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Introduction 
he heart is a muscular organ responsible for moving 
blood through a series of vessels to all parts  

of the body (1). Acute Myocardial Infarction (AMI) 
occurs during the period when circulation to a region of 
the heart is obstructed and necrosis ensues (2). AMI is 
characterized by severe pain (angina pectoris), frequently 

associated with pallor, perspiration, nausea, shortness of 
breath, and dizziness. A precursor state of AMI  
is myocardial ischemia, in which obstruction of a  
coronary artery leads to severe oxygen deprivation  
of the myocardium prior to necrosis. Angina may  
be pronounced during myocardial ischemia (3, 4).  
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Background: Acute Myocardial infarction (AMI) occurs during the period when circulation to a region of the heart is 
obstructed and necrosis ensues. The objective of this study was to estimate the levels of serum Myoglobin and 
enzymes as cardiac marker for diagnosis of early Myocardial Infarction. 
 

Methodology: This was case control hospital based study involving 130 patients admitted to Elshaab Teaching 
Hospital and Sudan Heart Center, suffering chest pain, wherein all patients were taken immediately to Coronary Care 
Unit (CCU). 30 apparently healthy people were enrolled as control. This study was conducted between March and 
October 2010. The age ranged between (39-60 years). Blood samples were collected for Myoglobin using fully 
automatic immunoanalyzer and cardiac enzymes were measured using Spectrophotometer. 
 

Results: The mean levels of myoglobin concentration in different patients at admission and after 24 hrs of admission 
to the hospital was 563 ng/ml and 34 ng/ml for patients and control respectively. The level remained higher even after 
24 hrs of admission (414 ng/ml). Creatine kinase dramatically elevated within the first 24 hrs in all patients admitted 
to hospital during 6, 10, 20, 24 and 48 hrs following chest pain attack. CK-MB gradually elevated in patients admitted 6, 
10, 20, 24 and 48 hrs from chest pain attack, reaching a peak after 24 hrs of chest pain attack, and then CK-MB levels 
declined to normal values after 48 hrs. The LDH level exhibited increase levels in patients admitted 6, 10, 20, 24 and 48 
hrs from chest pain attack, and the levels persisted all through 24 hrs irrespective of the time admission to hospital 
following chest pain. AST level was not elevated after 6 hrs or 10 hrs following chest pain attack, but a dramatic 
elevation was seen after 24 hrs following hospital admission. 
 

Conclusion: This study indicated that Myoglobin and CK-MB are more sensitive cardiac markers compared to total CK, 
LDH and AST for the diagnosis of Myocardial Infarction. 
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       Studies suggest that between 40 and 50% of nonfatal 
AMI are unrecognized by patient and are discovered only 
on subsequent routine ECG or post mortem examination 
(5). Of this unrecognized infarction, half are truly silent, 
with the patient unable to recall any symptoms  
whatsoever (6). The other half of patients with so-called 
silent infarction can recall an event characterized by 
symptoms compatible with acute infarction when leading 
questions are posed after the abnormal ECG is read, 
unrecognized or silent infarction occurs more commonly 
in patients without angina, and is more common in  
patient with diabetes and hypertension.   
       The diagnosis of AMI, as formally established by the 
world health organization, requires at least two of the 
following criteria: a history of chest pain, evolutionary 
changes on the ECG, and elevation of serial cardiac 
enzymes (1, 5). Often, the examining physician is fairly 
certain after obtaining a patients history and completing  
a physical examination and performing ECG that  
an MI has occurred. When the ECG fails to demonstrate 
an AMI, the cardiac markers must be used (6). 
       Various cardiac markers have been proposed to  
date some of them are Creatine Kinase (CK); Lactate 
dehydrogenase (LD); Cardiac Troponin-I and Troponin-T; 
Myoglobin; Cholesterol; Triglycerides; Low density 
lipoprotein (LDL); High-density lipoprotein HDL (7).  An 
initial creatine kinase isoenzyme-2 (CK-2) rise takes 4 to 6 
h to increase above the upper reference limit. Peak levels 
occur at approximately 24h. Return  to normal takes 48 to 
72h. Factors that might affect the classic pattern  
include size of infarction, CK-2 composition in the  
myocardium, concomitant skeletal muscle injury, and 
reperfusion (spontaneous; following thrombolytics,  
or following angioplasty) (8, 9). 
        For patients having an Acute Myocardial Infarction 
(AMI), serum total Lactate Dehydrogenase (LD)  
values become elevated at 12h to 18h after onset of 
symptoms, peak at 48h to 72h, and return to below the 
upper reference limit after 6 to 10 days. LD-1 (The 
isoenzyme enriched in the heart) rises within 10h to  
12h, peaks at 72h to 144h, and returns to normal in 
approximate 10 days after AMI, paralleling total  
LD. The elevation patterns of LD-1 and total LD contrast 
with the elevation patterns of total CK and CK-2, which 
peak at 24h, and return to below the upper reference  
limit with 72h after the onset of AMI (10-14). Because  
of its prolonged half-life, LD-1 is a clinically sensitive  
(90%) marker for infarction when used more than  
24h after occurrence (2, 17).  

