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Abstract 
  This study is conducted to determination the serum level of  sialic acid(SA),Alkaline 

phosphatase ALP, Lactate dehydrogenase LDH and Creatine kinase(CK) in 25 

patients with colon cancer, 25 patients with rectal cancer and 25 healthy subjects. 

  Serum SA, ALP and LDH levels in patients with colon and rectal cancer were 

significantly higher than control groups and serum CK level in patients with colon and 

rectal cancer was nonsignificantly higher than control.   

     There were a positive significant correlation between SA and ALP and LDH but 

there was a positive nonsignificant correlation between SA and CK. The results 

suggest that the alteration of SA, ALP and LDH levels were related to the 

pathogenesis of colorectal cancer. 

 الخلاصة
يييي ممريمي  ممابيعطممرااقيثم طممتنيفي ي52  ممابيعطممرااقيثمن ممم قي يا ي ريضممي52تممفي مماياممحثيثمع مملي  مم ي  مم ي

 طممت يا ي مما ميثمطمميامييي ثلممسيفيثم  طمم اتيسيثم ا ضمماييقيطمم  مم اميم    ضممطيضمماعاطي شخ مما ي ممقيثاي52
ييييييييييييييييييييييييييييييييييييييييييييييييييييي يممممممممممممممممممممممممممطثممريمممممممممممممممممممممممممماتيقيممممممممممممممممممممممممممايليسيعارينممممممممممممممممممممممممممطياي  ثلممممممممممممممممممممممممممسيفيثملامتيمممممممممممممممممممممممممم ي ي يممممممممممممممممممممممممم ر  يليسي ثلمممممممممممممممممممممممممسيفي

ثملامتيممم ي ي يممم ر  يليسم ايقممميفي  ل يمممطي ثلمممسيفيثم  طممم اتيسيثم ا ضممماي ثلمممسيفيي  ممم يثقي طمممت يا ي ممما ميثمطمممياميي
يمهيقي طي  ل يطيث  مائيط مال ي طت ىيثلسيفيثممرياتيقيمايليسييث ايث  ائيطيي ت يع ايثضلىي قيثم    ضطيثمضاعاط

يايي ت يع ايثضلىي قيثم    ضطيثمضاعاط 
ثملامتيمم يثلممسيفيعمميقي مما ميثمطمميامييي ثلممسيفيثم  طمم اتيسيثم ا ضمماي ييثي مماعايثقيالمماييتممرثعاي  لمم  يمنمم ي  مم ييييي

يمفييظ ريثمع ليترثعايعيقي ا ميثمطياميي ثلسيفيثممرياتليقيمايليس يم ايي ي ي ر  يليس
يا ي مممما ميثمطمممميامييي ثلممممسيفيثم  طمممم اتيسيثم ا ضمممماي ثلممممسيفيثملامتيمممم ي طممممت ييثرت مممما يقيثملتممممائتيتنتممممر يعمممماقثيييي

 ي يييييييييييييييييييييييييييييييييييييييييييييييييييي رتعاطيع    ي رميطرااقيثمن م قي طرااقيثم طتنيفي ي ي ر  يليس

Introduction 
    Tumor markers, such as sialic asid 

(SA)
[1]

,are naturally occurring 

modified molecules that can be 

measured in serum ,plasma ,or other 

body fluids and their concentration 

varied in the presence of cancer. 

    N-acetylneuraminic(referred to as 

SA) is a negatively charged nine 

carbon monosaccharide commonly 

attached by an glycosidic linkage to 
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the non-reducing residues of the 

carbohydrate chains of glycoproteines 

and glycolipids
[2,3]

 .Over 20 different 

naturally occurring SAs have been 

reported in glycoconjugates of various 

animal species
[2]

. SA participates in the 

stabilization of the conformation of 

glycoproteins and cellular 

membranes
[4,5]

 .  

   Alterations in the level of membrane-

bound SA or a rearrangement of SA in 

the plane of the membrane could be 

responsible for some of the altered 

properties of transformed cells 
[6]

 . 

   Increased sialylation helps malignant 

cells to disguise their immunogenic 

sites, to increase the negative charge of 

the outer cell membrane so that the 

binding and killing by lymphocytes 

and macrophages can be impaired ,and 

to hide the receptor sites for IgM 

antibodies,which kill cells by a 

complement-mediated reaction
[7]

. 

Changes of serum /plasma SA have 

been reported in patients with various 

types of cancers 
[8]

. 

  Colon and rectal cancers are 

sometimes referred together as 

“colorectal cancer”. which they are the 

third most common cancer in adults, 

accounting for 11% of cancer death. 

Most cases of colorectal cancer begin 

with the development of benign polyps 

,which are relatively common in 

people over age 50, they can become 

cancerous ,though, with the ability to 

invade the normal colon and spread to 

other parts of the body
[9]

.  

