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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 ω-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 II (control obese), group III (non obese 
with porpoise oil administration), group IV (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 
(H2O2), 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, H2O2 
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, H2O2, 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(1). 
The great similarity and homology 
between the genomes of rodents and 
humans make these animal models a 
major tool to study obesity (2). 

Obesity is associated with an 
increased risk of nonalcoholic fatty 
liver disease (NAFLD)(3). 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(4). 

Reactive oxygen species (ROS) 
are generated as a result of normal 
metabolic processes in the cell, 
including the uncoupling of the 
electron transport chain in the 
mitochondria and the oxidation of 
excess NADPH by NADPH oxidase 
(5). Accumulation of ROS in the body 
is highly correlated with obesity due 
to generation of these radicals from fat 
accumulation (6). 

Xanthine oxidase (XO) is an 
enzyme that generates reactive oxygen 
species (7). It is a superoxide-producing 
enzyme found normally in the 
vascular endothelium(8). It catalyzes 
the oxidation of hypoxanthine  
to xanthine then to uric acid (9). 

Hydrogen peroxide (H2O2) 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) (10). 

Oxidative stress (OS) is 
associated with cumulative body 
damage caused by free radicals 
inadequately neutralized by 
antioxidants(11). Oxidative stress 
induces cell injury through the 
oxidative damage of lipid, protein and 
DNA(12). 

MDA is an end product of lipid 
peroxidation produced during the 
oxidative breakdown of lipids (13). 
Measurement of MDA is an indicator 
of oxidative damage to cells and tissue 
and an indirect index of ROS 
activity(14). 

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 (15). 

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 (16). It has been suggested 
that plasma TAC levels modified 
during oxidative stress conditions (15). 

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 (ω3 
PUFAS)(17). 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 
animals(17). 
AIM OF WORK: The present work 
aimed to evaluate the possible 
mechanisms of obesity-induced 
oxidative stress and to determine the 
efficacy of porpoise oil 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 
1ml/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 
1ml/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 -70Co till used.  

All groups were subjected to 
plasma measurement of plasma 
xanthine oxidase activity(18): total 
antioxidant capacity(19), hydrogen 
peroxide  (20), malondialdehyde  (MDA) 
level(21,22): and Lipid profile including 
triacylglycerol (TAG) (23), total 
cholesterol (TC) level(24), high density 
lipoprotein cholesterol (HDL-C) (25)   

and low density lipoprotein 
cholesterol (LDL-C) level (26)  
 

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 
III, 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 
III 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 H2O2 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 H2O2 levels (r=0.706 & 
P<0.05), MDA levels (r=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=-
0.912 & P<0.05) and significant 
positive correlation between H2O2 
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 H2O2 
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 Fig1I. 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 1II. Liver of rats 
from group IV showed normal lobular 
architecture with few hepatocytes 
showing fatty change and mild 
inflammatory infiltrate seen as shown 
in Fig1V. 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 II 328.4 ± 23.3 
Group III 180 ± 15.6 
Group IV 265.6 ± 10.3 
Group V 298.6 ± 13.9 
Tukey's test 
 Group I Group II Group III Group IV 
Group II 0.001*    
Group III 0.001* 0.001*   
Group IV 0.085 0.001* 0.010*  
Group V 0.009* 0.13 0.001* 0.035* 
Group I: Control non obese.    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. 
 
 
 
 
Table 2: weight of visceral fat (g.) of the 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. 

 
 
 
 
 

0

100

200

300

400

Weight 0 Weight at 1 
weak

Weight at 2 
weak

Weight at 3 
weak

Weight at 4 
weak

Weight at 5 
weak 

Weight at 6 
weak 

Weight at 7 
weak 

Weight at 
8weak 

GI GII GIII
 

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 II 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 II 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/l.) of the studied groups (n= 15 rats in 

each group).. 
  Total anti oxidant capacity (mM/l) ANOVA 

Mean ± SD F P-value 
Group I 1.68 ± 0.21 4.639 0.002* 
Group II 0.73 ± 0.15 
Group 1.99 ± 0.28 
Group 1.76 ± 0.15 
Group V 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 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 5: Hydrogen peroxide level (µM/l.) of the studied groups (n = 15 rats in 
each group). 

  Hydrogen peroxide level (µM/l.) ANOVA 
Mean ± SD F P-value 

Group I 0.05 ± 0.04 3.639 0.019* 
Group II 0.08 ± 0.16 
Group III 0.03 ± 0.01 
Group IV 0.06 ± 0.01 
Group V 0.07 ± 0.31 
Tukey's test 

 Group I Group II Group III Group IV 
Group II 0.001*    
Group III 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 ± 0.97 
Group IV 10.80 ± 0.56 
Group V 12.10 ± 0.37 
Tukey's test 

 Group I Group II 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. 



