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1. Introduction 
Obesity is a serious health problem affecting the global 
population. It is regarded as a low-grade inflammatory 
disease based on uncontrolled expansion of adipose tissue 
(AT) (1). AT is a metabolically active organ that secretes 
numerous adipokines (such as leptin, adiponectin, and 
resistin) and proinflammatory cytokines and chemokines 
(such as tumor necrosis factor alpha, interleukin-6, and 
monocyte chemoattractant protein-1) (2). AT involves 
different cell types, but from the metabolic perspective, 
adipocytes are the most active cell type. Hyperplasia 
and hypertrophy of adipocytes is the main cause of AT 
expansion (3). AT expansion limits the use of O2 and 
adipocytes in particular move away from capillaries, giving 
rise to hypoxia. Obesity-related hypoxia disrupts normal 
levels of adipokines in AT (4). From the biochemical 

perspective, obesity is characterized by an imbalance 
between energy intake and expenditure, and this situation 
strongly affects the hypertrophic and hyperplasic adipocyte 
metabolism (2,3).  

Reactive oxygen species (ROS) and reactive nitrogen 
species (RNS) are produced by normal physiological 
conditions. However, ROS production increases under 
some pathophysiological conditions, such as obesity, 
hyperglycemia, and type II diabetes. Increased ROS 
production and inadequate antioxidant enzyme systems, 
such as catalase, glutathione peroxidase (GPx), and 
superoxide dismutase (SOD), generally lead to an 
imbalance between oxidants and antioxidants, resulting in 
oxidative stress (OS). Protein carbonyls, malondialdehyde 
(MDA), and F-2 isoprostanes are well-known biomarkers 
of OS (5). Excessive fat accumulation, increased fatty acid 

Background/aim: This study aimed to investigate signal peptide-Cub-EGF domain-containing protein 1 (SCUBE1) levels and oxidative 
stress (OS) in a high fat diet (HFD)-induced obese rat model.
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(10% calories of fat) and Group 2, the obese group, was given a HFD (60% calories of fat), both for 70 days. Rats were then sacrificed and 
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adiponectin, and plasminogen activator inhibitor-1 levels were determined using an enzyme-linked immunosorbent assay. Serum 
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Results: Final body weight was higher in the obese group (P = 0.007). Serum malondialdehyde concentrations were also higher in the 
obese group (P = 0.021). Serum glutathione peroxidase activities were higher in the control group (P = 0.028). Serum SCUBE1 levels 
were also higher in the control group (P = 0.038).
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therefore be evaluated independently from OS in obesity.
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oxidation, and overconsumption of oxygen enhance ROS 
generation in obesity. Obesity causes several important 
pathophysiological conditions, including hypertension, 
cardiovascular diseases, dyslipidemia, hyperglycemia, and 
type II diabetes, all of which raise OS levels (6).

Signal peptide-Cub-EGF domain-containing 
protein 1 (SCUBE1) is a peptide that involves 10 EGF-
like repeats at the amino terminal and 1 CUB domain 
at the carboxyl terminal side. The SCUBE gene family 
includes SCUBE1–3. SCUBE1 gene expression is higher 
in endothelial cells and platelets. SCUBE1 may regulate 
hematopoiesis in platelets (7,8). Yang et al. showed that 
SCUBE1 is expressed in the vascular endothelium and 
may be significant in thrombosis (8). SCUBE1 has been 
studied in inflammatory and hypoxia-related diseases, 
such as acute coronary syndrome, acute ischemic stroke, 
acute mesenteric ischemia, and gastric cancer (9–12). Tu 
et al. suggested that SCUBE1 may be an adhesive molecule 
and that this peptide may therefore play a critical role in 
vascular pathology (13). Obesity-related thrombosis is 
characterized by chronic inflammation and disrupted 
fibrinolysis. Activated platelets are the most important 
cells in obesity-related chronic inflammation and activate 
the prothrombotic signaling pathway in vascular cells. 
Plasminogen activator inhibitor-1 (PAI-1) is synthesized 
in the liver, endothelial cells, and AT. Increased PAI-1 leads 
to hypofibrinolysis and prothrombosis (14). These then 
lead to endothelial dysfunction, ruptured atherosclerotic 
plaque, platelet hyperactivation, and delayed clot lysis 
(15). This study investigated SCUBE1 levels and OS as a 
part of measuring SOD, GPx, and MDA levels in a high fat 
diet (HFD)-induced obese rat model. 

