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Diabetes mellitus is a complex disease characterized by chronic hyperglycaemia responsible for 
complications affecting micro- and macro vascular systems. Von Willebrand factor (vWf), a multimeric 
glycoprotein mainly synthesized by endothelial cells, is involved in platelet adhesion and aggregation 
and acts as the carrier of coagulation factor VIII in plasma. This study aimed to explore the role of vWF 
as an early marker of endothelial dysfunction as well as the modulatory effect of n-3 PUFA-rich dietary 
fish oil in improving endothelial dysfunction, vWF and lipid metabolism in streptozotocin diabetic rats. 

Forty albino rats were divided into four groups :control group, treated control group, diabetic group and 

treated diabetic group (received fish oil). Plasma vWF, glucose, insulin, lipid profile, interleukin-1beta (IL-
1β), 5-lipoxygenase (5-LOX) and lipoxin A4 (LXA-4) were estimated. Our results revealed that using fish 
oil induced significant decrease in plasma level of vWF, glucose, 5-LOX and IL-1β, but it induced 
increment in LXA-4 and modulate lipid profile parameters. Increased level of vWF can be used as an 
early marker for detection of endothelial dysfunction in diabetes. Moreover, treatment with fish oil as a 
natural product may have significant effects on elevated levels of vWF and hence restore endothelial 
dysfunction in streptozotocin diabetics. 
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INTRODUCTION 
Endothelial dysfunction has an essential role in 
the progress of micro vascular complications of 
diabetes mellitus (Taddei et al., 1996). In case of 
vascular disorders endothelium is evaluated by 
biomarkers such as von Willebrand factor (vWF), 
IL-1β, 5 Lipoxygenase and lipoxin-A4 (LXA4). 
Endothelial cells chiefly produce a glycoprotein 
called vWF which carries coagulation factor VIII in 
plasma and is incorporated in platelet adhesion 
and aggregation. Increased vWF levels indicate 
endothelial cells damage (El-Sersy, 2014). Blood, 
cells and tissue lipids are mainly composed of 
fatty acids which have both structural and 
metabolic functions.  Essential fatty acids which 

are alpha-linolenic acid (an omega-3fatty acid) 
and linoleic acid (an omega-6 fatty acid) cannot 
be synthesized in the body because of the 
absence of desaturase enzymes (Kamat and Roy, 
2016).These can be supplied by marine fish and 
fish oil supplements (Brownstein, 2014).  
Several diseases including obesity, cardiovascular 
disease, inflammatory diseases, cancer and 
mental illness can improved by marine omega-
3PUFAs. However, their effects in diabetes are 
still controversy (Brownstein, 2014). 
Both omega-6 fatty acids (arachidonic acid, AA) 
and omega-3 fatty acids (alpha-linolenic acid) are 
present in the cell membrane. Cyclooxygenase-2 
(COX-2) metabolizes AA which may act as a pro-

http://www.isisn.org/
mailto:onnyashraf@live.com


Aly et al.,                                                            Modulatory effect of fish oil on von Willebrand factor 

 

    Bioscience Research, 2018 volume 15(2): 1073-1078                                                             1074 

 

inflammatory mediator, while different types of  
lipoxygenases metabolize omega-3 fatty acids 
giving rise to anti-inflammatory and internal anti-
diabetic mediators e.g. lipoxin-A4 (LX-A4) (Serhan 
and Petasis, 2011). Inflammation caused by type 
2 diabetes mellitus (T2DM) is the main causative 
factor of β-cell destruction, apoptosis and 
endothelial cell dysfunction (Maedler et al., 2002). 
In type 1 and type 2 diabetes mellitus IL-1β has 
been attributed to β - cell apoptosis in the 
pancreas and death (Liu et al., 2012). 
We aimed to explore the role of vWF activity as an 
early marker of endothelial dysfunction as well as 
the beneficial effects of n-3 PUFA rich dietary fish 
oil in improving lipid metabolism, plasma level of 
vWF and endothelial dysfunction in STZ diabetic 
rats. 

