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Abstract: Obesity is not a single disease, there are 300 different genes were linked to obesity, in addition to
several environmental factors could be associate to obesity happening, while most considerations common
indicted to the fact that obesity process is a result of an interaction of environmental factors with the genetic
predisposition lead to fat accumulation and increased in the adipose tissues. Under normal conditions ROS and
RNS are produced. This production balanced by number of acceptor electron molecules that synthesized
cellular. An injured tissues caused by disorders in the balance between the production of reactive species of
known as free radicals and antioxidants which is the defensive mechanism, through this status the raise in the
oxidation processes will occur in contrast to the reduction in the synthesis of defense molecules.

Subjects: 47patients (33.28 £7.424 years with age range 34 years) and 24 healthy individuals (25.96 + 3.983
years with age range 13 years) were enrolled in the present study. Patients with BMI more than 30 Kg/m?
(45.179 + 9.09 Kg/m?, and 38.7 Kg/m?® as BMI range); haven't diabetes mellitus, they aren't subjected to obesity
surgical operation before. Control group might at approximate age range with the patients group, with similar
food gtyle. Average BMI of no smoking, no alcohol drinking healthy group was 18.5 Kg/m? (22.829 + 0.752
Kg/m®).

Results: Evaluation of the MDA concentrations revealed a significant increase (p < 0.05) in patients of obesity
when compared with healthy individuals. From the statistical analysis of the obese patients group, a positive
correlation between the serum MDA concentration with BMI raise (r = 86.925 % at p < 0.001). while highly
significant differences (p < 0.05) were noticed at the two study's groups were compared together, when both of
ceruloplasmin oxidase activity and concentration were examined. It has been monitoring the positive relations
between BMI levels and both of the activity and concentration of ceruloplasmin oxidase enzyme in the sera
samples of obese patients group, where the activity and concentration of ceruloplasmin oxidase rose in 76.112
% and 68.869 % (at p < 0.05) of the total cases of patients. The Person's correlation demonstrated significant
positive relationship in those of obese patients (r = 0.828 at p < 0.005), But not in those of controls group.

Conclusion: MDA levels is affected during the overweight gain; and they correlated directly to BMI. Cp acts as
acute phase protein in response to weight gain, in addition to its an antioxidant role to accommodate the
overflow of electrons (free radicals) formed during the process of obesity.
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1. INTRODUCTION

Overweight and obesity are chronic diseases with specific behaviors, originally; due to weight
problems that begin with childhood®.Overweight and obesity are the result of surplus energy which is
stored in the body over time in the form of fat®.Obesity is the accumulation of an excessive amount
of the body fat; thus, weight increases in anyone more than 20% over the weight of natural persons as
a result of fat accumulation®.As such an overweight means increasing the body weight compared
with the level of weight accepted in the normal®.lt is believed that obesity is a result for losing of
ability to correct habits of eating®. Obesity is not a single disease, there are 300 different genes that
are linked to obesity, in addition to several environmental factors that could be associated with obesity
cases®.Most considerations are commonly indicted to the fact that obesity process is a result of an
interaction of environmental factors with the genetic predisposition that lead to fat accumulation and
increase in the adipose tissues™. There are many techniques that could be followed to reduce body
weight using diet, and they include: calories input decreasing (little food, taking drug to weak
absorption or an appetite), promoting input of calories (increase consumption of nutrition foods); this
strategy could contribute in the activation of fat catabolism®.
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Under normal conditions, reactive oxygen and nitrogen species (ROS and RNS) are produced. This
production is balanced by number of acceptor electron molecules that synthesized cellular. Injured
tissues are caused by disorders in the balance between the production of reactive species of known as
free radicals and antioxidants which is the defensive mechanism. Through this status raise in the
oxidation processes will occur in contrast to the reduction in the synthesis of defense molecules ©.
The outcome of this status leads to oxidative stress, and then cellular oxidative damage ©"

Free radicals are chemical particles containing unpaired electrons (single) and will be paramagnetic.
Most of oxygen is derived from the free radical related biological cell and is not stable, short-lived
and with high degree of the effectiveness. The harmful roles of free radicals in many physiological
and pathophysiological phenomena are linked to redox status cell modification ™”. The external
sources of free radicals production include uv radiation, ozone, pollution, alcohol intake, cigarettes
smoking, excess iron, pesticides, mycotoxins and some medicines *. ROS could enhance cellular
damage by modifying fats, proteins and DNA characteristics. ROS can influence the health cell and
vitality or induce a variety of cellular responses where leading, at last, to cell death by necrosis or
apoptosis. Oxidative damage of any biomolecules, if unchecked; probably is responsible of the
development to the disease 2.