Alkaline phosphatase (ALP)(EC 

3.1.3.1) :- 

    Alkaline phosphatase is a Phosphate 

transfer, a phosphate moiety from one 

group to another, forming an alcohol 

and a second phosphate compound
[10] 

. 

This enzyme is present in high 

concentration in the liver, bone and 

intestinal epithelium. These tissues 

each contain specific isoenzymes of 

ALP 
[11]

.The activity of ALP has been 

elevated in the bone and liver disease 

such as malignant disease and 

carcinoma with osteoblastic metastasis 
[12]

.Increases in ALP activity are the 

result of increased synthesis of the 

enzyme by cell lining the bile 

canaliculi 
[7]

. 

Lactate Dehydrogenase (LDH) (EC 

1.1.2.4):- 
   Lactate dehydrogenase catalyzes the 

reversible interconversion of lactate 

and pyruvate in the presence of 

reduced nicotin amide adenine 

dinucleotide (NADH). LDH is found 

in the highest concentration in the liver 

followed by, heart, skeletal muscles, 

and distributed generally in body cells 

and fluids 
[13]

. 

   The similar elevations occur with 

hemolytic anemia. LDH is elevated 

also in leukemia specially with acute 

myeloblastic leukemia (AML) and 

acute lymphoblastic leukemia 

(ALL)
[14]

. The level of LDH enzyme 

was studied in sera of patients with 

gastric 
[15]

,prostate and testicular 

cancer where it is used as a tumor 

marker for diagnosis, staging and 

follow-up
[16]

 

Creatine kinase (CK)(EC 2.7.3.2) :-   

       Creatine kinase is a cytoplasmic 

and mitochondrial enzyme with a wide 

tissue distribution and catalyzes the 

reversible transfer of the phosphate 

group of phosphocreatine (PCr) to 

Adenosine diphosphate (ADP),to yield 

Adenosine triphosphate  (ATP) and 

creatine (Cr) 
[17,18]

. 

  The CK,PCr and Cr system is present 

in tissues with high and fluctuating 

energy demands such as brain,heart 

and skeletal muscle, and serves as a 

temporal and spatial “energy buffer” 

that helps to maintain a high 

intracellular phosphorylation potential 

in situations of increased metabolic 

demand
[19,20]

. 

    Creatine kinase has been reported in 

patients with gastrointestinal tract 
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malignancies   and in particular of 

colorectal cancer
[21]

,lung and prostate 

cancer, metastatic ovarian tumor
[22-24]

. 

  Because of the above conflicting data 

of SA,ALP,LDH and CK  in 

carcinoma parts, the aims of this study 

were to:- 

-Evaluate the serum SA,ALP,LDH and 

CK levels in patients with colon and 

rectal cancer.   

- Find correlation between SA and 

ALP,LDH and CK in patients with 

colon and rectal cancer.  . 

Subjects and methods 

Patients:-  The present project was 

approved by the ethics commission of 

Baghdad Teaching and AL-Shaheed 

Adnan Khir Alla hospital.   

  Blood sampling were drawn from(75) 

patients, (25) patients with colon 

cancer (age: 40-67 yr. old),15 males 

and 10 females. (25) patients with 

rectal cancer (age: 37-64 yr. old) ,12 

males 13 females. (25) normal healthy 

individuals (age: 27-67 yr. old), 9 

males and 16 females as a control 

group. 

 The diagnosis was based on clinical , 

histological examination and 

systoscopy test reports by Dr.Lua’ai 

Edward ,Dr ali Al-Hadithi and Dr. 

Nawal AL-aiash. 

Venous blood samples (5 ml) from the 

control and each patient  were 

transferred into plain tube then blood 

was left to clot and serum was obtained 

by centrifugation at 3000 rpm for 10 

min then serum was removed and kept 

at (-20ºc ) till analysis.  

Methods:- 
1-Determination of ALP activity:- 

   Colorimetric determination of ALP 

activity was obtained according to the 

following reaction:- 

phenylphosphate    ALP   phenol +  

phosphate             
pH  10 

     The phenol liberated was measured 

in the presence of amino-4-antipyrine 

and potassium ferricyanide. The 

presences of sodium arsenate in the 

reagent is for stopping the enzymatic 

reaction,ALP was assayed by means of 

colorimetric method with a 

commercially available kit
[25]

. 

2-Determination of LDH activity:- 
     This method is based on the 

reduction of pyruvate to lactate in the 

presence of NADH which catalyzed by 

lactate dehydregenase. 