 
MATERIALS AND METHODS 
          
Chemicals: Refined fish oil was purchased from 
local pharmacy.  
Animals: Forty albino rats (weighing 180–200 g) 
at the beginning of the experiment) were obtained 
from the animal house of the National Research 
Centre (NRC) and used in this study. The rats 
were individually housed in clean polypropylene 
cages and maintained in a controlled temperature 
room (22 ±2ºC) with a 12 h light and a 12 h dark 
cycle with free access to water and standard rat 
food pellets. Animals allowed 14 days to 
acclimatize to the laboratory conditions prior to the 
experiment. All procedures conducted in 
accordance with ethical guidelines and with 
approval from the ethical committee.  

Induction of diabetes: 
 Diabetes was induced by multiple intraperitoneal 
injections of freshly prepared streptozotocin (40 
mg/kg of bodyweight) dissolved in 0.1 M chilled 
citrate buffer (pH 4.5) for 5 consecutive days 
according to the methods of (Hussien et al., 
2013). The animals allowed drinking 5% glucose 
solution over night to prevent initial streptozotocin-
induced hypoglycemic mortality. Forty - eight 
hours after last streptozotocin dose, fasting blood 
glucose levels will be monitored and animals with 
glucose levels > 200 mg/dl were considered 
diabetic and assigned for different treatment 
regimens.   

Experimental design:  
Forty albino rats used in this study and classified 
into four groups (10 rats each) as follow: Group I: 
Control group. Group II: Treated control group 

received fish oil in a dose of 1.2 ml /kg body 
weight/day orally for 8 weeks (Hussien et al., 
2013). Group III: Diabetic group. Group IV:  
Treated diabetic group received fish oil in a dose 
of 1.2 ml /kg body weight/day orally for 8 weeks. 
 After the experimental period, animals were kept 
fasting for 12 hours before blood sampling, blood 
was withdrawn from the retro-orbital venous 
plexus of the eye using capillary tubes and 
collected in: a- Tubes contain sodium fluoride for 
blood glucose estimation, b-heparinized tubes for 
other biochemical parameters.   Blood was 
centrifuged at 3000 rpm for 10 minutes using 
cooling centrifuge. Plasma was separated and 
immediately frozen. The following parameters 
were estimated.   
 Fasting blood sugar was determined using 
enzymatic colorimetric method according to 
Trinder. (1969). 
Plasma insulin level was estimated by ELISA 
according to Yallow and Bawman. (1983) using 
Bio Source INS-EASIA Kit.   
 Plasma total cholesterol and triglycerides were 
estimated according to Richmond. (1973) and 
Fossati and Prencipe. (1982) respectively using 
enzymatic colorimetric method. 
Plasma high-density lipoprotein (HDL) cholesterol 
was measured according to Plasma level of von 
Willebrand factor (vWF) was determined using 
Enzyme-linked immunosrbent assay (ELISA) for 
rat according to fischer et al., (1998) using the 
manufacturers protocols (R&D systems).The kits 
were purchased from Biosource, Belgium. 
The levels of 5-lipoxygenase (5-LOX) was 
determined according to Hardya et al., (2005) 
using Enzyme-linked immunosorbent assay 
(ELISA) for rat according to the manufacturers 
protocols (R&D systems.  
Serum level of interleukin-1beta (IL-1 β) was 
determined using Enzyme-linked immunosrbent 
Assay (ELISA) for rat according to the 
manufacturer protocol (R&D systems) (Vallejo et 
al., 2014). 
Lipoxin A4 (LXA4) in the sample was determined 
according to the method of Dobrian et al., (2011) 
using Enzyme-linked immunosrbent Assay 
(ELISA) for rat according to the manufacturer's 
protocols (R&D systems). 

