
ABSTRACT
The second most common cancer of the Thyroid gland is FollicularThyroid Carcinoma (FTC), second only to papillary carcinoma. 
Resveratrol, a natural polyphenolic compound that has anti-oxidative, anti-inflammatory and apoptotic properties, appears 
to have substantial cardioprotection and cancer-prevention properties. Furthermore, resveratrol is thought to be responsible 
for regulating several biological processes, such as metabolism and aging, through the modulation of the mammalian silent 
information regulator 1 (SIRT1) of the Sirtuins family. The purpose of this study is evaluating erythrocyte malondialdehyde’s 
(MDA) role in the indication of the oxidative status in follicular thyroid carcinoma patients and investigating the therapeutic 
effect of resveratrol, a potent antioxidant, upon oxidative stress levels in thyroid cancer in vitro. Malondialdehyde was evaluated 
in erythrocyte of follicular thyroid cancer patients after and before treatment with sodium stibogluconate. Cytotoxicity by MTT 
assay and intracellular reactive oxygen species (ROS) levels was measured after resveratrol treatment on follicular thyroid 
carcinoma FTC-133 cell line. The results of this study confirmed that150 μM Resveratrol inhibited proliferation of FTC-133 
thyroid cancer cell line in vitro by 88% after 72hand treatment with 50-200μM Resveratrol reduced ROS levels. To sum up, 
considering its mode of action, resveratrol might have an important role in providing a source for natural antitumor agents, a 
fact that would have great therapeutic potential in integrated oncology.
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INTRODUCTION
The definition of Oxidative stress is: “an imbalance between 
oxygen-derived free radicals production and their removal 
by antioxidants”.1 In cases of mild oxidative stress, the 
response of the tissues is the increase in antioxidant defenses 
production, but in cases of severe oxidative stress, cell injury 
and death often occur. Cell Death induced by free radicals can 
proceed as necrosis or apoptosis.2 Furthermore, the causes of 
increased oxidative stress at a cellular level are numerous, 
including trauma, infections, toxins, poor diet, exposure to 
alcohols, medications, cold, radiation, or strenuous physical 
activity.3 The oxidants that are typically generated in biological 
systems such as hypochlorite, hydroxy radical, peroxyl 
radical, peroxynitrite are highly reactive, and have half-lives 
of only a few seconds.4 In contrast, some modified biological 
macromolecules have long half-lives in comparison, that could 
be hours to weeks, and therefore, modified lipids, proteins, and 
nucleic acids in tissues can act as reporter groups indicating the 
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presence of oxidative stress. Among these modified molecules 
are malondialdehyde, isoprostanes, nitrotyrosine, breath 
alkanes,5 and several others that have been established or 
proposed. Malondialdehyde (MDA) is the most commonly used 
marker that aims to detect the occurrence of oxidative stress 
in biological systems. Approximately 20% of end-products 
derived from oxidative damage of lipids in vitro are MDA. 
Others are short- and long-chain aldehydes, ketones, alkanes, 
and diens. The cytotoxicity effects of aldehydic carbonyl 
compounds arise from their ability to react with cellular 
biomolecules and forming a duct, which in turn cause the cell 
to lose its biological function.6 In biological systems, MDA 
is present in both, free and bound forms. Some MDA results 
from lipid peroxidation in vivo, and goes into the circulation of 
body fluids either protein-bound or in the free form. Another 
portion of MDA is formed in vitro, as a result of decomposition 
of lipid hydro peroxides. Malonaldehyde is a significant 
byproduct of the synthesis of prostaglandins by enzymes 
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and is removed by renal clearance. During Throxin synthesis 
by utilization of H2O2, it is common for oxidative stress to 
develop in the thyroid tissue, or when ROS is produced by the 
inflammation, and when the tumor has active proliferation.7,8 
Follicular thyroid cancer (FTC) is a relatively rare form of 
thyroid cancer, as it accounts for about 4% to 39% of combined 
malignancies of the Thyroid,9 and they don’t constitute a large 
proportion of the study cohorts for thyroid cancer.10-16 Despite 
classified collectively as well-differentiated papillary (PTC) 
and follicular thyroid cancer (FTC), the two types each have 
distinct clinical and pathologic features, biologic behavior, 
and different clinical outcomes.12-15 FTC is more aggressive 
than PTC and has a worse prognosis. Patients were suffering 
from FTC present with diseases in a more advanced stage, 
and with a higher rate of distant metastases due to the tumor’s 
tendency to invading the vascularity. This study was carried 
out to explain the effect of the thyroid carcinoma on the lipid 
peroxidation process by measuring the MDA level in the 
erythrocyte patients of follicular thyroid cancer to look if it 
can mark the degree and type of the disorder. Additionally, in 
the present studies, treatment of human thyroid cancer cells 
with the naturally occurring polyphenol, Resveratrol, that has 
been tested as a prophylactic anti-cancer agent andreduced 
ROS levels by activated SIRT1 enzyme via the mechanisms 
as shown in Figure 1.

