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Nutrition encompasses the intake and utilization of 
nutrients and bioactive components that are essential 
for sustaining life, supporting growth and develop-
ment, promoting health, and enhancing overall quality 
of life and well-being. In recent decades, the con-
sumption of high-fat foods has increased markedly 

due to their low cost and palatability. A high-fat diet 
(HFD) increases body fat and induces insulin resist-
ance, hyperlipidemia, and oxidative stress in rats. 
Obesity arises from an imbalance in energy intake 
and expenditure, where excessive fat consumption 
leads to surplus energy being stored as triglycerides 
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ABSTRACT

Background. The metabolic effects of capsicum in organisms fed a high-fat diet (HFD) remain unclear. This 
study investigated the impact of a capsicum composition on metabolic parameters and key molecular mark-
ers – including PPAR-γ, IRS-1, glucose transporters, and NF-κB – to assess its anti-obesity effects.
Materials and methods. Rats were divided into four groups: (1) control; (2) capsicum compositions (CC), 
rats fed a standard diet with oral administration of capsicum compositions; (3) high-fat diet (HFD), rats fed 
a high-fat diet; and (4) HFD+CC, rats fed an HFD with oral administration of capsicum compositions.
Results. CC supplementation significantly reduced final body weight, visceral fat mass, and liver weight 
in the HFD-fed rats (p < 0.001). The HFD+CC group also showed significant decreases in serum glucose, 
insulin, total cholesterol, triglycerides, and free fatty acids (p < 0.05). In addition, CC administration to rats 
on a high-fat diet reduced malondialdehyde (MDA) concentrations and increased serum total antioxidant 
capacity (TAC) (p < 0.05). Moreover, CC significantly increased liver GLUT-2, PPAR-γ, and IRS-1 levels 
(p < 0.001).
Conclusion. The capsicum composition effectively attenuated HFD-induced metabolic disturbances by mod-
ulating glucose and lipid homeostasis and improving oxidative status.
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in adipose tissue, the liver, and other organs (Christo-
doulides et al., 2009).

In addition to vegetables, fruits, and grains, many 
foods – such as legumes – are rich in thousands of 
bioactive, health-enhancing compounds collectively 
known as phytochemicals (Bloch, 2003). Capsaicin, 
identified many years ago, has long been used to treat 
cough, toothache, parasitic infections, sore throat, 
rheumatism, and wounds, and it exhibits antiseptic, 
appetite-stimulating, immunomodulatory, and anti-
bacterial properties (Füchtbauer et al., 2021; Singh 
et al., 2018). Plants of the Capsicum genus produce 
numerous capsaicin-like compounds known as cap-
saicinoids, including capsaicin, dihydrocapsaicin, 
nordihydrocapsaicin, homodihydrocapsaicin, and 
homocapsaicin (Hurni et al., 1982; Lee et al., 2006). 
Capsaicin is the principal active compound in hot 
peppers and is produced by all Capsicum species in 
varying amounts, with Capsicum annum containing 
up to 1% by weight. Recent research has shifted fo-
cus from whole peppers to capsaicin itself, prompting 
a growing number of studies targeting this specific 
bioactive ingredient (Gonzalez et al., 1998; Hayashi 
et al., 2001). Findings indicate that capsaicinoids 
possess analgesic and anti-inflammatory (Frerick 
et al., 2003; Mason et al., 2004), anticarcinogenic 
(Anandakumar et al., 2008; Zhang et al., 1997), an-
tilipidemic (Gupta et al., 2002; Kawada et al., 1986; 
Medvedeva et al., 2003), antioxidant (Sancho et al., 
2002; Zhang et al., 2003), and appetite-regulating 
properties that contribute to dietary energy balance 
(Yoshioka et al., 2001).