Pyruvate + NADH +H
+
      

LDH
   lactate 

+ NAD
+ 

    The pyruvate that remains 

unchanged reacts with 2,4-

dinitrophenyl hydrazine to give the 

corresponding phenylhydrazone, which 

was determined colorimetrically in an 

alkaline medium pH 9-10 with a 

commercially available kit
 [26]

. 

3-Determination of CK:- 

   Colorimetric determination of CK 

activity utilizes creatine phosphate as 

substrate to act as the intial catalyst for 

a series of reactions resulting in the 

formation of NADPH as outlined in 

the coupled enzyme assay:-   

Creatine phosphate +ADP  
CK 

  Creatine+ ATP 

Glucose+ATP   Hexo kinase  Glucose-6-P+ADP 
                                            G6-p-DH 

 
Glucose-6-P+NADP

+          
Gluconate-6-P +NADPH 

2NADPH+nitro blue tetrazolium  Diaphorase    

diformazan  + 2NADP
+
 

  

The reaction is stopped by the addition 

of HCL and the blue/violet colored 

complex of diformazan has an 

absorption maximum around 560 
[27]

. 

 4-Determination of TSA:- 

  Total sialic acid levels were 

determined according to the 

thiobarbituric acid method described 

by Aminoff 
[28] 

, to hydrolysis of the 

protein and lipid-bound sialic acid, 

were added  5 volumes of 0.1 N H2SO4 

at 80   ْ  C for 1 h. briefly, 5 ml serum 

were treated with 0.25 ml of 25 mM 

periodic acid in 0.125 N H2SO4  (pH 

1.2) for 30 min in a water bath at 37   ْ  



 National Journal of Chemistry,2009, Volume                 35المجلد الخامس والثلاثون 0229-المجلة القطرية للكيمياء
 

556 

 

C. The excess of periodate was then 

reduced with 0.2 ml of 2% sodium 

arsenite in 0.5 N HCl. Yellow  color of 

the liberated iodine had disappeared 

(1-2)min, 2 ml of 0.1 M thiobarbituric 

acid were added and the test sample 

was covered and heated in a boiling 

water bath for 7.5 min. The colored 

solutions were cooled in ice water and 

shakened with 5 ml of acidic 

butanol(1-butanol contaning 5% v/v of  

12 N HCl). The separation of the 

phases were facilitated by a short, 

rapid centrifugation and the intensities 

of the colors in the butanol layer were 

measured at 549 nm .A calibration 

curve was obtained by plotting 

absorbance versus concentration. The 

TSA concentration of unknown 

samples was then calculated from 

calibration curve. 

Statistical methods:- 

The results were analyzed statistically, 

and values were expressed as (mean ± 

standard deviation). The significance 

level was determined by employing 

(student t-test).Only when the (P 

value) was less than 0.05 was the 

difference between two groups is 

considered statistically significant. 

Pearson correlation coefficient (r) was 

used to test the relation between two 

parameters. 

Results and Discussion 
      Mean serum SA, ALP, LDH and 

Ck levels of patients with colon and 

rectal cancer, compared to control, 

table (1) and figure (1),it was found 

that the mean :- 

   - Concentration of serum SA with 

colon and rectal cancer was 

statistically significant higher than the 

control groups (P< 0.05) and 

concentration of serum SA in patients 

with colon cancer was higher than 

patients with rectal cancer. 

  Surface glycoproteins and glycolipids 

of tumor cells have altered 

carbohydrate composition, that may 

contribute to aberrant cell-cell 

recognition, cell adhesion, antigenicity 

and invasiveness demonstrated by 

malignant cells. Since sialic acids are 

major constituents of glycoproteins 

and glycolipids,recent studies showed 

that the values of total bound sialic 

acid or protein-bound sialic acid were 

higher in patients with cancer than 

normal subjects. Lipid-bound sialic 

acid levels are correlated with stage of 

the disease, degree of metastatic 

involvement and recurrence of disease 
[29,30]

. 

 Serum SA has been found to be 

increased in malignant melanoma
[31]

, 

colorectal cancer
[32]

, gastric cancer 
[33]

, 

head and neck cancer 
[34]

and laryngeal 

cancer
[35]

,breast cancer 
[36]

,lymphoma 

and Dalton’s lymphoma 
[37,16]

, and 

higher SA levels were observed in 

cases of more developed malignancies 
[38]

.The data of the present study are in 

agreement with those previously 

reported which described an increase 

in the SA content of serum in several 

types of carcinoma. This assumption is 

in agreement with others who 

suggested to use the changes in SA as 

a marker for response to drug therapy 

in management of malignancies 
[39,40]

. 

- Serum of LDH activity in patients 

with colon and rectal cancer was 

statistically significant higher than the 

control groups (P< 0.05) and serum 

LDH activity in patients with colon 

cancer was higher than patients with 

rectal cancer. 