It is predicted that the elevation in SIRT1 enzyme’s level 
in the cancer cells treated with resveratrol lead to inhibited the 

NF-κB by decreasing nuclear p65 protein, the subunit of NF-κB 
and decreasing DNA binding through direct deacetylation, 
(Merksamer et al., 2013) which reported that the increased 
activity of SIRT1 enzyme leads to inhibiting NF-κB by 
SIRT1, which can be blocked cytokine-induced NF-κB and 
led to downstream gene iNOS.18 This, in turn, led to decrease 
ROS level as was found in the results obtained in this study. 
According to the results of mechanisms, the treated resveratrol 
on FTC-133 thyroid cancer cell line and its ability to inhibited 
these cancer cell line, resveratrol can be used in the future to 
the FTC treatment.

MATERIAL AND METHODS

Samples
A total of one hundred cases were enrolled in the study. A 
total of 60 cases were collected from the medical city hospital 
in Baghdad, being newly diagnosed with follicular thyroid 
carcinoma (FTC), and followed up after 4 weeks of complete 
chemotherapy using Sodium Stibogluconate. A control group 
of 50 healthy people was selected, having similar ages and sex 
as the therapy group. Group of the patients before treatment 
were also compared with their follow-up.

EDTA vials were used to take 5mL of blood as samples. 
In this study, we used chemicals and reagents of analar grade 
unless otherwise specified and were obtained from Sigma 
chemicals USA, Fluka, A.G., Germany, (BDH) chemicals Ltd., 
England and Hopkins and Williams, England.

Figure1: Relationship between ROS and SIRT1 (17).

Reaction between MDA and TBA

MDA ChromogenTBA
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Biochemical test includes erythrocyte (MDA) was determined 
in controls and FTC patients (before and after treatment) 
as an indicator for the oxidative status in follicular thyroid 
carcinoma patients.

MDA assay: 
Ohkawa et al.’s 197919 method with minor modification from 
Hirayama et al. 2002 (20) was used in the assay of (MDA). 
Condensation of 2 molecules of TBA with 1-molecule of 
MDA was done, and the reaction resulted in the formation 
of thiobarbituric acid-reactive substances (TBA-RS). This 
generated a reddish chromogen that could absorb light that 
had the wavelength of (532) nm.

Hemoglobin concentration: 
A Hemoglobin kit (Randox) procedure no. 540-UV was used to 
follow Hb. Hemoglobin is oxidized to Methemoglobin through 
the action of alkaline potassium ferricyanate, which reacts with 
potassium cyanide afterward forming Cyanomethaemoglobin, 
which is capable of absorbing light of wavelength (540) nm. 
The total Hemoglobin concentration directly relates to the 
intensity of absorbance. 

Cell lines and Cultures:
Human follicular thyroid carcinoma (FTC-133) cells were 
cultured in DMEM: Ham’s F12 (1:1) + 2mM Glutamine + 10% 
Fetal Bovine Serum (FBS) + 1% Penicillin-Streptomycin-
Amphotericin B. Cells were cultured in 75 cm2 flasks and 
incubated in 5% CO2/95% humidified air at 37°Celcius.

