari, R. Sariri, D. Moslemi, 

and H. Parsian, “Cellular Response to Ionizing 
Radiation: A MicroRNA Story.,” Int. J. Mol. Cell. 
Med., vol. 1, no. 4, pp. 178–184, 2012, 
[Online]. Available: 

http://www.ncbi.nlm.nih.gov/pubmed/245517

75%0Ahttp://www.pubmedcentral.nih.gov/arti
clerender.fcgi?artid=PMC3920513. 

16. M. Halimi et al., “Clinical translation of human 
microRNA 21 as a potential biomarker for 

exposure to ionizing radiation,” Transl. Res., 
vol. 163, no. 6, pp. 578–584, Jun. 2014, doi: 
10.1016/j.trsl.2014.01.009. 

17. L. A. Pham-Huy, H. He, and C. Pham-Huy, “Free 
radicals, antioxidants in disease and health.,” 

Int. J. Biomed. Sci., vol. 4, no. 2, pp. 89–96, 

Jun. 2008, doi: 10.17094/ataunivbd.48325. 
18. V. Sindhi, V. Gupta, K. Sharma, S. Bhatnagar, 

R. Kumari, and N. Dhaka, “Potential 
applications of antioxidants – A review,” J. 
Pharm. Res., vol. 7, no. 9, pp. 828–835, Sep. 

2013, doi: 10.1016/j.jopr.2013.10.001. 
19. A. R. Mahmood, M. R. Abdullah, H. S. Khalaf, 

and Department, “Estimation of Some Trace 
Elements and Antioxidant Status in Breast 

Cancer Patients Undergoing Radiotherapy,” J. 
Glob. Pharma Technol., vol. 10, no. 6, pp. 213–

217, 2018, [Online]. Available: www.jgpt.co.in. 

20. A. S. Mahmood, “Biochemical Study and 
Immunohistochemistry of Breast Cancer after 

and before Radiotherapy,” Indian J. Public Heal. 
Res. Dev., vol. 10, no. 5, pp. 376–381, 2019, 

doi: 10.5958/0976-5506.2019.00993.8. 

21. G. K. Veni, D. B. Rao, D. M. Kumar, B. Usha, V. 
M. Krishna, and T. R. Rao, “Clinical evaluation 

of oxidative stress in women with breast 
cancer,” Recent Res. Sci. Technol., vol. 3, no. 

1, pp. 55–58, 2011. 
22. H. Youssef and H. Salem, “Oxidative Stress 

Parameters in Patients with Breast Cancer 

before and after Radiotherapy,” Egypt. J. 
Radiat. Sci. Appl., vol. 32, no. 2, pp. 0–0, Oct. 

2019, doi: 10.21608/ejrsa.2019.15164.1079. 
23. M. R. Abo Elsoud and T. I. Hewala, “The clinical 

significance of serum oxidative stress 

biomarkers in breast cancer females,” Med. 
Res. J., vol. 4, no. 1, pp. 1–7, 2019, doi: 

10.5603/mrj.a2018.0039. 
24. M. Beyzadeoglu, G. Ozyigit, and C. Ebruli, Basic 

Radiation Oncology. Berlin, Heidelberg: 

Springer Berlin Heidelberg, 2010. 
25. H. F. A. E. F. and E. T. L. Rasha A. A. Elsayed1, 

Zeinab E. M. Hanafy1, Motawa E. El-Housein2, 
“Oxidant antioxidant parameters in breast 

cancer patients and its relation to VEGF, TGF-β 
or Foxp3 factors,” cancer Biol., vol. 9, no. 1, pp. 

5–17, 2019, doi: 10.7537/marscbj090119.02. 

26. M. J. Ramírez-Expósito et al., “Redox status in 
the sentinel lymph node of women with breast 

cancer,” Ups. J. Med. Sci., vol. 122, no. 4, pp. 
207–216, Oct. 2017, doi: 

10.1080/03009734.2017.1403522. 

27. R. Baskar, K. A. Lee, R. Yeo, and K. W. Yeoh, 
“Cancer and radiation therapy: Current 

advances and future directions,” International 
Journal of Medical Sciences, vol. 9, no. 3. pp. 



 

 

World Bulletin of Public Health (WBPH)  
Available Online at: https://www.scholarexpress.net 
Volume-9, April 2022 
ISSN: 2749-3644 

 

 
61 

193–199, 2012, doi: 10.7150/ijms.3635. 

28. N. So, S. O. Nwozo, O. Solomon, O. O. 
Abimbola, and D. O. Kikelomo, “Comparative 

Study of Biochemical and Nutritional Status of 
Breast Cancer Patients on Chemotherapy / 

Radiotherapy in Ibadan,” Am. Journals Cancer 
Sci., vol. 1, no. 1, pp. 1–10, 2013, [Online]. 
Available: http://ivyunion.org/index.php/ajcs/. 

 
 


