Tikrit Journal of Pure Science 19 (1) 2014

ISSN: 1813 - 1662

Study the effect of supplementation of two types' of omega-3 poly

unsaturated fatty acids on oxidative stress status of the asthmatic patients

Sara A. Mahdi', Farah A. Rasheed', Mustafa Nema A. Ali®
'Department of Chemistry , College of Science , Al-Nahrain University , Baghdad , Iraq
Department of Medicine , College of Medicine , Baghdad University, Baghdad , Irag
( Received: 26 /11 /2012---- Accepted: 8/4/2013)

Abstract

Asthma is a chronic disorder of the airways with underlying inflammation and oxidative stress. Malondialdehyde
(MDA) - the lipid peroxidation product- level increases in inflammatory diseases and used as a common

oxidative stress marker .

Albumin and bilirubin, uric acid ; are components of antioxidant defense system.

Omega-3polyunsaturated fatty acids supplementations lead to decrease the inflammatory mediators thereby
decrease oxidative stress in asthmatics. Thirty seven asthmatic patients (20 females and 17 males) were involved
compared with 37 healthy controls . Plasma samples analyzed for total MDA, albumin bilirubin, and uric acid
before and after 3 weeks of supplementation of two types omega -3 polyunsaturated fatty acids (300mg/day) .
After 3weeks of supplementation the MDA level change along supplementation period (p< 0.05), but it still
significantly differ from control (p<0.01) , albumin and bilirubin return to control level with non-significant
difference from control, while uric acid increase significantly. These results indicate the decrease oxidative stress
situation since MDA levels decrease while endogenous antioxidant molecules (albumin , bilirubin , and uric
acid) levels raised leading to conclude the valuable omega-3 fatty acids supplementation for asthmatic patients .

Introduction

Asthma is a worldwide disease. It is characterized by
an influx and activation of inflammatory -cells,
generation of inflammatory mediators, and epithelial
cell shedding ". It has been shown that inflammation
driven by increased oxidative stress occurs in the
airways of patients with asthma ® . Inflammatory and
immune cells in the airways, release increased
amounts of reactive oxygen species (ROS) in
asthmatic patients. The resulting reactive oxygen
species (ROS) , have destructive role when produced
in excessive amounts ¥, The lipid peroxidation
products (as part of inflammation events) easily
create reactive carbon compounds. The most
important one is malondialdehyde (MDA)®.
Malondialdehyde, MDA, is a highly reactive three
carbon dialdehyde, produced as a byproduct of poly
unsaturated fatty acid peroxidation ' . it is one of the
most frequently used indicators of lipid peroxidation
™, Thiobarbituric acid —reactive substances (TBARS)
measure the concentration of MDA. This popular
assay for MDA is based on its reaction with
thiobarbituric acid (TBA) &

Elevated MDA levels have been observed in plasma
and bronchoalveolar fluid in asthmatics % 'V
Malondialdehyde (MDA) levels elevated also in
breath condensate of the asthmatic patients ' .
Albumin is well known for its ability to bind
molecules, such as metals ions, fatty acids, drugs, and
also hormones.The flexibility of the albumin structure
adapts it readily to ligands, and its three domains
provide a variety of binding sites that’s lead to have
many antioxidant activities "*. Picado C. er al
measure serum albumin in asthmatic patient and low
plasma albumin level was reported in corticosteroid —
dependent asthmatic patients '*), The interferences of
corticosteroid are eliminated in other study which
stated lower plasma albumin concentration in severe
asthmatic patients '>. Another study also stated low
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albumin levels in asthmatic children in compare to
control group ', Vural ef al also stated the lower
level of albumin in patients with bronchial asthma ",
Bilirubin was reported to protect against the oxidation
of lipids such as linoleic acid and vitamin A "®R.
stocker et al indicate that bilirubin at micromolar
concentrations can scavenge the chain —carrying
peroxyl radical ?., In serum, J.Neuzil & R.Stocker
demonstrate that lipoprotein-associated and albumin-
bound bilirubin can efficiently protect lipid from such
peroxidation *”. Remission of severe chronic asthma
was noted in a patient during an episode of hyper
bilirubinemia associated with hepatitis ©").