2. Materials and methods
2.1. Animals and experimental design
The experimental study commenced following approval 
from the Karadeniz Technical University Animal Care 
and Ethics Committee. All experimental and surgical 
procedures were performed in the Karadeniz Technical 
University Surgical Application and Research Center. 
Fourteen Sprague-Dawley rats aged 3–5 weeks and 
weighing 100–150 g were randomized and divided into 
two equal groups. The control group received a standard 
diet and the obese group received a HFD, both for 70 days. 
Standard and HFD chows were purchased from Research 
Diets Inc., USA (Catalog # D12450J: 10% calories of fat, 
70% carbohydrate, and 20% protein; Catalog # D12492: 
60% calories of fat, 20% carbohydrate, and 20% protein). 
Standard and high fat rat chow diets and water were 
provided ad libitum for all animals. Rat serum samples 
were collected and stored at –80 °C for measurement of 
biochemical parameters. 

2.2. Serum MDA level measurement
Serum MDA levels were determined following the method 
described by Yagi (16). This method depends on lipid 
peroxidation products and thiobarbituric acid. Serum lipids 
and proteins were precipitated with a phosphotungstic acid 
and sulfuric acid mixture. Tetramethoxypropane was used 
as a standard. MDA levels were expressed as nmol/mL.
2.3. Serum SOD enzyme activity measurement
SOD enzyme activities were determined using a 
colorimetric assay kit (Cayman Chemical Company, 
USA, Cat. No. 706002, Lot No. 0463319) in line with the 
manufacturer’s instructions. The kit method relies on the 
reduction of nitroblue tetrazolium by xanthine and the 
xanthine oxidase enzyme system. Optical densities were 
measured at 560 nm using a VersaMax tunable microplate 
reader (Molecular Devices, USA). The results were 
expressed as U/g protein.
2.4. Serum GPx enzyme activity measurement
GPx was determined using a colorimetric assay kit 
(Cayman Chemical Company, USA, Cat. No. 703102, Lot 
No. 0450739), following the kit protocol. GPx activities 
were measured using the coupling reaction of glutathione 
reductase, GPx, and oxidation of NADPH to NADP+. 
Decreasing optical densities were measured kinetically at 
340 nm using a VersaMax tunable microplate reader. The 
results were expressed as U/g protein.
2.5. Serum SCUBE1, adiponectin, and PAI-1 
measurements  
Rat serum SCUBE1, adiponectin, and PAI-1 levels were 
determined using ELISA kits (Elabscience, China, Cat. 
No. E-EL-R1103; SunRed, China, Cat. No. 201-11-0759; 
and SunRed, China, Cat. No. 201-11-0637, respectively) 
in line with the relevant protocol. Samples were measured 
at 450 nm using a VersaMax tunable microplate reader. 
The results were expressed as ng/mL, mg/L, and ng/mL, 
respectively.
2.6. Serum glucose and triglyceride measurements 
Fasting glucose and triglyceride levels were measured using 
a Roche Hitachi Cobas 8000 autoanalyzer (Switzerland). 
Both were expressed as mg/dL.
2.7. Statistical analysis 
Data were expressed as mean ± standard error (X ± SE). 
The Kolmogorov–Smirnov test was used to test normality, 
and the groups were compared using the Mann–Whitney 
U test. Statistical significance was set at P < 0.05. 

3. Results
The final mean body weight in the obese group (454 ± 
11.51 g) was significantly higher than that of the control 
group (392.25 ± 13.33 g) (P = 0.007; Table). Serum glucose 
concentrations were higher in the control group (112.4 
± 7.70 mg/dL) than in the obese group (104 ± 7.88 mg/
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dL) (Table). Serum triglyceride concentrations were also 
higher in the obese group (93.38 ± 10.12 mg/dL) than 
in the control group (84.57 ± 18.45 mg/dL) (Table). No 
significant difference was determined between the groups 
in terms of glucose or triglyceride concentrations (P = 0.536 
for both). Serum MDA concentrations were significantly 
higher in the obese group (1.98 ± 0.35 nmol/mL) than 
in the control group (1.08 ± 0.13 nmol/mL) (P = 0.021; 
Figure 1). Serum GPx activities were significantly lower 
in the obese group (4.43 ± 0.49 U/g protein) than in the 
control group (7.93 ± 1.32 U/g protein) (P = 0.028; Figure 