In Vitro Cytotoxicity Assay: 
In 96-well plates, 5,000 /4,000 /3,000 FTC-133, cells were 
seeded in 100μL of complete medium per well for test periods 
of 24, 48 and 72h respectively. The next day, cells were treated 
with 150 µM Resveratrol. The plates were then incubated at 5% 
CO2/95% humidified air at 37°Celcius until the day of assay. 
MTT (3-[4,5-dimethylthiazol-2-yL]-2,5 diphenyltetrazolium 
bromide) was prepared at 3mg/mL in PBS, 30μL of this 
solution was added to each well and incubated for 4 hours at 
37°Celcius. Following incubation, the liquid was removed, and 

100μL of DMSO were placed in each well with lightly shaking 
for 15 minutes. The optical density of the solution was read 
at 540nm and corrected for background absorbance at 650nm 
on a Multiscan reader. 

Measurement of intracellular reactive oxygen species 
(ROS) production: 
Intracellular reactive oxygen species (ROS) production was 
evaluated in 50-200 µM Res. treated cells and in control, cells 
using 2’, 7’-dichlorofluorescein diacetate (DCFDA) (Abcam, 
ab113851, UK). A 100µl from (FTC-133) cells suspensions 
were dispensed into 96-well flat clear-bottom dark sided 
tissue culture plates (Falcon) at concentrations of 25,000 cells 
per well and incubated 24h under standard conditions. After 
24-hour, the cells were treated with 50-200 µM resveratrol, 
then exposed to 50 µM tert-butyl hydrogen peroxide (TBHP) 
before and after 4-hour from adding the resveratrol. After a 
recovery period 6h, the cell culture medium was removed 
and washed the cells in 100 μl/well 1x buffer, then 1x buffer 
was removed and cells stained by adding 100 μl/well of the 
DCFDA solution (10 μL of 20 Mm DCFDA solution with 10 
mL 1x buffer). The Culture was incubated with the DCFDA 
solution for about 45min at 37°C. After that DCFDA solution 
was removed and 100 μl/well 1x buffer were added. In each 
well, Fluorescent units were measured using luminometer 
microplate readers (BMG LABTECH, Germany) fluorescence 
measurement system with an excitation wavelength of 485 nm 
and an emission wavelength of 535 nm.

STATISTICAL ANALYSIS
All isolated values, expressed as mean ± SD, were analyzed 
with the Student’s t-test. P-values less than 0.05 and 0.01 were 
measured to be significant and highly significant respectively. 
Results were obtained for three independent experiments, 
and analysis of data was performed using the software SPSS 
package.

RESULTS
Table (1) showed the mean ± SD of erythrocyte (MDA) level 
expressed (n mol/gHb) in healthy (control) and follicular 

Table 1: Biostatistical calculations and student (t-test) of erythrocyte (MDA) level for healthy control and FTC patients (group1 and group2).

Erythrocyte (MDA) level mol/gHb Control
Follicular thyroid carcinomapatients
Group (1) Group (2)

Sample size (n.) 50 60 40

Mean ±SD 4.34 ± 1.32 8.18 ± 2.3 5.11 ± 2.07

Probability p < 0.001** p < 0.005**
p- Value ≤ 0.05.* significant, p- value <0.01** highly significant

Table 2: Hemoglobin concentration for healthy control and FTC patients (group1 and group2) using student (t-test) 

Hb concentrationg/dL control
Follicular thyroid carcinoma patients
Group (1) Group (2)

Sample size (n.) 50 60 40

Mean ± SD 13.0 ± 1.39 6.96 ± 2.5 10.9 ±1.63

Probability p < 0.005** p < 0.001**
p- Value ≤ 0.05.* significant, P- value < 0.01** highly significant
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thyroid carcinoma (FTC) patients. The patients divided into 
group1 (before treatment)and group 2 (after 4-week treatment). 
Erythrocyte (MDA) level was significantly higher in group 1 
(8.18 ± 2.3) compared with control (4.34 ± 1.32) with p-value  < 
0.001**. After treatment group 2, erythrocyte (MDA) level 
was decreased, but it remained high significantly above the 
control (p < 0.005**). Hemoglobin (Hb) concentration was 
significantly lower in group 1 (6.96 ± 2.5) versus to control 
(13.0± 1.39) with p -value < 0.005**. Also, after treatment group 
2, Hb concentration was increased, but it remained significantly 
below of the control (p < 0.001**) as shown in Table 2.