Glucose entry into cells is facilitated by the glucose 
transporter (GLUT) family of proteins (Wallner et al., 
2001). Among these, GLUT-2 functions as a glucose 
sensor and is expressed in glucose-sensing cells in the 
portal vein region of the liver. Activation of GLUT-
2 initiates neural signaling that stimulates the early 
phase of insulin secretion and other physiological 
responses (Liu et al., 2022). GLUT-2 is also present 
in pancreatic beta cells (Sen and Baltimore, 1986). In 
rodents, it plays a crucial role in glucose-stimulated 
insulin secretion. Additionally, GLUT-2 contributes 
to neural regulation through glucose-responsive cells 
in both the parasympathetic and sympathetic nervous 
systems and is involved in controlling glucagon secre-
tion during hypoglycemia (Liu et al., 2022).

Peroxisome Proliferator-Activated Receptors (PPAR) 
have emerged as significant research targets in phar-
macology, particularly for managing metabolic 
disorders (Brunmeir and Xu, 2018). Research has 
demonstrated that PPARs act as potent transcription 
factors and dietary lipid sensors that regulate fatty 
acid and carbohydrate metabolism (Kota et al., 2005). 
The human body contains two primary types of adi-
pose tissue: white and brown adipose tissue. White 
adipose tissue plays a major role in the development 
of obesity (Dodd et al., 2015). Upregulation of key 
genes, including PPARs, can induce the browning of 
white adipose tissue, which helps mitigate complica-
tions associated with high-fat diet (HFD) consump-
tion (Fang et al., 2015; Marketou et al., 2023). The 
Insulin Receptor Substrate (IRS) family consists of 
six members – IRS-1, IRS-2, IRS-3, IRS-4, IRS-5, 
and IRS-6 – that serve as critical mediators in the in-
sulin-signaling pathway. Recent studies suggest that 
disruptions in insulin signaling and the loss of IRS 
proteins may contribute significantly to the onset or 
progression of diabetic complications (Lavin et al., 
2016; Rose et al., 2023).

Nuclear Factor kappa B (NF-κB) is a transcription 
factor involved in immune response regulation, cell 
proliferation, development, and apoptosis (Ananda-
kumar et al., 2008; O’Donnell et al., 2023). It plays 
a central role in coordinating immune response to 
infection and in controlling DNA transcription, cy-
tokine production, and cell survival (Bonizzi and Ka-
rin, 2004).

Given this context, numerous research efforts have 
explored the diverse effects of capsicum constituents 
and flavonoids. However, there remains a lack of 
studies specifically examining the effects of defined 
capsicum compositions. Therefore, the objective of 
this study was to investigate the therapeutic potential 
of capsicum compositions (CC) – containing a spe-
cific ratio of non-capsaicinoids and capsaicinoids, 
as well as beneficial compounds such as saponins, 
polyphenols, and flavonoids – in the management 
of chronic diseases. Specifically, this study evalu-
ated the effects of CC supplementation on insulin 
resistance, lipid profile, antioxidant status, glucose 
transporters, PPAR-γ, IRS-1, and NF-κB in rats fed 
a high-fat diet (HFD).
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MATERIALS AND METHODS

Animals
A total of 28 male Wistar albino rats, 8 weeks old and 
weighing 200 ±20 g, were used in the study. Animals 
were obtained from the Fırat University Experimen-
tal Research Center. Ethical approval was granted by 
the Fırat University Animal Experiments Local Ethics 
Committee (protocol number 2017/88). Throughout 
the trial, animal welfare and ethical standards were 
strictly observed. Rats had continuous access to food 
and water. They were housed under controlled envi-
ronmental conditions, including a 12 h light/12 h dark 
cycle, temperature of 22 ±2°C, and relative humidity 
of approximately 55% ±5%.

Diets
Animals received either a standard diet providing 12% 
of calories from fat or a high-fat diet (HFD) providing 
42% of calories from fat. The composition of the ra-
tions was based on diets used in our previous studies 
(Orhan et al., 2017; Tuzcu et al., 2017a) and is pre-
sented in Table 1. Rats were fed the HFD for 12 weeks 
to induce obesity.

