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Abstract 

Background: A low level of L-glutamine, a precursor of nicotinamide adenine dinucleotide (NAD) in red blood 

cells (RBCs), is identified as an underlying mechanism for the potential decrement of the NAD redox and the 

incidence of pain crisis in sickle cell anemia (SCA). The aim of this study is to assess the impact of oral L-

glutamine therapy on pain crisis reduction in patients with SCA and sickle β°-thalassemia. 

Materials and Methods: In this pilot clinical trial, 15 patients with SCA and sickle β°-thalassemia with the 

mean age of 17.2 ± 6.07 were examined to evaluate the efficacy of L-glutamine therapy in pain crises. All the 

subjects received oral L-glutamine (0.3 gr /kg of body weight) every day for 8 weeks. With respect to the effects 

of L-glutamine on pain crisis, the subjects were in contact with the physicians at least once or more per week. 

Blood samples were taken at different follow-up times to evaluate the laboratory characteristics of the patients. 

Results: Pain crises occurred for 1-3 times (mean: 1.29 ± 1.05) during 12 months before the L-glutamine 

therapy. With no significant change, the patients had lower numbers of painful crises (mean: 0.80 ± 0.58) at the 

end of a 4-week period compared to the period before the L-glutamine therapy (P = 0.466). Fewer pain crises 

with a mean of 0.33 ± 0.51 occurred during 8 weeks of L-glutamine therapy than in the pre-treatment period (P 

= 0.038). 

Conclusion: The results of the present study showed that oral L-glutamine can mitigate a pain crisis and 

improve the sickle RBCs and reticulocyte count in SCA. This suggests that L-glutamine therapy can increase the 

antioxidant potential of sickle RBCs. 
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Introduction 
Sickle cell anemia (SCA) is a common 

genetic disorder of the β-globin chain 

which is caused by the displacement of 

glutamic acid by valine at the sixth 

position of the amino acid sequence of the 

β-globin chain (1). SCA is an autosomal 

recessive disorder inherited in both 

heterozygote and homozygous forms. The 

heterozygote form is the most common 

hemoglobinopathy in the world. It is a 

completely benign disorder without any 

clinical signs and hematological 

abnormalities, while the homozygous form 

is a chronic and severe hemolytic anemia 

(2).  In the case of homozygotes, 

hemoglobin (Hb) A is not produced, and 

the major Hb of the patient is HbS, HbF  

 

and a small amount of Hb A2 (2). HbS is 

freely soluble when it is completely 

oxygenated. However, when it separates 

from oxygen, it becomes polymerized, 

creates fluid crystals and changes red 

blood cells (RBCs) into sickle cells (3). 

Patients with SCA usually experience a 

pain in the chest, abdomen and joints. 

There are also pulmonary complications as 

well as hands and feet swelling due to 

sickle-shaped RBCs that block the blood 

flow through tiny blood vessels (4, 5). 

Previous studies have shown that changes 

in the homeostasis of nicotinamide adenine 

dinucleotide (NAD), as a redox potential 

molecule of oxidant stress, play a key role 

to increase sickle RBCs in patients and 



 

Farmani Anoosheh et al  

Iran J  Ped Hematol Oncol. 2022,  Vol 12, No 4, 263-271                                                                                  77 

  

healthy individuals. In these studies, a low 

level of L-glutamine, a precursor for NAD 

production, is introduced as an underlying 

mechanism for defects in NAD 

metabolism and the increased level of 

sickle-shaped RBCs (6). In fact, the NAD 

redox potential decreased due to the low 

level of L-glutamine is the main factor for 

the presence of sickle RBCs in oxidant 

stress conditions (6-8). Traditionally, 

hydroxyurea is the first therapeutic 

approach for adults and children with SCA 

and β-thalassemia, which is approved by 

food and drug administration (FDA) (9). 

Despite its efficacy to reduce morbidity 

and mortality, hydroxyurea therapy 

remains the subject of debate due to doubts 

regarding the impact of various factors, 

such as the age of SCA patients (10-12). It 

has been shown that L-glutamine and L-

arginine can be considered as the primary 

treatment for SCA patients who have 

incurred hydroxyurea (13-15). In addition, 

through several clinical trials, Niihara et al. 