Effect of Resveratrol on FTC-133 cells viability 
In the current study, the effect of resveratrol on FTC-133 thyroid 
cancer cell line viability was evaluated. FTC-133 cells were 
treated with 150 μMResveratrol and 50μM of Cizplatin as 
control at 24, 48, and 72h. The results show that the Resveratrol 
significantly decreased the viability of the cells of FTC-133 in 
this concentration (38.5, 33 and 11.7%) at 24, 48 and 72 hours 
respectively versus to 50μM of Cizlatain (37, 20and 11%) at 
the same incubation time, as illustrated in Figure 2.

ROS production of FTC-133 cells line
To investigate antioxidative effect of resveratrol, the ability to 
avoid the production of ROS in FTC-133, was evaluated. As 

shown in Figure 3, FTC-133 cell lines were incubation with 
different concentration of Resveratrol (50-200µM) at 6h were 
slightly decreased the levels of endogenous ROS by using the 
fluorescent probe called DCF. When cells were exposed to 50 
µM TBHP (tert-Butyl hydroperoxide (tBuOOH) is an organic 
peroxide widely used in a variety of oxidation processes), a 
marked increase was observed in the intracellular ROS level (p 
˂ 0.005). In fact, when cells were pre-incubated with different 
concentration of resveratrol (50-200µM) for 4h ourbefore 
being exposed to 50 µM TBHP, the levels of ROS noticed 
after 45 minute were increased than the same cells which were 
pre-treated with Resveratrol only (p ˂ 0.05). When the same 
cells were exposed to 50 µM TBHP before adding 50-200µM 
resveratrol, the ROS level observed after 45 min were increased 
significantly than cells of control and cells were pre-treated 
with Resveratrol firstly (p < 0.005). The 200µM Resveratrol 
was significantly decreased the ROS level on FTC-133 cell 
lines compared with 50µM resveratrol, p < 0.005.

DISCUSSION
Current work has study the erythrocyte malondialdehyde 
(MDA) as a sign for the oxidative status in patients suffering 
from follicular thyroid carcinoma. In addition, data about the 
inhibitory effect of resveratrol on cells viability and on ROS 

Figure 2: In vitro study, cell viability percentage of the FTC-133 thyroid cancer cell line was evaluated by MTT assay in 96-well plates following 
24, 48 and 72h treated with 150 µM Resveratrol and 50μM of Cizplatin. Results are represented as % mean ± SEM of cells viability for triplicate 

experiments. 

Figure 3: Effects of Resveratrol on intracellular ROS production in FTC-133 cells, using DCF as a fluorescent probe. Cells were pre-incubated 
with the 50-200 µM of Resveratrol, then cells were exposed to 50 µM TBHP (Tert-Butyl Hydrogen Peroxide) before and after 4h from adding 

the Resveratrol. After a recovery period 6h, the culture was incubated with the DCFDA solution for about 45min at 37° C. DCF fluorescence was 
measured at an excitation wavelength of 485 nm and an emission wavelength of 535 nm. The results represent the mean ± SEM of three different 

experiments performed in triplicate. p < 0.005.
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production as an antioxidant in thyroid cancer cells (FTC-133)
were obtained. 

The fact of the antioxidant scavengers cannot be able 
to scavenge the excess produced oxygen free radicals; the 
oxidative stress will take place. Then these free radicals can 
damage important biomolecules like lipids, proteins, and DNA. 
When peroxidation of these vital molecules occurs, a variety 
of carcinogen and mutagen factors will produce.21,22

Yehet al. and Sheebaet al.reported an increase in the 
concentration of MDA in breast cancer patients compared to 
normal ones.22,23 In addition to many studies, cited that MDA 
level was increased in lung cancer, gastric cancer, cervical 
cancer compared to normal.24-26This data agreement with 
our result that showed a high concentration of MDA in cancer 
patients after and before treatment compared to the healthy 
group (Table 1).

