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ABSTRACT

Background: Porpoise oil is yellow fatty oil obtained from porpoises. It causes a
relative improvement of antioxidative defense via antioxidant enzymatic and non
enzymatic mechanisms. The antioxidant role of porpoise oil is relevant to its
constitution of lipid lowering effects of w-3 polyunsaturated fatty acids) (PUFAs).
Obesity has become a leading global health problem owing to its strong association
with a high incidence of diseases. Oxidative stress may play a critical role in the
pathogenesis and development of obesity-related diseases. Aim of the work: The aim
of the present study was to evaluate the possible mechanisms of obesity-induced
oxidative stress and to determine the efficacy of porpoise oil on counteracting
oxidative stress induced by obesity in rats. Materials and methods: The study was
carried out on 75 female albino rats which were divided into 5 groups each comprise
15 rats: group I (control non obese), group Il (control obese), group Il (non obese
with porpoise oil administration), group 1V (porpoise oil administration with
induction of obesity) and group V (porpoise oil administration after induction of
obesity). All groups were subjected to estimation of plasma lipid profile, plasma
xanthine oxidase activity, total antioxidant capacity (TAC), hydrogen peroxide level
(H,0,), and malondialdehyde level (MDA). Liver specimens were taken for
histopathological examination. Results: The present study confirmed a state of
dyslipidemia in obese rats manifested by significantly higher plasma levels of total
triglycerides, total cholesterol, LDL-cholesterol and low levels of HDL-cholesterol as
compared to the control rats. There was significant increase in MDA as well as, H,O,
levels, and xanthine oxidase activity, with significant decrease in total antioxidant
capacity in control obese group as compared to the other groups. Porpoise oil treated
group showed significant decrease in plasma levels of MDA, H,0,, xanthine oxidase
activity, with significant increase in TAC. Also, an improvement in lipid profile and
lobular architecture of the liver occurred with porpoise oil administration.
Conclusion: From these results it could be concluded that obesity is a state of
chronic oxidative stress and may be an inductive factor of several biochemical,
metabolic alterations and also hepatic histopathological changes. Porpoise oil
significantly  improves the biochemical, metabolic and histopathological
abnormalities induced by obesity due to its powerful lipid lowering and anti-
inflammatory effects and unique antioxidant properties.
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INTRODUCTION

Obesity is a  pathological
condition in which excess body fat has
accumulated to the extent that it may
have an adverse effect on health
leading to reduced life expectancy
and/or increased health problems®
The great similarity and homology
between the genomes of rodents and
humans make these animal models a
major tool to study obesity .

Obesity is associated with an
increased risk of nonalcoholic fatty
liver disease (NAFLD)®. Steatosis,
the hallmark feature of NAFLD,
occurs when the rate of hepatic fatty
acid uptake from plasma and de novo
fatty acid synthesis is greater than the
rate of fatty acid oxidation and
export™®.

Reactive oxygen species (ROS)
are generated as a result of normal
metabolic processes in the cell,
including the wuncoupling of the
electron transport chain in the
mitochondria and the oxidation of
excess NADPH by NADPH oxidase
® Accumulation of ROS in the body
is highly correlated with obesity due
to generation of these radicals from fat
accumulation ©.

Xanthine oxidase (XO) is an
enzyme that generates reactive oxygen
species ™ It is a superoxide-producing
enzyme found normally in the
vascular endothelium®. It catalyzes
the oxidation of hypoxanthine
to xanthine then to uric acid .

Hydrogen peroxide (H,O,) is a
non-radical species primarily
produced during the dismutation of
superoxide anion via superoxide
dismutase (SOD); and directly by

several oxidases (e.g., glycolate
oxidase, xanthine oxidase) ®*.

Oxidative  stress (OS) s
associated with cumulative body
damage caused by free radicals
inadequately neutralized by
antioxidants"”.  Oxidative  stress
induces cell injury through the
oxidative damage of lipid, protein and
DNA"?.