Statistical analysis: 
 All data were expressed as mean ± SE. 
Distribution of the data were verified to be normal 
using Tests of Normality (SPSS package) 
(vesrion8).  Statistical  significance  will  be tested  
by  one  way  analysis  of  variance  (ANOVA) 
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followed by Bonferroni post hoc analysis. P< 0.05 
was considered to be statistically significant. 
 
RESULTS AND DISCUSSION 

Diabetes mellitus (DM) is a fatal metabolic 
disorder that causes illness and eventually death. 
Endothelial cell dysfunction (ECD) is a hallmark of 
DM due to deficiency of or resistance to insulin 
(Lin et al., 2002).   

Endothelial cells and megakaryocytes 
produce vWf whose circulating levels are 
increased by endothelial cell damage. vWf release 
is mainly due to activated or stimulated 
endothelial cells (Shao et al., 2016), yet the 
highest levels of vWf accompany severe diseases  
such as diabetes, dyslipidemia and obesity 
(Horvath et al., 2004). 

vWF is the most reliable marker because of its 
specificity for endothelial cells and its stability, in 
addition, it can be assayed easily (Horvath et al., 
2004).Lipid metabolism is mainly regulated by 
insulin. In diabetes there is abnormal presence or 
action of insulin leading to increased blood 
glucose level; this causes changes in the lipid 
metabolism of cells (Kamat and Roy, 2016).  

There are synthetic drugs that are used to 
treat diabetes leading to undesirable side effects. 
The use of particular polyunsaturated fatty acids 
(PUFAs), such as fish oil as a source of omega3, 
in STZ-diabetics can not only avoid these side 
effects but also restore endothelial cell 
dysfunction (Haliga et al.,2013).  

The current study focuses on the beneficial 
effect of fish oil in diabetes which was induced in 
rats. We observed that STZ-induced diabetes 
resulted in increased serum TG and TC and 
decreased HDL levels which improved 
significantly after treatment with fish oil (Table 1) 
due to the antioxidant properties of unsaturated 
fatty acids present in it. Fish oil alone can also 
play a major role in the prevention of lipid 
oxidation.   

Also cholesterol synthesis absorption can be 
depressed by Omega-3PUFAs () by down-
regulating the hepatic LDL receptor (Nestel, 2000 
, El-Sohemy and Archer, 1999).  

Lipid abnormalities present in diabetes are 
due to defects in insulin action, hyperglycaemia 
and increased fat mobilization from the adipose 
tissue (as a result of glucose underutilization) 
(Goldberg, 2001).  

PUFA has cytoprotective action and also has 

the ability to prevent STZ-induced DM in rats. 
Lipoxin A4 (LXA4) which is the anti-inflammatory 
product of PUFA can inhibit the production of free 
radicals, decrease the uptake of STZ by 
pancreatic β cells and enhance the generation of 
free radicals (Gundala et al., 2017).  

In the present study, there is significant 
increase in the levels of LXA4 (Table 2), after fed 
fish oil in each of control and STZ diabetic rats. 
Our results are in agreement with (Cappellari et 
al., 2013).  

Results in the present study founding a 
significant increase in the levels of 5-LOX and IL-
1β in  STZ-D rats as compared to their controls 
but when these rats are treated with  fish oil, a 
marked decrease in the activity of 5LOX as well 
as in the plasma concentration of IL-1β (Table 2). 
Our results are agreement with Maria et al., 
(2013) and Mohammadreza et al., (2014). Also, 
Caughey et al. (1996) reported that intake alpha-
linolenic acid (a source of ω-3 fatty acids) resulted 
in a decrease in production of IL-1β by endotoxin-
stimulated mononuclear cells by 30% nearly.  