Another study demonstrated the mean of MDA level in the 
healthy group (5.107±2.32 nmol/ml) while the mean of MDA 
level in oral pre-cancer and oral cancer was 9.33 ± 4.89 nmol/
mL and 14.34 ± 1.43 ηmol/mL respectively. That means there 
was a significant increase in serum MDA of the oral pre-cancer 
and oral cancer patients.27 This lead to conclude that high level 
of MDA in cancer leads to damage DNA of these cells via 
lipid peroxidation induction28 or may via the role of ROS in 
aetiopathogenesis of cancers.

According to the present data, the hemoglobin concentration 
was reduced in cancer patients before treatment (6.96 ± 2.5) 
and again elevated after treatment (10.9 ± 1.63) but still less 
than normal (13.0 ± 1.39) as illustrated in Table 2.

In Two previous studies, the authors recorded that 
MDA levels increased and rat fragility of red blood cells 
decreased after radiotherapy, that mean the radiotherapy 
effect on biophysical characteristics of the erythrocyte(RBCs) 
membrane.29,30 During treatment, the effect of free radicals on 
theRBCs membrane and cytoskeleton can cause defect and 
hemolysis in the red blood cells and hemoglobin leakage.31 

While another study concluded different results,Plasma level 
of MDA and erythrocyte osmotic fragility (OF) increased 
during after and before treatment with chemotherapy and 
radiotherapy, but without significant statistical difference due 
to resistance of the erythrocyte membrane to hemolysis.32

Present data revealed that 150 μM of Resveratrol 
significantly decrease the viability of the cells of FTC-133 
(38.5, 33 and 11.7% ) at 24, 48 and 72h respectively versus to 
50μM of Cizplatin (37, 20and 11%) at the same of incubation 
time (Figure 2). 

Recently, in order to evaluate the effects of Resveratrol 
(RES) and Triacetylresveratrol (TRES) on cell viability of 
pancreatic cancer include PANC-1 and BxPC-3 cells lines, 
these two drug used at a concentration range of 0–200 μMin 
24 h, 48 h, and 72 h. BxPC-3 cells were more susceptible to 
TRES and RES, especially when the concentrations of them 
reached 50 μM after 48 hours. Compared to TRES, RES 
had significantly effects to inhibit the cell viability in both 

cells line at different time, Also in this study, they noted that 
after seeded with 100 μM TRES and RES for 48 h, the cell 
viability of PANC-1 cells were 90.66 ± 1.89% and 60.81 ± 
5.39% (p  <0.01), and the cell viability of BxPC-3 cells were 
56.94 ± 2.10% and 34.11 ± 1.38%, respectively with P  <0.01.
These outcome suggested that the up-regulation of Bim and 
Puma proteins and down-regulation of Mcl-1 protein might be 
leading to apoptosis induced by RES and TRES in pancreatic 
cancer cells.33 These results go in line with our study, which 
means the follicular thyroid carcinomas sensitive to resveratrol 
and this treatment had anticancer activities especially after72 
hour (Figure 2).

Another study investigated that treatment with resveratrol 
(0–50 mmol/L for 24 hours) in androgen-responsive human 
prostate carcinoma (LNCaP) cells. The results in this study 
cited that a significant drop off in cell viability: decrease of 
clonogenic cell survival: inhibition of androgen (R1881)-
stimulated growth and induction of apoptosis in LNCaP cells. 
While the same concentrations of resveratrol not affected on 
the viability or apoptosis in normal prostate cells.This may 
attribute to resveratrol causes inhibition of phosphatidylinositol 
3-kinase/Akt activation that in sequence, modulation in Bcl-2 
family proteins in such a mode that the apoptosis of LNCaP 
cells is promoted.34

Generally, low resveratrol doses (0.1–1.0 µg/mL) has been 
considered to increase cell proliferation, but high doses 
(10.0–100.0 µg/mL) induces apoptosis and decrease mitotic 
activity on endothelial cells and human tumors.35 Two 
resveratrol actions on colon cancer cells (HT-29) death and 
growth were observed, at low concentrations (1 and10 µmol/L), 
resveratrol increased cells number, while at higher doses (50 
or 100 µmol/L) this drug reduced cells number and increased 
apoptotic or necrotic cells percent.36 