(16-18) showed that L-glutamine 

supplementation can lead to the increased 

production of NAD, defense against 

oxidant stresses in sickle RBCs as well as 

the reduction of pain and hospitalizations. 

Some of the possible mechanisms leading 

to these changes relate to the increased 

activity of the NAD syntheses in the sickle 

RBCs (19, 20). Since SCA is a common 

Hb disorder in the southwest of Iran (21) 

and, in recent decades, L-glutamine has 

been used as a supplementation to improve 

the clinical implications of SCA, this pilot 

clinical trial was conducted to better 

understand the laboratory characteristics 

and the potentially beneficial effects of L-

glutamine on pain reduction. Increasing 

the knowledge about the clinical 

usefulness of L-glutamine can lead to the 

better management of SCA patients. 

Materials and Methods 
Study design  

This pilot clinical trial was carried out on 

the patients who referred to Ahvaz Baghay 

Hospital for SCA and sickle β°-

thalassemia. The inclusion criteria for the 

eligibility of the subjects were the 

diagnosis of SCA and sickle β°-

thalassemia and presence of at least one 

episode of pain 12 months before the 

conduction of the study. Also, the 

exclusion criteria were chronic diseases 

that could interfere with the participation, 

pregnancy, transfusion of blood products 

in the previous three months, hepatic and 

renal failure, Hb value of less than 5 g/L, 

history of hospitalization of more than 10 

times, history of opioid dependence and 

glutamine sensitivity. In addition, the 

patients could leave the study if they 

needed blood transfusions or other 

treatments.  

Ethical considerations 

This study was approved by the ethics 

committee of Ahvaz Jundishapur 

University of Medical Sciences 

(IR.AJUMS.REC.1397.121). The IRCT 

code is IRCT20180603039959N1. Letters 

of informed consent were also taken from 

the patients or their parents (for children). 

Intervention 

After the informed consent was taken,  the 

patients who had all the eligibility criteria 

received oral L-glutamine at 0.3 grams per 

kilogram every day for 8 weeks, based on 

the phase-3 trial of L-glutamine in SCA by 

Niihara et al (18). The pre-treatment of the 

pain was determined on the basis of the 

medical records of the patients during 

hospitalization. Also, in order to record the 

number of pain experiences during the 

study, the investigator physician kept in 

contact with each subject at least once or 

more times per week; the participants were 

visited on a weekly basis for a brief 

clinical assessment.  

With respect to the effect of L-glutamine 

on pain and laboratory characteristics, a 

blood sample was collected at the baseline 

after 4 and 8 weeks of L-glutamine 

therapy. The sample was kept in ethylene 

diamine tetra acetic acid (EDTA) 

containing tubes. 

Statistical analysis 

The normality of the variables was 

assessed using the Kolmogorov-Smirnov 
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test. Descriptive statistical methods were 

also used to calculate the mean and 

standard deviation (SD) of the 

demographic and other quantitative 

variables. Paired student’s t-tests and 

repeated ANOVA tests served to evaluate 

the differences among the variables at 

different follow-up times with respect to 

the data (hematological parameters) that 

had a normal distribution. Besides, since 

pain crises are not normally distributed, 

Friedman test was performed to evaluate 

the differences in this variable at different 

follow-up times. All the statistical analyses 

were carried out using SPSS version 22. 

The P-value of < 0.05 was considered 

statistically significant.  

 

Results 

In this study, a simple random sampling 

method was used for patient selection.  

Thus, the individuals with SCA and sickle 

β°-thalassemia who had referred to Shafa 

Hospital were adopted as the research 

population. Based on the inclusion and 

exclusion criteria, among 26 patients with 

SCA and sickle β°-thalassemia, 11 patients 

were not included in this study (Figure 1). 

The treatment groups having enrolled in 

this pilot clinical trial included 15 patients 

(6 females and 9 males with a mean age of 

17.2 ± 6.07 years). The baseline 

demographic data and the number of crises 

of all the patients during different follow-

up times are presented in Table I. To 

investigate the effect of L-glutamine on 

pain reduction in patients with SCA and 

sickle β°-thalassemia, the pain criseis of 

three periods (i.e., pre-treatment as well as 

4 and 8 weeks after L-glutamine therapy) 

were compared.  

