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This work aimed to estimate lipoxygenase activity and purify its isoenzymes in humans,
particularly in those with Hepatitis B Virus, thereby making variations in its normal levels
a diagnostic marker for the disease. Hepatitis B is an infectious disease caused by the
Hepatitis B Virus (HBV), leading to both acute and chronic inflammations. The current
study was conducted to evaluate the activity of lipoxygenase (LOX), purify and separate
its isomers partially. The study took place in Kirkuk city, Irag from the first of January,
2021, to the 30™ of March, 2021, involving a cohort of 40 patients infected with viral
Hepatitis B. Their ages ranged between 20 and 70 years, with the majority seeking care
at the Gastrointestinal Tract Center (GIT) in Kirkuk's Azadi Teaching Hospital and
Kirkuk General Hospital. Estimation of Lipoxygenase (LOX) enzyme activity, protein
concentration, and purifying the enzyme were performed. The results indicated a
significant elevation in the lipoxygenase activity in patients afflicted with viral hepatitis,
with a probability of P < 0.001 compared to the control group which serves as a strong
indicator of hepatitis infection. The enzyme was purified using ammonium sulfate,
achieving a 30% saturation. Excess salts were eliminated through membrane filtration.
Further purification phases were completed utilizing gel filtration chromatography with
a Sephadex G.100 column, yielding a single peak. The enzyme purification degree was
determined to be 0.57554 times, with an enzyme yield of 26.10526%. Subsequently,
isomers of the lipoxygenase were separated through ion exchange chromatography using
DEAE-Cellulose. Three lipoxygenase LOX isomers, namely LOX1, LOX2, and LOX3,
were obtained with varying degrees of purity, measured at (0.731330935),
(0.679565947), and (0.707230216), respectively.

1. INTRODUCTION

instigating both acute and chronic hepatitis. Despite the
availability of secure and efficacious vaccines, Hepatitis B

Viral hepatitis B is a major global health concern, affecting
millions of individuals worldwide. Research indicates that the
prevalence of Hepatitis B Virus infections has reached
alarming levels, with over 350 million individuals persistently
infected, emphasizing the need for effective therapeutic
interventions and understanding of biochemical changes
associated with the disease [1]. In this context, lipoxygenase
activity has emerged as a critical area of investigation, as it
plays a significant role in inflammatory processes and may
contribute to the pathophysiology of liver diseases associated
with viral hepatitis B [1].

Hepatitis refers to some form of hepatic inflammation
caused by numerous etiological factors. One of these factors is
non-infectious causes encompassing autoimmune disorders,
metabolic maladies, and drug and alcohol abuse. Additionally,
liver inflammation could be caused by infectious agents such
as bacteria, parasites, and viruses. Notably, the latter, viral
hepatitis, can progress to hepatic fibrosis or even culminate in
hepatocellular carcinoma [1]. The Hepatitis B Virus (HBV) is
a diminutive DNA-containing viral entity capable of
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Virus infection continues to impose a substantial health
concern. Globally, an estimated 641 million individuals suffer
from chronic Hepatitis B [2]. The prevalence of chronic
infections is approximately 2% in adult-onset cases, reaching
up to 21% of perinatal transmission instances. Transmission of
Hepatitis B Virus (HBV) occurs through the exchange of
bodily fluids. We can detect up to 102 genomic equivalents of
HBV per milliliter of serum [3]. Although the Hepatitis B
Virus does not induce direct cellular effects under ordinary
infectious conditions, it is believed that liver damage (hepatic
fibrosis and hepatocellular carcinoma) results from sustained
immune response and constant inflammation within the liver
[3].

The enzyme lipoxygenase  (linoleate:  oxidase)
(EC:1.13.11.12) is a member of the family of enzymes that
contain non-protein-bound iron and are classified as non-heme
proteins. It falls under the category of oxidoreductases [4].
Lipoxygenase is responsible for catalyzing the oxidation of
unsaturated fatty acids to produce hydroperoxides [5]. These
enzymatic products are crucial in acute infection responses,
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such as inflammation, and may also be involved in the
resolution of these infections [6].