MDA is an end product of lipid
peroxidation produced during the
oxidative breakdown of lipids @¥.
Measurement of MDA is an indicator
of oxidative damage to cells and tissue
and an indirect index of ROS
activity?.

Determination of total antioxidant
capacity (TAC) is a tool in medical
diagnosis and treatment of several
diseases. In plasma, antioxidant
molecules involved in free radical
scavenging include endogenous (e.g.
uric acid, albumin and circulating
thiols) and exogenous (e.g. vitamins E
and C) antioxidant molecules .

TAC considers the sum action of
all the endogenous and exogenous-
derived antioxidants present in plasma
and body fluids and provides an
integrated parameter rather than the
simple sum of  measurable
antioxidants '%. It has been suggested
that plasma TAC levels modified
during oxidative stress conditions .

Porpoise oil is also known as
dolphin oil, is pale yellow fatty oil
extracted from porpoise adipose tissue
by evaporation process. The tissues of
porpoise contain combination of iso-
valeric acid and omega 3
polyunsaturated fatty acids (®3
PUFAS)®" Administration of
porpoise oil was noted to act through
the enhancement of lipoprotein
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secretion and to increase adiponectin
production in experimental

AIM OF WORK: The present work
aimed to evaluate the possible
mechanisms  of  obesity-induced
oxidative stress and to determine the
efficacy of porpoise o0il on
counteracting obesity-induced
oxidative stress in rats.

MATERIALS & METHODS

The study was carried out on 75
female albino rats of 120 -150g body
weight. During the study the animals
were kept in wire mesh cages, room
temperature was 22-24 °C, the animals
were exposed to 12:12 hours light
dark cycles, allowed free access to
water and to either a control diet or
high-fat diet.

Experimental design: The studied

animals were divided randomly into

five groups, each comprise 15 rats:

1. Group I (control non obese): rats
fed on normal caloric diet for 8
weeks.

2. Group II (control obese): rats
received high fat diet for 8 weeks.

3. Group III (non obese with
porpoise oil administration): non
obese rats fed normal caloric diet
with simultaneous administration
of porpoise oil in a dose of
Iml/Kg. orally for 8 weeks.

4. Group IV (porpoise oil
administered with obesity
induction): rats fed high fat diet
with simultaneous administration
of porpoise oil in a dose of
Iml/Kg. orally for 8 weeks.

5. Group V (porpoise oil
administration after obesity
induction): rats fed high fat diet

for 6 weeks then administration of

porpoise oil in a dose of 1ml/ Kg.

orally for 2 weeks.
Blood Sampling: After fasting for 12
hours the animals were anaesthetized
by ether, and while the heart is still
beating 3 ml of blood were collected
via cardiac puncture on heparin,
samples centrifuged and the plasma
was separated, divided into aliquots
and frozen at -70C° till used.

All groups were subjected to
plasma measurement of plasma
xanthine oxidase activity™: total
antioxidant  capacity™,  hydrogen
peroxide ”, malondialdehyde (MDA)
level®??: and Lipid profile including
triacylglycerol  (TAG) @, total
cholesterol (TC) level®?, high density
lipoprotein cholesterol (HDL-C) @
and low  density lipoprotein
cholesterol (LDL-C) level @9

RESULTS

Table (1) showed a significant
increase of total body weight in group
II compared to group I, group III,
group IV and group V (P value<0.05).
Also, there was significant increase in
group II (Control obese) compared to
group V (P value<0.05)

Table (2) showed significant
increase of visceral fat weight in
control obese group compared to the
other groups (P <0.001).

Figure (1, 2) showed comparison
between weight gain (g.) of the
studied groups throughout the
experimental study, starting from the
initial weight at 0 week to weight at 8
weeks, each separated by one week
interval.  ANOVA  test shows
significant differences between the
studied groups (F values were 3.256,
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3.147, 10.253, 7.253, 4.639, 10.253,
5.663, 9.263, and 7.362 respectively,
P<0.05).

Table (3) showed significant
increase of xanthine oxidase activity
in group II compared to group I, group
I, group IV and group V(P< 0.05).
Significant lower values were detected
in group IV as compared to the other
groups.