As we know, resveratrol significantly decreased cell 
viability and induce cell death in many human cancer cells.37-39 

Notably within present data, ROS production significantly 
reduced in (FTC-133)cells seeded with many concentration 
(50,100,150 and 200 µM) of Resveratrol using 50 µM TBHP 
before and after 4h incubation time (Figure 3). This agrees with 
new research demonstrated that Resveratrol inhibits pancreatic 
cancer cells (PCCs) invasion, migration and glycolysis 
throughout suppression of ROS in addition to miR-21-
mediated activation, which the expression in PSCs was down-
regulated after RSV treatment in these cells.39 In addition, 
after treatment with Resveratrol(50 μM), the expression 
and activity of sirtuin-1(SIRT1) were activated leading to 
induces chondrosarcoma cell apoptosis via deacetylating 
the p65-NF-κB complex, that is mean the p65-NF-κB will  
reduce.38

In the other side, our results differ from another study 
reported that the use of resveratrol drug may increase 
intracellular ROS in ovarian cells CSCs and other cancer kinds. 
They recommend that increase intracellular ROS in ovarian 
cells might be useful, with or without resveratrol, as cancer 
therapy.37 Resveratrol caused apoptosis and autophagy via the 
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production of ROS, which indicate that ROS controls apoptosis 
and autophagy in Res-treated HT-29 colon cancer cells.40

CONCLUSIONS
Considering the mode of action, resveratrol might be 
considered as a promising source of natural antitumor agents 
which might have therapeutic potential in integrated oncology.

ACKNOWLEDGMENT
The authors gratefully thank Al-Mustansiriyah University/ 
college of pharmacy for supporting and providing the practical 
platform to precede this work.

REFERENCES
 1. Haliwell B. and Gutteridge J.M.C. (1999). “Free Radicals in 

Biology and Medicine”. 3 rd ed.; pp 20- 66; Oxford University 
Press. 

 2. Esworthy,RS., Ho,YS., and Chu,FF. (1997). “The GPXI gene 
encodes niitochondrial glutathione peroxidase in the mouse 
liver.” Arch. Biochem.Biophys, 340:59-63.

 3. Cutlur R. G., Plummer J., Chowdhury and Heward C. (1999). 
“Oxidative Stress Profiling: Part II. Theory, Technology, and 
Practice”. Ann. N.Y. Acad. Sci., 1055(1): 136 - 158. 

 4. Shimizu T, Numata T, and Okada Y. (2004). “A role of reactive 
oxygen species in apoptotic activation of volume-sensitive Cl 
- channel”. PNAS, 101 (17): 6770-6773.

 5. Aghdassi E. and Allard J.P. (2000). “Breath alkanes as a marker 
of oxidative stress in different clinical conditions”. Free Radical 
Biology and Medicine. 28(6): 880-886.

 6. O’Brien PJ, Siraki AG, Shangari N. (2005). “Aldehyde sources, 
metabolism, molecular toxicity mechanisms, and possible 
effects on human health.” . Crit Rev Toxicol, 35(7):609-62.

 7. Yanagawa T, Ishikawa T, Ishii T, Tabuchi K. (1999). Peroxire-
doxin I expression in human thyroid tumours. Cancer Lett. 
145:127-32

 8. Fujita T. (2002). Formation and removal of reactive oxygen 
species, lipid peroxides and free radicals, and their biological 
effects. Yakugaku Zasshi, 122:203-18.

 9. Thompson, L.D., Wieneke, J.A., Paal, E., Frommelt, R.A., 
Adair, C.F. and Heffess, C.S. (2001). A clinicopathologic study 
of minimally invasive follicular carcinoma of the thyroid gland 
with a review of the English literature. Cancer, 91(3): pp.505-
524.

 10. Cady B, Rossi R, Silverman M, et al. (1985). Further evidence 
of the validity of risk group definition in differentiated thyroid 
carcinoma. Surgery. 98:1171–1178. 

 11. Cady, Rossi R. (1988). An expanded view of risk-group 
definition in differentiated thyroid carcinoma. Surgery, 
104:947–953. 