High levels of IL-1β were found to be 
particularly destructive and are accused of 
causing a number of pathological responses that 
take place in chronic inflammatory diseases such 
as diabetes, inflammatory bowel diseases and 
rheumatoid arthritis (Sowers, 2013). In STZ-
diabetic rats, pancreas-infiltrating macrophages 
release IL-1β (the only pro-inflammatory cytokine) 
which inhibits the secretion of insulin in response 
to glucose, causing hyperglycemia (Aharon-
Hananel et al., 2015). 

The risk of atherosclerosis is increased by 
high vWf levels which consider as silent 
endothelial dysfunction, (Abdel Hady et al., 2012). 

The pathogenesis of cardiovascular disease 
and atherosclerosis depend on the increasing in 
vWF levels which is a potent independent risk 
factor in cases associated with diabetes mellitus 
or insulin resistance (Frankel et al., 2008). 

Wu et al., (2017) reported that the therapeutic 
target for atherogenesis was represented by 
different mechanisms for platelet endothelial 
interactions, increased endothelial associated 
vWF, particularly in a multimerized form.  

Before fish oil administration, the diabetics 
had higher levels of vWF than did controls. There 
was a statistically significant decrease of plasma 
vWF both in diabetics and in normal after six 
weeks of treatment (Table 2). 
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Table (1): Mean plasma levels of glucose, insulin and lipid profile in the different studied groups. 

 
 

Control Control +Fish oil Diabetes Diabetes  + Fish oil 

Glucose mg/dl 95.4 ±2.8
a 

85.6± 3.2
a 

205.0± 18.0
b 

165.0± 8.40
c 

Insulin (µIU) 13.0 ± 2.6
a 

10.0± 1.0
b 

5.0 ± 1.2
c 

10.0 ± 1.2
b 

Cholesterol (mg/dl) 120.0± 27.0
a
 118.0 ± 3.1

a 
159 ± 26.0

b
 110.7 ± 9.5

a
 

HDL Cholesterol (mg/dl) 73.8 ± 9.5
a
 63.9 ± 1.7

b 
43.6 ± 4.5

c
 79.0 ± 6.0

a
 

Triglycerides(mg/dl) 76.7 ± 1.4
a
 72.0 ± 3.4

a 
99.3 ± 6.4

b 
77.5± 5.1

a 

Values sharing the same superscript means not significant. P> 0.05. Values are means ± standard error of mean (SEM). Different 
superscript letters within the row indicate significant differences by Duncan s multiple range test p< 0.05. 

 
Table (2): Mean plasma levels of vWF, 5-lipoxygenase , LXA4 and IL-1β in the different studied 

groups. 
 
 

Control Control+Fish oil Diabetes Diabetes+ Fish oil 

vWF(ng/L) 534.0 ± 62.0
a
 503.0± 90.0 

a 
648.0 ± 29.0

b 
536.0 ± 36.0

a 

5-lipoxygenase (U/L) 7.2 ± 0.6
a
 7.0 ± 0.7

a
 15.0 ± 1.5

b 
10.51 ± 0.74

c 

LXA4 (Pg/L) 78.6 ±12.5
a 

129.0 ± 24.9
b 

130.0 ±12.0
b 

144.0±30.0
c 

IL-1β (Pg/ml) 28.8±1.20
a 

26.62± 1.7
a 

44.24 ± 4.46
b 

38.33 ± 1.16
b 

Values sharing the same superscript means not significant. P> 0.05. Values are means ± standard error of mean (SEM). Different 
superscript letters within the row indicate significant differences by Duncan s multiple range test p< 0.0 
 

CONCLUSION 
In our study, increased vWF activity can be used 
as an early marker for detection of endothelial 
dysfunction in diabetes. Moreover, 
supplementation with fish oil as a natural product 
of omega -3 fatty acids may have significant 
effects on elevated levels of vWF and hence to 
restore endothelial dysfunction in STZ-diabetics. 
This support the concept that dietary fish oil rich in 
omega-3 PUFA may be of therapeutic benefit in 
patients with diabetes. 
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