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Abstract 

Objective: The aims of study were to investigate effects of both N-acetylcysteine (NAC, an antioxidant) and high fat diet (HFD) to oxidative stress 
in differently located adipose tissues and the liver.  
Methods: Our study is created from control, HFD and NAC groups (n=6). Control group was fed with only standard diet. HFD group was fed with 
only HFD. NAC group was fed with HFD, and additionally that group received NAC (2 g/L). All groups were fed with designated diets for 85 days. 
Antioxidant enzyme activities, glutathione, and malondialdehyde were measured in epididymal, perirenal, subcutaneous adipose tissues, and liver. 
Results: In the HFD group, malondialdehyde (MDA) levels increased in perirenal adipose tissue and liver. In addition, superoxide dismutase (SOD) 
and catalase activities in the HFD group were lower both epididymal and perirenal adipose tissue, whereas glutathione peroxidase activities were 
lower in subcutaneous and epididymal adipose tissue. Glutathione was lower in liver tissue alone. In subcutan adipose tissue, the glutathione and 
SOD activities increased due to NAC administration. 
Conclusion: The present findings showed that oxidative stress and antioxidant enzyme profiles were variable in localized adipose tissue in different 
regions. Thought antioxidant enzyme activities in some tissues increased due to NAC application, these increases were insignificant in terms of 
oxidant-antioxidant balance. 

Keywords: Adipose tissue, glutathione peroxidase, high fat diet, malondialdehyde, N-acetylcysteine, oxidative stress 

Öz 

Amaç: Çalışmanın amacı karaciğer ve farklı yerleşimli yağ dokularındaki oksidatif strese N-asetilsisteinin (NAC, antioksidan) ve yüksek yağlı 

diyetin (HFD) etkilerini araştırmaktır. 
Yöntem: Çalışmamız kontrol, HFD ve NAC gruplarından oluşmaktadır (n=6). Kontrol grubu standart diyetle, HFD grubu yüksek yağ içeren diyetle, 

NAC grubu ise yüksek yağlı yem ve  içme suyuna katılan antioksidan molekül olan NAC ile beslendi (2 g/L). Tüm gruplar 85 gün boyunca ad 
libitum olarak beslendi. Beslenme periodunun sonunda karaciğer, subkutan, epididimal ve perirenal yağ dokularında antioksidan enzimler 

(süperoksit dismutaz, katalaz, glutatyon peroksidaz), glutatyon ve malondialdehit seviyeleri ölçüldü.  
Bulgular: HFD grubunda malondialdehit (MDA) seviyesi karaciğer ve perirenal yağ dokusunda yüksekti. Ayrıca HFD grubunda süperoksit 

dismutaz (SOD) ve katalaz aktivitesi hem epididimal hemde perirenal yağ dokusunda, glutatyon peroksidaz aktivitesi epididimal ve subkutan yağ 

dokusunda düşüktü. Glutatyon ise sadece karaciğer dokusunda düşük tesbit edildi.  NAC uygulaması subkutan yağ dokusunda SOD ve glutatyonu 

yükseltti.   
Sonuç: Mevcut bulgular oksidatif stres ve antioksidan enzim profillerinin farklı bölgelerde yerleşmiş adipoz dokusunda değişken olduğunu, NAC 
uygulamasının bazı dokularda antioksidan enzim aktivitelerini artırmasına rağmen oksidan-antioksidan denge açısından önemli bir etkisinin 

olmadığını göstermektedir. 

Anahtar Kelimeler: Adipoz doku, glutatyon peroksidaz, yüksek yağlı diyet, malondialdehit, N-asetilsistein, oksidatif stres 
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Introduction 
 
