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ABSTRACT

Background: Sickle cell disease (SCD) which is characterized by abnormal 
hemoglobin structure has a carrier rate of 9-20% in Egypt. Reactive oxygen 
species (ROC) in SCD cause multiple organ injuries, endocrine complications 
and metabolic alteration such as insulin resistance (IR) in children and young 
adults. We aimed to determine the presence of IR in normoglycemic SCD 
patients and also assessing the concentration of glutathione peroxidase (GPX) 
and its correlation with insulin resistance in patients with SCD.
Methods: Sixty patients were enlisted from pediatric hematology outpatient 
clinic, Cairo university hospital together with 31 age and sex-matched healthy 
children not suffering SCD or other hematological disorders. Oral glucose 
tolerance test (OGTT) was checked at the beginning. Serum fasting insulin 
levels and glutathione peroxidase measurement was done using enzyme-linked 
immunosorbent assay (ELISA). Beta cell function and insulin resistance was 
calculated using the “Homeostasis Model of Assessment” according to the 
following equation (fasting insulin x fasting glucose)/22.5. Calculations are 
based on mmol/l for glucose and mU/ml for insulin considering values more 
than 1.4 as insulin resistance (IR)
Results: There were no impaired glucose tolerance in both patients and control 
group. On calculating HOMA-IR, 34 (56.7%) had IR compared to the absence 
of IR in 26 (43.3%) and all the subjects in the control group (P<0.001). Patients 
with SCD had lower GPX concentration than the control group with negative 
correlation with serum insulin and insulin resistance.
Conclusion: The correlation between oxidative stress markers represented by 
GPX and the development of insulin resistance despite normal serum glucose 
levels. 
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Introduction
Sickle cell anemia is a hematological disorder with high 
prevalence in Africa and the Middle East.1 Egypt has a 
high frequency of Hb S carriers which can be explained 
by the high rate of consanguinity marriage.2 SCD is a 
monogenic disorder causing progressive destruction in 
many organ systems.3 It is caused by the substitution of 

the amino acid valine instead of glutamic acid in the beta 
globulin at position number 6, rendering sickle cell trait 
or SCD in heterozygotes or homozygotes, respectively.1 
This substitution will produce abnormal hemoglobin (Hb 
S) instead of the normal adult hemoglobin A. Hb S has 
different characteristics, deoxygenated Hb S polymerizes 
and results in sticky crescent-shaped RBCs when exposed 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
6-

24
 ]

 

                               1 / 5

http://ijbc.ir/article-1-969-en.html


Glutathione peroxidase and normoglycemic sickle cell disease

Volume 12 | Issue 3 | September 2020  85

to low oxygen conditions. Sickled RBCs occlude the 
microvascular circulation triggering microvascular vaso-
occlusion, tissue ischemia and infarction.4

Reactive oxygen species (ROS) are byproducts of 
cellular metabolism. RBCs are more susceptible to 
oxidative stress than any other tissue. In SCD, there is 
over production of hydrogen peroxide, hydroxyl radical 
and lipid oxidation at a higher rate than normal RBCs,5, 6 

which accentuates hemoglobin denaturation with further 
auto-oxidation, damage to the DNA, proteins and lipids.7

Insulin resistance (IR) is the impaired response of the 
cells to insulin, leading to the compensatory increase of 
insulin secretion along with increased serum glucose.3 
ROS-induced insulin resistance could be due to its 
interference with insulin signaling and uptake or direct 
effect of ROS on insulin receptors.8, 9 Moreover, ROS 
can inhibit the translocation of Glucose transporter type 
4 (GLUT-4) causing higher glucose levels with more 
increase in insulin secretion.10

The current study was aimed to detect IR in 
normoglycemic SCD patients, and to assess the association 
of glutathione peroxidase (GPX) as an antioxidant with 
IR in normoglycemic patients with SCD.