Total anti oxidant capacity
showed significant increase in group
11T and group IV compared to group I,
group II and Group V (P< 0.05) as
illustrated in Table (4). It also showed
significant decrease in group II
compared to the other groups.

Also, both H,O, and MDA
plasma levels showed significant
increase in group II compared to the
other groups (P<0.05). Significant
lower values were detected in group
IV as illustrated in Tables 5&6.

Table (7) showed a state of
dyslipidemia in group II, with
significant increase of plasma TAG,
TC and LDL-c compared to group I,
group III, group IV and group V (P<
0.05) Significant decrease of serum
HDL-C level was also detected in
group II as compared to the other
groups (P<0.001). Significant
improvement in lipid profile was
detected with porpoise oil
administration.

Correlation  studies  showed
significant negative correlation in
group II between total body weight
and TAC (r = -0.536 & P <0.05) and
significant positive correlation
between H,0, levels (r=0.706 &
P<0.05), MDA levels (1=0.430 &
P<0.05), xanthine oxidase activity

(r=0.210 & P<0.05as illustrated in
Table 8.

Significant negative correlation
was found in group IV between total
body weight of rats with TAC (r=-
0912 & P<0.05) and significant
positive correlation between H,0,
levels (r=0.881&P-value<0.05), MDA
levels (r=0.858& P <0.05), xanthine
oxidase activity (r = 0.868&P <0.05)
as illustrated in table 9.

Also, negative correlation was
found in group V between total body
weight of rats with TAC (r = -
0.862&P <0.05) and significant
positive correlation between H,0,
levels (r=0.459 & P<0.05), MDA
levels (r=0.257 & P<0.05), XO
activity (r=0.020 & P<0.05) as
illustrated in table 10.

Histopathological results in the
present study showed no changes in
the histological appearance of the
livers of the rats from group I (control
non obese) normal lobular architecture
of liver with normal hepatocytes, as
shown in Fig 1. Liver of rats from
group II (control obese) showed
excessive steatosis (fatty change) of
hepatocytes Figll. Liver of rats from
group III showed normal lobular
architecture of liver with normal
hepatocytes with noticeable
histopathological changes could be
seen as shown in Fig 1I1. Liver of rats
from group IV showed normal lobular
architecture with few hepatocytes
showing fatty change and mild
inflammatory infiltrate seen as shown
in FiglV. Group V showed many
hepatocytes with fatty change more
than those observed in previous figure
with mild inflammatory infiltrate.
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Table 1: Total body weight of rats (g.) of the studied groups.

Total body weight of rats (g.) ANOVA
ean = | SD F P-value

Group I 196.6 10.4 5.325 0.001
Group I1 3284 + | 233
Group III 180 + | 15.6
Group IV 265.6 + |10.3
Group V 298.6 + | 139
Tukey's test

Group 1 Group 11 Group III Group IV
Group II 0.001*
Group IIT 0.001* 0.001*
Group 1V 0.085 0.001* 0.010*
Group V 0.009* 0.13 0.001* 0.035*

Group I: Control non obese.

Table 2: weight of visceral fat (g.) of the

Group II: Control obese.
Group III: Non obese with porpoise oil administration.
Group IV: Porpoise oil administration with obesity induction.
Group V: Porpoise oil administration after obesity induction.

studied groups (n = 15 rats in each

group).
weight of visceral fat (g.) ANOVA
Mean + SD F P-value
Group I 3.22 + 0.74 7.253 | 0.001
Group II 25.9 + 4.6
Group III 2.22 + 5.20
Group IV 7.26 + 1.73
Group V 22.46 + 1.64
Tukey's test
Group I Group II Group III Group IV
Group II 0.001*
Group III 0.253 0.001*
Group IV 0.039* 0.001* 0.001*
Group V 0.001* 0.75 0.001* 0.001*

Group I: Control non obese.