Lipoxygenase also enhances metabolic processes inside and
outside the cells of living organisms [7]. The enzyme it has
significant involvement with several conditions reviewed and
researched the enzyme association with such conditions as
cancer [8-10], inflammation [11, 12] and vascular functions
[13, 14]. Extensively studied in disease treatment and
prevention have been oxidized unsaturated fatty acids
(eicosanoids), produced by lipoxygenase [15].

In the current work lipoxygenase enzyme activity in the
blood serum of patients with Hepatitis B Virus was evaluated
and its partially purification was carried out, including several
stages begun by ammonium sulfate precipitation, dialysis
followed by gel filtration chromatography and ion exchange
chromatography. As such, this study is considered Method as
a function for diagnosing the disease.

2. MATERIALS AND METHODS

The studied was in the period of three months starting from
the first of January 2021 until the 30th of March 2021 in the
city of Kirkuk in Irag. Forty patients diagnosed with viral
Hepatitis B was the cohort that we focused our research on.
They were entirely different ages 20 to 70 years. Most of the
participants received medical treatment at the Gastrointestinal
Tract Center in Kirkuk’s Azadi Teaching Hospital and at
Kirkuk’s General Hospital. The research also included a
control group of 40 blood samples to bolster its findings. This
was a control group which helped compare the results against
individuals who did not have Hepatitis B, as a baseline to see
how significantly the virus had affected, and to get an idea of
characteristics of, the virus in the population studied.

2.1 Estimation of lipoxygenase enzyme activity

We used the method of Shastry and Raghavendra Rao [16]
to quantify the activity of the LOX enzyme. In this case, it adds
two oxygen atoms to the substrate (Linoleic acid) making
enzyme catalytically active. The amount of enzyme activity
was quantified by measuring increase in absorbance
attributable to the formation of conjugated dienes with optical
density recorded at 234 nanometers and monitored for five
minutes. As an interesting point the conjugated diene have a
molar absorptivity (g) value of 25 000 M~ Icm ™.

a- The solutions used:

1-  Borate buffer solution (concentration 0.2 M, pH 7): It
was prepared by dissolving 6.18 grams of boric acid in 450
millilitres of distilled water and then adjusting the pH at seven
by adding a solution of hydrochloric acid or sodium hydroxide
at a concentration of 1 M and then Then complete the volume
to 500 ml. The solution is kept at four °C.

2-  The base solution: 1 gram of linoleic acid was
dissolved in 100 millilitres of 95% ethanol.

3-  Hydrochloric acid solution, HCI concentration (3%):
It was prepared by adding 3 millilitres of hydrochloric acid and
then completing the volume to 100 millilitres with distilled
water.

4-  Water without ions.
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b- Procedure:

Add (0.5) millilitres of the borate buffer solution with a pH
7 and (0.2) millilitres of the base material to (10) millilitres of
deionized distilled water and mix the mixture well, then add
(0.5) millilitres of blood serum with continuous re-mixing for
4 minutes, then (2) millilitres of the mixture are withdrawn and
immediately added to a tube containing (10) millilitres of 95%
ethyl alcohol and (0.2) millilitres of hydrochloric acid. The
absorbance was measured at a wavelength of (234) nm.
Enzyme activity is calculated by:

Change in absorbency

Activity(unit/ml) = —
¥ ) Reaction time * sample volume

* 60 second

2.2 Measurement of protein concentration for LOX
enzyme

A protein concentration was determined in both the serum
samples and the clarified fractions using the Lowry method
[17]. It is well known for being sensitive and reliable, as a
method of protein quantification. Bovine serum albumin (BSA)
was used as the standard protein reference for the
quantification of the protein levels in the samples in this study.
BSA is used as a standard because it has well characterized
properties, and consistent, reproducible results in protein
assays such as the Lowry.

a- The solutions used:

1- Alkaline sodium carbonate solution (Solution A):

Made up in the field by dissolving 2 g of sodium carbonate
Na2COs in 100 ml of 0.1 mol/L sodium hydroxide NaOH
solution.

