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 During the extended period (from the beginning of March 2019 until 

the end of February 2020) in the Center of Oncology of Hematology in the 

Medical City of Imam Al-Hussain in Holy Karbala. 31 children with newly 

diagnosis of Acute Lymphoblastic Leukemia (ALL), their ages were ranged 

from 2-12 years old (18 males and 13 females). ALL patients were follow-up 

until they received four doses of chemotherapy. The control group included 

40 healthy control with age range 2-12 years old (20 males and 20 females).   

 The present study was designed to evaluate the levels of galectins 

(Galectin-9), and mannose-binding lectin (MBL), as well as numerous 

routine hematologic parameters and indices. Additionally, evaluated the 

levels of the index for oxidative stress which involved Nitric oxide (NO). 

Besides, the determination of total antioxidant parameters included (T-GSH 

and GSSG). The data of the present study comprised monitoring the levels of 

certain hormones; such as Erythropoietin (EPO), Serotonin (ST), and 

Parathyroid (PTH), as well as Total Protein (TP), Albumin (Alb), and Ferritin 

(FT); furthermore, vitamins, including vit D3 and vit B12, in addition; certain 

trace elements (Zn, Co, Fe, Mn, and Cu), as well as other electrolytes were 

assessed in the sera of children with ALL (at diagnosis) until patients 

receiving four doses of chemotherapy and the recorded outcomes of patients 

were compared to the results of control. 

 The results of the current study were exhibited a significant increase 

(p˂0.05) at the levels of WBCs, Gal-9, MBL, NO, EPO, ST, vit D3, vit B12, 

FT, Mn, and Ca2+, while the outcomes showed a statistically significant 

decrease (p˂0.05) at the levels of RBCs, Hgb, HCT, Plts, MCHC, T-GSH, 

GSSG, PTH, TP, Alb, Co, and K+ in the sera samples of patients with ALL 

(pre-treatment) when compared to the control group, whereas the levels of 

MCH, Zn, Fe, Cu, Mg2+, Na+, and CL- did not vary significantly, but there 

was a non-significant increase in MCV level in blood samples of patients. On 

the other hand, the data have shown decreased levels in each of the following 

parameters in ALL patients after receiving chemotherapeutic doses: WBCs, 

Gal-9, MBL, NO, ST, vit D3, FT, Fe, Cu, Ca2+, Mg2+, Na+, CL-, and K+, 

however; RBCs showed a fluctuating decrease, while other hematological 

parameters presented a slight and gradual rise than their levels at diagnosis; 

such as Hgb, HCT, Plts, MCV, MCH, MCHC, T-GSH, GSSG, TP, Alb, Zn, 

and Co, while each of EPO, vit B12, and Mn levels remain constantly rising 
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after chemotherapy, whereas PTH also remains at a low level after treatment, 

as it was at the time of diagnosis. 

 The present work showed acceptable statistical correlations at the 

(p˂0.05 and p˂0.01) levels (positive or negative) among the evaluated 

parameters in the study. A positively significant correlation was observed for 

Gal-9 and MBL in the sera of ALL patients and control group with the NO, 

ST, and EPO levels, as well as a high positive correlation, was recorded 

within antioxidants molecules (T-GSH, GSSG) and trace elements (Zn, Co, 

Mn, and Cu), moreover; between Zn with Co, Mn, and Cu on the one hand, 

as well as Co with Mn and Cu on the other side, while the study recorded a 

negative correlation relationship when comparing Gal-9 and MBL with levels 

of antioxidants (T-GSH and GSSG), as well as with trace elements (Zn, Co, 

Mn, and Cu), while a high negatively correlation was noticed between EPO 

with trace elements (Zn, Co, Mn, and Cu).   

 The FT, EPO, Gal-9 showed the highest single sensitivity (100%) 

among the criteria assessed followed by MBL (77%), while the lowest 

sensitivity level for patients was 39%, 29%, and 10% for T-GSH, PTH, 

GSSG, separately in children with ALL compared to the control group. 

 It was also noted that the variance capacity of assessed standards 

generally increased when they were linked. The maximum sensitivity rate 

(100%) was observed when the FT, EPO, and Gal-9 were combined to the 

PTH, MBL, T-GSH, GSSG, NO, and ST, as well as the sensitivity of 

diagnostic efficiency of MBL increased to 94% and 90% when evaluating its 

levels with NO and GSSG respectively, as well as the diagnostic sensitivity 

for T-GSH was reached (87%) when assessing its levels with MBL and NO, 

while the lowest allergic rate was 39% and 35% for PTH with GSSG and ST. 
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1.1: Leukemia 

1.1.1: Definition and Characterization of Leukemia 

    The term ‘’leukemia’’ is derived from an ancient Greek word leukos 

(white) and haima (blood) that means ‘’white blood’’ therefore it refers to a 

wide range of malignant disorders in hematopoietic stem cells (HSCs) in the 

bone marrow due to the accumulation of abnormal white blood cells (WBCs). 

The duration of this disease varies depending on the type of leukemia, 

therapeutic methods and patients’ response [Eloranta   et al., 2021]. Thus, 

leukemia is considered one of the most aggressive, dangerous hematologic 

disorder types of cancers all over the world [Simioni   et al., 2019].  

The earliest description of leukemia was accurately made by a French 

physician (Alfred Velpeau) in the year 1827, who was referred to as the 

primary forms of leukemia cells through analysis and studying the blood of 

patients after their death [Mehranfar   et al., 2017]. In 1845 The British 

physician (John Bennett) defined leukemia as a blood disorder and it was 

diagnosed as one of the clinical diseases, while the German physician 

‘’Rudolf Virchow’’ in the year 1847 noticed relatively few patients suffering 

from abnormally high levels of leukocytes and he had named the disease as 

leukemia, and then classified it into splenic leukemia and lymphatic leukemia 

according to the location of its appearance in the different organs [Thomas, 

2019]. At the end of the 19th century and until the middle of the 20th century, 

scientific studies on leukemia included a clearer in definition and 

classification into several different subtypes, besides, the well-defined types 

of leukemia have been used to develop the type of effective chemotherapy 

which represents the most accurate knowledge and scientifically advanced in 

leukemia studies [Thomas, 2019].  
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The medical discovery of leukemia with an early application is a 

continuation through observations, descriptions and research that are based on 

‘’chronology’’ as a definition of outlines and structures of leukemia 

[Mehranfar et al.,2017; Thomas, 2019]. 

At the present time, many studies have been carried out in the diagnosis 

of leukemia and its subtypes with numerous recent techniques have been 

attributed to facilitating the classification of leukemia, as well as study the 

cellular pathways within the bone using different methods including; 

immunohistochemistry, genetic cellular methods, and molecular genetics 

studies, besides immunological tests to distinguish cells via the specific 

surface markers [Mehranfar et al., 2017; Al-Mafragy, 2019]. The complete 

blood count (CBC) is an important test in the primary diagnosis and follow-

up patients with leukemia, when this analysis provides a lot of information 

about the health of the bone marrow by the normal number and presence of 

cells in peripheral blood [Al-Mafragy, 2019]. 

 

1.1.2: Epidemiology of Leukemia 

    The prevalence of all types of leukemia appears to be various according to 

age, gender, race and geographical distribution worldwide. It’s globally, the 

incidence of leukemia would be close by the limited of 10 out of 100,000 

people per year, almost half of this percentage is acute leukemia type [Hade   

et al., 2018]. In particular, leukemia in males is more common than females, 

when the male: female ratios are 3:2, 2:1, and 1.8:1 in Acute Lymphoblastic 

Leukemia (ALL), Chronic LymphoblasticLeukemia (CLL), and Chronic 

Myeloid Leukemia (CML), respectively [Moorman, 2016]. On the other hand, 

the highest rate of ALL in children could be common between 3-10 years, as 

well as adults in the age-range between 40 and 60 years are most likely to 
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develop CML and the incidence rate increases with age progression 

[Moorman, 2016; Scheurera et al., 2018]. 

However; in Iraq, the incidence rates of cancer have been risen 

dramatically, and in particular, leukemia was in the seventh-ranked in 1993, 

while it represents the second-ranked among other ten common cancers in 

2017 [Ministry of health, Iraqi, 2017]. Besides the ALL has been 

characterized as the first-ranked out of the cancers types which common in 

children [Ministry of health, Iraqi, 2008]. 

 

1.1.3: Etiology and Risk Factors of Leukemia  

    The initiating mechanism of leukemia is completely unclear yet, but it 

usually results from the destruction of the mechanism that controls the 

process of normal cell division and prevents the process of differentiation, as 

well as, its’ not succumbing to the mechanism of apoptosis [Chen et al., 

2015]. However, leukemia is similar to other types of cancers in the terms of 

modifications that happen in the cell, which frequently starts with genetic 

mutations in the DNA within the cell or more of HSCs, therefore; the growth 

and division of cells become uncontrolled and unorganized, at this time, the 

mutations change permanently the common behaviour of the cell, thus it is 

often the occurrence of genetic mutations in DNA of one or more 

hematopoietic cells, which causes a disturbance of development and cellular 

differentiation at this stage [Fieg, 2016]. 

HSC is produced as a particular type of blood cells may become a 

functional disorder as the uncontrollable proliferation of cells due to 

increasing the development of more abnormal blood cells which are made in 

the bone marrow, then these cells move to the bloodstream, and begin to 

spread or invade to the various tissues and organs such as lymph nodes, liver, 

spleen, brain and even skin. 
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At the same time, the production of functionally effective normal blood 

cells in bone marrow would be decreased, causing unbearable complications 

for the patients’ health such as anemia, severe bleeding and infections, as well 

as splenomegaly and hepatomegaly that often lead to death [Chen et al., 2015; 

Fieg, 2016]. 

Overall, numerous risk factors could lead to leukemia, for instance; 

environmental factors, radiation, atomic explosions, exposure to irritants, 

carcinogenic chemicals, pesticides, smoking and alcohol intake [Pereira et al., 

2017; Hade, 2018]. In addition, viral infections are associated with the 

incidence of leukemia such as; Epstein-Bar, Bovine, Feline, and Human T- 

Lymphotropic Virus (HTLV) [Prado et al., 2018].  Moreover, some genetic 

disorders have a main role in the occurrence of leukemia for instance; 

neurofibromatosis, Shwachman syndrome, Down’s syndrome, and Bloom 

syndrome [Iacobucci and Mullighan, 2017].  

    Additionally, the use of chemotherapy particularly compounds called 

alkalinizing agents that may enhance the appearance of new types of leukemia 

which has been associated with increased rates of leukemia, especially 

leukemia subtypes of ALL [Quah, 2017].  

 

1.1.4: Classification of Leukemia 

The classification of leukemia is depending upon the French-American-

British (FAB) system which is based on several criteria as the following 

[Hoffbrand and Moss, 2015]: 

The first classification depends on the type of tissue from which leukemic 

cells are derived, as this category includes the following: 

Myeloid Leukemia is the type that created from the myeloid stem cell 

in the bone marrow.  
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Lymphoid Leukemia is the leukemia cells are made from the 

lymphoid stem cell in the bone marrow.  

The second classification is depending on the clinical path of the disease 

and the stage of maturation of the leukemic cells, this class is involved: 

Acute Leukemia has influence on immature leukocytes on both of 

myeloid and lymphoid stem cells and generally this disease developed 

suddenly as a result of short-course of exposure with may last for a short 

period of time, therefore. It considers the most dangerous disease for the 

patients and the chance of survival is low. 

Chronic Leukemia, unlike to the acute leukemia, chronic leukemia 

affects mature leukocytes and develops slowly and gradually for a long 

duration that may reach the period of 5-10 years. The patient can live for 

several years after appearance of symptoms, hence it is less serious than the 

first type and may worsen the patient's condition over a long period of time. 

Overall, there are four basic types of leukemia, included the following: 

Chronic Myeloid Leukemia (CML): This is the type of 

myeloproliferative disturbances growth of myeloid progenitor cells in bone 

marrow and associated with an integrated gene called BCR-ABLI which is 

based on Philadelphia chromosome. Therefore; it is considered as a clonal 

malignant disorder. CML affects both sexes and represents a ratio of 15-20% 

in adults with the highest age of 40-60 years. However, it rarely occurs in 

children and newborns [Hochhaus  et al., 2017; Jenna  et al., 2017]. 

Chronic Lymphocytic Leukemia (CLL): is a type of lymphoproliferative 

disorders growth of lymphoid progenitor cells in the bone marrow. CLL is 

characterized by accumulation of abnormal mature B-lymphocytes in the 

bone marrow, blood, lymph nodes, and spleen due to the incidence of a defect 

in the apoptosis process of cells, thus these cells become inactive and lose 
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their normal functions, and then causes to enlargement of the lymph nodes 

‘’lymphadenopathy’’, splenomegaly, hepatomegaly, as well as anemia 

[Hoffbrand and Moss, 2015; Jenna et al., 2017]. Besides, most patients 

usually do not complain of any specific symptoms due to the disease, but they 

are diagnosed by accident when they have done a routine blood test [Baliakas 

et al., 2019].   

Acute Myeloid Leukemia (AML): This type of leukemia is the most 

mutual in adults and has the risk of increasing with the age of individuals, it is 

regarded as the greater number of myeloblasts in the bone and blood stream 

than before, these cells lose their ability to differentiate and develop as normal 

blood cells, as well as to acquire the characteristic of self-regeneration. Thus 

these cells could not undergo to apoptosis process, and then their numbers 

would be increased at the expense of other blood cells types. Besides, there 

are some medical symptoms in patients with AML; such as failure of bone 

marrow functions and infiltration of organs [Estey, 2018].  

Acute Lymphoblastic Leukemia (ALL): it is one of the greatest common 

hematological cancers, especially during the stage of childhood by which 

mainly affects children with a high percentage (80-85%), principally those 

under 13years, the agewhich is the most commonly affected group of 

children, while the incidence of ALL in adults which it does not exceed (20-

25%) of patients [Terwilliger and Abdul- Hay, 2017]. ALL is characterized 

by a steadily increase in the number of immature lymphocytes well-known as 

lymphoblasts in the bone marrow, therefore; the lymphoblasts replace the 

normal components of blood in the bone marrow and with a noticeable 

reduction in the production of normal blood cells, as well as a decreasing 

number of platelets, besides; the existence of anemia in variable forms. The 

lymphoblasts circulate around the body and begin to proliferate in many other 

organs mainly in the spleen, liver and lymph nodes [Pandey et al., 2017]. 
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1.1.5: Hypotheses of Acute Lymphoblast Leukemia 

Several hypotheses have been put forward to explain the cause of ALL, the 

most important of which are: 

Leo Kinlen (Integrating of Population) Hypothesis: it was developed in 

1988, is indicated that one of the most common causes of ALL due to 

exposure pathogenic infection factors after mixing the community as a result 

of their transmission from one region to another. Thus the children exposed to 

carriers of disease, but this hypothesis was achieved very little by 

international recognition because it did not identify any specific virus or cause 

of infection among the population [Bartenhang et al., 2017].  

The Birth Infection Hypothesis by Smith: it is indicated that one of the 

reasons for the increased incidence of ALL in children may be due to their 

exposure to infection during the intrauterine life due to the transmission of 

infection. According to ‘’Smith’s hypothesis’’, the pathogen works directly in 

particular on B-lymphocytes through unspecified mechanisms, and with the 

start of the process of cellular transformation, then it could stimulate with 

directly affect the ‘’oncogenes’’ either in the embryonic stage within the 

uterus or after birth [Mejía-Aranguré, 2016]. In addition, the risk of incidence 

of ALL in children is increased if their mothers are infected, particularly by 

‘’Epstein-Barr virus’’ prenatal [Hussein and Alkhayat, 2021]. On the other 

hand, many studies have noticed that when assessed the maternal exposure to 

infection during the gestation period which observed that the increased 

children’s risks of leukemia [Bartenhang et al., 2017; Arellano-Galindo et al., 

2017; Hussein and Alkhayat, 2021]. 

The Delayed Infection Hypothesis by Graves: this hypothesis indicated 

that ALL requires at least two genetic mutations to onset in children and the 

existence of genetic disorders which could be indirectly caused by the 

infection, that is possibly stimulated the achievement of further genetic 
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disturbances in children with ALL [Quesada et al., 2021]. Graves's hypothesis 

also showed that the exposure of the common infectious agents during the 

early stages of children’s life is an important factor for the healthy 

development of a child’s immune system, in which maybe as a result of 

abnormal immune responses due to delayed infections in corresponding with 

the development of lymphocytes in the bone marrow. it could be caused a 

potential postpartum genetic disorders or as known ‘’oncogenic hits’’. 

Consequently, Graves's viewpoint shows that the infection factors have an 

important role in the emergence of leukemia in children, and that’s by 

studying the ages of infected children with delayed infections as compared to 

their peak period of leukemia, which could be associated with abnormal 

responses leading to undeveloped in immune system in children [Hade, 2018; 

Quesada et al., 2021]. 

 

1.1.6: Characteristics of Acute Lymphocytic Leukemia Types 

According to the FAB system, ALL is classified into three different 

subtypes which are mainly based on the set of characteristics observed in 

lymphoblasts within the bone marrow under the microscope and how these 

blasts are stained by cytochemical stains [Daniel et al., 2017]. Table 1-1 

shows some essential cellular features to differentiate the different subtypes of 

ALL. 
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Table 1-1: Specific Cellular Characteristics of ALL Subtypes [Hade, 2018] 

Cell Size 

L1 L2 L3 

Usually small 
Various and large in 

mass 
Usually large 

Nuclear 

Chromatin 

Homogenous and 

possibly dense in some 

cells 

Varied 
Homogenous, 

finely and stippled 

Shape of The 

Nucleus 
Regular 

Irregular and 

twisted or folded 

Regular, oval or 

round 

Nucleoli 
Invisible or too small 

and usually indistinct 

Usually visible and 

large in mass 

Clear and regularly 

prominent 

The Amount of 

Cytoplasmic 
Scanty in amount Heterogeneous 

Available in a 

moderate quantity 

Presence of 

Cytoplasmic 

Vacuoles 

Diverse in number Various in number 
Noticeable and 

obvious 

 

In children, the first subclass of ALL (L1) is represented around 70% of 

cases, while the second (L2) and the third (L3) categories represent 25% and 

5% of children cases suffered ALL [Itzykson et al., 2018]. 

However; in the recent time, the World Health Organization (WHO), 

2016 has proposed a new system to classify ALL which involves some groups 

to divide ALL into several sets:    

(1)T-cell of ALL (Premature T-cell precursor lymphoblastic leukemia) 

(2)B-cell of ALL with specific genetic factors abnormalities 

(3)B-cell of ALL without specific genetic factors abnormalities 

(4)Mixed heredity acute leukemia, which is also known as either mixed 

phenotype acute leukemia or acute undifferentiated leukemia, which it 

constitutes a very low percentage of around 2-5% of acute leukemia 

[Wohlfahrt et al., 2015]. 

 

1.1.7: Symptoms of Acute Lymphocytic Leukemia 

General symptoms of ALL are included: frequent infections, fever, easy 

bruising, bleeding that is hard to stop, flat, dark-red skin spots ‘’petechiae’’ 
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due to haemorrhage under the skin, pain in the bones or joints, lumps in the 

neck, underarm, stomach or groin, pain or fullness below the ribs, weakness, 

fatigue, paleness, loss of appetite, and shortness of breath [Kaplan, 2019]. 

 

1.1.8: Diagnosis of Acute Lymphocytic Leukemia 

The Immunophenotyping technique using a cluster of 

differentiation(CD) and flow cytometry play a fundamental role in the 

diagnosis of the three sub-types of ALL, also in the patient’s prognosis 

[Narang et al., 2016]. 

 

1.1.9: Treatment of Acute Lymphocytic Leukemia 

     According to the importance and specificity of this type of cancer, the 

treatment process is more complicated and rather than different from another 

form of leukemia routine treatment (its varies in manner) depending upon the 

therapeutic regimen, as well as it differs from one patient to another [Sas et 

al., 2019]. The programme of therapy is determined by some overlapping 

aspects of cancer cells such as; their behaviour, density, degree of widespread, 

along with the patient’s age, health condition, and physical structure of the 

patient [Plummer et al., 2016]. Hence, the cases of leukemia could be 

characterized according to the severity of disease into ‘’Standard Risk’’ 

category (this group responds to treatment and achieves relatively high 

recovery rates) and ‘’High-risk’’ category, as well as ‘’Very High-risk’’ 

category (which are required a complex and intensive based therapeutic 

regimen) [Amarullah et al., 2018]. Therefore, the early treatment is a very 

essential step in dealing with this disease, and one of the main targets of 

treatment is the blockade of leukemic cells are known as ‘’blasts’’, then it’s 

important to be in a stable stage that identified by the ‘’Remission Induction 

Phase’’, and finally eliminating the blasts [Plummer et al., 2016; Amarullah   
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et al., 2018]. Consequently; the treatment protocols are used with leukemia 

which varied and could comprise the following:  

 Chemotherapy: is a number of different medication doses, is given 

according to the specific strategy that depends mainly on the general patient’s 

health and the severity of the disease [Yoong and Poon, 2018]. The strategy 

of chemotherapy would go through several steps, like the following: 

(1) Remission-Induction: This stage is organised to destroy leukemic cells 

into bone marrow and given the patient particular drugs with strong effects for 

a long period which could be specified for 4-5 weeks of treatment [Khan et 

al., 2017]. The remission period also represents the stage of diagnosis and 

initial chemotherapy treatment of the central nervous system (CNS) of 

leukemia patients, which is very important to organise it in the long term 

consequence in order to protect CNS from spread leukemic cells, in which 

prepares as Traumatic Lumbar Puncture (TLP) through intrathecal treatment 

and it often consists of a triple therapy of hydrocortisone methotrexate (MTX) 

and cytarabine [Abdelmabood   et al., 2020]. 

(2) Consolidation Phase: is also termed intensification period with 

aggressive consolidation that is characterized by receiving a high dose of 

chemotherapy to protect the patient’s CNS and avoid later relapse, it may be 

provided by intensive intrathecal treatment as one or two cycles for five days 

over a period of schedule management by specialists in which arrange for 14-

28 weeks depending upon the risk degree of patients’ groups [Plummer et al., 

2016; Bhatia et al., 2015]. Therefore, the patients take delivery of successive 

consolidation and intensification therapy with the intensity and length 

duration of the chemotherapy regimen in which be determined by the 

patient’s risks group [Robert et al., 2018]. 

(3)Maintenance Phase: is the last period of chemotherapy, is focused on 

preventing cancer cells growth over again in which the treatment is less than 
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previous stages, but it lasts a longer period, that could be extended for 2-3 

years or more. It seems too long with essentials to receive daily therapeutic 

drugs, while the diversity of medications in which given to the patients with 

the possibility of an interruptions period of treatment could be the main 

reasons for the increased risk of relapse in leukemia patients [Bhatia et al., 

2015].  

Many patients could particularly take place a failure during remission-

induction and otherwise, they may have undergone a bone marrow 

transplantation, thus they do not continue the next stages of therapy, however; 

the maintenance phase is considered as an essential stage in the treatment of 

ALL [Bhatia et al., 2015; Hallek, 2019].  After the patients delivered several 

regular chemotherapeutic drugs, it’s a possible response to treatment and 

arrived to be cured. In particular, if they haven’t any hard complications, in 

addition, when the number of lymphoblasts should be less than 5% in the 

bone marrow and never to be found the blasts in peripheral blood [Hoffbrand 

and Moss, 2016; Hallek, 2019]. 

 Radiotherapy: is used in the cases of benign and malignant tumours, as 

it works very effectively in termination tumour cells during the proliferation 

stage by means of X-ray and/or Gamma-ray, these rays work very effectively 

to destroy tumour cells by affecting the damage of DNA, and then modify the 

gene expression [Hallek, 2019]. However; one of the most important 

problems with radiotherapy is the possibility of its damage to the normal 

tissue cells, and causing a new type of cancer as a result of DNA mutation 

lesion of healthy cells, then it has a negative impact to inhibit normal bone 

marrow functions in which principally has permanent damage [McReynolds 

and Savage, 2017]. 
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Targeted Therapy: this type of treatment relies on a type of drug that 

attacks certain types of cancer cells without damaging healthy cells and it has 

less risk of side effects [Pierro et al., 2017]. 

 Interferon Therapy: it reduces or prevents the growth and spreading of 

leukemia cells. It has severe side properties and acts obviously in a 

comparable approach of substances in the immune system which is produced 

naturally [ Mo et al., 2018]. 

 Stem Cells Transplantation: The process of stem cells transplantation is 

involved in cancerous cells destroyed that exist in bone marrow either by 

chemotherapy, radiation therapy, or both. Then, they infuse new and healthy 

hematopoietic stem cells from donors into the bone marrow of patients to 

create healthy and noncancerous blood cells [Dessie et al., 2020]. 

 

1.1.10: Prognosis of Acute Lymphocytic Leukemia 

A number of patients may be able to be survived within 5-15 years after 

the completion of the regular chemotherapeutic regimen cycles. although 

there are many variations between patients, especially in relation to the 

patient’s response to treatment. There are several factors that determined 

whether the therapy is either good or poor [Hoffbrand and Moss, 2015; Lee 

and Cho, 2017]. Table 1-2 shows the main factors that are determined as 

prognosis factors of patients with ALL. 

Table 1-2: The Prognostic Factors in ALL Patients [Hade, 2018] 

Good Prognosis Poor Prognosis 

Children age in between 2-10 years old Adults age more than 50 years old 

ALL blasts from type L1 ALL blasts from type L2 

More effective in white races than in black More effective in black races than in white 

Hemoglobin value > 10g/dL Hemoglobin value< 7g/dL 

The number of WBCs <10x109/L The number of WBCs >50x109/L 

Blast cells are not spread to the CNS Blast cells are spread to the CNS 

Patients have Complete Remission (CR) 

period within 4-5 weeks of initial therapy 

Patients do not have CR period within 4-5 

weeks of initial therapy 
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The prognosis of children with ALL under the age of 13 years old is a 

usually good prognosis, where there is a decline in symptoms of disease, 

especially after being treated with a combination of both radiotherapy and 

chemotherapy besides in some particular cases the patients may require to 

bone marrow transplantation to achieve almost completely recovery [Hade, 

2018]. However; other patients may be in very serious and incurable 

conditions because they are severely susceptible to infections due to either 

acute deficiency in leukocytes and/or as a result of uncontrolled bleeding 

caused by thrombocytopenia [Hade, 2018; Tebbi, 2021]. 

 

1.2: Lectins 

1.2.1: Definition of Lectins 

Lectins (from Latin, Legere, to select or choose) simply are abundant 

proteins or glycoproteins that are probably present in all eukaryotic cells and 

many other bacterial species, as well as in some viruses [Mishraa et al., 2019; 

Chettri et al., 2021].  They are capable to bind mono- and oligosaccharides 

with high affinity and usually agglutinate cells or precipitating 

polysaccharides and glycoconjugates, specifically and reversibly [Chettri et 

al., 2021]. 

Broadly, lectins constitute a superfamily of ubiquitously distributed 

proteins, which are described and characterized in a steadily increasing 

number of publications [Manikandan et al., 2020]. 

 

1.2.2: Classification and Structure of Lectins  

The classification of lectins is wide-ranging due to the presence of a 

great number of diverse lectins. Lectins may be broadly divided into four 

categories by using different approaches [Coulibaly and Youan, 2017]. 

Lectins are categorized into 13 types (families) according to their specificity 
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of sugar, included: Calnexin, F-type, F-box, Selectin, L-type, M-type, P-type, 

R-type, Ficolins, Galectins and C-type [Mishraa et al., 2019; Li et al., 2019a]. 

In general, these families are divided into those which act as intracellular 

and extracellular. The intracellular lectins are localised in luminal 

compartments of the secretory pathway, while the extracellular lectins are 

either secreted into the extracellular matrix, body fluids or located in the 

plasma membrane, as they are mediated by a range of functions [Kumar et al., 

2012]. Figure 1-1 has been exposed to some types of lectins. 

Figure 1-1: Examples of Main Types of Lectins [Kumar et al., 2012] 

 

Lectins consist of two main groups based on their metal dependence: 

The calcium-dependent (C-type) and the calcium-independent (S-type 

lectins). C-type family includes both soluble and insoluble or integral 

membrane proteins, by which are regarded by Ca2+ requirement for their 

activities, and a sequence of patterns with highly conserved amino acids that 

contain about 15% of their carbohydrate-recognition domains (CRDs) 

[Majbel, 2020]. S-type lectins are sulfhydryls-dependent, or beta-galactoside 

binding proteins which are soluble proteins in vertebrates, as these lectins 



Chapter One            Introduction and Literature Review 
………………………………………………………………………. 
 

16 
…………………………………………………………………………………. 

require for their binding activity to ligands (mostly ß-galactosyl residues) 

[Cassandra et al., 2017]. 

1.2.3: Galectins  

Galectins are soluble glycoproteins,  bind specifically to β-galactosides. 

galectins have broadly disseminated in nature by their binding to a variety of 

glycoproteins, by which galectins have central stimuli for this type of 

communication in the cells, and it’s probably to play a crucial role in the 

involvement of growth and progression of cancer [Hisrich et al., 2020]. 

Galectins were initially discovered in 1976 by isolating them from the 

lungs and hearts of small calves, as well as from the muscles of chicks 

[Hisrich et al., 2020; Ebrahim et al., 2014]. In addition, galectins have been 

identified in some other invertebrates such as; oysters and amphioxus [Chen 

et al., 2016]. Galectins are made up of one or more subunits called 

carbohydrate-recognition domains (CRDs) with consent about 130 amino acid 

sequences [Varki et al., 2015].  

In mammals, about 15 members of galectins have been isolated and 

recognized as well as classified into three categories depending on the number 

composition and organization of CRD subunits in which as follows into 

[Saccon et al., 2017]: (1) Dimeric galectins have two identical CRD domains 

that comprise (1, 2, 5, 7, 10, 11, 13, 14, and 15) galectins. (2) Tandem 

galectins have two different CRD domains that include (4, 6, 8, 9, and 12) 

galectins.(3) Chimeric type galectins which have either one or multiple 

flexible subunits of CRDs to increase their linkers that include just now 

Galectin-3, as shown in Figure 1-2. 
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Figure 1-2: Classification and Structure of Different Galectins Categories 

[Ebrahim   et al., 2014] 

The function of galectins varies with their tissue-specific and sub-

cellular location, with their binding to carbohydrates makes them important 

fundamentals in several intra- and extracellular pathways [Modenutti et 

al.,2019; Pasmatzi et al., 2019], thus galectins become more complicated in 

the study [Modenutti et al., 2019; Thijssen et al., 2015]. On the other hand, 

galectins are known to involve in various biological functions such as; cell 

adhesion, cell surface signalling, angiogenesis, proliferation, migration, 

invasion, inflammation and regulation of apoptosis [Hisrich et al., 2020; 

Thijssen et al., 2015]. Therefore; the role of galectins has been broadly 

studied in different types of cancers, especially with the most frequently 

observed galectin-1, 3 and 4, followed by 7 and 9 in which could be noted 

that galectins might have different functions in different malignancies, as well 

as it’s possible to use galectins as effective targets for therapeutic approaches 

and/or diagnostic biomarkers [Chou et al., 2018]. 

 

1.2.4: Galectin-9  

Galectin-9 (Gal-9) was primarily isolated from ‘’ mouse embryonic 

kidney in 1997 as a 36 kDa beta-galactoside lectin protein [Thijssen et al., 

2015; Chou et al., 2018]. Human Gal-9 is distinct from other galectins 
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because it has multi-functions with strong immune modification impacts 

[Chou et al., 2018]. Gal-9 is one of the utmost studied ligands for T-

Immunoglobulin and mucin-domain containing protein-3 (TIM-3) associated 

with various tumour cells either stimulate or dampen tumour activity 

according to its links with different ligands on the cell surface of T-cells 

[Chetry et al., 2018]. 

In addition, Gal-9 also has essential cytoplasmic intra and extra-cellular 

functions, as well as, it was involved in tumorigenesis by cell adhesion, 

proliferation, tumour cell transformation angiogenesis and T-lymphocytes 

apoptosis [Taghiloo et al., 2017]. Furthermore, malignant cells have the 

ability to release Gal-9 through the process of autocrine due to the efficacy of 

immunoglobulin by T-cells and TIM-3.The TIM-3/Gal-9 complex is formed 

via Gal-9 ligand, as a result of this association through the induction 

mechanism of Gal-9, and the ability of Gal-9 to link with the TIM-3 

receptors, and then the initiating to suppress T-lymphocytes and Natural 

Killer cells (NK), finally dysfunction is occurring [Taghiloo et al., 2017; 

Kursunel and Esendagli, 2017], as clarified in Figure 1-3. 

 
 

Figure 1-3: Immune Evasion of Leukemia Cells Through Co-Inhibitory 

Molecules [Kursunel; Esendagli, 2017] 
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Gal-9 was studied being in a wide range of solid malignancies such as 

gastric, breast cancer, prostate, bladder, and lung cancers; as well as 

hematological malignancies including; AML, CLL, Hodgkin and Non-

Hodgkin lymphomas [Wang et al., 2018; Pang et al., 2018]. 

Gal-9 has exhibited higher levels in sera of patients with newly 

diagnosed CLL compared to healthy individuals that may be associated with 

the development and progression of the disease [Taghiloo et al., 2017; 

Wdowiak et al., 2019]. Other studies are suggested to reactivate of T-cells 

and secretion of cytokines by a variety of galectin inhibitors in the Gal-

9/TIM-3 complex pathway as a result of choosing an optional range of 

therapies for patients with various malignancies and designing different 

protocols to activate immunotherapy and chemotherapy [Goncalves et al., 

2017]. 

1.2.5: Mannose Binding Lectin  

Mannose-binding lectin (MBL) is an oligomeric protein molecule which 

is a C-type lectin made in the liver then secreted into the blood in response to 

infection [Auriti et al., 2017]. MBL is formed of 96-kDa organizational units, 

which in turn are contained of three matchings 32-kDa main subunits [Gupta 

and Gupta, 2021]. It is characterized by fucose residues and N-acetyl 

glucosamine as molecular forms domains which are distinctive on the 

microbial surfaces in viruses, bacteria, fungi and parasites through 

identification the recognition of carbohydrates and stimulates the complement 

system for opsonisation of pathogens via a process of phagocytosis by 

polymorphonuclear (PMN) cells in which leading to the decomposition of the 

microorganisms [Gupta, 2020]. 

MBL participates in the immune system response against pathogens 

because it is one of the acute phase proteins, hence MBL is considered one of 

the most important components of the first line of defence in various immune 
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responses, especially in early childhood [Wahlund et al., 2020]. MBL requires 

to be linked with serine proteases enzymes to form the Mannose associated 

serine proteases (MASPs)to motivate the complementary pathway of lectin. 

it’s possible that MBL has a major role as anti-inflammatory due to the 

presence of an association between serum levels of MBL and levels of IL-6 

which respond to release during the acute stage of disease [Cedzynski and 

Swierzk, 2020]. 

The probability of multiple genetic patterns of the low-levels in MBL is 

associated with a significant increase in the risk of developing ALL, 

especially at the early age of children in comparison with a healthy group 

which it’s possible that the interactions between the immune system and early 

childhood infectious diseases could be particularly induced to cause ALL [Li 

et al., 2019b]. Although it has been exposed that there is little data on the 

possible potential role of MBL in the mechanisms involved in the 

carcinogenicity pathway or through protection against cancer, while MBL is 

possible to be considered an important biochemical indicator that contributes 

to cancer risks in humans [Li et al., 2019a; Sokolowska et al., 2020]. 

 

1.3: Normal Cellular Oxidation and Oxidative Stress 

Generally, oxygen is one of the most important molecules in various 

biological activities and energy production, it’s approximately 1-3% amount 

of inhaled oxygen, as naturally converted into reactive species (RS) molecules 

which known as oxidants such as reactive oxygen species (ROS) [Quijano et 

al., 2016]. 