Materials and Methods
A comparative case-control study was investigated on 60 
patients with SCD together and 31 age and sex-matched 
subjects as a control group. Patients were recruited from 
hematology Outpatient Clinic of the Cairo University 
Children hospital from July 2018 to January 2019, 
according to the fulfilled inclusion criteria. Patients 
having diabetes mellitus or any other endocrinopathy 
and those on any drug that affected glucose metabolism 
were excluded from the study. Oral glucose tolerance 
test (OGTT) was performed and interpreted according to 

World Health Organization criteria (http://www.who.int/
diabetes/publications/Definition) to diagnose impaired 
glucose tolerance. Participants were selected after the 
study protocol was approved by the institutional ethical 
committee, at the Faculty of Medicine, Cairo University 
according to Helsinki Declaration II. Consent forms were 
obtained from the patients after they were informed about 
the study.

Biochemical analysis: Serum glucose was measured by 
oxidase method. For oral glucose tolerance test (OGTT); 
after overnight fasting, an anhydrous maximum 75 gm 
of glucose was given and the specimens were collected 
at fasting, 1 and 2 hours after the glucose load.

Immunoassay analysis: Serum insulin was measured 
using a commercially available enzyme-linked 
immunosorbent assay (ELISA) technique, according to 
the manufacturer’s instructions. (Insulin Human ELISA 
Kit, Invitrogen, Catalog # KAQ1251, Thermo Fisher 
Scientific, https://www.thermofisher.com). Serum Human 
Glutathione Peroxidase was also measured by ELISA 
technique (Kit ab193767) according to the manufacturer’s 
instructions provided by Abcam.

HOMA-IR: The Homeostasis Model Assessment of 
beta cell function and Insulin resistance was calculated 
using the following equation (fasting insulin x fasting 
glucose)/22.5. Calculations are based on mmol/L for 
glucose and mU/mL for insulin considering values more 
than 1.4 as insulin resistance (IR).11

Statistical analysis: Regular data were statistically 
described in terms of mean ±  standard deviation (± SD), 
while irregular data as median and range, or frequencies 
(number of cases) and percentages when appropriate. 
Numerical data were tested for the normal assumption 
using the Kolmogorov Smirnov test. The Student t-test 
for independent samples was used for numerical values 

Table 1: Demographic and biochemical characteristics of the participants
Variable Case (N=60) Control (N=31) P value
Age (year), Mean±SD 18.4±7.6 20.7±8.7 0.21
Sex 
Male (%)
Female (%)

32 (53.3%) 16 (51.6%) 0.87
28 (46.7%) 15 (48.4%)

Weight percentile Mean±SD 32.5±29.6 36±29.8 0.27
Height percentile Mean±SD 27.7±27.2 40.5±30.5 0.01
Insulin (µIU/ml) Mean±SD 13±6.6 7.2±2.7 < 0.001
HOMA-IR Mean±SD 2.5±1.5 1.1±0.3 <0.001
Glucose
FBS (mg/dl) Mean±SD

80.6±16.3 73.5±15.8 0.88

Glucose
1-hour PP (mg/dl) Mean±SD

149.9±27.7 163.9±21.3 0.023

Glucose
2-hour pp (mg/dl) Mean±SD

113.6±13.8 107.4±13 0.95

Ferritin (ng/ml) Mean±SD 1417.9±839.7 126±46.9 <0.001
Hb (g/dl) Mean±SD 8.2±1.1 12±1 <0.001
GPX (ng/ml) median (range) 0.33 (0-33) 14.90 (1-30) <0.001
Insulin resistance 
Yes
No

34 (56.7%)
26 (43.3%)

0 (0%)
 31 (100)

<0.001

µIU/ml= micro international unit per milliliter, SD= standard deviation, HOMA-IR= Homeostatic model assessment of beta cell 
function-insulin resistance, FBS= Fasting blood sugar, mg/dl= milligram per deciliter, PP= postprandial, ng/ml= nanogram per 
milliliter, Hb= hemoglobin, g/dl= gram per deciliter, GPX; Glutathione Peroxidase
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for normally distributed data, while for not normally 
distributed data, Mann Whitney U test was used. Chi-
square (x²) test was used for categorical data and when 
the expected frequency was less than 5, the exact test was 
used. For correlation spearman rank correlation, value 
less than 0.05 was considered statistically significant. All 
statistical tests were done by Statistical Package for the 
Social Science (SPSS) version 18.0 (SPSS Inc., Chicago, 
IL, USA).

