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Summary

Introduction: Thalassemia is a healthcare challenging disease all over the world. It imparts a great burden
on patients’ families and healthcare institutions. Scientists focus on new aspects to overcome these challenges
and increase patient tolerance of disease complications. This study aims to quantify B-Hydroxybutyrate
Dehydrogenase BHBDH activity in thalassemia patients compared to the control group and their correlation
with the patient's demographic characteristics.

Methods: To do so, serum was collected from patients and the control group and analyzed biochemically
for targeted laboratory tests. We determined f-Hydroxybutyrate Dehydrogenase from normal human serum
using biochemical molecular techniques.

Results: The results showed that BHBDH activity is significantly higher in the patients compared
to the control group regardless of age, sex, or marital status. The results confirmed that enzyme activity
and the purification folds were (0.0214 U/ml) and (51.7) respectively for the partially purified enzyme.
Furthermore, the proportional molecular weight of the incompletely isolated B-Hydroxybutyrate Dehydrogenase
was (125.8+0.5 kDa) using gel filtration chromatography. The comparative molecular weight of the subunit
of partially isolated B-Hydroxybutyrate Dehydrogenase was (32.1+0.5 kDa) using SDS—PAGE.

Conclusion: we demonstrate that BHBDH enzymatic activity is higher than control and this could be
a prognostic or diagnostic tool in thalassemia patients.
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Introduction

Thalassemia or Mediterranean anaemia (1), is an inherited disease that affects the ability to produce haemoglobin
in affected children leading to acute anemia (2) and causes the appearance of symptoms of anaemia such as stress
and fatigue as a result of a lack of haemoglobin eventually resulting in disturbing the oxygen transport (3).
Thalassemia is a degenerative genetic disease that leads to a break in red blood cells, and it is a common disease
worldwide in general and at the level of the Mediterranean region in particular (4). Thalassemia occurs as a result
of the reduction of one of the alpha and beta-globin chains and depending on the type of the reduced chain,
thalassemia is classified into alpha-thalassemia if the alpha chain is reduced and beta-thalassemia if the chain is reduced
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to beta (5). As a result of recurrent blood transfusions, thalassemia patients acquire iron excess (6). As a result,
extra iron builds up in the liver, heart, kidneys, and pancreas, among other organs (7). Iron chelator, which can bind
iron and excrete it out of the body through urine and faeces, is the only way to get rid of excess iron (8). For every
1ml of red blood cells, the body can tolerate 1mg of excess iron, but excess iron can exceed ferritin's storage capacity
and eliminate toxins, causing excess iron to accumulate in the blood and tissues. Due to free iron interactions,
it produces hazardous chemicals such as hydroxyl radicals (9). Excess iron accumulation in the heart is still
the leading cause of heart disease (10).

Beta-hydroxybutyrate dehydrogenase (BHBDH) (EC 1.1.1.30, BRENDA; enzyme information system) is a redox
enzyme belonging to the dehydrogenase class. The enzyme BHBDH is present on the inner surface of the mitochondrial
membrane (11). BHBDH catalyzes the oxidation of f-hydroxybutyrate to acetoacetate (ACAC) using NAD*
as a catalyst as shown in the following reaction (12):

D-3-Hydroxybutyrate + NAD®™ =<—=— Acetoacetate + NADH + H*

BHBDH enzyme in the liver converts acetoacetate into beta-hydroxybutyrate, a reducing force ready for export
outside the liver, such as the brain, heart, kidneys, and muscles. The enzyme works oppositely during ketosis,
to prevent the increase of acetoacetate, a strong acidic form of ketone bodies that are overproduced during fasting,
diabetes mellitus, and an excessive fat diet and cause ketosis. The BHBDH enzyme is found in the liver, heart,
muscles, kidneys, brain, and blood serum (13). The greatest activity of the enzyme is observed in the liver. BHBDH
is the only product of ketogenesis and is a reverse non-regulated enzyme with high selectivity for -hydroxybutyrate
(14). BHBDH enzyme is the first to break down ketone compounds and the last enzyme to form ketone bodies.
In addition, the BHBDH reaction isn’t required for the production and breakdown of ketone bodies, Physiologically,
because the liver can release acetoacetate into the bloodstream during an acidic period, BHBDH is critical
for the appropriate flow of ketone bodies and energy metabolism (14).