Obesity can be defined as a condition in which excessive 
energy is stored in white adipose tissue (WAT) as tri-
acylglycerol. WAT is widely distribution across the body and 
is recognized as an important endocrine organ. Thus, WAT 
may have impact on the function of many systems. In obesity 
low-grade chronic systemic inflammation is often present. 
This situation is a result of the activation of the immune 
system by WAT which promotes pro-inflammatory status and 
oxidative stress, triggering a systemic acute-phase response. 
Obesity is risk factor of various chronic illnesses associated 
with oxidative stress, such as metabolic syndrome, diabetes 
mellitus, cardiovascular diseases and cancer.1-3 
There are differences between adipose tissue located in 
subcutaneous areas and visceral adipose tissue (VAT) present 
in the abdomen. These differences include anatomical, 
cellular, hormonal, molecular, insulin sensitivity, 
physiological, metabolic and vascularization characteristics of 
the two types of adipose tissues.4 Anatomically, VAT is 
primarily found around the abdominal organs and secretes 
metabolites to the liver by portal circulation. Compared with 
subcutaneous adipose tissue (SCAT), VAT contains a rich 
neural network and is more vascularized. In addition, it is 
richer in terms of inflammatory and immune cells. Also, VAT 
has less preadipocyte differentiation capacity and larger 
adipocytes.5 In addition, there are site specific changes of 
redox metabolism and mitochondrial density between the 
types of adipose tissues.6-8 
The predisposition to oxidative damage is even greater in 
obese subjects because of decreased antioxidant sources, 
including antioxidant enzymes such as superoxide dismutase 
(SOD), glutathione peroxidase (GPx), and catalase (CAT), as 
well as vitamin A, vitamin E, vitamin C, and β-carotene.9-11 
SOD activity is considerably lower in obese human subjects 
compared with normal weight human subjects.12 In addition, 
anti-oxidant supplementation could reduce oxidative stress 
and other reactive oxygen species, thus decreasing the 
prevalence of complications which occur in obesity.3,6,13 
However, contrary to classical inflammatory processes, 
reduced oxidative stress has been reported in differently 
located adipose tissues in recent studies.8,14 
N-acetylcysteine (NAC) is a compound that contains a thiol 
group with antioxidant and anti-inflammatory properties. 
NAC is the precursory compound of glutathione (GSH) 
which is a powerful antioxidant. Many studies have shown 
that NAC has beneficial effects against metabolic disorders.15-

18 
The aim of the present study was to investigate the oxidant-
antioxidant balance in differently located adipose tissues in an 
animal model of high-fat diet (HFD) induced obesity, and the 
efficacy of NAC as an antioxidant molecule in this model. 
 
Methods 
 
Animals and experimental protocols 
The study protocol was reviewed and approved by Karadeniz 
Technical University Local Animal Care and Ethics 
Committee (Protocol No. 2010/39). All experimental 
procedures on animals were carried out in the KTU Surgical 
Application and Research Center.  
Eighteen male Sprague-Dawley rats, aged about two months 
and weighing 200-250 g, were housed in polypropylene 
cages. The animals were divided into three experimental 
groups (see below). All groups were fed with one of two 
types of commercial standardized solid diets (both with equal  

 
 
calorie values) purchased from (Research Diets, New 
Brunswick, USA) standard diet (Product #D12450B, 
composed of 65% carbohydrate, 30% protein, and 5% fat, by 
total energy), and HFD (Product #12451, 45% fat, 35% 
carbohydrate and 20% protein, by total energy). All rats were 
housed under optimal laboratory conditions during the 
experiment (temperature of 21–23°C, humidity of 50–60%, 
12:12 hour light: dark cycle) and received water and 
designated diets ad libitum. 
During an adaptation period, all rats were fed with standard 
diet for 15 days. After the adaptation period, three 
experimental groups were formed, and fed with designated 
diets for 85 days. Control group (n=6): Fed with standard 
diet (Product #D12450B). HFD group (n=6): Fed with HFD 
(Product #D12451). NAC group (n=6): Fed with HFD 
(Product #D12451) and received 2 g/L N-acetylcysteine 
(Amresco, Solon, Ohio, USA) in the drinking water. Body 
weights were measured bi-weekly. After the feeding period, 
the rats were sacrified and blood was collected from the aorta. 
Epididymal adipose tissue (EAT), perirenal adipose tissue 
(PRAT), SCAT, and liver samples were removed, and 
collected under frozen carbon dioxide, then frozen at -80°C 

until experimental analysis. 
 
Determination of metabolic parameters 
Serum insulin (DRG International Inc. Springfield, USA), 
serum leptin (BioVendor, Brno, Czech Republic), and serum 
adiponectin (Millipore, Burlington, USA) levels were 
measured using commercial ELISA kits according to the 
manufacturers’ instructions. Serum glucose and triglyceride 

levels were measured by Roche Cobas 8000 Modular 
Autoanalyzer (Roche, Indianapolis, USA). Liver triglyceride 
content was determined using a total glycerol test kit (Roche) 
according to the manufacturer’s instructions. 
 