Finally Missoet al reported low plasma bilirubin
concentration in severe asthma %),

Uric acid has profound beneficial effects since it
scavenges potential harmful radicals “®. Urate not
only behaves as a radical scavenger but also stabilize
ascorbate in biological fluids **. Most few studies on
uric acid in asthma focus on its availability in
respiratory tract lining fluid that reported availability
(.2 and its reduction concentration than normal
there . While Misso er al found no significant
differences in plasma uric acid concentrations in
asthmatics '),

The membrane of most immune cells contain large
amount of arachidonic acid (AA), compared with
other poly unsaturated fatty acids (PUFA)
compounds, like Eicosapentanoic acid (EPA).
Because that AA is usually the principal precursor for
eicosanoid synthesis metabolism of AA by
cycloxgynase (COX) enzyme gives rise to the 2-
seriesprostaglandin (PG) and thromboxanes (TXAs) ,
whereas it's metabolism by 5-lipoxygenase (5-LOX)
pathway gives rise 4-series leukotrienes (LTs) .
These series of PGs and LTs has a number of
proinflammatory effects enhances generation of
reactive oxygen species *® . Among w-3 PUFA that
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possess potent immunmodulatory activities, those
from fish oil (a rich source of EPA and DHA) are
more biologically potent than other *. Ingestion of
these classes of fatty acids will lead to their
distribution to virtually every cell in the body with
effects on membrane composition and function,
eicosanoid synthesis, cellular signaling and regulation
gene expression ®”. Supplementation with EPA and
DHA significantly increases tissue levels of these
kinds of fatty acids, and in sequence increased
proportion of those fatty acids in inflammatory cell
phospholipids .The incorporation of EPA and DHA
into human inflammatory cells occurs in a dose-
response fashion and is partly at the expense of
arachidonic acid @ %3,

The w3-PUFA (practically EPA&DHA) decreases the
production of inflammatory mediators. They act in
two ways; directly by replacing AA as an eicosaniod
substrate and inhibiting AA metabolism and via
interference with AA cascade that generate
eicosanoid . EPA structurally close analogue of AA,
it is not only can replace AA in phospholipid bilayers
but act also as a substrate for cyclooxygenases (COX)
and lipoxgynase enzymes, generating 3-series
prostaglandins and thromboxane and 5-series
leukotrienes ®'**%®_ SethiS. et al reported that -3
PUFAs can be oxidized non-enzymatically and that
the products are both anti-inflammatory and anti-
proliferative G, Gao, L. et al stated that EPA and
DHA are readily oxidized under free radical
conditions because they have additional carbon-
carbon double bonds compared with arachidonate and
other PUFAs %,

Several studies reported this beneficial effect of -
3PUFA supplement (i.e. EPA&DHA) . One of these
studies demonstrated that dietary supplementation
with @ -3 PUFAs over 6 months increased plasma
levels of these fatty acids and reduced stimulated
TNF-a and circulating eosinophils and reduced
medication use in asthmatic children®®. Nagakura ef
al showed that dietary supplementation with fish oil
(84 mg EPA and 36 mg DHA per day) over 10
months decreased asthma scores in children with
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bronchial asthma *”. Okamoto et al observed
suppression of LTBs; and LTC, generation by
following 4 weeks of perilla seed oil (w-3 PUFA)-
rich supplementation in asthmatic subjects®. Payan
et al found that high doses, compared to low doses, of
EPA ethyl ester taken daily for 8 weeks increased
LTBs generation, and reduced AA, LTB,, and
PGE,®”.

Subjects , Materials , and Methods

Thirty seven asthmatic patients (20 females and 17
males) were evaluated in this study. Diagnosis of
asthma was made by a respiratory physician . The
study was carried out in Baghdad Teaching Hospital .
The exclusion criteria were (i) age less than 15y (ii)
vitamin supplements taken in the last 4 weeks, (iii)
presence of other diseases known to be associated
with elevated oxidative stress (cancer, diabetes,
arthritis, etc.) . A matching group of 37 healthy
volunteer subjects (21 male and 16 female) were
considered as a control group . -3 polyunsaturated
fatty acids supplements (particularly ecosapentanoic
acid EPA and ecosahexanoic acid DHA ) ordered to
be consumed by patients (thirty one only stayed along
study period) as 1 capsule per day(300mg/day:120mg
DHA and 180 mg EPA) . Samples of blood collected
from patients weekly for 3 weeks, in addition to base
line. Total period of observation and collecting blood
samples is 4 weeks for every patient .

Each plasma sample was analyzed for total
malondialdehyde (MDA) , albumin, uric acid and
bilirubin. Plasma albumin, uric acid and bilirubin
were measured by colorimetric method using kits
supplied by bioMaghrab Company.

MDA lipid peroxidation end product measured
spectrophotometrically after adding thiobarbituric
acid under acidic conditions “.