Arylesterase enzyme belongs to the esterase family (15). This enzyme binds to HDL, a type of antioxidant.
It's present in the location of lesions to prevent the oxidation of LDL, the enzyme works to protect the lipids
in lipoproteins and atherosclerotic lesions from oxidation (16). The liver is the primary source of the arylesterase
enzyme, which is ultimately expelled in the blood plasma. Furthermore, because arylesterase is an antioxidant
enzyme that attaches to HDL to prevent LDL oxidation, it protects the arteries by lowering lipoprotein oxidation
in the circulation (17). Patients with atherosclerosis, myocardial infarction, and heart attack had a low level
of arylesterase, indicating a high level of oxidative stress (18), In thalassemia patients, the enzyme declines
with a drop in haemoglobin in the blood associated with an increase in the risk of atherosclerosis (19).

Myeloperoxidase (MPO) enzyme is a type of peroxidase (20) that contains a heme group that contains the ferric
ion and is connected to the protein part of the enzyme to give its name. This is the enzyme’s active form (21).
It’s abundant in immune cells including lymphocytes, leukocytes (22), and neutrophils (23). It’s also the cause
of the green tint in pus-infested areas (24). MPO enzyme requires the presence of heme as a cofactor to create
hypochlorous acid (HOCI) from hydrogen peroxide (H202) and chloride ion CI. In the presence of hydrogen
peroxide as a cofactor, tyrosine is also oxidized to tyrosyl radical (25). MPO enzyme is involved in tissue damage
and cell death, and its increased levels are often associated with diseases such as heart disease, nervous system
disorders, vascular disorders, and respiratory disorders (26).

The present study aims to determine the activity of BHBHBDH in Beta-thalassemia patients alongside
the determination of its biochemical activity based on measuring biochemical test of protein, lipid profile, enzyme
activity, electrolytes, metals.

Materials and methods
Study subjects
The study was conducted in Thalassemia Center (Ibn Al-Atheer Teaching Hospital, Mosul). Blood was

withdrawn from 112 thalassemia patients and 46 healthy subjects were enrolled in the study. as well as 46 healthy
control subjects (aged 1.5 to 47), serum was separated and stored for further analysis.
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Measurement of parameters

To measure B-hydroxybutyrate dehydrogenase, sodium salt of B-hydroxybutyrate (160 mM) (the substrate)
and nicotinamide adenine dinucleotide solution 30 mM were used based on the assay reported by Tal, et. al. (27),
the reaction solution was maintained at 100 mM Tris-HCI buffer pH 7.8, at 37 °C.

Myeloperoxidase was determined using Kumar, ez. al. method (28), based on using a Citrate buffer 0.1 mM pH
5.5, O-dianisidin 20.568 mM as a substrate, and 1.5 % hydrogen peroxide solution in Dimethyl sulfoxide solution.

Arylesterase was tested using Tomas, et. al. method (29) in Tris-HCI buffer 9 mM pH 8 with Calcium chloride
in distilled water and phenylacetate (5 mM) as substrate in a Tris-HCI buffer 9 mM pH 8 with Calcium chloride
in distilled water.

Iron, magnesium, calcium, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, and total
iron-binding capacity, total protein, albumin levels, total cholesterol, triglyceride, and high-density lipoprotein were
measured according to manufacturer instruction, the specification and suppliers of used kits are mentioned below
Table 1.