Determination of malondialdehyde (MDA) levels 
Tissue samples (adipose tissue of 150 mg and liver tissue of 
50 to 60 mg) were minced and homogenized in 2 mL of an 
ice-cold 1.15% KCl solution containing 0.5 mL/L Triton X-
100 using an Ultra-Turrax T25 homogenizer (IKA 
Labortechnik, Staufen, Germany). Liver tissue homogenates 
were used directly. However, adipose tissue homogenates 
were centrifuged at 1500xg for 10 min. After centrifugation, 
upper lipid layers were discarded. 400 µL ethanol/chloroform 

(2:3) mixture was added into 800 µL supernatant and then 

centrifuged at 15 000xg for 10 min at +4oC. The ethanol and 
chloroform phases were used in the MDA assay. MDA 
measurements were performed according to the metod of 
Mihara and Uchiyama.19 Tetramethoxypropane was used as a 
standard and MDA levels were calculated as nmol/g of wet 
tissue. 
 
Determination of SOD activity   
150 mg adipose tissue was homogenized in 2 mL of ice-cold 
0.05 M Tris-HCl buffer containing 0.5 mL/L Triton X-100 
(pH=7.4). Adipose tissue homogenates were centrifuged at 
1500xg for 10 min. Upper lipid layers were discarded. Then, 
0.4 mL ethanol/chloroform (2:3) mixture was added into 0.8 
mL supernatant and then centrifuged at 10 000xg for 30 min 
at +4oC. The ethanol phase was used for measuring SOD 
activity of adipose tissue. 50 mg liver tissues were 
homogenized in 1 mL of ice-cold 0.05 M Tris-HCl buffer 
(pH=7.4) and then centrifuged at 10 000xg for 10 min at 
+4oC. Obtained supernatant was used for liver SOD activity 
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measurement. The method of Sun and Oberley was used to 
measure SOD activities.20 The assessment was based on the 
reduction of nitroblue tetrazolium by a xanthine-xanthine 
oxidase system. Results were expressed as U/mg protein. 
Total protein concentrations of adipose and liver tissues were  
performed by the Bradford method.21 

 
Determination of CAT activity 
Supernatants were obtained, as described above. For adipose 
tissues, 1 mL supernatant was mixed with 300 mL chloroform 
and then centrifuged at 10 000xg for 30 min at +4oC. CAT 
activity was measured in the upper phase. The method of 
Aebi was used to measure CAT activity.22 This method is 
based on dismutation rate of H2O2 at 240 nm. CAT activities 
were expressed as k/g protein (k, rate constant). 
 
Determination of GPx Activity  
GPx activity measurements were performed with a 
commercial assay kit (Cayman Chemical Company, Ann 
Arbor, USA). In this kit, GPx activity is coupled with the 
oxidation of  NADPH by glutathione reductase. Oxidation of 
NADPH was followed spectrophotometrically at 340 nm at 
25°C. Supernatants of adipose tissue samples were obtained, 

as described previously. For liver tissue samples, 
homogenization steps were performed as per the assay kit 
protocol. Results were expressed as nmol/min/mg protein. 
 
Determination of GSH Levels 
250 mg adipose tissues were homogenized in 1.5 mL buffer 
(4 g NaCl, 0.1 g KCl, 0.9 g Na2HPO4•2H2O, 0.14 g 
KH2PO4, and 350 µL Triton X-100 in 0.5 L distilled water, 
pH 7.4). The samples were centrifuged at 1500xg for 5 min. 1 
mL supernatant and 300 µL chloroform were mixed, vortexed 

and centrifuged at 10 000xg for 15 min at +4oC. Obtained 
supernatant was used for GSH measurement. 50 mg liver 
tissues were homogenized in 1 mL ice-cold 0.05 M Tris-HCl 
buffer (pH=7.4). 
GSH levels were measured by the method of Garcia and 
colleagues23 by high-performance liquid chromatography 
(Agilent 1100, Agilent Technologies, Waldbronn, Germany). 
0.1 mL homogenate was added to 40 μL 0.3 mM EDTA 

solution and then mixed with 0.1 mL 20% Triton X-100 by 
vortex-mixing for 1 min. Deproteinization was achieved by 
adding 0.1 mL of 15% trichloroacetic acid and centrifuging at 
18 000xg for 10 min. The derivatization reaction was 
performed utilizing 0.13 mL supernatant, 0.5 mL 0.5 M Tris- 
HCl buffer (pH=8.9), and 0.35 mL 5 mM DTNB (in 0.5 M 
K2HPO4, pH=8.0). This mixture was incubated in an ice bath 
for 5 min, and then it was acidified by addition of 0.1 mL 7 M 
H3PO4 and then centrifuged at 3000xg for 10 min at +4oC. 
Then, derivatized samples were filtered through a 0.22 µm 

membrane. 20 μL of each filtrate were injected into the 
column (ZORBAX Eclipse XDB-C18; 4.6x150mm; 5µm, 

Agilent Technologies, Santa Clara, USA). The mobile phase 
consisted of a mixture of 0.025 M KH2PO4 (pH=3.8) and 
methanol. GSH levels were expressed as mM/g protein. 
 