Statistical analysis

Statistical package for social sciences (SPSS) version
15 was used for data entry and analysis .

Results & Discussion

Number and percentage (according to gender) of
subjects who's involved in this study are given in
Table (1) .

Table -1: Distribution of study participants according to their health status and gender

Gender Study Group
Asthmatic Control Total
N % N % N %
Male | 17| 459% |21 | 56.0% | 38 | 51.3%
Female | 20 | 54.1% | 16 | 44.0% | 36 | 48.7%
Total | 37 | 100.0% | 37 | 100.0% | 74 | 100.0%

Plasma Malondialdehyde (MDA) levels (umol/l)
The mean (£SEM) values of plasma MDA levels in
control and asthmatics group before and after the
course of eicosapentaenoic and docosahexaenoic
acids (EPA & DHA) supplementation are listed in
table (2).

a- Before EPA and DHA supplementation
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Data in table 2 showed that MDA concentration in
the plasma of asthmatic group (12.6 = 4.54 pmoll/l)
was significantly higher (p< 0.01) than that of control
group (4.50 £ 0.33umoll/l) . Similar findings were
reported by Ozaras et al, Jacobson et al, and sharma
A. et al, who found that MDA was higher in plasma
of asthmatic patients compared to controls '* 41,



Tikrit Journal of Pure Science 19 (1) 2014

The increasing in the MDA concentration indicates
the increased peroxidation of lipids (i.e. oxidative
stress) in the asthma disease, where the oxidative
stress is involved in asthma pathogenesis and
symptoms . High levels of MDA itself is involved
in many harmful effects of inflammation * *2 |

b- After EPA and DHA supplementation
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Despite that the level of MDA in plasma of asthmatic
group after4 weeks of supplementation with EPA and
DHA decrease compared to that before
Supplementation (mean 10.27 + 0.86 and 12.60=+ 0.82
respectively) , it is still significantly higher than the
control group (p < 0.01), as shown in table (2).

Table (2) Plasma malnodialdehyde concentration (umoll/l) in asthmatic patients before (week 0) and after

ecosapentanoic acid and docosahexanoic acid supplementation (week 3)

compared to control subjects
P

Study group | N | MDA* pmol/l P
Mean + SEM
Control 37 4.5 +0.33 --- N.S.
Asthmatics 0 | 37 12.6 +0.82 <0.01
Asthmatics 3 | 30 | 10.27+0.86 | <0.01

*MDA= Malnodialdehyde

During the 3weeks of EPA and DHA supplementation,
plasma MDA level unchanged significantly in each
week of the observation compared to the week zero (as
shown in table 3) . But the decreasing of plasma MDA

level with time is significant (p< 0.05) which indicate to
the successful of EPA and DHA supplementation for
extended period of time. As shown in table (3) .

Table (3) plasma Malnodialdehyde concentration (umoll/l) in asthmatic patients during 3 weeks of

ecosapentanoic acid and docosahexanoic acid supplementation
Study group | N | MDA* umol/l | P P
Mean + SEM
Asthmatics 0 | 37 | 12.6 +0.82 ---
Asthmatics 1 | 30 | 11.54 £0.87 N.S. | <0.05
Asthmatics 2 | 30 | 12.41 +1.02 N.S.
Asthmatics 3 | 30 | 10.27 +0.86 N.S.

*MDA = Malnodialdehyde

Malondialdehyde is the result of oxidative stress due
to inflammation and/or hyperresponsiveness
Inflammation and hyper responsiveness themselves
are due to immune cells activation as well as some
bronchial cells activation that contain AA
Arachidonic  acid produces cell mediators
(particularly ecosaniods) . The substitution of AA
with EPA and DHA in cell membrane lead to the
production 5- series leukotriene LT (with less potent
inflammatory properties) compared to 4-series (LT)
produced from AA, and 3-sreies prostaglandins (PG)
and thromboxanes (TXAs) (with antinflammatory
effects) compared to 2-series produced from AA®'3?
. These LTs, PGs and TXAs produced from EPA (in
addition to reduce these compounds originated from
AA) will decrease the oxidative stress that produces
MDA .