 12. Simpson WJ, McKinney SE, Carruthers JS, et al. (1987). 
Papillary and follicular thyroid cancer: prognostic factors in 
1578 patients. Am J Med. 83:479–488.

 13. Cunningham MP, Duda RB, Recant W, et al. (1990). Survival 
discriminants for differentiated thyroid cancer. Am J Surg. 
160:344–347.

 14. Lerch H, Schober O, Kuwert T, et al. (1997). Survival of 
differentiated thyroid carcinoma studied in 500 patients. J 
ClinOncol. 15:2067–2075. 

 15. Loh KC, Greenspan FS, Gee L, et al. (1997). Pathological tumor-
node-metastasis (pTNM) staging for papillary and follicular 

thyroid carcinomas: a retrospective analysis of 700 patients. J 
Clin Endocrinol Metab. 82:3553–3562. 

 16. Tsang RW, Brierley JD, Simpson WJ, et al. (1998). The effects 
of surgery, radioiodine, and external radiation therapy on 
the clinical outcome of patients with differentiated thyroid 
carcinoma. Cancer. 82:375–388. 

 17. St-Pierre, J., Drori, S., Uldry, M., Silvaggi, J.M., Rhee, J., 
Jager, S., Handschin, C., Zheng, K., Lin, J., Yang, W., Simon, 
D.K., Bachoo, R., Spiegelman, B.M. (2006). Suppression of 
reactive oxygen species and neurodegeneration by the PGC-1 
transcriptional coactivators. Cell. 127:397–408.

 18. Merksamer, P.I., Liu, Y., He, W., Hirschey, M.D., Chen, D., 
Verdin, E. (2013). The sirtuins, oxidative stress and aging: an 
emerging link. Aging. 5:144-50.

 19. OhkawaH., Ohishi N. and Yagi K. (1979). Assay for lipid 
peroxides in animal tissues by thiobarbituric acid reaction. 
Anal. Biochem. 95: 351-358.

 20. HiraYama A. (2002). Hemodialysis does not inf luence 
peroxidative status already present in uremia. Nephron. 86:436-
440.

 21. Sener DE, Gönenç A, Akinci M, et al. (2007). Lipid 
peroxidationand total antioxidant status in patients with breast 
cancer. Cell Biochem Funct. 25: 377-82.

 22. Sheeba C, Swamidoss D. (2010). Assessment of oxidative stress 
and antioxidant profiles in patients with breast carcinoma. Int 
J Biotechnol Biochem. 7: 1067-73.

 23. Yeh CC, Hou MF, Tsai SM, et al. (2005). Superoxide anion 
radical, lipid peroxides and antioxidant status in blood of 
patients with breast cancer. ClinChemActa. 361: 104-11.

 24. Gonenc A, Tokgoz D, Aslan S, Torun M. (2005). Oxidative 
stress in relation to lipid profiles in different stage of breast 
cancer. Indian J Biochem Biophys. 42: 190-4.

 25. Kuo HW, Chen SF, Wu CC, et al. (2002). Serum and tissue 
trace elements in patients with breast cancer in Taiwan. Biol 
Trace Elem Res. 89: 1-11.

 26. Siddiqui MK, Jyoti, Singh S, et al. (2002). Comparison of 
some trace elements concentration in blood, tumor free breast 
and tumor tissues of women with benign and malignant breast 
lesions: an Indian study. Environ Int. 32:630-7.

 27. Revant H. Chole, Ranjitkumar N. Patil1,Anjan Basak, 
KamleshPalandurkar, RahulBhowate. (2010). Estimation of 
serum malondialdehydein oral cancer and precancer and its 
association with healthy individuals, gender,alcohol, and 
tobacco abuse.Journal of Cancer Research and Therapeutics. 
6 Issue 4:487-491.

 28. Zhang, Y., Chen, S.Y., Hsu, T. and Santella, R.M. (2002). 
Immunohistochemical detection of malondialdehyde–DNA 
adducts in human oral mucosa cells. Carcinogenesis. 23(1): 
pp.207-211.

 29. Kergonou J, Thiriot C, Braquet M, Ducousso R, Rocquet 
G. (1986). Inf luence of whole-body (-irradiation upon 
rat erythrocyte: lipid peroxidation and osmotic fragility. 
Biochimie. 68(2):311–8.