Reactive molecules are divided according to their nature into two types: 

Free radical molecules like superoxide anion (O2-) and nitric oxide (NO). 

Non-radical molecules such as malondialdehyde (MDA) and hydrogen 

peroxide (H2O2). 
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Free radicals are highly reactive molecules by unpaired electrons in an 

atomic or molecular orbit. Meanwhile, free radicals are produced under 

specific physiological conditions during aerobic metabolism [Ling et al., 

2018]. RS molecules have a pivotal role in phagocytosis processes, as well as 

free radicals are involved in the biosynthesis of prostaglandins by oxidized 

polyunsaturated fatty acids through the lipid peroxidation process as well as, 

RS molecules have a significant role in the ‘’intracellular signalling’’ pathway 

and play a central role in the therapeutic action of drugs [Herb and Schramm, 

2021]. 

The main intracellular production site of ROS in living organisms is 

mitochondria via oxidative phosphorylation [Qazi and Khurshid, 2018; Zhao 

et al., 2019]. Under normal physiological conditions, the cellular defence 

mechanism is principal to protect the vital cellular components from the effect 

of cellular damage in which produced by ROS, and that’s through a group of 

anti-oxidant defence systems by different protective enzymes including; 

glutathione peroxidase (GPx), catalase (CAT), superoxide dismutase (SOD) 

and peroxiredoxins (Prxs) [Zhang et al., 2018; Namrata et al., 2019], while 

another group of anti-oxidants molecules which named the non-enzymatic 

endogenous and exogenous antioxidants that consist of glutathione, α-

tocopherol, beta-carotene, ascorbic acid and plant flavonoids which act as 

scavengers of free radicals and thereby prevent the formation of new free 

radical molecules [Hangauer et al., 2017].Therefore; the antioxidant defence 

system has a key role in the suppression of various diseases, and their clinical 

manifestations which is working against the production of further ROS 

[Balasaheb and Pal, 2015]. 

On the other hand, ROS has related to a wide range of tumour and non-

tumour diseases [Rezaieg and Musleh, 2019]. In pathological conditions, the 

increasing of RS and/or reduction of antioxidants leads to enhance oxidative 
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stress (OS), which results in tissue damage due to a state of imbalance 

between oxidants and antioxidant activity [Matlab and Jasim, 2017]. 

According to the roles of free radicals in the living cells and potentially 

of their harmful effects with the destruction of vital cellular molecules, the 

free radicals have the possibility, in turn, to convert the normal cells into 

cancerous cells [Rasool et al., 2015; Matlab and Jasim, 2017]. 

Leukemic patients have more OS and inflammatory responses, then it’s 

increased the extent of ROS which causes cell death via necrosis, thus OS 

could lead to excessive production of ROS in which have quite a role in many 

hematopoietic leukemias that including acute and chronic leukemia [Dong et 

al., 2021]. As far as, the normal activity of anti-oxidants levels would become 

insufficient to suppress the excessive production of free radicals [Matlab and 

Jasim, 2017], which may lead to increasing the activity of cancer-stimulating 

genes (oncogenes) and causing carcinogenicity [Klaunig and Wang, 2018]. 

Alternatively, many studies have been pointed to the essential role of 

non-enzymatic antioxidants such as; glutathione, vitamins C, D, E and some 

natural compounds that intake nutrients which consider as natural 

antioxidants have vital roles in the treatment of some cancerous tumours, as 

these compounds either inhibit or eliminate the growth of cancer cells [Kabeel 

et al., 2018]. other studies have focused on the use of antioxidants in many 

different types of cancer therapies as alternative treatments to prevent the 

occurrence of carcinogenic conditions and reduce the likelihood of spreading 

the cancerous cells to other regions of the body [Singh et al., 2018]. 

 

1.3.1: Nitric Oxide  

Nitric Oxide (NO) is a simple structure molecule and quite unstable with 

a very lipophilic free radical with a little molecular weight to be allowed it in 

diffusion through cell membranes to achieve a wide range of functions in 
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many biological systems [Picón-Pagès et al., 2019]. NO produces by 

transforming the amino acid L-arginine to L- citrulline, with releasing of the 

oxidized nitrogen via means of the nitric oxide synthases (NOs). 

                                                                          NO synthases 

L-Arginine                        L-Citrulline + NO 

 

NO bioavailability is structurally simple in common which has a very 

short half-life of 6-10 seconds in the blood, and its end products are nitrate or 

nitrite which are considered as an indicator for its production [Levine et al., 

2015]. NOs has four isoforms formed of NO, in which is synthesized stable 

and non-volatile molecules that are known for the NOs enzyme: neuronal 

NOs (nNOs), inducible NOs (iNOs), endothelial NOs (eNOs), and 

mitochondrial NOs (mtNOs) [Clementi and Nisoli, 2015; Lundberg, 2016].  

NO has various actions at the physiologic and pathologic levels which 

associated with neurotransmission, cardiovascular homeostasis, vasodilatation 

and the metabolism of cells, besides, it is also related to numerous 

inflammation and immune responses, particularly in cancer growth and 

wound healing process, as well as NO, could be an intermediary in various 

mutations, carcinogenicity, and inflammatory [Lundberg, 2016; Hu et al., 

2020]. 

Hematopoietic cells could produce NO and influence the processes of 

growth and differentiation [Cheng et al., 2015]. It’s possible that NO and its 

derivatives become cytostatic and cytotoxic factors, as well as it could 

promote cancer growth by which the controlling on cancer by several steps of 

carcinogenesis through up-regulating transmuted of tumour suppression 

protein (p53) in the cells which could be modulated tumour cell DNA and 

contribute to tumour angiogenesis via regulating vascular endothelial growth 

factor (VEGF) [Levine et al., 2015; Cheng et al., 2015]. 
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Several studies had shown that the three isoforms of NO may contribute 

to enhancing the aetiology of cancer and NO may associate with various 

carcinogenesis stages [Cheng et al., 2015; Ghaffaria et al., 2015; Khan et al., 

2020]. The levels of NO raised up in different types of leukemias, including 

CML and AML, while iNO expression is elevated normally in cancer cells 

[Khan et al., 2020]. Conversely; other studies have indicated that the high 

levels of NO have cytotoxic properties in cell lines of patients with different 

malignancies; such as lymphoma or leukemia [Umbrello et al., 2015; 

Sangwan et al., 2016].  

Various studies suggested that remained a significant elevation in the 

levels of NO in CLL patients after delivered chemotherapy which could be 

remarked a possible to be mediated mechanisms of cancer growth, 

progression and metastasis [Cheng et al., 2015; Sangwan et al., 2016]. The 

possibility of increased levels of NO could be mediated to the 

chemotherapeutic treatment, especially for patients with ALL and CLL 

Leukemias, and then NO could be considered a potential chemotherapeutic 

indicator in the treatment of patients with different types of cancers especially 

in ALL, particularly a certain value of treating leukemia by using NOs 

inhibitors [John et al., 2011; Cheng et al., 2015; Sangwan et al., 2016]. Also, 

it could be a diagnostic and prognostic tool during the treatment of leukemic 

patients [John et al., 2011; Sangwan et al., 2016]. 

 

1.3.2: Glutathione and Oxidized Glutathione Disulfide  

Glutathione (GSH) is a non-enzymatic antioxidant, exists in most 

organisms, ranging from bacteria to humans and is composed of three 

important amino acids γ-L-glutamyl, L-cysteinyl, and glycine [Giovanna et 

al., 2017; Miess et al., 2018]. GSH is found in the blood and could be isolated 

from the liver and muscles and there are two different forms of glutathione, 
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Active form which is known as reduced glutathione (GSH), it represents the 

majority of intracellular GSH about 90-95% in the cytosol, nucleus, and 

mitochondria [Bajic et al., 2019]. Inactive form, it called oxidized 

glutathione (GSSG) that represents approximately 10% in the mitochondria 

and endoplasmic reticulum [Kennedy et al., 2020; Mari   et al., 2020]. GSSG 

is converted into GSH by glutathione reductase (GR) in presence of 

nicotinamide adenine dinucleotide phosphate (NADPH) [Couto et al., 2016; 

Salbitani et al., 2017]. 

GSH has normally antioxidants features to protect cells against damage 

by oxidants, as well as it plays a key role in the control of many cellular 

processes such as; DNA and protein synthesis, gene expression, signalling 

pathways, cell growth, differentiation, apoptosis, and inhibits cell destruction 

produced by ROS particularly that relevant with carcinogenic mechanisms 

[Teskey et al., 2018]. 

In humans, GSH is considered an essential indication for various 

diseases and its concentrations could be correlated with different pathogenesis 

include; respiratory diseases, alcoholic liver disease, rheumatoid arthritis, 

Alzheimer disease, and leukemia [Simpson et al., 2015; Silvagno et al., 

2020]. 

The increase of ROS levels and reduction of GSH levels are associated 

with over expression of mucin-1 (MUC1-C) oncoprotein which is frequently 

related to AML. Several studies have been indicated to impaired the 

antioxidant system due to the increase of free radicals in childhood leukemia 

with a negative correlation between GSH with MDA, vitamins (A, E, and C) 

respectively, and then it is possible causing of the increase in liver enzymes, 

but a decline in the liver glutathione that could be as a target response of toxic 

effects by free radicals in leukemia patients [Rezaieg and Musleh, 2019]. 
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1.4: Serotonin 

Serotonin (ST) is a biogenic amine, formed by alteration of an essential 

amino acid (L-tryptophan) which is gained mainly from the nutrition into 5-

hydroxytryptamine using tryptophan hydroxylase and 5-hydroxy tryptophan 

decarboxylase enzymes [Sarrouilhe and Mesnil, 2019; Yabut et al., 2019]. It 

has a number of physiological and behavioural functions, it acts as a 

neurotransmitter in the brain, and is produced within serotonergic neurons of 

the central nervous system (CNS) where it regulates the behaviour, sensory 

functions, mood, appetite, sleep, cognition, endocrine action, and 

gastrointestinal functions [Szabo et al., 2018; Julian et al., 2019]. Moreover, it 

has a vital metabolic effect to enhance nutrient absorption and storage of 

glucose and fatty acids, though increasing lipogenesis and insulin secretion 

and decreasing lipolysis [Yabut et al., 2019; Julian et al., 2019]. 

ST is synthesized and released by enterochromaffin cells, which coat the 

lumen of the gastrointestinal tract (GIT).it has a fundamental role in the gut 

regulation, motility of the intestine, and secretion [Elshayeb et al., 2016; 

Periayah et al., 2017]. ST stored within granules in blood platelet cells and 

involved in the platelets aggregation as a local facilitator in vasoconstriction 

during blood clotting that leads to regulate of homeostasis [Periayah et al., 

2017]. Furthermore, ST is appeared to be a growth factor for tumour cell lines 

in several types of malignancies [Sarrouilhe and Mesnil, 2019; Liu et al., 

2017]. 

ST exhibits a complex mechanism to evoke signalling pathways that 

stimulate tumour development in some cancerous types, it was represented as 

a pattern of mitogen as a specific receptor pathway [Liu et al., 2017; 

Zweckstetter et al., 2021]. Moreover, the information available on ST 

participation in cancer cells migration, metastatic processes, as well as it 

might be elaborated in one or more essential phases of cancer progression 
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and/or growth of the primary tumour, invasion up to metastasis [Rasha and 

Matlab, 2017]. ST can be used as a specific tumour marker in particular types 

of cancers such as hepatic, pancreatic and GIT cancers [Elshayeb et al., 2016; 

Rasha and Matlab, 2017]. ST levels have significant correlations to the 

incidence of various types of cancers, as lymphoma and colorectal cancer, 

whereas it seems that ST levels may be affected by the type of cancer and the 

cytotoxic effects of chemotherapy in different cancer patients, therefore, it’s 

possible that ST levels were associated with the stimulation of ST receptors 

[Rasha and Matlab, 2017; Ballou1y et al., 2018; Zmudzka et al., 2018]. 

 

1.5: Erythropoietin Hormone 

Human erythropoietin (EPO) is a glycoprotein hormone that has a 

molecular weight of 30.4 kDa, the main sites of its production are peritubular 

capillary endothelial cells in the renal cortex in adults [Suresh et al., 2020]. 

Essentially, it is produced in the liver in small amounts during fetal stages 

[Gaine et al., 2017]. The production of erythrocytes in the bone marrow is 

normally organized by EPO in response to the cellular decreased amounts of 

oxygen, thus the declinein oxygen levels is a major factor to stimulate EPO 

production, and then increasing number of RBCs which deliver oxygen to the 

tissues, so the disturbance of EPO levels is generating interruption of RBCs 

production in the bone marrow [Denka, 2016]. 

The elevationof EPO levels are contributed to the occurrence of 

numerous cancer especially leukemia, as well as, anemia which accompanied 

by different leukemias, and it seems that EPO could be one of the therapeutic 

factors that are used in the treatment of anemia caused by chemotherapy and 

radiotherapy in patients with malignancy, particularly in ALL and CLL 

patients [Bhoopalan et al., 2020; Khalife et al., 2021]. 
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1.6: Parathyroid Hormone and Calcium 

Parathyroid hormone (PTH) is one of the important protein hormones, 

which it has consisted of 84-amino acids that are regulated as a single-chain 

polypeptide. As well as, PTH is made and secreted through chief cells of the 

parathyroid glands which are situated on the posterior surface of the thyroid 

gland [Bhattarai et al.,2020]. 

Both PTH and calcitonin hormones have a central role in the control of 

calcium ion (Ca2+) balance and regulation of the movement of Ca2+ among 

intestine, bone, and kidney [Inaguma et al., 2017; Hannan et al., 2018; 

Dhivyasree et al., 2018], as well as it has an important regulator role in 

binding amino acids to their receptors on the cell membrane by cellular 

pathways [Randolph et al., 2016]. 

Ca2+ is an important element in the body for various vital functions in the 

intracellular and extracellular, as well as it’s associated with contractions 

muscles cycle as a cross-bridge binding with actin and myosin proteins 

[Bhattarai et al., 2020]. Serum Ca2+is existing to be approximately 50% as 

free Ca2+, and/or nearly 40% bound to plasma proteins with closely 10% 

chelated to serum anions in complex of total circulating calcium [Kaku et al., 

2015]. Abnormal concentrations of serum Ca2+ (hypercalcemia or 

hypocalcemia) are contributed to different pathological disorders [Randolph 

et al., 2016; Kaku et al., 2015]. 

Secretion of PTH is stimulated by decreasing Ca2+ levels in the blood 

(hypocalcemia) in combination with calcitonin secreted by the C cells in the 

thyroid gland to provide some complementary mechanisms to sustain blood 

Ca2+ levels within optimal limits. PTH passes through the blood to act in 

bone, intestine, and kidney, then commencing responses that increase the 

concentration of Ca2+ in the blood [Kaku et al., 2015; Young et al., 2018]. 

Consequently, the raise of blood Ca2+ concentration is a negative feedback 
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index in which turn off the reaction of the decreasing Ca2+ in patients, and 

then finally the releasing of PTH, as the elevated PTH levels would be 

enhanced serum Ca2+ levels by acting on major target organs include; 

intestine, bone, and kidney by normal homeostatic mechanisms through three 

ways as following: [Young et al., 2018; Silverthorn, 2018]. 

(1) Direct action on bone by increasing the rate of bone resorption via 

osteoclasts which are responsible for dissolving and breakdown the calcified 

bone matrix. (2) Direct action on the kidney by increasing the rate of renal 

tubular reabsorption of Ca2+especially, in the renal distal nephron and 

inhibiting the reabsorption of phosphate ions from the glomerular filtrate. 

(3) PTH indirectly action on intestinal by the promotion of absorption 

Ca2+ from the small intestine through its involvement and influence on 

vitamin D, as clarified in Figure 1-4. 

 

Figure 1-4: The Major Target Organs Affected by Calcium Regulatory 

Hormones [Young   et al., 2018] 

PTH is mostly mediated with hypercalcemia in patients with leukemia, 

likewise, according to Dhivyasree’s study hypercalcemia is relatively one of 

the important complications in childhood ALL [Dhivyasree et al., 2018], as 
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well as, it has predictable between 5-20% as common complications in 

various malignancies of adults [Dhivyasree et al., 2018; Bechir et al., 2017].    

 

1.7: Vitamin D3 

Vitamin D3 (Vit D3) is a progenitor of steroid hormones, it is one of the 

lipid-soluble vitamins, therefore; Vit D3 could be deposited in adipose tissues 

[Seyedalipour et al., 2017]. Moreover, it has a significant role in regulating 

the metabolism of calcium, phosphate, and magnesium in the intestine and 

kidneys, as well as in bone mineralization to conserve mineral balance by a 

wide range of biological effects on bone cells, along with it is involved in 

numerous cellular functions in the body such as; proliferation, differentiation, 

immune regulation and apoptosis [Casan et al., 2017; Pilz et al., 2019].  

In circulation, Vit D3 is associated with Vit D3 binding protein (DBP), 

and then it should be passed through a number of hydroxylation stages to be 

an effective vitamin, the first hydroxylation mostly comes to pass within the 

liver, leading to the formation of 25(OH)D or calcidiol, and the second 

hydroxylation occurs in the kidneys, epithelial cells of the intestine and 

immune cells by using various enzymes to form the most active of Vit D3 

which called 1,25 Dihydroxy vitamin D3 (DHVD3), or calcitriol, as far as the 

active form of Vit D3 is contributed in many regulatory mechanisms to protect 

target tissues or organs from different pathological disorders [Damoiseaux;  

Smolders, 2018; Krishna, 2019].  

Vit D3 activities are mediated through intracellular Vit D3 receptors, 

these receptors of Vit D3 are found in almost all cells in the body as well as, in 

different target organs such as; intestine, bone, kidney [Young et al., 2018]. 

Moreover, Vit D3 plays an important regulator role of immune system 

components, especially T-lymphocytes in development, differentiation and 

activity functions [Martens et al., 2020]. 
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Vit D3 is recognized in cancer by which its cytotoxic properties on 

cancer cells thus, it acts as ‘’as anticancer’’ through suppression of 

carcinogenesis by the promotion of apoptosis, anti-proliferation of cells, and 

induction of differentiation, besides, it could be inhibited or suppressed 

tumours angiogenesis, invasion and metastasis [Jeon and Shin, 2018; 

Wadhwa et al., 2018]. The main steps of Vit D3 synthesis are illustrated in 

Figure 1-5. 

 
 

Figure 1-5: The Essential Steps of Vitamin D3 Synthesis [Krishna, 2019] 

 

1.8: Vitamin B12 

Vitamin B12 (Vit B12) or it is called cobalamin is a water-soluble vitamin, 

it has a vital role as micro nutrients involved in metabolism, cell division and 

maintains body health with the efficient quantity of absorption and 
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transportation, as well as, it is important for the nervous system, synthesis of 

DNA, and erythropoiesis process [Castellanos-Sinco et al., 2015]. 

The lack of vit B12 is a major public health condition that is common in 

hematological malignancies as compared to non-hematological diseases 

[Horie et al., 2017]. Furthermore, the reduction in levels of Vit B12 is 

recognized considerably in CML, ALL and Non-Hodgkin’s lymphoma (NHL) 

patients who are receiving therapy and accompanied with macrocytic anemia 

[Horie et al., 2017; Bordbar et al., 2018]. Besides, it has been pointed to 

decreased levels of Vit B12 and folic acid in dietary supplements of childhood 

ALL may actually be a causative factor for tumor-initiating, as well as the 

development of acute leukemia, as the decreasing levels of Vit B12 causes 

enormous changes in the bone marrow of patients with cancers, then causes 

severe pancytopenia, macrocytic anemia, and megaloblastic anemia [Obaid et 

al., 2018; Konda et al., 2019; Anjana et al., 2020]. 

Thus, the incidence of Vit B12 deficiency is varied among specific cancer 

types [Singh et al., 2015]. Hence, it could be caused developing a type of 

anemia known as pernicious anemia due to a failure of parietal cells in the 

gastric glands to produce an important factor called intrinsic factor to form a 

complex with Vit B12, and then it is required for Vit B12 absorption [Andres et 

al., 2016; Hannibal et al., 2016]. Therefore; the deficient of Vit B12 may be 

specifically caused by the absence of an intrinsic factor and then failure of Vit 

B12 to absorb by the intestine, also, it may directly cause a severe decline in 

the erythropoiesis process which depends upon Vit B12 [Green et al., 2017; 

Sezer et al., 2018]. 

Alternatively, some studies have been shown that the high levels of vit 

B12 could be a potential biomarker for pathogenesis, diagnosis and prognosis 

of malignant (solid or hematological) tumors, however, the rise of Vit B12 
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levels is not yet completely understood [Arendt et al., 2016; Arendt   et al., 

2019]. 

Recently, it is noticed that the raised of Vit B12 levels are associated with 

poor survival with mortality among patients with specific malignancies, 

which indicates more progressive and aggressive cancers and thus it reflects 

the metabolic changes of vit B12 that may cause cancer [Arendt et al., 2019; 

Hoogstraten et al., 2019]. Vit B12 levels are significantly high values in 

patients suffering from CML and AML patients, while ALL and CLL patients 

have variables between normal serum levels to moderate elevations of Vit B12 

[Hoogstraten et al., 2019]. 

 

1.9: Total Protein  

Proteins are important construction masses for the formation of all cells 

and tissues, as the proteins represent the basic part of most organs, as well as 

in various enzymes and hormones, thus proteins regulate numerous functions 

of the body such as growth and development, as the total serum protein is 

measured two types of serum proteins which comprising of albumin (Alb) and 

immunoglobulins (Igs) [Kornblau et al., 2018].  

Alb is mostly made by the liver and forms approximately 60% of the 

total protein (TP). It has a main role in carrying vitamins, hormones, 

medications, and some elements like Ca2+ throughout the body, as well as it’s 

essential for tissue growth and healing. Alb is considered as an indicator for 

chronic inflammation in various human cancers as one of the acute-phase 

proteins [Bozkaya et al., 2019]. Igs are primarily made up the residual 40% of 

proteins in the blood, they consist of diverse subtypes of proteins are known: 

alpha, beta, and gamma, some of them are formed by the liver, whereas others 

are produced via immune system cells, as the Igs carrying iron metal which 
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necessary for binding with hemoglobin in the blood [Pagana et al., 2016; 

Chernecky and Berger, 2017]. 

TP levels could be increased or decreased according to several disorders 

as liver diseases, renal nephrotic syndrome, congestive heart failure, 

dehydration, malabsorption, inflammatory conditions, multiple myeloma and 

some type of leukemia [Bozkaya et al., 2019; Chernecky and Berger, 2017].  

Decreasing of total protein levels and hypoalbuminemia in ALL patients 

at diagnosis period and then begin to increase throughout the induction 

therapy, it’s possibly due to the catalytic state in ALL patients is associated 

with a widespread suppression of nutrients absorption during, as the growth 

of cancerous cells in leukemia patients is accompanied by the synthesis of 

glutamine synthesis and ammonium ion (NH4+) scavenging [Chung et al., 

2020]. Besides, the TP and Alb levels could be an independent prognostic 

factor for survival in several cancer diseases, especially ALL and AML to be 

considered either before beginning treatment or at the same time of starting 

induction therapy particularly patients with hypoalbuminemia [Dyczynski et 

al., 2018]. 

 

1.10: Ferritin  

Ferritin (FT) is one of the most important medical indices proteins which 

is indicated by the amount of iron content stored in the humans’ body 

[Murphree et al., 2020]. It could be considered as an assistant diagnostic 

marker in patients with leukemia, although high levels of ferritin have an 

impact on the onset of many diseases; such as cardiovascular diseases and 

some other malignant tumours [Cullis et al., 2018]. 

Previous studies on serum FT concentrations have shown variable levels 

of FT in patients with different forms of leukemia and during various stages 

of therapy [Hamad et al., 2019; Ihlow et al., 2019; Wang et al., 2019a]. 

https://labtestsonline.org/conditions/multiple-myeloma
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Additionally, several epidemiologic studies have shown that the higher 

levels of FT associated with several human cancers during different age 

groups with a medical historic hereditary of cancer in combination with the 

period before and after chemotherapy [Bertoli et al., 2019; Lee et al., 2019; 

Nair et al., 2018].  

It’s published that the patients with different hematologic malignancies 

have higher FT levels at the time of diagnosis than in the course of remission 

induction stage in multiple myeloma and malignant lymphomas, however; FT 

concentrations are still lower than patients who have acute leukemia, whereas 

the causes somewhat unknown [Hamad et al., 2019; Senjoa et al., 2018]. 

Conversely, the decreasing level of FT concentrations was recorded in 

patient’s survivors of ALL those underwent chemotherapy for a long-term 

period of treatment that would be useful prognostic and prediction markers 

for relapse in advance of programs therapy, and it’s similar to be in AML 

patients [Hamad et al., 2019; Ihlow et al., 2019]. Eventually, the revealing 

monitoring of any alteration in serum ferritin concentrations can be a helpful 

indicator for evaluating conditions and predictive signs in patients with 

various malignancies to improve of the therapeutic regimens [Ihlow et al., 

2019; Senjoa et al., 2018]. 

 

1.11: Trace Elements  

In general, the human body requires a wide-ranging of nutrient elements 

to complete normal physiological processes and the majority of these 

elements play pivotal roles in the continuity of many vital cellular functions 

[Mohammad and Fezea, 2016]. Numerous trace elements are required as 

enzymatic cofactors in physiological and metabolic processes and protect 

cells against oxidative stress [Elshaygi, 2018]. Recently, numerous studies 

have been prepared on the trace elements and their effects on the aetiology of 
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neoplastic diseases [Elshaygi, 2018; Zekavat et al., 2020]. The variations of 

trace elements levels that might be used as markers in prognosis and diagnosis 

of different pathological symptoms, fatal diseases, and several types of 

malignancies include colorectal, bladder cancer, lymphomas, and leukemia 

[Nawi et al., 2019; Qayyum et al., 2019; Saleh et al., 2020; Valadbeigi et al., 

2019].  

Zinc (Zn) is an important mineral in living organisms that spreads widely 

through the body. It’s about 2g of Zn in the adult human body, which is 

distributed by 25% in the muscles and 65% in the bones [Lu et al., 2021]. Zn 

is found in the vital cellular components, especially the nucleus, hence it plays 

an important role in the synthesis of DNA which controls the level of 

production of proteins in the cell, as well as its significance in the 

proliferation and differentiation of cells [Valadbeigi et al., 2019; Lu   et al., 

2021]. 

Zn acts together with copper (Cu)and manganese (Mn) as cofactors in 

holoenzyme for more than 300 enzymes to perform their certain functions 

perfectly [Asif, 2017; Rifai, 2018]. Acute cases of sickle cell anemia and 

imbalance in the immune functions of T-lymphocytes are associated with the 

acute deficiency of Zn [Molina-Lopez et al., 2015]. 

Copper (Cu) is one of the main constituents in various biological 

functions by its contribution to energy release through involvement in 

oxidative and reduction processes [Abolbashari et al., 2019]. Furthermore, Cu 

plays vital roles in metabolism processes, production of RBCs via 

‘’erythropoiesis’’, control of hemoglobin construction, regulation of blood 

pressure, and osteoporosis [Kardos et al., 2018]. 

Cu is collaborated with iron (Fe) in inhibition the production of free 

radicals, other than in regulation catalytic agent of many common biological 

processes and antioxidant enzymes of superoxide dismutase (Cu/Zn-SOD) to 
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detoxify free radicals [Kardos et al., 2018; Azeez et al., 2015]. Cu levels have 

been shown a slight decline in sera of patients with different malignancies 

such as CLL, AML, CML, and ALL at the time of diagnosis [Elshaygi, 2018; 

Akhgarjand et al., 2017], while higher concentrations of Cu levels were 

recorded in patients with ALL and AML, before received chemotherapeutic 

treatment [Asfour et al., 2017; Kim et al., 2019]. 

Cobalt (Co) is one of the essential minerals in mammals, it’s found in the 

form of corrin ring in Vit.B12 [Prashanth et al., 2015]. Co binds to four pyrrole 

rings in Vit B12 which is important in the active production of erythrocytes, as 

the enzyme-mediated cobalt reduction is either caused by cytoplasmic 

methylation of methyl cobalamin or through mitochondrial adenosylation to 

product adenosylcobalamin [Akiibinu et al., 2019]. 

Most studies have been focused on the evaluation of Co levels in diverse 

groups of leukemia which illustrated a significant decrease in the levels of Co 

in patients with AML, CLL, CML, and ALL [Elshaygi, 2018; Akiibinu et al., 

2019]. Additionally, the decrease in Co levels which is combined with the 

deficient of other elements such as Cu, Zn, Mn, and Fe could be the main 

influences in the emergence of lack Vit.B12 and pernicious anemia 

accompanied by lymphatic diseases and leukemia [Prashanth et al., 2015; 

Akiibinu et al., 2019]. 

Manganese (Mn) is a necessary element for the cellular biological 

processes and consider an assistant metal for many important enzymes 

involved in various diseases, specifically in leukemia [Nancy et al., 2016]. It 

plays a vital role with additional minerals in sustaining the integrity of DNA 

of the intra-membrane transfer, neural conduction, and then muscle 

contraction as well as in the functions of mitochondria in the cells [Nancy et 

al., 2016; Muzolf-Panek et al., 2017].  
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Iron (Fe) is one of the most copious intermediate minerals in the body 

that is one of some essential nutritional elements in the performance of many 

physiological processes in the body [Wang et al., 2019b]. The body content of 

Fe is usually determined a proximate 5 g and is concentrated in the blood 

proteins, hemoglobin, bone marrow, liver, and kidneys [Wang et al., 2019a; 

Yang, 2015]. Fe exists in two forms: the oxidized form (ferrous "Fe2+") which 

is soluble; and reduced form (ferric "Fe3+") which is insoluble form, as well as 

overload Fe may act as a stimulator for generation of ROS through Fenton’s 

reaction in many pathological conditions leads to oxidative stress that causes 

DNA damage [Sun et al., 2018a; Tahir and Obed, 2019] and development of 

variable types of leukemia [Tahir and Obed, 2019].  

Fe also plays the main role as an enzymatic cofactor for a large number 

of oxido-reductases and it is stored by iron reservoir protein (ferritin) [Tahir 

and Obed, 2019; Wang et al., 2019a], while it carries in the blood by 

transferrin which is naturally saturated with Fe, so total iron-binding capacity 

(TIBC) ratio is turnd to reflect the amount of iron entirely saturated with 

ferritin [Pfeiffer and Looker, 2017]. A moderate decrease in the Fe levels was 

recorded in patients with AML incidence synchronization with lowering 

levels of Zn and Cu [Prashanth et al., 2015; Pfeiffer and Looker, 2017], while 

a slight increase in the Fe levels was noted in sera of patients with ALL that 

would go along with the rise in Se, Zn, and SOD levels, besides; the 

alterations in the Fe levels in various types of leukemia were registered during 

pathogenesis and prognosis especially in acute leukemias [Pfeiffer and 

Looker, 2017; Zekavat et al., 2021]. 

 

1.12: Electrolytes   

Electrolytes have an important role in metabolic and biological 

pathways, mainly in the production of some proteins and nuclear acids, as 
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well as, defence in opposing cellular oxidative stress [Tahir; Obed, 2019]. 

Electrolyte disorders are associated with diseases of the liver and renal failure, 

in addition to other disturbances which are specifically related to malignant 

diseases and chemotherapeutic treatment, as well the use of diuretic surge to 

decrease sodium and potassium levels [Shirali, 2016].  

The low levels of Na+, K+, and Ca2+ are usually in most electrolyte 

complications which come across in ALL and AML patients with more 

morbidity and mortality [Bowman, 2017]. In particular, Na+ and K+ are 

significant reductions in ALL patients which combined with an increase of 

Ca2+ levels in patients with acute leukemia, so it is possible one of the main 

reasons to lead renal complications in acute leukemia patients [Shirali, 2016; 

Koumpis et al., 2020]. 

Besides, electrolytes could be reflected as one of the mutual 

abnormalities of electrolytes that are caused by cancer and/or particularly 

related to the chemotherapy system protocols which are used [Shirali, 2016; 

Yang, 2020]. It could cause a serious of life-threatening with dangerous 

difficulties in patients with cancer, which is required expansion in therapeutic 

programmes [Bowman, 2017; Yang, 2020]. Accordingly, further studies are 

necessary to approve the possibility of using such elements disorders as 

diagnostic and prognostic tools for cancers [Ahmadi et al.,2018; Elshaygi, 

2018]. 
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 Leukemia refers to a wide range of malignant disorders in hematopoietic 

stem cells (HSCs) of the bone marrow due to the accumulation of abnormal 

white blood cells (WBCs), especially lymphocytes, which causes leukemia. 

Leukemia is considered one of the most aggressive, dangerous hematologic 

disorder types of cancers all over the world. The prevalence of all types of 

leukemia appears to be various according to age, gender, race and geographical 

distribution worldwide. 

 Thus the present study aims to accomplish set of tasks that can be 

summarized as following: 

 

 Measuring the levels of two types of lectins (Galectin-9 and 

Mannose Binding Lectin) and number of hormones such as; 

(Serotonin, Erythropoietin and Parathyroid) in serum samples of 

children with ALL (before and during receiving chemotherapy) to 

evaluate them as indices in the diagnosis of this type of blood 

cancer and follow-up of response chemotherapy to increase 

survival rates and predict relapse. 

 Assessment of the potential cellular damage caused by ALL and 

evaluate number of oxidative stress criteria, as well as antioxidants 

and number of coenzymes of the redox enzymes selected in the 

current study, then comparing their levels at diagnosis and after 

chemotherapeutic treatment. 

 Follow-up of hematological and biochemical variables in children 

with ALL before and after chemotherapy. 

 A Study of the potential correlations among the new parameters in 

the current work and the routine hematological along with 

biochemical parameters. 
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2.1: The Ethical Committee Approval  

 Approvals of the scientific committee in the Biology Department/College 

of Education for Pure Sciences/University of Karbala, as well as the Ministry of 

Health-Karbala Health Directorate (Department of Laboratories) of the current 

study were taken. Oral approval for the study procedure had been taken from all 

study participants who were enrolled in the study. 

2.2: Chemicals 

 Kits used in the current work were supplied from different companies, as 

shown in the Table 2-1 

Table 2-1: Kits with Manufactured Companies 

Kit & Chemical 
 

Company & Country 

Human Erythropoietin ELISA Kit Bioassay Technology Laboratory, 

China 

Human Serotonin ELISA Kit Bioassay Technology Laboratory, 

China 

Human Nitric Oxide ELISA Kit Bioassay Technology Laboratory, 

China 

Human Mannose Binding Protein Lectin (MBL) 

ELISA Kit 

Bioassay Technology Laboratory, 

China 

Human Galectin 9 ELISA Kit Bioassay Technology Laboratory, 

China 

Human Ferritin Kit ELISA Kit Bioassay Technology Laboratory, 

China 

Total Glutathione/ Oxidized Glutathione Assay Kit  
 

Elabscience, USA 

Human Parathormone (PTH) ELISA Kit 

 

Elabscience, USA 

1,25- Dihydroxy vitamin D3 (DHVD3) ELISA Kit 

 

Elabscience, USA 

Vitamin B12 (Vit B12) ELISA Kit Accu-Bind, ELISA Microwells-

Monobind Inc. USA 

Calcium Method CPC Kit 
 

Biolab SAS, France 
 

Total Protein & Albumin Kit Roche, Germany 
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2.3: Work Location and Equipment     

 The main measurements and evaluations of the current study parameters 

were done in the Central Laboratory of Imam Ali the Holy Shrine and Baniqia 

Specialized Medical Laboratories for Pathological Analysis in Al-Najaf Al-

Ashraf Province, as well as in the Central Laboratory of Hematology and 

Oncology in Medical City of Imam Al-Hussain Hospital in Holy Karbala 

Province. The used equipment and their manufacture details are shown in Table 

2-2. 