The Friedewald equation (30) was used to compute low-density lipoprotein cholesterol: LDL-cholesterol =
TC — (TG/5) — HDL-cholesterol. Fischbach equation VLDL Concentration (mg/dl) =Triglyceride/5 was used
to compute very-low-density lipoprotein cholesterol. Globulin was estimated using the Richterich, Scimone,
and Rothstein equation: Globulin=Total protein — Albumin (31, 32). Atomic absorption spectrophotometer was
used to measure zinc and copper (33).

Purification of B-Hydroxybutyrate Dehydrogenase

The purification of B-hydroxybutyrate dehydrogenase was done on a single serum sample collected from a healthy
35-year-old male donor in the blood bank. The activity of beta-hydroxybutyrate dehydrogenase was estimated,
the serum was kept in the freezer for use in the purification steps that followed.

Protein was separated by precipitation with ammonium sulfate, which was gradually added to (19 ml) of serum
in a solid-state and saturated (0 - 75 %). while stirring the mixture with an electric motor at a temperature of (4 °C)
for 60 minutes, then the solution was placed in the refrigerator for 24 hours to completely precipitate. Separating
the precipitate from the filtrate was accomplished using a coolant centrifuge at a speed of 18000 rpm for 30 minutes,
then taking the precipitate and dissolving it in distilled water, and finally estimating the amount of protein and enzyme
activity in solution before proceeding with the following steps.

Dialysis was performed on a previously prepared protein solution in a cellophane tube, which was then immersed
in a volumetric container containing (2.5 L) of (0.1 M) ammonium bicarbonate (NH,HCO;) solution (34). Dialysis
was performed at (4 °C) with continuous stirring with a magnetic stirrer, and the process was continued for 24 hours,
taking into account the change of the Dialysis solution. After the Dialysis process was completed, the final volume
of the resultant solution was calculated, and the amount of protein and enzyme activity in the solution was estimated.
The dialysis solution was maintained in the freezer (-20 °C) and then dried using a Lyophilizer, the protein solution
was concentrated, and the volume of the solution, protein concentration, and enzyme activity were all determined.

The compounds were then separated using chromatographic technique employing a separation column
with dimensions of 60 x 2.5 cm that contained a gel (Sephadex G-100) that separated compounds with molecular
weights up to (150 kD). Protein elution was continuously scanned at 340 nm, and BHBDH activity was measured
in each fraction, with known molecular weight materials, the molecular weights of the materials in the molecular
range (207 — 2,000,000 D), and to determine the approximate molecular weight of the separated protein compounds
obtained by the gel filtration technique, and to detect their molecular weight of BHBDH.

The resulting protein from the gel filtration process was dried using a lyophilization apparatus to acquire this package
in the form of a dry powder, which was then stored in the freezer (-20 °C) until it was employed in the following tests.
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Finding the molecular weight of the protein package with the highest BHBDH enzyme activity utilizing
an electrophoresis approach on a polyacrylamide gel in the presence of SDS. The current utilized was 50 mA.

Tablel. Kits are used for measuring the studied parameters.

Kit Specification Catalogue No. Suppliers
ALBUMIN BCG Method 80002

ALT GPT (IFCC) 80027

AST GOT (IFCC) 80025

CALCIUM CPC method 80004

CHOLESTEROL CHOD PAP 80106

HDL-CHOLESTEROL (PTA) 86516 Biolabo
IRON Direct Method (Ferene) 92108 (France)
Total Iron Binding Capacity (TIBC) 92308

MAGNESIUM Calmagite 87212

TOTAL PROTEIN Biuret Method 80016

TRIGLYCERIDES GPO Method 80019

ALKALINE PHOSPHATASE (DEA) 92214

Results and Discussion

The results showed the enzyme activity of BHBDH in serum of healthy adults aged (1.5 - 47) years of both sexes
(control group) was (125.3 = 4.87 U\L), and the enzyme activity of BHBDH in serum of people with Thalassemia
ages ranging from (1.8 to 50 years) of both sexes, was (328.9 = 8.21 U\L).
Comparison of All Patients Group with Control Group
Beta-Hydroxybutyrate Dehydrogenase Activity

According to age groups, sex, social status, and body mass index, all thalassemia patients were compared

to the control group as shown in Table 2.

