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 The research included a study of the activity of serum β-hydroxybutyrate 

dehydrogenase (BHBDH) and some biochemical parameters for 147 

heart patients (68 myocardial infarction and 79 angina pectoris). The 

results showed that the group of heart patients who received serum-

hydroxybutyrate dehydrogenase increased their activity significantly 

(224.12 ± 0.82 U/L) compared to the control group (136.73 ± 0.95 U/L). 

The activity for serum β-hydroxybutyrate dehydrogenase activity for the 

heart patients group was affected by age and sex, while it was not 

affected by body mass index and smoking. It also showed a significant 

increase in levels of haemoglobin, PCV, Glucose, Urea, GPT, GOT, TC, 

TG, LDL-C, VLDL-C, MPO, LDH, CK-MB with the control group and 

heart patients group, while showed a significant decrease in levels for 

ARE, HDL-C. The results showed no significant difference was 

observed between serum β-hydroxybutyrate dehydrogenase activity in 

the myocardial infarction group (225.114±1.26 U/L) and angina pectoris 

group (223.112±1.08U/L), while there was a significant difference in 

Hb, PCV, Glu, Alb, GOT, GPT, LDH, CK-MB between myocardial 

infarction patients group and angina pectoris patients group. A linear 

significant relationship was also found between serum β-

hydroxybutyrate dehydrogenase activity with Hb and PCV, while was a 

linear significant inverse relationship between serum β-hydroxybutyrate 

dehydrogenase activity with LDL-C, T.C and T.G in the group of heart 

patients. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Heart disease (HD) is a major health problem that affects a large number of people all over the world. 

breathing difficulty, Muscle weakness and swollen feet are common symptoms of HD. Researchers are 

working to develop a reliable method for the diagnosis of heart problems [1]. and Heart disease is one of the 

leading causes of death globally [2]. The most common heart diseases are myocardial infarction and angina 

pectoris. 
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Known also as myocardial infarctions, heart attacks, happen when a portion of the heart muscle does not 

receive adequate blood flow and are major causes of heart disease For myocardial infarctions survivors to 

survive, early intervention is essential [3]. Chest pain of cardiac origin is called angina pectoris (which 

comes from the Latin word "angere," which means to choke) [4]. Angina is characterized as an uneasy 

sensation rather than pain, and it usually involves discomfort and pain. Negative feelings that patients 

describe include heartburn, constriction, a gang-like sensation, heaviness, an elephant sitting on its chest, 

tightness, toothache, and burning [5]. Other terms that patients frequently use are squeezing, squeezing, 

pulling, burning, and knots in the centre of the chest, such as a bra that's too tight and squeezing in the 

throat [6]. 

 

The enzyme B-hydroxybutyrate Dehydrogenase (EC 1.1.1.30) is found in abundance. of single-celled 

organisms and belongs to the class of redox enzymes Dehydrogenase, the enzyme catalyzes reverse redox 

reaction between 3-hydroxybutyrate and acetoacetate (ACAC) using NAD+ or NADH [7]. 

 

 
 

R=CH3: Acetoacetate and (R)-3-hydroxybutyrate, R=CH2CH3:3-Oxovalerate and (R)-3-hydroxyvalerate [8] 

 

Acetoacetate is converted to beta-hydroxybutyrate in the liver by beta-hydroxybutyrate dehydrogenase, 

which is a reductive energy ready for export to organs beyond the liver, such as the brain and heart [9]. 

According to studies, beta-hydroxybutyrate dehydrogenase is essential for the management and prevention 

of neurological disorders [10]. Increased myocardial use of β-hydroxybutyrate leads to a decrease in heart 

failure HF, so increasing β-hydroxybutyrate is considered a way to treat patients with heart failure [11]. 

Ketone bodies, including acetoacetate, Small molecules such as acetone and beta-hydroxybutyrate are 

mostly produced in the mitochondria of the liver and transferred beyond the liver. When there is too much 

fat, tissues like the heart, brain, and muscles oxidize. Acids and carbohydrates are scarce resources. The two 

primary ketone bodies that the heart uses are acetoacetic acid and BHB [12]. 

 

Lactate dehydrogenase is an enzyme found in many organs and tissues throughout the body, including the 

heart, pancreas, kidneys and blood cells, but it is mostly found in the liver [13]. 