Table 2-2: Equipment, Manufacturers, Countries and Models 

Equipment 
  

Model Manufactured Company &  

Country 

Blood Roller Mixer Machine TYMR-ZA 

 

Jiangsu Kangjie Medical 

Devices, China 

Hematological Automatic Analyzer 
 

Micros ES 60 Horiba Medical-ABX, China 

Centrifuge Z 200 A 

 

Hermle, Germany 

Frozen Craft 

 

Craft, China 

Water Bath LWB-111D 

 

Labtech, Korea 

Spectrophotometer V-1100D Spect. 

 

Emclab, Germany 

Incubator 854-Schwabach 

 

Memmert, Germany 

ELISA (Microplate Washer) MW-100A 

 

Genex Laboratories, USA 

ELISA (Microplate Reader) 
 

MR-100 Genex Laboratories, USA 

Vortex mixer Digi-system Taiwan 

 

General Laboratory Equipment ‘’Cobas’’ 

 

Cobas c111 

 

Roche, Germany 

Atomic Absorption Spectrometry (AAS) 

( Scientific Instrument) 

AA-6300 Shimadzu, Columbia 

Medical-Electrolyte Analyzer Device LW E60 Medical Landwind, Germany 

FUJI DRI-CHEM Automated Clinical 

Chemistry Analyzer 

NX500 

 

Nishiazabu 2-Chome- Minato-

KU, Japan 
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2.4: Patients and Healthy Controls 

2.4.1: The Study Population  

 During the extended period between the beginning of March 2019 to the 

end of February 2020, 71 participants were enrolled in the current study. Thirty-

one children residents of the Medical City of Imam Al-Hussain Hospital/Central 

Laboratory of Hematology and Oncology in Holy Karbala Governorate were 

included to participate in the current study as a basic group in the study.   

Moreover, based on several critical criteria, 40 healthy individuals were selected 

to participate in the current work as a control group. 

2.4.2: Description of The Study Groups  

 Seventy-one participators in the current work were classified into two main 

groups and as follows:  

Patients group: 31 children who were diagnosed with Acute Lymphoblastic 

Leukemia (ALL), their ages ranged between 2 and 12 years, who had no medical 

family history of cancer (18 males and 13 females).  

Control group: 40 children who appeared to be healthy, their ages ranged 

between 2 and 12 years (20 males and 20 females). Full detailed information 

about the study participants were summarized in Figure 2-1 and 2-2. 

 

  

Figure 2-1: Distribution of Numbers and Percentages of Individuals 

Participating According to Their Genders 
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2.4.2.1: Inclusion Criteria of ALL Patients 

 Thirty-one of children with ALL in between the ages of 2 and 12 years 

were included in the present work. An initial diagnosis of ALL patients was 

completely performed by specialist physicians in Central Laboratory of 

Hematology and Oncology/Medical City of Imam Al-Hussain Hospital in Holy 

Karbala Governorate and through several clinical and laboratory tests, as well as 

by means of cytochemical tests and bone marrow biopsy smears. In addition, the 

patients were selected at this stage without received any treatment. 

2.4.2.2: Exclusion Criteria of ALL Patients 

 The current study required the exclusion of group of children patients with 

ALL, include the following:  

 Patients who have symptoms of other types of hematological malignancies 

such as; AML, CLL, CML, as well as of lymphomas, and other solid 

tumors. 

 Patients who have previously undergone different types of cancer 

treatments having been treated and cured 

 Patients who underwent splenectomy and hepatectomy.  

 Diabetic children Patients (Type I) with diabetes complications added to 

cardiomyopathy and renal dysfunction  

 Patients with thyroid and liver diseases   

2.4.2.3: Treatment Protocol for The Study Patients 

 The patients with ALL groups in the current study were followed-up 

depending on the treatment protocol including at least 4 doses of chemotherapy 

to assess their physiological and biochemical responses, as in the following: 

A) The children with ALL patients during Induction-Remission phase regularly 

received drugs of chemotherapy for 4-5 weeks of treatment, these comprised; L-

asparaginase, vincristine, methotrexate and 6-mercaptopurine, as well as a steroid 

medication such as; dexamethasone. As usually, methotrexate is given to the 



Chapter Two                                                  Materials & Methods 
………………………………………………………………………… 
 

45 
…………………………………………………………………………………… 

patients intrathecally (ALL children had gotten therapy into the cerebrospinal 

fluid (CSF). 

B) ALL patients during the Consolidation-Intensification phase for 14-16 weeks, 

the children with ALL were treated with drugs such as methotrexate, 6-

mercaptopurine (6-MP), vincristine, L-asparaginase, and prednisone or 

dexamethasone. Intrathecal therapy (as prescribed above) is continued at this 

stage.  

 As regards the questionnaire, it has been approved in the current work and 

designed according to the opinion of specialists, which includes information on 

the following: age, gender, place of residence, the period of onset symptoms of 

disease, any medications used by patients or any other diseases experienced by 

patients and family medical history. Full information was provided on the patients 

who enrolled in the present study through oral interviews with patients’ parents 

and with their accompanying relatives, as well as the physicians supervising 

patients. 

2.4.2.4: Criteria of Controls Selection 

The selection of healthy individuals as a control group based on several 

criteria included: they didn’t have a family medical history to any types of 

leukemia or other types of cancers, no current medication, they were not 

subjected to major surgical intervention. Besides, they should show a subjective 

perception of a good health as determined by health questionnaire.  Moreover, 

the control group might be at an approximate age range with the patients group. 

Finally; they were appeared to be in similar to the patients group in the terms of 

food style.  
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 Full data on participants involved in the current study is summarized in the 

Figure 2-2. 

 

 
Figure 2-2: Distribution of Individuals Participating in The Study 

 
 

2.5: Sample Collection 

In the morning, approximately at 9 a.m. and after, at least 8 hours of fasting,  

A quantity of five millilitres of intravenous blood samples were collected from 

the patients and healthy subjects (Pre-treatment with chemotherapy), while the 

participants were fasting at least 8 hours, the blood samples were divided into the 

following parts:  

 One millilitre of whole blood was added to EDTA- anticoagulant tube to 

use for Complete Blood Count (CBC). 
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 Four millilitres of blood samples were allowed to coagulate at laboratory 

temperature, and then centrifuged at 5,000xg for 10 minutes.  

 Isolated sera samples were collected and stored by Eppendorf tubes utilised 

after divided into the following parts:  

The first part was used to evaluate EPO, PTH, ST, FTP, vit D and vit B12, as well 

as, TP and Alb.  

The second part was used to evaluate the concentrations of NO, GSH and GSSG.  

The third part was used to measure Galectin-9 (Gal-9), Mannose Binding Lectin 

(MBL), and selected Trace Elements (Zn, Co, Fe, Mn, and Cu) and Electrolytes 

(Ca2+, Mg2+, Na+, Cl-, and K+). These parts were kept at -18◦C after separation 

until used. 

2.6: Clinical Assays of Lectins  

2.6.1: Calculation of Galectin-9 (Gal-9) Levels 

 The Principle 

 Sandwich-Enzyme-Linked Immune Sorbent Assay (Sandwich-ELISA) 

method was applied to evaluate Gal-9 concentrations. Sandwich-ELISA 

technique is based on the reaction between the microplate pre-coated with human 

Gal-9 antibody (Capture Ab) and Gal-9 in the serum sample (Gal-9 Ag), then a 

biotinylated detection antibody specific Gal-9 and Streptavidin-Horseradish 

Peroxidase (HRP) conjugated, then the microplate wells that contain Gal-9, 

biotinylated detection antibody (primary Ab), and streptavidin-HRP (enzyme-

labelled secondary Ab) conjugate will reacting, blue color will appearing. The 

enzyme-substrate reaction was terminated by the addition of sulphuric acid 

solution (stop solution) and the color turns yellow quickly. The absorbance (Abs) 

was measured spectrophotometrically at the wavelength of 450 nm. Gal-9 

concentration in the sample was calculated by comparing the absorbance of the 

sample to the supplied standard curve. 

 



Chapter Two                                                  Materials & Methods 
………………………………………………………………………… 
 

48 
…………………………………………………………………………………… 

Reagents  

 Standard Solution 

 Biotinylated human Gal-9 antibody    

 Streptavidin-HRP  

 Wash Solution 

 Substrate Solution A 

 Substrate Solution B 

 Stop Solution 

The Procedure 

Additives Standard (S)  Sample (T)  

Standard Human Gal-9 50 μl - 

Serum Sample - 40 μl 

Anti-Gal-9 antibody  - 10 μl  

Streptavidin-HRP 50 μl 50 μl 

Mix well and cover the microplate with a sealer, then it was incubated for 60 minutes  

at 37 ºC 

Remove the sealer and wash the microplate 5 times with wash buffer  

Substrate Solution A 50 μl 50 μl 

Substrate Solution B 50 μl 50 μl 

The microplate covered with a new sealer & incubated for 10 minutes at 37º C in the dark 

Stop Solution 50 μl 50 μl 

Determine the optical density (OD value) for each well immediately by using a microplate 

reader set to 450 nm within 10 minutes after adding the stop solution which performed with 

computer-based fitting software   

 

Calculation                                          

𝐆𝐚𝐥 − 𝟗 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 (𝐩𝐠/𝐦𝐋) =  
𝐀𝐛𝐬. 𝐨𝐟 𝐓

𝐀𝐛𝐬. 𝐨𝐟 𝐒
  𝐱  𝐒 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 
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2.6.2: Calculation of Mannose Binding Lectin Levels 

 The applied procedure for the estimation of Mannose Binding Lectin 

(MBL) concentration is similar to that mentioned in section 2.6.1.  

2.7: Measurement of Complete Blood Count in The Blood Samples 

of The Study Groups  

 Complete blood count (CBC) includes: Hemoglobin (Hgb), Hematocrit 

(HCT), Red Blood Cells (RBCs) count, White Blood Cells (WBCs) count, 

Platelets count (Plts), Mean Corpuscular Volume (MCV), Mean Corpuscular 

Hemoglobin (MCH), and Mean Corpuscular Hemoglobin Concentration 

(MCHC). All these parameters were measured automatically by an automated 

hematology analyzer machine called ‘’HORIBA Medical-ABX Micros ES 60 

Hematology Automatic Analyzer’’. 

 The Principle 

 The measurements are performed by an electronic variation principle by 

which two electrodes that are placed on each side of a micro-aperture attached to 

the device and a constant electronic current passes between them. The electronic 

field is generated around the micro-aperture and the diluted blood sample will 

pass through the calibrated micro-aperture, it will create a resistance in the 

electronic field, then it in turn causes an electronic pulse, that is amplified, 

measured, and then mathematically calculated to create numerical values with 

accurate cellular identification (the device holds automatic reagents to dilute 

samples and these reagents are in the case of daily maintenance).   

Full automated procedure, as following: 

Set the specific Using Barcode Reader 

Use micro-sampling only 10μL of whole blood per analysis (the sample is auto-

analyzed) and it will process by automatic reagent to count the values of 

parameters  

The sample is auto-analyzed and the result of analysis will be appeared directly 

on an automatic system monitoring within 5 minutes 
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2.8: Determination of Nitric Oxide concentrations in The Sera 

Samples of The Study Groups 

 The applied procedure for the estimation of Nitric Oxide (NO) 

concentration is similar to that mentioned in section 2.6.1.  

2.9: Estimation of Total Glutathione and Oxidized Glutathione 

Levels in The Sera Samples of The Study Groups 

 The Principle 

    The total glutathione (T-GSH) and oxidized glutathione (GSSG) were 

measured by the cyclic reaction of Ellman’s Reagent (5,5-dithio-bis- [2-

nitrobenzoic acid]) also known as (DTNB).  

Reagents 

 Reagent 1 working solution 

 Reagent 2 working solution 

 Reagent 3 working solution 

 Reagent 4 working solution 

 Reagent 5 working solution  

 Reagent 6 working solution 

 Standard reduced glutathione 

 Standard oxidized glutathione 
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 Procedure Steps  

 Detection of T-GSH concentration 

Additives Standard (S) Sample (T)  

50μmol/L GSH standard  10 μl - 

Sample - 10 μl 

Reagent 1 working solution 100 μl 100 μl  

Reagent 2 working solution 10 μl 10 μl 

Microplate mixed fully & stand for 2 min at 25°C  

Reagent 3 working solution 50 μl 50 μl 

Immediately measure the Absorbance (A) at 405 nm with microplate reader at 30 second 

(A1) & 360 second (A2), respectively. 

Δ A= A2 - A1 

 

Calculations 

                                                                  

T-GSH Concentration (μmol/L) =  
𝚫 𝐀 𝐨𝐟 (𝐓)

𝚫 𝐀 𝐨𝐟 (𝐒)
  Χ Concentration of S (50μmol/L) Χ D.F. 

 

 Detection of GSSG concentration  

The procedure included two steps, the first is pre-treatment and the second 

is the determination step, as follows: 

 Pre-treatment Step 

Additives Standard (S) Sample (T) 

50μmol/L GSSG standard 100 μl - 

Sample - 100 μl 

Reagent 5 working solution 2 μl 2 μl 

Reagent 6 working solution 5 μl 5 μl 

The tubes mixed entirely for 1 min & left to react for 30 min at 37°C, then take 10 μl for 

test 
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 Determination Step 

Additives Standard (S)  Sample (T)  

Pre-treatment solutions of GSSG standard 10 μl - 

Pre-treatment solutions of Sample - 10 μl 

Reagent 1 working solution 100 μl 100 μl 

Reagent 2 working solution 10 μl 10 μl 

Mix fully & stand for 2 min at room temperature 

Reagent 3 working solution 50 μl 50 μl 

Immediately measure the Absorbance (A) at 405 nm with microplate reader at 30 second 

(A1) & 360 second (A2), respectively. 

Δ A= A2 - A1 

 

Calculations 

GSSG Concentration (μmol/L) =  
𝚫 𝐀 𝐨𝐟 (𝐓)

𝚫 𝐀 𝐨𝐟 (𝐒)
  X Concentration of S (50μmol/L) X D.F. 

 

2.10: Calculation of Erythropoietin Hormone Levels in The Sera 

Samples of The Study Groups 

 The applied procedure for the estimation of EPO concentration is similar 

to that mentioned in section 2.6.1.  

 

2.11: Evaluation of Parathyroid Hormone Levels in The Sera 

Samples of The Study Groups 

 The applied procedure for the estimation of Parathyroid (PTH) 

concentration is similar to that mentioned in section 2.6.1. 

 

2.12: Evaluation of Serotonin Hormone Levels in The Sera 

Samples of The Study Groups 

The applied procedure for the estimation of Serotonin (ST) concentration is 

similar to that mentioned in section 2.6.1.  
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2.13: Clinical Assay of Vitamins 

2.13.1: Determination 1,25 Dihydroxy Vitamin D3 Concentrations in The 

Sera Samples of The Study Groups 

 The Principle  

 Competitive Enzyme Linked Immune Sorbent Assay (Competitive 

ELISA) technique is based on the use of inhibitor antigen (the microplate is pre-

coated with antigen), in the competitive ELISA, the inhibitor antigen and the 

antigen of serum compete for binding to the primary antibody. The procedure of 

competitive ELISA, as the following: 

 Firstly, the serum sample containing human 1,25 Dihydroxy vitamin D3 

(Vit D3) is incubated with the biotinylated detection specific antibody, leading to 

the formation of antigen-antibody complex. Secondly, the Ag-Ab mixture is 

added to the supplied microplate which is pre-coated with human 1,25 Dihydroxy 

vitamin D3. The free primary antibody in the mixture binds to the inhibitor antigen 

on the microplate, while the excess conjugated and unbound sample are washed 

from the plate.  

 Thirdly, HRP conjugated is added to the microplate wells and binds to the 

primary antibody on the plate. Finally, a substrate solution is added to each well 

and incubated. The enzyme-substrate reaction is terminated by the addition of 

stop solution and the color change is measured spectrophotometrically at the 

wavelength of 450 nm. 

Reagents 

 Standard Working Solution  

 Biotinylated Detection Antibody 

 Wash Buffer 

 Concentrated HRP Conjugate  

 Substrate Solution  

 Stop Solution 
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Procedure 

Additives Standard (S)  Sample (T)  

Standard working solution 50 μl - 

Sample  - 50 μl 

Biotinylated Detection Ab working solution 50 μl 50 μl 

The microplate was incubated for 45 minutes at 37o C 

Aspiration and wash for 5 times  350 μl 350 μl 

HRP Conjugate working solution 100 μl 100 μl 

The microplate was incubated for 30 minutes at 37o C 

Aspiration and wash for 5 times 350 μl 350 μl 

Substrate Reagent 90 μl 90 μl 

Incubation for 15 minutes at 37o C 

Stop Solution 50 μl 50 μl 

Read OD values for each well immediately at 450nm within 15 minutes after adding the 

stop solution by which utilizing with computer data -based on curve-fitting software 

designed 

 

Calculation                                          

𝟏, 𝟐𝟓 𝐃𝐢𝐡𝐲𝐝𝐫𝐨𝐱𝐲 𝐯𝐢𝐭𝐚𝐦𝐢𝐧 𝐃𝟑 (𝐩𝐠/𝐦𝐋) =  
𝐀𝐛𝐬. 𝐨𝐟 𝐓

𝐀𝐛𝐬. 𝐨𝐟 𝐒
  𝐱  𝐒 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 

 

2.13.2: Evaluated Vitamin B12 Levels in The Sera Samples of The Study 

Groups 

 The Principle  

The applied procedure for the estimation of Vitamin B12 (Vit B12) 

concentration is similar to that mentioned in section 2.13.1.  
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2.14: Calculation of Ferritin Protein Levels in The Sera Samples of 

The Study Groups 

 The applied procedure for the estimation of Ferritin Protein (FT) 

concentration is similar to that mentioned in section 2.6.1.  

 

2.15: Determination of Total Protein Levels in The Sera Samples 

of The Study Groups 

 Principle  

Total protein concentration in sera samples of study groups was determined 

by colorimetric assay (Biuret method). Divalent copper salt reacts in alkaline 

solution with protein peptide bonds to form the characteristic purple-coloured 

biuret complex and sodium potassium tartrate prevents the precipitation of copper 

hydroxide, then potassium iodide prevents autoreduction of copper.  

At pH 13.4 

Protein  +  Cu2+   Cu-protein complex 

The color intensity is directly proportional to the protein concentration 

which can be determined photometrically at wavelength 552nm [Henok et al., 

2020].  

Reagents  

All reagents are ready for use as following:   

 Reagent 1 (R1): which consists of 400mmol/L of sodium hydroxide and 

89mmol/L of sodium tartrate; at pH 13.4 

 Reagent (R2): that reagent consists of 400mmol/L of sodium hydroxide and 

89mmol/L potassium sodium tartrate, in addition 61mmol/L potassium iodide 

and 24.3mmol/L copper sulfate. 
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Procedure  

Additives Sample (T) Diluent (H2O) 

R1 90µL - 

Sample 2µL 28µL 

R2 32µL - 

Total Volume 152µL - 

Calculation 

 The cobas c111analyzer automatically calculates the analyte concentration 

of each sample. 

𝐓𝐨𝐭𝐚𝐥 𝐏𝐫𝐨𝐭𝐞𝐢𝐧 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 (𝐠/𝐝𝐋) =  
𝐀𝐛𝐬. 𝐨𝐟 𝐓 𝐱 𝐒 𝐂𝐨𝐧𝐜.

𝐀𝐛𝐬. 𝐨𝐟 𝐒
   

 

2.16: Determination of Albumin Levels in The Sera Samples of The 

Study Groups 

 Principle  

Albumin (Alb) concentration in sera samples of study groups was measured 

by colorimetric assay (bromocresol green (BCG)). At a pH value of 4.1, Alb 

displays a sufficiently cationic character to be able to bind with BCG, an anionic 

dye, to form a blue-green complex.  

                                             At pH 4.1 

Alb  +  BCG    Alb-BCG complex 

The color intensity of blue-green color is directly proportional to the 

albumin concentration in the sample and is measured photometrically at 

wavelength 583nm [D’Silva et al., 2017, Henok et al., 2020].  
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Reagents 

All reagents are ready for use as following:   

 Reagent 1 (R1): which consists of 95mmol/L of citrate buffer, pH 4.1; 

preservatives; stabilizers. 

 Reagent (R2): that reagent consists of 95mmol/L of citrate buffer, pH 4.1; 

(0.66mmol/L) bromcresol green; preservatives; stabilizers. 

Procedure 

Additives Sample (T) Diluent (H2O) 

R1 100µL - 

Sample 2µL 20µL 

R2 20µL 10µL 

Total Volume 152 µL - 

 

Calculation  

 The cobas c111analyzer automatically calculates the analyte concentration 

of each sample. 

𝐀𝐥𝐛𝐮𝐦𝐢𝐧 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 (𝐠/𝐝𝐥) =  
𝐀𝐛𝐬. 𝐨𝐟 𝐓 𝐱 𝐒 𝐂𝐨𝐧𝐜.

𝐀𝐛𝐬. 𝐨𝐟 𝐒
   

 

2.17: Assessment of Trace Elements in The Sera Samples of The 

Study Groups 

Concentrations of serum trace elements (Zn, Co, Fe, Mn, and Cu) in the 

study groups were determined using atomic absorption spectrophotometry (AAS) 

technique.  

 The Principle   

AAS quantitatively measures concentrations of the trace elements present in 

liquid samples. It utilises the elements in the gas phase which absorb light at 

specific wavelengths (after the liquid is drawn in to a flame where it is ionised in 
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the gas phase) and the absorption of element is proportional to the concentration 

of the element. Determined the quantification is achieved by preparing standards 

for each element. Elemental analysis enables to be at parts per million 

(ppm) levels. 

 

Calculation                                          

𝐓𝐫𝐚𝐜𝐞 𝐄𝐥𝐞𝐦𝐞𝐧𝐭 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 (𝐩𝐩𝐦) =  
𝐀𝐛𝐬. 𝐨𝐟 𝐓 𝐱  𝐒 𝐂𝐨𝐧𝐜. 𝐱  𝐃. 𝐅.

𝐀𝐛𝐬. 𝐨𝐟 𝐒
   

 

2.18: Assessment of Electrolytes in The Sera Samples of The Study 

Groups  

2.18.1: Estimation Levels of Sodium, Chloride, and Potassium in The Sera 

Samples of TheStudy Groups 

 Sera samples of children with ALL and healthy children groups were 

analyzed by medical electrolyte analyzer (LW E60) to evaluate electrolytes levels 

which include; Na+, Cl-, and K+ within a maximum of 5 minutes by ion selectivity 

electrode (ISE), and then the results of analyses were appeared directly on the 

front monitor screen of the device. 

 

2.18.2: Estimation of Total Calcium Levels in The Sera Samples of The Study 

Groups 

 The Principle  

 Total calcium concentration in serum was determined by Moorehead and 

Briggs derived cresol phtalein complexone (CPC) method by spectrophotometer 

instrument. In alkaline solution CPC reacts with calcium to form a dark-red 

coloured complex which absorbance measured at 570nm, which is proportional 

to the amount of calcium in the specimens [Wu, 2020]. 
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Reagents 

 Reagent 1 Calcium Buffer (200ml) 

 Reagent 2 Calcium Dye (Chromogen) (200ml) 

 Reagent 3 Calcium Standard (10ml)  

 Working Reagent  

Procedure  

Additives Blank Standard (S) Sample (T) 

Working Reagent (R1+R2) 1 ml 1 ml 1 ml 

Distilled Water 25 µl - - 

Standard - 25 µl - 

Specimen - - 25 µl 

Mix well and incubate for 5 minutes at room temperature, then the absorbance (Abs) was 

read at 570nm against reagent blank and standard 

  

Calculation 

𝐓 − 𝐂𝐚𝐥𝐜𝐢𝐮𝐦 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧(𝐦𝐠/𝐝𝐋) =  
𝐀𝐛𝐬. 𝐨𝐟 𝐓

𝐀𝐛𝐬. 𝐨𝐟 𝐒
  𝐱  𝐒 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 (𝟏𝟎𝐦𝐠/𝐝𝐋) 

 

2.18.3: Estimation of Total Magnesium Levels in The Sera Samples of The 

Study Groups 

 The Principle 

Concentration of magnesium (Mg) is measured by an automated clinical 

chemistry analyzer ‘’DRI-CHEM’’ which can accomplish numerous biochemical 

tests. It has a built-in auto-pipetting system by touch screen of key board 

requirement for only one sample of each run of operation through the following:  

 Barcode Reader: It is available as selection item to read sample ID on sample 

tube. 
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 Dry Slide Reagent: It is used for serum samples analyses. This slide has high 

dependability and stability brought by acceptable chemical technology through 

high precision of the photographic film.  

 QC Card System: It has a magnetic card called QC card which regulate the 

proportion variability in the slide reagents. A QC card comes with every reagent 

box and use the lot number of adjustment information once of the QC card is 

swiped. 

 Multi-Layered Slide: It is comprising of chemical constituents required for 

the reaction.  

Full automated procedure by three steps 

Set the specific dry slide reagent for Mg2+ test 

Set 10µL of the serum sample on dry slide reagent 

Press start on the touch screen (the sample is auto-analyzed and the result of 

analysis will be appeared directly on the monitor screen within 5 minutes and 

the slide reagent will be automatically discarded after each measurement  

 

2.19: Statistical Analysis 

The statistical analysis was achieved by the Statistical Package for the Social 

Science (SPSS) software for windows, version 20.0. The results were expressed 

as Mean ± Standard Deviation (Mean ± S.D.), maximum, minimum and range. 

Independent Student’s t-test was used to analyse the data of studied parameters. 

One- way Analysis of Variance (ANOVA) was used to compare variables in 

different studied subgroups. 

Pearson’s correlation was applied to determine the relation among the 

measurable factors of the present study. p-values less than 5% (p<0.05) were 

considered statistically significant. Sensitivity percentage was calculated 

according to biomedical statistical. 
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3.1: Study Groups Individuals  

     The current study involved 71 participants who were divided into two 

groups, the first included 31 children their ages ranged between 2-12 years, 

they suffered ALL diseases, this group comprised 18 males (58%) and 13 

females (42%). The second group included 40 individuals with age range 2-12 

years, who were distributed into two subgroups 20 males (50%) and 20 females 

(50%) seemed to be healthy. This group was subjected to a set of criteria to 

involve in the study as a control group. Table 3-1 shows the average age of the 

current study groups and their age range.  

Table 3-1: Age (Year) of The ALL Patients and Healthy Individuals 

Study Groups 

(n) 

Age (year) 

Mean ± S.D. 

Min-Max  

Age (Year) 
Range p-value 

ALL Patients 

31 
5.420±2.711 2 – 12 10 

0.413 Healthy 

Individuals 

40 

8.725±2.416 2 – 12 10 

The Mean Difference is Significant at 0.05 Level 

 

While the Table 3-2 displays the distribution of children with ALL and 

healthy individuals according to their gender.  

Table 3-2: Levels (Mean±S.D.) of Age (Year) in The Study Individuals 

according to their Gender  

Study Groups 

(n) 

Gender 

(n) 

Age (Year) 

Mean ± S.D. 

Min-Max 

Age (Year) 
Range p-value 

ALL Patients 

31 

Male 

18 5.611±3.051 
2 – 12 

10 0.683 

For1vs2 

 0.497 

For3vs4 

0.001  

For1vs3 

0.000  

For2vs4 

 

Female 

13 5.230±2.166 
2 – 8 

6 

Healthy Individuals 

40 

Male 

20 8.450±2.645 
 

2 – 12 
10 

Female 

20 9.000±2.127 
 

3 – 12 9 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 
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As the results achieved from the current study based on sex, it indicated 

that the incidence ratio of male children with ALL was higher than that in the 

ALL females children, these results were similar to that reported for local and 

international statistics on the epidemiology of ALL disease and documented in 

the recommendations of WHO [WHO, 2020] which confirmed the high 

incidence proportion of ALL males compared to females and it is probably due 

to the possible effect of hormones, as well as the influence of gender factor on 

patients at which the progression of ALL disease in children because males 

have more physiological tendencies and affinities for the occurrence of ALL 

[Al-Asadi and Ibrahim, 2018; Hade, 2018]. 

In addition, based on the information obtained from the questionnaire 

form designed with the current study, it is possible that several factors have 

contributed to the incidence of ALL such as; passively using cigarettes, 

exposure to chemicals, radioactive contamination, oil and its derivatives, as 

well as other undiagnosed pollutants [Al-Asadi and Ibrahim, 2018]. The results 

were consistent with studies that attributed to the causes of ALL to various 

environmental and chemical factors, along with exposure to the ionizing 

radiation [Al-Asadi and Ibrahim, 2018; Serbanica et al., 2018], as well as, many 

variances among genders could be due to ecological factors, whereas others 

appear to be accompanied with genetic influences [Fathi et al., 2015]. 

Besides, the possibility of another partial explanation that may be 

associated with stimulating immune functions as a result of responding to 

changes in gene expression [Jin et al., 2016; Klein and Flanagan, 2016]. As the 

radiation and chemical contamination have been dramatically risen, especially 

in the middle regions of Iraq at the period after the year 1993, which mainly 

could lead to an increase in the incidence of genetic mutations in most patients 

causing leukemogenesis rates, and thus increased prevalence rates of leukemia 

in between boys and girls [Hade, 2018; Sung et al., 2020]. 
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Other than that, numerous participating patients in the present study were 

from residents of rural areas and outskirts of cities according to the information 

of data form for individuals’ study group which recorded most cases among 

patients group. Thus, it may be explained in several ways and as follows:  

It is possible that the leukemic cases came as a result of the infection by some 

types of viruses such as; Epstein-Barr Virus (EBV), as Guan’s study [Guan et 

al., 2017] was stated that the degree incidence of EBV among ALL and AML 

patients, and then the rate of relapse and mortality in these patients were higher 

than in patients with leukemia resulting from other causes than this virus. On 

the other hand; the retrovirus which is called Bovine Leukemia Virus (BLV) in 

‘’livestock’’ has been considered as one of the main causes in the occurrence 

of ALL diseases among the people who deal with direct contact of livestock 

infected with this virus, as the pathogenicity of this virus has already been 

studied in some Asian countries [Mui et al., 2017]. 

The effect of chemicals, pesticides and insecticides are used in these rural 

areas and direct contact by individuals, which may cause several genetic 

modifications and cellular changes which have a clear effect in raising of the 

rates patients with ALL [Chang et al., 2021]. Additionally, the middle and 

southern regions of Iraq are the most exposed areas to radiation through the use 

of Uranium-containing weapons during the Gulf War and the subsequent 

battles, as this element has a long-term of radioactivity, as its atoms begin 

slowly disintegrate with absolute energy in the form of radiation, which makes 

these contaminated areas for a long period of time, and then it was well-known 

according to most studies that Uranium element causes many genetic mutations 

that lead to the occurrence of cancer; such as leukemia and especially acute 

leukemia which is the focus of the current study, this is one of the most common 

types of leukemia [Hade, 2018; Parka et al., 2020]. 
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3.2: Evaluation of Galectin-9 Levels in The Sera Samples of ALL 

Patients and Healthy Control Groups  

     Galectin-9 (Gal-9) concentration was assessed in the sera samples of ALL 

patients and healthy subjects. Gal-9 levels were evaluated prior-chemotherapy 

as well as during treatment (approximately four following doses of 

chemotherapeutic treatment). Gal-9 concentration was elevated in the patients’ 

group (at diagnosis) when its concentrations were tested in the sera samples of 

the study individuals. Statistically, a highly significant difference at (p=0.000) 

was detected between the two study’s groups when compared together, as 

shown in Table 3-3.  

Table 3-3: Levels of Galectin-9 Concentrations (ng/mL) in The Sera 

Sample of ALL Patients and Healthy Control 
Study Groups 

(n) 

Gal-9 Conc. (ng/mL) 

Mean ± S.D. 

Min-Max  

 Gal-9 ( ng/mL) 
Range p-value 

ALL Patients 

31 
721.667±303.273 240.14 - 1245.87 1005.73 

0.000 
Healthy 

Individuals 

40 

280.014±26.035 241.38 - 372.49 

   
131.11 

The Mean Difference is Significant at 0.05 Level 
 

These results were consistent with several studies that performed by 

Taghiloo et al., [2017] and Wdowiak et al., [2019] which had exhibited high 

levels of Gal-9 in sera of patients with CLL and AML at the period of diagnosis 

compared to healthy individuals by which it may be associated with growth and 

progression of the disease [Wdowiak et al., 2019].  

Results of the present study did not record statistical variations between 

both sexes within study groups (either patients or controls). On the other side, 

the outcomes have been shown a significant increase (p=0.000) of Gal-9 levels 

in males and females with ALL when compared with their counterparts in the 

control of subgroups (p=0.000), as clarified in Table 3-4. The applied 
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observations indicated that the highest concentration of Gal-9 (1245.87 

ng/mL) was recorded in the ALL female patients, while the lowest 

concentration of this protein (240.140 ng/mL) was noticed in the sample of 

healthy males.  

Table 3-4: Levels (Mean±S.D.) of Galectin-9 Concentration (ng/mL) in 

The Study Individuals 

Study 

Groups 

(n) 

Gender 

(n) 

Gal-9 Conc. 

(ng/mL) 

Mean ± S.D. 

Min-Max   

Gal-9 (ng/mL) Range p-value 

ALL 

Patients 

31 

Male 

18 731.521±302.463 
 

380.19 - 1218.67 838.48 
0.786 

For1vs2 

 0.984 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 

Female 

13 711.813±298.181 

 

375.93 - 1245.87 869.94 

Healthy 

Individuals 

40 

Male 

20 279.391±35.090 
 

240.140 - 372.49 132.35 

Female 

20 280.637±14.470 
 

250.55 - 301.60 51.05 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

Galectins are β-galactoside binding lectin which well-known as a main 

member of lectin families and the galectin family has received great attention 

caused by their close relation to many hematological and cancerous diseases 

specifically which have been documented as neoplastic functions in the number 

of cancers [Chou et al., 2018]. Numerous previous studies indicated that the 

levels of many galectins were detected in many pathological conditions, and 

there was a change in many levels of galectin types [Colomb et al., 2017; 

Taghiloo et al., 2017; Song et al., 2020]. It was considered that the changes in 

galectins levels were corresponding with disease progression, patient age, and 

injury severity of disease [Cousin and Cloninger, 2016; Pang et al., 2018]. 

The present study is the first in the investigation to follow Gal-9 levels in 

sera samples of children with ALL during treatment with chemotherapy, thus 
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these observations raise the hypothesis that suggests the Gal-9 may perhaps 

contributed to the development of the body’s anti-inflammatory immune 

defence mechanisms in children with ALL in similar to the role of MBL levels 

as a direct reason for reviewing the body’s protection ability against various 

diseases [Cedzynski and Swierzko, 2020; Gupta, 2020]. However; many 

previous kinds of literature had not been found to support this hypothesis, and 

particularly with regard to the role of increasing levels of Gal-9 in pediatric 

ALL [Plummer et al., 2016; Gordon-Alonso et al., 2018] and the role of Gal-9 

in regulating cell signals by binding to its receptors in many physiological 

functions such as; cell growth, adhesion, cell surface signalling, angiogenesis, 

proliferation, migration, invasion, inflammation and apoptosis [Gordon-Alonso 

et al., 2018]. 

Consequently, galectins have essential roles in several intra-and 

extracellular pathways, as well as the malignant cells have the ability to release 

Gal-9 in the duration of disease development through the ‘’autocrine’’ process 

due to the effectiveness of immunoglobulin by T-cells and TIM-3, thus the 

TIM-3/Gal-9 complex is produced by Gal-9 ligand, as a result of this 

association through the induction mechanism of Gal-9 [Kikushige et al., 2015; 

Chou et al., 2018] and the possibility of Gal-9 to bind TIM-3 receptors which 

causes inhibition both of T-lymphocytes and Natural Killer cells (NK), then 

these cells become unable to perform their immune functions properly 

[Kikushige et al., 2015; Kursunel and Esendagli, 2017].  