       Studies have shown that myoglobin is a very sensitive 
marker (90-100%) for AMI. Serum concentrations of 
myoglobin rise above the reference interval as early as 1 
hr after MI, with peak activity in the range of 4 to 12 h, 
suggesting that serum myoglobin reflects the early 
course of myocardial necrosis (10, 15).  
        Myoglobin is rapidly cleared and thus has a 
substantially reduced clinical sensitivity after 12 h. If 
myoglobin is to have a role in detecting AMI, it must be 
within the first 0-4 h, the time period in which CK-2 (CK-
MB) is still within its reference interval (16, 22). Also, the 
overall cumulative release of myoglobin has been 
correlated with infarct size. However, despite these 
findings, the measurement of serum myoglobin has not 
been extensively utilized in clinical laboratories  
for the routine analysis in AMI. The main reason  
has been the poor clinical specificity (60-95%) of the 
protein, caused by the large quantities of myoglobin  
found in skeletal muscle (3, 11, 14).  Other studies  
that have compared patterns of myoglobin to CK-3 
isoforms and total CK activity release have confirmed  
that myoglobin can be used very early (within 90  
min of thrombolytic therapy) for non invasive detection  
of reperfusion, withhigh specificity (>80%) (15). 
        Finally, it has been shown that a myoglobin to total 
CK activity ratio of greater than 5.0 is indicative of 
reperfusion, with a clinical sensitivity of 75% and  
a clinical specificity of 96% (19). Thus, it has been 
concluded that reperfusion status might be satisfactorily 
predicted by a single sample obtained either at the  
time of admission, to assess spontaneous reperfusion,  
or very early (90 min) after initiation of thrombolytic  
therapy (12, 18). 
       This study was undertaken with the main  
objective of estimation of serum Myoglobin as cardiac 
marker for diagnosis of myocardial infarction and 
compare it  with conventional cardiac parameters  
for early detection of myocytic damage.  
 

Study Design 
      This study involved 130 patients admitted to Elshaab 
Teaching Hospital and Sudan Heart Center suffering  
chest pain, wherein all patients were taken immediately  
to Coronary Care Unit (CCU) department at the  
moment of arrival. 30 apparently healthy subjects also 
participated in this study to serve as control  
(the control group without present or past history  
of myocardial infarction). 
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       Blood samples (4 ml) were collected immediately 
after hospital admission from each patients as well as 
control using disposable syringes for estimation of cardiac 
enzymes and for Myoglobin. All blood samples were 
allowed to clot at room temperature and then centrifuged 
at 4000 RPM to obtain the serum. The clear serum was 
taken immediately for analysis or stored at 2 - 8 C0   for 24 
hrs for further use.  
       Full automatic immunoanalyzer MAGIA 7000 was 
used for the measurement of Myoglobin. Manual 
spectrophotometer was used for analysis of the cardiac 
enzymes. All kits and reagents were procured from sigma 
chemical company.  
 

Estimation of Myoglobin  
      Serum is incubated simultaneously with the following 
reagents: Magnetic particles coated with a monoclonal 
anti-Mgb antibody. A second monoclonal anti-Mgb 
antibody, which differs from the first and which is 
conjugated with alkaline phosphatase (AP conjugate).  
 

      After formation of a complex of particles / Mgb / AP 
conjugate excess   conjugate is removed by washing  
steps. The remaining enzyme activity bound to  
the particles is directly proportional to the amount of  
Mgb in the sample (25).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Estimation of Lactate dehydrogenase 
      Lactate dehydrogenase (LD or LDH) catalyzes the 
reduction of pyruvate by NADH to form lactate and 
NAD+. The catalytic concentration is determined from the 
rate of decrease of NADH measured at 340 nm. The 
standard methods used for measuring LDH are kinetic 
methods (1, 12). 
 

