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Abstract: 
         Leukemia is a cancer of early blood forming cells. Most of them are cancers of 

white blood cells , however some leukemias start in other blood cell types.Electrolytes 

have modulatory effects on several biological mechanisms in the body namely as 

stabilizers,element of structures, essential element for hormonal function and also co-

factors for a number of enzymes.In this study serum electrolytes levels were measured 

in patients with acute leukemia (AL) disorders before and after 

chemotherapy(anthracycline, doxorubicin, cytarabine ,prednisone, vincristine and 

doxorubicin) during one month and compared with that of control group. Blood 

samples were obtained from (43) patients (28 males and 15 females) aged (15-

55)years;juset before and after  chemotherapy. The control group contained samples 

from (40) healthy volunteers (26 males and 14 females) aged (15-55) years.Serum 

electrolytes levels(sodium Na
+1

,potassium K
+1

,calcium Ca
+1

,chloride Cl
-1

,magnesium 

Mg
+2

and phosphate PO4
-3

) were estimated using flame atomic absorbtion photometry.    

Serum levels of Na, K,Ca and Cl were significantly decreased in patients before 

chemotherapy in comparasion with that of control group. The mean concentration of 

serum phosphoruse and magnesium  in acute leukemia patients was non significant 

compared with that of control group.   In this study, determination of serum 

electrolytes in leukemic patients indicates an abnormal metabolic process in these 

patients.  

 

Key words :acute leukemia, electrolyte abnormalities ,potassium ,sodium, 

calcium, magnesium,chloride and phosphate. 

 

Introduction: 
Acute leukaemia is a malignant 

disorder of white blood cells caused by 

a Failure of normal differentiation of 

haemopoietic stem cells and 

progenitors into mature cells. [1]. Most 

cases of acute leukemia (AL) can be 

classified as acute myeloid leukemia 

(AML) or acute lymphoid leukemia 

(ALL) using the French-American-

British( FAB)   and World Health 

Organization ( WHO) classification 

[2].Leukemia, like other cancers, 

results from somatic mutations in the 

DNA which activates oncogenes or 

deactivate tumor suppressor genes, and 

disrupt the regulation of cell death, 

differentiation or division. These 

mutations may occur spontaneously or 

as a result of exposure to radiation or 

carcinogenic substances and are likely 

to be influenced by genetic factors
 
[3]. 

Acute leukemia is capable of altering 

the normal physiologic regulation of 

many systems,including serum levels 

of most electrolytes. Leukemia can 

alter the sreum electrolytes levels as a 

result of the disease process or drug 

therapy [4].A diverse groups of  

electrolytes abnormalities have been 

described in patients with acute 

leukemia [5].These disturbances are 

mainly considered to be associated 

with the leukemic process, organ 
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infiltration, cell death and/ or 

therapeutic interventions [6]
 

. 

Electrolyte and acid-base perturbations 

may be present regardless of the blast 

cell type [ acute myelogenous 

leukemia (AML) or acute lymphocytic 

leukemia (ALL)] or the state of the 

disease. These abnormalities present a 

potential hazard in patients with AL, as 

that of enhancing the cardiotoxic 

effects of certain chemotherapeutic 

regimens. In fact, fatal complications , 

such as sudden death due to malignant 

arrhythmias, have been reported in 

leukemic patients as an associated 

synergistic effect between anti-

neoplastic drugs and electrolyte 

disorders[7].   Therefore,clinicians 

should be vigilant for early detection 

and appropriate management of 

electrolyte disturbances before the 

initiation of chemotherapy regimens as 

well as during treatment.Disorders of 

electrolytes are also frequently 

encountered in patients with malignant 

non-hematological disease, and may be 

present as metabolic emergencies
 
[8,9] 

.The growing interest in electrolyte 

disorders induced by leukemia is 

mainly because prolonged survival 

with modern treatment allows these 

disturbances time to come to surface. 

Severe alterations in the serum 

electrolyte levels may be fatal in 

patients with potential chance of 

remission in leukemia
 
[10].  

                 

Materials and Methods: 
             Tolal number of 43 patients 

were studied, 25serum samples were 

from patients with acute myeloid 

leukemia, 18 patients with acute 

lymphoblastic leukemia(28male and 15 

female).Rang of age was (15-55) years. 