Another hypothesis to explain the observed increase of Gal-9 levels in the 

patients’ group which could be clarified by the association of stimulating the 

synthesis of Gal-9 when the transformation of normal cells into the cancerous 

cells occurs during the carcinogenesis process [Kursunel and Esendagli, 2017]. 

Outcomes of the present study were in line with other studies [Cousin and 

Cloninger, 2016; Tseng et al., 2016; Gordon-Alonso et al., 2017], whereas 
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these studies have been carried out to evaluate other different galectins levels 

in patients with other various types of cancers. 

Figure 3-1 shows the apparent gradual decrease of Gal-9 concentrations 

in ALL patients after getting approximately four consecutive doses of 

chemotherapy in comparison with its levels at diagnosis (pre-treatment). 

 
Figure 3-1: Gal-9 Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy  

  

The results of the current study showed an obvious reduction in Gal-9 

levels in ALL children after receiving consecutive doses of chemotherapy, 

which could be referred to as the patients’ response to the chemotherapy 

protocol due to the effect and ability of treatment to control the cancer cells 

proliferation, so it’s essential that the decrease in Gal-9 levels be a reaction to 

the destruction and/or elimination in both healthy and cancerous cells after the 

use of chemotherapy [Hade, 2018; Niki et al., 2018]. In contrast, Tadokoro’s 

study [Tadokoro et al., 2017] indicated that it is possible that Gal-9 may play 

an important role in the apoptotic pathway through inhibited leukemic cell 

proliferation, but the mechanisms that support this pathway are yet unclear 

[Tadokoro et al., 2017]. 

Although; TIM-3/Gal-9 complex which has an associated mechanism to 

suppress and impaire the responses of immune cells, cancer cells can benefit 
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from these immunosuppressive pathways via increasing their growth, 

proliferation, and spread to other tissues [Kursunel and Esendagli, 2017].   

On the other hand, some studies may have attributed continued high levels 

of Gal-9 in some patients with ALL even after received doses of chemotherapy, 

which explained that based on the Gal-9 is one of the types of lectins formed 

and produced by tumour cells due to the cancer incidence, and some of the 

patients have advanced stages of leukemia, then causing malignant cells 

resistance to the protocol treatment of chemotherapy [Pena et al., 2015]. 

Unfortunately, the action mechanisms and the prospective beneficial 

effects of galectins in cancer have not yet been fully supposed, moreover; the 

difficulty of studying its precise details of vital functions and their roles in the 

occurrence of different types of cancers [Chen et al., 2017; Swierzko et al., 

2018]. So, the detailed mechanisms of Gal-9 are still unclear and have not yet 

been well studied, hence in order to be able to well-assessment in which is 

essential advance investigations, as it is potential to study Gal-9 in 

collaboration with other types of galectins family that affect the growth and 

development of malignant cells [Tadokoro et al., 2017]. 

As yet, according to the tracing changes in the levels of Gal-9 at 

diagnosis and during the period of chemotherapeutic treatment in ALL 

patients, as well as, its usage as a biological marker in clinical diagnosis will 

be an important tool for monitoring and determining the activity and 

development of leukemia, so it is possible to make appropriate treatment 

decisions for the patients by the competent physician, and it is possible to be 

considered Galectin-9 a valuable factor for prediction and evaluation of 

disease, as well as patients’ response to the strategies of chemotherapeutic 

treatment.  
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3.3: Assessment of Mannose Binding Lectin Levels in The Sera 

Samples of ALL Patients and Healthy Control Groups  

     The outcomes demonstrated a highly significant elevation (p=0.000) of 

MBL concentrations in the sera samples of ALL patients group compared to 

healthy individuals, as shown in Table 3-5. 

Table 3-5: Levels of Mannose Binding Lectin Concentration (ng/mL) in 

The ALL Patients and Healthy Control 

Study Groups 

(n) 

MBL Conc. (ng/mL) 

Mean ± S.D. 

Min-Max  

MBL ( ng/mL) 
Range  p-value 

ALL Patients 

31 
 767.187±335.857 

 

358.85 - 1260.38 
901.53 

0.000 Healthy 

Individuals 

40 

347.078±38.228 

 

279.80 - 427.19 

  

147.39 

The Mean Difference is Significant at 0.05 Level  

 

According to the ANOVA test, the current study established that no 

statistical differences between male and female subgroups in the MBL 

concentrations were observed, neither in ALL patients nor control groups, 

while significant statistically variations (p=0.000) were recorded when 

compared ALL males and females with their healthy peers in the control 

subgroups, as illustrated in Table 3-6.  

The results of the present study noted the highest value (1260.38 ng/mL) 

of MBL were recorded in males’ samples and the lowest value (279.80 ng/mL) 

of MBL in females’ samples, as illustrated in Table 3-6, by which indicating 

that males have a physiological tendency to increase this type of lectins, in the 

case of cancer in general, and in ALL cases especially; this finding confirms 

and supports the incidence of ALL in males is higher than in females [ Al-Asadi 

and Ibrahim, 2018]. 
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Table 3-6: Levels (Mean±S.D.) of Mannose Binding Lectin Concentration 

(ng/mL) in The Study Individuals 

Study Groups 

(n) 

Gender 

(n) 

MBL Conc. 

(ng/mL) 

Mean ± S.D. 

Min-Max 

MBL (ng/mL) 
Range p-value 

ALL Patients 

31 

Male 

18 
804.294±337.736 390.28  - 1260.38 870.10 

0.462 

For1vs2 

 0.962 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 

 

Female 

13 
743.746±340.815 358.85 - 1250.57 891.72 

Healthy 

Individuals 

40 

Male 

20 
348.778±35.695 285.08 - 427.19 142.11 

Female 

20 
345.379±42.631 279.80 - 417.36 137.56 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

In order to investigate the effect of chemotherapy in the production of 

serum MBL levels was followed in patients after receiving at least four 

successive doses of chemotherapy.  

Figure 3-2 indicated to the continuous significant increasing of MBL 

level after delivered the first dose of chemotherapy compared to the baseline 

(pre-chemotherapy), and then its concentrations begin gradually decline in sera 

samples of ALL patients down to beyond the fourth dose of treatment in 

comparison toat diagnosis (before starting the treatment), however; its 

concentrations did not reach the levels of normal values. 

Results of the present study were agreed with previous works performance 

by Riwes et al., [2016]; Auriti et al., [2017]; Peterslund et al., [2017] when 

these studies mentioned that low serum levels of MBL could be predictable for  

pediatric malignant patients at the levels of increased risk of infection. 

Conversely, various studies have shown that the deficient of MBL could 

become a severe risk factor for the development of infectious diseases in ALL 

patients and dampen their immunity [Frakking et al., 2015; Ghazi et al., 2015], 

as well as during receiving treatment [Riwes et al., 2016].  
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The results of the present study showed that MBL levels were elevated 

when the incidence of ALL and it noted a rise in MBL levels in 29 out of the 

31 patients’ samples at 94% even after the first dose, in addition, the outcomes 

of the study indicated to decrease in the serum levels of MBL by 68% of 21 out 

of 31 patients with ALL after getting the second and third doses of 

chemotherapy, and then MBL levels returned to be higher again in children 

with ALL after the fourth dose in 15 out of 31 at 48% than its levels after the 

third dose, but it did not reach to high levels as observed at pre-

chemotherapeutic treatment.    

 
Figure 3-2: MBL Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 

 

Mannose-Binding Lectin (MBL) is one of the collagenous C-type lectins, 

and it has important roles in specific ‘’innate immune’’ protection, especially 

with an early age of childhood at the onset when the ‘’adaptive immune 

response’’ which is either undeveloped to identify microorganisms and control 

infection or it is at risk from the use of immunosuppressive drugs [Varki et al., 

2015; Coulibaly and Youan, 2017]. As well as, MBL works in combination 

with different leukocytes as the first line of defence against infectious agents, 
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foreign invaders and cancer cells through immune responses [Wahlund et al., 

2020]. 

MBL level is double-edged for its functions and their effects in different 

cancers, especially in leukemia which means that the variations in its levels 

could be pointed to an increased risk of infections and so on cancer [Frakking 

et al., 2015; Wahlund et al., 2020]. Besides, the levels of MBL also play a role 

in modifying different cytokines levels in a way that depends on the dose of 

treatment given to the patient [Roland et al., 2015]. Therefore; several 

expectations that could be explained the current outcomes about MBL levels as 

the following:  

It appears that MBL levels associated with different hematological 

malignancies which are very complex and indistinct, thus these levels could be 

influenced by the range of risk factors that including, age, type of disease, and 

routine programme of therapy [Hao et al., 2020]. Consequently, it is suggesting 

that the MBL has a protective role in the complement system (also known as 

complement cascade) which is a part of the immune system, even to stimulate 

the lectin complement pathway in infection, or by advantage of opsonization 

with the receptors on monocytes/macrophages [Cedzyński and Świerzko, 

2020], in which the activation of MBL during the infection due to its role as an 

effective regulator of inflammation during an acute-phase response, and then 

induce recruitment ‘’proinflammatory of several cytokines such as; IL-6’’ to 

stimulate the releasing of C-reactive protein (CRP) [Dhimana, 2019]. Hence, it 

is possible to remain MBL in the rise levels in patients with ALL after getting 

the first chemotherapeutic dose which it could be described by a continuing 

acute phase response [Kalia et al., 2021].   

The increasing levels of MBL in ALL patients before treatment could be 

related to the disease itself, as well as, the MBL levels in sera patients with 

ALL are higher than in the healthy children group which are probably reflected 
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by the cytogenetically of ALL patients with some modifications of cells during 

carcinogenesis process [Wahlund et al., 2020], as these findings were 

consistent with a study was done by Coulibaly and Youan, [2017]. In contrast, 

Gupta’s study [Gupta et al., [2015], who had shown that the high 

concentrations of MBL in childhood ALL patients may be expected caused by 

the emergence of severe bacterial, viral or even fungal infections and after 

receiving doses of chemotherapy which was stated in similar findings 

perspective by Riwes’s study [Riwes et al., 2016] and Peterslund’s study 

[Peterslund et al., 2017].  

However, the study was exposed by Frakking et al., [2015] had revealed that 

most ALL patients have increased levels of MBL and/or presently at diagnosis 

because of the increased synthesis of MBL via the liver, with paralleled to 

healthy individuals. In addition, the high levels of MBL that could consequence 

without apparent signs of infection as being to ‘’re-activation’’ of MBL levels 

in ALL patients after association with further ‘’immunosuppression or 

immunodeficiency’’ when the patients received chemotherapy [Papaiakovou et 

al., 2017; Wahlund et al., 2020]. 

Moreover, Maestri’s study [Maestri et al., 2018] showed that the possibility 

of the existence of some mechanisms which express high levels of MBL, and 

these mechanisms may work in particular to stimulate or inhibit the 

development of cancers, then it has been proven that the elevation of MBL and 

MBL-Associated Serine Protease-2 (MASP-2) performance cause the 

increasing of complement factor (C5A  ( with the rise of the malignant cells’ 

growth. Moreover, the fact that MBL is an important component in the acute 

stage during various infections, therefore; it may enhance during different 

infection cases, especially leukemia [Cedzyński et al., 2018]. Otherwise; it can 

become part of the immune responses requirements of the cancerous tumors in 
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patients and/or consequently it is possible to express MBL levels effectively as 

a result of the activity of cancer cells at this stage [Kalia et al., 2021]. 

On the other hand, a study achieved by Keizer et al., [2018] has identified 

that the clinical indicators of deficient MBL when the immune system is still 

immature, especially during early childhood and maybe due to an 

immunodeficiency which is associated with a deficiency in the WBCs number, 

specifically neutrophils (neutropenia) and other complications of diseases 

associated with chemotherapy in ALL patients [Puente et al., 2019]. On the 

other hand, MBL levels were increased slightly and/ or with a normal range in 

some cases of ALL patients when admitted to the pediatric intensive care unit 

(PICU) during their seizures of the febrile neutrophils due to complications and 

inflammation [Roland et al., 2015].  

Besides, some other studies have stated that the decrease in MBL 

concentrations after treatment could be associated with the genetic patterns and 

polymorphisms in the immune system (as MBL plays a critical role in innate 

immunity), which has contributed to an increased risk of infection, 

inflammation and hence the risk of acute leukemia during early childhood  

[Kalia et al., 2021]. Thus, either the genetic mutations in the collagen-like 

domain (R32C, G34D, or G37E) of MBL which caused a serum MBL 

deficiency [Speletas et al., 2015; Auriti et al., 2017], or it may lead to critical 

damage of DNA, that could be more obvious in children with MBL low-level 

of genetic patterns compared to those with high-level patterns, although the 

related molecular mechanisms are still unclear and basically, the destruction of 

DNA may increase the risk of harmful mutations and cytogenetic abnormalities 

that could comprise in an increasing ‘’T- and B-lineage lymphoblasts’’ which 

could be accompanied by the relapse  of ALL [Holanda et al., 2015; Wahlund 

et al., 2020].  
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Many other assumptions focused on the association between deficiency of 

MBL levels and severe infections after chemotherapy; i.e. ‘’hygiene 

hypothesis’’ which assumes that the exposure of the body during a childhood 

stage to certain pathogenesis and infection may stimulate the child’s immune 

system and lead to the body’s discrimination of harmful and non-harmful 

substances and vice versa with more specifically, ALL could be caused by 

exposure of the to infection or inflammation at an early stage of childhood, and 

cause an abnormal response to infection as a ‘’hypothesis of delayed infection’’ 

[Szaka´cs et al., 2019] and even if these types of infections might affect the risk 

of developing ALL, but ‘’biological mechanisms’’ contributing to onset 

leukemia are not entirely associated with this infection and eventually, that can 

affect the emergence of only a specific type of leukemias [Peterslund et al., 

2017; Szaka´cs et al., 2019].  

Whereas the study conducted by Wahlund et al., [2020] has estimated that 

the use of ‘’L-asparaginase’’ as a type of chemotherapy in treatment ALL is 

probably the cause of an evident reduction in the concentrations of MBL, which 

was assumed in the involvement of higher potential risk of febrile risk caused 

by the lack of neutrophils ‘’neutropenia’’ by the infections. 

The data around MBL and its influences have expanded on cancer, 

particularly leukemia refers to the fact that MBL levels are associated with 

diagnosis and prognosis of these cancers or not, even its concentrations may 

be altered due to the common complications; such as infection and 

inflammation which resulting from the severity of the effects of 

chemotherapy, nevertheless MBL have a vague role in the human immune 

system.  
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3.4: Evaluation of Some Hematological Parameters and Indices 

in Blood Samples of ALL Patients and Healthy Groups 

     The results of the current study exhibited statistical significant decreases in 

some blood parameters and indices; RBCs count, Hgb, HCT, Plts and MCHC 

(p=0.009), (p=0.001), (p=0.000), (p=0.008), and (p=0.000) respectively; in 

children with ALL. However; the levels of MCH have not changed, while there 

was an increase in MCV level, but it wasn’t a significant difference in blood 

samples of patients with ALL at diagnosis than that observed in healthy 

individuals, as shown in Table 3-7.  

Table 3-7: Mean ± S.D. of Some Hematological Parameters and Indices 

Levels in Blood Samples of ALL Patients and Healthy Control  

 

Blood 

Parameters 

and Indices 

 

Subject Groups 

(n)  

 

p-value 

 

ALL Patients (31) Healthy Individuals (40) 

Mean ± S.D. 
Min-Max (Range) 

Mean ± S.D. 
Min-Max (Range) 

RBCs 

(106/mm3) 

3.522±0.506 

2.500-4.150 (1.65) 

4.569±0.329 

4.020-5.380 (1.360) 

 

0.009 

Hgb Conc. 

(g/dL) 

9.451±1.379 

7.450-10.800 (3.350) 

12.125±0.620 

11.100-13.400 (2.300) 

 

0.001 

HCT 

(%) 

29.674±4.367 

22.150-34.950 (12.800) 

34.565±2.067 

30.200-38.400 (8.200) 

 

0.000 

Plts 

(103/µL) 

82.373±45.327 

43.50-144.00 (100.500) 

268.275±35.175 

192.000-353.000 (161.000) 

 

0.008 

MCV 

(FL) 

85.500±6.238 

74.700-107.100 (32.400) 

75.900±5.192 

58.500-85.500 (27.000) 

 

0.418 

MCH 

(pg/cell) 

26.503±2.261 

22.000-32.500 (10.500) 

26.828±1.931 

20.800-32.200 (11.400) 

 

0.237 

MCHC 

(g/dL) 

30.950±2.346 

24.800-34.700 (9.900) 

34.751±1.066 

32.0 00-36.200  (4.200) 

 

0.000 

The Mean Difference is Significant at 0.05 Level 
 

On the other hand, the present work recorded a significant difference 

(p˂0.05) in the levels of RBCs, Hgb, HCT, Plts, MCV and MCHC between the 
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males and females in the group of ALL patients when compared with their 

healthy individuals, as illustrated in Table 3-8 and Table 3-9. 

Table 3-8: Mean ± S.D. of Some Blood Parameters Levels in Males and 

Females of Study Groups 

 

Blood 

Parameters 

 

Subject Groups 

(n) 

 

p-value 

 

ALL Patients (31) Healthy Individuals (40) 

Male 

23 

Mean ± S.D. 
Min-Max 

Range 

Female 

18 

Mean ± S.D. 
Min-Max 

Range 

Male 

20 

Mean ± S.D. 
Min-Max 

Range 

Female 

20 

Mean ± S.D. 
Min-Max 

Range 

RBCs 

(106/mm3) 

3.480±0.488 
2.620-4.100 

1.480 

3.516±0.512 

2.500-4.060 

1.560 

4.609±0.356 
4.020-5.380 

1.360 

4.519±0.296 

4.070-5.160 

1.090 

0.806 

For1vs2 
 0.493 

For3vs4 
0.000 

For1vs3 
0.000 

For2vs4 

Hgb Conc. 

(g/dL) 

8.711±1.462 

5.500-10.600 

5.100 

10.192±0.407 

9.400-11.000 

1.600 

12.170±0.67 

11.10-13.100 

2.000 

12.080±0.62 

11.20-13.400 

2.200 

0.000 

For1vs2 

0.751 
For3vs4 
0.000 

For1vs3 

0.000 
For2vs4 

HCT 

(%) 

28.588±3.974 

22.20-33.900 

11.700 

30.761±4.800 

22.10-36.000 

13.900 

34.945±1.93 
30.30-38.100 

7.800 

34.185±2.17 

30.20-38.400 

8.200 

0.000 
For1vs2 
 0.461 

For3vs4 
0.000 

For1vs3 
0.004 

For2vs4 

Plts 

(103/µL) 

69.055±29.204 
40.00-128.00 

88.00 

95.692±38.913 

47.00-160.00 

113.00 

273.20±31.85 

203.0-322.00 

119.00 

263.35±37.98 

192.0-353.00 

161.00 

0.002 
For1vs2 
 0.266 

For3vs4 

0.031 
For1vs3 

0.021 
For2vs4 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 
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Table 3-9: Mean ± S.D. of Some Blood Indices Values in Males and 

Females of Study Groups 

 

Blood 

Parameters 

and Indices 

 

Subject Groups (n) 

 

p-value 

 

ALL Patients (31) Healthy Individuals (40) 

Male (23) 

Mean ± S.D. 
Min-Max 

Range 

Female (18) 

Mean ± S.D. 
Min-Max 

Range 

Male (20) 

Mean ± S.D. 
Min-Max 

Range 

Female (20) 

Mean ± S.D. 
Min-Max 

Range 

 

 

MCV 

(FL) 

83.327±4.114 
74.70-90.40 

15.70 

87.992±7.393 
79.0-107.1 

28.10 

76.075±4.870 
63.90-85.50 

21.60 

75.890±5.496 
58.50-81.50 

23.00 

0.021 
For1vs2 

0.914 
For3vs4 

0.000 
For1vs3 

0.000 
For2vs4 

 

 

MCH 

(pg/cell) 

 

26.283±2.248 

2.00-31.00 

9.00 

 

26.838±2.417 
24.20-32.50 

8.30 

 

26.710±2.412 
20.80-32.20 

11.40 

 

26.910±1.281 
23.90-28.50 

4.60 

0.472 
For1vs2 

 0.765 
For3vs4 

0.536 
For1vs3 

0.924 
For2vs4 

 

 

MCHC 

(g/dL) 

 

31.483±2.279 

24.80-34.20 

9.40 

 

30.507±2.279 
26.00-33.00 

7.00 

 

34.725±0.868 

32.50-36.10 

3.60 

 

34.775±1.232 

32.00-36.20 

4.20 

0.120 

For1vs2 

 0.926 

For3vs4 

0.000 
For1vs3 

0.000 
For2vs4 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

In addition, a fluctuating decrease in the number of RBCs count was 

recorded during treatment with chemotherapy in comparison to it’s levels at 

diagnosis period, as illustrated in Figure 3-3. 
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Figure 3-3: RBCs Count of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
 

However; Hgb levels in blood samples of ALL patients showed a slight 

rise after receiving more than three of chemotherapeutic doses, while Hgb 

levels have increased after getting the fourth dose of treatment than what is 

noted at diagnosis (pre-treatment), as clarified in Figure 3-4. 

 

 

 

 

 

 

 
 

 

Figure 3-4: Hgb Concentrations of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
 

     Results of present work indicated a decrease in the ratios of the HCT in 

combination with the reduction in RBCs count and Hgb levels, then began to 

rise after the fourth dose (Figure 3-5). 
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Figure 3-5: HCT Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
 

Figure 3-6 shows a rise of the total number of Plts in the blood samples 

of ALL patients after receiving at least four doses of chemotherapy.  

 

Figure 3-6: Plts Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 

According to the Plts, the current results were consistent with [Ross et al., 

2017; Samra et al., 2020] studies. Although the results of the current study were 

inconsistent with that indicated the absence of difference in numbers of Plts 

count among patients with ALL and the group of healthy individuals either at 
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the diagnosis of leukemia or after receiving several doses of chemotherapy 

[Dewan and Agarwal, 2015; Bhushan et al., 2018].  

In addition, Noronha’s study [Noronha et al., 2016] pointed to the fact that 

patients with ALL disease have a reduction of the numbers of Plts after 

chemotherapy, as the results of this study that are not consistent with the results 

of current study. In similar to Rauch’s study [Rauch’s et al., 2017] who 

specified a decreasing number of Plts in blood samples of ALL patients after 

getting more than three doses of chemotherapy, as well as, by ALL patients 

had frequent bleeding appearances due to thrombocytopenia with severe 

anemia. 

Thus, the number of Plts is an important parameter for investigating acute 

leukemia status in children and the risk of not responding for treatment or 

relapse leukemia which is reduced when the number of Plts would be increased 

after received therapy [Terwilliger and Abdul-Hay, 2017].  

Figure 3-7 shows increased levels of MCV of blood samples in patients 

with ALL after delivered consecutive doses of chemotherapy in compared to 

its level that noted at diagnosis. 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 3-7: MCV Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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In addition, the values of MCH showed uneven rise during successive 

doses of treatment compared to its level that recorded at diagnosis (Figure 3-

8).  

 

 

 

 

 

 

 

 

 

Figure 3-8: MCH Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 

      

Whereas there was a gradual increase in concentrations of MCHC in 

conjunction with levels of Hgb and HCT values, then it began to decrease after 

the fourth dose, as elucidated in Figure 3-9.  

 

 

 

 

 

 

 

 

 

   Figure 3-9: MCHC Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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Results of the present study were in agreement with Hade’s study, [2018], 

as the majority of ALL patients suffer from severe anemia, especially 

macrocytic anemia, because of lack numbers of mature erythroblasts with a low 

amount of hemoglobin, and then decrease in the number of mature red cells 

which causing a high growth with an accumulation of abnormal erythroblasts 

in the bone marrow at the expense of other cellular lines, consequently leading 

to failure of bone marrow functions by which could be explained the decrease 

in the levels and concentrations of many blood values and indicators in most 

leukemia patients [Hoffbrand and Moss, 2016]. 

The results of the current study were consistent with [Pandey et al., 2017; 

Terwilliger and Abdul-Hay, 2017] studies which confirmed that the decline in 

most hematological parameters and indices of leukemia patients before 

receiving doses of chemotherapy, as well as, the results showed that the 

significant increase in some blood standards and indicators in the group of ALL 

patients who delivered doses of chemotherapy compared with individuals in 

the control group in which indicating the response of patients to 

chemotherapeutic treatment [Wei et al., 2020].  

It could be explained the result by two hypotheses as follows: 

The First: it because of the insufficiency of vit B12 which is a major public 

health condition with more common in some types of anemia and 

hematological malignancies as compare to non-hematological diseases [Horie 

et al., 2017]. Although, vit B12 deficiency causes vast ‘’ megaloblastic 

changes’’ in the bone marrow of patients who have various malignancies 

[Horie et al., 2017; Konda et al., 2019] who confirmed to diagnose of severe 

pancytopenia and macrocytic anemia [Jalaeikhoo et al., 2017], as well as 

megaloblastic anemia as a result of decreasing levels of vit B12 [Konda et al., 

2019]. However, Kavanagh’s study [Kavanagh et al., 2018] have indicated that 

the decrease of vit B12 levels and accompanied with macrocytic anemia was 
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recognized in leukemia patients with CML who were receiving therapy and 

accompanied with macrocytic anemia. According to the recent study conducted 

by Tandon et al., [2015] who had stated considerably lower levels of vit B12 in 

ALL, AML and NHL patients, and followed by the lowest levels of folic acid 

at the time of diagnosis.  

The Second: includes the occurrence of aplastic bone marrow anemia in 

patients with ALL , therefore; the aplastic bone marrow may be possible as a 

result of ‘’immunological reactions’’ which activated by the increase of 

proliferation and widespread of leukemic cells, especially T-lymphocytes, and 

these cells could be produced the ‘’lymphokines’’ to attract other immune cells; 

such as B-lymphocytes to produce antibodies, and thus attack the normal blood 

cells, especially RBCs and work to reduce their numbers and/or to be in larger 

than normal size [Scheurera et al., 2018; Filbin and Monje, 2019]. 

However; several previous studies achieved by [Bryer and Henry, 2018; 

Tebbi, 2021] have shown a reduction in the levels of Hgb, RBCs count, HCT 

and MCHC after chemotherapy, the decrease has attributed to the effect of 

chemotherapeutic management on the bone marrow, which leads to a decrease 

in the values of some blood indicators and may lead to the failure of the bone 

marrow to perform its functions normally and properly. 

Qingkai’s study [Qingkai et al., 2021] was agreed with current results 

which indicated that children with ALL suffered from a decrease in blood 

indicators, which it’s possible referred to an increased risk for patients not 

responding to treatment, as well as increased the toxic side effects of 

chemotherapy. On the other hand, Robert’s study [Robert et al., 2015] and 

Pereira’s study [Pereira et al., 2017] came incompatible with present data. 

Thus it is likely such blood indicators could be used as good factors for 

predicting prognosis, as well as the response for treatment.  
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3.4.1: Evaluation of White Blood Cells Count in the Samples of the Study 

Groups 

     The statistical analysis using Student’s t-test shows that there was a 

significant increase (p˂0.043) in the number of WBCs in the samples of 

patients with ALL at diagnosis in comparison to healthy individuals, as shown 

in Table 3-10. 

Table 3-10: White Blood Cells Count in The ALL Patients and Healthy 

Individuals 

Study Groups 

(n) 

WBCs (103/µL) 

Mean ± S.D. 

Min-Max  

WBCs (103/µL) 
Range p-value 

ALL Patients 

31 
13.4811±1.814 8.600 - 16.400 7.800 

0.043 
Healthy Individuals 

40 
8.538±1.192 6.500 - 10.500 4.000 

The Mean Difference is Significant at 0.05 Level 

 

However; ANOVA test demonstrated a significant increase (p=0.000) in 

the total number of WBCs as proportional for males and females ALL patients 

when compared to their peers in the group control. Statistically, the results 

show there are no variations among the genders within the same group of 

patients and healthy individuals, as shown in Table 3-11. 

 

 

 

 

 

 

 

 

 



Chapter Three                                     Results and Discussion 
………………………………………………………………………. 
 

86 
………………………………………………………………………………… 

Table 3-11: Levels (Mean±S.D.) of White Blood Cells Count in the Study 

Individuals 

Study 

Groups 

(n) 

Gender 

(n) 
WBCs (103/µL) 

Mean ± S.D. 

Min-Max   

WBCs (103/µL) Range p-value 

ALL 

Patients 

31 

Male 

18 13.500±1.491 11.400 - 16.300 4.900 0.678 

For1vs2 

 0.797 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 

Female 

13 13.723±2.068 8.600 - 16.400 7.800 

Healthy 

Individuals 

40 

Male 

20 8.515±1.316 

 

6.500 - 10.500 4.000 

Female 

20 8.635±1.101 
 

6.500 - 10.200 3.700 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

 

The numbers of WBCs are determined as an essential indicator of the 

overall health, therefore; abnormal WBCs production is an important sign of 

the occurrence of leukocytosis, especially during inflammation, hematological 

and solid tumours, while the decrease in the number of WBCs which considered 

as a medical condition known as leukopenia [Iraqi Cancer Board, 2017; 

Scheurera et al., 2018].  

Therefore, a high WBCs count in the blood samples of ALL patient is 

belonged to the huge number of lymphoblasts due to the defect in the growth 

and development of lymphoid progenitors in the bone marrow and mostly the 

increase in productivity of leukocytes is frequently a result of increased 

numbers of neutrophils and lymphocytes in the whole blood [Iraqi Cancer 

Board, 2017]. 

The results of the current study were in agreement with Hade’s, [2018] 

study which referred to decrease count of leukocytes numbers in the blood 

sample of patients’ group after receiving more than three doses of 
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chemotherapy which specified by the specialists in comparison to the account 

of WBCs at diagnosis, as shown in Figure 3-10. 

 
Figure 3-10: WBCs Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 

 

It’s possible that there was a clear decrease in WBCs numbers after 

periods of chemotherapy and may return gradually to normal levels after 

treatment if there is a strong response for treatment [Chen et al., 2015]. 

The routine use of chemotherapy drugs in the treatment of different types 

of malignancies is the most effective on WBCs count, particularly its effects on 

the number of lymphocytes, neutrophils, and monocytes as these cells are 

considered the main target and the first line of defence in the body with a basic 

database of physicians to choose the appropriate chemotherapeutic protocol for 

each case, as well as to follow up the progression of the disease and patients’ 

response among children with ALL during different stages of chemotherapeutic 

treatment [Fieg, 2016].  
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3.5: Evaluation Levels of Nitric Oxide in The Sera Samples of 

Patients with ALL (at diagnosis) and Healthy Controls  

     Level of Nitric Oxide (NO) concentration was estimated in the sera samples 

of the participant individuals. Outcomes of the present work recorded a 

statistical significant increase (p=0.008) of NO concentrations of ALL patients 

in comparison to the healthy controls, as illustrated in Tables 3-12. 

 

Table 3-12: Levels of Nitric Oxide Concentration (µmol/L) in The ALL 

Patients and Healthy Individuals 

Study Groups 

(n) 

NO Conc. (µmol/L) 

Mean ± S.D. 

Min-Max  

NO (µmol/L) 
Range p-value 

ALL Patients 

31 
52.059±9.263 40.310 - 73.350 33.040 

0.008 
Healthy Individuals 

40 
36.096±10.025 

 

24.100 - 55.300 
 

31.200 

The Mean Difference is Significant at 0.05 Level  

   

Applied ANOVA test showed a respectable significant increase 

(p=0.000) of NO levels in male and female patients with ALL when were 

compared with their analogues individuals in the healthy group. On the other 

hand, no significant variations were shown among males and females within 

controls subgroups, as well as within both genders of ALL patients, as 

summarized in Table 3-13.  
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Table 3-13: Levels (Mean±S.D.) of Nitric Oxide Concentration(µmol/L) 

in The Study Individuals 

Study Groups 

(n) 

Gender 

(n) 

NO Conc. 

(µmol/L) 

Mean ± S.D. 

Min-Max 

NO 

(µmol/L) 

Range p-value 

ALL Patients 

31 

Male 

18 
52.826±9.774 40.310 - 72.900 32.590 0.664 

For1vs2 

 0.360 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 

Female 

13 
51.262±9.151 40.310 - 73.350 33.040 

Healthy 

Individuals 

40 

Male 

20 
37.846±11.901 24.300 - 55.300 31.000 

Female 

20 
34.972±7.941 24.100 - 53.400 29.300 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

The present outcomes were in agreement with Levine’s [Levine et al., 

2014] study which demonstrated that serum NO concentration was 

significantly higher in subjects with ALL. Despite the simple structural 

molecule of NO, it plays a key role in many biological functions [Levine et al., 

2014; Vahora et al., 2016].  

In addition, NO is a main metabolic product of the ‘’oxidation process’’ 

which due to the interaction of NO with ‘’reactive oxygen and nitrogen 

species’’, leading to the production of peroxynitrite anion, tyrosine-protein 

nitrogen, and then the formation of hydroxyl radical, as well as, it is a highly 

reactive free radical, thus the excessive production of NO could be considered 

as a toxic agent which responsible for many complication conditions [Picón-

Pagès et al., 2019; Chen et al., 2021]. 

Hence the increased levels of NO concentration which could be 

characterized as a general mechanism contributed to many diseases [Clementi 

and Nisoli, 2015; Gureev et al., 2019], then as a result of either excessive or 

lacking production of NO that could lead to pathological changes in various 

physiological systems caused by the disturbances of NO [Gureev et al., 2019]. 
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Explanations of results of the current study are based on a set of 

hypotheses: 

As the significant increase levels of NO which consequently with the high 

activity of enzymes responsible for the regulation of the NO synthesis [Keshet 

and Erez, 2018]. 

NO levels may be associated with high levels of Malondialdehyde (MDA) 

as a cellular oxidation criterion which has a high concentration and activity in 

ALL children pre-chemotherapeutic treatment [Hade, 2018]. Thus, the levels 

of NO production increase concurrently with the occurrence of cellular changes 

of the natural cell and its transformation into a cancerous cell during the phase 

of carcinogenicity, which parallels to the level of production and the severity 

of progression, as well as metastasis of the disease [Cheng et al., 2021], which 

it could be caused by the high levels of oxidative stress due to depleting 

endogenous antioxidants [Hade et al., 2018; Elham, 2020].  

It seems that an increase of ROS production caused to be generated oxygen 

radicals on the vascular endothelial surface, and then it acts in response to NO 

and reduces its bioavailability, thus it causes an increase in oxidative stress (An 

imbalance of NO and ROS) [Elham, 2020]. In addition, the activity of gene 

expression is responsible for the enzymatic forms which induce the 

biosynthesis of NO in diverse tissues, thus the NO metabolites may play a 

crucial role in mediating many genotoxic/carcinogenic effects such as; the 

alterations of protein, lipid, and DNA [Luanpitpong and Chanvorachote, 2015]. 

It’s possible that NO and its derivatives at higher concentrations become 

cytostatic and cytotoxic [Levine et al., 2014; Cheng et al., 2015], while at the 

lower levels of NO that could promote cancer growth by several steps of 

carcinogenesis through suppression and/or changes of protein p53 in the cells 

which could modulate tumor cell DNA and cause tumor angiogenesis via 

regulating vascular endothelial growth factor (VEGF) [Keshet and Erez, 2018; 
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Porporato et al., 2018]. The results of the present study agree with several 

studies that emphasized the evaluation of NO levels as a parameter of oxidative 

stress in patients with ALL, and other various malignancies [Matlab and Jasim, 

2017; Pasha et al., 2017].  