 

Estimation of Creatine Kinase   
      Creatine Kinase (CK) catalyzes the phosphorylation  
of ADP, in the presence of creatine phosphate, to  
form ATP and creatine. The catalytic concentration  
is determined from the rate of NADPH formation, 
measured at 340 nm, by means of the hexokinase  
(HK) and glucose-6-phosphate dehydrogenase (G6P-DH) 
coupled reactions (13). 
 
 

Estimation of Creatine Kinase-MB  
      A specific antibody inhibits CK-M subunits but it does 
not affect to the CK-B subunits. CK-B catalytic 
concentration, which corresponds to half of CK-MB 
concentration, is determined from the rate of NADPH 
formation, measured at 340 nm, by means of the 
hexokinase (HK) and glucose-6- phosphate dehydrogenase 
(G6P-DH) coupled reaction (3, 13). 
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Time of admission 
 

Figure-1: Showing the pattern of myoglobin and activity  
of marker enzymes from 6 hours of Infarction and up to  
24 hours after admission 
 
Estimation Aspartate aminotransferase 
     Aspartate aminotransferase (AST/GOT) catalyzes the 
transfer of the amino group from aspartate to 2-
oxoglutrate, forming oxalacetate and glutamate. The 
catalytic concentration is determined from the rate of 
decrease of NADH measured at 340 nm, by means of the 
malatedehydrogenase (MDH) coupled reaction (12, 13). 
 

 
Results 
     The levels of myoglobin, lactate dehydrogenase, 
creatine kinase, creatine kinase-MB and apartate 
transaminase, as the biomarkers for myocardial infarction 
during 6, 10, 20, 24 and 48 hrs following commencement 
of chest pain are presented in table No. 1 and the same 
have been outlined in figure No. 1. 
     It can be seen that within 6 hrs of onset of chest pain 
the level of myoglobin was significantly elevated to about 
8 fold of normal value and about 16 fold of control value, 
being 563 ng/ml and 34 ng/ml for patients and control 
respectively. This level remained higher even after 24 hrs 
of admission (414 ng/ml). 
     The same trend was also noticed in other groups of 
patients admitted hospital at 10, 20, 24 hrs following onset 
of chest pain. The myoglobin level was much reduced in 
patients admitted to the hospital after 2 days of the 
inception of chest pain, but was still significantly  
higher than normal value or control, and continued to be 
elevated even after 24 hrs of admission. Patients admitted 
to the hospital after 3 days of commencement of  
chest pain, have shown considerable low levels  
of myoglobin. Concentration reduced to about normal 
value 24 hrs after that. 
      Creatine kinase dramatically elevated within the first 
24 hrs in all patients admitted to hospital during 6, 10, 20, 

24 and 48 hrs following commencement of chest pain. The 
CK began to fall towards normal values after 24 hrs in 
patients admitted after 48 hrs of chest pain.  
      CK-MB gradually elevated in patients admitted 6, 10, 
20, 24 and 48 hrs from chest pain attack, reaching a peak 
after 24 hrs of chest pain attack, then CK-MB levels 
declined to normal values after 48 hrs. 
      The LDH level exhibited increase levels in patients 
admitted 6, 10, 20, 24 and 48 hrs following chest pain 
attack, and the levels persisted all through 24 hrs 
irrespective of the time of hospital admission. 
       AST level was not elevated after 6 hrs or 10 hrs 
following the chest pain attack, but a dramatic elevation 
was seen after 24 hrs following hospital admission, 
however increased levels of AST was noticed in patients 
admitted to hospital after 24 or 48 hrs following the attack. 
The levels were within the normal value in patients 
admitted after 48 hrs of the chest pain attack, and 
remained so following 24 hrs of admission.  
       It is worth mentioning here that the levels of 
Myoglobin, CK, CK-MB, LDH and AST were within the 
normal range in about 28 % of the patients admitted 
hospital following chest pain attack.   
 