Plasma albumin level (g/liter)

The mean (+SEM) values of plasma albumin level in
asthmatic and control group before and after the
course of eicosapentaenoic and docosahexaenoic
acids (EPA & DHA) supplementation are listed in
table (4) .
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a- Before EPA and DHA supplementation

The mean value of albumin in plasma of asthmatic
patients group (40.29+7.24 g/L) was significantly
lower (p< 0.05) compared with control group (45.17+
1.54g/L). Albumin is known to be one of the negative
acute phase proteins “* and it is also found to have
antioxidant properties ' *”. So the decrease in
plasma albumin level obtained in the present study
could be explained by either that albumin is one of
the negative acute phase proteins that decreased after
inflammations or due to its activity as antioxidant or
both, which need more investigation in future work .
The results obtained in the present study is agreed
with the finding of Vural ef al and Picado et al who
reported a decrease serum albumin level in asthmatic
patients '* 7,

b- After EPA and DHA supplementation

The level of Plasma albumin significantly increased
(p>0.05) after3 weeks of EPA and DHA
supplementation to asthmatic patients (mean 47.67
+1.37g/L) compared to the control level (45.17+1.54
g/L). (as shown in table (4)
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Table (4) plasma Albumin (g/L) in asthmatic patients before (week 0) and after ecosapentanoic acid and
docosahexanoic acid supplementation (week 3) compared to control subjects

Study group | N | Albumin g/l P P
Meant+ SEM
Control 37 | 45.17 £1.54 -
Asthmatics 0 | 37 | 40.29+1.24 | <0.05
Asthmatics 3 | 30 | 47.67 £1.37 | <0.01 | N.S.

The supplementation of EPA and DHA leads to
decrease inflammatory process in asthmatic patients
which lead to decrease albumin consumption (as an
antioxidant) .

In addition to that decreasing, inflammatory process
also lead to decrease albumin consumption as
negative acute phase protein . Both of these two
processes could explain the increase in albumin level
in asthmatic patients to upper normal levels three
weeks after EPA and DHA supplementation . From
the follow up of plasma albumin level over four

weeks of EPA and DHA supplementation, it was
noticed that albumin started to increase from the third
week and continue to the end of the fourth week (as
shown in table 5). This change in albumin level could
be explained by the half-life of albumin (15 days
half-life “*) so that new albumin synthesized in this
period of omega-3 compounds supplementation, is
less exposed to inflammation. This idea could be
applied to the action of albumin both as a negative
acute phase protein and as an antioxidant .

Table (5) plasma Albumin (g/L) in asthmatic patients during 3weeks of ecosapentanoic acid and
docosahexanoic acid supplementation

Study group | N | Albumin g/l P P
Meant SEM

Asthmatics 0 | 37 | 40.29+1.24 ---

Asthmatics 1 | 30 | 45.17+£1.84 | <0.05 | N.S.

Asthmatics 2 | 30 | 43.07 +1.85 N.S.

Asthmatics 3 | 30 | 47.67+1.37 [ <0.01 |

Plasma Uric acid mg/dl

The mean (+SEM) values of plasma uric acid level in
control and asthmatic group before and after the
course of eicosapentaenoic and docosahexaenoic
acids (EPA & DHA) supplementation are listed in
table (6) .

a- Before EPA and DHA supplementation

The level of uric acid in plasma of asthmatic group
show non-significant difference compare to that of
the control group obtained in the present study (mean
5.40+ 0.26 mg/dl and 4.66= 0.29 mg/dl respectively).
although uric acid is provide as much as 60% of
oxygen and free-radical scavenging in human plasma
leading to make it the major antioxidant power source
in the plasma, because of uric acid is ubiquitous in
body fluids and tissues, this may be lead to the non-

significant difference of its level in asthmatic patients
found in the present study.

In addition to the relatively wide range of its
physiological concentration in plasma (2.5-7.5 mg/dl)
243 The result of the present study was agreed with
Missoet.al results %,

b- After EPA and DHA supplementation

Plasma uric acid significantly increased (p<0.05)
after four weeks EPA and DHA supplementation to
asthmatic patients (mean 5.56+0.19 mg/dl)
Supplementation of EPA and DHA leads to decrease
the production of reactive molecules (free radicals in
particular) which may lead to decrease consumption
of uric acid as antioxidant , and hence, it may be
increasing its level after 3weeks of supplementation .