Results
The study evaluated serum Glutathione Peroxidase 
(GPX) concentration in 60 SCD patients and 31 healthy 
participants. The demographic and biochemical data are 
summarized in Table 1. Serum Glutathione Peroxidase 
levels were significantly lower in patients with SCD 
than control participants (P<0.001). Fasting insulin and 
HOMA-IR levels were lower in control when compared 
to SCD patients (fasting insulin 7.2±2.7 vs 13±6.6 µIU/ml 
(P<0.001), and HOMA-IR 1.1±0.3 vs 2.5±1.5, (P<0.001). 
Ferritin level was higher in the SCD patients compared 
to the control group (1417.9±839.7 vs 126±46.9 ng/ml, 
P<0.001). After calculation of the HOMA-IR; patients 
were classified into “insulin resistant” IR and non-IR 
as is demonstrated in Table 2. The correlation of serum 

GPX with clinical and laboratory data of the SCD patients 
are shown in Table 3. A negative correlation was found 
between GPX and HOM-IR (Figure 1).

Discussion
In the last decade, survival rate of the patients with 
SCD is increased owing to the taking advantage of 
supportive care and using disease-modifying agents 
such as hydroxyurea;12, 13 however, giving rise to more 
complications related to the disease, among them are 
metabolic and endocrine in 2% of the patients.14 The 
association of SCD with oxidative stress has been well 

Table 2: Demographic and clinical data of IR and non-IR group in patients with SCD
Variable Insulin resistant (N=34) Non-insulin resistant (N=26) P value
Age (year):
median (range)

15.5 (10-38) 18.5 (10-40) 0.97

Sex 
Male
Female 

18 (52.9%)
16 (47.1%)

14 (53.8%)
12 (46.2%)

 0.94

Genotype 
Hb SS
Hb Sβ

29 (85.3%)
5 (14.7%)

22 (84.6%)
4 (15.4%)

0.94

VOC frequency /year
mean±SD

9.8±10.8 5.6±4.4 0.006

Age (month) at 1st diagnosis
Mean±SD 16.5±12 26.4±30.1 0.002
Age (month) at 1st transfusion
mean±SD 16.3±12.1 26.8±32.8 0.004
GPX (ng/ml) 
median (range)

0.29 (0-28) 16.30 (0-33) <0.001

VOC; Vasso-occlusive Crisis, GPX; Glutathione Peroxidase

Table 3: Serum GPX correlation with clinical and laboratory data in the SCD patients
Variable Glutathione Peroxidase

R P value
Insulin -0.643 <0.001
HOMA-IR -0.696 <0.001
Insulin resistance -0.625 <0.001
FBG -0.382 0.003
Glucose, 1-hour PP -0.237 0.068
Glucose, 2- hour PP -0.284 0.028
Serum Ferritin 0.031 0.816
Hydroxyurea intake -0.101 0.442
VOC severity 0.194 0.137
VOC frequency -0.013 0.929
Hb -0.041 0.754
hemoglobin genotypes: SS and Sβ 0.043 0.743

Figure 1: Correlation between HOMA-IR and serum GPX 
among patients with SCD.
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studied.14, 15 It has been proved that vaso-occlusive crisis 
is precipitated by the accumulation of the free oxygen 
radicals and insufficiency of the antioxidants causing 
defect in vascular relaxation and endothelial adherence.16 
Glutathione peroxidase together with other enzymes 
including superoxide dismutase and catalase has shown 
efficacy as a defense mechanism against reactive oxygen 
species.17

In this study, the mean height percentile of the patients 
and control group was 27.7 and 40.5 cm, respectively with 
a P value 0.01, which was similar to another study that 
verified that children with SCD have a high incidence of 
short stature.18

Fasting insulin concentration was significantly higher 
in the patients with SCD than the control (13±6.6 µIU/
ml vs 7.2±2.7 µIU/ml, P<0.001). Again our results were 
similar to the previous study who found higher levels of 
fasting insulin in patients with SCD.19

Thirty-four patients (56.7%) were identified as insulin 
resistant having HOMA-IR levels ≥1.4; while none of the 
subjects in control group demonstrated insulin resistance, 
which was consistent with a study showing that subjects 
with SCD had significantly higher HOMA-IR index 
versus the control group.19

Serum ferritin level was also different between SCD 
patients and the control which was explained by receiving 
blood transfusion.3, 20 In the current study, there was no 
statically significant correlation between serum ferritin 
and GPX levels in SCD patients.