Experimental design
After a two-week acclimation period, the 28 rats were 
randomly assigned to four groups (n = 7 per group): 
(1) Control: Rats fed a standard diet (12% of calo-
ries from fat). (2) CC: Rats fed the standard diet and 
administered capsicum composition (10 mg/kg body 
weight/ day) via gavage. (3) HFD: Rats fed a high-
fat diet (HFD) (42% of the calories from fat) for 
12  weeks. (4) HFD+CC: Rats fed the HFD and ad-
ministered capsicum composition (10 mg/kg/ day) via 
gavage. The capsicum composition used in this study 
consisted of a capsicum extract containing capsaici-
noids and non-capsaicinoid phytochemicals in defined 
ratios. Primary capsaicinoids (capsaicin and dihydro-
capsaicin) accounted for approximately 25–35% of 
the formulation, while minor capsaicinoids (includ-
ing nordihydrocapsaicin, homodihydrocapsaicin, ho-
mocapsaicin, and decanyl vallinamide) were present 
at 0.5–1.5%. The extract also contained 10–20% total 
polyphenols (including flavonoids and cinnamic acid 
derivatives) and approximately 5% saponins (Table 2). 
The extract was solubilized in 5% dimethyl sulfoxide 

(DMSO) and administered orally at 10 mg/kg/day, fol-
lowing Joo et al. (2010). The capsicum composition 
was provided by OmniActive Health Technologies 
Ltd. (Mumbai, India).

Table 1. Composition of diets (g/kg diet) fed to rats*

Control HFD

Casein 20.0 20.0

Starch 57.95 15.0

Sucrose 5.0 14.95

Soybean oil 7.0 –

Beef tallow – 40.0

Cellulose 5.0 5.0

Mineral premix** 3.0 3.0

Vitamin premix*** 4.5 4.5

l-cysteine 0.3 0.3

Choline bitartrate 0.25 0.25

**Mineral Premix (g/kg mixture): anhydrous calcium carbonate 
357, monobasic potassium phosphate 196, sodium chloride 74, 
potassium sulfate 46.6, potassium citrate monohydrate 70.78, 
ferric citrate 6.06, zinc carbonate 1.65, manganous carbonate 
0.63, cupric carbonate 0.30, potassium iodate 0.01, anhydrous 
sodium selenate 0.01025.
***Vitamin Premix (g/kg mixture): Niacin 3, Ca-pantothenate 
1.6, pyridoxine-HCl 0.7, thiamine HCl 0.6, riboflavin 0.6, fo-
lic acid 0.2, D-biotin 0.02, vitamin B12 (0.1% cyanocobalamin 
in mannitol) 2.5, vitamin E (all-rac-α-tocopheryl acetate, 500 
IU/g) 15, vitamin A (all-trans-retinyl palmitate, 500,000 IU/g) 
0.80, vitamin D3 (cholecalciferol, 400,000 IU/g) 0.25, vitamin 
K (phylloquinone) 0.075.

Table 2. Composition of the capsicum composition (CC)

Component Concentration (% w/w)

Capsaicin + dihydrocapsaicin 25–35%

Other capsaicinoids (e.g., 
nordihydrocapsaicin, 
homodihydrocapsaicin)

0.5–1.5%

Total polyphenols (including 
flavonoids)

10–20%

Saponins ~5%
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At the end of the experiment, the final body weights 
were recorded. Rats were anesthetized and euthanized 
by cervical dislocation, and blood, liver, and visceral fat 
tissues were collected. Liver and visceral fat samples 
were weighed. Serum samples were obtained by cen-
trifugation at 4ºC (5000 rpm, 10 minutes; Hettich Lab 
Tech., Germany). Serum and liver samples were stored 
at –80ºC (Hettich Lab Tech., Germany) until analysis.

Biochemical parameters
Serum glucose, cholesterol, triglycerides, urea, creati-
nine, ALT, and AST were measured using an Autoana-
lyzer (Samsung Labgeo, Germany) with commercial 
kits. Device repeatability and precision were verified 
according to IVR-PT06 guidelines. Serum insulin con-
centration was measured using a commercial rat insulin 
ELISA kit (Linco Research Inc., St. Charles, MO, USA) 
on an ELx-800 microplate reader (Bio-Tek Instruments 
Inc., Vermont, USA). The assay sensitivity for insulin 
was 0.41 ng/ml. Serum total antioxidant capacity (TAC) 
was determined using commercial kits (Rel Assay Diag-
nostic, Turkey) according to the method of Erel (2004).

