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A B S T R A C T   

Introduction: Low-grade chronic inflammation has emerged as a key pathogenic link between high-fat diet (HFD)– 
induced obesity and the increased risk of chronic diseases. Evidence has shown that HFDs may induce inflam
mation in the central nervous system and peripheral tissues. Monocyte Chemoattractant Protein-1 (MCP-1) is a 
product of various cells that is known to be an inflammatory marker. This study investigated whether a HFD 
could induce obesity and increase the level of MCP-1 in Wistar rats. 
Methods: The Wistar rats were randomized into two groups: normal diet (ND) and HFD (n = 12 per group). Both 
groups were fed for 8 and 16 weeks, thus dividing the rats into 4 arms: ND8, ND16, HFD8, and HFD16 (n = 6 per 
sub-group). Obesity in rats was measured using the Lee index. Blood samples were taken to measure the level of 
MCP-1. 
Results: Our results showed that obesity did not occur in the group with a normal diet (ND8 and ND16). However, 
in the HFD group (HFD8 and HFD16), 4 of the 6 rats became obese. However, MCP-1 was significantly higher 
among non-obese rats in the HFD group compared with the ND group (p < 0.001). 
Conclusion: HFDs have been shown to increase the risk of obesity. In addition, increases in circulating MCP-1 
were significantly different between Wistar rats given a HFD compared with the ND group.   

1. Introduction 

The worldwide prevalence of overweight and obesity has doubled 
since the 1980s, and nearly a third of the world’s population is currently 
classified as overweight or obese [1–3]. Obesity adversely affects most of 
the physiological functions of the body and has become a major public 
health problem. Obesity multiplies the risk of the development of 
chronic diseases, such as diabetes mellitus, cardiovascular disease, 
several types of cancers, musculoskeletal disorders, and poor mental 
health—all of which have negative effects on quality of life, work pro
ductivity, and healthcare costs [1,4,5]. 

Genetic predispositions, physical inactivity, and consumption of a 
high-fat diet (HFD) can all lead to the development of obesity [6,7]. 
However, given the global acceptance and availability of energy-dense 
foods, chronic ingestion of a HFD is arguably the main contributor. 
Consequently, there has been a major emphasis on understanding the 

link between HFD-induced obesity and the risk of chronic diseases. In 
this context, low-grade chronic inflammation has emerged as a key 
pathogenic link [8,9]. 

Following the ingestion of a HFD, inflammation develops in the 
central nervous system, hypothalamus, and peripheral tissues, i.e., liver, 
adipose tissue, skeletal muscle and intestines; however, this inflamma
tion is caused by the diet and not the obesity in itself [10–13]. 

Monocyte Chemoattractant Protein-1 (MCP-1) is produced by 
various types of cells, including epithelial, smooth muscle, endothelial, 
fibroblasts, mesangial, monocytic, astrocytic, and microglial cells 
[14–16]. However, monocytes and macrophages are largely recognized 
as the major sources of MCP-1. MCP-1, known to be an inflammatory 
marker, is responsible for the regulation of the migration and infiltration 
of monocytes, memory-T lymphocytes, and natural killer cells to sites of 
infection, inflammation, and injury [17,18]. 

In this study, we examined whether regular consumption of a HFD 
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could induce obesity and increase the level of circulating MCP-1 in 
Wistar rats. Furthermore, we measured the effect of HFDs on MCP-1 
levels by performing a sub-group analysis among the non-obese rats. 

2. Materials and methods 

2.1. Animal husbandry and diets 

All procedures for animal experiments have been approved by the 
ethics commission in our institution number: 711/UN4.6.4.5.31/PP36/ 
2019. All Wistar rats were treated and cared for in accordance with the 
ARRIVE guidelines for reporting animal research [19]. 