Patients with SCD had significantly lower values of GPX 
than the control group. The lower values of this enzyme 
with antioxidant activity could be due to overproduction 
of ROS in SCD patients.5, 15, 19, 21

According to the results of HOMA-IR, patients with 
SCD were divided into 2 groups: IR (n=34) and non-IR 
(n=26). The age at the diagnosis of patients of the IR 
group was significantly lower than that of the non-IR 
group; also, the age at the first transfusion of patients 
of the IR group was significantly lower than that of the 
non-IR group (P value: 0.002 and 0.004, respectively). 
It has reported that patients with SCD are more likely 
(2.5 times) to develop diabetes mellitus as a result of 
longer duration of the disease and more frequent blood 
transfusion.22 Patients within the IR group demonstrate 
a significant frequency of vaso-occlusive crisis (VOC) in 
comparison to the non-IR group (mean: 9.8±10.8 crisis/
year vs 5.6±4.4 crisis/year, P value: 0.006), although 
there was no significant difference in the severity of VOC 
between the two groups. VOC is an important indicator 
of both SCD severity and early death.23

Considering GPX concentration as an antioxidant in 
the SCD patients; there was a negative correlation with 
insulin level, HOMA-IR status and insulin resistance 
with r: -0.643, -0.696 and -0.625, respectively, (P<0.001 
for all), suggesting an association between low GPX level 
and insulin resistance. Nur E et al. showed that HOMA-
IR had a negative correlation with superoxide dismutase 
and catalase in non-obese, non-diabetic Korean children, 
which asserts the role of antioxidants as proactive agents 
against cell damage and emphasizes on the role of 

oxidative stress in chronic dysfunction and destruction 
of the different organs of the body.24

In our study, we could not show any correlation between 
GPX concentration and VOC severity or frequency and 
also among different hemoglobin variants. 

Conclusion
The present study showed that there were high serum 
insulin levels and HOMA-IR in SCD patients despite 
normal serum glucose levels, indicating the presence of 
insulin resistance. The lower age at diagnosis and receiving 
blood transfusion, and lower concentration of antioxidant 
enzymes such as glutathione peroxidase appear to play 
key roles in developing this altered metabolism of glucose. 
Lower values of glutathione peroxidase in SCD patients 
had a negative correlation with insulin level, HOMA-IR 
status and Insulin resistance. 

Funding: The study was funded by authors with no 
other funding agents or institutes.

Ethical approval: All procedures performed in the 
study were under the ethical standards of the Kasr Al-
Ainy School of Medicine and with the 1964 Helsinki 
declaration and its later amendments or comparable 
ethical standards. 

Patient consent: All the procedures were approved 
by the ethical committee of the Kasr Al-Ainy School of 
Medicine, and written informed consent was obtained 
from each participant after a full explanation of the study 
protocol.

Conflict of Interest: None declared.

References
1.	 Badawy SM, Barrera L, Cai S, Thompson AA. 

Association between participants’ characteristics, 
patient-reported outcomes, and clinical outcomes 
in youth with sickle cell disease. Biomed Res Int. 
2018;2018: 8296139. doi: 10.1155/2018/8296139. 
PubMed PMID: 30105252. PubMed Central PMCID: 
PMC6076920.

2.	 Moez P, Younan DNA. High prevalence of 
haemoglobin S in the closed Egyptian community 
of Siwa Oasis. J Clin Pathol. 2016;69(7):632–6. doi: 
10.1136/jclinpath-2015-203199. PubMed PMID: 
26658219.

3.	 Williams TN. Sickle cell disease in sub-
saharan Africa. Hematol Oncol Clin North Am. 
2016;30(2):343–58. doi: 10.1016/j.hoc.2015.11.005. 
PubMed PMID: 27040958. PubMed Central PMCID: 
PMC6858853.