 

It is an intracellular enzyme involved in anaerobic glycolysis and catalyzes the conversion of pyruvate to 

lactate. LDH enzyme serum is being clinically tested for many diseases. High levels of LDH in the blood 

have been linked to a variety of diseases., including tumours and infections [14]. The current study put out 

the hypothesis that LDH, which has prognostic value in ADHF, indicates myocardial injury, systemic lung 

damage, and hepatic congestion [15]. 

 

CK-MB is a biomarker of cardiac damage and serves as a potential adjunct test in clinical medicine [16]. 

Creatine kinase- MB (CK-MB), Myocardial vital signs are routinely utilized to determine whether a 

myocardial infarction has occurred. Within 4 to 8 hours of the onset of chest discomfort, Blood can reveal 

CK-MB concentrations; It increases when the heart muscle cells are injured and returns to normal after (48) 

hours [17]. 

 

Arylesterase is one of the hydrolytic enzymes (EC3.1.1.2). It is associated with HDL and is a member of the 
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esterase family. The enzyme is what gives HDL its antioxidant properties. As it goes to the area of the 

lesion to stop LDL lipid peroxidation, the enzyme helps to prevent the oxidation of the lipids in lipoproteins 

and atherosclerotic lesions. It breaks down the oxidized fats there. Patients with myocardial infarction and 

angina pectoris showed decreased Are activity, which is a sign of elevated oxidative stress [18], [19]. 

 

Myeloperoxidase is an enzyme have a prosthetic group of redox enzymes that contain heme and are 

members of the peroxide family [20]. It is a crucial element in the efficient oxidation of white blood cells, 

which gives them the ability to fight against various parasites and bacteria [21]. high levels of MPO are 

associated with heart disease, neurological system disorders, and vascular diseases [22]. Demonstrating that 

MPO is important in the development of atherosclerosis and unstable plaques [23]. An inflammatory 

marker called myeloperoxidase (MPO) is elevated in acute myocardial infarction (AMI), one of the most 

severe acute coronary syndromes [24]. 

 

This research aims to find the level of the activity of Beta-hydroxybutyrate Dehydrogenase in patients with 

myocardial infarctions and angina pectoris, and with Comparing it with healthy people. addition to studying 

the connection between a particular enzyme and other biological factors. 

 

2. Materials and procedures 

Study subjects: The study was conducted at Al-Salam Hospital and Cardiac Center in Mosul, 147 blood 

samples were collected from patients with heart diseases, which included (68) myocardial infarctions (40 

males and 28 females), and (79) angina pectoris (46 males and 33 females). Al-Salam and the Mosul Center 

for Cardiac Medicine and Surgery, their ages ranged between (80-30) years, (94) blood samples were 

collected from apparently healthy people, including (34) males and (60) females, their ages ranged between 

(67-30) years. Then, the serum was separated from the coagulated part of the blood using a centrifuge for 

20 minutes at a speed of 4000xg. 

 

3. Measurement of parameters 

In order to assess -hydroxybutyrate dehydrogenase, nicotinamide adenine dinucleotide solution (30 mM) 

and sodium salt of -hydroxybutyrate (160 mM) (the substrate) were utilized. The reaction mixture was 

maintained at pH 7.8, 100 mM Tris-HCl buffer, and 37 °C 

 

Glucose, creatinine, urea, albumin, total protein, Globulin, alanine aminotransferase (GPT), aspartate 

aminotransferase (GOT), total cholesterol (TC), triglyceride (TG), and high-density lipoprotein (HDL-C), 

The specification, used kit suppliers, and measurements made in accordance Follow the directions provided 

by the manufacturer in Table 1 below. 

 

Low-density lipoprotein cholesterol estimation using the Friedewald equation [26] LDL cholesterol equals 

TC - (TG/5) - HDL cholesterol. The Fischbach equation was used to compute the cholesterol from very 

low-density lipoprotein by substituting VLDL concentration (mg/dl) for triglyceride (5), Equation: Globulin 

= Total protein - Albumin was used to calculate the amount of globulin [27], [28]. 

 

Table1. Kits are used for measuring the studied parameters 

Kit Information Catalogue Number Suppliers 

Glucose liquicolor 1 0 2 6 0  

Human (Germany) 

 

Urea liquicolor 1 0 5 0 5 

Creatinine liquicolor 1 0 0 5 1 
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Lactate dehydrogenase, Based on the modified spectroscopic approach, the activity of the lactate 

dehydrogenase enzyme was determined using a pre-made kit from the French company Biolabo [29]. 