The pain episode was 1 to 3 times (mean: 

1.29 ± 1.05) during 12 months before the 

L-glutamine therapy. In addition, a 

comparison was performed of the numbers 

of pain crises at different follow-up times. 

During 4 weeks, the patients showed fewer 

such crises (mean: 0.80 ± 0.58) than in the 

period before the L-glutamine therapy. 

However, as shown in Table II, no 

significant difference was found in this 

regard (P = 0.466). Similarly, there was no 

significant difference between the mean 

numbers of the pain crises during 4 weeks 

and 8 weeks of L-glutamine therapy (Table 

II). As shown in Figure 2, the fewer pain 

crises during 8 weeks (mean: 0.33 ± 0.51) 

were significantly different from the case 

within the time interval before the L-

glutamine therapy (P = 0.038). In 

conjunction with the pain assay, the levels 

of Hb, RBC and reticulocyte at different 

follow-up times were analyzed. In this 

regard, the Hb levels were not significantly 

different after 4 and 8 weeks of L-

glutamine therapy in comparison to the 

baseline determined by the paired 

student’s t-test (Table II). Also, RBC, 

hematocrit and reticulocyte were 

somewhat higher but without significant 

differences in 4 weeks of L-glutamine 

therapy in comparison to the baseline. 

After 8 weeks, RBC, reticulocyte and 

hematocrit were significantly higher than 

the baseline (P ˂ 0/05 as set by the paired 

student’s t-test) (Table II). Because of the 

relatively small size of the studied 

population, repeated ANOVA tests were 

used to confirm the changes in the 

hematological variables during different 

follow-up times. As shown in Table II, the 

results obtained were relatively similar to 

the findings of the paired student’s t-test. 

Compared to the baseline value, the mean 

of the RBC count significantly increased 

in 8 weeks of oral L-glutamine therapy (P 

= 0.043). Also, similar to the results of the 

paired student’s t-test, the mean of 

reticulocyte and hematocrit was 

significantly different from the baseline. 

The P values were 0.039 and 0.019, 

respectively (Table II). 

As for side effects, none such as 

musculoskeletal pain, fatigue and chest 

pain was observed at the end of 8 weeks of 

L-glutamine therapy. 
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Figure 1. Flow chart of the patient selection based on the inclusion and exclusion criteria 

 

 
 

Figure 2. Comparison of the painful episodes during the study: The lower numbers of pain crisis in 4 

weeks of L-glutamine therapy did not show any significant differences compared to the time interval 

before the treatment initiation (P = 0.466) and 8 weeks later (P = 0.564). The mean numbers of pain 

crisis after 8 weeks were significantly lower than those in the period before the L-glutamine therapy 

(P = 0.038).  
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Table I. Baseline characteristics and number of pain crises within different follow-up times 

Characteristics  

Sex                                                                                  

Male                                                                                                 

Female                                                                                                 

No (%) 

9 (60) 

6 (40) 

Age     (Year)                                                                                        

Min:  5 

Max: 27 

(Mean ± SD) 

17.2 ± 6.07 

 Laboratory characteristics                                                 

RBC (×109/L)  

Hb (g/dL)  

Reticulocyte count (%)  

HCT (%)    

(Mean ± SD) 

2.73 ± 2.11 

8.13 ± 0.98 

0.52 ± 0.81 

25.01 ± 5.31 

Number of pain crises during 12 months before the course 

1-2  

2-3   

≥ 3  

No (%) 

4 (26.7) 

5 (33.3) 

6 (40) 

           Abbreviations: No: Number; RBC: Red blood cell; Hb: Hemoglobin; HCT: Hematocrit; SD: Standard deviation. 