ROS may be responsible for many pathological cases that include neurodegenerative disease like
Alzheimer's and Parkinson's disease, atherosclerosis, inflammatory conditions, certain cancers,
diabetes mellitus, pulmonary renal and heart diseases and process of aging ™.

Malondialdehyde (MDA) is a high effective molecule, three carbon dialdehyde produced as a result
of peroxidation of polyunsaturated fatty acid, as well as during the arachidonic acid metabolism for
the synthesis of prostaglandins. MDA could illustrate its baleful action in the cell through bind to the
functional groups in the proteins, lipoproteins, RNA and DNA molecules™** Evaluating MDA levels
in the biological materials could be used as an important indicator for various diseases in vitro or vivo
of lipid peroxidation, where MDA could be an output of natural lipid peroxidation®.Lipid
peroxidation is the best stable mechanism of cellular injury in the organism cells, that is used as an
indicator of oxidative stress in the cells and tissues. Polyunsaturated fatty acids are unstable and
degrade in the forms of complex series of compounds, i.e. MDA, by cyclooxygenase
catalysis“*>*® MDA can be present in most of the biological samples including foodstuffs, serum,
plasma, tissues and urine from lipid peroxidation, production of MDA as an active molecules from
different lipid peroxidation at many tissues, makes it as a sensitive and comfortable molecule for
guantitative measurements of lipid peroxide concentration in many samples of the biological
systems™"#).

Ceruloplasmin (Cp) is a plentiful blue a,-glycoprotein that contains more than 95% of copper found
in the plasma of all types of vertebrates “® %), Cp is synthesized mainly in the liver as single chain of
polypeptide of 1046 amino acids, and is excreted in the plasma with 6 or 7 atoms of copper binding in
the one molecule ®Y.Cp is a molecule association between iron and copper metabolism, also known as
serum multicopper Protein and exhibition ferroxidase activity, superoxidase activity and amino
oxidase activity ® . It seems to be more important for copper storage pool of that transport protein,
integrates iron and copper homeostasis “?. However, the physiological role of Cp is not known but it
may include activity of the extracellular antioxidant by encouraging iron mobilization and then to
prevent metal catalysts free radicals tissue damage®.Recent studies confirm the absorb food copper
which is the transfer by plasma protein carriers like transcuprein, albumin and Cp from the intestine to
kidney and liver. Cp is involved in the first place of the copper transporting from the liver to other
organs ®”.The decrease in the concentration of serum Cp is considered as diagnosis indicator of
Wilson's disease, while the increase of it concentrations has been reported in patients with macular
degenerations and in a variety of tumors and inflammatory conditions such as cancer, leukemia,

(Hodg);kin's lymphoma, primary biliary cirrhosis, systemic lupus erythematous and rheumatoid arthritis
20, 25

2. SUBJECTS AND METHODS

Forty seven patients (33.28 +7.424 years with age range 34 years) and 24 healthy individuals (25.96
+ 3.983 years with age range 13 years) were enrolled in the present study. Patients with BMI more
than 30 Kg/m? (45.179 + 9.09 Kg/m?, and 38.7 Kg/m* as BMI range); haven’t diabetes mellitus, they
aren't subjected to obesity surgical operation before. In order to treat an excess of their body weight or
health problems, the present study patients were underwent to the neumours treatment kinds
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(surgically or non surgical operations). The patients' group is classified into 3 subgroups according to
the type of treatment; firstly 3 patients were treated with bypass surgery, the second subgroup that
included 22 patients, is underwent to sleeve surgery, while the last subgroup that included 22
patients, is treated by balloon strategic opinion. Selection of healthy individuals as a control group is
based upon several criteria included: an absence of major medical or surgical illness in the previous 5
years, no hospital admissions, no current medication, and a subjective perception of good health as
determined by health questionnaire. More than, control group might at approximate age range with
the patients group, with similar food style. Average BMI of no smoking, no alcohol drinking healthy
group was 18.5 Kg/m? (22.829 + 0.752 Kg/m?). Information of study groups data was summarized in
the Table 1.