Malondialdehyde (MDA) analysis
For serum MDA analysis, 400 µl of serum was trans-
ferred into 1.5 ml microcentrifuge tubes, and 300 µl of 
0.5 M HClO4 was added. Samples were vortexed and 
centrifuged, and the supernatant was collected. Liver 
MDA levels were measured according to our previ-
ous studies (Tuzcu et al., 2017b). 0.5 g of liver tissue 
was homogenized in ultrapure water with 100 µl butyl 
hydroxytoluene (500 µg/ml; 2,6-di t-butyl-p-cresol, 
BHT) and 1 ml 0.5 M perchloric acid (HClO4, 60%) 
using a mechanical homogenizer. Afterward, the ho-
mogenized samples were transferred into capped poly-
propylene centrifuge tubes, mixed thoroughly using 
a vortex, and centrifuged at 5000 rpm for 10 minutes 
at 4°C. The resulting supernatants were collected into 
vials. Samples were analyzed by HPLC using a C18 
column (ODS-3, 5 µm, 4.6 x 250 mm, Inertsil, GL Sci-
ences, Japan). The mobile phase consisted of 30 mM 
potassium dihydrogen phosphate (KH2PO4, Merck, 
Germany) and methanol (CH4O, Sigma-Aldrich, Ger-
many) at an 82.5:17.5 (v/v) ratio, adjusted to pH: 3.6. 
HPLC conditions were as follows: column tempera-
ture, 30°C; flow rate, 1 ml/min; injection volume, 30 
µl; detection wavelength, 250 nm; and total run time, 

10 min. The retention times for MDA in the samples 
were approximately 5.0 and 3.4 minutes. Liver MDA 
levels were expressed as µmol/mL.

Western blot analyses
Protein expression levels of GLUT-2, PPAR-γ, IRS-1, 
and NF-κB were measured by Western Blot using rat-
specific antibody kits (Sahin et al., 2013). Liver samples 
were homogenized at a 1:10 (w/v) ratio in homogeniza-
tion buffer containing 10mM Tris-HCl (pH = 7.4), 0.1 mM 
NaCl, 0.1mM phenyl methyl sulfonyl fluoride (PMSF), 
and 5μM soybean trypsin inhibitor using an ultrasonic 
homogenizer (Vibracell, VCX130, Sonics and Materi-
als, Newtown, USA). Homogenates were centrifuged at 
40,000 x g for 60 minutes at 4°C in a refrigerated centri-
fuge (Hettich Zentrifugen, Universal 320R, Germany), 
and the resulting supernatants were transferred to micro-
centrifuge tubes and stored at –80°C until SDS-PAGE 
and Western blot analysis. Proteins were separated by 
SDS-PAGE following previously published protocols 
(Sahin et al., 2013). After electrophoresis, proteins were 
transferred to nitrocellulose membranes (Schleicher and 
Schuell, Inc., USA). The polyacrylamide gel and mem-
brane were aligned without gaps, placed into the blotting 
apparatus with filter papers saturated in transfer buffer, 
and subjected to 150 mA for 60 minutes in cooled buffer 
to complete the transfer. Membranes were then scanned, 
and densitometric analysis was performed using Image 
J software (Version 1.51; National Institutes of Health, 
Bethesda, MD, USA).

Histopathological examinations
Liver tissue samples collected at the end of the experi-
ment were fixed in 10% formalin and processed using 
histological procedures. Paraffin-embedded tissues 
were sectioned at a thickness of 4 µm and stained with 
hematoxylin and eosin. A single pathologist, blinded 
to the experimental groups, evaluated all samples un-
der a light microscope (Olympus BX51, Tokyo, Japan) 
at 200× magnification.