Mean and standard deviation was 

(37.07±14.88) on admission to the 

National center of Hematology/AL-

Mustansiriya  University and Baghdad 

Teaching Hospital – Medical 

department from November 2010 until 

the end of August 2011, regarding their 

serum electrolyte disturbances before 

and during their treatment. 

        All patient underwent,full 

supportive clinical examination such as 

transfusion of packed red cells, 

platelets and cryoprecipitate and they 

were treated according to their type of 

leukemia, and treatment 

options.Thirty-nine out of the forty-

three patients had remission episodes 

within one month after 

treatment.Serum from 40 healthy 

volunteers was used as control (26male 

and 14 female),rang of age was(15-55). 

      Samples were collected from 

control subjects who are not receiving 

any medications,or pregnant, and did 

not have a history of any chronic or 

acute disease.About 3 ml of venous 

blood was obtained from the cubital 

vein . In all cases blood samples were 

collected in the morning.  

         The blood samples were put in a 

clean dry plain plastic tube and were 

allowed to clot at 37 
0
C for 10- 25 

minutes before centrifugation at 3000 

rpm for 10- 15 minutes.    The clear 

serum was transferred to clean plastic 

tubes by micro pipette.Serum 

electrolytes including sodium, 

potassium,calcium,magnesium,chlorid

e and phosphate were measured by 

flame atomic absorbtion photometry.  

Statistical analysis: the descriptive 

analysis was used to show the mean 

and standard  deviation of variables. 

             -test was used and the 

probability P<0.05 = significant, P> 

0.05 = non-significant. 

           

Results and Discussion: 
   Leukemia originates from 

hematopoietic stem cells that lose their 

ability to differentiate normally for 

production of the mature blood cell 

[11].  
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Table 1: The mean and standard deviation and the range of electrolytes  in control and  

patients groups [before and after treatment] . 

     Electrolyte  

   

Before treatment(n=43)  

         mean±SD      

            (Rang) 

After treatment(n=39) 

         mean±SD      

           (Rang)    

  Control  (n= 40) 

       mean±SD      

         (Rang)    

 Na
+  

 [mmol/l] 

  Rang  

137.21±7.97 
a,b 

  
(103.0-149.0) 

142.35±5.96 
 
 
 

 (131.0-158.0) 

140.55±2.59 

 (136.0-144.0) 

K
+
     [mmol/l] 

Rang 

3.92±0.76 
b,c

 

  (2.6-5.6) 

4.02±1.21 
c
 

   (3.1-8.0) 

4.12±0.58 

  (3.5-5.5) 

Ca
+2

   [mmol/l] 

Rang 

1.94±0.40 
a,d

  

   (1.0-2.9) 

2.13±0.44 

   (1.1-2.9) 

2.25±0.14 

 (2.1-2.5) 

Cl
-1

    [mmol/l] 

Rang 

98.53±7.98 
c        

  
(70-120.0) 

100.35±5.96 
 
 

   (83-110.0) 

101.40±2.42 

  (98-107.0) 

Mg
+2

   [mmol/l] 

Rang 

0.92±0.30 

  (0.3-2.2) 

0.88±0.21 

 (0.6-1.4) 

0.83±0.14 

 (0.66-1.2) 

PO4
-3

 [mmol/l]        

Rang  

1.24±0.31 

  (0.38-2.1) 

1.20±0.41 

 (0.65-2.6) 

1.19±0.20 

  (0.9-1.3) 

  
a
 P<0.01 compared with control group .  

b
 P<0.01 compared with the group after treatment . 

c
 P<0.05  compared with control group . 

d
 P< 0.05  compared with the group after treatment.    

  

         Electrolyte abnormalities per se  

have not been  yet nominated as one of 

the factors for predicting a worse 

outcome. Indirectly though, mucosal 

breach associated with cytotoxic 

chemotherapy has been suspected to 

be a cause of worse out comes in 

patients having cytopenia secondary to 

chemotherapy, compared to those who 

have neutropenia secondary to viral 

infections[12]. 

          The mean and standard 

deviation of blood sodium and 

potassium after achieving remission 

were 142.35±5.96 mmol/l and 

4.02±1.21 mmol/l respectively which 

showed significant increase in their 

concentration after chemotherapy 

(P<0.01), as shown in  Table 1.          