2- Copper sulphate — sodium potassium tartrate solution
(Solution B):

Prepared by dissolving 0.5 g of aqueous copper sulphate
CuS04.5H20 in 00 I ml of distilled water. When used, prepare
solution B by taking 10 ml of the above solution and adding it
to 0.1 g of potassium sodium tartrate.

3- Alkaline solution:

Prepare for use by mixing 50 ml of solution A with 1 ml of
solution B.

4- Folin — Ciocalteu reagent:

This solution consists of Sodium tungstate dehydrate
Na;W0..2H,O0 and  Sodium  molybdate  dehydrate
NazMo0..2H20 in phosphoric acid HsPO4 and hydrochloric
acid HCI. This solution was diluted with an equal amount of
distilled water, in a ratio of 1:1 when used.

b- Procedure:

1- Add 2.5 ml of the basic solution to 500 microliters of
dissolved protein (serum, precipitated fraction, or BSA) and
mix them together and leave them for 10 minutes at room
temperature.

2- 250 ul of Folin's reagent was added, the contents of the
tube were mixed well and left at room temperature for 30
minutes. Then the absorbance was read at a wavelength of 750
nm.

The standard protein curve was determined by plotting the
absorbance against the standard protein concentrations as
shown in Figure 1. This curve was used to find the unknown
protein concentration of the serum sample or the eluent.
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Figure 1. Standard curve

2.3 The separation and purification of the lipoxygenase
(LOX)

The separation and purification of the enzyme from the Sera
of patients with viral Hepatitis B and breast cancer was
achieved through the following steps:

1. Precipitation by Ammonium Sulfate:

Proteins were precipitated using varying concentrations of
ammonium sulfate until reaching a saturation degree of (40—
60%). Specifically, 0.7 grams of ammonium sulfate was added
to 5 milliliters of serum. The formed precipitates were
separated after each addition using a centrifuge at a speed of
5000 rpm for 15 minutes. The supernatant was discarded, and
the precipitant was dissolved in the least amount of a buffer
solution with a concentration of (0.001) mol/L and a pH of 7.
Then, the enzymatic activity and protein concentration were
measured.

2. Membrane Separation (Dialysis):

Dialysis is one of the oldest and most essential methods
employed in enzyme purification. Its objective is to remove
any residual ammonium sulfate added for protein
precipitation. The dissolved protein from step (1) is placed in
a dialysis bag after measuring the activity of lipoxygenase
(LOX) and protein concentration. Next, the bag is put in a
buffer solution of (0.2) mol/L concentration of and pH of 7.
This time the buffer solution is changed periodically during
the night and the step is done at a temperature of 4°C to
maintain lipoxygenase activity. Then, activity of the LOX
enzyme and protein concentration were measured after the
dialysis process is done.

3. Gel Filtration:

The principle behind this technique is the difference in
molecular weight. It was employed to purify the lipoxygenase
from the serum samples, using a Sephadex G.100 filtration
column. Ten grams of Sephadex G.100 column-filling
material were dissolved in 500 milliliters of sodium phosphate
buffer solution (0.001m/L, pH 7). The solution was left for
(24-28) hours at 4°C, during which the buffer solution was
periodically exchanged to eliminate fine particles from the
solution that could impede the flow of the clarified solution
through the column.

A glass column with a diameter of 2 cm and a length of 50
cm was utilized, then a small amount of glass wool was placed
at its end to prevent gel particles from leaking outside the

1637

column. The gel suspension was slowly and uniformly poured
into the column to avoid the formation of air bubbles that
impede separation. The pouring of the gel suspension
continued till the gel height reached 40 cm. Then, the column
was washed with sufficient amounts of the sodium phosphate
buffer solution until a flow rate of 20 ml/hour was achieved.
Two milliliters of concentrated protein were slowly added
onto the surface of the Sephadex G.100 gel and left for 5
minutes to be absorbed into the gel column. The separation
process commenced using 250 ml of the sodium phosphate
buffer solution, collecting 3 ml for each fraction. After
collecting the clarified fractions from the separation column,
the activity of the lipoxygenase and the protein content were
assessed.