Furthermore, data analysis of the current work indicated a highly 

significant decrease in the NO after the first dose of treatment in a group of 

ALL children, then the reduction became moderate after receiving the fourth 

dose of chemotherapy which was applied in the management plan of treatment 

when compared its levels with the pre-treatment stage according to the planned 

design of therapy, as demonstrated in Figure 3-11. 

 

 

 

 

 

 

Figure 3-11: NO Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
 

It may probably indicate to the low levels of cellular damage caused by 

oxidative stress in ALL patients at the diagnostic stage, then the levels of 

excessive cellular oxidation decline as the protocol of applied therapy 

progressing, which may give this criterion importance in tracking it down in 

the success of treatment management strategy [Caplin and Leiper, 2014; Zhang 

et al., 2018]. In addition, the results of the current study were in the same line 

with numerous studies that investigated the oxidative stress levels before and 
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after getting chemotherapy in some types of leukemia, as well as other cancers 

[Balasaheb and Pal, 2015; Matlab and Jasim, 2017; Zhang et al., 2018].  

 

3.6: Assessment of Total Glutathione Levels in The Sera Samples 

of ALL Patients and Healthy Control Groups  

The levels of Total Glutathione (T-GSH) concentration were evaluated in 

the sera samples of the present study participants. The results showed a 

significant decrease (p=0.031) in the T-GSH concentrations in the sera samples 

of ALL patients group at diagnosis in comparison to the control, as shown in 

Table 3-14.  

 

Table 3-14: Levels of Total Glutathione Concentration (µmol/L) in The 

ALL Patients and Healthy Individuals 

Study Groups 

(n) 

T-GSH Conc. (µmol/L) 

Mean ± S.D. 

Min-Max  

T-GSH ( µmol/L) 
Range  p-value 

ALL Patients 

31 
10.9647±3.249 

 

3.520 - 18.020 
14.500 

0.031 
Healthy Individuals 

40 
17.294±3.623 

 

 10.800 - 23.430 
  

12.630 

The Mean Difference is Significant at 0.05 Level 

      

In order to study the effect of gender on the T-GSH levels, an ANOVA 

test was applied. The statistical results showed that no significant changes of 

T-GSH concentrations among male and female patients within ALL group, so 

the two genders in the controls group, while there were significant variations 

(p=0.000) between ALL males as well as females, in comparison to their 

healthy subject peers, as illustrated in Table 3-15. 
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Table 3-15: Levels (Mean±S.D.) of Total Glutathione Concentration 

(µmol/L) in The Study Individuals 

Study 

Groups 

(n) 

Gender 

(n) 

T-GSH Conc. 

(µmol/L) 

Mean ± S.D. 

Min-Max 

T-GSH 

(µmol/L) 

Range p-value 

ALL 

Patients 

31 

Male 

18 
11.103±3.018 3.520 - 14.600 11.080 

 0.446 

For1vs2 

 0.328 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 
 

Female 

13 
10.192±3.089 4.190 - 15.510 11.320 

Healthy 

Individuals 

40 

Male 

20 
16.134±3.768 10.800 - 23.430 12.63 

Female 

20 
18.454±3.043 11.640 - 22.320 10.680 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

In order to verify the changes of T-GSH concentration during 

chemotherapy progress, the estimation of T-GSH was carried out after each 

dose of chemotherapy. Figure 3-12 shows a significant rise in the levels of T-

GSH after the doses of chemotherapy planned within the current study design, 

but these concentrations remain higher than T-GSH levels at the baseline stage. 

 

 
Figure 3-12: T-GSH Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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3.7: Assessment of Oxidized Glutathione Disulfide Levels in The 

Sera Samples of Patients and Control Groups  

Oxidized Glutathione Disulfide (GSSG) concentrations were evaluated in 

sera samples of the current study participants. According to the levels of 

GSSG, the data were exhibited a significant decrease (p=0.044) in GSSG 

levels of ALL patients group as compared with the healthy control (Table 3-

16). 

Table 3-16: Levels of Oxidized Glutathione Disulfide Concentration 

(µmol/L) in The ALL Patients and Healthy Individuals 

Study Groups 

(n) 

GSSG Conc. (µmol/L) 

Mean ± S.D. 

Min-Max  

GSSG ( µmol/L) 
Range p-value 

ALL Patients 

31 
0.344±0.157 0.100 - 0.630 0.530 

0.044 
Healthy Individuals 

40 
0.360±0.224 

0.112 - 0.860 
 

0.748 

The Mean Difference is Significant at 0.05 Level 

      

Table 3-17 shows there are no statistical variations in the levels of GSSG 

between males and females in the patients’ group when compared with their 

counterparts in the control group. Despite the absence of significant differences 

in the levels of GSSG between genders within the study groups (either ALL 

patients or controls groups), but the results illustrated an elevation of this 

parameter in the females’ subgroups compared to males.  
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Table 3-17: Levels (Mean±S.D.) of Glutathione Disulfide Concentration 

(µmol/L) in The Study Individuals 

Study Groups 

(n) 

Gender 

(n) 

GSSG Conc. 

(µmol/L) 

Mean ± S.D. 

Min-Max 

GSSG (µmol/L) 
Range p-value 

ALL Patients 

31 

Male 

18 
0.312±0.179 0.100 - 0.600 0.500 0.323 

For1vs2 

  0.152 

For3vs4 

0.941 

For1vs3 

0.738 

For2vs4 

Female 

13 
0.383±0.121 0.160 - 0.630 0.470 

Healthy Individuals 

40 

Male 

20 
0.316±0.203 0.118 - 0.860 0.742 

Female 

20 
0.406±0.234 0.112 - 0.792 0.680 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

The outcomes of the current study recorded a statistical variation in the 

GSSG levels of ALL patients after they received four consecutive doses of 

chemotherapy, but GSSG concentration remain higher than its levels at the 

diagnostic stage (Figure 3-13). The present results agreed with [Rasool et 

al.,2015; Kaweme et al.,2020; Chen et al.,2021] studies which had reported 

that glutathione levels were decreased in ALL and AML patients who in turn 

showed impairment of antioxidant system, then the levels of glutathione 

increased gradually after the course of chemotherapeutic regimen. 

 

Figure 3-13: GSSG Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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According to the present study findings, the decreased glutathione levels 

in patients with ALL could be explained as a result of declining production of 

glutathione levels caused by reduced and/or insufficient enzymes which formed 

glutathione in the liver that could play an important role in the production of 

glutathione as a ‘’target response’’ of toxic effects by free radicals in leukemic 

patients [Rezaieg and Musleh, 2019]. 

In addition, it could be related directly to unusual modifications in proteins 

produced by leukemic cells, and its increased consumption in the case of 

suppression oxidative stress, so it has indicated that the impairment of the 

antioxidant system due to the increase of free radicals in ALL cases which are 

based on an increase of the oxidative damage and prevent motivation of cells 

apoptosis pathway, thus stimulating cancer progression [Bispo et al., 2020; 

Tebbi, 2021].   

On the other hand, many cancer types including; head, neck, lung, breast, 

ovarian and colon may show high levels of GSH, while its levels have been 

decreased in brain and liver tumors, in addition to some types of leukemia, that 

is possible due to the abnormal regulation of genes involved in GSH 

metabolism which correlated to many cancer types [Desideri et al., 2019; Luke 

et al., 2020]. 

Moreover, an increase in GSH concentrations in the sera of ALL patients 

after a delivered course of chemotherapy may be explained according to the 

fact that chemotherapy treatment could be effective and beneficial to patients 

at this stage of management when it is likely to inhibit the growth of leukemic 

cells (blasts), thus increasing the levels of antioxidants represented at this stage 

of treatment on the opposite side of oxidative agents and free radicals, therefore 

the regulation of GSH metabolism could be a targeted treatment for cancer 

patients, and so the possibility of regulating cellular responses to various cancer 

treatment agents [Bansal and Simon 2018; Desideri et al., 2019].  
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However, the outlooks of the anticancer treatment established by the 

inclusion of concentration levels of GSH that achieved to be inadequate 

because of the potentially damaging properties to the normal cells [Rafieemehr 

et al., 2019; Desideri et al., 2019]. Hence, the GSH system has drawn the 

considerations for many researchers to deal with some strategies which aimed 

for developing attempts to disrupt the growth of cancerous cells, and to increase 

the effectiveness of anticancer managements that can be obtainable for cancer 

patients [Desideri et al., 2019].    

Furthermore, GSH is produced through many anti-cancer treatments, 

which leads to the formation of GSSG by Glutathione Peroxidase (GPx), then 

the product (GSSG) is promptly converted and returned to GSH by Glutathione 

Reductase (GR) to inhibit the accumulation of GSSG that could be caused cells 

toxicity, then further activation of cells death [Couto et al., 2016; Desideri et 

al., 2019].  

Additionally, increasing of GSSG concentration within cells has assumed 

to be an important therapeutic strategy for inducing the death of cancerous cells 

[Couto et al., 2016; Desideri et al., 2019]. In this direction, there is another 

approach that should be kept in the respects of strategies to use the GSH 

therapy, by which in the case of resistance to consumption and depletion of 

GSH, as it’s the possibility of a crossing between the GSH metabolism and 

different cell death pathways; such as ‘’ autophagy, apoptosis, and necrosis’’ 

[Miess et al., 2018; Sun et al., 2018]. 

This would be indicated that the excessive levels of cellular oxidation 

prior to the delivery of the chemotherapeutic drug are declining directly with 

the use of treatment protocol and this requires to be further followed-up to 

these criteria, which are seemed to be important in the tracking of the 

successful therapeutic plan that has been applied. 
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3.8: Assessment of Erythropoietin Hormone Levels in The Sera 

Samples of Patients and Healthy Groups  

Evaluation of Erythropoietin (EPO) concentrations indicated to high EPO 

levels in the samples of ALL patients than its levels in the healthy children. 

Table 3-18 shows that there are statistically significant differences (p=0.000) 

of the EPO in the sera of ALL patients compared to their corresponding in the 

control group. 

Table 3-18: Levels of Erythropoietin Concentration (mIU/mL) in The 

Sera of ALL Patients and Healthy Individuals 

Study Groups 

(n) 

EPO Conc. (mlU/mL) 

Mean ± S.D. 

Min-Max  

EPO (mIU/mL) 
Range p-value 

ALL Patients 

31 
3551.232±53.341 171.530 - 408.230 236.700 

0.000 
Healthy Individuals 

40 
147.692±18.889 123.840 - 193.730 69.890 

The Mean Difference is Significant at 0.05 Level 

     

The highest level of EPO was recorded in the sample of child females 

recorded (408.23 mlU/mL), while the lowest level (123.84 mlU/mL) was 

recorded in a healthy female. Statistical analysis showed no significant 

differences between males and females patients, as well as in the healthy 

individuals when compared two sexes together. On the other hand, the study 

succeeded in recording high significant differences (p=0.000) of EPO levels 

among males’ and females’ patients with ALL and their healthy counterparts 

in the control group, as shown in Table 3-19. 
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Table 3-19: Levels (Mean±S.D.) of Erythropoietin Concentration 

(mIU/mL) in The Study Individuals 

Study 

Groups 

(n) 

Gender 

(n) 

EPO Conc. 

(mIU/mL) 

Mean ± S.D. 

Min-Max 

EPO (mIU/mL) 
Range p-value 

ALL 

Patients 

31 

Male 

18 
360.781±46.195 264.69 - 407.00 142.31 0.938 

For1vs2 

 0.592 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 

Female 

13 
361.679±37.735 303.10 - 408.23 105.13 

Healthy 

Individuals 

40 

Male 

20 
150.986±22.313 

 

125.90 - 193.73 
67.83 

Female 

20 
145.590±15.151 123.84 - 176.55 52.71 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

It was observed that EPO levels increased in the patients’ group after 

receiving chemotherapeutic doses as compared to its levels at diagnosis 

(Figure 3-14). These results were matching with the results of Hade’s study, 

[2018], which indicated an increase EPO level in children with ALL compared 

to its levels before treatment beginning. EPO hormone is secreted by the kidney 

and liver in response to the low oxygen levels in the body when this hormone 

works to increase the production of RBCs in the bone marrow that leads to 

elevate rates of oxygen delivery to the different tissues [Aapro et al., 2018]. 

Several previous studies have shown that the increased levels of EPO hormone 

might be considered as an indicator of the incidence of cancers, in general; and 

particularly acute lymphoblastic leukemia [Pandey et al., 2017].   

The growth of malignant cells at the transformation stage causes a 

decrease in the production of erythrocytes due to the defect that affects the bone 

marrow and causing pernicious or malignant anemia, as this stage is 

characterized by the deficiency of vit B12, as well as a decrease in processed 

oxygen rates. The body works at this stage to have great efforts by alerting to 

increase the amount of oxygen incoming to the cells through the raising of EPO 

productivity [Gavars et al., 2019; Kesbeha and Pakbaza, 2019]. 
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The results of the current study were in agreement with previous studies 

in which confirmed that leukemic patients suffered from different types of 

anemia such as; pernicious and macrocytic anemia which coinciding with the 

elevation of EPO levels [Tanyildiz et al., 2016; Konda et al., 2019]. 

Figure 3-14 shows that hormone levels during the period of received 

chemotherapy agents witnessed a significant increase (almost constant during 

getting the four doses of treatment) compared to the levels of this hormone at 

diagnosis. 

 

Figure 3-14: EPO values of patients with ALL at diagnosis (pre-

treatment) and during treatment with chemotherapy  

It’s possible that outcomes of the present study indicated that patients may 

not be able to respond to chemotherapeutic treatment, especially for four doses, 

they may have the possibility of either relapse after the period of induction or 

the spread of the disease to other areas of the body, which may cause liver and 

kidney diseases, as well as bone marrow disorders, this also supports the 

continued presence of anemia in patients even after four doses of chemotherapy 

[Gaine et al., 2017; Terwilliger and Abdul- Hay, 2017; Silverthorn, 2018]. 
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3.9: Assessment of Parathyroid Hormone Levels in The Sera 

Samples of ALL Patients and Control Groups  

Parathyroid hormone (PTH) has an important regulator role in binding 

preserved amino acids to their receptors on the cell membrane by cellular 

pathways [Silverthorn, 2018]. Both PTH and calcitonin hormones have a 

central role in the involvement of the control of calcium ions (Ca2+) balance 

and regulation of the movement of Ca2+ among intestine, bone, and kidney 

[Kaku et al., 2015; Randolph et al., 2016].  

The important results of PTH in the current study revealed a significant 

decrease in PTH concentration in the sera samples of children with ALL in 

comparison to the healthy children (p=0.016), as shown in Table 3-20. 

 

Table 3-20: Levels of Parathyroid Hormone Concentration (pg/mL) in 

The ALL Patients and Healthy Individuals 

Study Groups 

(n) 

PTH Conc. (pg/mL) 

Mean ± S.D. 

Min-Max  

PTH (pg/mL) 
Range p-value 

ALL Patients 

31 
53.482±22.293 27.400 - 92.910 65.510 

0.016 
Healthy Individuals 

40 
54.189±15.915 25.700 - 75.040 49.340 

The Mean Difference is Significant at 0.05 Level  

 

Moreover; significant differences (p=0.002) were observed in ALL males 

and females when compared together in the same group. A statistically 

significant (p=0.031) increase in PTH concentrations recorded in ALL males’ 

patients’ subgroup comparison to those in healthy males’ controls. On the other 

hand, PTH showed a significant decrease (p=0.021) when ALL females 

patients were compared to healthy females, as demonstrated in Table 3-21.  
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Table 3-21: Levels (Mean±S.D.) of Parathyroid Hormone Concentration 

(pg/mL) in The Study Individuals 

Study Groups 

(n) 

Gender 

(n) 

PTH Conc. 

(pg/mL) 

Mean ± S.D. 

Min-Max 

PTH (pg/mL) 
Range p-value 

ALL Patients 

31 

Male 

18 
63.178±20.638 33.100 - 92.910 59.810 0.002 

For1vs2 

 0.266 

For3vs4 

0.031 

For1vs3 

0.021 

For2vs4 

Female 

13 
41.808±18.670 27.400 - 82.900 55.500 

Healthy Individuals 

40 

Male 

20 
50.449±15.958 29.800 - 75.040 45.24 

Female 

20 
56.755±16.104 25.700 - 74.200 48.500 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

Figure 3-15 indicates to decrease of PTH levels in the patients’ samples 

after four consecutive doses of chemotherapy in comparison to its levels at 

diagnosis. 

 
Figure 3-15: PTH Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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on bone, intestine, and kidney then commencing responses that increase the 

concentration of Ca2+ ions in the blood [Wang et al., 2017; İlarslan et al., 2017] 

because many metabolic abnormalities were observed in ALL patients, the 

concentrations of Ca2+ in the blood become in very high levels and the 

parathyroid glands may sometimes produce too much PTH, therefore; this leads 

to the highest levels of Ca2+, and then it could be caused hypercalcemia and 

primary hyperparathyroidism which have detected in many conditions of 

hematological malignancies and lymphoma, thus it’s possible that high levels 

of PTH were associated with higher probabilities of ALL occurrence [Karaköse 

et al., 2021].  

The regulated functions of many organs such as; thyroid gland (especially 

C cells), parathyroid gland, and kidney are required to extracellular fluid (ECF) 

Ca2+ by the binding of PTH to cell membrane calcium-sensing receptors to 

maintain normal homeostatic control on the serum Ca2+ levels within the 

adequate range of intracellular Ca2+, and then regulate any change of abnormal 

concentrations of serum Ca2+ for hypercalcemia or hypocalcemia which 

contributed to different pathological disorders such as; different types of 

leukemia [Randolph et al., 2016; Hannan et al., 2018]. Therefore, the rise of 

Ca2+ in the blood is a negative feedback index in which turn off the reaction of 

severe decreasing of Ca2+ ions, especially in bones of patients, and then finally 

the releasing of PTH [Goldner, 2016; Dhivyasree et al., 2018]. 

In addition, PTH is mostly mediated with hypercalcemia in patients with 

leukemia, specifically childhood ALL patients [Tagiyev et al., 2016; 

Dhivyasree et al., 2018]. Hoyoux’s study [Hoyoux et al., 2017] stated that 

hypercalcemia is relatively one of the most aggressive complications in 

childhood ALL, as well as, it has predictable between 5-20% as common 

complications in various types of malignancies, as well as the development of 

hypercalcemia as an outcome of ALL accompanied by elevated levels of PTH 
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by which associated with patients of ALL during childhood stage, which has 

considered as a strong diagnostic factor in patients [Walker and Silverberg, 

2018]. 

3.10: Measurement of Serotonin Levels in The Sera Samples of 

Patients with Acute Lymphoblastic Leukemia and Healthy  

Levels of serum serotonin (ST) were studied in the two study groups (ALL 

patients and healthy subjects). Table 3-22 illustrated a statistically significant 

increase (p=0.001) of serum ST levels in ALL patients group when compared 

to those of healthy individuals. 

Table 3-22: Levels of Serotonin Concentration (ng/mL) in The ALL 

Patients and Healthy Individuals 

Study Groups 

(n) 

Serotonin Conc. 

(ng/mL) 

Mean ± S.D. 

Min-Max  

Serotonin 

(ng/mL) 

Range p-value 

ALL Patients 

31 
218.938±74.488 136.500 - 383.910 247.410 

0.001 
Healthy Individuals 

40 
197.182±49.331 101.780 - 276.94 175.160 

The Mean Difference is Significant at 0.05 Level  

 

The present study demonstrated a significant difference (p=0.038) in the 

ST levels when the comparison between male and female patients with ALL 

together was done, while there was no statistical difference in ST levels 

between males and females in the healthy group, as presented in Table 3-23. 

In the same manner, the statistical results were significant (p=0.020) when 

performing the implicit comparison between ALL male patients and their 

counterparts in the healthy group, whereas there were no statistically significant 

differences observed when the comparison was made by the ANOVA test 

among ALL female patients with their peers in the healthy control group (Table 

3-23).  
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Table 3-23: Levels (Mean±S.D.) of Serotonin Concentration (ng/mL) in 

The Study Individuals 

Study Groups 

(n) 

Gender 

(n) 

Serotonin Conc. 

(ng/mL) 

Mean ± S.D. 

Min-Max 

Serotonin 

(ng/mL) 

Range p-value 

ALL Patients 

31 

Male 

18 
238.975±75.599 140.990 - 383.910 242.920 0.038 

For1vs2 

 0.071 

For3vs4 

 0.020 

For1vs3 

0.524 

For2vs4 

Female 

13 
193.331±69.715 136.500 - 330.820 194.320 

Healthy Individuals 

40 

Male 

20 
214.274±42.377 125.030 - 275.540 150.510 

Female 

20 
179.790±49.470 101.780 - 276.940 175.160 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

The existent results agreed with other studies conducted by [Elshayeb et 

al., 2016; Rasha and Matlab, 2017, Vahid-Ansari et al., 2019], in which 

elevation ST levels in several other cancer types was published.  

ST is structured by two distinct systems, the first in the central nervous 

system (CNS) and the other in the periphery, the Blood-Brain Barrier (BBB) 

obstructs the passage of peripheral ST into (CNS) [Vahid-Ansari et al., 2019]. 

Nearly 2% of ST in the body is located in CNS [Lv and Liu, 2017; Hadeer, 

2020]. 

A neuroserotonin has a vital role to modulate many sensory, motor and 

behavioural routes, as well as, it has stated that neurotransmitter ST is involved 

in the control of nutrition behavior and obesity [Liu et al., 2017], besides a large 

amount of ST plays an essential role with respect to the consumption, 

absorption and metabolism of fat and glucose in the body [Julian et al., 2019]. 

According to the chemical structure of ST, it is transported by using a 

carrier, as the transporter of ST ‘’SERT or 5-hydroxytryptamine; 5-HT 

transport protein) as well identified as sodium-dependent ST transporter’’, it is 

responsible for transferring ST from the ‘’synaptic neurons’’ in the nervous 

endings either within the nervous system or non-neural areas of gut, 
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lymphocytes, monocytes, and platelets [Jolanta et al., 2017]. Furthermore, ST 

has more appeared to be as a ‘’growth factor’’ for tumor cell lines in several 

types of malignancies [Elshayeb et al., 2016; Sarrouilhe and Mesnil, 2019]. 

As previous studies were published by Liu et al., [2017] and Vahid-

Ansari et al., [2019], which have indicated to intensely elevation, in particular 

ST sites, in specifically, ‘’SERT’’ in the membrane of tumor cells of the 

samples patients with various malignancies, thus the expression of SERT is 

regulated by the activities of ‘’protein-kinases’’ enzymes and gene 

transcription by which regulatory the basic cellular requirements and the formal 

modifications of the plasma membrane in which the carrier SERT is associated 

with the cell membrane through its receptors [Szabo et al., 2018; Balakrishna 

et al., 2021]. 

However; a complex mechanism to evoke signaling pathways that 

stimulate tumor development in some cancer types was demonstrated, whether 

it was represented as a pattern of ‘’mitogen’’ as a specific receptor pathway 

which regulated through the molecular mechanism of substrate transport 

pathways [Ballou et al., 2018], so it’s possible that enhanced ST levels could 

be associated with the stimulation of these sensitive ‘’serotonergic receptors’’ 

[Vahid-Anasri et al., 2019; Balakrishna et al., 2021]. 

In addition, another proposed hypothesis is based on either it’s possibly 

caused by the high ST in specific cells which depend upon the expression of 

serotonergic mechanisms in immune cells [Herr et al., 2017]. Hence, ST may 

contribute to the modification of several inflammatory and immunological 

responses, for instance; leukocyte activation, proliferation, cytokine secretion, 

chemotaxsis, and apoptosis [Szabo et al., 2018]. Moreover, it may be caused 

by the high expression of SERT, as a result of abnormal activity that interferes 

with the processes of cancer conversions, as it’s noted for the behaviors of 
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neurons when the changes of SERT receptors, and then ST in the case of cancer 

incidence [Luc et al., 2017; Anne et al., 2019].  

The comparison among ALL children patients during pre and post 

chemotherapeutic protocol revealed high levels of ST in the samples at 

diagnosis in comparison to the hormone levels during sequencing treatment 

stages which may be attributed to the effectiveness of enzymatic mechanisms 

which responsible for the synthesis of ST hormone even it might have resulted 

from abnormal cellular transformations during carcinogenicity [Elshayeb et al., 

2016; Liu et al., 2017]. 

     When the production of ST during treatment was tracking, results showed a 

notable decrease after four sequence dosages of chemotherapy until ST levels 

have reached approximate to this hormone levels in the healthy group, as shown 

in Figure 3-16. 

 
Figure 3-16: Serotonin Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
     

It is possible that enhanced ST levels that could be associated with the 

stimulation of sensitive ‘’serotonergic receptors’’ [Luc et al., 2017; Rasha and 

Matlab, 2017; Szabo et al., 2018]. The effect of chemotherapy in undermining 

cancerous cells could be explained either by inhibition of ST receptors 
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in various types of cancer and/or through the inhibition of ST transporter via 

suppressing matrix metalloproteinases (MMP-9 or collagenase( and (MMP-12 

or macrophages metalloelastase), and then it blocks the growth of new blood 

vessels generation by angiostatin [Zaminpira and Niknamian , 2018; Montilla 

et al., 2019]. 

A study was accomplished by Etxabe et al., [2017] has shown that AML 

cells are characterized by an increase of the expression of ST receptor type 1 

[5-hydroxytryptamine receptor 1] (HTR1) compared to the normal 

hematopoietic progenitor cells in the bone marrow, so it is possible improved 

that ST levels could be associated with the stimulation of sensitive 

‘’serotonergic receptors’’ [Luc et al., 2017; Szabo et al., 2018], therefore; the 

inhibition of expression ST receptors which cause to stimulate the apoptosis, 

and reduced the ability of cancer cells proliferation [Szabo et al., 2018].  

Conversely; the results of a study performed by Sarrouilhe and Mesnil, 

[2019] were indicated that ST cause to motivate apoptosis in various malignant 

cells after its entering through an active transport mechanism, in which it is 

acting as a potential cytotoxic therapeutic treatment method in most patients 

with different types of cancers such as; Burkitt lymphoma and acute leukemia 

by its ability to reduce the tumor burden.   

3.11: Assessment of 1, 25 Dihydroxy Vitamin D3 Concentrations 

in The Sera Samples of Acute Lymphoblastic Leukemia 

Patients and Healthy Control Groups    

1, 25 Dihydroxy vitamin D3 concentrations were evaluated in the sera 

samples of the participants in the present study. Results of the statistical 

analysis by the Student’s t-test show that there was a significant difference 

(p=0.000) between patients with ALL at diagnosis and healthy subjects group, 

as clarified in Table 3-24.  
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Table 3-24: Levels of 1, 25 Dihydroxy Vitamin D3 (pg/mL) in The ALL 

Patients and Healthy Individuals 

Study Groups 

(n) 

Vit D3 Conc. (pg/mL) 

Mean ± S.D. 

Min-Max  

Vit D3 (pg/mL) 
Range p-value 

ALL Patients 

31 
21.038±5.996 11.200 - 35.600 24.400 

0.000 
Healthy Individuals 

40 
18.825±1.935 16.530 - 25.300 8.770 

The Mean Difference is Significant at 0.05 Level 
 

1, 25 Dihydroxy vitamin D3 data of the four subgroups were analyzed by 

ANOVA test, outcomes showed there are no significant variation between two 

genders when the comparison was done in the same group (neither patients nor 

controls). 

Furthermore, statistical significant differences (p=0.006) were recorded 

when comparing the males in the subgroups together, as well as ALL females 

(p=0.017) with their peers in the healthy group (Table 3-25). 

 

Table 3-25: Levels (Mean±S.D.) of 1, 25 Dihydroxy Vitamin D3 (pg/mL) 

in The Study Individuals 

Study Groups 

(n) 

Gender 

(n) 

Vit D3 Conc. 

(pg/mL) 

Mean ± S.D. 

Min-Max 

Vit D3 (pg/mL) 
Range p-value 

ALL Patients 

31 

Male 

18 
20.888±5.886 12.900 - 32.600 19.700 0.698 

For1vs2 

 0.695 

For3vs4 

0.006 

For1vs3 

0.017 

For2vs4 

Female 

13 
21.500±6.530 11.200 - 35.600 24.400 

Healthy Individuals 

40 

Male 

20 
18.530±2.078 16.530 - 25.300 8.770 

Female 

20 
19.066±1.755 17.160 - 24.000 6.840 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

      

Although 1,25-DIHO-D3 level was under normal value in both study 

groups; the levels of this vitamin were clearly decreased in ALL patients after 

received two consecutive doses of chemotherapy compared to their levels 

before treatment, and then its concentrations start to rise after almost the fourth 
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dose of therapy, but it remains lower than its levels at diagnosis and before 

receiving the doses of the chemotherapeutic regime, as illustrated in Figure 3-

17. 

 

Figure 3-17: 1, 25 Dihydroxy Vitamin D3 Values of Patients with ALL at 

Diagnosis (Pre-treatment) and During Treatment with Chemotherapy 
      

Vit D3 is a major regulator of Ca2+ metabolism and responsible for the 

availability of Ca2+ for bone mineralization [Pilz et al., 2019], as well as its 

actions are mediated through intracellular vit D3 receptors (VDR) [Zhou et al., 

2017]. It has well recognized that the genetic expression of VDR is not only 

existent in the target organs (bones, kidneys, intestine, and parathyroid glands) 

but in the most types of immune cells [Zhou et al., 2017].  

However, the metabolic disorders of vit D3 metabolism could be a key 

linkage between primary hyperparathyroidism and the risk of different 

malignant diseases [Wang et al., 2017], therefore; the defects in the gene alleles 

of vit D3 receptors may cause abnormal growth of the parathyroid gland 

(hyperparathyroidism) and then the parathyroid gland begins to secretion 

abnormal amounts of PTH, which may inhibit the genetic transcription of PTH 

[Chatterjee et al., 2015; Wang et al., 2017]. 
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The fact that there may be impaired in the process of apoptosis in other 

cell lines in which it expresses vit D3 receptors, as the majority of ALL patients 

have found further low levels of vit D3, especially after the remission-induction 

period [Chatterjee et al., 2015; Maher et al., 2017].  

Likewise, deficiency of vit D3 is most predominant among patients 

diagnosed with ALL and AML before and after treated with chemotherapy 

[Seyedalipour et al., 2017; Icacan et al., 2018], therefore; insufficient of vit D3 

status is a common health problem that accompanying with increases risks of 

other severe diseases, including; types of diabetes, cardiovascular disease, 

autoimmune diseases, osteoporosis, and many types of leukemia [Icacan et al., 

2018; Krishna, 2019].   

It’s possible that hypovitaminosis of vit D3 is associated with the 

decreased number of specific receptors of vit D3 with subsequent deficient of 

vit D3, then, it acts as a ‘’negative prognostic indicator’’ in many types of 

cancers, and other certain hematological malignancy condition such as; ALL, 

which has series of modifications that categorized by abnormal production and 

altered in metabolism process [Icacan et al., 2018; Horie et al., 2017; Wadhwa 

et al., 2018].  

3.12: Evaluation of Vitamin B12 Concentration in The Sera 

Samples of Acute Lymphoblastic Leukemia Patients and 

Healthy Control Groups 

Vitamin B12 (vit B12) concentration was evaluated in the sera samples of 

the participants in the current study, and the results of the statistical analysis by 

the Student’s t-test show that there was significant variation (p=0.001) when 

comparing the levels of vit B12 between the two main study groups, as shown 

in Table 3-26. 
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Table 3-26: Levels of Vitamin B12 Concentration (pg/µL) in The ALL 

Patients and Healthy Individuals 

Study Groups 

(n) 

Vit B12 Conc. (pg/µL) 

Mean ± S.D. 

Min-Max  

Vit B12 (pg/µL) 
Range p-value 

ALL Patients 

31 
395.882±112.540 218.000 - 690.750 472.750 

0.001 
Healthy Individuals 

40 
207.944±34.566 141.020 - 256.100 115.080 

The Mean Difference is Significant at 0.05 Level 

 

The highest value of vit B12 (690.75 pg/mL) has recorded in the case of 

male patient, while the lowest concentration of this vitamin (141.02 pg/mL) 

was found in the sample of healthy male. The statistical analysis of vit B12 data 

for the study subgroups by ANOVA test established that no significant 

differences were noticed within the same group, whether between ALL patients 

or healthy children.  

Moreover, the statistically significant difference (p=0.000) was recorded 

when comparing patients ALL males and females with their healthy peers 

(Table 3-27). 

Table 3-27: Levels (Mean±S.D.) of Vitamin B12 Concentration (pg/µL) in 

The Study Individuals 

Study 

Groups 

(n) 

Gender 

(n) 

Vit B12 Conc. 

(pg/µL) 

Mean ± S.D. 

Min-Max 

B12 (pg/µL) 
Range p-value 

ALL 

Patients 

31 

Male 

18 
394.902±111.984 307.50 - 690.75 

383.25

0 
0.571 

For1vs2 

 0.533 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 

Female 

13 
410.923±109.861 310.88 - 646.50 

335.62

0 

Healthy 

Individuals 

40 

Male 

20 
200.522±35.048 141.02 - 256.10 115.08 

Female 

20 
215.869±32.288 149.51 - 252.02 102.51 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 
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Vit B12 has an important biological role as micronutrients involved in 

variety cellular functions in humans; such as metabolism, cell division, 

erythropoiesis process, and in the synthesis of DNA, as well as, it maintains the 

major public health condition with efficient quantity of absorption [Delvinc et 

al., 2021].                                                                                                                                                                                                                                                                                                                                                                                                                                  

The current results were consistent with Gavars’s study [Gavars et al., 

2019] and Urbanski’s study [Urbanski et al., 2020], as regards that the high 

levels of vit B12 in sera patients with cancer by which association with 

macrocytic [Kesbeha and Pakbaza, 2019].  

As the Figure 3-18 illustrates the continuation of the gradual rise of vit 

B12 levels, even though after the four doses of chemotherapeutic treatment. 

Otherwise, limited studies have shown that the high levels of vit B12 could be a 

potential biomarker among individuals who have occurrence with several types 

of cancer either in solid or hematological malignancies in the status of cancer 

pathogenesis and prognosis [Arendt et al., 2016].  

 

 
Figure 3-18: Vitamin B12 Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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The present data referred to possible hypothesis that the raised of vit B12 

levels may associate with poor survival among patients with specific 

malignancies, in which it’s indicating to more progressive and aggressive 

cancers and thus it reflects the metabolic changes of vit B12 that may cause 

cancer, however; the rise of vit B12 levels is not yet completely understood 

[Arendt et al., 2016; Urbanski et al., 2020].  

 
3.13: Assessment of Ferritin levels in The Sera Samples of Acute 

Lymphoblastic Leukemia Patients and Healthy Groups 

The results of present study recorded high significant differences 

(p=0.000) in the levels of FT concentrations in ALL patients (500.796 ng/mL) 

when compared to the healthy children in the control group (129.245 ng/mL)  

using Student’s t-test, as shown in Table 3-28. 

Table 3-28: Levels of Ferritin Concentration (ng/mL) in The ALL 

Patients and Healthy Individuals 

Study Groups 

(n) 

Ferritin Conc. 

(ng/mL) 

Mean ± S.D. 

Min-Max  

Ferritin (ng/mL) 
Range p-value 

ALL Patients 

31 
500.796±131.743 129.020 - 850.010 720.990 

0.000 
Healthy Individuals 

40 
129.245±8.186 117.710 - 150.150 32.440 

The Mean Difference is Significant at 0.05 Level 

 

The results of ANOVA test of the study groups were recorded high 

significant differences (p=0.000) in the present work when the (two) patients’ 

subgroups comparied to their corresponding genders in the control subgroups, 

while no such results were noticed when the two genders in same group 

(patients or healthy) were compared together, as shown in the Table 3-29.    
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Table 3-29: Levels (Mean±S.D.) of Ferritin Concentration (ng/mL) in 

The Study Individuals 

Study 

Groups 

(n) 

Gender 

(n) 

Ferritin Conc. 