 
 
Bull. Egypt. Soc. Physiol. Sci. 32 (2) 2012                                            Aldardery et al.                               

 
143

Table 7: Statistical comparison between the studied groups (n = 15 rats in each 
group)     

 GI GII GIII GIV GV p. 
value

Total cholesterol  
(mg/dl) 94.10+12.10 161.50+7.08 64.20+4.90 107.40+9.22 142.10+6.10 0.001

Triacylglycerol  
(mg/dl) 56.80+2.37 107.6+11.9 45.90+2.51 80.8+6.1 91.9+6.2 0.001

High density 
lipoprotein 
(mg/dl) 

25.50+3.09 35.50+2.83 29.30+3.26 45.30+2.89 35.90+2.32 
0.001

Low density 
lipoprotein 
(mg/dl) 

57.20+14.10 104.60+7.65 25.60+7.010 45.80+10.70 87.70+6.90 
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. 
 
 
Table 8: Correlation matrix between total body weight of rats (gm), total anti 

oxidant capacity (mM/l.), hydrogen peroxide level (µM/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/l.) -0.536 <0.05*

Hydrogen peroxide level (µM/ l.)) 0.706 <0.05*
Malondialdehyde level (nmol/ l.)) 0.430 <0.05*
Xanthine oxidase activity (U/m l.)) 0.210 <0.05*
 
Table 9: Correlation matrix between total body weight of rats (g.), total 

antioxidant capacity (mM./l.), H2 O2 levels (µM/l.), malondialdehyde 
levels (nM/.l.), xanthine oxidase activities (U/ml.) in group IV.    

GIV Total body weight of rats (gm) 
r. p. value 

Total anti oxidant capacity (mM/ l.)) -0.912 <0.05* 
Hydrogen peroxide level (µM/ l.)) 0.881 <0.05* 
Malondialdehyde level (nmol/ l.)) 0.858 <0.05* 
Xanthine oxidase activity (U/m l.)) 0.868 <0.05* 
 
Table 10: Correlation matrix between total body weight of rats (g.), total 

antioxidant capacity (mM./l.), H2 O2 levels (µM/l.), malondialdehyde 
levels (nM/.l.), xanthine oxidase activities (U/ml.) in group V.    

group V Total body weight of rats (gm) 
r. p. value 

Total anti oxidant capacity (mM/l.) -0.862 <0.05* 
Hydrogen peroxide level (µM/l.) 0.459 <0.05* 
Malondialdehyde level (nmol/l.) 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 II (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 architecture of liver 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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Figure IV: shows normal lobular architecture of liver of rats of group IV 

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

 

 
Figure V: shows many hepatocytes of liver of rats of group V(porpoise oil 

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(27).  

This was verified herein by the 
increased ROS generation via 
monitored increase of H2O2 versus 
decrease of TAC paralleled by the 
increased end product of lipid 
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peroxidation MDA(28). 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 
(29). The increased lipid peroxidation 
leads to inactivation of the enzymes 
by cross- linking with MDA; this will 
cause an increased accumulation of 
superoxide, H2O2 and hydroxyl 
radicals which could further 
stimulates lipid peroxidation (30). 

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 (31). 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(32). 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(33). 

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(34). 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) (17) 

In obesity, macrophages in 
visceral fat increases, so TNF-α 
production increases, then adiponectin 
decreases which favor developing 
insulin resistance (35). 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 H2O2 

(36). 
The increased cytokine profile 

developing alongside a prooxidant 
status which is provoked by HFD in 
rats was monitored by decreased TAC 
herein(37). 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 (38). 

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(39). 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, H2O2 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-ĸ B and IL-1 
receptor-1, IL-6 and TNF-α (40). Also, 
it was reported that H2O2 is raised in 
adipose tissue as major producer of 
ROS which coincide with assessed 
increments of H2O2 herein (41).  

Consistently, the assessed 
increments of H2O2 in HFD-rats 
herein agrees with reports identifying 
that insulin signaling is inhibited by 
micromole concentration of H2O2 
which provides evidence for a role of 
H2O2in TNF-α mediated insulin 
resistance(42). It is confirmed herein by 
development of hepatic steatosis in 
parallel to increased level of H2O2 
besides MDA as a representation of 
RONS-induced lipid peroxidation (43). 

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 (44).  

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 (40). 
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 (45). 

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 (46).  

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 (53).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 (28). 

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(48). 
Thereby, the co-joint pattern of 
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increased XO and H2O2 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(49). 

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 (50). 
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 (51).  

Concordantly, the beneficial 
impact of porpoise oil 
supplementation was evident in HFD 
rats regarding the counteraction of 
reduced TAC, versus increased H2O2 
as well as the monitored increments of 
XO generating the superoxide anion 
by catalyzing the oxidation of 
hypoxanthine to xanthine furthermore 
to uric acid(52). 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(8).  