4.	 Steinberg MH. Sickle cell anemia, the first 
molecular disease: Overview of molecular etiology, 
pathophysiology, and therapeutic approaches. 
ScientificWorldJournal. 2008;8:1295–324. doi: 
10.1100/tsw.2008.157. PubMed PMID: 19112541. 
PubMed Central PMCID: PMC5848659.

5.	 Aslan M, Thornley-Brown D, Freeman BA. Reactive 
species in sickle cell disease. Ann NY Acad Sci. 
2006; 899(1):375–91. doi: 10.1111/j.1749-6632.2000.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
6-

24
 ]

 

                               4 / 5

http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6076920/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6858853/
https://dx.doi.org/10.1016%2Fj.hoc.2015.11.005
https://www.ncbi.nlm.nih.gov/pubmed/27040958
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5848659/
https://doi.org/10.1111/j.1749-6632.2000.tb06201.x
http://ijbc.ir/article-1-969-en.html


Abdou DM et al.

IRANIAN JOURNAL OF BLOOD AND CANCER88 

tb06201.x.
6.	 Klings ES, Farber HW. Role of free radicals in the 

pathogenesis of acute chest syndrome in sickle cell 
disease. Respir Res. 2001;2(5):280–5. PubMed PMID: 
11686897. PubMed Central PMCID: PMC59517. doi: 
10.1186/rr70. 

7.	 Hague C. Book review: Book review: Greg 
Young Reshaping Planning with Culture 
Aldershot and Burlington, IN: Ashgate, 2008. 
215 pp. Planning Theory. 2011;10(1):96–7. doi: 
10.1177/1473095210382198.

8.	 Houstis N, Rosen ED, Lander ES. Reactive oxygen 
species have a causal role in multiple forms of insulin 
resistance. Nature. 2006;440(7086):944–8. PubMed 
PMID: 16612386. doi: 10.1038/nature04634.

9.	 Dokken BB, Saengsirisuwan V, Kim JS, Teachey 
MK, Henriksen EJ. Oxidative stress-induced insulin 
resistance in rat skeletal muscle: Role of glycogen 
synthase kinase-3. Am J Physiol - Endocrinol Metab. 
2008;294(3):615–21. doi: 10.1152/ajpendo.00578.2007.

10.	 Bhatt MP, Lim YC, Ha KS. C-peptide replacement 
therapy as an emerging strategy for preventing diabetic 
vasculopathy. Cardiovasc Res. 2014;104(2):234–44. 
PubMed PMID: 25239825. doi: 10.1093/cvr/cvu211.

11.	 Garvey WT, Maianu L, Zhu JH, Brechtel-Hook G, 
Wallace P, Baron AD. Evidence for defects in the 
trafficking and translocation of GLUT4 glucose 
transporters in skeletal muscle as a cause of human 
insulin resistance. J Clin Invest. 1998;101(11):2377–
86. doi: 10.1172/JCI1557. PubMed PMID: 9616209.

12.	 Mandese V, Bigi E, Bruzzi P, Palazzi G, Predieri 
B, Lucaccioni L, et al. Endocrine and metabolic 
complications in children and adolescents with Sickle 
Cell Disease: An Italian cohort study. BMC Pediatr. 
2019;19(1):1–9. doi: 10.1186/s12887-019-1423-9.

13.	 Iughetti L, Bigi E, Venturelli D. Novel insights in 
the management of sickle cell disease in childhood. 
World J Clin Pediatr. 2016;5(1):25-34. doi: 10.5409/
wjcp.v5.i1.25. PubMed PMID: 26862499.

14.	 Yavropoulou MP, Pikilidou M, Pantelidou D, 
Tsalikakis DG, Mousiolis A, Chalkia P, et al. Insulin 
secretion and resistance in normoglycemic patients 
with sickle cell disease. Hemoglobin. 2017;41(1):6–11. 
doi: 10.1080/03630269.2017.1295983. PubMed PMID: 
28372488.

15.	 Wood KC, Granger DN. Sickle cell disease: Role 
of reactive oxygen and nitrogen metabolites. Clin 
Exp Pharmacol Physiol. 2007;34(9):926–32. doi: 
10.1111/j.1440-1681.2007.04639.x. PubMed PMID: 
17645642.