Group II: Control obese.
Group III: Non obese rats with porpoise oil administration.
Group IV: Porpoise oil administered with obesity induction.
Group V: Porpoise oil administered after obesity induction.
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Fig.1: Comparison between the studied groups as regards weight gain (gm)
throughout the experimental study starting from the initial weight at 0
week to weight at 8 weeks.
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Fig.2: Comparison between the studied groups as regards weight gain (gm)
throughout the experimental study starting from the initial weight at 0
week to weight at 8 weeks.
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Table 3: Xanthine oxidase activity (U/ml.) of the studied groups. (n = 15 rats in

each group).
Xanthine oxidase activity (U/ml) ANOVA
Mean + SD F P-value
Group I 0.010 + 0.002 2.885 | 0.042
Group I1 0.06 + 0.02
Group III 0.01 + 0.004
Group IV 0.02 + 0.01
Group V 0.04 + 0.01
Tukey's test
Group I Group II Group III Group IV
Group I1 0.001*
Group III 0.001* 0.001*
Group IV 0.885 0.001* 0.636
Group V 0.036 0.044* 0.027* 0.045*

Group I: Control non obese.

Group II: Control obese.
Group III: Non obese rats with porpoise oil administration.
Group IV: Porpoise oil administered with obesity induction.
Group V: Porpoise oil administered after obesity induction.

Table4: Total anti oxidant capacity (mM/1.) of the studied groups (n= 15 rats in

each group)..

Total anti oxidant capacity (mM/I) ANOVA

Mean + | SD F P-value
Group I 1.68 + ] 0.21 4.639 0.002*
Group IT | 0.73 + | 0.15
Group 1.99 + | 0.28
Group 1.76 + | 0.15
GroupV | 1.44 + | 0.08
Tukey's test

Group I Group II Group III Group IV
Group II | 0.001*
Group 0.036* 0.001*
Group 0.255 0.001* 0.088
Group V | 0.021* 0.009* 0.033* 0.011*

Group I: Control non obese.

Group III: Non obese rats with porpoise oil administration.
Group IV: Porpoise oil administered with obesity induction.
Group V: Porpoise oil administered after obesity induction.

Group II: Control obese.
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Table 5: Hydrogen peroxide level (uM/1.) of the studied groups (n = 15 rats in
each group).

Hydrogen peroxide level (nM/1.) ANOVA
Mean = | SD F P-value
Group 1 0.05 + | 0.04 3.639 0.019*
Group I | 0.08 + |0.16
Group IIT | 0.03 + |0.01
Group IV | 0.06 + | 0.01
GroupV | 0.07 + | 0.31
Tukey's test
Group I Group 11 Group III Group IV
Group I | 0.001*
Group IIT | 0.002* 0.001*
Group IV | 0.053 0.008* 0.025%
Group V | 0.006* 0.001* 0.001* 0.048%*

Group I: Control non obese. Group II: Control obese.
Group III: Non obese rats with porpoise oil administration.

Group IV: Porpoise oil administered with obesity induction.

Group V: Porpoise oil administered after obesity induction.

Table 6: Malondialdehyde level (nmol/l.) of the studied groups (n = 15 rats in
each group).

Malondialdehyde level (nmol/l.) ANOVA
Mean + | SD F P-value
Group I 8.06 + | 0.68 3.256 0.014*
Group II | 13.1 + |0.77
Group III | 6.51 + |097
Group IV | 10.80 + | 0.56
GroupV | 12.10 + | 037
Tukey's test
Group I Group 11 Group III Group IV
Group II | 0.002*
Group 0.086 0.001*
Group 0.085 0.042* 0.017*
Group V | 0.023* 0.001* 0.001* 0.360

Group I: Control non obese.