 
Table II.  Comparison of laboratory characteristics and pain crisis numbers in different follow-up times 

Parameters   Baseline 

(mean ± 

SD) 

4 weeks after L-

glutamine 

therapy (mean ± 

SD) 

8 weeks after L-

glutamine 

therapy (mean ± 

SD) 

P-Value 1a 

(95% CI of diff) 

(Paired student’s t-

test) 

P-Value2a 

(95%  CI of  diff) 

(Paired student’s t-

test) 

P-Value3a 

(95%  CI of diff) 

(Paired student’s 

t-test) 

P-Value 1b 

(95% CI of diff) 

(Repeated 

measurement 

ANOVA test) 

P-Value 2b 

(95% CI of diff) 

(Repeated 

measurement 

ANOVA test) 

P-Value 3b 

(95% CI of diff) 

(Repeated 

measurement 

ANOVA test) 

No. of pain 

crises  

1.29 ± 1.05 0.80 ± 0.58 0.33 ± 0.51 0.466 

(-0.24 – 1.18) 

0. 564 

(-0.035 – 0.068) 

0.038 

(0.33 – 1.53) 

RBC (×109/L)  2.73 ± 2.11 3.21 ± 1.2 5.4 ± 2.1 0.714 

(0.15 – 2.51) 

0.061 

(-0.32 – 2.41) 

0.047 

(0.86 – 2.71) 

0.526 

(-0.79 – 0.25) 

0.071 

(-2.62 – 1.65) 

0.043 

(-2.30 – 3.02) 

Hb (g/dL)  8.13 ± 0.98 8.34 ± 0.84 10.8 ± 2.6 0.834 

(0.42 – 1.88) 

0.751 

(0.22 – 2.17) 

0.051 

(0.91– 2.58) 

0.811 

(0.54 – 1.07) 

0.806 

(-1.65 – 2.15) 

0.071 

(0.47 –2.38) 

Reticulocyte 

count (%)  

0.52 ± 0.81 0.71 ± 0.74 1.09 ± 0.92 0.434 

(-0.18 – 2.23) 

0.546 

(0.79 – 1.31) 

0.041 

(0.95 – 2.21) 

0.372 

(-0.10 – 0.2.36) 

0.463 

(-0.54 – 0.98) 

0.039 

(-0.74 – 3.22) 

HCT (%)  25.01 ± 5.31 27.5 ± 3.4 33.4 ± 1.5 0.651 

(0.15 – 1.87) 

0.578 

(-0.96 – 1.31) 

0.026 

(1.10 – 2.45) 

0.532 

(-0.12 – 1.93) 

0.429 

(-0.53 – -1.32) 

0.019 

(-1.75 – 2.71) 
Abbreviation: (1a and 1b) Significant difference between the parameters at the baseline and 4 weeks after L-glutamine therapy, (2a and 2b) 

Significant difference between the parameters in 4 and 8 weeks after L-glutamine therapy (3a and 3b), Significant difference between the 

parameters at the baseline and 8 weeks after L-glutamine therapy. No: Number; RBC: Red blood cell; Hb: Hemoglobin; HCT: Hematocrit; 
SD: Standard deviation, CI: confidential interval 
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Discussion 
In the historical background of the SCA is 

an inherited form of anemia in which 

RBCs become rigid and sticky. Sickle-

shaped RBCs can lead to a slow or 

blocked blood flow and reduced 

oxygenation to parts of the body through 

tiny blood vessels. Periodic episodes of 

pain are the serious symptoms of SCA that 

usually involve different organs such as 

chest, abdomen, joints, or even bones. As 

several studies have shown, due to the 

reduction of the NAD redox potential in 

sickle RBCs, oxidative stress might play a 

significant role in the pathophysiology of 

pain in SCA (22, 23). Caring those who 

suffer from SCA may include infection 

prevention, blood transfusion, hydroxyurea 

therapy, or advanced methods such as 

bone marrow transplantation and gene 

therapy. However, due to limitations such 

as insufficient knowledge and appropriate 

donors in gene therapy and bone marrow 

transplantation, respectively, these 

progressive methods are only used for very 

severe cases of SCA (24, 25). In addition, 

it has been shown that oral L-glutamine 

supplementation can raise intracellular 

NAD metabolism and improve clinical 

responses in patients with SCA (26).  