Tablel. Age and BMI Details in the Patients and Controls Groups

Groups (n) Age (year) BMI ( Kg/m?)

Mean £S.D. | Min. — Max. Range Mean £ S.D. Min. — Max. Range
Patients 47 33.28 £7.424 14 - 48 34 45.179 + 9.09 30 - 68.7 38.7
Healthy 24 | 25.96 + 3.983 22-35 13 22.829 +0.752 21.5-24.4 2.9

Bypass surgical operation patients group included 3 female only, while sleeve surgical operation
patients group were included 15 females and 7 males, finally the group of patients who treated with
balloon strategic consisted of 14 females and 8 males. Five ml of venous blood samples were
collected from the study groups' individuals after fasting period more than eight hours. Sera of patient
samples were collected from many private hospitals in the Najaf City, Irag. Selection of the study
cases was based upon the clinical diagnosis and the opinion of specialist doctors who identified the
best type of treatment for the study cases. The levels of serum MDA was measured by the TBARS
assay(26), while the activity of ceruloplasmin oxidase was determined in the study sera samples using
the modified Rice method(27).The statistical analysis was done using the Statistical Package for the
Social Science (SPSS) software for windows, Version 19.0. The results were expressed as mean *
standard deviation (Mean % S.D.), maximum, minimum and range. The two study groups data were
analyzed with Student’s independent t-test. One way analysis of variance (ANOVA) was used to
compare parameters in different studied subgroups. Pearson’s correlation was applied to determined
the relations among the laboratory parameters of the present study, significance was determined
regression. p-values less than 5% (p < 0.05) were considered as statistically significant.

3. RESULTS AND DISCUSSION

Obesity as a pathological process is concurred with cellular oxidative stress occurring, through
stimulating of oxidative stress system, in turn, oxidative stress is associated with an irregular
production of adipokines, which contributes to the development of the metabolic syndrome ©® . There
are several mechanisms that could contribute together to explain the formation of free radicals (as a
result to the cellular oxidative stress) during the obesity process. Primarily, an over excess in the body
weight associated oxidative stress is due to the presence of excessive adipose tissue itself, because
adipocytes and preadipocytes have been identified as a source of proinflammatory proteins
"cytokines"”, because obesity is considered a state of chronic inflammation. Elevation of reactive
oxygen and nitrogen species in the cells is extrusive commensurate to the cytokines levels, because
the last are potent stimulators for production of free radicals by macrophages and monocytes;
moreover, cytokines, especially TNF-o; decreased the activity of C-reactive proteins, like
ceruloplasmin, that will increase the interaction of electrons with oxygen to generate superoxide anion
@ In addition, during an increase in the fat accumulation cellular damage could occur due to
pressure effect from fat cells, this damage leads to high production of cytokines which generates free
radicals in the tissues, then increasing the lipid peroxidation rate ©°.

In the obese individuals, oxygen consumption is increased as a result to the elevation in the
mechanical load and myocardial metabolism®, the worst result to the increasing in the oxygen
consumption is the production of reactive oxygen species as malondialdehyde, superoxide, hydroxyl
radical, and hydrogen peroxide derived from the increase in mitochondrial respiration and, from the
loss of(stzalsgftrons produced in the electron transport chain, resulting in the formation of superoxide
radical*™ .

Type of diet, especially high fats diet, is considered another probable cause for altering oxygen
metabolism and increasing the production of reactive oxygen species during obesity. In the fatty food,
fatty deposits are vulnerable to suffer oxidation reactions, at this status, production of free radicals
will increase, these reactive species will augment the antioxidant capacity of the cell .
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Obesity proceeded among various disorders that affect mitochondrial metabolism ©, when it
enhances reactive oxygen species generation and development of cellular oxidative stress.
Dynamically, mitochondria provides the required energy for almost the cellular processes that
ultimately permit the carrying out of physiological functions, in addition to their role in apoptosis
process. Mitochondrial oxidative phosphorylation is very efficient process, although, a small
percentage of electrons may prematurely reduce oxygen, forming potentially toxic free radicals,
impairing mitochondrial function. Vitally, protons can be reintroduced into the mitochondrial matrix
through different uncoupling proteins (UCP-1, -2, and -3), affecting the control of free radical
production in mitochondria . Uncoupling proteins possess an amino acid sequence that is utilized to
identify potential mitochondrial carriers. Human UCP-3 protects the mitochondria of lipotoxicity in
cases of increased concentrations of free fatty acids "as a component of triglycerides™ in the matrix,
because it leads to the intermembrane space occurring and dysfunction of mitochondrial respiratory

g;aag? through inhibits translocation of adenine nucleotides and promotes the generation of superoxide

MDA presented as a decent marker in assessment of oxidative stress occurs during many pathological
and non pathological conditions ® 32 Student's t-test was applied to test the results of serum MDA
levels” changes between obese patients and control groups. Evaluation of the MDA concentrations
revealed a significant increase (p < 0.05) in patients of obesity when compared with healthy
individuals, as shown in Table 2.