Statistical analysis  
Descriptive statistical analysis was performed for all studied 
variables. Kolmogorov-Smirnov test was performed to 
determine the normal distributions. The differences between 
groups were investigated by Kruskal Wallis test. Mann-
Whitney U test was chosen for post-hoc. Statistical analyses 
were performed using SPSS 16.0 computer software. 
Statistically significance was set at p<0.05. 
 

Results 
 
The levels of blood glucose, triglyceride, insulin, leptin and 
adiponectin following the diet period are summarized in 
Table 1. Compared with the standard diet group, HFD 
resulted in a significant body weight increase (450.3±31.3 g 

versus 517.8±19.9 g, respectively; p=0.018). At the end of 
diet program serum glucose levels were found to be higher in 
the HFD group compared to control (150.0±12.5 mg/dL 

versus 130.3±7.6 mg/dL, respectively; p=0.004). Serum 
leptin levels were significantly higher in the HFD group than 
control group (13.8±4.1 ng/mL versus 6.1±1.4 ng/mL, 

respectively; p=0.003). There were no differences between 
the experimental groups for triglyceride, insulin or 
adiponectin concentrations. In liver tissue, triglyceride levels 
were higher in the HFD and NAC groups than in the control 
group (p=0.002 and  p=0.009, respectively). In addition, NAC 
administration did not change any of the mentioned 
parameters in HFD fed rats (p>0.05, compared to HFD 
group). 

Table 1. Initial body weight and alterations of metabolic parameters 
were given as X ± SD  
 
 Control 

group 
HFD group NAC group 

Initial body weight (g)I 285  21.3 283.5  25.2 284.5  21.47 
Final body weight (g) 450.3  31.3 517.8  19.9* 514.0  65.2* 
Glucose (mg/dL) 130.3  7.6 150.0  12.5* 160.1  16.8* 
TG (mg/dL) 177.8  47.9 188.6  53.9 153.1  44.7 
Insulin (pmol/L) 264  59.1 293.2  59.9 313.1  80.1 
Leptin (ng/mL) 6.1  1.4 13.8  4.1* 14.4  5.3* 
Adiponectin (µg/mL) 25.4  7.9 24.1  4.1 23.6  4.9 
Liver TG content 
(mg/g wet tissue)  

3.3 ± 0.2 4.7 ± 0.6 * 4.0 ± 0.4* 

 
I: Body weight after fifteen days pre-feeding; X=Arithmetic Mean,  
SD= Standard Deviation. *p<0.05, compare to control group. 
 
MDA measurements in PRAT revealed that MDA levels were 
significantly higher in the HFD group compared to controls 
(p=0.002). In SCAT, MDA levels were significantly lower in 
the HFD group than in the control group (p=0.041). While 
NAC administration increased MDA level in SCAT 
(p=0.015), that did not change in other tissues. In EAT, MDA 
levels showed no difference between groups. In liver, MDA 
levels were higher in the HFD group than in the control group 
(p=0.009). NAC administration did not change MDA levels 
in this tissue (Fig. 1). 
 

 
Figure 1. MDA levels in different located adipose tissues and liver. *p<0.05, compare to 
control group, **p<0.01, compare to control group, #p<0.05, compare to HFD group). 
EAT, epididymal adipose tissue; MDA, malondialdehyde; SCAT, subcutaneous adipose 
tissue; HFD, high-fat diet; NAC, N-acetylcysteine; PRAT, perirenal adipose tissue 

HFD resulted in reduced SOD activity compared to the 
control group in PRAT and EAT (p=0.03 and p=0.04, 
respectively). In SCAT, NAC administration significantly 
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increased SOD activity (p=0.02). In liver, SOD activities 
showed no difference between the groups (Fig. 2).  