We included 24 male Wistar rats aged 10–12 weeks, with body 
weight between 170 and 220 g. The rats were acclimatized at room 
temperature (25–30 ◦C) for two weeks and had access to food and water 
ad libitum under a 12-h light/dark cycle [20,21]. After the acclimation, 
the Wistar rats were randomly divided into two groups: normal diet 
(ND) and high-fat diet (HFD) (n = 12 per group). Both groups were fed 
for 8 and 16 weeks, so the rats were classified into 4 arms: ND8, ND16, 
HFD8, and HFD16 (n = 6 per sub-group). 

Preparation of the animal diet was carried out by the Division of 
Animal Food and Nutrition, Faculty of Animal Husbandry, Hasanuddin 
University, Makassar, Indonesia. ND composition consisted of 3.1% fat, 
16.1% protein, 3.9% fiber, and 5.1% ash/mineral, while the HFD con
tained 21.4% fat, 17.5% protein, 50% carbohydrate, 3.5% fiber, and 
4.1% ash/mineral. 

The body weight and naso-anal length were measured to obtain the 
obesity index value. The obesity was measured using the Lee index 
[22–24]. 

Lee × index * ⋅ = ⋅
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
Body × Weight × (gram) × ⋅10

√

Naso − anal × lengh × (mm)

*Obese rat defined as rat with Lee index >0.3. 

2.2. Sample collection 

Rats were restrained to control head and body movements. After 
intraperitoneal anesthesia by using ketamine anesthetic agents (100 
mg/kg) and xylazine (10 mg/kg), 2 ml of blood were withdrawn in an 
intracardiac manner using a 19–21 needle. Blood was inserted into the 
sample tube. Blood was centrifuged to obtain plasma and stored at 
− 80 ◦C before the examination. Blood samples were collected at week 8 
and 16 to measure the level of circulating MCP-1. 

2.3. Sample examination 

MCP-1 was measured with the Elisa method using MCP-1 reagents 
(Rat CCL2/MCP-1 Elisa Kit LS-F37066, LifeSpan BioSciences, Inc.) [20, 
25]. The circulation MCP-1 level was read by Elisa Reader 270 (Bio
meriaux, France), with a wavelength of 450 nm for 30 min in units of 
ng/ml. 

2.4. Statistical analysis 

All data were analyzed using SPSS ver.24 for Windows (IBM Corp. 
Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, 
NY: IBM Corp.). Differences on continuous data were obtained using an 
independent t-test with a significance level of <0.05. 

3. Results 

Obesity in rats was measured using the Lee index (obese if Lee index 
>0.30). In the present study, none of the rats in the ND group became 
obese (n = 12), whereas in both HFD arms (HFD8 and HFD16), 4 of the 6 
rats became obese. The length of HFD administration had no impact on 

the obesity incidence in the rats (Table 1). 
Normal diet (ND) and HFD administration increased the level of 

circulating MCP-1. However, the circulation MCP-1 in the HFD arms 
(HFD8 and HFD16) was significantly higher compared to the ND arms 
(ND8 and ND16), with p < 0.001. Longer HFD feeding significantly 
increased the MCP-1 level (p < 0.001) (Table 2). 

In the HFD group, there was no significant difference of MCP-1 level 
between obese and non-obese rats (p = 0.401) (Table 3). However, MCP- 
1 was significantly higher among the non-obese rats in the HFD group 
(206.22 ± 16.53) compared with the ND group (166.04 ± 15.08) group 
(p < 0.001) (Table 4). 

4. Discussion 

In this study, we found that a regular high-fat diet (HFD) for a 
duration of 8 and 16 weeks may induce obesity and increase the level of 
circulating MCP-1 in Wistar rats. The longer the HFD feeding, the higher 
the MCP-1 level. Our findings also show that the MCP-1 level was 
significantly higher in the HFD group, compared with the ND group, 
among non-obese rats. It was concluded that a HFD increases circulating 
MCP-1 levels. Apart from obesity, HFD also induces various diseases 
such as insulin resistance and type 2 diabetes, cardiovascular disease, 
gastrointestinal disease, osteoporosis, chronic kidney disease, central 
nervous system disease, and various types of cancer [9]. 