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(17). It 

appeared to be potentiated via 
antioxidant enzymatic and non-
enzymatic mechanisms which 
counteracted disease development by 
the increased oxidative stress in 
accumulated fat (53).   

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(54). 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 (55). 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 (56). 

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(38). 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 (57). 

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(57). 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(37). Furthermore, the co-
joint validity of antioxidant role of 
porpoise oil relevant to its constitution 
of lipid lowering effects of ω-3 
PUFAs beside its indirect action as 
antioxidant was evident (57).  

It may reflect the role of the ω-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 (17) 

The interplay between the mutual 
role of ω-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(17). 

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(59).  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 (17). 

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 H2O2 levels 

in parallel to TAC and MDA with 
suppression of hyperlipidemia (17).  
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 (60). 

Hence, the phospholipid 
components are composed of 
hydrophobic fatty acids and the 
hydrophilic moiety choline, 
ethanolamine, serine or inositol, it is 
also possible that ω-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 (61). 
This represents the anti-inflammatory 
effects of ω-3PUFAs besides its role 
in metabolic correction by reducing 
blood lipids and blood glucose which 
may altogether contribute to the 
antioxidative properties as well (62).  

 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 (63). 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(64).       

Porpoise oil in HFD-rats, by 
lowering the assessed incremental 
levels of TC, H2O2, 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 (65).  

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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تأثير زيت الدلفين على  المؤشرات الحيوية المختارة المصاحبة للاجھاد 
  .التأكسدى فى السمنة امحدثة  فى الفئران

  
  *ساميه اادرديري ـ أيمن وجيه ـ ھناء جابا ـ مني عبدالعظيم

  ـ كلية طب طنطا* قسمي الكيمياء الحيوية الطبية ، والھستوباثولوحي
  

ة البحث  منة : مقدم اثر الس ى تت وع العامل الجين ل الجنس والن ى صنع . بعام ادر بنفسه عل دھني ق يج ال إن النس
راض  داث الأم ي إح ا دور ف ون لھ د يك ي ف يتوكين والت وكين أو اديبوس ا أديب ق عليھ ات يطل يتوكينات وھرمون س

  .  وأيضا تتسبب السمنة  في زيادة انتاج الجذور الحرة ونقص مضادات الاكسدة. المصاحبة للسمنة
تبط الاجھاد التأكسدى مع الضرر التراكمي في الجسم والذي يرجع الى زيادة انتاج الجذور الحرة ير 

ى . بب قلة مضادات الأكسدةوالتى لا يتم التخلص منھا بس اء عل وقد تبين أن  الجذور الحرة قد تؤثر سلبا على البق
  . قيد الحياة بسبب تلف أغشيةالخلايا من خلال الضرر التأكسدي للبروتين، الدھون و الحمض النووي

ا مضادات الاك دفاع و منھ سدة يتم التغلب على الضرر التأكسدى الناتج فى الخلية بالعديد من اليات ال
ات  ا مع المركب ل من تفاعلھ ا تقل وھى مجموعة مركبات طبيعية أو مخلقة حيث تقلل من تكون الجذور الحرة كم

  .الھامة و مضادات الاكسدة قد تكون انزيمية اوغير انزيمية
يط من حمض .زيت الدلفين ھو زيت أصفر اللون ، يتم الحصول عليه من الدلافين ى خل و يحتوى عل

بعةفاليرك والأح-أيزو ة غيرالمش د . ماض الدھني ى تجنب مرض الكب ذاء ال دلفين فى الغ اول زيت ال ؤدى تن د ي ق
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ونيكتين  ين الأديب لبي ب اط س اك ارتب ونيكتين و ھن اج الأديب ادة انت وبروتين وزي راز الليب لال اف دھنى خ ال
ونيكتين ھونقص ا ة للأديب أثيرات المنتظم ال أحد الت ى احتم ا يشير إل اج الجذور الحرة والاجھادالتأكسدي، مم نت

  .النشطة
اتج : الھدف من البحث اد التاكسدى الن لال من الاجھ ات المصاحبة للاق ى الالي يھدف البحث إلى إلقاء الضوء عل

ران اج الجذور الحرة و . عن السمنة فى الفئ ذلك دوره فى انت ات و ك ذه الألي ى ھ دلفين عل اثير زيت ال ة ت ومعرف
  .ھون فى الجسممقاومة السمنة المسببة لزيادة الد

ران التجارب وتراوحت أوزانھن  ٧٥أجريت الدراسة على : خطة البحث اث فئ جرام ،  ٢٠٠ـ  ١٥٠أنثى من إن
ة: (المجموعة الأولى ]: فأرا لكل مجموعه ١٥[مجموعات ٥وتم تقسيمھن  إلى   ر بدين م ) مجموعة ضابطة غي ت