The mean and standard deviation of 

blood sodium and potassium before 

treatment  were 137.21±7.97 mmol/l 

and 3.92±0.76 mmol/l respectively 

which show significant decrease 

between before and after treatment but 

didnʹ  r ach  ha  of   h  co  rol gro p 

(140.55±2.59 mmol/l , 4.12±0.58 

mmol/l ) respectively as shown in 

Table 1. 

           Hyponatremia(decrease blood 

Na
+
 level), a serious electrolyte 

disorder associated with life-

threatening neurological 

complications, is one of the most 

common electrolyte disorders 

associated with tumor-related 

conditions[13].Hyponatremia is 

proposed to be due to an inappropriate 

production of antidiuretic hormone 

(vasopressin) by the leukemic cells
 

[14].It was well known that 

antineoplastic agents such as 

vincristine, vinblastine and 

cyclophosphamide induce 

hyponatremia in AL patients. The 

mechanism seems to be cytotoxicity 

affecting paraventricular and 

supraoptic neurons[15].         

Hyperkalaemia (increase blood K
+
 

level) results from initial lysis of 

tumour cells and then becomes 

exacerbated by the development of 
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uraemia (renal failure) and this is 

occasionally secondary to excess 

iatrogenic administration of potassium 

during induction therapy. The rapid 

rise in serum potassium may result in 

severe arrhythmias and sudden death 

[16].
 
  

      Some antileukemic drugs can 

cause hyperkaluria(increased K
+1 

level 

in urine) which suggest that the 

destruction of leukemic cells will 

release substances which are toxic to 

the kidney [17].  
 
    In the present study of 43 cases of 

acute leukemia, (24/43) patients 

(55.8%) had hypocalcemia (decrease 

blood Ca
+2

 level) (serum Ca
+2 

 < 

2.1mmol/l) . When compared with that 

of  control, patients had a 

significantly[P<0.01] lower value of 

Ca
+2

 (2.25±0.14; 1.94±0.40 mmol/l) 

respectively.  

      Hypocalcemia  is commonly seen 

in leukemia[18] .A retrospective study 

in patients with acute leukemia 

indicated that 1/3 of the patients had 

constant, and almost half had 

intermittent 

hypocalcemia[19].Leukemias can also 

lead to hypocalcemia particularly 

during chemotherapy treatment which 

causing tumour lysis syndrome.Also 

hypocalcemia may occur due to 

therapeutic interventions in these 

malignancies[20]. In present study, the 

incidence of hypercalcemia in AL after 

chemotherapy was about (16.6%). Our 

results showed no statistical differance 

between patients after achieving 

remission and control,but before and 

after treatment there were statistical 

significant (2.13±0.44; 

2.25±0.14mmol/l respectively, p> 

0.05) (1.94±0.40; 2.13±0.44 mmol/l 

respectively,p< 0.03) Table 1. 

         Serum chloride levels in patients 

before treatment showed significant 

[P<0.05] decrease when compared 

with that of  control group 

(98.53±7.98; 101.40±2.42 mmol/l, 

respectively), while there was no 

significant [P>0.05] difference 

between patients after achieving 

remission and control group 

(100.35±5.96; 101.40±2.42 mmol/l 

respectively) as shown in Table 1. 

           Chloride is normally lost in the 

urine, sweat, and stomach secretions. 

Hypochloremia(decrease blood Cl
-1

) 

can occur from excessive loss during 

heavy sweating, vomiting, diarrhea, 

adrenal gland and kidney 

disease,hypochloremic 

alkalosis,hypovolemia,and 

psychomotor disturbances[21]. 

However, 10 to 20% of  tumors will 

secrete chloride
 
[22]. 

         Serum phosphate levels show 

non significant [P>0.05] difference 

between patients (before and after 

treatment) as compared with that of 

control group (1.24±0.31; 1.20±0.41; 

1.19±0.20 mmol/l respectively P> 

0.05) as shown in Table 1. 

          Hypophosphatemia( decrease 

blood PO4
3−

)  described in acute 

leukemia patients, has been 

occasionally ascribed to a decreased 

(PO4
3−
) c llʹ  i  ak , b    h  l a i g 

causes are either a shift of( PO4
3−

) ions 

into rapidly growing tumor cells or 

inappropriate urinary loss [23]. 