Table2. Levels of MDA Concentration In Sera of Obese Patients and Controls Subjects (Mean + S.D.)

Subjects (n) MDA Concentration (mM) Min.-Max. Range p
Mean + S.D.

Obese 47 0.388 £ 0.090 0.166 - 0.514 0.348

Control 24 0.090 + 0.058 0.016 - 0.252 0.236 0.000

These results agreed with the several studies which were evaluated MDA levels in different diseases
(2243 "on the other hand the current work results were disagreed with other clinical studies“?.Gender
was found to have no effect on serum MDA concentrations in patients and control groups, when
Analysis of Variances (ANOVA) test failed to exhibit significant changes among male and female
within same subgroups (Table 3).

Table3. Comparison of MDA Levels in Male and Female of Patients and Controls Individuals

Subjects (n) | Gender (n) MDA Concentration (mM) Min.-Max. Range | p
Mean £ S.D.
Female 31 0.384 +0.088 0.166 - 0.514 0.348 0.418 For 1vs2
Obese 47 Male 16 0.362 £ 0.084 0.217 - 0.491 0.274 0.497 For 3vs4
Female 8 0.074 £ 0.029 0.048 - 0.143 0.095 0.000 For 1vs3
Control 24 Male 16 0.097 £0.068 0.016 - 0.252 0.236 0.000 For 2vs4

1: Female Patients, 2: Male Patients, 3: Healthy Females, and 4: Healthy Males. The Mean Difference is
Significant at 0.05 Level

Nemours studies agreed with the finding of the present work in the fact of gender type had no effect in
the levels of MDA, neither in patients nor in healthy subjects “*.

In order to verify the changes of the MDA concentrations with the BMI levels, linear regression
analysis was applied to study the relationship of serum MDA to BMI in both of patients and control
groups. From the statistical analysis of the obese patients group, a positive correlation between the
serum MDA concentration with BMI raise (r = 86.925 % at p < 0.001) was observed (Figure 3(A)).
No such results were noted when the serum MDA concentration of the control group were correlated
to their BMI levels, as shown in Figure 3 (B).

11.98x + 84.86y - 22.64x +2.024y -
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Fig3. Correlation of BM land Serum MDA in (A): Patients and (B): Controls
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This result coincided with Pihl“? and Codoner-Franch“® studies, which recorded a positive
correlation of excess in the BMI to the elevation in the levels of MDA.

Because of the lack of researches addressing the fact MDA levels and linked to the weight
applicants patients for a weight-loss operations, the current study represents the first step in the
tracking the cellular stress concurrent with different BMI levels to provide a full concept of what
happens in the body of person applying for a weight-loss operations, and what will happen then.

Regardless of the type of techniques followed to treat the increase in the BMI, all the female patient
cases illustrated high levels of MDA at compared to healthy females (p < 0.005), as observed in
Table 3 and Figure 4 (A).Two young male patients only were illustrated levels of MDA adjacent to
cutoff MDA value, this note enhanced the previous observation about the elevations in the sera MDA
of obese patients comparison to healthy persons.

Fig4. Gender Differences of Serum MDA Levels in Obese Patients According to the Type of Treatment
Strategies

Ceruloplasmin as one of the most important blood proteins was evaluated in many researches
according to its functionally diverse. These functions ranged from its role in the blood coagulation,
ceruloplasmin binding copper transporting as well iron homeostasis “”, furthermore its involved in
protection of angiogenesis from tissue injury“”. One of the acute phase proteins and antioxidant were
the major published roles ceruloplasmin #**® According to Student’s t-test analysis, highly
significant differences (p < 0.05) were noticed at the two study's groups were compared together,
when both of ceruloplasmin oxidase activity and concentration were examined, as shown in Tables 4
and 5; respectively. This result agreed with the study of Giner?; on the other hand, it was violate the
results of Bharat kumar and Nobili studies®*>.