Group II: Control obese.
Group III: Non obese rats with porpoise oil administration.
Group IV: Porpoise oil administered with obesity induction.
Group V: Porpoise oil administered after obesity induction.
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Table 7: Statistical comparison between the studied groups (n = 15 rats in each

group)
GI GIl GIII GIV GV P

value

(Tn‘:‘g*;"if)h"le“e“’l 94.10+12.10 | 161.50+7.08 | 64.20+4.90 | 107.40+9.22 | 142.10+6.10 | 9-001

(anliga/fiyl;glyce"" 56.8042.37 | 107.6+11.9 | 45.9042.51 | 80.8+6.1 91.9+62 | 0001

High density 0.001

lipoprotein 25.5043.09 | 35.5042.83 | 29304326 |45302.89 | 35.90+2.32

(mg/dl)

Low density 0.001

lipoprotein 57.20+14.10 | 104.60+7.65 | 25.60+7.010 | 45.80+10.70 | 87.70+6.90

(mg/dl)

Group I: Control non obese.

Group II: Control obese.
Group III: Non obese rats with porpoise oil administration.
Group IV: Porpoise oil administered with obesity induction.
Group V: Porpoise oil administered after obesity induction.

Table 8: Correlation matrix between total body weight of rats (gm), total anti

oxidant capacity (mM/L.), hydrogen peroxide level (uM/l.),
malondialdehyde level (nmol/l.), xanthine oxidase activities (U/ml.) in
group II.
GII Total body weight of rats (g.)
r. p. value
Total anti oxidant capacity (mM/1.) -0.536 <0.05
Hydrogen peroxide level (uM/ 1.)) 0.706 <0.05*
Malondialdehyde level (nmol/ 1.)) 0.430 <0.05*
Xanthine oxidase activity (U/m 1.)) 0.210 <0.05*

Table 9: Correlation matrix between total body weight of rats (g.), total
antioxidant capacity (mM./l.), H, O, levels (uM/l.), malondialdehyde
levels (nM/.1.), xanthine oxidase activities (U/ml.) in group IV.

GIV Total body weight of rats (gm)
r. p. value
Total anti oxidant capacity (mM/1.)) | -0.912 <0.05
Hydrogen peroxide level (uM/ 1.)) 0.881 <0.05
Malondialdehyde level (nmol/ 1.)) 0.858 <0.05
Xanthine oxidase activity (U/m 1.)) 0.868 <0.05

Table 10: Correlation matrix between total body weight of rats (g.), total
antioxidant capacity (mM./l.), H, O, levels (uM/l.), malondialdehyde
levels (nM/.l.), xanthine oxidase activities (U/ml.) in group V.

eroup V Total body weight of rats (gm)

r. p. value
Total anti oxidant capacity (mM/1.) -0.862 <0.05
Hydrogen peroxide level (uM/1.) 0.459 <0.05
Malondialdehyde level (nmol/1.) 0.257 <0.05
Xanthine oxidase activity (U/ml.) 0.020 <0.05
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Figure I: shows liver of rats of group 1 (control obese) where there is excessive
steatosis (fatty change) of hepatocytes.

Figure II: shows liver of rats of group II (control obese) where there is excessive
steatosis (fatty change) of.

Figure III: shows normal lobular archltecture of hver of rats of group III (non
obese rats with porpoise oil administration) with normal hepatocytes. No
noticeable histopathological changes could be seen.
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of group IV

(porpoise oil administration with induction of obesity) with few
hepatocytes showing fatty change and mild inflammatory infiltrate

-

Figure V: shows man heat

ocytes

administration after induction of obesity) with fatty change more than
those observed in previous figure with mild inflammatory infiltrate

DISCUSSION

Obesity and systemic oxidative
stress are closely related, which
supports the notion that a cooperative
interaction exists between oxidative
stress-induced dysregulation of lipid
metabolism and signaling pathways
inducing inflammation. Aligning with
the magnitude of oxidative stress

evident in HFD induced obesity, the
monitored  reduction of  total
antioxidant capacity (TAC) and
dyslipidemia may coincide as with
consequent endothelial dysfunction®”"