(ng/mL) 

Mean ± S.D. 

Min-Max 

Ferritin (ng/dL) 
Range p-value 

ALL 

Patients 

31 

Male 

18 
531.416±130.461 378.620-850.010 471.390 0.111 

For1vs2 

 0.849 

For3vs4 

0.000 

 For1vs3 

0.000 

 For2vs4 

Female 

13 
486.997±87.145 378.620-651.110 272.490 

Healthy 

Individuals 

40 

Male 

20 
131.522±10.193 117.710-150.150 32.440 

Female 

20 
126.957±4.375 121.490-140.480 18.990 

1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

Figure 3-19 shows the levels of FT in the sera of ALL patients during 

receiving chemotherapy, as there was a decrease in ferritin levels in patients, 

especially after getting at least two doses, and then it went back up to elevation 

after the fourth doses of treatment, as the present results were corresponded to 

the results of Hade’s study [2018] in decreasing ferritin levels in ALL patients 

after receiving at least two doses of chemotherapy, and so on the results of the 

current study also correspond to Shah’s study [2017] that showed the 

relationship of high levels ferritin in many certain diseases; such as 

cardiovascular diseases and some types of cancer. 
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Figure 3-19: Ferritin Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 

 

Moreover; various studies were conducted by Moafi et al., [2017]; Lyle 

and Hirose, [2018] who showed that a higher level of FT in different age groups 

of ALL patients than its level in normal individuals and it has attributed to the 

production of large quantities of free iron, which acts as free radical molecules 

and in turn it acts a carcinogenic factor like other free radicals, thus it works to 

destroy the DNA of the cells. 

Other preivous studies were done by Jain et al., [2016]; Sirvent et al., 

[2017]; Tachibana et al., [2018] that published high FT levels in ALL patients 

before chemotherapy comparison to the normal individuals, however; its levels 

during treatment with chemotherapy still higher than its levels at diagnosis. 

Thus, FT is one of the important medical markers which shows the 

amount of iron stored in the humans and it is considered as an essential signs 

of diagnosis many diseases, including ALL, as it maybe a prognostic factor 

that associated with elevation baseline at initial diagnosi as a risk of relapse 

of mortality [Tachibana et al., 2018; Ihlow et al., 2019].  
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3.14: Evaluation Levels of Total Protein and Albumin in The 

Sera Samples of Patients with Acute Lymphoblastic 

Leukemia (at diagnosis) in Comparison to The Healthy 

Individuals Group  

At diagnosis of ALL patients, TP and Alb concentrations were determined 

in the sera of the two study groups. Results of statistical analyses of these 

criteria showed decreasing in the levels of TP and Alb in the patients group 

when compared to the control group, but not in significant levels by using 

Student’s t-test, as clarified in the Table 3-30.  

These results were come in similar with Hade’s study [2018], as these 

outcomes might be referred to the continuity of hepatic cells to perform their 

vital functions for proteins production but almost less than normally rates, since 

these patients have diagnosed as newly detected with ALL. 

 

Table 3-30: Levels of Total Protein and Albumin Concentrations (g/dL) 

in The ALL Patients and Healthy Individuals 

 

Serum Parameters 

Subject Groups(n)  

p-value 

 

ALL Patients (31) Healthy Individuals (40) 

Mean ± S.D. 
Min-Max (Range) 

Mean ± S.D. 
Min-Max (Range) 

TP Conc. (g/dL) 

 

5.859±0.564 

5.100 - 7.200 (2.100) 

6.617±0.830 

4.400 - 8.500 (4.100) 

 

0.188 

Albumin Conc. (g/dL) 3.250±0.555 

1.800 - 4.400 (2.600) 

4.261±0.266 

3.500 - 4.600 (1.100) 

 

0.105 

The Mean Difference is Significant at 0.05 Level 

 

As the most blood proteins are mainly produced in the liver, lymphatic 

system, plasma cells, and in the bone marrow, however; in many pathological 

conditions, the total protein concentrations can be varied considerably from 

normal standard values [Chernecky and Berger, 2017; Kornblau et al., 2018]. 
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In addition, proteins are important structural molecules to form all cells 

and tissues in the body, moreover; they represent the essential part of the most 

body organs, as well as have an important role in the effectiveness of various 

enzymes, hormones, and regulation of many functions in the body; such as 

growth, development and responsibility toward foreigns bodies attacks 

[Bozkaya et al., 2019], in order to investigate possible differences in the levels 

of TP and Alb among the study subgroups (that classified according to their 

genders), as showed in the Table 3-31.    

Table 3-31 shows significant statistical decreases in the levels of TP 

(p=0.001) and Alb (p=0.000), separately between children males with ALL and 

their counterparts in the healthy group, as well as, same findings was observed 

when the comparison was done between females in the two study subgroups.  

On the other hand, results of the current study indicated to the absence of 

statistical variations (p˃0.05) for the serum TP and Alb, when the levels of 

these criteria were compared to the same genders in the two study groups, as 

observed in the Table 3-31. 
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Table 3-31: Levels (Mean±S.D.) of Total Protein and Albumin 

Concentrations (g/dL) in The Study Individuals 

 

Serum 

Parameters 

Subject Groups (n) 

 

p-value 

 

ALL Patients (31) Healthy Individuals (40) 

Male (23) 

Mean ± S.D. 
Min-Max 

Range 

Female (18) 

Mean ± S.D. 
Min-Max 

Range 

Male (20) 

Mean ± S.D. 
Min-Max 

Range 

Female (20) 

Mean ± S.D. 
Min-Max 

Range 

TP Conc. 

(g/dL) 

5.711±0.466 
5.100 - 6.500 

1.400 

5.984±0.612 
5.100 - 7.200 

2.100 

6.500±0.612 

4.900 - 7.500 

2.600 

6.750±0.987 

4.400 - 8.500 

4.100 

0.294 

For1vs2 

 0.270 

For3vs4 

0.001 

For1vs3 

0.004 

For2vs4 

Albumin 

Conc. 

(g/dL) 

 

3.316±0.474 

2.100 - 4.000 

1.900 

3.069±0.570 

1.800 - 3.900 

2.100 

4.245±0.274 

3.500 - 4.500 

1.000 

4.285±0.258 

3.500 - 4.600 

1.100 

0.089 

For1vs2 

 0.749 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 
1: Male Patients with ALL, 2: Female Patients with ALL, 3: Healthy Male Control, and 4: Healthy Female 

Control. The Mean Difference is Significant at 0.05 Level 

 

However; the condition of hypoproteinemia may be caused by some 

disorders such as; severe anemia, nephrotic syndrome, salt retention syndrome, 

acute protein deficiency, and some types of leukemia such as; acute myeloid 

leukemia, whereas hyperproteinemia can be detected in some cases of multiple 

myeloma and severe dehydration [Kornblau et al., 2018; Wei et al., 2021].   

Alb is mostly made by the liver and forms approximately 60-65% of total 

blood proteins [Pagana and Pagana, 2016], it maintains colloidal osmotic 

pressure of blood, and it has a main role in the carrying and storage of wide-

ranging of different compounds such as; hormones, vitamins, medications, 

bilirubin, calcium, and fatty acids, as well as, it’s essential for tissue growth 

and wound healing, as well as Alb is considered as one of the important acute 

stage proteins which its concentration decrease rapidly after the initiation of 
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infection, inflammation and various malignant conditions [Bozkaya et al., 

2019; Wei et al., 2021].  

Besides, hypoalbuminemia occurs during many diseases including liver, 

kidney diseases and various types of cancers which either caused by low protein 

absorption with some certain of amino acids in the body or as a result of a high 

catabolism process due to tissue damage and severe inflammation [Lv et al., 

2018; Artigas et al., 2016]. Furthermore, in severe conditions of 

hypoalbuminemia, which causes low osmosis pressure in the blood, and water 

infiltrates into the capillaries and then enters the tissues causes edema [Chung 

et al., 2020].  

The tracking levels of TP and Alb were specified to the decrease 

concentrations in the sera of ALL patients nearly after received at least three 

consecutive doses of chemotherapy than at diagnosis, as presented in Figure 

3-20 and Figure 3-21. On the other hand, there was a noticeable decrease in 

the levels of TP and Alb in sera patients with ALL after the third dose, while 

the levels become to increase until received the fourth dose of treatment in 

comparison with the pre-treatment period (at the initial diagnosis), as shown in 

Figure 3-21. 
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Figure 3-20: Total Protein Values of Patients with ALL at Diagnosis 

(Pre-Treatment) and During Treatment with Chemotherapy 

 

 

Figure 3-21: Albumin Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 

  

These results may be explained by several assumptions, which including:  

It’s possible to confirm the role of proteins, especially Alb within the system 

of protection against diseases status in which the body may be exposed, and the 

important role of Alb as one of acute phase proteins which may be attributed to 

the range of alterations occurring during the process of transformation of a 

normal cell into a cancer cell in the bone marrow in associated with the 
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consumption of many vital components of cell which important in cellular 

functions [Gradel et al., 2020]. It may be explanation the decreasing by the 

initiation of patient’s response to the protocol of chemotherapy provided by the 

specialists, as a result of protein consumption via inhibition the growth and 

proliferation of blasts cells, and thus leads to depletion in their concentrations 

[Hade, 2018].  

Decrease of TP and Alb ‘’hypoalbuminemia’’in sera samples of ALL 

patients which it’s possible due to the catalyst proteins status in ALL patients 

that could be associated with a widespread of consuming and absorption of 

nutrients during the growth of cancerous cells in leukemia patients and 

accompanied with the glutamine metabolism [Cluntun et al., 2017; Dyczynski 

et al., 2018]. On the other hand, there is an obvious steady increase after 

received the fourth dose of treatment may indicate that patients may not 

respond to the applied therapy which provided by the physicians or may be due 

to the possibility of progressing stages of leukemia in some children which 

makes the cancer cells to be resistance against to the treatment that equipped 

for patients, and then the applied chemotherapeutic treatment become useless 

and unsuccessful in suppression the advanced carcinogecity condition or 

preventing of its metastasis [Dyczynski et al., 2018; Chung et al., 2020].  

Therefore; serum TP and Alb levels could be an independent prognostic 

factor for survival patients in several cancer diseases, especially in patients 

with ALL to be considered either before beginning treatment or in the same 

time of starting induction chemotherapy. 
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3.15: Evaluation of Trace Elements in The Sera Samples of The 

Study Groups 

In the present study, levels of five trace elements (Zn, Co, Fe, Mn, and 

Cu) were assessed in the sera samples of ALL patients in Pre and Post-treatment 

with chemotherapy in addition to the healthy control individuals. 

The results of statistical analysis by Student’s t-test of the current study 

was shown a significant decrease (p=0.003) of Co in the sera samples of ALL 

patients compared to healthy control. Outcomes exposed a statistical increase 

(p=0.000) of Mn level in patients’ samples as compared with control 

individuals, while non-significant differences (p˃0.05) in the levels of Zn, Fe, 

and Cu between sera samples of study groups, as illustrated in Table 3-32.   

Table 3-32: Comparison The Levels of Some Evaluated Trace Elements 

(µg/mL) in The Sera Samples of ALL patients and Controls Individuals 

at diagnosis 

 

Subjects  

(n) 

Zn Conc. 

(µg/mL) 

Mean ± S.D. 

Min-Max 

Range 

Co Conc. 

(µg/mL) 

Mean ± S.D. 

Min-Max 

Range 

Fe Conc. 

(µg/mL) 

Mean ± S.D. 

Min-Max 

Range 

Mn Conc. 

(µg/mL) 

Mean ± S.D. 

Min-Max 

Range 

Cu Conc. 

(µg/mL) 

Mean ± S.D. 

Min-Max 

Range 

ALL 

Patients 

(31) 

4.194±0.786 

3.115 - 6.981 

3.866 

3.596±1.703 

1.517 - 9.442 

7.925 

7.518±2.638 

2.300 - 11.200 

8.900 

1.769±1.009 

0.622 - 3.452 

2.830 

7.826±0.273 

7.414 - 8.755 

1.341 

Controls 

(40) 

4.475±1.017 

3.005 - 7.158 

4.153 

9.064±0.996 

6.510 - 10.285 

3.775 

8.118±2.449 

4.040 - 13.190 

9.150 

0.545±0.232 

0.126 - 0.971 

0.845 

7.596±0.195 

7.287 - 8.100 

0.813 

p-value 0.434 0.003 0.494 0.000 0.121 

The Mean Difference is Significant at 0.05 Level 

 

In order to investigate the possible relationship between the evaluated 

levels of trace elements of participators sex in the study groups, comparison 

between these elements levels in different study subgroups were evaluated 

using ANOVA.   

Although levels of Fe and Zn in the patients’ samples were less than those 

recorded in the healthy children, but results showed non-significant values. 
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Table 3-33 showed a significant difference (p=0.001) and (p=0.029), 

respectively in the assessed levels of Zn and Fe between males’ patients with 

ALL and healthy males, as well as, there was a statistical variance (p=0.001) 

in both evaluated levels of Zn and Fe among male and female in healthy 

individuals. In addition, there was a high significance (p=0.000) in the levels 

of (Co, Mn, and Cu) in between patients’ males and females with ALL and with 

their peers in the control group, as presented in Table 3-33.  

The results of current work did not record statistical differences in Zn, Co, 

Fe, Mn, and Cu levels when males and females compared together within a 

group of ALL patients. On the other side, the comparison between ALL female 

patients and healthy females was statistically consistent with what was 

observed when associated the patients’ males with their healthy peers’ controls 

according to the elements levels of Co, Mn, and Cu; whereas the outcomes of 

the study did not succeed in finding a statistically significant difference 

according to the levels of Zn and Fe in the case of comparing between ALL 

females with their healthy counterparts controls, this results were agreed with 

Hade’s study [2018] and Valadbeigi et al., [2019].  
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Table 3-33: Evaluated Trace Elements Levels of Zn, Co, Fe, Mn, and Cu 

(µg/mL) in The Sera Samples of males and females in The Study Groups 

1: ALL Male Patients, 2: ALL Female Patients, 3: Healthy Males, and 4: Healthy Females. The Mean Difference is 

Significant at 0.05 Level 

 

Trace 

Elements 

(ppm) 

Subject Groups (n)  

p-value 

 
ALL Patients (31) Healthy Individuals (40) 

Male (23) 

Mean ± S.D. 
Min-Max 

Range 

Female (18) 

Mean ± S.D. 
Min-Max 

Range 

Male (20) 

Mean ± S.D. 

Min-Max 

Range 

Female (20) 

Mean ± S.D. 
Min-Max 

Range 

 

 

Zn Conc. 

(µg/mL) 

 

 

 

3.990±0.656 
3.115 - 5.407 

2.292 

 

 

4.263±0.521 

3.489 - 5.223 

1.734 

 

 

 

4.991±1.116 

3.005 - 7.140 

4.135 

 

 

4.085±0.844 

3.230 - 7.158 

3.928 

0.379 

For1vs2 

 0.001 

For3vs4 

0.001 

For1vs3 

0.556 

For2vs4 

 

 

Co Conc. 

(µg/mL) 

 

 

 

3.651±1.485 

1.517 - 6.465 

4.948 

 

 

 

3.071±1.106 

1.530 - 5.778 
4.248 

 

 

 

9.504±0.155 

9.195 - 9.831 

0.636 

 

 

 

8.643±1.256 
6.510-10.285 

3.775 

0.156 

For1vs2 

 0.117 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 

 

 

Fe Conc. 

(µg/mL) 

 

 

 

8.057±2.665 

2.530 - 11.200 

8.670 

 

 

 

6.711±2.592 

2.300 -10.100 

7.800 

 

 

9.671±1.649 

6.740 - 

13.190 

6.450 

 

 

6.575±2.057 

4.040 -12.280 

8.240 

0.102 

For1vs2 

 0.001 

For3vs4 

0.029 

For1vs3 

0.865 

For2vs4 

 

 

Mn Conc. 

(µg/mL) 

 

 

1.863±1.123 

0.848 - 3.452 

2.604 

 

 

1.728±0.849 

0.847 - 3.452 

2.605 

 

 

0.601±0.133 

0.126 - 0.732 
0.606 

 

 

 

0.494±0.291 
0.126 - 0.971 

0.845 

0.593 

For1vs2 

 0.626 

For3vs4 

0.000 

For1vs3 

0.000 

For2vs4 

 

 

Cu Conc. 

(µg/mL) 

 

 

7.794±0.234 

7.535 - 8.139 

0.604 

 

 

 

7.901±0.305 

7.599 - 8.755 
1.156 

 

 

 

7.620±0.210 
7.334 - 8.100 

0.766 

 

 

 

7.562±0.179 
7.287 - 7.820 

0.533 

 

0.202 

For1vs2 

 0.425 

For3vs4 

0.012 

For1vs3 

0.000 

For2vs4 
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During chemotherapeutic treatment, Zn, Co, and Mn with except of Fe 

and Cu the evaluated trace elements were elevated comparison to their levels 

at diagnosis, as shown in Figures 3-22, 3-23, and 3-24, consequently. The 

outcomes of the study indicated to observable decrease in the levels of Fe and 

Cu which were recorded in the ALL patients’ samples during receiving 

chemotherapy dosages, as illustrated in Figures 3-25 and 3-26, respectively. 

 

 
Figure 3-22: Zn Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
 

 
Figure 3-23: Co Values of Patients with ALL at Diagnosis (Pre-

treatment) and During Treatment with Chemotherapy 
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Figure 3-24: Mn Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 

 

 

  

 
Figure 3-25: Fe Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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Figure 3-26: Cu Values of Patients with ALL at Diagnosis (Pre-

treatment) and During Treatment with Chemotherapy 

 

As the human body requires an extensive of nutrient elements, so these 

elements are essential in various physiological processes in the body and the 

majority of them play central roles in the continuity of many vital events in the 

cell [Mohammad and Fezea, 2016], thus the alteration in their levels could be 

related to many pathological symptoms such as diabetes, obesity, hypertension, 

renal failure, and heart diseases, along with the variation in their levels are 

involved in several malignancies include, lymphoma and leukemia [Prashanth 

et al., 2015; Elshaygi, 2018].  

Although, the low levels of some trace elements were described in the 

results of current study as related with ALL patients after the patients getting 

the fourth dose of chemotherapeutic treatment, which agreed with other studies 

were achieved by [Liamis et al., 2016; Tahir and Obed, 2019], as an incidence 

of other hematopoietic and lymphatic tumors; such as AML, CLL, and CML 

[Elshaygi, 2018]. 
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Several hypotheses were assumed to explain the alterations in trace 

elements levels as follow: 

Estimation of vital trace element roles is so important in the diagnosis and 

development of diseases [Mohammad and Fezea, 2016]. Recently, several 

studies have done on the trace elements and their effects in the ‘’etiology of 

neoplastic diseases’’ and in their roles as antioxidants by facilitating many 

enzymatic antioxidants such as an endogenous antioxidant enzyme, which is 

important in preventing cellular damage by the destruction of free radicals in 

stimulating ‘’ dismutation of superoxide radicals and producing hydrogen 

peroxide and oxygen’’ [Mohammad and Fezea, 2016; Muzolf-Panek et al., 

2017; Elshaygi, 2018].  

Cancer affects adversely the natural balance of nutrients in the body, 

particularly trace elements due to range of effects which mostly, loss of 

appetite, vomiting, malnutrition, poor digestion and absorption, which is also 

associated with the toxic effects of the use doses of chemotherapy [Lison, 2015; 

Tariq et al., 2016], as well as it causes the development of many pathological 

symptoms and problems such as; neurological complications, disorders of 

synapses and bone marrow disruption [Prashanth et al., 2015; Valadbeigi et al., 

2019]. Moreover, one of the abnormal characteristics for transformations that 

occurs to the cell is the decline in the ability of cancer cells to synthesis many 

essential constituents in which including; proteins and these proteins may act 

as carriers for a number of trace elements, and this hypothesis has reinforced 

by Khoshdel’s study [Khoshdel et al., 2016] and Zengin’s study [Zengin, 2019] 

which showed decreasing in the levels of carrier proteins such as albumin.   

Most evaluated trace elements in the current work are involved in the fact 

that they are as  ‘’enzymatic co-factors’’ to the large number of stimulated 

enzymes for oxidation-reduction processes which directly related to the status 

of cellular-based oxidative stress that occurs in the event of cancer, and as since 
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of the progression stages of cancer leads to defect, disruption, and reduction the 

activity of the oxidizing enzymes system with decrease levels of these 

accompanying elements [Akhgarjand et al., 2017; Asfour et al., 2017]. It is 

considered as an essential element in some enzymes for the stability of 

combination between substrate and enzyme, however; in others, it acts as a 

fundamental ion for the activity of these enzymes, and frequently it does both 

important functions [Hade et al., 2018]. 

Alterations in the trace elements during treatment by chemotherapy may 

caused by the nature and influences of chemotherapy and its toxic properties 

which affects both infected and healthy cells and tissues, which in turn may 

inhibit and delay many cellular processes in the body, including the production 

of several proteins that directly affect the levels of trace elements and the 

mechanism of their functions in the cells [Molina-Lopez et al., 2015; Hade et 

al., 2018], as it’s possible to clarify that the elevated levels of trace elements in 

the sera of leukemic patients may be associated with the release of large 

amounts of most elements from both destroyed and normal cells in patients 

after received toxic drugs of chemotherapy, thus their concentrations become 

in high levels [Luciano and Brewste, 2015; Afridi et al., 2018].   

To certain extent, no previous studies carried out to evaluate Mn levels, 

specially in the sera of children with ALL, but there are former studies focused 

on other different types of cancers i.e., in the samples of breast cancer, adult 

AML, CM, lung, gastric and prostate cancers [Hassan et al., 2017; Saleh et al., 

2020; Zekavat et al., 2021]. 

 As a result, the outcomes of the current study may represent an initial 

point for many types of research and studies which are viewing the impacts 

of the alteration in levels of trace elements that assessment in the present 

work as assistant markers in the diagnosis and follow up and it might use as 

indicators in clinical medicine, prognosis, and diagnosis of ALL diseases. 
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3.16: Assessment Levels of The Electrolytes in The Sera Samples 

of Control Subjects and Children with ALL at Diagnosis 

This part of the present study was designed to measure some necessary 

electrolytes which be demonstrated in the sera samples of patients with ALL 

(at diagnosis and during the treatment period), as well as the control individuals 

which included; Ca2+, Mg2+, Na+, Cl-, and K+.  

When Student’s t-test was applied, significant alterations were observed 

when the levels of Ca2+ and K+ (p=0.000) and (p=0.003) in the two study groups 

were compared, while no such statistical variations were recorded when all of 

Mg2+, Na+, and Cl-  were evaluated in both study groups (Table 3-34).   

 

Table 3-34: Comparison The Levels of Evaluated Electrolytes in The 

Sera Samples of ALL patients and Controls Individuals at diagnosis 

 

Subjects 

(n) 

Ca2+ Conc. 

(mg/dL) 

Mean ± S.D. 

Min-Max 

Range 

Mg2+ Conc. 

(mg/dL) 

Mean ± S.D. 

Min-Max 

Range 

Na+ Conc. 

(mmol/L) 

Mean ± S.D. 

Min-Max 

Range 

CL- Conc. 

(mmol/L) 

Mean ± S.D. 

Min-Max 

Range 

K+ Conc. 

(mmol/L) 

Mean ± S.D. 

Min-Max 

Range 

ALL 

Patients 

(31) 

8.850±1.118 

7.100-11.900 

4.800 

2.021±0.226 

1.500-2.500 

1.000 

130.612±5.398 

110.600-136.700 

26.100 

104.956±5.088 

85.300-110.000 

24.700 

2.953±0.474 

3.060-4.810 

1.750 

Controls 

(40) 

7.920±0.322 

7.100-8.400 

1.300 

2.169±0.259 

1.70 -2.800 

1.100 

130.520±5.581 

115.500-140.300 
24.800 

105.900±3.115 

100.000-11.500 

11.500 

4.016±0.271 

3.530-4.780 

1.250 

p-value 0.000 0.694 0.533  0.146  0.003 
The Mean Difference is Significant at 0.05 Level 

 

Thus, to investigate the possible differences in the levels of the evaluated 

electrolytes in the two genders of the study, the results were compared among 

the same group and with other subgroups (patients and healthy individuals) by 

applying ANOVA. The results of the present work indicated to significant 

differences (p=0.002) and (p=0.000), respectively in the levels of Ca2+ and Na+ 

when male and female patients with ALL compared together.  



Chapter Three                                     Results and Discussion 
………………………………………………………………………. 
 

132 
………………………………………………………………………………… 

Besides, there was also a statistical difference (p=0.009) when females 

with ALL and their counterparts in controls were compared. 

In addition, the results recoded a statistical difference (p=0.000) between 

males with ALL and their peers in controls, as concerning to the Ca2+ levels. 

The significant differences (p=0.038) and (p=0.008); separately were noted 

when the levels of Na+ and Cl- in the males and females within control group 

individuals were compared. Furthermore, the results concerning to the K+ 

levels did not show a statistical significance among males and females within 

the same subgroups (patients and control), as presented in Table 3- 35.   
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 Table 3-35: Evaluated Electrolytes Levels of Ca2+, Mg2+, Na+, Cl-, and K+ 

in The Sera Samples of males and females in The Study Groups 

1: ALL Male Patients, 2: ALL Female Patients, 3: Healthy Males, and 4: Healthy Females. The Mean 

Difference is Significant at 0.05 Level 

 

Electrolytes 

Subject Groups (n) 

 

p-value 

 

ALL Patients (31) Healthy Individuals (40) 

Male (23) 

Mean ± S.D. 
Min-Max 

Range 

Female (18) 

Mean ± S.D. 
Min-Max 

Range 

Male (20) 

Mean ± S.D. 
Min-Max 

Range 

Female (20) 

Mean ± S.D. 
Min-Max 

Range 

Ca2+ Conc. 

(mg/dL) 

 

9.238±1.307 

7.100 - 11.900 

4.800 

 

8.376±0.529 
7.800 - 9.900 

2.100 

 

7.850±0.337 

7.100 - 8.300 

1.200 

 

7.995±0.287 
7.500 - 8.400 

0.900 

 

0.002 

For1vs2 

 0.535 

For3vs4 

0.000 

For1vs3 

0.149 

For2vs4 

Mg2+ Conc. 

(mg/dL) 

 

2.027±0.249 

1.500 - 2.500 

1.000 

 

1.992±0.193 

1.600 - 2.300 

0.700 

 

2.120±0.221 
1.700 - 2.600 

0.900 

 

2.225±0.284 
1.900 - 2.800 

0.900 

 

0.690 

For1vs2 

 0.177 

For3vs4 

0.248 

For1vs3 

0.009 

For2vs4 

Na+ Conc. 

(mmol/L) 

129.272±6.375 

110.60-136.50 

25.90 

132.800±2.879 
126.80-136.70 

9.90 

127.090±5.889 
115.50-140.30 

24.80 

133.74±2.291 

129.20-136.90 

7.70 

0.000 

For1vs2 

 0.038 

For3vs4 

0.167 

For1vs3 

0.585 

For2vs4 

 

 

CL- Conc. 

(mmol/L) 

 

 

 

103.711±6.324 

85.30-110.00 

24.70 

 

 

105.046±2.830 

100.10-109.40 

9.30 

 

 

104.055±3.275 

100.00-111.50 

11.50 

 

 

107.480±1.986 
103.00-111.10 

8.10 

0.359 

For1vs2 

 0.008 

For3vs4 

0.790 

For1vs3 

0.090 

For2vs4 

 

 

K+ Conc. 

(mmol/L) 

 

 

 

3.908±0.497 

3.180 - 4.720 

1.540 

 

 

 

4.022±0.471 

3.060 - 4.810 

1.750 

 

 

 

3.956±0.209 

3.560 - 4.340 

0.780 

 

 

4.069±0.313 

3.530 - 4.780 

1.250 

0.410 

For1vs2 

 0.350 

For3vs4 

0.696 

For1vs3 

0.730 

For2vs4 
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It is clear that there were variations increased in the overall concentrations 

of evaluated electrolytes Ca2+, Mg2+, Na+, CL-, and K+ in ALL patients after 

delivered the three doses of chemotherapy than before treatment (when 

diagnosed with the ALL), as illustrated in the Figure 3-27, Figure 3-28, Figure 

3-29, Figure 3-30, Figure 3-31; respectively. 

 

 
Figure 3-27: Ca2+ Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
 

 

      

 
Figure 3-28: Mg2+ Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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Figure 3-29: Na+ Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
 

 

 

 
Figure 3-30: Cl- Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
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Figure 3-31: K+ Values of Patients with ALL at Diagnosis (Pre-

Treatment) and During Treatment with Chemotherapy 
 

Afterwards, their concentrations returned to be at low levels after the 

fourth dose of treatment in Ca2+, Mg2+, Na+, Cl-, and K+, as shown in Figure 3-

27, Figure 3-28, Figure 3-29, Figure 3-30, and Figure 3-31, respectively. 

Electrolytes have important roles in different biological pathways [Tahir 

and Obed, 2019] and the disorders of electrolyte levels are usually associated 

with pathological causes in various diseases [Shirali, 2016].   

     As a result, distinct assumptions have suggested which are likely to lead to 

disturbances in electrolyte levels as follows: 

Disorders in electrolytes maybe rather caused by either to several 

complications such as; ‘’acute renal injury, rhabdomyolysis, or tumor lysis 

syndrome’’, and adrenal deficiency, as well as in accompanied with the use of 

some medications such as anti-inflammatory (nonsteroidal) agents and/or in the 

case of metastatic disease [Goldner, 2016; Shirali, 2016], in which causes 

electrolytes imbalance due to renal dysfunctions, essentially in patients with 

different types of cancers as it’s supported by [Hade, 2018; Torki, 2020], and 

then it’s enhanced electrolytes elimination [Shirali, 2016].   
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The reduction levels of some electrolytes such as Na+ after the fourth dose 

of therapy may explain severe electrolyte disturbances related to hazardous 

neurological conditions, this is one of the most severe complications in 

electrolytes associated with the status of malignant tumors [Elshaygi, 2018]. 

On the other hand, it is possible the decrease levels of electrolytes could be 

linked to the inappropriate releasing of ‘’antidiuretic hormone (ADH)’’  

[Elshaygi, 2018; Tahir and Obed, 2019]. 

Moreover; it’s possible that electrolyte variations in children with ALL could 

be attributed to the multi- pathological factors causes as described according to 

either the stage of disease or response patients to the protocol of treatment 

which was supplied, in particular, it seems that the variables of electrolytes are 

more obvious in malignant diseases, therefore; electrolyte conditions could lead 

to serious life-threatening and dangerous problems in patients with cancers, as 

well as, it’s a result of being associated with apparent kidney and liver 

dysfunctions, and then it’s required development therapy [Hade, 2018; Tahir 

and Obed, 2019].  

On the other hand, it seems that the low levels of hypocalcemia were 

occasionally described in patients with acute leukemia which could be 

attributed essentially to hypoalbuminemia, even if the acute acid-base 

(metabolic acidosis and/or alkalosis) caused by modifications in the binding of 

Ca2+ to Alb or HCO3-Ca complex, as a portion of bounded with Alb [Goldner, 

2016; Smith, 2019], thus it forms a rapid deficient in Ca2+ levels [Verzicco et 

al., 2020; Zekavat et al., 2021].     

As a result, it is essential for further studies to approve the possibility of 

using such electrolyte derangements as prognostic and diagnostic tools for 

the cancer patients. 
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3.17: Study The Correlations among The Evaluated criteria 

In order to shed light on the possibility of using the studied parameters in 

the current work as a predictive and diagnostic tumor tools for children with 

ALL, thus the study has assessed the relationships between these criteria in 

children who underwent of ALL, and then the results compared with what is 

recorded in group of healthy individuals. 

Pearson’s Correlation Coefficient was applied to study the relations 

among parameters of the present study, and to follow the mutual effects of 

changes in the evaluated factors in patients’ samples and then the comparison 

with the healthy counterparts was done.  

 

3.17.1: Assessment The Relationship of Galectin-9 to The Routine 

Biochemical Parameters in The Study Groups  

Table 3-36 shows a high significant positively correlation (r=0.940 at 

p<0.000) between Gal-9 and MBL. Furthermore, there was a moderate 

significant positive correlation (r=0.326 at p<0.037  ( and (r=0.458 at p<0.005) 

between the Gal-9 to NO and ST levels, respectively. The correlation between 

Gal-9 and EPO was positive significant (r=0.740 at p<0.000) in patients with 

ALL.  

On the other hand, there were significant negatively correlations (r=-

0.369 at p<0.020) and (r=-0.466 at p<0.004) in concerning to Gal-9 with T-

GSH and GSSG in ALL patients group, while no such correlations were noted 

when the correlations were estimated intended for biochemical parameters in 

the healthy control group, as presented in Table 3-36.  
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Table 3-36: Correlation of Galectin-9 to The Evaluated Biochemical 

Parameters   

Subjects ALL Patients 
Healthy 

Individuals 

r p r P 

Galectin-9 To MBL 0.940** 0.000 -0.245 0.127 

Galectin-9 To Total Glutathione -0.369* 0.020 -0.065 0.690 

Galectin-9 To Oxidized Glutathione -0.466** 0.004 0.174 0.284 

Galectin-9 To Nitric Oxide 0.326* 0.037 -0.039 0.811 

Galectin-9 To Serotonin 0.458** 0.005 0.118 0.468 

Galectin-9 To Total Proteins -0.107 0.283 -0.043 0.791 

Galectin-9 To Albumin -0.017 0.464 -0.021 0.899 

Galectin-9 To Ferritin 0.250 0.175 -0.193 0.232 

Galectin-9 To Vitamin D3 -0.039 0.835 -0.127 0.434 

Galectin-9 To Parathyroid -0.290 0.114 0.144 0.375 

Galectin-9 To Erythropoietin    0.740** 0.000 0.192 0.234 

Galectin-9 To Vitamin B12 0.324 0.075 -0.160 0.324 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level  

 

Galectins are known to involve in various biological functions such as; 

cell adhesion, cell surface signalling, angiogenesis, proliferation, migration, 

invasion, inflammation and regulation of apoptosis [Thijssen et al., 2015; 

Hisrich et al., 2020]. Therefore; the role of galectins has been broadly studied 

in different types of cancers, especially with the most frequently observed 

galectin-1, 3, 4, and 7 in which could be noted that galectins might have 

different functions in different malignancies [Ebrahim et al., 2014; Hisrich et 

al., 2020]. 

During inflammation, both chemokines and galectin are increased and 

mediate leukocyte recruitment molecules are thought to function separately. 

The current work is based on the theory of the possibility of galectin crosses 

based on several interactions between Gal-9 and MBL [Chou et al., 2018; 
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Eckardt et al., 2020]. MBL was considered one of the most important lines of 

protecting the body against diseases, as a part of other factors called ‘’acute 

phase proteins’’, particularly in early childhood [Sokotowska et al., 2020; 

Wahlund et al., 2020].  

Moreover, Gal-9 is one of the most studied ligands for T-Immunoglobulin 

and Mucin- domain containing protein-3 (TIM-3) associated with various 

tumour cells either stimulate or dampen tumour activity according to its links 

with different ligands on the cell surface of T-cells [Chou et al., 2018; Pasmatzi 

et al., 2019]. Similarly, Taghiloo’s study [Taghiloo et al., 2017] has indicated 

that Gal-9 has essential cytoplasmic intra and extra-cellular functions, as well 

as, it was involved in inflammation, tumorigenesis by cell adhesion, 

proliferation, tumour cell transformation angiogenesis and T-cell apoptosis.  

Furthermore, malignant cells have the ability to release Gal-9 through the 

process of autocrine due to the efficacy of immunoglobulin by T-cells and TIM-

3, thus the TIM-3/galectin-9 complex is formed via Gal-9 ligand, as a result of 

this association through the induction mechanism of Gal-9 and the ability of 

Gal-9 to link with the TIM-3 receptors [Taghiloo et al., 2017]. 