Discussion 
       The preliminarily findings obtained from this study 
revealed that clinical assessment and ECG examinations 
showed that 72 % of the admitted patients were diagnosed 
as having myocardial infarction (MI) while 28 % were 
found to suffer from chest pain.  
       Cardiac markers were estimated as soon as the 
patients suffering from chest pain attack were admitted to 
CCU of Elshab Hospital and Sudan Heart Center. it 
appeared that myoglobin concentration was immediately 
elevated during the first six hours of admission, and 
remain to be so until 24 hours, this pattern of elevation 
occurred in all patients with chest pain admitted to CCU at 
6 hours, 10 hours, 20 hours and 24 hours of chest pain 
onset, but patients admitted to CCU after 2 days of the 
onset of chest pain have shown lower value of myoglobin. 
In all patients, the level of myoglobin decreased to normal 
value, these findings are in agreement with the results of 
Mair, et al (20). 
        Myoglobin and CK-MB are more sensitive in the 
first hours of attack and this is in agreement with 
BIOMACS study that reported on patients with chest pain 
and a non-diagnostic ECG presenting up to 12 hr from the 
onset of symptoms. Using half-hourly blood samples for 
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the first 3 hr from admission, it was found that a 
combination of myoglobin and CK-MB reached a 
sensitivity of 92% after 2 hr and 98% after 6 hr with the 
specificity reaching 93% (18). 
       On the other hand, creatine kinase (CK) and CK-MB 
gradually elevated in all patients admitted at 6, 10, 20, 24 
and 48 hours, and both of them reached peak after 24 
hours of chest pain attack. This result is also in line with 
the work of Ravkilde, et al (22) and Collinson, et al (19)              
          Lactate dehydrogenase, showed increased levels in 
patients admitted to CCU at 24 and 48 hours from the 
onset of the chest pain attack and persisted at high levels 
till after 72 hours.   
        Aspartate transferes (AST), also showed elevated 
values but after 24 hours of chest pain attack, and peak 
was noticed in patients admitted the hospital after 24 and 
48 hours of onset chest pain, but patients admitted to 
hospital 24 hours after the chest pain have shown normal 
values of AST. These results are in agreement with the 
finding of Collinson, et al (19, 23).   
          Blood samples taken at the moment of hospital 
admission of patients suffering chest pain attack, and who 
had a well defined onset of chest pain, showed that during 
the first 6 hours period, Myoglobin was most significantly 
sensitive than CK, CK-MB, LDH and GOT. During the 10 
– 12 hours of chest pain, the sensitivity of CK and CK-
MB were higher than other enzymes, then LDH and GOT 
sensitivity appear in those came after 24 hr of attack (24).     
Our study revealed that, within the 6 – 10 hours after the 
onset of chest pain, the sensitivity of CK, CK-MB, LDH 
and GOT (AST) were too low to justify their 
measurements. The sensitivity of myoglobin was greater 
after successful early reperfusion. Myoglobin becomes 
more sensitive during the first 6 hours, while CK, CK-MB 
and GOT are not sensitive enough during 6 – 10 hours 
from the onset of chest pain. These findings are in 
agreement with the results of Mair et al (20), and Bakker 
et al (4).        
        As a decrease of myoglobin concentration was seen 
after 24 hours of chest pain attack, CK and CK-MB 
activities raised rapidly in patients admitted to hospital 24 
hours after the onset of chest pain. An increase of about 
879 % and 554 % over the upper reference limit value 
were seen for CK and CK-MB respectively. These 
findings are in agreement with the results of William (22) 
and Rarkidle et al (25) who reported that after myocardial 
infarction (MI), serum value of CK, was found to increase 
after about 6 hours, reaches a peak level in 24 – 30 hours 
and returns to normal in 2 – 4 days.     

         On the other hand, markers such as LDH and GOT 
remain unchanged, e.g. within normal values at the first 6 
hours of chest pain attack in patients admitted CCU but 
serum levels raised sharply after 24 hours reaching an 
increase of about 263 % and 588 % over the upper 
reference limit for LDH and GOT respectively. These 
findings agree with the results of Newby, et al (21) who 
reported that in acute MI serum activity of GOT raised 
sharply within the first 12 hours, with a peak level at 24 
hours or over and return to normal within 3 – 5 days, 
while LDH activity raised within 12 – 24 hours, reached 
peak at 48 hours (2 – 4 days) and then return gradually to 
normal from 8th to 14th day.  
 

Conclusion 
       This study indicated that Myoglobin and CK-MB are 
more sensitive cardiac markers compared to total CK, 
LDH and AST for the diagnosis of Myocardial Infarction. 
Measuring Myoglobin level could be of great help in 
confirming the diagnosis of Myocardial Infarction 
especially in the first few hours following the onset of 
chest pain.   
       Recent cardiac marker such as and Myoglobin is  
very useful in the diagnosis of acute myocardial  
infarction in the first hour of the attack and more sensitive  
and specific than cardiac enzyme, recommended  
to introduce this test in our laboratories. Myoglobin, 
cardiac Tponin I or T should replace CK and    CK-MB 
during the early period following the onset of chest pain.  
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