With a HFD, inflammation arises in the central nervous system 
(CNS), hypothalamus, and peripheral tissues, such as liver, adipose tis
sue, skeletal muscle, and gastrointestinal tract. This systemic inflam
mation occurs in two stages. Concerning the development of chronic 
systemic inflammation, alteration in gut microbiota is triggered by the 
HFD-activated Toll-like Receptor (TLR) signaling pathway, leading to 
increased intestinal permeability to endotoxins such as lipopolysac
charides (LPS), thus promoting the translocation of LPS into the systemic 
circulation [26–28]. In addition, increased amounts of free fatty acids 
(FFAs) present in HFDs may directly act on intestinal cells. Therefore, 
elevated release of LPS and/or increased FFAs levels lead to an elevated 
production of pro-inflammatory cytokines [i.e., interleukin (IL)-1β, IL-6, 
and tumor necrosis factor (TNF)-α] in the gut [9,29,30]. Increased de
livery of intestinal LPS, proinflammatory cytokines, and FFAs into the 
systemic circulation and portal circulation lead to a systemic low-grade 
inflammation. Elevated plasma FFAs and LPS can upregulate the 
expression of TLRs in circulating macrophages, enabling macrophages 
to be activated (M1 phenotype) that, in turn, produce pro-inflammatory 
cytokines. Before the onset of obesity, these factors in the circulating 
system triggered inflammatory pathways in many organs [9,10,12,31]. 

In one study, C57BL/6J mice were assigned to a standard or HFD. 
After 1 week, mice fed a HFD exhibited an increase in body weight, renal 
hypertrophy, and a marker of inflammation (urine hydrogen peroxi
dase/H2O2 and urine MCP-1) and a decrease in circulating adiponectin 
levels and renal AMP-activating protein kinase (AMPK) activity. After 12 
weeks, kidneys of the mice fed a HFD demonstrated a marked increase in 
markers of fibrosis and inflammation, and AMPK activity remained 
significantly suppressed. To determine whether inhibition of AMPK ac
tivity explained these renal effects, an AMPK activator was administered 
along with a HFD for 1 week. Although AMPK activation did not abro
gate the weight gain, it reduced the renal hypertrophy, urine H2O2, and 
urine and renal MCP-1, thus suggesting an increase in inflammation 

Table 1 
Impact of HFD feeding duration on obesity.  

Diet 8 weeks 16 weeks 

Obesity Non-obese Obesity Non-obese 

ND 0 6 0 6 
HFD 4 2 4 2 
Total 4 8 4 8 

ND: Normal Diet; HFD: High-Fat Diet. 
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markers caused by diet via AMPK inhibition and not obesity in itself 
[32]. 

In a 6-month randomized controlled-feeding trial, 217 health young 
adults (aged 18–35 years; body mass index <28 kg/m2; 52% women) 
who completed the whole trial were included. The three isocaloric diets 
given to the participants consisted of a lower-fat diet (fat 20% energy), a 
moderate-fat diet (fat 30% energy), and a higher-fat diet (fat 40% en
ergy). After the 6-month controlled-feeding intervention, all groups lost 
weight and their waist circumference reduced. However, the lower-fat 
diet group experienced a significantly greater loss than the higher-fat 
groups. Plasma concentration of hs-CRP was significantly increased 
during the higher-fat diet intervention, compared with the moderate-fat 
and lower-fat diet groups. Likewise, compared with the lower-fat diet, 
plasma concentration of the inflammatory mediators Thromboxane B2 
was increased in the higher-fat diet [12]. 

This study has limitations, such as not examining inflammatory 
factors and the degree of inflammation in the prostate tissue. In addition, 
the length of the study was only 16 weeks, so it is not sufficient to assess 
the effect of obesity on the incidence of prostate hyperplasia. 

5. Conclusion 

HFD has been shown to increase the risk of obesity. In addition, in
creases in circulating MCP-1 were significantly different between Wistar 
rats given a HFD compared with the ND group. 
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