This was verified herein by the
increased ROS  generation via
monitored increase of H,0, versus
decrease of TAC paralleled by the
increased end product of lipid
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peroxidation MDA® Probably, the
decreasing activity of cytoprotective
enzymes with HFD-induced obesity
leads to increased lipid peroxidation
product MDA. This initiates a
progressive and cumulative cell injury
) The increased lipid peroxidation
leads to inactivation of the enzymes
by cross- linking with MDA this will
cause an increased accumulation of
superoxide, H,0O, and hydroxyl
radicals ~ which  could  further
stimulates lipid peroxidation ¢
Concordantly, the evaluated
MDA increments with
hypercholesterolemia herein align
with in vitro fatty acid enrichment of
macrophage which was reported to
alter inflammatory response and net
cholesterol accumulation ¢ Also, the
associated hypertriglyceridemia seen
in obese HFD-rats herein may
contribute to the alteration in the
oxidant-antioxidant balance;
suggesting that an increase in the
bioavailability of free fatty acids can
increase lipid peroxidation®. In
harmony, ROS and lipid peroxidation
products which impair the respiratory
chain in hepatocytes are also known to
activate satellite cells, thus resulting in
fibrosis. Such an aspect may align
with inflammatory foci that were
evidenced with the histopathological
findings of fatty liver associated with
the obesity-induced HFD in rats®**
Conversely, its reversion by
porpoise oil supplements could occur
by sparing the lypophilic antioxidant
content of lipoproteins and ultimately
by increasing the plasma TAC
availability®™.  Conceivably,  the
potential relationship of antioxidative
impact of porpoise oil
supplementation  contributing  to

readjusting TAC decremental values
with adiposity reflects the outcome of
counteracting  dyslipidemia  and
associated insulin resistance
potentiated by  oxidative  stress
impairment or altered antioxidant
status. Consistently, previous reports
identified an inverse and independent
association between dietary TAC
values and oxidizes LDL (OX-LDL),
which represents a recognized
oxidative stress marker imposing a
risk factor for cardiovascular diseases
(CvD) 1

In obesity, macrophages in
visceral fat increases, so TNF-a
production increases, then adiponectin
decreases which favor developing
insulin resistance ©. In obesity, also,
monocyte subfraction is increased,
and neutrophil subfraction tends to
increase. In consequence, the alleged
increased neutrophils could generate
superoxide anion via NADPH oxidase
with other available ROS
intermediates such as H,0, ®®.

The increased cytokine profile
developing alongside a prooxidant
status which is provoked by HFD in
rats was monitored by decreased TAC
herein®”. It may develop relative to
increased consumption of endogenous
antioxidant  defense = mechanisms
against free radical generation. That
pattern was re-shifted towards a
balanced prooxidant-antioxidant state
by porpoise oil supplementation as
evidenced herein ®¥.

The reduced TAC reflecting
response to that elevated oxidative
stress has been reported elsewhere in
obese subjects to coincide with higher
circulating levels of ox-LDL which
may align with increased MDA noted
in HFD- rats®” This could be related
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to relative decrements in HDL-C
versus increments of LDL-C which
coordinate ~ with  the  assessed
increments of MDA herein.

Consistently, the present findings
of increased MDA, H,0, versus
decreased TAC reflecting obesity-
induced ROS generation align with
the inverse relationship which is
reported to exist between the effect of
supplied dietary antioxidants and gene
expression of NF-k B and IL-1
receptor-1, IL-6 and TNF-a @9 Also,
it was reported that H,O, is raised in
adipose tissue as major producer of
ROS which coincide with assessed
increments of H,O, herein “"-

Consistently, the assessed
increments of H,0, in HFD-rats
herein agrees with reports identifying
that insulin signaling is inhibited by
micromole concentration of H,0,
which provides evidence for a role of
H,0,in TNF-o mediated insulin
resistance™?. It is confirmed herein by
development of hepatic steatosis in
parallel to increased level of H,O,
besides MDA as a representation of
RONS-induced lipid peroxidation “*

The assessment herein of reduced
levels of TAC has been assumed as a
useful tool to monitor the relationship
between the HFD-induced obesity and
ROS generation which aligns with
cumulative supplement of antioxidant
food capacity reported to influence
several chronic disorders “¥.