Based on these findings, the SCA patients 

in this pilot clinical trial underwent oral L-

glutamine therapy for 8 weeks, and the 

effect of L-glutamine on pain was 

investigated. The mean number of pain 

crises over 4 weeks of L-glutamine 

therapy was lower than that in the period 

before treatment. In addition, the mean 

number of pain crises was significantly 

lower in 8 weeks after L-glutamine 

therapy compared to the period before the 

initiation of this course. As previous 

studies have shown, this finding might be 

because L-glutamine is responsible for the 

homeostasis of NAD and the reduced 

oxidative stress force in sickle RBCs (6). 

These findings concur with the results 

gained by Ilboudo et al. (27) who reported 

that oral L-glutamine therapy for SCA was 

directly correlated with clinical 

improvement and the reduction of pain.  

Furthermore, RBC, Hb, and reticulocytes 

counts were found to be higher at the end 

of the 4-week period of L-glutamine 

therapy than the baseline, although the 

difference was not statistically significant. 

This difference was statistically significant 

at the end of the 8-week period of L-

glutamine therapy. Niihara et al (17) 

reported an improvement in the 

morphology of RBCs in the second phase 

of their randomized trial. However, in 

contrast to the present study, there were no 

changes in the Hb or reticulocyte counts.  

 So far, few studies have investigated the 

impact of L-glutamine therapy on RBCs 

characteristic in SCA, but the hypothesis 

in this study is that increased NAD 

production can increase defense against 

oxidative stress. This hypothesis is based 

on the facts that L-glutamine is responsible 

for NAD metabolism and the NAD redox 

potential plays a role in sickle cell RBCs. 

The process of NAD production can be 

associated with sickle-shaped RBCs 

reduction and an increase in the number of 

normal RBCs in the blood flow. On the 

other hand, as it seems, due to a lack or 

low level of NAD in sickle RBCs, 

oxidative stress can have a critical role in 

accelerated intravascular hemolysis, which 

results in severe anemia in patients (22).  

It is obvious that one main cause of pain in 

SCA is the presence of sickle RBCs in the 

circulation. Abnormal erythropoiesis can 

elevate the level of circulating sickle 

RBCs as well as the periodic episodes of 

pain crisis. In this regard, it has been 

shown that regular transfusion can 

minimize the circulating abnormal RBCs 

and the pain crisis via suppressing 

oxidative stress, particularly in the 

homozygote form of SCA (28, 29). In 

addition, hydroxyurea, alone or with blood 

transfusion, is frequently used to prevent 

metabolic stress and pain crisis in SCA 

(30). It has been shown, of course, that 

blood transfusion may be associated with 

alloimmunization, hemolytic reactions and 
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severe clinical consequences in β°-

thalassemia (31). Although we do not 

know how long our patients had been 

receiving hydroxyurea, we believe oral L-

glutamine therapy could be a supplemental 

treatment for the SCA patients who are 

resistant to blood transfusion or 

hydroxyurea therapy.         

 

Conclusion 
In conclusion, oral L-glutamine therapy 

can reduce pain crisis as a common 

complication of SCA or sickle β°-

thalassemia. In addition, the efficacy of 

this therapy may be recognized early by 

the assessment of erythropoiesis indices 

such as hematocrite as well as the count of 

normal RBCs and reticulocytes. In the 

present study, a series of periodic episodes 

of pain crisis were observed in the patients 

who underwent L-glutamine therapy. 

Thus, a decision was made to use L-

glutamine therapy in optimal durations 

based on the severity of pain crisis. In such 

cases, appropriate guidelines with a 

sufficient level of information are needed 

to overcome the barriers and effectively 

implement the approach.  The pilot clinical 

trial conducted in this research has some 

limitations. First, there were a limited 

number of patients; sufficient data were 

needed about high-risk individuals 

including patients with homozygote SCA 

and low-risk ones including patients with 

heterozygote forms or SCA versus sickle 

β°-thalassemia. Second, considering the 

findings of previous studies that chest 

pains and cardiac arrest are the possible 

adverse effects of L-glutamine in the long 

run (18) as well as the withdrawal of some 

patients from the study due to the 

exclusion criteria, such as medical 

intervention, blood transfusion or 

pregnancy, it was not possible to follow up 

the patients for two years. Therefore, more 

research with higher numbers of patients is 

necessary to detect the benefits of L-

glutamine for pain crisis reduction in 

patients with SCA and sickle β°-

thalassemia. 