Thus, the probability of multiple genetic patterns of MBL which could be 

associated with a significant increase the risk of developing of ALL, especially 

at early age of children in comparison with a healthy group which it’s possible 

that the interactions between the immune system and early childhood infectious 

diseases could be particularly induced to cause ALL [Świerzko et al., 2020].  

In the current study, it is possible to explain a good positive relationship 

between Gal-9 and MBL of the patients participating in the current study 

according to the potential role of Gal-9 and MBL in the mechanisms involved 

in the ‘’carcinogenicity’’ pathway against cancer [Ebrahim et al., 2015; 

Świerzko et al., 2020], in which it’s possible to be considered one of the most 
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important biochemical indicators that contribute in cancer risks in humans 

[Cedzyński and Świerzko, 2020].  

However, Gal-9 and MBL may require a longer time to return normal 

which is dependant on the doses that were delivered, and this will be done until 

after the completion of protocol chemotherapeutic treatment.  

Although it has been exposed that there is little data on the possible 

potential role of Gal-9 and MBL in the mechanisms involved in the 

‘’carcinogenicity’’.  

Accordingly, the current study is the first of its kind in the field of 

studying the relationship between Gal-9 and MBL in patients with ALL 

at diagnosis before receiving chemotherapeutic treatment. 

 

3.17.2: Assessment The Relationship of Mannose Binding Lectin to The 

Routine Biochemical Parameters in The Study Groups  

In the same manner, the evaluation results of the correlation between the 

MBL levels with other estimated biochemical influences in the existing work 

came to be very remarkable when the outcome results have demonstrated the 

presence of a positive correlation (r=0.314 at p<0.043) between MBL and NO. 

A high significant positive correlation (r=0.523 at p<0.001) was noticed 

between MBL and ST in the affected group (patients with ALL), as well as the 

correlation relation between MBL and EPO was highly significant positive 

(r=0.693 at p<0.000) in patients with ALL, as shown in Table 3-37. 

Data of the current study showed negative significant correlations (r=-

0.310 at p<0.045) and (r=-0.467 at p<0.004) between MBL to T-GSH and 

GSSG. In addition, the results of the study didn’t record any correlations 

between MBL and other biochemical factors in regard to the control group, as 

demonstrated in Table-3-37.  
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Table 3-37: Correlation of Mannose Binding Lectin to The Evaluated 

Biochemical Parameters 

Subjects ALL Patients 
Healthy 

Individuals 

r p r P 

MBL To Total Glutathione -0.310** 0.045 -0.089 0.583 

MBL To Oxidized Glutathione -0.467** 0.004 0.083 0.609 

MBL To Nitric Oxide 0.314* 0.043 -0.035 0.828 

MBL To Serotonin 0.523** 0.001 0.139 0.392 

MBL To Total Proteins -0.008 0.482 0.024 0.884 

MBL To Albumin 0.065 0.365 0.231 0.151 

MBL To Ferritin 0.342 0.060 -0.084 0.608 

MBL To Vitamin D3 -0.078 0.675 -0.057 0.728 

MBL To Parathyroid -0.288 0.116 -0.027 0.869 

MBL To Erythropoietin  0.693** 0.000 -0.054 0.740 

MBL To Vitamin B12 0.282 0.124 0.081 0.620 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level  

  

Under normal physiological conditions, the cellular defence mechanism is 

principally to protect the vital cellular components from the effect of cellular 

damage in which produced by ROS, and that’s through a group of anti-oxidant 

defence systems by different protective enzymes including; Glutathione 

Peroxidase (GPx), Catalase (CAT), Superoxide Dismutase (SOD) and 

Peroxiredoxins (Prxs) [Zhang et al., 2018; Namrata et al., 2019]. In addition, 

the antioxidant defence system has a key role in the suppression of various 

diseases and their clinical manifestations which is working against the 

production of further ROS [Balasaheb and Pal, 2015; Namrata et al., 2019].  

Thus, it is possible to explain the inverse relationship among Gal-9, MBL 

and antioxidants molecules (T-GSH and GSSG), as the ROS has related to a 

wide range of pathological conditions [Rezaieg and Musleh, 2019]. As well as, 

it’s clearly associated with many other hematopoietic malignancies that 
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accompanied with deficiency of the antioxidant system and caused by low 

and/or insufficient enzymes responsible for its production in the liver in 

leukemia patients [Matlab and Jasim, 2017; Rezaieg and Musleh, 2019].  

Additionally, the oxidant molecule of NO that belong to the various 

pathological conditions, involving the increasing of RS and/or reduction of 

antioxidant defence system which leads to excessive production of ROS and 

causing to enhance oxidative stress (OS), resulting in tissue damage due to a 

state of imbalance between oxidants and antioxidant activity [Rasool et al., 

2015; Singh et al., 2018; Elham, 2020].   

Thus, the results of the present work may likely be expected the NO which 

is one of the toxic factors that responsible for many of the complications 

associated with leukemic patients [Cheng et al., 2015; Picón-Pagès et al., 2019] 

due to high increase in NO production coupled with Gal-9 and MBL levels, in 

which possibly because of the extreme production of free radicals based on 

increased oxidative damage and prevention of apoptosis, thereby stimulating 

the development of cancer, as well as the activity of enzymes in control for the 

production of NO [Keshet and Erez, 2018]. 

The current study is the first that aimed to investigate the 

interrelationship between Gal-9, MBL and oxidant and antioxidant 

molecules levels in children with leukemia type ALL. 

On the other hand, it is probably caused by abnormal cellular 

transformations that occur to cells when the normal converted into malignant 

cells in the carcinogenic process, which likely influence on the accumulative of 

effectiveness enzymes responsible for the production of ST and EPO, as well 

as its accompanying with increased Gal-9 and MBL levels [Szabo et al., 2018; 

Hadeer, 2020].  
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ST hormone may act to be as a ‘’growth factor’’ for cancerous cells in 

numerous types of malignant tumours [Elshayeb et al., 2016; Liu et al., 2017; 

Sarrouilhe and Mesnil, 2019] which is a complex molecular mechanism that 

stimulates cellular routes to rely on special and organized receptors that may 

lead to alteration in many cellular immune responses in the case of cells 

proliferation, secretion of cytokines and chemokines, and then during the 

development stages of carcinogenicity with a dramatically significant increase 

of blast cells in the bone marrow and peripheral blood of ALL patients, which 

in turn faces reduced production of various blood cells and causes the 

occurrence different types of anemia, as well as a decrease in the amount of 

oxygen carried in the body, which is accompanied by body work to increase 

the production of EPO [Gaine et al., 2017; Suresh et al., 2020]. 

In turn, it’s could be directly associated with the deficiency of the 

antioxidant system and increased of oxidant molecules in patients [Rezaieg and 

Musleh, 2019] and in the same certain context, the outcomes of Kikushige’s 

study [Kikushige et al., 2015] were consistent with the present results of current 

work, but in sera samples of AML mice and patients with CLL [Wdowiak et 

al., 2019]. 

Based on the literature review, the existing study is the first of its 

respectful to suggest that children with ALL showed high serum levels of Gal-

9 and MBL, which would be associated with the development of leukemia in 

patients during childhood. 

Actually, yet no references have been found to indicate the relationship 

of Gal-9, MBL, especially with ALL children, although there were some 

difficulties and limitations faced by this study, especially that associated with 

the number of children with ALL enrolled in the current study and the limited 

number of chemotherapy doses which delivered to the patients. Thus, it’s 

possible to use Gal-9 and MBL as a novel biomarker for ALL patients at 
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diagnosis that would be an important tool for monitoring and determining 

the progression of ALL during the childhood period. As well as, it has a 

likelihood a role to make appropriate treatment protocol decisions for the 

patients in the future by the competent physicians in clinical and therapeutic 

applications of leukemia patients. The novelty of the current work backs to 

the detailed comparison of the Gal-9 levels and corresponds with the new 

diagnosis ALL at the early childhood stage. Thus the selection of this 

criterion used to prognosis and follow ALL patients at diagnosis period (pre-

treatment), which correlated with the Gal-9 levels, are not shown in previous 

studies, nor human neither animals. 

 

3.17.3: Evaluation The Relationship of Total Glutathione to The Routine 

Biochemical Parameters in The Study Groups  

Table 3-38 showed a positively significant correlation (r=0.372 at 

p<0.020) between T-GSH and GSSG levels in the patients’ group with ALL. 

As well as the outcomes of the present study were recorded a significantly 

negative correlation (r=-0.531 at p<0.002) between the T-GSH and vit D in 

patients with ALL group. However, the results of the current study did not 

indicate the certain significant correlations between T-GSH with the other 

chemical measurements in respect to the control group, as illustrated in Table 

3-38.  
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Table 3-38: Correlation of Total Glutathione to The Evaluated 

Biochemical Parameters 

Subjects ALL Patients 
Healthy 

Individuals 

r p r P 

Total Glutathione To Oxidized Glutathione 0.372* 0.020 -0.011 0.945 

Total Glutathione To Nitric Oxide -0.014 0.471 0.152 0.349 

Total Glutathione To Serotonin -0.262 0.077 -0.104 0.525 

Total Glutathione To Total Proteins 0.110 0.277 0.206 0.201 

Total Glutathione To Albumin 0.190 0.153 0.145 0.371 

Total Glutathione To Ferritin -0.247 0.181 -0.094 0.562 

Total Glutathione To Vitamin D3 -0.531** 0.002 -0.033 0.840 

Total Glutathione To Parathyroid 0.348 0.055 0.236 0.143 

Total Glutathione To Erythropoietin -0.323 0.076 -0.059 0.719 

Total Glutathione To Vitamin B12 0.010 0.956 0.068 0.677 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level  

 

The oxidative agents and free radicals could be able to adjust antioxidants, 

especially T-GSH concentrations in cancer cells, and then it’s possible to 

regulate the cellular responses to therapy for various cancers, therefore, T-GSH 

levels may be low or insufficient due to the potentially harmful properties of 

natural cells when the cells developed to cancerous cells [Desideri et al., 2019]. 

Consequently, the production of GSH leads to the assembly of GSSG, and 

then the latter turns immediately into the GSH by GR, and the exhaustion of 

the formation of GSH and GSSG which could be caused to advance motivation 

of cells death by oxidation and cell toxicity [Couto et al., 2016; Kennedy et al., 

2020]. Perhaps, it will be the resistance of exhaustion and depletion of GSH as 

well as GSSG, as it’s the possibility of a connection between the GSH 

metabolism and different biological pathways [Kennedy et al., 2020].  
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The GSH system has taken into the attention of many scientists to 

arrange with some approaches intended to raise their efforts to interrupt the 

progression of cancer cells in patients.  

In contrast, the outcomes of the current study recorded a high significant 

negatively correlation (r=-0.531 at p<0.002) between the T-GSH and vit D3 in 

patients ALL group, as this succession of modifications, may attribute to 

metabolic changes associated with increased vit D3 production in leukemia 

patients [Wadhwa et al., 2018]. It’s likely associated with the active form of 

vit D3 which is contributed in regulatory mechanisms to protect target tissues 

or organs from different pathological disorders [Tasian and Hunger, 2018; 

Krishna, 2019]. The activities of vit D3 are mediated through intracellular vit 

D3 receptors, these receptors of vit D3 are found in almost all cells in the body 

as well as, in different target organs such as; intestine, bone, kidney [Christakos 

et al., 2016; Krishna, 2019]. 

Moreover, vit D3 plays an important regulator factor and maybe to 

compensate for the shortage in the antioxidant molecules in ALL patients, in 

addition, it has an important role in regulating a wide range of biological effects 

on bone cells, along with it is involved in numerous cellular functions in the 

body such as; proliferation, differentiation, immunoregulation and apoptosis, 

as well as its effects on immune system components [Casan et al., 2017; Pilz 

et al., 2019; Gonzalo et al., 2020]. 

Additionally, vit D3 is recognized by which its high levels in various types 

of cancer because of its cytotoxic properties on cancer cells thus, it acts as ‘’as 

anticancer’’ through suppression of carcinogenesis by the promotion of 

apoptosis, antiproliferation of cells, and induction of differentiation, besides, it 

could be inhibited or suppressed tumours angiogenesis, invasion and metastasis 

[Grant, 2018; Chandler et al., 2020].  
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3.17.4: Evaluation The Relationship of Oxidized Glutathione Disulfide to 

The Routine Biochemical Parameters in The Study Groups   

The results of the existing work indicated a low significant negatively 

correlation (r=0.329 at p < 0.036) between GSSG and TP levels in the group 

of ALL patients. However, the correlation links for other factors were seemed 

to be non-significant according to the children with ALL and group of healthy 

individuals, as demonstrated in Table 3-39.  

Table 3-39: Correlation of Oxidized Glutathione Disulfide with The 

Evaluated Biochemical Parameters 

Subjects ALL Patients 
Healthy 

Individuals 

r p r P 

Oxidized Glutathione To Nitric Oxide -0.185 0.160 0.068 0.675 

Oxidized Glutathione To Serotonin -0.174 0.174 0.024 0.884 

Oxidized Glutathione To Total Proteins -0.329* 0.036 -0.021 0.900 

Oxidized Glutathione To Albumin 0.132 0.239 -0.083 0.612 

Oxidized Glutathione To Ferritin -0.298 0.104 -0.119 0.463 

Oxidized Glutathione To Vitamin D3 -0.137 0.463 -0.126 0.440 

Oxidized Glutathione To Parathyroid 0.101 0.588 0.039 0.812 

Oxidized Glutathione To Erythropoietin -0.198 0.286 -0.033 0.842 

Oxidized Glutathione To Vitamin B12 -0.180 0.334 -0.090 0.581 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level  

 

It’s might due to the many changes in the normal cells when shifted to the 

cancer cells in the bone marrow in which attributed to the depletion of many 

important vital constituents in the cell that accompanied with reduction of 

antioxidants system, in particular, related to the elevation of proteins 

consumption due to tissue damage and inflammation when cancer progression 

and increased the growth of blast cells in leukemic patients [Cluntun et al., 

2017; Dyczynski et al., 2018; Zengin, 2019]. 
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Therefore; there is the consumption of numerous proteins in order to 

inhibit the growth and reduce the spread of cancerous blast cells, thus it’s a 

principle to an exhausted of proteins concentrations [Hade, 2018]. 

 

3.17.5: Assessment The Relationship of Nitric Oxide to The Routine 

Biochemical Parameters in The Study Groups   

In the present work, ALL patients were correlated to the levels of NO for 

the purpose of monitoring the probable cellular changes concurrent with the 

progression of childhood leukemia.  

Table 3-40 presented, the results of the existing study were recorded high 

positive significant correlations (r=0.544 at p<0.001), (r=0.412 at p<0.011), 

and (r=0.478 at p<0.006), respectively among NO with both of ST, Alb, and 

FT in sera samples of children with ALL, while the group of healthy children 

exhibited a negative correlation relationship (r=-0.314 at p<0.049) between 

NO and FT, whereas the resident measurements, whether in the patients or in 

the healthy groups, did not show reliable significant statistical variations.  

Table 3-40: Correlation of Nitric Oxide with Some Biochemical 

Evaluated Parameters 

Subjects 
ALL Patients 

Healthy 

Individuals 

r p r p 

Nitric Oxide To Serotonin 0.544** 0.001 0.029 0.861 

Nitric Oxide To Total Proteins 0.173 0.176 0.230 0.154 

Nitric Oxide To Albumin 0.412* 0.011 0.256 0.111 

Nitric Oxide To Ferritin 0.478** 0.006 -0.314* 0.049 

Nitric Oxide To Vitamin D3 -0.240 0.194 0.219 0.174 

Nitric Oxide To Parathyroid -0.187 0.313 0.187 0.249 

Nitric Oxide To Erythropoietin 0.136 0.467 0.122 0.455 

Nitric Oxide To Vitamin B12 0.107 0.566 0.175 0.280 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level  
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NO has various actions at the physiologic and pathologic levels which 

associated with neurotransmission, cardiovascular homeostasis, vasodilatation 

and in the metabolism of cells, besides, it is also related to numerous 

inflammation, immune responses, and particularly in cancer growth, as well as 

NO, could be an intermediary in inflammation, various mutations, and various 

stages of carcinogenicity, as well as its levels, was raised up in different types 

of leukemias; such as CML and AML [Cheng et al., 2015; Sangwan et al., 

2015]. Besides, NO has an important role in tumour angiogenesis via 

stimulation of the release of a signal protein which is essentially known as 

‘’Vascular endothelial growth factor (VEGF)’’ [Cheng et al., 2015; Levine et 

al., 2015].  

Whereas other studies disagreed with current outcomes which have 

indicated that the high levels of NO have cytotoxic properties on human cell 

lines of carcinogenesis in patients with different malignancies in such 

lymphoma or leukemia [Umbrello et al., 2014; Levine et al., 2015]. However; 

Cheng’s study [Cheng et al., 2015] and Jain’s study [Jain et al., 2017] were 

remarked that a possibility of NO to be mediated mechanism of cancer growth 

and metastasis.  

On the other hand, ST corresponds to the NO that appeared to be as a 

‘’growth factor’’ for malignant cell lines in various types of cancer [Herr et al., 

2017; Sarrouilhe and Mesnil, 2019], as ST exhibits a complex mechanism to 

evoke signalling pathways that stimulate tumour development in some 

cancerous types, whether it was represented as a pattern of ‘’mitogen’’ as a 

specific receptor pathway [Liu et al., 2017].  

In addition, ST acts as a specific tumour marker in particular types of 

cancers; such as hepatic cancer, pancreatic islet cells, and gastrointestinal tract 

tumours [Elshayeb et al., 2016; Rasha and Matlab, 2017]. Moreover, there is 

some information available on ST participation in cancer cells migration and 
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metastatic processes and it might be elaborated in one or more essential phases 

of cancer progression and/or growth of the primary tumour, invasion up to 

metastasis, and then it’s possible that enhancement ST levels could be 

associated with the stimulation of sensitive ‘’serotonergic receptors’’ [Rasha 

and Matlab, 2017]. Thus, it’s feasibly that ST levels be able associated with 

stimulating sensitive ST receptors, which in turn rely on encoded genetic 

expression, as it’s widely expressed in different types of cancer, as well as ST 

carriers represented by Na+-dependent serotonin (5-HTT or SERT) [Herr et al., 

2017; Vahid-Ansari et al., 2019].  

The current results afford the first evidence that NO and ST are 

positively related at peripheral levels, in general, and a special correlation 

was noted in children with ALL. The obtained outcome results enrich the 

scientific knowledge with new information about the relationship between the 

levels of oxidant molecule (NO) with ST hormone in abnormal conditions 

(ALL) that have not been touched upon in this field and detail previously. 

In the same context, a positive correlation between NO and Alb in ALL 

patients, Alb is considered as one of the main acute stage proteins [Bozkaya et 

al., 2019], as its levels decline promptly with the onset of infection disorders, 

as well as its levels play a crucial role during infection and inflammation in 

different types of cancer conditions [Bozkaya et al., 2019; Zengin, 2019], and 

then it’s potentially correlated with the catalytic protein disorders in ALL 

patients [Dyczynski et al., 2018].   

Therefore; increased consumption of proteins by cells during the 

carcinogenic process as a result of cellular changes that occur during this phase, 

which are accompanied by high levels of oxidative stress, i.e. an increase in 

NO molecules and/or enzymes consumption with deficiency of antioxidant 

molecules [Zengin,2019]. 



Chapter Three                                     Results and Discussion 
………………………………………………………………………. 
 

152 
………………………………………………………………………………… 

The outcomes of the present study recorded a positive significant 

correlation (r=0.371 at p=0.040) between ST and FT, in regards to the 

children’s group with ALL patients Table 3-41. On the other hand, the 

observed results of the current study did not notice appropriate statistical 

associations in relative to ST with other evaluated biochemical aspects for 

patients and healthy participants, as elucidated in Table 3-41. 

Table 3-41:  Correlation of Serotonin to The Evaluated Biochemical 

Parameters 

Subjects ALL Patients 
Healthy 

Individuals 

r p r p 

Serotonin To Total Proteins -0.042 0.412 -0.221 0.171 

Serotonin To Albumin 0.259 0.080 0.002 0.989 

Serotonin To Ferritin 0.371* 0.040 0.021 0.897 

Serotonin To Vitamin D3 -0.066 0.724 0.193 0.232 

Serotonin To Parathyroid -0.069 0.714 0.009 0.958 

Serotonin To Erythropoietin 0.286 0.118 0.232 0.150 

Serotonin To Vitamin B12 -0.018 0.922 -0.335 0.035 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level  

 

FT is pointed to the amount of iron content stored in humans’ body [Zhang 

et al., 2015]. Hence; FT could be considered as an assistant diagnostic marker 

in patients with different diseases, in cardiovascular diseases as well as in 

various types of hematologic malignancies; such as leukemia [Zhang et al., 

2015; Wang et al., 2019], which may be due to the production of large amounts 

of free iron, as in turn to their actions as carcinogenic free radical agents, and 

hence damage the DNA of cells [Hoffbrand and Moss, 2016; Baliakas et al., 

2019].  
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Besides, it perhaps caused by increased the activity of the enzymatic 

system that supported the production of NO [Keshet and Erez, 2018], and thus 

causes high levels of oxidative stress associated with the lack and/or depletion 

of the activity of the antioxidant system [Elham, 2020]. 

As the results of current work were agreed with the study of [Mejía-

Aranguré, 2016; Bartenhang et al., 2017; Terwilliger and Abdul-Hay, 2017]. 

 

3.17.6: Assessment The Relationship of Total Protein and Albumin to The 

Routine Biochemical Parameters in The Study Groups   

The statistical analysis of the current study failed to find significant 

correlations between TP and other biochemical factors in concern to the 

children patients with ALL, as well as in a healthy group, but with one 

exception of a positive statistical correlation (r=0.552 at p<0.000) between TP 

and Alb in the control group, as illustrated in Table 3-42. 

 

Table 3-42:  Correlation of Total Protein to The Evaluated Biochemical 

Parameters 

Subjects ALL Patients 
Healthy 

Individuals 

r p r p 

Total Proteins To Albumin 0.126 0.249 0.552** 0.000 

Total Proteins To Ferritin 0.351 0.053 -0.194 0.232 

Total Proteins To Vitamin D3 -0.041 0.825 0.157 0.332 

Total Proteins To Parathyroid -0.227 0.220 0.160 0.323 

Total Proteins To Erythropoietin -0.140 0.451 -0.105 0.520 

Total Proteins To Vitamin B12 -0.209 0.260 0.110 0.498 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level  

  
Similarly, as in the total protein, the outcomes of existing work did not 

succeed in finding statistically significant correlations amongst measured 

biochemical factors for the group of ALL patients and for the healthy children 

group as well. The details are shown in Table 3-43. 
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Table 3-43:  Correlation of Albumin to The Evaluated Biochemical 

Parameters 

Subjects ALL Patients 
Healthy 

Individuals 

r p r p 

Albumin To Ferritin 0.285 0.120 -0.280 0.080 

Albumin To Vitamin D3 -0.209 0.260 0.216 0.182 

Albumin To Parathyroid -0.047 0.800 0.235 0.145 

Albumin To Erythropoietin -0.219 0.236 -0.060 0.715 

Albumin To Vitamin B12 0.080 0.669 0.152 0.350 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 

 

Proteins are important construction masses for the formation of all cells 

and tissues in the body, as the proteins represent the basic part of most organs, 

as well as in various enzymes and hormones, thus proteins regulate numerous 

functions of the body such as; body growth, development and health [Kornblau 

et al., 2018].  

Total proteins involve albumin and globulin which are mostly made by 

the liver, thus TP levels in the blood could be increased or decreased, according 

to several disorders; such as liver diseases, renal nephrotic syndrome, 

congestive heart failure, dehydration, malabsorption, inflammatory conditions, 

multiple myeloma and some type of leukemia, as well as the use of some certain 

drugs; such as insulin and steroid hormones [Pagana and Pagana, 2016; 

Chernecky and Berger, 2017; Bozkaya et al., 2019].  

 

3.17.7: Assessment The Relationship of Ferritin to The Evaluated 

Vitamins and Hormones in The Study Groups   

In the same way, the current outcomes of the present study were 

unsuccessful to find statistical correlation among FT with vit D3, PTH, EPO, 

and vit B12 in the samples of patients with ALL, as indicated in Table 3-44, 

however; there were positive statistical correlations (r=0.333 at p<0.036) and 

https://labtestsonline.org/conditions/multiple-myeloma
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(r=0.313 at p<0.049), respectively observed between FT with EPO and vit B12 

in healthy control, as exposed in Table 3-44. 

Table 3-44: Correlation of Ferritin to The Evaluated Vitamins and 

Hormones 

Subjects ALL Patients 
Healthy 

Individuals 

r p r p 

Ferritin To Vitamin D3 0.096 0.607 -0.116 0.476 

Ferritin To Parathyroid -0.288 0.116 -0.019 0.909 

Ferritin To Erythropoietin 0.126 0.498 0.333* 0.036 

Ferritin To Vitamin B12 0.170 0.362 0.313* 0.049 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 

 

FT is one of the most important medical indices proteins, around 20% of 

Fe is storage in FT, mainly in the liver, as typically 70% of Fe has found in the 

circulating RBCs, therefore; the distribution of Fe stores in the body 

demonstrates the importance of Fe to stimulate the production of erythrocytes 

[Zhang et al., 2015].  

Production of erythrocytes, which are usually regulated by EPO hormone 

secretion, in response to cellular oxygen deficiencies, thus low oxygen levels 

are the main factor motivating EPO production, consequently, EPO hormone 

stimulates growth, development of precursor RBCs and transformation into 

mature erythrocytes, therefore; the disruption of EPO levels is causing 

interruption of RBCs production in the bone marrow [Denka, 2016; Hussain et 

al., 2017]. On the other hand, vit B12 has involved in many biological processes 

as in metabolism, cell division and maintains body health with the efficient 

quantity of absorption and transportation, besides, its importance in the nervous 

system, erythropoiesis process, and in the synthesis of DNA [Arendt et al., 

2016; Hoogstraten et al., 2019].  
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Furthermore, the deficiency of vit B12 may be specifically caused by the 

lack of an essential factor called ‘’intrinsic factor’’ which is important in the 

composing of a complex with vit B12, and the failure of vit B12 to absorb by the 

intestine due to anemia, then it may directly cause a severe decline in the of 

erythropoiesis [Tandon et al., 2015; Tanyildiz et al., 2016; Horie et al., 2017]. 

 

3.17.8: Assessment The Relationship of Vitamin D3 to The Evaluated 

Parathyroid, Erythropoietin, and Vitamin B12 in The Study Groups 

The observed results in the current study revealed that there was no 

correlation relationship that appeared to be statistically in significant levels on 

the topic of the measurement among vit D3 with PTH, EPO, and vit B12, even 

for ALL patients and group of the healthy children, as showed in Table 3-45. 

 

Table 3-45: Correlation of Vitamin D3 to The Evaluated Parathyroid, 

Erythropoietin, and Vitamin B12 

Subjects ALL Patients 
Healthy 

Individuals 

r p r p 

Vitamin D3 To Parathyroid -0.266 0.148 0.008 0.959 

Vitamin D3 To Erythropoietin 0.033 0.862 0.136 0.403 

Vitamin D3 To Vitamin B12 -0.185 0.318 -0.156 0.337 

 

3.17.9: Assessment The Relationship of Parathyroid to The Evaluated 

Erythropoietin and Vitamin B12 in The Study Groups  

Likewise, Table 3-46 was shown that no significant statistical 

correlations were recorded in observed results of the participants regarding to 

PTH, EPO and vit B12 measurements of ALL patients and control group, as 

presented in Table 3-46. 

 



Chapter Three                                     Results and Discussion 
………………………………………………………………………. 
 

157 
………………………………………………………………………………… 

Table 3-46:  Correlation of Parathyroid to The Evaluated Erythropoietin 

and Vitamin B12 

Subjects ALL Patients 
Healthy 

Individuals 

r p r p 

Parathyroid To Erythropoietin -0.197 0.289 0.017 0.918 

Parathyroid To Vitamin B12 -0.019 0.919 0.017 0.918 

 

3.17.10: Assessment The Relationship of Erythropoietin to The Evaluated 

Vitamin B12 in The Study Groups   

According to Table 3-47, the results obtained from the current study 

indicated that there was a non-significant correlation between EPO and vit B12 

when linked together in patients with ALL and healthy control. 

 

Table 3-47:  Correlation of Erythropoietin and Vitamin B12 

Subjects ALL Patients 
Healthy 

Individuals 

r p r p 

Erythropoietin To Vitamin B12 0.003 0.986 0.286 0.074 

 

3.18: Study The Correlations Between Routine Blood Factors 

and Specific Biochemical Parameters in The Study Groups  

The current study assessed the relationships between the routine 

hematological and measured biochemical parameters by applying Person’s 

Correlation in a group of ALL patients (at diagnosis) and a control group. 

The outcomes of the study recorded positive correlations with statistical 

significance (r=0.369 at p<0.041) and (r=0.373 at p<0.039) between TP with 

RBCs and HCT, respectively. 

As well as, the positive correlation relations with significant level 

(r=0.401 at p<0.025) and (r=0.406 at p<0.023), correspondingly between Alb 

with RBCs and HCT were noted in ALL patients (at diagnosis), while the 



Chapter Three                                     Results and Discussion 
………………………………………………………………………. 
 

158 
………………………………………………………………………………… 

correlation relationships did not reach to the significant levels among the rest 

of evaluated criteria, as described in Table 3-48. 

Table 3-48: Correlation of Specific Hematological and Biochemical 

Parameters in The Patients Group 

 

 

 

 

 

 

 

 

 

 

 

r 

 

 

p 

Parameters RBCs HCT Hgb MCV MCH MCHC WBCs Plts 

Gal-9 -0.197 

0.288 

-0.231 

0.212 

-0.241 

0.192 

-0.128 

0.493 

-0.150 

0.420 

-0.031 

0.867 

0.208 

0.260 

-0.047 

0.801 

MBL -0.254 

0.169 

-0.286 

0.119 

-0.233 

0.207 

-0.118 

0.526 

-0.036 

0.849 

0.094 

0.616 

0.349 

0.176 

-0.106 

0.569 

T-GSH 0.008 

0.968 

-0.082 

0.661 

0.013 

0.946 

-0.164 

0.378 

0.036 

0.849 

0.164 

0.377 

-0.200 

0.282 

-0.063 

0.738 

GSSG 0.117 

0.532 

0.121 

0.518 

0.288 

0.116 

0.069 

0.711 

0.340 

0.061 

0.324 

0.076 

-0.271 

0.140 

0.189 

0.309 

NO -0.291 

0.113 

-0.176 

0.343 

-0.221 

0.232 

0.205 

0.269 

0.105 

0.575 

-0.063 

0.735 

0.339 

0.062 

-0.021 

0.912 

ST -0.230 

0.214 

-0.207 

0.265 

-0.276 

0.133 

0.016 

0.931 

-0.104 

0.579 

-0.120 

0.522 

0.082 

0.662 

-0.037 

0.844 

TP 0.369* 

0.041 

0.373* 

0.039 

0.293 

0.110 

0.011 

0.955 

-0.137 

0.462 

-0.162 

0.383 

0.280 

0.126 

0.105 

0.574 

Alb 0.401* 

0.025 

0.406* 

0.023 

-0.285 

0.120 

-0.044 

0.815 

0.177 

0.340 

0.240 

0.193 

0.331 

0.069 

-0.115 

0.539 

Ferritin -0.261 

0.156 

-0.200 

0.280 

-0.171 

0.357 

0.071 

0.703 

0.119 

0.525 

0.095 

0.611 

0.001 

0.999 

-0.134 

0.473 

EPO -0.040 

0.830 

-0.060 

0.747 

-0.093 

0.620 

-0.070 

0.709 

-0.150 

0.421 

-0.068 

0.714 

0.126 

0.501 

0.179 

0.336 

Vit B12 -0.071 

0.706 

-0.027 

0.884 

0.065 

0.728 

0.092 

0.624 

0.231 

0.212 

0.144 

0.440 

0.251 

0.174 

-0.032 

0.866 

PTH 0.157 

0.398 

0.012 

0.947 

0.160 

0.389 

-0.244 

0.185 

0.070 

0.708 

0.273 

0.137 

-0.171 

0.357 

-0.081 

0.666 

Vit D3 -.014- 

.939 

-0.017 

0.927 

-0.080 

0.669 

-0.052 

0.781 

-0.109 

0.558 

-0.064 

0.732 

-0.198 

0.286 

-0.097 

0.605 

      *Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 

 

On the other hand, Table 3-49 was shown that there were noticed low 

positive significant correlations (r=0.331 at p<0.037), and (r=0.336 at 

p<0.034), separately between GSSG and HCT, as well as TP and Hgb. In 

addition, low negative correlations with statistical significance were observed 

(r=-0.390 at p<0.001) and (r=-0.364 at p<0.021), respectively between MBL 

and Plts, as well as between vit B12 and HCT in the control group (Table 3-49). 
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Table 3-49: Correlation of Specific Hematological and Biochemical 

Parameters in The Control Group 

r 

 

 

p 

Parameters RBCs HCT Hgb MCV MCH MCHC WBCs Plts 

Gal-9 
-0.244 

0.129 

-0.030 

0.854 

0.091 

0.576 

0.252 

0.116 

0.291 

0.069 

0.094 

0.565 

-0.280 

0.080 

0.087 

0.594 

MBL 
0.070 

0.666 

0.188 

0.245 

-0.027 

0.869 

0.057 

0.726 

-0.104 

0.521 

-0.073 

0.655 

-0.073 

0.654 

-0.390* 

0.001 

T-GSH 
0.031 

0.849 

-0.008 

0.961 

-0.041 

0.802 

-0.042 

0.797 

-0.097 

0.551 

-0.209 

0.196 

0.192 

0.236 

0.003 

0.986 

GSSG 
0.034 

0.834 

0.331* 

0.037 

0.085 

0.600 

0.248 

0.123 

-0.024 

0.881 

-0.288 

0.072 

0.094 

0.564 

-0.085 

0.601 

NO 
0.232 

0.149 

0.141 

0.387 

0.209 

0.196 

-0.086 

0.600 

-0.097 

0.552 

-0.280 

0.081 

0.376 

0.017 

-0.011 

0.948 

ST 
-0.166 

0.307 

0.239 

0.138 

0.094 

0.563 

0.372 

0.018 

0.114 

0.483 

0.143 

0.379 

-0.145 

0.371 

0.056 

0.732 

TP 
0.110 

0.501 

0.086 

0.596 

0.336* 

0.034 

-0.310 

0.052 

-0.168 

0.301 

-0.016 

0.922 

0.221 

0.171 

-0.123 

0.451 

Alb 
0.111 

0.495 

0.107 

0.510 

0.138 

0.396 

-0.026 

0.871 

-0.070 

0.667 

0.063 

0.700 

0.077 

0.635 

-0.241 

0.135 

Ferritin 
0.135 

0.407 

-0.118 

0.467 

-0.289 

0.070 

-0.230 

0.153 

-0.294 

0.066 

-0.140 

0.388 

-0.260 

0.105 

-0.022 

0.893 

EPO 
0.133 

0.412 

0.133 

0.415 

0.128 

0.432 

0.009 

0.958 

0.076 

0.643 

0.080 

0.624 

0.236 

0.143 

-0.223 

0.166 

Vit B12 
0.136 

0.402 

-0.364* 

0.021 

0.082 

0.614 

0.174 

0.284 

0.138 

0.396 

0.213 

0.187 

0.114 

0.485 

-0.196 

0.225 

PTH 
0.054 

0.741 

-0.059 

0.718 

0.006 

0.973 

-0.087 

0.594 

0.005 

0.975 

-0.099 

0.543 

0.024 

0.882 

0.096 

0.556 

Vit D3 
0.054 

0.742 

0.102 

0.531 

0.169 

0.298 

0.019 

0.909 

0.029 

0.858 

0.062 

0.705 

-0.272 

0.090 

0.013 

0.936 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 
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As it’s known that the deficient proteins may be due to some disorders 

such as; acute anemia, kidney syndrome, acute protein deficiency syndrome, 

and some types of leukemia; such as ALL and AML which makes it difficult 

to maintain the balance of substances in the body, especially in the case of 

reduction the metabolism process, and then it becomes a source of iron loss 

from the body that is accompanying with abnormal disorders and causes 

various types of anemia with shed a light on low levels of many blood 

constituents, including erythrocytes, the amount of hemoglobin and many other 

blood indices [Vogelaar et al., 2015; Pagana and Pagana, 2016; Chernecky and 

Berger, 2017]. 