16.	 Francis RB, Johnson CS. Vascular occlusion in Sickle 
Cell disease: Current concepts and unanswered 
questions. Blood. 1991;77(7):1405–14. PubMed 
PMID: 2009364.

17.	 Hundekar PS, Suryakar AN, Karnik AC, Valvi R, 
Ghone RA, Bhagat SS. The effect of antioxidant 
supplementation on the oxidant and antioxidant 
status in sickle cell anaemia. J Clin Diagnostic Res. 
2012;5(7):1339–42. 

18.	 Collett-Solberg PF, Fleenor D, Schultz WH, Ware 
RE. Short stature in children with sickle cell anemia 
correlates with alterations in the IGF-I axis. J Pediatr 
Endocrinol Metab. 2007;20(2):211–8. PubMed PMID: 
17396438. doi: 10.1515/jpem.2007.20.2.211.

19.	 Alsultan AI, Seif MA, Amin TT, Naboli M, Alsuliman 
AM. Relationship between oxidative stress, ferritin 
and insulin resistance in sickle cell disease. Eur Rev 
Med Pharmacol Sci. 2010;14(6):527–38. PubMed 
PMID: 20712260.

20.	 Drasar E, Vasavda N, Igbineweka N, Awogbade 
M, Allman M, Thein SL. Serum ferritin and 
total units transfused for assessing iron overload 
in adults with sickle cell disease. Br J Haematol. 
2012;157(5):645–7. PubMed PMID: 22332939. doi: 
10.1111/j.1365-2141.2012.09060.x.

21.	 Titus J, Chari S, Gupta M, Parekh N. Pro-oxidant 
and anti-oxidant status in patients of sickle cell 
anaemia. Indian J Clin Biochem. 2004;19(2):168–72. 
doi: 10.1007/BF02894279. PubMed PMID: 23105478. 
PubMed Central PMCID: PMC3454190.

22.	 Fung EB, Harmatz PR, Lee PDK, Milet M, Bellevue R, 
Jeng MR, et al. Increased prevalence of iron-overload 
associated endocrinopathy in thalassaemia versus 
sickle-cell disease. Br J Haematol. 2006;135(4):574–
82. doi: 10.1111/j.1365-2141.2006.06332.x. 

23.	 Shahar E, Folsom AR, Melnick SL, Tockman 
MS, Comstock GW, Gennaro V, et al. Dietary 
n-3 polyunsaturated fatty acids and smoking-
related chronic obstructive pulmonary disease. 
Atherosclerosis Risk in Communities Study 
Investigators. N Engl J Med. 1994;331(4):228–33 doi: 
10.1056/NEJM199407283310403. PubMed PMID: 
8015569.

24.	 Nur E, Brandjes DP, Schnog JJB, Otten HM, 
Fijnvandraat K, Schalkwijk CG, et al. Plasma levels 
of advanced glycation end products are associated 
with haemolysis-related organ complications in sickle 
cell patients. Br J Haematol. 2010;151(1):62–9. doi: 
10.1111/j.1365-2141.2010.08320.x. PubMed PMID: 
20678158.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
6-

24
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

https://doi.org/10.1111/j.1749-6632.2000.tb06201.x
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc59517/
https://doi.org/10.1186/rr70
https://doi.org/10.1177%2F1473095210382198
https://doi.org/10.1038/nature04634
https://doi.org/10.1152/ajpendo.00578.2007
https://dx.doi.org/10.1172%2FJCI1557
https://www.ncbi.nlm.nih.gov/pubmed/9616209
https://doi.org/10.1186/s12887-019-1423-9
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bigi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26862499
https://www.ncbi.nlm.nih.gov/pubmed/?term=Venturelli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26862499
https://dx.doi.org/10.5409%2Fwjcp.v5.i1.25
https://dx.doi.org/10.5409%2Fwjcp.v5.i1.25
https://www.ncbi.nlm.nih.gov/pubmed/26862499
https://doi.org/10.1515/jpem.2007.20.2.211
https://doi.org/10.1111/j.1365-2141.2012.09060.x
https://dx.doi.org/10.1007%2FBF02894279
https://www.ncbi.nlm.nih.gov/pubmed/23105478
http://ijbc.ir/article-1-969-en.html
http://www.tcpdf.org