Creatine kinase–MB activity was estimated by using a Cobas device from Roche company (Germany), 

using the ultraviolet immunofluorescence method, which tracks the course of the reaction at 340nm 

wavelength [30]. Aryl esterase [31] Arylesterase testing was done. The substrate in a Tris-HCl buffer (9 

mM pH 8) with calcium chloride in distilled water is phenylacetate (5 mM). Based on this, 

myeloperoxidase was estimated. [32]. utilizing a citrate buffer with a pH of 5.5, a substrate of O-dianisidin 

at a concentration of 20.568 mM, and a hydrogen peroxide solution of 1.5% in a dimethyl sulfoxide 

solution. 

 

4. Statistical Analysis 

SPSS 22.0 was used to examine numerical data. The means and standard errors for all data were displayed. 

The correlation coefficient (r) was used to found the relationship between activity of serum β-

hydroxybutyrate dehydrogenase with other biochemical parameters in heart patient group. 

 

5. Results and Discussion 

The activity of BHBDH was estimated in the serum of apparently healthy subjects, their ages ranged (65-30 

years), males and females. The normal range of BHBDH enzyme activity was found in the serum of the 

control group (136.73 ± 0.954 U/L) and in a group of heart patients' blood serum, whose ages ranged 

between (75-33 years) of both sexes, The enzyme activity of beta-hydroxybutyrate dehydrogenase was 

determined. The rate of enzyme activity in the serum of the heart patients group was discovered to be 

(224.11±0.823U/L) As shown in Table 2. 

 

BHBDH activity was compared between all heart patients group and the control group for both age groups, 

gender, the effect of smoking, and body mass index. Table 2 displays the impact of age by age categories in 

the control group and the patient group. with myocardial infarction and angina pectoris for all stroke and 

angina patients compared control group. A very significant difference was observed at p≤0.001, and a 

significant difference between the first age group the second age group and the third age group. The heart 

patients group had a very high significant difference at p ≤0.001, in addition to the presence of a difference 

between the two groups, i.e. males with females in both groups as the world showed them [33]. 

 

There is also a significant increase at p≤0.001 for the effects of smoking (both smokers and non-smokers) 

on the heart patients group and control group, there is also a significant difference at p≤0.001 for the effects 

of smoking (smokers and non-smokers) on heart patients group and control group, as explained by [34]. 

Smoking causes arterial wall breakdown, increased blood clot formation, increased oxidative stress and 

active oxygen species as in table 2. 

 

In addition to the body mass index, which shows in table 2، According to BMI, they were divided into four 

groups. of the control group, and compared with the control group, the enzyme activity increases in patients 

Total Protein Biuret Method 8 0 0 1 6 
 

 

 

Biolabo (France) 

 

 

Albumin BCG Method 8 0 0 0 2 

GPT (IFCC) 8 0 0 2 7 

GOT (IFCC) 8 0 0 2 5 

TRIGLYCERIDES GPO 8 0 0 1 9 

HDL CHOLESTEROL (PTA) 8 6 5 1 6 

CHOLESTEROL CHOD PAP 8 0 1 0 6 
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with myocardial infarction and angina pectoris. There is a significant increase at p≤0.001 between BMI for 

the heart patients group and the control group, and a difference was observed between BMI for the first 

group with the other groups as interpreted by the scientist [35]. the reason is due to the accumulation of fat 

in the fatty tissues. 

 

5.1 Clinical parameters in heart patients group and control group 

It is noted in Table 3, which represents the relationship for parameters with heart patients group and control 

group. Where there was a very high significant difference in Hb, PCV, Glucose, Urea, GPT, TG, TC, LDL -

C, V LDL-C, HDL-C, MPO, Are, LDH, CK-MB As for the rest of the parameters, there is no significant 

difference such as Creatinine, Globulin. 