Statistical analysis
All data were analyzed using one-way analysis of 
variance (ANOVA) in SPSS (IBM Corp., 2012; IBM 
SPSS Statistics for Windows, Version 21.0, Armonk, 
NY, USA). Post hoc comparisons among groups were 
performed using Tukey’s test.

http://dx.doi.org/10.17306/J.AFS.2025.001330
http://dx.doi.org/10.17306/J.AFS.2025.001330
http://www.food.actapol.net/


33

Sahin, N., Kekeç, E., Kayri, V., Orhan, C., Ozmen, B., Ozercan, I., Sahin, K. (2026). Capsicum composition mitigates obesity: Effects 
on metabolic profiles and key tissue biomarkers in high-fat diet-fed rats. Acta Sci. Pol. Technol. Aliment., 25(1), 29–44. https://
doi.org/10.17306/J.AFS.001330

www.food.actapol.net/

RESULTS

Body weight, feed intake, visceral fat, and liver 
weight
The effects of oral capsicum composition administra-
tion on final body weight, feed intake, and visceral fat 
and liver weights in rats are presented in Fig. 1. In rats 
fed the high-fat diet (HFD), final body weight, visceral 
fat, and liver weight increased by 34.6%, 263.3%, and 

39.1%, respectively, compared with the control group. 
Feed intake decreased by 21% in the HFD group (p < 
0.001). Supplementation with capsicum composition 
in HFD-fed rats reduced body weight, visceral fat, and 
liver weight by 16.5%, 29.5%, and 22.1%, respective-
ly (p < 0.001). No significant difference in feed intake 
was observed between rats fed only the HFD and those 
receiving capsicum compositions together with the 
HFD (p > 0.05). Likewise, no significant differences 

Fig. 1. Effects of capsicum composition on body weight (Panel A), feed intake (Panel B), visceral 
fat (Panel C), and liver weight (Panel D) in rats. HFD: high-fat diet. Lines represent mean ± stand-
ard deviation. Data were analyzed using ANOVA followed by Tukey’s post-hoc test. Statistical sig-
nificance between groups is indicated as follows: ****p < 0.0001 vs. control group; ###p < 0.001, 
####p < 0.0001 vs. CC group; &&&&p < 0.0001 vs. HFD group

http://dx.doi.org/10.17306/J.AFS.2025.001330
http://dx.doi.org/10.17306/J.AFS.2025.001330
http://www.food.actapol.net/


Sahin, N., Kekeç, E., Kayri, V., Orhan, C., Ozmen, B., Ozercan, I., Sahin, K. (2026). Capsicum composition mitigates obesity: Effects 
on metabolic profiles and key tissue biomarkers in high-fat diet-fed rats. Acta Sci. Pol. Technol. Aliment., 25(1), 29–44. https://
doi.org/10.17306/J.AFS.001330

34 www.food.actapol.net/

were detected in final body weight, visceral fat, liver 
weight, or feed intake between rats fed a standard diet 
and those receiving capsicum composition with the 
standard diet (p > 0.05).

Biochemical parameters
Fig. 2 shows the effects of capsicum extract on car-
bohydrate and lipid profiles in normal and HFD-fed 
rats. As seen in the figure, HFD significantly increased 

Fig. 2. Effects of capsicum composition 
(CC) on serum glucose (GLU, Panel A), 
insulin (Panel B), cholesterol (Panel C), tri-
glycerides (Panel D), and free fatty acids 
(FFA, Panel E) in rats. HFD: high-fat diet. 
Lines represent mean ± standard deviation. 
Data were analyzed using ANOVA fol-
lowed by Tukey’s post-hoc test. Statistical 
significance between groups is indicated as 
follows: ****p  <  0.0001 vs. control group; 
####p < 0.0001 vs. CC group; &&p < 0.01, 
&&&&p < 0.0001 vs. HFD group
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serum glucose, insulin, total cholesterol, triglyceride, 
and free fatty acid (FFA) levels in rats (p < 0.001). 
Compared with the control group, these parameters 
increased by 77.6%, 46.7%, 57.7%, 97.4%, and 
173.2%, respectively. Administration of capsicum 
extract to HFD rats reduced these elevated levels by 