In addition, the present data
aligns with reports identifying
independent and inverse relationships
of lipooxidizability influencing ox-
LDL concentrations with dietary and
plasma TAC. This could suggest a
putative role of an antioxidant rich
supplement in the link between

minimizing the redox state and
retarding development of hepatic
steatosis in HFD-induced obesity “?.
It is confirmed by the beneficial
outcome of porpoise oil
supplementation prior to induction of
HFD to rats relative to results
monitored after induction of HFD and
induction of hepatic steatosis “*.

In alignment with the magnitude
of ROS generation, the dyslipidemic
pattern  assessed  herein  which
displayed increased plasma levels of
TAG, TC, LDL-¢c and decreased
HDL-c levels coordinated with HFD-
induced obesity alongside reduced
TAC which  potentiated  the
development of hepatic steatosis “®.

In relevance, the increased ROS
production  could result from
overfeeding with nutrients of an
energy dense carbohydrate or lipid
rich meal. In response to HFD, an
acute period of hyperglycemia or
hyperlipidemia may occur inducing
postprandial increases in  blood
glucose or TAG, respectively
displaying cardiovascular risk ®¥.This
large influx of substrate (glucose and/
or TAG) in systemic circulation and
subsequent processing via the electron
transport chain appears to result in the
increase in mitochondrial superoxide
production from vascular endothelial
cells such as an aspect may be
implicated in HFD-induced obesity
herein ®®.

Accordingly, the conjoint
development of hepatic steatosis with
the alterations monitored in lipid
metabolism potentiated by ROS
herein could lead to distinct activation
of vascular xanthine oxidase (XO)
similar to that noted elsewhere™®.
Thereby, the co-joint pattern of
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increased XO and H,0, herein
includes the role of several oxidases
e.g. glycolate and xanthine oxidase
which occurs in response to HFD.

Hence, as XO is a ubiquitous free
radicals  generator  leading to
superoxide radical, it is also reflective
of declining antioxidant defense.
Conversely, readjustment of these
alterations by porpoise oil
supplementation =~ was  evaluated
herein”.

It has been reported that ROS
production increases in parallel with
fat accumulation in adipocytes and
that NADPH oxidase is the major
source of ROS in adipocytes. Also, in
cultured vascular cells, free fatty acid
increases NADPH oxidase activity ®”.
Taken together, these results indicate
that increased ROS product in
accumulated fat with HFD may be due
to activated NADPH oxidase pathway
and impaired antioxidant defense V.

Concordantly, the beneficial
impact of porpoise oil
supplementation was evident in HFD
rats regarding the counteraction of
reduced TAC, versus increased H,0,
as well as the monitored increments of
XO generating the superoxide anion
by catalyzing the oxidation of
hypoxanthine to xanthine furthermore
to uric acid®?. It reflected the efficacy
of porpoise oil supplement to readjust
the increments of XO via exacerbated
XO-mediated superoxide production
which was induced by obesity
status®.

Collectively, it is evident that
following porpoise oil supplement,
there was a relative improvement of
hyperlipidemic  status, and lipid
peroxidation alongside substantiation
of antioxidative defense™”: It

appeared to be potentiated via
antioxidant enzymatic and non-
enzymatic mechanisms which
counteracted disease development by
the increased oxidative stress in
accumulated fat ®*,

Thus, as noted elsewhere,
porpoise oil may lead to increased
production of adiponectin whose
levels are known to decrease with
obesity and increase with weight
reduction®. Its association with free
fatty acid release from visceral fat to
liver involves fatty acid
oxidation/gluconeogenesis
mechanisms  influencing  glucose
homeostasis, energy balance and
inflammation . This indicates
increased proinflammatory cytokine
production participating in assessed
increments of MDA, LDL-C, TAG,
TC, versus decrements of HDL-C and
TAC as confirmed herein ©9.

Nonetheless, the  monitored
hypolipidemic effect initiated by
porpoise oil application to HFD-rats
may involve both reduction of hepatic
VLDL-TAG synthesis and secretion
and enhancement of TAG clearance
from chylomicrons and VLDL
particles®. It may be related to the
PUFA constituents of porpoise oil
which could pertain a protective anti-
inflammatory role and indirectly an
antioxidant role favoring
physiological defense against obesity-
induced HFD oxidative stress ©”.