2). Serum SOD activities were higher in the obese group 
(2.14 ± 0.49 U/g protein) than in the control group (2.06 
± 0.72 U/g protein), but the difference was not statistically 
significant (P = 0.491; Figure 2). Serum SCUBE1 levels 
were significantly increased in the control group (2.51 
± 0.36 ng/mL) compared with the obese group (1.78 ± 
0.73 ng/mL) (P = 0.038; Figure 3). Serum adiponectin 
levels were higher in the obese group (8.28 ± 0.39 mg/L) 
than in the control group (8.51 ± 0.32 mg/L), although 
the difference was not statistically significant (P = 0.955; 
Figure 4). Serum PAI-1 levels were higher in the control 

Table. Control and obese group glucose and triglyceride concentrations and body 
weights. 
			 

Groups Control (n = 7) Obese (n = 7)

Glucose (mg/dL) 112.43 ± 7.70 104.00 ± 7.88

Triglyceride (mg/dL) 84.57 ± 18.45 93.38 ± 10.12

Final body weight (g) 392.25 ± 13.33 454 ± 11.51*

*: P < 0.05.
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Figure 1. The means of MDA levels of the control and obese 
groups (*: P = 0.021 compared with control group). 

Figure 3. The means of SCUBE1 concentrations of the control 
and obese groups (*: P = 0.038 compared with control group).

Figure 2. The means of GPx and SOD activities of the control 
and obese groups (*: P = 0.028 compared with control group). 

Figure 4. The means of adiponectin concentrations of the control 
and obese groups.
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group (7.60 ± 0.40 ng/mL) than in the obese group (6.83 
± 0.37 ng/mL), but not statistically significantly higher (P 
= 0.232; Figure 5). 

4. Discussion
A HFD has been used to induce obesity in experimental 
models. Studies have reported that when at least 30% of 
energy is supplied by fat content the diet exhibits HFD 
effects. These HFD effects vary depending on different 
animal species, feeding periods, and fat types, and there is 
no standardized fatty acid content of HFDs (17). Buettner 
et al. demonstrated that HFDs contain different types of 
fatty acids causing different metabolic and molecular 
effects in rat models (18). In the present study, Sprague-
Dawley rats received a 60% fat content diet for 70 days. 
The final body weight of the obese group was significantly 
higher than that of the control group (P = 0.007). In 
addition, a HFD causes metabolic outcomes such as 
adipocyte hypertrophy, hyperplasia, and insulin resistance 
(17). In our study, serum glucose and triglyceride levels 
were measured for general metabolic assessment of HFD-
fed rats. Serum triglyceride levels increased but glucose 
levels decreased in the obese group. Both triglyceride and 
glucose levels exhibited no significant difference between 
the control and obese groups (P = 0.536 for both). This 
suggested that serum glucose and triglyceride levels are 
not affected by a HFD for 70 days. Some previous studies 
have reported serum glucose and triglyceride findings 
similar to our results (19,20). One comprehensive study 
demonstrated that results for metabolic parameters varied 
depending on the animal model strain, sex, and feeding 
period. The authors concluded that animal characterization 
is important for nutrition studies in animal models (21).  

Obesity is a low chronic inflammatory condition that 
proceeds with hypoxia, OS, endoplasmic reticulum (ER) 
stress, and mitochondrial dysfunction (22). Hypertrophied 
adipocytes and preadipocytes increase in expanded AT, 

which causes enlarged adipocytes. The oxygenation of 
these adipocytes decreases and proinflammatory cytokine 
synthesis thus increases (23). Cytokines stimulate ROS 
and RNS synthesis, and obesity-induced OS therefore 
occurs with cytokine concentration elevation. If obesity 
is prolonged, the antioxidant defense system becomes 
insufficient against ROS and RNS generation in AT 
(24,25). Inadequate antioxidant defenses, hyperglycemia, 
enhanced muscle activity, high tissue lipid levels, and 
enhanced endothelial ROS generation contribute to OS in 
obesity (5). Emami et al. demonstrated that HFD-induced 
obesity alters the redox balance by reducing antioxidant 
enzyme activities and enhances MDA levels in rats (26). 
Higher MDA levels have been reported in 15-week-old 
HFD-induced obese rats. The same study also reported 
lower catalase, SOD, and GPx activities in HFD-fed rats 
than in control diet-fed rats (27). In our study, MDA, a 
lipid peroxidation end product and a biomarker of OS, 
was significantly elevated in the obese group compared 
with the control group (P = 0.021). GPx levels decreased 
significantly in the obese group (P = 0.028). SOD levels 
were higher in the obese group, but the difference was not 
statistically significant (P = 0.491). Our results show that 
HFD induces OS in AT, but that the antioxidant defense 
system is insufficient under conditions of OS.