18.8%, 15.5%, 18.2%, 24.9%, and 34.2% (p < 0.05). 
In contrast, capsicum extract did not produce signifi-
cant effects in these parameters in rats fed a regular 
diet (p > 0.05). As shown in Fig. 3, HFD consumption 
also caused significant increases in serum aspartate 
transaminase (AST) and alanine transaminase (ALT) 

Fig. 3. Effect of capsicum composition (CC) on serum alanine aminotransferase (ALT, Panel A), aspartate ami-
notransferase (AST, Panel B), creatinine (Panel C), and blood urea nitrogen (BUN, Panel D) in rats. HFD: high-fat 
diet. Lines represent mean ± standard deviation. Data were analyzed using ANOVA followed by Tukey’s post-
-hoc test. Statistical significance between groups is indicated as follows: *p < 0.05, **p < 0.01, ****p < 0.0001 
vs. control group; ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs. CC group; &&&&p < 0.0001 vs. HFD group
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enzyme activities, as well as urea and creatine levels 
(p < 0.05). These elevations were reduced following 
capsicum extract administration. Similar to the find-
ings above, capsicum extract did not affect these pa-
rameters in animals fed a regular diet (p > 0.05).

Serum and liver malondialdehyde and total 
antioxidant capacity
Serum and liver MDA levels increased by 127.8% 
and 125.6%, respectively, in HFD-fed rats compared 
to the control group (Fig. 4; p < 0.001). In contrast, 
serum total antioxidant capacity (TAC) decreased by 

58.9% (p < 0.001) in the HFD group. Administration 
of capsicum composition to HFD-fed rats resulted in 
27.5% and 38.0% reductions in serum and liver MDA 
concentrations, accompanied by a 30.4% increase in 
serum TAC levels (p < 0.05). Capsicum composition 
did not significantly affect these parameters in rats fed 
a regular diet (p > 0.05).

Liver protein levels
Liver GLUT-2, PPAR-γ, and IRS-1 levels in HFD-fed 
animals were 50.4%, 44.5%, and 45.8% lower, respec-
tively, compared with the control group fed a regular 

Fig. 4. Effects of capsicum composition (CC) on 
serum (Panel A) and liver malondialdehyde (MDA, 
Panel B) and total antioxidant capacity (TAC, Pan-
el C) in rats. HFD: high-fat diet. Lines represent 
mean ± standard deviation. Data were analyzed 
using ANOVA followed by Tukey’s post-hoc test. 
Statistical significance between groups is indi-
cated as follows: ***p  <  0.001, ****p  <  0.0001 
vs. control group; ####p < 0.0001 vs. CC group; 
&&p < 0.01, &&&&p < 0.0001 vs. HFD group
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diet (p < 0.001; Fig. 5). Administration of capsicum 
composition to HFD-fed rats increased GLUT-2, 
PPAR-γ, and IRS-1 levels by 42.5%, 21.5% and 47.9%, 

respectively (p < 0.001). In rats fed a regular diet, 
capsicum administration did not affect GLUT-2 and 
PPAR-γ levels (p > 0.05) but did increase IRS-1 levels 

Fig. 5. Effects of capsicum composition (CC) on liver pro-
tein expression of GLUT-2 (Panel A), PPAR-γ (Panel B), 
IRS-1 (Panel C), and NF-κB (Panel D) in rats. HFD: high-
fat diet. Densitometric analysis of the western blot bands 
was performed relative to the control group, with β-actin 
used for normalization to ensure equal protein load-
ing. Blots were repeated at least three times (n = 3), and 
a representative blot is shown. Error bars indicate mean 
± standard deviation. Data were analyzed using ANOVA 
followed by Tukey’s post-hoc test. Statistical significance 
between groups is indicated as follows: ***p  <  0.001, 
****p < 0.0001 vs. control group; ####p < 0.0001 vs. CC 
group; &p < 0.05, &&&p < 0.001, &&&&p < 0.0001 vs. 
HFD group; GLUT-2, Glucose transporter 2; PPAR-γ, Per-
oxisome proliferator-activated receptor gamma; IRS-1, In-
sulin receptor substrate 1; NF-κB, Nuclear Factor kappa B
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(p < 0.05). Liver NF-κB levels in HFD rats increased 
by 53% compared with the control group (p < 0.001). 
Capsicum composition reduced liver NF-κB expres-
sion by 10.2% in HFD-fed rats (p < 0.05). Addition-
ally, capsicum administration increased NF-κB levels 
in rats fed a regular diet (p < 0.05).