4. lon Exchange Chromatography:

Firstly, 500 mL of distilled water were mixed with thirty
grams of DEAE Cellulose powder and left for thirty minutes,
such that the ion exchange resin particles were able to settle.
Washed several times with the upper liquid becoming clear the
ion exchanger. It was then washed with (1) molar sodium
hydroxide (NaOH) solution, and then with distilled water.
Then the ion exchanger was washed by the standard
hydrochloric acid (HCI) solution of (1) normal three times and
finally by distilled water till it is pH 7. Then, it was finally
washed with a sodium phosphate buffer solution.

A 2 cm diameter <50 cm long glass column was used with
a small amount of glass wool packed at the end to stop resin
particles from leaking out of the column. We proceeded
carefully and uniformly pouring the resin suspended solution
into the column to avoid the creation of air bubbles that would
inhibit the separation process. Then the resin column was
washed out with a sodium phosphate buffer solution until the
flow rate reached 5 mL/minute. The optical density of two
milliliters of the clarified fractions from the gel filtration
technique was measured, and then the condensed fractions
were added to the column into the blue inserts and allowed a
few minutes to absorb. Separation was carried out using
phosphate  buffer  solution  containing  increasing
concentrations of NaCl (0.3-0.7 mol L-1) in a salt gradient. 3
mL fractions were collected from the column and clarified
assuming it was sterile. The clarified portions collected from
the separation column were then assayed for activity of the
lipoxygenase (LOX) and protein.

3. RESULTS AND DISCUSSION

As shown in Table 1, these results reached statistically
significant increase in the activity level of the lipoxygenase
enzyme found in sera of patients infected with viral Hepatitis
B. This elevation is highly statistically significantly elevated
at the (P < 0.001). These results suggest that viral Hepatitis B
infection is correlated with enhanced lipoxygenase activity.
The activity levels of lipoxygenase in the patients' sera are
much higher than in comparison with sera of individuals who
do not have the infection, the control group. Figure 2 visually
demonstrates this finding, by showing how the Hepatitis B-
infected group, as a result of this infection, has enzyme activity
much higher than the control group. The enzyme is thought to
play a role in inflammatory liver damage caused by viral
infections, and the increased lipoxygenase activity supports its
potential as a biomarker of the severity of liver impairment in
Hepatitis B patients.



Table 1. Lipoxygenase (LOX) activity in patients’ blood
sera, infected with viral hepatitis b and healthy individuals
(means *standard deviations)

LOX Activity
State No. Mean +SD. (UNmI) P Value
Control 40 0.121 +0.060 0.001
patients 40 0.291 +£0.071 '
H Control Patients

= 0.291
é 0.3
2
> 0.25
2
g 02 0.121
©
< 015
(@]
= 01

0.05

0

Figure 2. Level of lipoxygenase (LOX) activity in patients
suffering from viral hepatitis B, compared with normal
individuals

However, lipoxygenase (LOX) activity in patients with viral
Hepatitis B was higher (P < 0.001) compared to the control
group. Furthermore, this increased LOX activity is highly
associated with Hepatitis B. The large level of statistical
significance evokes the notion that the noticed growing in the
enzyme activity is not due to chance deviation, and, therefore,
evidences that the activity of LOX is very closely associated
with the existence of Hepatitis B. This finding leads to the
potential that LOX may be a biomarker to assess the sensitivity
of the liver to viral Hepatitis B and support its usefulness in
elucidating the physiologic basis of the disease.