In addition, the condition of leukocytosis and thrombocytosis can be 

potentially contributed to iron-deficiency anemia (IDA) because it is associated 

with ‘’hepatomegaly and splenomegaly’’, which in turn reflected the main 

severe complications that occur in leukemic patients because of low proteins 

and Alb levels [Chernecky and Berger, 2017; Kornblau et al., 2018]. 

The current outcomes were consistent with other studies in regards to Alb 

levels [Pagana and Pagana, 2016; Bozkaya et al., 2019]. As well as, in respect 

to the status of Alb that is usually synthesized by the liver [Jones and Koetsier, 

2017] which plays a key role in the extensive carrying and storage for many 

elements [Chernecky and Berger, 2017; Bozkaya et al., 2019]. Moreover, Alb 

is reflected as one of the important proteins during the acute stage of 

inflammation, its levels promptly drop at the beginning of infection, and 

various malignant conditions [Bozkaya et al., 2019; Zengin, 2019].  

Besides, Alb deficiency which occurs either due to the low absorption of 

protein with some certain amino acids in the body or accordingly of a high 

undermining process due to tissue damage, muscle atrophy, weakness and/or 

inability to physical movement, that it’s possible to be existent through a 

decrease in the extent of available proteins delivered nutritionally due to 
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malnutrition and loss of appetite in ALL patients coinciding with cancer 

progression and/or the continuous use of chemotherapy [Kornblau et al., 2018; 

Zengin, 2019].   

 

3.19: Study The Correlations Among Trace Elements in The 

Study Groups  

The current study assessed the relationship between measured trace 

elements which was applied by Person’s Correlation Analysis in patients with 

ALL at the time of diagnosis (pre-treatment with chemotherapy), in addition to 

the control individuals.  

The data of the current study showed the existence of a positive correlation 

with statistical levels (r=0.659 at p=0.000), (r=0.629 at p=0.000), and 

(r=0.481 at p=0.003), respectively between Zn and Co, Mn, Cu as well. In 

addition, there was a strong significant positive correlation (r=0.895 at 

p=0.000) between Co and Mn, while the correlation was moderate (r=0.523 at 

p=0.001) between Co and Cu. Moreover, a positive correlation (r=0.606 at 

p=0.000) was noted in Mn and Cu levels when compared together in ALL 

patients group. However; the relationship of the levels of Fe with other trace 

elements in the patients’ group were uncorrelated, as shown in Table 3-50.  
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Table 3-50: Correlation of Estimated Trace Elements in The Patients 

Group (at diagnosis) 

r 

 

p 

Trace Elements 

(ppm) 
Zn Co Fe Mn Cu 

Zn 1 
0.659** 

0.000 

0.280 

0.063 

0.629** 

0.000 

0.481** 

0.003 

Co 
0.659** 

0.000 
1 

0.012 

0.474 

0.895** 

0.000 

0.523** 

0.001 

Fe 
0.280 

0.063 

0.012 

0.474 
1 

0.043 

0.409 

0.155 

0.203 

Mn 
0.629** 

0.000 

0.895** 

0.000 

0.043 

0.409 
1 

0.606** 

0.000 

Cu 
0.481** 

0.003 

0.523** 

0.001 

0.155 

0.203 

0.606** 

0.000 
1 

 

As exposed in Table 3-51, it was noticed that the absence of such 

correlation relations among the trace elements members in the control 

individuals. 

 

Table 3-51: Correlation of Estimated Trace Elements in The Control 

Group 

r 

 

p 

Trace Elements 

(ppm) 
Zn Co Fe Mn Cu 

Zn 1 
0.157 

0.332 

0.159 

0.328 

0.173 

0.285 

-0.030 

0.856 

Co 
0.157 

0.332 
1 

0.129 

0.427 

0.001 

0.996 

-0.037 

0.821 

Fe 
0.159 

0.328 

0.129 

0.427 
1 

0.176 

0.277 

0.155 

0.338 

Mn 
0.173 

0.285 

0.001 

0.996 

0.176 

0.277 
1 

-0.066 

0.686 

Cu 
-0.030 

0.856 

-0.037 

0.821 

0.155 

0.338 

-0.066 

0.686 
1 
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3.19.1: Correlations of Specific Biochemical Parameters and Trace 

Elements in The Study Groups  

In order to assess the correlations between the selected biochemical 

criteria in the current work and the levels of trace elements with the alterations 

that result from the cancerous condition. Person’s Correlation was adopted to 

find the synchronization of these changes in the levels of standards tested 

together.  

The outcomes of the present study recorded high negative statistical 

correlations (r=-0.556 at p<0.001), (r=-0.639 at p<0.000), (r=-0.623 at 

p<0.000), and (r=-0.540 at p<0.002), individually for Gal-9 according to the 

Zn, Co, Mn, and Cu in respect to the group of children with ALL (pre-

treatment), as together in a similar manner for MBL levels of significant 

negative correlation interactions (r=-0.617 at p<0.000), (r=-0.618 at p<0.000), 

(r=-0.615 at p<0.000), and (r=-0.664 at p<0.000), in respect for the Zn, Co, 

Mn, and Cu.  

In the same way, according to the EPO in patients with ALL had been 

recorded negative correlation relationships (r=-0.605 at p<0.000), (r=-0.618 at 

p<0.000), (r=-0.518 at p<0.003), and (r=-0.395 at p<0.028), respectively with 

Zn, Co, Mn, and Cu. Moreover, the results also recorded low negatively 

correlation which was statistically significant (r=-0.399 at p<0.026) in regards 

to ST and Zn levels in ALL patients, while the correlation relation between ST 

and the rest of the trace elements were non-significant, as clarified in Table 3-

52.  

On the contrary, the data of the study noted highly positive correlations 

with the statistical significance levels (r=0.452 at p<0.015), (r=0.631 at 

p<0.000), (r=0.591 at p<0.000), and (r=0.459 at p<0.089), exclusively of T-

GSH with each selected trace elements; Zn, Co, Mn, and Cu levels in 

concerning to the ALL patients (before delivered treatment). As well as with 
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the same way for the GSSG levels, the finding outcomes indicated positively 

significant correlation relationships (r=0.497 at p<0.027), (r=0.573 at 

p<0.001), (r=0.583 at p<0.001), and (r=0.480 at p<0.035) with particular trace 

elements; Zn, Co, Mn, and Cu.   

Besides, there were somewhat moderate positively correlations (r=0.466 

at p<0.008) and (r=0.396 at p<0.027), respectively in between PTH with both 

Co and Mn, although the correlations didn’t reach the levels of significance 

among the rest of specific biochemical factors and trace elements, as elucidated 

in Table 3-52. 

Table 3-52: Correlation of Evaluated Biochemical Parameters to Trace 

Elements in The Patients Group 

r 

 

 

p 

Parameters Zn Co Fe Mn Cu 

Gal-9 
-0.556** 

0.001 

-0.639** 

0.000 

-0.037 

0.844 

-0.623** 

0.000 

-0.540** 

0.002 

MBL 
-0.617** 

0.000 

-0.618** 

0.000 

-0.002 

0.993 

-0.615** 

0.000 

-0.664** 

0.000 

T-GSH 
0.452* 

0.015 

0.631** 

0.000 

0.011 

0.951 

0.591** 

0.000 

0.459* 

0.089 

GSSG 
0.497* 

0.027 

0.573** 

0.001 

0.075 

0.687 

0.583** 

0.001 

0.480* 

0.035 

NO 
-0.010 

0.957 

-0.053 

0.778 

-0.164 

0.378 

-0.100 

0.594 

-0.239 

0.195 

ST 
-0.399* 

0.026 

-0.126 

0.500 

0.073 

0.698 

-0.145 

0.436 

-0.334 

0.066 

TP 
0.132 

0.480 

-0.130 

0.485 

-0.233 

0.208 

-0.053 

0.778 

-0.199 

0.283 

Alb 
0.192 

0.302 

0.273 

0.137 

-0.256 

0.165 

0.284 

0.121 

-0.206 

0.265 

Ferritin 
-0.240 

0.193 

-0.271 

0.140 

0.217 

0.241 

-0.322 

0.077 

-0.330 

0.069 

EPO 
-0.605** 

0.000 

-0.618** 

0.000 

0.208 

0.262 

-0.518** 

0.003 

-0.395* 

0.028 

Vit B12 
-0.160 

0.389 

-0.177 

0.342 

-0.191 

0.302 

-0.267 

0.146 

-0.164 

0.379 

PTH 
-0.034 

0.854 

0.466** 

0.008 

0.191 

0.304 

0.396* 

0.027 

0.018 

0.923 

Vit D3 
-0.150 

0.419 

-0.199 

0.282 

0.200 

0.281 

-0.126 

0.500 

0.275 

0.135 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 
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However, the existing work stated that the results of the study did not 

record correlations up to the level of significance among these parameters in 

children of the control group, as Table 3-53 illstrates. 

 

Table 3-53: Correlation of Evaluated Biochemical Parameters to Trace 

Elements in The Control Group 

r 

 

 

p 

Parameters Zn Co Fe Mn Cu 

Gal-9 
0.069 

0.671 

0.074 

0.651 

0.087 

0.594 

0.139 

0.394 

-0.196 

0.225 

MBL 
-0.051 

0.755 

-0.016 

0.921 

0.122 

0.454 

-0.137 

0.399 

-0.074 

0.652 

T-GSH 
-0.297 

0.062 

-0.266 

0.097 

-0.071 

0.662 

-0.013 

0.936 

-0.060 

0.711 

GSSG 
-0.122 

0.455 

-0.194 

0.231 

-0.038 

0.817 

-0.169 

0.298 

0.038 

0.818 

NO 
0.272 

0.089 

0.177 

0.274 

0.108 

0.507 

-0.033 

0.839 

0.191 

0.237 

ST 
0.105 

0.518 

0.142 

0.383 

0.241 

0.134 

0.219 

0.174 

0.043 

0.793 

TP 
-0.014 

0.930 

-0.104 

0.523 

0.001 

0.996 

0.218 

0.177 

0.005 

0.973 

Alb 
0.166 

0.305 

-0.133 

0.413 

0.151 

0.352 

0.076 

0.641 

0.130 

0.424 

Ferritin 
-0.214 

0.186 

0.006 

0.971 

0.248 

0.123 

0.043 

0.792 

0.054 

0.741 

EPO 
-0.126 

0.437 

0.183 

0.259 

0.011 

0.948 

0.012 

0.941 

-0.056 

0.731 

Vit B12 
-0.055 

0.734 

0.151 

0.351 

-0.229 

0.155 

-0.170 

0.294 

0.111 

0.497 

PTH 
-0.292 

0.067 

-0.041 

0.801 

0.032 

0.843 

-0.040 

0.805 

0.148 

0.364 

Vit D3 
-0.068 

0.679 

-0.191 

0.239 

-0.088 

0.588 

-0.128 

0.431 

-0.177 

0.273 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 

 

 

Number of trace elements have important and multiple functions based on 

their structure and chemical compositions, as well as their existence in different 

tissues and fluids in the body, which include playing a very important role in 

the effectiveness of the immune system in the body; therefore any defect or 

disorder in the levels of these elements might be impaired or deficient in many 
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immune functions and growth of immune cells with a lack of immune responses 

for leukemic patients [Skrajnowska and Bobrowska-Korczak, 2019; Zekavat et 

al., 2020]. 

Moreover, these elements play a vital and influential role in the stability 

of the composition, organization and efficiency of numerous enzymes to 

perform the various necessary cellular processes and biological functions that 

have basically actual effects, even with little concentrations or small quantities 

[Hade et al., 2018; Valadbeigi et al., 2019].  

In addition, the central roles of trace elements as contributor factors for 

many enzymes formation and production of their effective forms, especially in 

relation to the cellular metabolism and the preservation of DNA entity and the 

organization of gene expression [Akhgarjand et al., 2017; Valadbeigi et al., 

2019]. In particular, the trace elements have a main physiological role in muscle 

contraction, neurotransmitters and nerve generation, as the transfer of trace 

minerals to the brain is severely regulated through the blood-brain barrier 

system and cerebrospinal fluids, and it’s possibly by occupied neurotransmitter 

receptors and ion transport channels [DeBenedictis et al., 2020].   

On the other hand, some acute cases of anemia may be associated with a 

decreased number of trace elements due to a deficiency in some of these metals 

that go together with the occurrence of lacking vit B12 due to different types of 

anemia [Elshaygi, 2018; Akiibinu et al., 2019; Tahir and Obed, 2019].   

Furthermore, the participation of trace elements in the mechanisms of 

defences against oxidative stress processes through the stimulation of the 

antioxidant system in the cell [Mohammad and Fezea, 2016]. Hence the trace 

minerals have highly active importance in inhibiting the free radicals’ 

production from H2O2 units, as the fat peroxides collapse into the alloxyl and 

peroxyl free radicals which in turn is based on the oxidation of fat particles 

[Mohammed and Fezea, 2019; Nawi et al., 2019]. Somehow, it seems that these 
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minerals act as catalysts for antioxidants by preventing cells damage and 

breaking down free radicals [Muzolf-Panek et al., 2017].  

Even though the obtainable data regarding the levels of trace elements 

and their association with cancer diseases are not yet sufficient, thus it’s 

necessary for more wide-ranging vital studies which are focused to clarify the 

relationship of trace elements levels with the occurrence of cancers, 

particularly with childhood acute leukemia. 

 

3.20: Study The Correlations Among Electrolytes in The Study 

Groups  

The existing study evaluated the relationship between measured different 

Electrolytes which applied by Person’s Correlation Analysis in patients’ 

children with ALL at the time of diagnosis (before receiving chemotherapeutic 

treatment), as well as in the control individuals. 

Although there was a highly significant correlation (r=0.653 at p<0.000) 

between Na+ and Cl- in the patients’ subjects of the present study, while such 

results were not recorded significant correlations among other electrolytes of 

the patients’ group, as noted in Table 3-54.  

Table 3-54: Correlation of Evaluated Electrolytes in The Patients Group 

(Pre-Chemotherapy) 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 

 

 

 

 

r 

 

p 

Electrolytes Ca2+ Mg2+ Na+ Cl- K+ 

Ca2+ 1 -0.098 

0.301 

-0.227 

0.110 

-0.081 

0.332 

0.190 

0.153 

Mg2+ -0.098 

0.301 
1 

0.138 

0.229 

0.176 

0.172 

0.180 

0.166 

Na+ -0.227 

0.110 

0.138 

0.229 
1 

  0.653** 

0.000 

0.250 

0.087 

Cl- -0.081 

0.332 

0.176 

0.172 

  0.653** 

0.000 
1 

0.123 

0.254 

K+ 0.190 

0.153 

0.180 

0.166 

0.250 

0.087 

0.123 

0.254 
1 
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Similarly, the current study indicated that there was a high positive 

correlation (r=0.801 at p<0.000), between Na+ and Cl- among control 

individuals, as clarified in Table 3-55. While the correlation relationships 

between other measured elements were devoid of significance even in children 

with ALL before receiving chemotherapeutic doses or in healthy individuals of 

the control group. 

Table 3-55: Correlation of Evaluated Electrolytes in The Control Group 

r 

 

p 

Electrolytes Ca2+ Mg2+ Na+ Cl- K+ 

Ca2+ 1 
0.033 

0.841 

0.226 

0.162 

0.127 

0.434 

0.074 

0.648 

Mg2+ 
0.033 

0.841 
1 

0.142 

0.383 

0.111 

0.495 

0.201 

0.214 

Na+ 
0.226 

0.162 

0.142 

0.383 
1 

0.801** 

0.000 

0.271 

0.090 

Cl- 
0.127 

0.434 

0.111 

0.495 

0.801**  

0.000 
1 

0.068 

0.676 

K+ 
0.074 

0.648 

0.201 

0.214 

0.271 

0.090 

0.068 

0.676 
1 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 

 

3.20.1: Correlations of Specific Biochemical Parameters and Electrolytes 

in The Study Groups  

The abnormalities of electrolytes are usually known in cancer patients, 

especially in leukemic patients, which could be associated with leukemia 

conditions, organ infiltration, or cells death from the harmful effects of toxic 

chemotherapeutic treatments for cancerous and normal cells as well. Person’s 

Correlation Coefficient has been applied to follow up the electrolyte changes 

in the childhood ALL condition.  

Table 3-56 was demonstrated moderate negatively significant correlation 

(r=-0.364 at p<0.044); (r=-0.496 at p<0.005) and (r=-0.360 at p<0.047), 

individually among NO and Na+, Alb and Na+, as well as FT and Mg2+ in ALL 

patients group. On the other hand, there were positive correlations (r=0.440 at 

p<0.013) and (r=0.437 at p<0.014), respectively between EPO with Na+ and 
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Cl-, as shown in Table 3-56. Whereas the rest of the measured criteria did not 

record acceptable significant correlations (Table 3-56). 

Table 3-56: Correlation of Evaluated Biochemical Parameters to 

Electrolytes in The Patients Group (at diagnosis) 

r 

 

 

p 

Parameters Ca2+ Mg2+ Na+ Cl- K+ 

Gal-9 
-0.172 

0.355 

0.067 

0.721 

0.220 

0.233 

0.240 

0.194 

-0.158 

0.396 

MBL 
-0.148 

0.427 

0.153 

0.412 

0.165 

0.374 

0.238 

0.198 

-0.086 

0.645 

T-GSH 
0.006 

0.975 

-0.171 

0.358 

-0.216 

0.244 

-0.264 

0.151 

-0.147 

0.429 

GSSG 
0.104 

0.577 

0.045 

0.810 

-0.085 

0.649 

-0.215 

0.245 

0.269 

0.143 

NO 
-0.010 

0.957 

0.031 

0.867 

-0.364* 

0.044 

-0.153 

0.412 

-0.062 

0.741 

ST 
0.109 

0.561 

0.271 

0.141 

-0.117 

0.530 

0.230 

0.213 

-0.039 

0.834 

TP 
-0.196 

0.290 

-0.170 

0.360 

0.129 

0.489 

0.091 

0.625 

0.117 

0.530 

Alb 
0.285 

0.120 

-0.007 

0.970 

-0.496** 

0.005 

-0.354 

0.051 

0.115 

0.537 

Ferritin 
0.032 

0.866 

-0.360* 

0.047 

-0.277 

0.131 

-0.154 

0.408 

-0.004 

0.982 

EPO 
-0.138 

0.460 

0.084 

0.654 

0.440* 

0.013 

0.437* 

0.014 

0.017 

0.927 

Vit B12 
-0.222 

0.230 

-0.033 

0.860 

0.040 

0.829 

-0.270 

0.142 

-0.259 

0.160 

PTH 
0.187 

0.315 

0.143 

0.442 

0.063 

0.735 

-0.041 

0.828 

0.088 

0.638 

Vit D3 
0.131 

0.483 

-0.069 

0.713 

-0.066 

0.723 

-0.019 

0.918 

0.076 

0.683 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 

 

As shown in Table 3-57, positive significant correlations (r=0.414 at 

p<0.008) and (r=0.463 at p<0.003), respectively were recorded between Gal-

9 with Na+ and Cl- in the healthy group. Furthermore, the finding results 

indicated positive correlations with significant levels (r=0.409 at p<0.009) and 

(r=0.328 at p<0.039), respectively among TP, Alb and K+, as well as the data 

of the current study pointed to a positive correlation (r=0.440 at p<0.005) 

between vit B12 and K+ in control individuals, as specified in Table 3-57. 
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Table 3-57: Correlation of Evaluated Biochemical Parameters to 

Electrolytes in The Control Group 

r 

 

 

p 

Parameters Ca2+ Mg2+ Na+ Cl- K+ 

Gal-9 
-0.210 

0.193 

-0.146 

0.369 

0.414** 

0.008 

0.463** 

0.003 

0.137 

0.398 

MBL 
-0.039 

0.812 

-0.054 

0.741 

-0.183 

0.257 

-0.206 

0.202 

0.051 

0.755 

T-GSH 
0.002 

0.989 

0.136 

0.401 

0.078 

0.634 

0.032 

0.845 

0.260 

0.105 

GSSG 
-0.037 

0.823 

-0.099 

0.544 

0.093 

0.568 

0.122 

0.454 

-0.122 

0.454 

NO 
-0.048 

0.768 

-0.200 

0.215 

-0.106 

0.515 

-0.175 

0.279 

0.198 

0.220 

ST 
-0.147 

0.366 

0.032 

0.843 

-0.183 

0.258 

-0.208 

0.197 

-0.077 

0.635 

TP 
-0.147 

0.364 

-0.247 

0.125 

0.089 

0.583 

-0.038 

0.815 

0.409** 

0.009 

Alb 
-0.009 

0.957 

-0.071 

0.662 

0.048 

0.768 

-0.003 

0.986 

0.328* 

0.039 

Ferritin 
-0.094 

0.565 

0.206 

0.201 

0.009 

0.955 

0.078 

0.632 

-0.288 

0.071 

EPO 
-0.296 

0.064 

0.040 

0.806 

0.147 

0.365 

0.100 

0.540 

0.010 

0.951 

Vit B12 
0.310 

0.051 

-0.107 

0.512 

0.160 

0.323 

0.099 

0.542 

0.440** 

0.005 

PTH 
0.109 

0.505 

0.002 

0.990 

0.152 

0.349 

0.201 

0.213 

0.133 

0.413 

Vit D3 
0.243 

0.131 

0.216 

0.182 

0.153 

0.347 

0.055 

0.738 

0.003 

0.988 

*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level 

 

With respect to severe disorders in electrolyte levels that may be described 

as the basic ‘’pathophysiological mechanisms’’ of electrolytes with 

disturbances of acid-base, it is one of the main indicators that cause ‘’kidney 

complications’’ in cancer patients, particularly in acute leukemia patients 

[Liamis et al., 2016].  

Therefore, electrolyte variables are probably to be due to imbalances in 

renal functions, mostly in patients with different types of cancers [Hade, 2018; 

Torki, 2020] that may be caused by inappropriate levels of some electrolytes 
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caused by renal glomerular-tubular damage caused by leukemia, thereby 

further enhancing the elimination of electrolytes with urine [Shirali, 2016].  

In particular, it’s necessary to study the common electrolyte abnormalities 

due to cancer and/or principally associated with the type of chemotherapeutic 

system protocols, the number of doses and the period of use, which followed in 

different patients with their capabilities and responses, as well as the 

complications, thus treat critical cases as a matter of urgency [Shirali, 2016; 

Verzicco et al., 2020].  

Therefore; focusing on the electrolyte disorders in children patients with 

ALL can be considered as important complications associated with leukemia 

patients that are basic towards follow-up of these disorders, exclusively with 

regard to impaired kidney functions and/or ‘’renal syndrome’’, especially 

during the childhood stage. 

 

3.21: Sensitivity of the Evaluated Parameters 

Sensitivity is known as the true positive rate or the probability of 

detection, it is measuring the proportion of positives that are correctly 

identified.      Calculation of sensitivity used for assessing the efficiency of the 

tested parameters to be classified as disease markers. Percentages of sensitivity  

were calculated according to biomedical statistical.  

The individual and combined sensitivity of the nine parameters were 

evaluated in the group of children with ALL. 

 

3.21.1: Sensitivity of the Evaluated Parameters in the Detection ALL in 

Children 

The individual and combined sensitivity of the nine parameters (FT, EPO, 

PTH, Gal-9, MBL, T-GSH, GSSG, NO, and ST) were evaluated in the group 

of children with ALL, as summarized in Table 3-58. 
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Table 3-58: The Individual and Combined Sensitivity of The Evaluated 

Parameters in Group of Children Patients with ALL  

Parameters Ferritin Epo PTH 
Gal-

9 
MBL 

T-

GSH 
GSSG NO Serotonin 

Ferritin 100 100 100 100 100 100 100 100 100 

Epo 100 100 100 100 100 100 100 100 100 

PTH 100 100 29 100 84 61 39 52 52 

Gal-9 100 100 100 100 100 100 100 100 100 

MBL 100 100 84 100 77 87 90 94 87 

T-GSH 100 100 61 100 87 39 48 87 61 

GSSG 100 100 39 100 90 48 10 65 35 

NO 100 100 52 100 94 87 65 39 65 

Serotonin 100 100 52 100 87 61 35 65 29 

 

Both FT, Epo, and Gal-9 showed the highest (100%) single sensitivity 

when the levels of these parameters in all of the cases diagnosed with ALL 

included in the present study were significantly higher than those of healthy 

peers. Moreover, MBL was the second in its susceptibility to ALL 77%, when 

24 out of 31 children with ALL showed a rise in MBL levels compared to the 

healthy individuals. Furthermore, NO and ST have evaluated in the current 

work came in the third place, where the lowest patients’ sensitivity 39% and 

29%, respectively of children with ALL in compared to the control group.   

     Finally, T-GSH, PTH, and GSSG had the least individuals’ sensitivity to 

ALL with a sensitivity of 39%, 29%, and 10%, separately when children were 

diagnosed with ALL had significantly lower levels of these criteria than their 

control group counterparts. These findings reinforced the study’s objectives of 

the current work to investigate the possibility of using parameters as diagnostic 

tools for acute lymphoblastic leukemia in children. 
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It was noted that the differential capacity of the evaluated criteria 

increases in general when these standards are linked with each other. As a 

maximum sensitivity, 100% was observed when FT, EPO, and Gal-9 were 

combined to PTH, MBL, T-GSH, GSSG, NO, and ST, respectively.   

In the same way, the results of the current study indicated that the 

sensitivity of diagnostic efficiency to MBL has increased to 94% and 90%, 

simultaneously when assessing its levels with both NO and GSSG. Besides, 

the diagnostic sensitivity of T-GSH was reached 87% when evaluating its 

levels with both MBL and NO, while the sensitivity rate reached its lowest 

levels 39% and 35% of PTH with both GSSG and ST. 
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Based on the results obtained from the current work, a 

number of conclusions can be reached, the most important of 

which are: 

 Galectin-9 is an excellent new tool for diagnosing childhood ALL and 

predicting patients’ response to chemotherapy. 

 MBL is a supportive indicator in the diagnosis of children with ALL 

when measured with other neoplastic markers, and a good sensitizer to 

the extent of chemotherapy-related damage. 

 It is possible to adopt the change in the complete peripheral blood 

count concurrent with the changes in the biochemical parameters 

evaluated to infer the incidence of acute lymphocytic leukemia in 

children and to assess the extent of the response to chemotherapy. 

 The defect caused by acute lymphocytic leukemia affects all 

components and sites of blood production and is not limited to 

lymphocytes. 

 It is possible that the incidence of acute lymphocytic leukemia in 

children affects the gene expression of EPO and parathyroid hormones, 

despite the response to chemotherapy, the levels of EPO hormone remain 

high in patients with acute lymphocytic leukemia, while the levels of the 

parathyroid hormone remain below the normal values. 

 Trace element levels are good indicators for assessing cellular 

homeostasis and organ efficiency, as the change in trace element levels in 

acute leukemia patients is directly related to the disruption of the 

oxidative-antioxidant system. 



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

  

 

 



Recommendations 

 

175 

Based on the promising results of the study, we propose 

adopting the following recommendations in order to start with 

future studies integrating with the current work. 

 Study of the LGALS9 gene polymorphism (the gene responsible for 

encoding Galectin-9) in samples of children with ALL. 

 Evaluation of Galectin-9 levels as a follow-up tool during the complete 

recovery phase. 

 Evaluation of Galectin-9 levels in the sera of patients with other types of 

leukemia in addition to solid cancers to determine the extent of the 

specificity of this tool for ALL in children. 

 Measurement of high-sensitivity CRP (hs-CRP) in pediatric samples with 

ALL to assess the inflammatory process concurrent with carcinogenesis 

and treatment with chemotherapy. 

 Evaluation of leukemic specific cytokines (interleukin-7 receptor α, 

CXCL12/CXCR4, and CCL25/CCR9) and combine results to the present 

study parameters.  
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 ورامالأمركز  فيو 2020شباط وحتى نهاية  2019 اذارمن بداية  خلال الفترة الممتدة 

خصوا شمن طفلا م 31تم جمع ،الدم في مدينة الإمام الحسين الطبية في كربلاء المقدسة مراضأو

سنة  12-2 تراوحت أعمارهم منقد ، وبالاصابة بسرطان الدم الحاد وقبل تلقيهم العلاج الكيمياوي

لمرضى اتم متابعة لإصابة بالسرطان، ولدون تاريخ عائلي طبي وبالإناث(  13من الذكور و  18)

يضا أدراسة الشملت قد . و(حتى تلقوا أربع جرعات من العلاجفترة تلقيهم العلاج الكيمياوي )خلال 

 أنثى(. 20و ذكرا 20سنة ) 12-2بينما أعمارهم د تراوحت طفال الاصحاء قفردا من الا 40

 mannose-binding lectin، (Galectin-9)وقد صممت هذه الدراسة لتقييم مستويات  

(MBL) والمؤشرات الدموية الروتينية؛ مثل العديد من المعلمات، فضلا عن  RBCs ،WBCs ،

Plts ،Hgb ،HCT ،MCV ،MCHو ، .MCHC ،تقييم مستويات تم بالإضافة إلى ذلك

تحديد الدراسة  شملت الى جانب ذلك (NO) مؤشرالإجهاد التأكسدي الذي ينطوي على أكسيد النيتريك

وشملت بيانات هذه الدراسة أيضا رصد  .(T-GSH and ,GSSG) المعلمات المضادة للأكسدة 

 Erythropoietin (EPO), Serotonin (ST), Parathyroid مستويات هرمونات معينة؛ مثل

(PTH),  وكذلك البروتين الكلي (TP),  و( الألبومينAlbو ,)فيريتينال  (FT) اضافة الى تقييم

 بعض العناصر النزرة وكذلك تقييم 12and vit B 3vit Dبما في ذلك  الفيتاميناتمستويات بعض 

مثل الكالسيوم  الشوارد الأخرىبعض ، فضلا عن الزنك والكوبالت والحديد والمنغنيز والنحاس مثل

 والمغنيسيوم والصوديوم والكلور والبوتاسيوم.

، WBCsعلى مستويات  (p˂0.05) كبيرةاحصائية الدراسة الحالية زيادة نتائج أظهرت قد ل 

9-Gal ،MBL ،NO ،EPO ،ST ،3vit D  ،12vit B ،FT ،Mn،+2Ca في حين أظهرت النتائج ،

-RBCs  ،Hgb ،HCT ،Plts ،MCHC ،T على مستويات (p˂0.05) انخفاضا كبيرا إحصائيا

GSH ،GSSG ،PTH ،TP ،Alb ،Co ،+K  المرضى الذين يعانون منمصول عينات في ALL 

، MCH ،Zn  التحكم،  في حين أن مستويات ( بالمقارنة مع مجموعةالكيمياوي العلاجتلقيهم  قبل

Fe ،Cu ،+2Mg ،+Na ،-CL  لم تختلف بشكل كبير، ولكن كانت هناك زيادة غير كبيرة في

انخفاض  الدراسة بيانات ، أظهرتمن ناحية أخرىوالمرضى. الاطفال في عينات دم   MCVمستوى

 ,WBCs, Gal-9)ج الكيميائيالمستويات في كل من المعلمات التالية في المرضى بعد تلقي العلا

)+, and K-, CL+, Na2+, Mg2+MBL, NO, ST, vit D, FT, Fe, Cu, Ca 

، في حين أن في اعداد كريات الدم الحمراء إلى انخفاضا متقلبا النتائج فقد اشارتومع ذلك؛  

، Hgbعن مستوياتها عند التشخيص؛ مثل ارتفاع طفيف وتدريجيب تالدموية الأخرى تمثل المقاييس
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HCT ،Plts ،MCV ،MCH ،MCHC ،T-GSH ،GSSG ،TP ،Alb ،Zn ،Co في حين أن ،

بينما لا تزال ترتفع باستمرار بعد العلاج الكيميائي،  Mn ويات الــ، ومست12vit Bالـ EPO كل من

 .في وقت التشخيص )قبل العلاج( ت عليهبعد العلاج، كما كان ةمنخفض PTH بقيت مستويات الـ

هذا العمل وجود ارتباطات إحصائية مقبولة عند المستويين نتائج  تأظهروقد  

(p<0.05),(p<0.01)  د لوحظ وجو فقدتقييمها في الدراسة.  تمالتي  المعايير)إيجابي أو سلبي( بين

 ,NO, ST مجموعة التحكم مع المرضى و مصولفي   Gal-9 and MBLي بينارتباط كبير إيجاب

  -T ة جزيئات مضادات الأكسد بينسجلت  عالية ةإيجابي اتارتباطفضلا عن   ,EPOت الـومستويا

GSH, GSSGرةوالعناصر النزZn, Co, Mn, Cu   بين وكذلكZn  معCu, Mn, Co  من ناحية 

ارتباط  الدراسة علاقةنتائج ، في حين سجلت Cuو Mnمع Co لــارتباط ايجابي ل علاقةفان هناك 

، وكذلك مع GSSG و T-GSHع مستويات مضادات الأكسدة م MBLو  Gal-9سلبية عند مقارنة 

ناصر العكل من مع  EPOوحظ ارتباط سلبي كبير بين بينما ل،  Zn ،Co ،Mn،Cuالعناصر النزرة 

 .Cuو  Mnو  Coو  Znالنزرة 

التي تم  %( بين المعايير100اعلى حساسية مفردة )  FT, EPO, Gal-9وقد اظهر كل من    

، %29و  %39في حين كان ادنى مستوى حساسية  للمرضى  %MBL (77)تقييمها متبوعة  بالـــ

 عين باللوكيميا الحادة مقارنة مالمصاب  على التوالي  في الأطفال T-GSH, PTH, GSSGـلل 10%

 .مجموعة التحكم اطفال

أن القدرة التفاضلية للمعايير المقيمة تزداد عموما عندما ترتبط هذه المعايير ايضا  لوحظ قد و  

، FT ،EPOالــ عندما تم الجمع بين( %100ة )لحساسيمعدل لأقصى  أنفقد وجد  ببعضها البعض.

Gal-9  من جهة وكل من الــPTH ،MBL ،T-GSH ،GSSG ،NO ، STجهة اخرى من. 

قد ازدادت   MBL وقد أشارت نتائج الدراسة الحالية  إلى أن حساسية  الكفاءة  التشخيصية  لـــ 

الى جانب على التوالي,   GSSGوالـــ   NOتقييم مستوياتها مع كل من الـــ% عند 90%, 94إلى 

 عند تقييم مستوياتها مع كل من الـــ  T-GSH ـلـ %(87تم الوصول إلى الحساسية التشخيصية ) ذلك

MBL  والـــNO    لـــ35%, 39، في حين وصل ادنى  معدل  للحساسية  % PTH مع كل من الـــ 

 GSSG  والـــST. 

المعلمات  ،المانوز المرتبط بالاكتين ،9-الكالاكتين ،بسرطان الدم الحاد المفتاحية: الكلمات

 ،الهورمونات والبروتينات ،12Bو  3Dفيتامينات  ،الاكسدة ومضادات الاكسدة ،والمؤشرات الدموية

 جرعة الكيمياوي ،العناصر النزرة
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