Table4. Levels of Cp Activity In Sera of Obese Patients and Controls Subjects (Mean + S.D.)

Subjects (n) Ceruloplasmin Activity (U/L) Min.-Max. Range p
Mean £ S.D.
Obese 47 65.085 + 27.476 25.479 - 130.890 105.411
Control 24 40.110 + 19.581 12.565 - 92.844 80.279 0.000

Table5. Levels of Cp Concentration In Sera of Obese Patients and Controls Subjects(Mean + S.D.)

Subjects (n) Ceruloplasmin Concentration (g / L) Min.-Max. Range p
Mean + S.D.
Obese 47 13.258 + 6.107 5.162 - 28.175 23.013
Control 24 7.594 + 4,422 1.750 - 19.512 17.762 0.000

The rise of the ceruloplasmin levels in sera of obese patients samples could explain according to the
fact, obesity is considered a disease of chronic low-grade inflammation ®?, and an inflammation
status enhances the acute phase proteins synthesis in the liver. Moreover, ceruloplasmin catalyzed the
oxidation of Fe*" to Fe®"; this catalytic effect involving 4 of the 6 copper atoms associated with
ceruloplasmin that employ 2 oxygen atoms as the terminal electron acceptor without the intermediacy
of a partially reduced oxygen species, normally, this oxidase activity behavior increases during
cellular injury, infection, and inflammation®. Thus, in the current study ceruloplasmin may act as
acute phase protein in response to weight gain, in addition to its an antioxidant role to accommodate
the overflow of electrons (free radicals) formed during the process of obesity.

It has been monitored that the positive relations between BMI levels and both of the activity and
concentration of ceruloplasmin oxidase enzyme in the sera samples of obese patients group, where
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the activity and concentration of ceruloplasmin oxidase rose in 76.112% and 68.869 %o (at p < 0.05)
of the total cases of patients, as shown in Figures 5 (A) and 6 (A); respectively.
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Fig5. Correlation of BMI and Serum Cp Activity in (A): Patients and (B): Controls
Serum ceruloplasmin oxidase activity and concentration of the healthy individuals group didn’t show
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Fig6. Correlation of BMI and Serum Cp Concentration in (A):Patients and (B): Controls

This result agreed with the study of Tajik®?, and the study of Marazziti®. Gender was observed to
have no effect on serum ceruloplasmin oxidase activity in patients and control groups (Table6).

Table6. Comparison of Cp Activity in Male and Female of Patients and Controls Individuals

Subjects n) | Gender (n) Cp activity (U/L) Min.-Max. Range p
Mean = S.D.
Female 31 68.513 + 29.248 32.809 - 130.890 98.081 0.191 For 1vs2
Obese 47 Male 16 58.442 + 23.085 25.479 - 96.335 70.856 0.134 For 3vs4
Female 8 29.275 £9.110 14.659 - 40.139 25.480 0.000 For 1vs3
Control 4 Male 16 45.527 + 21.337 12.565 - 92.844 80.279 0.047 For 2vs4

1: Female Patients, 2:Male Patients, 3: Healthy Females, and 4:Healthy Males. The Mean Difference is
Significant at 0.05 Level

As shown in Table 7, the statistical evaluation failed to exhibit significant variation for serum
ceruloplasmin oxidase concentration when female patients of obesity were compared with those of
male patients, as well as; female and male of healthy individuals group, this result agreed with the
study of Viorica®.

Table7. Comparison of Cp Levels in Male and Female of Patients and Controls Individuals

Subjects Gender (n) | Cp Concentration (g /L) Min.-Max. Range | p

(n) Mean + S.D.