 
Figure 2. SOD activities in different located adipose tissues and liver. (*p<0.05, 
compare to control group, #p<0.05, compare to HFD group). EAT, epididymal adipose 
tissue; SOD, superoxide dismutase; SCAT, subcutaneous adipose tissue; HFD, high-fat 
diet; NAC, N-acetylcysteine; PRAT, perirenal adipose tissue 

In EAT and PRAT, CAT activities were found to be 
decreased in the HFD group compared with the control group 
(p=0.04 and p=0.02, respectively). Although CAT activity 
was higher in the NAC administered group, only in the EAT 
did the difference reach a significant level (p=0.002). In 
SCAT, CAT activities showed no differences between 
groups. While CAT activity was significantly reduced in 
HFD (p=0.002), NAC administration reversed that effect to 
control levels in liver (Fig. 3).  
 

 
Figure 3. CAT activities in different located adipose tissues and liver. (*p<0.05, 
compare to control group, **p<0.01, compare to control group, ##p<0.01, compare to 
HFD group). EAT, epididymal adipose tissue; CAT, catalase; SCAT, subcutaneous 
adipose tissue; HFD, high-fat diet; NAC, N-acetylcysteine; PRAT, perirenal adipose 
tissue 

GPx activities were shown considerably decreased in SCAT 
and EAT of HFD-fed rats (p=0.009 and p=0.002, 
respectively). NAC administration considerably increased 
GPx activity only in SCAT (p=0.015). In liver, GPx activity 
was considerably higher in the HFD group than in the control 
group (p=0.02). In the HFD group, NAC administration 
increased GPx activity towards normal control values, but the 
difference did not reach significance (p=0.065) (Fig. 4). 
We observed that GSH levels were increased due to HFD, yet 
these increases were statistically not significant. Similarly, 
NAC administration increased GSH levels in all tissues, but 
the increase only reached a statistically significant level in 
SCAT (p=0.004). Liver GSH levels were significantly lower 
in the HFD group than in control group (p=0.002). In liver, 
NAC administration significantly increased the GSH levels 
compared to the HFD group (p=0.041) (Fig. 5). 

 

 
Figure 4. GPx activities in different located adipose tissues and liver. (*p<0.05, compare 
to control group **p<0.01, compare to control group, #p<0.05, compare to HFD group). 
EAT, epididymal adipose tissue; GPx, glutathione peroxidase; SCAT, subcutaneous 
adipose tissue; HFD, high-fat diet; NAC, N-acetylcysteine; PRAT, perirenal adipose 
tissue 

 
Figure 5. GSH levels in different located adipose tissues and liver. (#p<0.05, compare to 
HFD group, ##p<0.01, compare to HFD group, **p<0.01, compare to control group). 
EAT, epididymal adipose tissue; GSH, glutathione; SCAT, subcutaneous adipose tissue; 
HFD, high-fat diet; NAC, N-acetylcysteine; PRAT, perirenal adipose tissue 