Table (6) plasma uric acid concentration (mg/dl) in asthmatic before (week 0) and after ecosapentanoic
acid and docosahexanoic acid supplementation (week 3) compared to control subjects

Study group | N

Control 37

Asthmatics 0 | 37

Asthmatics 3 | 30

Uric acid mg/dl P
Mean +SEM
4.66 +0.29 ---
5.40 +0.26 N.S.
5.56 +0.19 <0.05

From the follow up of plasma uric acid level over 3
weeks of EPA and DHA supplementation (table 7) , it
was noticed that its concentration decrease

significantly in the first week and return to increase in
the following weeks .
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Table (7) plasma uric acid concentration (mg/dl) in asthmatic during 3 weeks of ecosapentanoic acid and
docosahexanoic acid supplementation

Study group | N | Uric acid mg/dl | P P
Mean +SEM

Asthmatics 0 | 37 | 5.4 +0.26 - <0.05

Asthmatics 1 | 30 | 4.68 +0.38 <0.05

Asthmatics 2 | 30 | 5.15+0.27 N.S.

Asthmatics 3 | 30 | 5.56 +0.19 N.S.

The variation of uric acid concentration over 3 weeks
of supplementation course report significant
difference (p<0.05) which mean the concentration
change over time is real .

Plasma Bilirubin (mg/dl)

The mean (+SEM) values of plasma bilirubin level in
control and asthmatic group before and after the
course of eicosapentaenoic and docosahexaenoic
acids (EPA & DHA) supplementation are listed in
table (8) .

a- Before EPA and DHA supplementation

The mean of bilirubin in plasma of asthmatic patients
group (0.41+0.05 mg/dl) was significantly lower (p<
0.05) compared with that of the control group (0.58+
0.04mg/dl) .

Bilirubin is a molecule with effective antioxidant
properties due to its structure "'”; therefore it is not
strangely to exhibit its antioxidant properties that
leads to the consumption of this molecules and
decreasing its levels in the plasma of asthmatic
patients. Since asthma is an inflammatory disease
produces free radicals more than normal.

The result of the present study is agreed with results
obtained by Misso ef al who found a low plasma
bilirubin concentration in severe asthma '*. And also
it is emphasized with Ohrui T. ef a/l who found
remission of asthmatic patients who develop jaundice
@Y Neuzil & Stocker demonstrate that lipoprotein-

associated and albumin-bound bilirubin can
efficiently protect lipid from peroxidation *”. Many
studies stated low bilirubin levels as biomarker of
many diseases' pathology. Hopkins et al compared
familial coronary artery disease patients with control
subjects.

The diseased individuals displayed substantial lower
serum bilirubin levels than the control subjects ).
Levinson S. also observed an inverse relationship
between bilirubin levels and severity of ischemic
heart disease “®,

In meta-analysis of 11studies,Novotny &Vitek found
elevated bilirubin levels associated with diminished
risk of atherosclerosis “”. In peripheral vascular
disease, bilirubin levels are lower than in the normal
population @V,

b- After EPA and DHA supplementation

The plasma blilirubin levels rises after 4 weeks of
EPA and DHA supplementation to asthmatic patients,
reaching near normal level. No significant difference
(p> 0.05) between asthmatics (mean 0.47+ 0.07
mg/dl) and control groups noticed as shown in table -
8-.

The increase in bilirubin levels after EPA and DHA
supplementation may be indicate to success of
replacement of AA with EPA that lead to decrease
the free radicals and other reactive molecules which
consume biliribin (working as antioxidant) .

Table (8) plasma bilirubin concentration (mg/dl) in asthmatic before (week 0) and after ecosapentanoic
acid and docosahexanoic acid supplementation (week 3) compared to control subjects
P

Study group | N | Bilirubin mg/dl | P

Mean +SEM
Control 37 | 0.58 £0.04 -—-
Asthmatics 0 | 37 | 0.41 +0.05 <0.05
Asthmatics 3 | 30 | 0.47 +0.07 N.S. | NS

From the follow up of plasma bilirubin level over
three weeks of EPA and DHA supplementation (table
9) , it was noticed that bilirubin started to increase
from the second week and continue to do so to the

third week. This finding is agreed with the expected
action of EPA and DHA supplementation despite the
increases is not significance .

Table (9) plasma bilirubin concentration (mg/dl) in asthmatic during 3 weeks of ecosapentanoic acid and
docosahexanoic acid supplementation

Study group | N | Bilirubin mg/dl [ P =
Mean +SEM

Asthmatics 0 | 37 0.41 £0.05 --- | N.S.

Asthmatics 1 | 30 0.41 £0.044 N.S.

Asthmatics 2 | 30 0.46 +0.08 N.S.

Asthmatics 3 | 30 0.47 £0.07 N.S.
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Conclusion

1- Oxidative stress markers in this study divided into
two parts; first: markers that indicate oxidative stress
in asthma patients from onset time which is MDA.
and in follow-up the change in oxidative stress
situation. Second: markers that have beneficial in
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