 

Table 2. The activity of BHBDH enzyme in the serum of patients with heart patients group and control 

group 

 
 

There is a moral difference in the Hb parameter with the heart patients group for the control group, as the 

world reported [36] Elevated haemoglobin concentrations severely reduce blood flow throughout the body 
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as red blood cells are the main factors that determine blood viscosity. The table3 also shows the very high 

importance of Glucose in heart diseases. This is because the high level of sugar leads to its accumulation in 

the blood cells and thus works to block the blood vessels that carry blood to and from the heart, causing 

damage and thus preventing the delivery of oxygen and nutrients to the heart [37]. 

 

The significant difference in Table 3 for urea between the heart patients group and control group is due to 

The heart's capacity to pump blood may decline. This decrease in blood flow may lessen the amount of 

blood that the kidneys are able to filter, raising the level of urea in the body، As interpreted by scholars [38]. 

 

Table 3 indicates that there is a significant increase at p≤0.001 in the activity of GPT enzyme in the heart 

patients group compared to the control group, and this is consistent with what I found [39], [40] as this 

enzyme is secreted from the liver and muscle cells. Heart muscle or hepatocytes, cause the enzyme to be 

released into the blood. 

 

As lipid disorders are the main risk factor for heart disease, the results also demonstrated in the previous 

table3 a significant difference in the concentration of TG, TC, LDL-C, VLDL-C, and HDL-C in the heart 

patients group compared to the control group. The cause of this may be attributed to the nature of nutrition, 

which is represented by a high percentage of saturated fats that result in high cholesterol levels [41]. 

 

Table3. Clinical parameters of heart patients group compared to control group 

 
A very significant difference P ≤ 0.001, ** Great moral difference p≤ 0.01, *moral difference p≤ 0.05   
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The results presented in When comparing the cardiac patients group to the control group, Table 3 shows an 

increase in MPO enzyme activity at P0.001, which is similar with what was discovered by [42]. The reason 

for this is due to an increase in the secretion of the enzyme MPO from neutrophils and monocytes in 

response to the accumulation of LDL-C in the lining of the artery to participate in the oxidative process. 

 

The results in Table 3 indicated that there was a significant decrease in the concentration of ARE enzyme at 

≤ 0.001 p in the heart patients group compared to the control group. The rationale is that by preventing 

blood lipoproteins from being oxidized, this enzyme plays a significant role in protecting coronary arteries. 

This is due to the fact that esterase, an antioxidant enzyme, attaches to HDL-C to stop LDL-C oxidation 

[43]. The activity of CK-MB & LDH was significantly higher in the heart patients group compared to the 

control group, and this is consistent with what was discovered by [44]. This leads to the release of blood 

enzymes. 

 

5.2 Clinical parameters of myocardial infarction& angina pectoris groups compared to the control group 

The results in Table 4 showed a significant increase at p ≤ 0.001 in the group of myocardial infarction 

group compared to the control group in (Glucose, Creatinine, Urea, Alb, GOT, GPT, TC, TG, HDL-C, 

LDL-C, VLDL-C, MPO, Are, LDH, CK-MB), and it found a significant difference between angina pectoris 

group and control group in Table 4 in each of (Glucose, Urea, Hb, PCV, Alb, GPT, TC, TG, HDL-C, LDL-

C, VLDL-C, MPO, Are, LDH, CK- MB). The myocardial infarction group and the angina pectoris group 

were found to have significant differences in each of the criteria. (Hb, PCV, Glucose, Alb, GOT, GPT, 

LDH, CK-MB). 

 

The results shown in Table 4 showed that there was no significant difference between the creatinine, TP and 

globulin parameters for both groups of angina and Myocardial infarction with the control group, While 

there is a difference between the other parameters as shown in Table 4. 

 

The findings in Table 4 revealed a considerable prevalence of p≤ 0.001 in Hb & PCV in the angina pectoris 

group compared to the control group, while there was no significant difference in the myocardial infarction 

group compared to the control group. A significant difference was observed in the activity of LDH, CK-MB 

enzyme in MI and angina pectoris groups against the control group. The reason is due to its increase in the 

blood due to the presence of necrosis in the heart muscles and the death of cardiac cells [45]. 

 

In Table 4, a significant difference was observed in the activity of ALT & AST enzymes in groups of 

patients with angina pectoris and MI groups compared to the control group. The reason is due to heart tissue 

injury, necrosis, or damage to the heart muscle due to the flow of large amounts of ALT &AST enzymes 

into the bloodstream, as interpreted by the researcher [46]. 