Hyperphosphataemia results from the 

rapid release of intracellular 

phosphorous from malignant cells, 

which may contain as much as four 

times the amount of organic and 

inorganic phosphorous as compared to 

normal cells
 
[16].   

         According to the present study 

our results showed that serum 

magnesium level in acute leukemia 

patients show non significant [P>0.05] 

difference before and after treatment, 

as well as, when compared to the 

outcome before treatment and control 

and after achieving clinical remission  

and control(0.92±0.30; 0.88±0.21; 

0.83±0.14 mmol/l respectively ) as 

shown in Table 1. 
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       Hypomagnesemia(low Mg
+2

 blood 

level ) has been identified in cancer 

patients  long after the drug treatment 

has been stopped. This type of 

hypomagnesemia is caused by 

cisplatin-induced renal tubular defect 

in Mg reabsorption[24]. 

                                                    

Conclusions: 
          Electrolytes imbalance is a 

common finding in acute 

leukemia.The alteration in electrolyte 

concentration brought on by the 

leukemic process per se or by the 

therapeutic regime may be life 

threatening.This study emphasizes the 

need for routine  measurement of 

serum electrolytes during all phases of 

the leukemic process.                          
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تقييم مستوى الشوارد  في مصل دم المرضى البالغين المصابين بابيضاض الدم 

 الحاد قبل وبعد العلاج الكيمياوى   
 

**علاء فاضل علوان                    * ,كريمة فاضل على*          علية فرحان سلمان  

 
/قسم الكيمياء /كلية العلوم للبنات/جامعة بغداد*  

/مركز امراض الدم /الجامعة المستنصرية **  

 

 :الخلاصة
ان ابيضاض الدم الحاد هو سرطان الخلايا المبكرة المكونة للددم االلدا الحداهت هدط سدرطانات الايدا الددم        

اهلكتروليتات لها  تأثيرها على عدد من الآليات الحياتية فدط  االبيضاء وهناك حاهت تحدث فط الايا الدم الأارى

لجسددم كأهميتهددا فددط عمليددة التنبيددرئ كعنافددر تريسددية فددط التركيددا ئ كعنافددر جوهريددة فددط عمدد  الهرموندداتئ ا

وكعوام  مساعدة لعدد من اهنزيماتا هذة الدتاسة تقيس بعض اهلكتروليتات فى المرضى المصدابين بابيضداض 

شددملر الدتاسددة   دة شددهر واحددد االدددم الحدداد قبدد  وبعددد العددلاى الكيميدداوى ومقاتنتهددا مددط المجموعددة الضدداب ة لمدد

( سددنة شخصددر 33-53اندداث  كانددر اعمدداتهم تتددراو  بددين  53ذكددوت و 32( مددريض تمددتم  علددى32الحاليددة 

انددداث كمجموعدددة ضدددب ا 53ذكدددوت و 36( مدددن اهشدددخاا الأفدددحاء34افدددابتهم بسدددرطان الددددم اضدددافة الدددى  

وتايدئالفوسدفات ئالمغنسديوم تدم قياسدها بجهدا  اهلكتروليتات المقاسة هدى الصدوديوم ئالبوتاسديوم ئالكالسديومئ الكل

وجد أن معدل تركيز  الصوديوم والبوتاسيوم والكالسيوم والكلدوت فدط مصد  الددم لددى  اهمتصاا الذتى اللهبىا

المرضى المصابون بأبيضاض الدم الحاد قب  العدلاى ذو قيمدة معنويدة أقد  مدن المجموعدة الضداب ة مدط ملاح دة 

تركيددز بعددد العددلاى وذو قيمددة معنويددة فددى معدددل تركيددز كدد  مددن الصددوديوم والبوتاسدديوم اهتتفددا   فددى مسددتوى ال

والكالسيوماوجد أن معدل تركيز الفسفوت والمغنسيوم  فدط مصد  الددم لددى المرضدى المصدابون  بأبيضداض الددم 

اضحة فط كمفر هذه الدتاسة عن وجود اض رابات و قب  العلاى ذو قيمةمعنوية أعلى من المجموعة الضاب ة ا

العمليات اهيضية الخافة بالمؤشرات موضو  الدتاسة وتم التوف  الى ان هذة التغيرات تحدث نتيجدة للافدابة 

 بالمرض ا
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