 
Discussion 
 
Adipose tissue is localized in different areas of the body. 
Different localization is accompanied by different structural 
organization, cellular dimensions and biological functions. In 
general, SCAT stores triglyceride and VAT is involved in the 
regulation of metabolic functions.4 Different kinds of adipose 
tissues exhibit variations in the secreted adipokines.5,24 In 
obese humans and animal models, oxidative stress markers 
were reported to be elevated. In addition, oxidative stress 
markers caused insulin resistance in 3T3-L1 cells. These 
findings connected obesity, obesity-induced insulin resistance 
and propensity for developing Type-2 diabetes to oxidative 
stress.12,25 In obesity, the potential mechanisms which 
contribute to oxidative stress are mitochondrial dysfunction, 
hyperglycemia, increased muscle activity, high tissue lipid 
levels, insufficient oxidative defense, endothelial reactive 
oxygen species (ROS) production and hyperleptinemia.12,24 In 
addition, obesity is characterized by a low grade chronic 
inflammatory process which involves the infiltration of 
macrophages into adipose tissue.2,8 
In our study, MDA levels were higher in PRAT of rats fed 
with HFD. However, such increases were not observed in 
SCAT and EAT (Fig 1). Similar results were reported in 
different animal models and diet protocols.7,14,26 The distinct 
responses of adipose tissues are likely to be a result of tissue 
specific metabolic properties. Recent studies have connected 
mitochondrial content and function in adipose tissue to 
metabolic diseases.24,27 In obesity, mitochondrial ROS 
production is increased in adipose tissue and mitochondrial 
density varies depending on the anatomical location of 
adipose tissue.16 For example, epididymal adipocytes contain 
higher number of mitochondria than inguinal adipocytes in 
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rats.6 Alternatively, different MDA levels of adipose tissues 
might be due to the differences of stromal vascular fractions. 
Macrophage infiltration rate is slower in SCAT. Thus, 
reactive aldehyde species are less concentrated in this tissue. 
In SCAT, several antioxidant genes such as peroxiredoxin 3 
and aldehyde dehydrogenase 2 are not down-regulated by 
HFD which leads to a stronger antioxidant defense and lower 
levels of aldehyde species.8 Besides, potential variations in 
NADPH oxidase, which is an important source of oxidative 
stress in adipose tissue, might have an impact on different 
MDA levels. MDA levels were higher in the HFD group in 
liver (p=0.009) (Fig 1). In liver, upon HFD consumption, to 
compensate for the high amounts of ingested fatty acids the 
genes involved in fatty acid oxidation are up-regulated. 
However, mitochondrial respiratory chain components are 
down-regulated. As a result, high amounts of electrons enter 
into the respiratory chain and mitochondrial ROS are formed 
due to abnormal reduction of oxygen. In addition, in the liver, 
upon suppression of the components of the respiratory chain, 
some of these electrons are taken into the peroxisome and 
microsome, and more ROS may be produced by acyl–
coenzyme A oxidase and cytochrome P450 2E1.28  
Enzymatic and non-enzymatic antioxidant defense has critical 
importance for maintenance of oxidant-antioxidant 
homeostasis. In obese individual vitamins E and C, carotenes, 
phytochemicals, zinc, copper, selenium, SOD, CAT, and GPx 
were found to be at lower concentration than in non-obese 
individuals.12 These results suggest that insufficient 
antioxidant defense occurs in obesity. In this dietary model, 
measured antioxidant enzyme activities display different 
profiles in different adipose tissues (Fig 2-4). However, in 
general enzyme activities were lower in the HFD group.  In 
obese animal models, studies based on biochemical 
measurements demonstrated similar tissue specific 
differences.3,26 NAC administration increased SOD and GPx 
activities in SCAT. This elevated antioxidant activity may 
have led to decreased MDA levels. Similarly, EAT showed 
increased CAT activity and decreased MDA levels following 
NAC administration (Fig 3). In liver, upon HFD consumption 
GPx activity was observed to increase which we suggest is to 
compensate for increased intracellular oxidative stress. NAC 
administration did not further affect the antioxidant enzyme 
activity in this tissue (Fig 4).   
A positive link was reported between GSH and lipid storage 
in adipose cells.9 In rats, buthionine sulfoximine (glutathione 
synthase inhibitor) led to smaller adipose cells and reduced 
body weight. Besides, GSH depletion prevented HFD 
induced obesity and increases insulin sensitivity.29,30 In our 
study, NAC, a GSH precursor, increased GSH levels in all 
tissues. GSH is an important component of antioxidant 
defense systems. In spite of decreased antioxidant enzyme 
activities in adipose tissues, MDA levels did not show a 
considerable change. Increased GSH might have played a role 
in this situation. However other antioxidant enzymes and 
sources that we did not measure in our study might have 
contributed to this effect. In liver, HFD decreased the GSH 
levels and NAC administration increased GSH levels (Fig 5).  
In many studies, oxidative stress results and antioxidant 
parameters are inconsistent.7,14,26 This inconsistency stems 
from a lack of standard procedures for obesity models other 
than diet induced models. Differences in experimental 
protocols such as species and strains of experimental animals, 
age at start of the diet and variable diet periods and fatty acid 
(especially polyunsaturated fatty acids) content of different 
HFD has led to different reported metabolic outcomes in 
HFD-induced obesity models.31 Different adipose tissues with 

different anatomical locations have different mitochondrial 
densities6, NADPH oxidase activity, Vitamin E levels, fatty 
acid content of stored TAG droplets.2,31,32 In addition stromal 
vascular fraction differences might explain the inconsistency 
of the results.1 Besides, the methods used for oxidative stress 
evaluation in adipose tissue and lipid interference in these 
measurements could have led to different results.  
In conclusion, in obesity models induced by HFD, oxidative 
stress and antioxidant enzyme profiles of adipose tissues 
located in different anatomical regions showed certain 
variations. NAC administration did not have an additional 
effect on oxidative stress and antioxidant enzyme activities in 
adipose tissues in our model. 
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