تم تغذيتھم ) مجموعة ضابطة  بدينة: (جموعة الثانية الم. أسابيع٨تغذيتھم بغذاء متوسط السعرات الحرارية لمدة  
مجموعة غير بدينة مع اعطاء : (المجموعة الثالثة . أسابيع٨بغذاء غنى السعرات الحرارية  مشبع بالدھون  لمدة 

دلفين بجرعة ) زيت الدلفين ر ١تم تغذيتھم بغذاء متوسط السعرات الحرارية وتم إعطائھم زيت ال كجم من /ملليلت
ذاء عالى ) اعطاء زيت الدلفين مع احداث السمنة: (المجموعة الرابعة . أسابيع٨لجسم لمدة وزن ا ذيتھم بغ م تغ ت

دلفين بجرعة  م إعطائھم زيت ال دھون و ت ي بال ر١السعرات الحرارية غن ابيع٨كجم من وزن الجسم /ملليلت . أس
ذيتھ) اعطاء زيت الدلفين بعد احداث السمنة: (المجموعة الخامسة  م تغ ي ت ة غن ذاء عالى السعرات الحراري م بغ

 .كجم من وزن الجسم  لمدةأسبوعين /ملليلتر١أسابيع ،تم إعطائھم زيت  الدلفين بجرعة   ٦بالدھون لمدة 
دم و استخراج  ات من  ال ران و أخذ عين ح الفئ بعد احداث السمنة و اتباع الخطوات السابق ذكرھا تم ذب

    .الكبد
 -:الدراسة المعملية

ة ت: أولا ات الأتي راء القياس ى اج دم ف ا ال تخدام بلازم ة : م اس درة الكلي زانثين ، الق د ال زيم مؤكس اط ان دير نش تق
لمضادات الاكسدة، مستوى ثنائى الدھيد المالون ، مستوى فوق أوكسيد الھيدروجين، مستوى الكوليستيرول الكلي 

 .لدھنيه عالية ومنخفضة الكثافة، مستوى الجلسريدات الثلاثيه ، مستوى كوليستيرول البروتينات ا
  .تم أخذ عينات من كبد كل مجموعات الدراسة للفحص الھستوباثولوجى: عينة الكبد : ثانيا 

  :وقد أوضحت الدراسة النتائج الآتية
  ونى في مجموعة ة خلف الغشاء البريت دھون المتراكم حدوث زيادة ملحوظة فى وزن الجسم ووزن ال

  .بالمجموعة الضابطةالجرذان البدناء بالمقارنة 
  اختلال نسبة الدھون في مجموعة الجرذان البدناء مقارنة بالمجموعات الأخرى وذلك فى صورة ارتفاع

ه و انخفاض ، فى مستوى البروتينات الدھنيه منخفضة الكثافة ى و الجلسريدات الثلاثي الكوليسترول الكل
  .فى مستوى البروتينات الدھنيه عالية الكثافة

 رة ادة كبي الون زي د الم ائى الدھي توي ثن ي مس زيم ، ف دنشاط ان يد  مؤكس وق أوكس توى ف زانثين ، ومس ال
 الھيدرجين فى عينة البلازما في مجموعة الجرذان البدناء مقارنة بالمجموعة الضابطة

 انخفاضا في القدرة الكلية لمضادات الاكسدةفي مجموعة الجرذان البدناء مقارنة بالمجموعة الضابطة. 
 ؤدى كما اظھر د ي ا ق ت نتائج الفحص الھستوباثولوجى لنسيج الكبدو تراكم للدھون و تلف فى الخلايا مم

  .الى الاخلال فى وظائف الكبد و حدوث الأعراض المصاحبة للسمنة
 الون د الم ائى الدھي ي مستوي ثن را ف ائج انخفاضا كبي ا أظھرت النت زانثين ، ، كم د ال زيم مؤكس نشاط ان

ا زيت ومستوى فوق أوكسيد الھي م اعطائھ ى ت ك في مجموعة الجرذان الت دم و ذل ا ال درجين فى بلازم
  .الدلفين مقارنة بالمجموعة البدينة

 ى  كما أظھرت النتائج زيادة في القدرة الكلية لمضادات الاكسدة فى بلازما الدم في مجموعة الجرذان الت
 تم اعطائھا زيت الدلفين مقارنة بالمجموعة البدينة

 ائى لزيت كما تم اجراء ت اثير الوق ائج الت ذه النت ا حيث توضح ھ حليل احصائي للنتائج التى حصل عليھ
 .الدلفين في الأمراض الناتجة عن السمنة وخاصة الكبد الدھني

 