The results of this study suggest that lipoxygenesses are
enhanced to a great degree in sera taken from Viral Hepatitis
B patients. These results are in agreement with reports in the
literature. Allication of the typical type of lipoxygenase in
patients with Hepatitis B was documented in a study of 2017
by Al-Fayyad and Al-lehebe [18] and Natarajan et al. [19] also
reported elevated level of lipoxygenase in patients with breast
cancer. In support of these observations, Al-Adlee and Al-
Guburi [20] reported an elevation in lipoxygenase activity in
blood samples taken from colon cancer patients.

In addition, Mahmood and Rashed [21] also stated (in 2013)
that a rise in lipoxygenase activity was found in blood sera and
tissues of persons with cardiovascular diseases. Further, Jawad
et al. [22] found increased enzyme activity in prostate cancer
patients, reasoning that the synthesis of eicosanoids and
leukotrienes via increased digestion of fatty acids was
responsible. This enhanced synthesis has inflammatory effects
that promote the generation of cancerous tumors throughout
many organs, including the liver. Collectively, these findings
highlight the importance of lipoxygenase as a major biomarker
for many diseases mediated by inflammation and cancer.

The activity of the lipoxygenase (LOX) was probably
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elevated in relation to exposure to external factors, the genetic
factors, and the occurrence of infections. This creates a boost
to the immune system leading the immune system to become
triggered and release polyunsaturated fatty acids, including
arachidonic acid. As the last group, these acids are
fundamental substances for the lipoxygenase [23]. Therefore,
metabolism of polyunsaturated fatty acids (such as arachidonic
acid, linoleic acid and linolenic acid) is accelerated to yield
many compounds, including eicosanoids and leukotrienes.
They are closely associated with the pathway of Lipoxygenase
(LOX). Moreover, leukotrienes comprise of biological
formation lipoxins. Registered as important regulators in
resolving and fighting inflammation, Lipoxins are powerful
anti-inflammatory lipid mediators [24]. It has also been found
to be important for the progression of inflammation and cancer.
This could be explained by the fact that the cellular membrane
becomes more permeable and because of these higher enzyme
actions there is more permeability to chemicals. Membrane
permeability increases in instances of inflammation and cancer
so that the enzyme is released extracellularly. As a result, the
enzyme is elevated in the bloodstream due to this extracellular
release [25].

Inhibiting the activity of lipoxygenase has been elucidated
to prevent the dissemination of inflammation, secondary
growth of tumors and inflammatory response [26, 27].

3.1 Purification of lipoxygenase for individuals with viral
hepatitis B

In the initial stages of enzyme purification, proteins are
typically concentrated by removing a significant amount of
water, which helps to achieve a desired level of purity. Salts,
such as ammonium sulfate are used to facilitate this
concentration process because they are highly soluble in water.
The process is dependent on a method called "salting out” in
which salts neutralize the protein's charge. The precipitating
effect of this neutralization reduces the solubility of the
proteins in the solution. A peptone gel for protein can be
prepared by ‘external salting out’; the technique, which is
often referred to as ‘external salting out’” works by
concentrating protein and separating it from other components
in the mixture [28].

Thus, lipoxygenase (LOX) required a multi-step separation
and partial purification to obtain. The enzyme was first
concentrated by precipitating it 30% ammonium sulfate. In
this step, fuel purity of 0.784173 times and enzyme yield equal
to 73.68421% were obtained. Membrane dialysis was used to
remove excess salt and to further purify enzyme through a
buffer solution of 0.2 mol/L and pH of 7. The enzyme was
purified to a purity of 0.784173 times after dialysis, with an
enzyme yield of 73.68421%. This was achieved by this
process to concentrate and partially purify the enzyme to
ensure additional purification steps.

Since then, the LOX enzyme was further purified on by gel
filtration chromatography with Sephadex G-100 resin as
column-filling material. Application of this technique had one
purified enzyme isomer giving a single symmetrical peak
(Figure 3). The purification level obtained is 0.57554, yield of
the enzyme was 26.10526% as displayed in Table 2. This step
was a critical step towards making the enzyme much purer for
more accurate analysis and characterization of the properties
of the enzyme.
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which are crucial for ion exchange chromatography as it relies
on the charge differences among isoenzymes. Three distinct
isoenzymes were isolated, as illustrated in Figure 4, each
exhibiting varying levels of purity. Specifically, Isoenzyme |
achieved a purity level of 0.73133, Isoenzyme Il reached
0.67957, and Isoenzyme Il attained 0.70723, as detailed in
Table 2.