Table 2. Shows the effectiveness of the BHBDH enzyme in the blood serum of all thalassemia patients and the control group.

The activity of BHBDH (U/L)

Influencing factors Group Control group Cases of thalassemia Level of probability
(Mean + S.E) U/L (Mean + S.E) U/L
1.5-10 132.3+10.71 340.7 £17.21 <0.001
Age group 11-20 111.9+7.37 326.6 +10.59 <0.001
>20 133.4+7.52 320.6+17.71 <0.001
Male 129.0+7.15 329.2+11.73 <0.001
Sex
Female 119.4 +5.57 328.8+11.58 <0.001
Single 124.2+5.79 329.9+8.46 <0.001
Social status
Marriage 127.4+9.23 318.0+34.12 <0.001
18.5-24.5 125.1+5.85 318.8+12.86 <0.001
Body Mass Index
24.5-29.5 125.6 +8.98 317.9+39.87 <0.001
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Table 2 shows the effect of age on the enzyme level in the Thalassemia case group, which was separated
into three age groups like the age groups in the control group, as shown in Table 2. When comparing the activity
of BHBDH enzyme among thalassemia patients with the activity of the control group within the same age group,
a very high significant increase was seen at the probability level (P <0.001) among thalassemia patients.

When comparing the males of the patient group to the males of the control group, as well as when comparing
the females of the patient group to the females of the control group, Table 2 demonstrates a very high significant
rise. There is also a significant increase in the level of probability (P < 0.001) among the single patients compared
to the control group, and a very high significant increase between the married patients and the married control
group, as well as the BMI, was divided into two groups in a manner consistent with the control group’s BMI.
When compared to the control group, the activity of the enzyme increases in thalassemia patients.

Clinical Variables of Patients Group Compared to Control Group

Some clinical variables were measured in all thalassemia patients and compared to the control group. Table 3
shows a very high significant decrease in the level of haemoglobin in the blood in thalassemia patients at the level
of probability (P <0.001) compared to the control group, which is consistent with what Khawaja, et al. (35) stated,
which is attributed to a defect in all beta-globin chains that affects haemoglobin production in humans. Anaemia
is the effect of this abnormality. We also see a substantial reduction in blood PCV in patients with thalassemia
compared to the control group at a probability level (P <0.001), which is consistent with previous findings Kadhem
Abeid (36). The reason for this is that PCV is primarily determined by the amount, shape, and size of red blood cells.

Table 3. Comparison of all clinical characteristics measured in the serum of the control and thalassemia case groups.

Clinical variables Control group Cases of thalassemia P-value

Mean t S.E Mean t S.E
Hb (g/dl) 13.15+0.19 8.57 +0.09 <0.001
PCV (%) 39.47 £0.57 23.80£0.32 <0.001
Arylesterase (U/L) 117.7 £ 2.65 70.04 £1.23 <0.001
MPO (U/L) 27.52+1.19 48.55 +1.38 <0.001
Total protein (g/dL) 7.55+0.17 6.75+0.14 <0.05
Albumin (g/dL) 4.94+ 0.09 4.33+0.07 <0.001
Globulin (g/dL) 2.61+0.16 2.41+0.14 >0.05
Iron (ug/DI) 135.0 £ 12.66 244.3 +8.83 <0.001
UIBC 324.7+7.78 155.5+11.97 <0.001
TIBC 456.7 £ 9.65 400.9+14.9 <0.05
Ca*? (mg/dL) 9.77 £+0.27 8.74+0.19 <0.05
Mg (mg/dL) 2.11+0.03 1.98 +0.009 <0.001
HDL (mg/dL) 38.18 +£2.85 29.12+1.78 <0.01
Total Cholesterole (mg/dL) 164.1+4.22 100.5+3.18 <0.001
Triglyceride (mg/dL) 118.1£8.12 121.9+7.09 >0.05
LDL (mg/dL) 102.3 +4.36 47.05 +2.68 <0.001
V LDL (mg/dL) 23.62+1.62 24.4+1.42 >0.05
GOT (IU/L) 11.54+0.71 41.51+2.98 <0.001
GPT (IU/L) 17.15+1.19 64.28 +£2.76 <0.001
Zn*2 (pg/dl) 94.69 +2.07 157.9 £3.32 <0.001
Cu*? (pg/dl) 113.5+3.19 214.5+9.84 <0.001
ALP (IU/L) 16.55+1.40 16.23 +0.69 >0.05
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The table also shows a very high significant decrease in the activity of the arylesterase enzyme in patients
with thalassemia at a probability level (P < 0.001) compared to the control group, and this is consistent with what
was stated by Asif, et al. (37) because the low level is associated with a deficiency of Oxygenation as a result
of haemoglobin deficiency and antioxidants as a result of frequent blood transfusions that affect oxidative stress
and antioxidants.