Adiponectin is an AT-derived hormone with 
antiinflammatory properties that protects insulin 
sensitivity (2). In our study, adiponectin levels were 
higher in the obese group than in the control group, but 
the difference was not statistically significant (P = 0.955). 
Adiponectin levels have been shown to differ depending 
on the feeding period, animal species, and diet content in 
HFDs in previous studies (28,29).   

The tissue distribution profiles of SCUBE1 and 
SCUBE1 mRNA expression and function are still uncertain 
(30). Obesity increases the risk of atherosclerosis, and 
adipokines may regulate the progression of atherosclerosis 
development (31). Prothrombotic conditions lead to 
endothelial dysfunction, ruptured atherosclerotic plaque, 
platelet hyperactivation, and delayed clot degradation 
in obesity (15). Platelet activation is closely linked to 
inflammation and thrombosis. PAI-1 is associated with a 
prothrombotic state and is related to obesity (32). In our 
study, PAI-1 levels decreased in the obese group, but the 
difference between the two groups was not statistically 
significant (P = 0.232). SCUBE1 is a glycoprotein located 
in the vascular system and endothelium. Previous studies 
have described the importance of SCUBE1 in thrombosis, 
inflammation, and hypoxia. SCUBE1 is stored in α-granules 
of inactivated platelets. This protein produces an increase 
in the adhesion of platelets to the matrix. When platelet 
activation occurs, SCUBE1 is released into circulation 
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Figure 5. The means of PAI-1 concentrations of the control and 
obese groups.
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under hypoxia and inflammatory conditions and enters 
thrombi (8,13). Liao et al. recently demonstrated that 
N-glycosylation is essential for SCUBE1 functions in a 
zebrafish model (33). However, the functions of SCUBE1 
are still not fully understood. Wu et al. demonstrated 
that SCUBE1 is involved in platelet aggregation and 
provides a link between activated platelets in thrombosis 
(34). Elevated plasma SCUBE1 concentrations have been 
observed in acute coronary syndrome and ischemic 
stroke in humans (9). Higher serum SCUBE1 levels have 
been reported in patients with aneurysmal subarachnoid 
hemorrhage compared to healthy controls (35). Ours is the 
first study to examine the relationship between SCUBE1 
and obesity in a HFD-induced obese rat model. Serum 
SCUBE1 levels were significantly lower in the obese group 
compared to the control group (P = 0.038) (Figure 3). This 
may be attributed to HFD consumption for 70 days being 
inadequate for the development of chronic inflammatory 
conditions in our diet-induced obesity model. In addition, 
the prothrombotic signaling pathway was not activated 
in the inadequate chronic inflammatory environment, 
and no alteration was therefore observed in serum PAI-1 
levels in the obese group compared to the control group 
(Figure 5). It should also be noted that SCUBE1 could not 

be released into the systemic circulation, and that small 
peptides were able to be degraded in α-granules.

MDA levels increased in serum specimens in our study, 
but SCUBE1 levels decreased (Figures 1 and 3). However, 
no correlation was observed between the measured OS 
parameters and SCUBE1. Since no previous studies have 
investigated the relation between obesity-induced OS 
and SCUBE1, we are unable to compare our results with 
findings from other research. OS is a factor that dominates 
the procoagulant and prothrombotic state in obesity (36). 
It may be inferred from our results that prothrombosis 
was not stimulated by OS. SCUBE1 therefore cannot be 
used as a target molecule for suppressing OS in obesity. 
Variations in SCUBE1 levels may therefore be evaluated 
independently from OS parameters. It may be speculated 
that severe ER stress leads to the degradation of SCUBE1 
protein and that this may lead to a decrease in SCUBE1 
levels in HFD-fed obese rats. Additionally, AT-derived 
factors may stimulate SCUBE1 levels, and our review of 
the literature revealed no previous study of the association 
between diet type and SCUBE1. We intend to design 
further studies to investigate the relation between SCUBE1 
and obesity, with particular reference to obesity-derived 
ER stress and hypoxia.
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