These results are consistent with previous research.
Mahmood and Rashed [21] identified three isoenzymes of
lipoxygenase during the separation and measurement of
enzyme levels in the blood of males with cardiovascular
diseases. Additionally, Al-Fayyad and Al-lehebe [18]
successfully Kinetic and inhibitory study of partially purified
lipoxygenase from epilepsy patients” serum. These findings
collectively underscore the consistency and reproducibility of
lipoxygenase purification and characterization across different
biological sources and disease contexts.

Fraction NO.
=¢=LOX Activity
LOX
e \ i LOX2
Figure 3. Lipoxygenase (LOX) was purified by gel filtration 400
chromatography from blood sera of patients with viral = L 350
hepatitis B ‘5E'- 0.1 L300 2
E 0.08 4 F 250 E
The oyster mushroom *Pleurotus ostreatus* was chosen to 3 g
be extracted and purified its lipoxygenase sucessfully by g 0.06 1 [ ‘E
Mustafa et al. [29]. Likewise, Aanangi et al. [30] got a distinct * oon ] R
enzyme purification from mung beans, which ended up a - 00 &
single bundle of lipoxygenase. Lipoxygenase was purified 0.02 \ s
from the human placenta by Mahmoud et al. [31], while Abd N Lalie o
Al-Adlee and Al-Gubiri [32], purified a single peak of 1357 91113151719212325 2729 31 33 35 37 39 41 43 45 47 49 51 53 55 57
lipoxygenase from the blood sera of patients with prostate Fraction NO.
cancer. =g | OX Activity
In this study, the isoenzymes of the partially purified
lipoxygenase were separated using gel filtration Figure 4. Separation of lipoxygenase (LOX) isoenzymes
chromatography followed by ion exchange chromatography from blood sera of patients afflicted with viral hepatitis B
with DEAE-Cellulose resin as the column-filling material. The using ion exchange chromatography
process employed gradient solutions of sodium chloride,
Table 2. The partial separation and purification of lipoxygenase isomers from the blood sera of patients afflicted with viral
hepatitis B
Elute Activity To_ta}l Protein Tota_l Spe_cific Purification _
Step mly  (U/ml) Activity Conc. Protein Activity on Yield %
(Ul (mg/L) (mg) (1U/mg) (Fold)
Crud serum 5 0.285 0.001425 684 3.42 0.000417 1 100
Ammonium
sulphate 5 0.210 0.00105 643 3.215 0.000327 0.784173 73.68421
Dialysis 3.5 0.200 0.0007 595 2.0825 0.000336 0.805755 49.12281
Gel filtation 3 0.124 0.000372 517 1.551 0.00024 0.57554 26.10526
lon exchange
LOX1 3 0.129 0.000387 423 1.269 0.000304965 0.731330935  27.15789474
LOX2 3 0.104 0.000312 367 1.101 0.000283379 0.679565947  21.89473684
LOX3 3 0.087 0.000261 295 0.885 0.000294915 0.707230216  18.31578947
4. CONCLUSION enzyme proteins revealed distinct patterns  during

In conclusion, the study highlights a notable increase in the
activity of the lipoxygenase enzyme among individuals
infected with the B-type hepatitis virus. This heightened
enzyme activity is an important marker of the disease's impact
on the liver. Furthermore, the purification process of the
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chromatographic analysis: a single peak was observed when
using gel chromatography, while three peaks were identified
with ion-exchange chromatography utilizing a saline gradient.
These findings serve as a diagnostic indicator of liver damage,
reflecting the enzyme's altered behavior in response to the viral
infection.
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