We also notice that, when compared to the control group, patients with thalassemia had a very high significant
increase in MPO enzyme activity at the level of probability (P <0.001), which is consistent with previous findings
by Tripathi, et al. (38) as a result of repeated blood transfusions, red blood cells decompose, increasing white blood
cells and, as a result, an increase in the MPO enzyme for its presence in white blood cells.

It was also discovered that individuals with thalassemia had a very high significant drop in total protein
and albumin levels at a probability level (P < 0.001) when compared to the control group, which is similar to Abd
& Zainal (39). The decrease in total protein is related to the liver's decreased ability to synthesize protein. Low amounts
of albumin in the blood can be caused by hepatic dysfunction or malnutrition. There was also a significant decrease
in total iron-binding capacity (TIBC) at the probability level (P < 0.05), which is consistent with the findings
of Ghone, et al. (40). The oxidation of red blood cells and cellular organelles occurs as a result of an excess of iron.

In Thalassemia patients, there was a very high significant rise in iron levels at the probability level (P <0.001)
when compared to the control group, which is consistent with El-Kaream, et al. (41) and is due to frequent blood
transfusions and increased iron absorption in the gastrointestinal tract in Thalassemia patients. While there was
a significant decrease in the level of unsaturated iron-binding capacity (UIBC) in the thalassemia patients group
compared to the control group at the probability level (P < 0.001), which is consistent with Smesam, et al. (42)
and the reason is due to the high level of iron in patients.

We also found a very high significant decrease in the level of LDL and total cholesterol at the probability level
(P<0.001), as well as a very high significant decrease in the level of HDL at the probability level (P < 0.01) in patients
with thalassemia compared to the control group, which is consistent with Ghorban, et al. (43) and Bordbar, et al.
(44) It’s because liver damage is a big factor in lipid patterns and the effect of regular blood transfusions.

At the probability level (P < 0.01) in patients with thalassemia compared to the control group, a substantial
drop in calcium level was noted, which is consistent with El-Kaream, ef al. (41). The cause is calcium removal
by citrate anticoagulants in the blood unit or eating a low-calcium lunch, or a low level of albumin in Thalassemia
patients, where albumin carries calcium, and patients also suffer from vitamin D deficiency due to lack of sunlight
and limited physical activity, or hypothyroidism and genital insufficiency.

In addition, patients with thalassemia had a very high significant decrease in magnesium levels at the probability
level (P <0.001) when compared to the control group, which is consistent with Karim, ef al. (45) The cause is low
thyroid hormones caused by high iron and a poor diet. However, in patients with thalassemia, a very high significant
rise in zinc levels was seen at the probability level (P < 0.001) when compared to the control group, which is
consistent with Mehdizadeh, et al. (46) The reason for this could be the patients’ regularity with blood transfusions,
as regular transfusion compensates for Zinc deficiency. In individuals with thalassemia, a significant rise in copper
level was seen at the probability level (P < 0.001) when compared to the control group, which is consistent
with previous findings Alsharnoubi, et al. (47). The amount of copper consumed, the use of Desferal, and intestinal
absorption were all counted.