Obese 47 Female 31 | 14.222 + 6.509 6.912 - 28.175 21.263 | 0.095 For 1vs2
Male 16 11.391 + 4.897 5.162 - 20.212 15.050 | 0.100 For 3vs4

Control 24 Female 8 4.965 + 2.109 1.925 - 7.525 5.600 0.000 For 1vs3
Male 16 8.908 + 4.730 1.750 - 19.512 17.762 | 0.307 For 2vs4

1: Female Patients, 2:Male Patients, 3: Healthy Females, and 4:Healthy Males. The Mean Difference is
Significant at 0.05 Level

For the purpose of monitoring the effectiveness of the gender of the patients and its relationship to the
type of technologies used in the treatment of the increase in the BMI, levels of serum ceruloplasmin
oxidase activity and ceruloplasmin oxidase concentration were distributed in each of two female and
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male subgroups according to the therapeutic taken in weight loss. Figures 7 (A) shows the levels of
serum ceruloplasmin oxidase activity in the female patients subgroup were higher than cutoff value in
regardless type of technique that followed to reduce weight, except; the five women (with the lost
BMI among the female patients subgroup) underwent to stomach sleeve strategy to lose weight, in
addition to the youngest female who treated by balloon technique to reduce BMI.

ST .
1EN IS

E"E 125 E:E

Eg 100 g

Egs id ..

iS5 1893

EEBSD iEE

2 s i

% g

A ‘5

Fig7. Gender Differences of Serum Cp Activity Levels in Obese Patients According to the Type of Treatment
Strategies

Figures 8 (A) illustrates the levels of serum ceruloplasmin oxidase concentrations of the obese
women were higher those in the healthy female cases. In contract to female subgroup, male patients
group failed to exhibit a significant differences between patients and healthy males in the levels of
serum ceruloplasmin oxidase activity, where ceruloplasmin oxidase activity results of obese male
were interfered with the results of healthy men subgroup (Figures 7 (B)).With the same opinions, the
levels of serum ceruloplasmin oxidase concentrations of the obese men were asymptotical to the
levels of the same parameter in serum of control men subgroup, as demonstrated in Figures 8 (B).The
current work findings came compatible with the scientific facts that indicated estrogens mainly
responsible for the increased level of serum ceruloplasmin, when they act as an inducer for synthesis
of ceruloplasmin RNA templates causing subsequent increase in synthesis of the protein; while
progesterone causes a less drastic rise®®.

Yet, no study has been published on the relationship of ceruloplasmin oxidase with BMI of the two
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Fig8. Gender Differences of Serum Cp Concentration Levels in obese Patients According to the Type of
Treatment Strategies

The Person's correlation demonstrated significant positive relationship in those of obese patients (r =
0.828 at p < 0.005), but not in those of controls group Figure 9 (A) and (B) when MDA levels was
correlated to the activity of ceruloplasmin oxidase.
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Fig9. Correlation of MDA Concentrations to Cp Activity in Sera Samples of (A):Obese and (B): Normal
Individuals
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About 84.688 % of the obese persons (at p < 0.005) illustrated significant positive correlation at
MDA concentration compared to ceruloplasmin oxidase concentration, as observed in Figure 10
(A).Negatively non significant correlation was noted when MDA and ceruloplasmin oxidase
concentration is linked together at the cases of healthy controls, as shown in Figure 10 (B).
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Figl10. Correlation of MDA Concentrations to Cp Concentrations in Sera Samples of (A):Obese and (B):
Normal Individuals

For many years ago, malondialdehyde and ceruloplasmin oxidase levels were assessed together to
highlight on the cellular injury that could be occur as a result to abnormal condition(s), it is possible to
contribute in the violation of oxidation-antioxidants system. The circumstances of estimation were
varied to included naturally occurring cases, such as pregnancy®”, aging®®, differing in the life
style®, and the daily mechanical effort expanded®.

Furthermore, the two parameters (malondialdehyde and ceruloplasmin oxidase) were evaluated for
individuals working in the occupations include exposure to the amount of pollution may cause
physiological disruption over time®®®.

Finally, these parameters were useful predictive, diagnostic and follow up tool for many diseases, like
Hypertension®®, Type 2 Diabetes Mellitus®®, Non Acute Hepatitis Virus Type B ©? and
cancers®.Results of the present study agreed with several of the previous studies ¢2*, and disagreed
with others ©©.

In the present work, positive correlation between malondialdehyde and ceruloplasmin oxidase
indicate a cellular stress coincide with the occurrence of obesity, but, the process of the accumulation
in the outputs of oxidative stress has not yet reached the extent that it inhibits the vital organs, such as
liver, from functioning. This finding helps the approval of the observed rise in the levels of
malondialdehyde and ceruloplasmin oxidase at the beginning of pathological injuries such as cancer,
and then the malondialdehyde continued to rise with a gradual decrease in the levels of ceruloplasmin
oxidase harmonize with the progress of infection and spread of the disease®”.
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