 

The relationship of the measured biochemical parameters shown in Table 5 with the activity of BHBDH 

enzyme for a group of heart patients was studied by finding the linear correlation coefficient "r", and it was 

found that there is a significant direct relationship at p≤ 0.05 between Hb, PCV and BHBDH enzyme in 

heart patients group to increase production of red blood cells naturally to compensate for the lack of oxygen 

supply [47]. The results in Table 5 showed an inverse significant relationship at P≤ 0.05 in the activity of 

the BHBDH enzyme and the concentration of TG, TC & VLDL-C in the heart patients group. 

 

Table 4. Clinical parameters Measured in angina pectoris, myocardial infarction groups and control group 

Clinical Control group    Myocardial infarction Angina pectoris 
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Table 5. Relationship between serum activity of beta-hydroxyButyrate Dehydrogenase with clinical 

parameters in heart patient group 

P - values Pearson Correlation Clinical parameters 

P≤ 0.05 0.225* Hb (g/dl) 

P≤ 0.05 0.225* PCV (%) 

P≤ 0.05 -0.200* TC (mg/dl) 

P≤ 0.05 -0.200 * TG (mg/dl) 

P≤ 0.05 -0.200* VLDL-C (mg/dl) 

moral difference p≤ 0.05                                                                                                               * 

 

6. Conclusion 

Determination According to the research, serum beta-hydroxybutyrate dehydrogenase activity was 

increased in There was no difference between the heart patients' group and the control group. in enzyme 

activity between patients with myocardial infarction and those with angina pectoris. Therefore, in addition 

to the enzymes LDH and CK-MB, this enzyme can be used as a marker of heart disease. In addition, there 

was a relationship between the BHBDH enzyme and the Hb, PCV, T.C, T.G, and VLDL-C parameters in 

the heart patients group. 
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parameters Mean±SE group 

Mean±SE 

group 

Mean±SE 

Hb (g/dl) 12.99 ±0.18      A 13.511  ± 0.31  A 14.36±0.21     B*** 

PCV(%) 38.97 ±0.54    A 40.534 ± 0.94  A 43.09 ±0.63     B*** 

Glucose (mg/dl) 93.10 ± 1.28     A 214.39±23.17  B*** 151.69±9.86   C*** 

Urea (mg/dl) 25.90 ± 0 .42    A 30.00  ± 1.96    B       31.057±1.69     B** 

Creatinine  (mg/dl) 0.83  ± 0.0 3    A 1.027±0.17      A 0.820±0.0 5    A     

TP (g/dl) 7.11 ± 0 .15      A 6.931 ±0.15   A 6.932±0.19      A  

Alb. (g/dl) 3.83 ± 0 .05      A 3.491 ± 0.11   B*** 3.762±0.12      A 

Globulin     (g/dl) 3.29 ±  0.14      A 3.437 ± 0.12   A 3.169±0.17      A 

GOT  (IU/L) 32.55 ±  1.30    A 58.31±2.62    B* 34.048±2.13    A 

GPT (IU/L) 14.31  ±  1.08   A 23.114 ±3.27  B** 16.778±1.13    A* 

TC (mg/dl)  170.00 ± 3.29   A 244.27±7.49 B*** 244.24±5.37  B*** 

TG (mg/dl) 136.26  ± 4.50  A 225.37±7.49 B*** 225.34±5.37 B*** 

HDL- C  (mg/dl)   47.00  ± 0.69    A 34.062±1.93  B*** 33.825±1.25   B*** 

LDL-C (mg/dl) 95.75± 3.43      A 165.13±6.98  B***    165.34±4.94  B***  

VLDL-C (mg/dl) 27.25± 0.90     A  45.074± 1.50  B*** 45.067±1.07   B*** 

MPO (U/L) 27.36 ± 0.64     A 44.231 ±4.21  B*** 41.944±3.00   B*** 

ARE  (U/L) 101.46 ±1.37   A 83.694±1.46   B*** 77.221±2.74   B*** 

LDH  ( U/L) 169.39 ± 3.91   A 368.57±27.78   B*** 299.58±5.95    C*** 

CK-MB  (U/L) 8.545 ± 0.41   A 58.246± 4.69  B*** 19.431±0.78    C*** 

***very significant difference P≤ 0.001 ,** Great moral difference  p≤ 0.01,*moral difference p≤ 0.05 
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