 30. Selim NS, Desouky O, Ali SM, Ibrahim I, Ashry HA. (2009). 
Effect of gamma radiation on some biophysical properties of 
red blood cell membrane. Romanian J Biophys. 19:171–85.

 31. Schön W, Ziegler C, Gärtner H, Kraft G. (1994). Heavy ion 
induced membrane damage: hemolysis of erythrocytes and 



Evaluation of oxidative stress in patients

IJDDT, Volume 9 Issue 3 July 2019 – September 2019 Page 373

changes in erythrocyte membrane fluidity. Radiat Environ 
Biophys. 33(3):233–41.

 32. Khoshbin, A.R., Mohamadabadi, F., Vafaeian, F., Babania, 
A., Akbarian, S., Khandozi, R., Sadrebazaz, M.A., Hatami, 
E. and Joshaghani, H.R. (2015). The effect of radiotherapy 
and chemotherapy on osmotic fragility of red blood cells and 
plasma levels of malondialdehyde in patients with breast cancer. 
Reports of Practical Oncology & Radiotherapy. 20(4): pp.305-
308. 

 33. Duan, J., Yue, W., JianYu, E., Malhotra, J., Lu, S.E., Gu, J., 
Xu, F. and Tan, X.L. (2016). In vitro comparative studies 
of resveratrol and triacetylresveratrol on cell proliferation, 
apoptosis, and STAT3 and NFκB signaling in pancreatic cancer 
cells. Scientific reports. 6: p.31672. 

 34. Aziz, M.H., Nihal, M., Fu, V.X., Jarrard, D.F. and Ahmad, 
N. (2006). Resveratrol-caused apoptosis of human prostate 
carcinoma LNCaP cells is mediated via modulation of 
phosphatidylinositol 3′-kinase/Akt pathway and Bcl-2 family 
proteins. Molecular cancer therapeutics. 5(5): pp.1335-1341. 

 35. Szende, B.; Tyihak, E.; Kiraly-Veghely, Z. (2000). Dose-
dependent effect of resveratrol on proliferation and apoptosis 
in endothelial and tumor cell cultures. Exp. Mol. Med. 32, 88.

 36. San Hipólito-Luengo, Á.Alcaide, A., Ramos-González, M., 
Cercas, E., Vallejo, S., Romero, A., Talero, E., Sánchez-Ferrer, 

C.F., Motilva, V. and Peiró, C. (2017). Dual effects of resveratrol 
on cell death and proliferation of colon cancer cells. Nutrition 
and cancer. 69(7): pp.1019-1027. 

 37. Seino, M., Okada, M., Shibuya, K., Seino, S., Suzuki, S., 
Takeda, H., Ohta, T., Kurachi, H. and Kitanaka, C. (2015).  
Differential contribution of ROS to resveratrol-induced cell 
death and loss of self-renewal capacity of ovarian cancer stem 
cells. Anticancer research. 35(1): pp.85-96. 

 38. Chao, S.C., Chen, Y.J., Huang, K.H., Kuo, K.L., Yang, T.H., 
Huang, K.Y., Wang, C.C., Tang, C.H., Yang, R.S. and Liu, S.H. 
(2017). Induction of sirtuin-1 signaling by resveratrol induces 
human chondrosarcoma cell apoptosis and exhibits antitumor 
activity. Scientific reports. 7(1): p.3180.

 39. Yan, B., Cheng, L., Jiang, Z., Chen, K., Zhou, C., Sun, L., Cao, 
J., Qian, W., Li, J., Shan, T. and Lei, J., (2018). Resveratrol 
Inhibits ROS-Promoted Activation and Glycolysis of Pancreatic 
Stellate Cells via Suppression of miR-21. Oxidative medicine 
and cellular longevity. 2018:1-15.

 40. Miki, H., Uehara, N., Kimura, A., Sasaki, T., Yuri, T., 
Yoshizawa, K. and Tsubura, A. Resveratrol induces apoptosis 
via ROS-triggered autophagy in human colon cancer cells. 
International journal of oncology. 2012;40(4): pp.1020- 
1028.