In patients with thalassemia, a very high significant rise in the level of GPT and GOT was identified at the level
of probability (P <0.001) when compared to the control group, which is consistent with Abdulla (48). It’s caused by
a drop in haemoglobin and an increase in iron, and the high proportion means liver and heart damage. One of the side
effects of thalassemia is liver damage.

The Relationship Between Clinical Parameters and Beta-HydroxyButyrate Dehydrogenase in Patient Group;
The linear correlation coefficient was used to investigate the association between the measured clinical characteristics
in Table 3 and the activity of the enzyme in the blood serum of the group of patients (Correlation Coefficient "r").
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In the group of patients with thalassemia, it was discovered that there was a significant direct link between MPO
enzyme and BHBDH enzyme at the probability level (P <0.001), as shown in Table 4 repeated blood transfusions
resulted in a rise in white blood cells, which in effect resulted in an increase in MPO due to the presence of MPO
in white blood cells (49).

Also, as indicated in Table, there was a significant direct link between BHBDH enzyme and globulin
at the probability level (P <0.01), as shown in Table 4 The level of globulin in the blood reduced as a result of failed
liver function or malnutrition (39).

Table 4. The Relation Between Clinical Parameters had been Measured and Beta-HydroxyButyrate Dehydrogenase in Patient Group.

Clinical variables Pearson Correlation Probability level
MPO 0.474** <0.001
Globulin 0.249** <0.01
Ca -0.226* <0.05
HDL -0.191* <0.05

As indicated in Table, there was a significant inverse connection between HDL with BHBDH enzyme at the prob-
ability level (P <0.05), as shown in Table 4 Because of the dilution of plasma as a result of anaemia, and the lack
of fat in the blood due to increased cholesterol requirements associated with erythrocyte hypertrophy, as well as
an increase in cholesterol absorption by the reticuloendothelial system, there is no fat available for transport, so HDL
decreases, and excess iron depletes antioxidants and HDL levels. Low HDL levels have been linked to an increased
risk of coronary heart disease (50). Excessive clearance of HDL by activated macrophages causes low HDL
cholesterol levels (51), and calcium with BHBDH enzyme at the probability level (P < 0.05), as shown in Table 4.

Isolation of B-HydroxyButyrate Dehydrogenase from Serum

The results in Figure (1) illustrate the appearance of two protein bands, with the following spindle diameters
for the tops of these bundles:

The first package of elution has a capacity of 96 ml and a molecular weight of 110,600 + 500 D, while
The second elution packet has a volume of 150 ml with a molecular weight of 55, 100 + 500 D.

The absorption was monitored at 280 nm and 340 nm, and the activity of the BHBDH enzyme in the separated

fractions was determined. It produced a package with a clear BHBDH enzyme activity and a clear 340 nm absorbance.
At 86 ml, this package proved effective for the enzyme, which had a molecular weight of 125,800 + 500 D.

- Pack of protein

25 —— == Activity of BDH —7 25

£
c 2 ) g
8 (=4
g 4
% 15 L 15 2
g =3
®
& ! 1 o
.E I
g 0.5 L 0.5 s
0 L 0 E

50 100 150 200

Elution volume ( ml)

Figure 1. Shows the profile of the protein precipitate solution using gel filtration technique using a column of dimensions
(60 x 2.5 cm) containing the gel material (Sephadex G-100) at a height of 53 cm. The proteins were recovered at a flow rate
of (60 ml/h).
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Table 5 summarizes the findings of the several phases of purification of the BHBDH enzyme from a solution
of ammonium sulfate precipitate. It should be noted that the number of times BHBDH enzyme was purified
from serum was (51.7) times. After the gel filtering process, the specific activity of the BHBDH enzyme is (Sephadex
G-100). For the blood serum, it climbed to (0.09816 U/mg).

Table 5. Summary of the results of the stages of purification of BHBDH enzyme from blood serum.