  It is well known that glycolysis in 

cancer tissue increase significantly, 

consequently, as an important enzyme 

of the glycolytic pathway,LDH may 

manifest a higher activity in cancer 

patients; serum and tissues
[41] 

,this 

result may be explained to be due to 

the present LDH isoenzyme which 

possess different molecule 

constitution, functional differences on 

the metabolic adjustment to some 
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extent exit among them, since it is easy 

for LDH-5 to convert pyruvate into 

lactate, which benefits anaerobic 

metabolism, while LDH-1 can convert 

lactate into pyruvate, and the latter can 

be oxidized in citric acid cycle, which 

benefits aerobic metabolism.This 

suggest that increased activity of LDH 

in cancer cells was mainly due to the 

increase LDH-5 activity, LDH-5 might 

increase glycolysis in cancer cells, 

with rise of lactate in cancer cells and 

adjacent tissues, pH in local tissues 

decreased and thus invasion and 

metastasis of cancer cells could be 

indirectly promoted by enhanced 

activities of acid hydrolyze
[42]

. Serum 

LDH activity has been found to be 

increased in gastric, colon, prostate 

bladder, testicular cancer
[43-45]

. Result 

of our study is in agreement with 

before studies of same enzyme in the 

same disease. 

- Serum of ALP activity in patients 

with colon and rectal cancer was 

statistically significant higher than that 

of control groups (P< 0.05) and serum 

of ALP activity in patients with colon 

cancer was higher than patients with 

rectal cancer. 

    Most data confirms the elevation of 

serum ALP activity occurs because of 

the accelerated de novo synthesis of 

the enzyme and subsequent 

regurgitation into the serum 
[46,47]

.Elevation of serum ALP  was 

reported in patients with colorectal 

,pancreatic, liver and brest cancer
[48-50]

. 

The data of the present study are in 

agreement with before studies of same 

enzyme in the same disease. 

- Serum of CK activity in patients with 

colon and rectal cancer was 

statistically nonsignificant higher than 

of control groups (P> 0.05) and serum 

of CK activity in patients with colon 

cancer was higher than patients with 

rectal cancer. 

    Ck is an enzyme still widely 

analyzed in clinical diagnostics. Higher 

CK activity observed than the normal 

samples because there is increase in 

the expression of CK activity in cancer 

cells. Serum CK activity has been 

found to be increased in 

gastrointestinal tract, hepatocellular 

carcinoma, ovarian, lung, gastric 

cancer and colon adenocarcinoma 
[22-

25,51] 
.The results of our study is in 

agreement with before studies of same 

enzyme in the same disease. 
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Figure (1):- Means of serum SA,ALP,LDH and CK in patients with colon and 

rectal cancer and control. 

 

Table(1):-Mean ,SD and p value of serum  SA,ALP,LDH and CK in patients with 

colon and rectal cancer and control. 

 Control  

Mean±SD 

Colon cancer 

Mean±SD 

Rectal cancer 

Mean±SD 

P value 

control-

colon 

P value 

control-

rectum 

SA  mg/ml 7.55 ± 0.778 14.57 ± 0.921  12.96 ± 1.309 P<0.05 P<0.05 

ALP U/L 59.4±10.49 288±73.6 

 

246.1±50.9 

 

P<0.05 P<0.05 

LDH U/L 147.6±15.3 

 

340.3±62.3 

 

242.1±40.1 

 

P<0.05 P<0.05 

CK U/L 117.28±17.8 

 

133.5±40.2 

 

124.5±18.1 

 

P>0.05 P>0.05 

 

 
      Table (2) shows the correlations of 

serum SA and (ALP,LDH and Ck),data 

observed that :-                   

-A strong positive correlation was 

found between SA and ALP in patients 

with colon and rectal cancer (p<0.05). 

-A moderate positive correlation was 

found between SA and LDH in 

patients with colon and rectal cancer 

(p<0.05). 

-A weak positive correlation was found 

between SA and ck in patients with 

colon and rectal cancer (p>0.05). 

   In those observations the author can 

conclude that, in cancer disease the 

number of cells is increased more than 

normal cells therefore, membranes of 

cells are increased too, and SA is one 

of the components of cells membrane. 

Elevation number of cells is related to 

gene expression of some enzymes 

.Cancer cells require to these enzymes 

for their metabolism such as LDH and 

ALP.  
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Table(2):-Correlations coefficient of serum  SA and(ALP,LDH,CK). 

 Colon (r),P value         Rectum (r) ,P  value    

SA and ALP               0.88 , P<0.05                0.78 , P<0.05             

SA and LDH              0.56 , P<0.05                0.27 , P<0.05             

SA and CK                 0.19 , P>0.05                0.04 , P>0.05             
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