 

Acknowledgements  
This paper has been derived from the 

thesis of Neda Farmani Anoosheh. This 

work was financially supported by grant 

TH 9703 from the vice chancellor for the 

Research Affairs of Ahvaz Jundishapur 

University of Medical Sciences. 

 

Conflict of interest 
The authors declare no conflict of interest. 

 

References 
1. Williams TN, Thein SL. Sickle cell 

anemia and its phenotypes. Annu Rev 

Genomics Hum Genet   2018;19:113-147. 

2. Yadav R, Lazarus M, Ghanghoria 

P, Singh M, Gupta RB, Kumar S, et al. 

Sickle cell disease in Madhya Pradesh, 

Central India: A comparison of clinical 

profile of sickle cell homozygote vs. 

sickle-beta thalassaemia individuals. 

Hematology  2016;21(9):558-563. 

3. Uzunova VV, Pan W, Galkin O, 

Vekilov PG. Free heme and the 

polymerization of sickle cell hemoglobin. 

Biophys J  2010;99(6):1976-1985. 

4. Rees DC, Williams TN, Gladwin 

MT. Sickle-cell disease. Lancet  

2010;376(9757):2018-2031. 

5. Keikhaei B, Idani E, Samadi B, 

Titidage A. Pulmonary spirometry 

parameters in patients with sickle 

thalassemia and sickle cell disease at Shafa 

Hospital in Khuzestan Province-Iran.   

2011;1(4)133-139. 

6. Anker MS, Haverkamp W, Anker 

SD. A Phase 3 Trial of l-Glutamine in 

Sickle Cell Disease. N Engl J Med 

2018;379(19):226-235. 

7. Guddati AK, Kota V. A Phase 3 

Trial of l-Glutamine in Sickle Cell 

Disease. N Engl J Med 

2018;379(19):1879-1880. 

8. Quinn CT. l-Glutamine for sickle 

cell anemia: more questions than answers. 

Blood  2018;132(7):689-693. 

9. Eini M, Shoae M, Miri-

moghaddam E. Therapeutic approaches in 



The Effect of L-Glutamine on Pain Crisis Reduction in Patients with Sickle Cell Anemia and Sickle β°-Thalassemia 

270                                                                                  Iran J  Ped Hematol Oncol. 2022,  Vol 12, No 4, 263-271 
 

patients with β-thalassemia. Iranian J Ped 

Hematol& Oncol  2022;12(1):55-67. 

10. Sinha CB, Bakshi N, Ross D, 

Krishnamurti L. From trust to skepticism: 

An in-depth analysis across age groups of 

adults with sickle cell disease on their 

perspectives regarding hydroxyurea. PloS 

one  2018;13(6):e0199375. 

11. Ghasemi A, Keikhaei B, Ghodsi R. 

Side effects of hydroxyurea in patients 

with Thalassemia major and thalassemia 

intermedia and sickle cell anemia. Iranian 

J Ped Hematol& Oncol 2014;4(3):114-

117. 

12. Keikhaei B, Yousefi H, Bahadoram 

M. Hydroxyurea: clinical and 

hematological effects in patients with 

sickle cell anemia. Glob Health Sci 

2016;8(3):252-256. 

13. Morris CR, Suh JH, Hagar W, 

Larkin S, Bland DA, Steinberg MH, et al. 

Erythrocyte glutamine depletion, altered 

redox environment, and pulmonary 

hypertension in sickle cell disease. Blood  

2008;111(1):402-410. 

14. Morris CR, Kuypers FA, Lavrisha 

L, Ansari M, Sweeters N, Stewart M, et al. 

A randomized, placebo-controlled trial of 

arginine therapy for the treatment of 

children with sickle cell disease 

hospitalized with vaso-occlusive pain 

episodes. Haematologica  

2013;98(9):1375-1382. 

15. Morris CR, Hamilton‐Reeves J, 

Martindale RG, Sarav M, Ochoa Gautier 

JB. Acquired amino acid deficiencies: a 

focus on arginine and glutamine. Nutr Clin 

Pract 2017;32:30-47. 