No. steps Volume Protein Total Activity Total Specific % Active
ml concentration protein U/ ml activity activity recovery Enzyme
mg/ml mg u* **U/ mg Pack
x 10
1 Serum 20 64.5 1290.0 0.123 2.460 0.190 100.0 1.0
2 Protein precipitate solution 12 67.3 807.6 0.196 2.352 0.291 95.6 1.5
3 Solution after dialysis 18 21.8 392.4 0.124 2.232 0.569 90.7 3
4 Solution after lyophilization 8.8 44.3 389.8 0.252 2.217 0.568 90.1 3
5 Enzyme activity pack 94.5 0.218 20.6 0.0214 2.022 9.816 82.2 51.7

*Enzymatic unit (U): the amount of enzyme required to convert one micromole of the starting material into the final product in one minute.
* *Specific efficiency refers to the number of enzyme units found in one milligram of protein.

Determination of Molecular Weight of Beta-Hydroxybutyrate Dehydrogenase by Gel Filtration
Chromatography

Table 6 shows the relationship between the molecular weight and the volume of Elution materials used

to estimate the approximate molecular weight by gel filtration chromatography technique. Figure (2) show the standard
curve for molecular weight determination by gel filtration technique.

5.5

Log (Mwt)

4.5

3.5

50 75 100 125 150 175 200 225 250

Elution Volume (ml)

Figure 2. Standard curve for molecular weight determination by gel filtration technique.

Determination of Molecular Weight of Sub Unit for f-HydroxyButyrate Dehydrogenase

Using the technique of electrophoresis containing a substance to determine the approximate molecular weight
of the purified BHBDH enzyme subunit from the separation column (SDS - PAGE). For this purpose, several standard
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chemicals with known molecular weights ranging from (45000 - 14300 D) were utilized, as indicated in Table 7
Distances traveled by standard substances with known molecular weights A straight line occurs when graphing
the traveled distance for each substance of known molecular weight against the logarithm of its molecular weight,
by which the approximate molecular weight is obtained, as illustrated in Figure (3).

Table 6. Relationship between the molecular weight and the volume of elution materials used to estimate the approximate
molecular weight, gel filtration chromatography technique.

Materials Molecular weight (D) Elution volume( ml)
Blue dextran 2,000,000 60
ALP 140,000 79
B.S.A 67,000 129
o - AMYLASE 58,000 151
Egg 45,000 167
Pepsin 36,000 186
Trypsin 23,000 216
Tryp. 207 306

Table 7. Molecular weight and distance of materials used in the electro-migration technique containing SDS.

Materials name Distance cm molecular weight D
Egg albumin 3.4 45000
Pepsin 3.8 36000
Trypsin 4.6 23,000
Lysozyme 5.4 14300
5
Sas
2 \
E 4
&
S35
3
0.4 0.5 0.6 0.7

Distance (cm)

Figure 3. Standard curve for molecular weight determination using SDS based electro-migration technique.

46 KDa

36 KDa

23 KDa

14 KDa

Figure 4. Image of electrophoresis using polyacrylamide/SDS, showing the protein bands of the duplicate sample that passed
on the gel.
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The distance traveled by the BHBDH enzyme is 4 cm, and the Rf coefficient is 0.5, as shown in Figure (4).
The BHBDH enzyme component has an approximate molecular weight of 32,100 + 500 D, according to the PAGE-
SDS method of estimating molecular weight, This is comparable to the researcher’s conclusion Marks et al. (52).
The molecular weight was close to the estimated weight for the enzyme's activity package. 32,1 D x 4=128,4 D

Conclusion

We conclude that thalassemia patients have very high catabolic processes, that a lack of oxygen causes them
to activate anaerobic decomposition processes, causing them to resort to catabolism, and that when fats are not
available, they resort to the destruction of ketone bodies to provide the necessary energy, and if the two are not available,
they resort to protein catabolism, resulting in most patients being underweight. As a result, high-carbohydrate foods
are recommended as a supplement.
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