Accordingly, based on the
monitored histopathological findings
herein, it could be suggested that
porpoise oil supplementation could
prevent the development of fatty liver
disease in obesity induced HFD
rats®”. It includes multifactorial
mechanisms which may occur via the
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enhancement of lipoprotein secretion
coinciding with the associated
increased HDL-C and adiponectin
production®”. Furthermore, the co-
joint validity of antioxidant role of
porpoise oil relevant to its constitution
of lipid lowering effects of ®-3
PUFAs beside its indirect action as
antioxidant was evident ©7.

It may reflect the role of the ®-3
PUFA that is one of the active
constituents of porpoise oil which is
known to be associated with decrease
in transcription factors that control the
expression of the enzyme responsible
for TAG assembly within hepatocytes
and responsible for fatty acid
oxidation 7

The interplay between the mutual
role of ®-3PUFAs and adiponectin in
porpoise oil reduction of plasma TAG
increments  assessed in  obesity
induced HFD-rats was verified by the
associated increments of TAC and
anti-inflammatory ~ influence of
porpoise oil verified by
histopathological findings of
hepatosteatosis” ™"

This could be interlinked to the
histopathological finding implicating
alleviation of hepatic steatosis in
parallel to the monitored decreased
plasma TAG, LDL-C, TC and
increased HDL-C herein®.  This
outcome of both antioxidant and anti-
inflammatory co-linked potency of
porpoise oil proved to be beneficial as
a natural remedy to obesity induced
immune dysregulation and immune-
inflammatory disposition *7*

This response to porpoise oil
impact potentiating production and
activity of adiponectin was verified
herein by the co-joint change
monitored in both XO and H,0, levels

in parallel to TAC and MDA with
suppression of hyperlipidemia 7.
Moreover, it may be relevant to the
other active constituents of porpoise
oil including both forms of TAG and
phospholipids as well as appreciable
amounts of the iso-C5:0valeric acid
which can be accommodated in
porpoise phospholipids ©”.

Hence, the phospholipid
components are composed  of
hydrophobic fatty acids and the
hydrophilic moiety choline,
ethanolamine, serine or inositol, it is
also possible that ®-3PUFAs (in
porpoise oil) could enhance the lipid-
lowering activity of
phosphatidylcholine in the liver of
obese rats, in addition to reducing
NADPH oxidase and inducible nitric
oxide synthase (iNOS) activities V.
This represents the anti-inflammatory
effects of w-3PUFAs besides its role
in metabolic correction by reducing
blood lipids and blood glucose which
may altogether contribute to the
antioxidative properties as well 2.

It was reported that serum
adiponectin levels were significantly
increased by porpoise oil feeding to
obese rats, having protective effects
against fatty liver diseases through
enhancement of lipoprotein synthesis
and secretion in rats ¥ Furthermore,
the present study reflected the
beneficial effect of porpoise oil
supplement prior to HFD induction of
obesity which decelerated free radical
generation and progression of OS
induced hyperlipidemia influencing
immunoinflammatory mechanisms®?.

Porpoise oil in HFD-rats, by
lowering the assessed incremental
levels of TC, H,0,, XO and MDA, it
could reduce the increased production
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of hydroxyl radicals which was noted
to extract an electron from
polyunsaturated lipids generating high

oxygen producing lipid peroxyl
radicals and LOOH ©9.
Conclusion: On the basis of

these results it could be concluded that
obesity is a state of chronic oxidative
stress and may be an inductive factor
of several biochemical, metabolic
alterations and  also hepatic
histopathological changes. Porpoise
oil  significantly  improves the
biochemical, metabolic and
histopathological abnormalities
induced by obesity due to its powerful
lipid lowering and anti-inflammatory
effects and unique antioxidant
properties.

Recommendation: Porpoise oil is
recommended to be prescribed as a
co- therapy for obesity.
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