16. Niihara Y, Matsui NM, Shen YM, 

Akiyama DA, Johnson CS, Sunga MA, et 

al. L-glutamine therapy reduces 

endothelial adhesion of sickle red blood 

cells to human umbilical vein endothelial 

cells. BMC Blood Disord  2005;5(4):1-7. 

17. Niihara Y MH, Eckman JR, Koh 

H, Cooper ML. L-Glutamine Therapy 

Reduces Hospitalization for Sickle Cell 

Anemia and Sickle β-Thalassemia Patients 

at Six Months–A Phase II Randomized 

Trial. Clin Pharmacol Biopharm  

2014;3(116):2-5. 

18. Niihara Y, Smith WR, Stark CW. 

A Phase 3 Trial of l-Glutamine in Sickle 

Cell Disease. N Engl J Med 

2018;379(19):226-235. 

19. Mok E, Hankard R. Glutamine 

supplementation in sick children: is it 

beneficial? J Clin Nutr Metab 

2011;2011;40-41. 

20. McRae MP. Therapeutic benefits 

of glutamine: An umbrella review of meta-

analyses. Biomed Rep 2017;6(5):576-584. 

21. Keikhaei B, Moradi-Choghakabodi 

P, Rahim F, Pedram M, Yousefi H, 

Zandian K, et al. Neonatal screening for 

sickle cell disease in Southwest I Iranian J 

Ped Hematol& Oncol  2018;8(2):105-110. 

22. Nur E, Biemond BJ, Otten HM, 

Brandjes DP, Schnog JJ. Oxidative stress 

in sickle cell disease; pathophysiology and 

potential implications for disease 

management. Am J Hematol 

2011;86(6):484-489. 

23. Chirico EN, Pialoux V. Role of 

oxidative stress in the pathogenesis of 

sickle cell disease. IUBMB life  

2012;64(1):72-80. 

24. Bernaudin F, Verlhac S, Peffault de 

Latour R, Dalle JH, Brousse V, Petras E, 

et al. Association of Matched Sibling 

Donor Hematopoietic Stem Cell 

Transplantation With Transcranial Doppler 

Velocities in Children With Sickle Cell 

Anemia. Jama  2019;321(3):266-276. 

25. Misaki W. Bone marrow 

transplantation (BMT) and gene 

replacement therapy (GRT) in sickle cell 

anemia. Niger J Med 2008;17(3):251-256. 

26. Niihara Y, Miller ST, Kanter J, 

Lanzkron S, Smith WR, Hsu LL, et al. A 

phase 3 trial of l-glutamine in sickle cell 

disease. N Engl J Med 2018;379(3):226-

325. 

27. Ilboudo Y, Garrett ME, Bartolucci 

P, Brugnara C, Clish CB, Hirschhorn JN, 

et al. Potential causal role of l-glutamine in 

sickle cell disease painful crises: A 

Mendelian randomization analysis. Blood 

Cells Mol Dis 2021;86:102504. 



 

Farmani Anoosheh et al  

Iran J  Ped Hematol Oncol. 2022,  Vol 12, No 4, 263-271                                                                                  271 

  

28. Yawn BP, Buchanan GR, Afenyi-

Annan AN, Ballas SK, Hassell KL, James 

AH, et al. Management of sickle cell 

disease: summary of the 2014 evidence-

based report by expert panel members. 

Jama  2014;312(10):1033-1048. 

29. Yazdanbakhsh K, Ware RE, 

Noizat-Pirenne F. Red blood cell 

alloimmunization in sickle cell disease: 

pathophysiology, risk factors, and 

transfusion management. Blood  

2012;120(3):528-537. 

30. Fields ME, Guilliams KP, Ragan 

D, Binkley MM, Mirro A, Fellah S, et al. 

Hydroxyurea reduces cerebral metabolic 

stress in patients with sickle cell anemia. 

Blood 2019;133(22);2436–2444. 

31. Darvishi P, Azami M, Sayehmiri 

K, Sayehmiri F, Goodarzi A, Azarkeivan 

A, et al. Red blood cell alloimmunization 

in Iranian beta-thalassemia patients: a 

systematic review and meta-analysis. ISBT 

Sci Ser  2016;11(3):163-173. 