Histopathological changes
Histopathological evaluations of liver tissues were 
performed using the hematoxylin-eosin staining meth-
od at ×200 magnification (Fig. 6). Liver tissues from 
the control and CC group displayed normal histologi-
cal architecture. In contrast, pronounced fatty changes 
were observed in the livers of rats fed a high-fat diet. 
Notably, the presence of fatty foci was significantly 
reduced in the livers of rats in the HFD+CC group 
(Fig. 6).

DISCUSSION

This study evaluated the effects of capsicum composi-
tion supplementation on insulin sensitivity in rats fed 
a high-fat diet (HFD). Specifically, the anti-diabetic 
and anti-obesity potential of the capsicum composition 
was measured through changes in metabolic param-
eters – including glucose, cholesterol, triglycerides, 
insulin, urea, creatinine, ALT, and AST – in serum and 
liver. In addition, tissue levels of glucose transporters, 
PPAR-γ, IRS-1, and NF-κB were measured to assess 
the supplement’s efficacy. In the present study, oral 
administration of capsicum composition to HFD-fed 
rats significantly improved final body weight, vis-
ceral fat, and liver weight (Fig. 1). These parameters 
decreased by 16.6%, 29.5%, and 22.1%, respectively, 
in the HFD+CC group compared with the HFD-only 

Fig. 6. Representative histopathological images of liver tissue stained with H&E (200× magnification)
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group. This improvement is likely associated with the 
antilipidemic properties of capsicum and its flavonoid 
components. However, capsicum composition did not 
significantly alter feed intake in rats consuming the 
HFD. Numerous studies support the lipid-lowering ef-
fects of capsaicinoids (Gong et al., 2023; Inoue et al., 
2007). Bloomer et al. (2010) reported that Capsimax 
exhibits lipid-burning effects in humans. Similarly, 
Seyithanoğlu et al. (2016) demonstrated that capsaicin 
and curcumin reduced hepatic fat accumulation and 
leptin levels in HFD-fed rats. In contrast, some studies 
found no significant changes in performance or feed 
consumption with dietary red pepper pigment (Li et al., 
2012). Others reported that broilers fed dried chili pep-
per at concentrations of 0.1%, 0.2%, and 0.3% showed 
a significant increase in daily live weight gain by the 
end of the seventh week compared with those on a con-
trol diet (p < 0.05) (Abd El-Hack et al., 2022). Experi-
mental results from our laboratory also showed that 
Japanese quails exposed to high ambient temperatures 
for 12 weeks and fed 25 or 50 mg/kg of capsicum com-
position exhibited significant improvements in feed 
consumption (4.7%) and egg production (7.7%) (Sa-
hin et al., 2017b). Similarly, rats consuming 50 mg/kg 
body weight of capsicum per day were reported to have 
increased feed consumption (Monsereenusorn, 1983).

Recent studies indicate that capsaicinoids (CAPs), 
potentially acting through the transient receptor po-
tential vanilloid type-1 (TRPV1) channel, play a sig-
nificant role in metabolism (Dömötör et al., 2006; 
Szallasi, 2023). CAPs have been reported to enhance 
metabolic activity and hormone function (Kang et al., 
2010), regulate blood glucose levels, reduce elevated 
body mass, and decrease insulin and leptin resistance 
(Lejeune et al., 2003a). In the present study, a nota-
ble reduction in serum glucose and insulin levels was 
observed in the HFD group following administration 
of the composition of capsicum (as shown in Fig. 2). 
This effect may be attributed to the extract’s ability 
to reduce insulin resistance. Supporting our findings, 
previous research has reported that CAPs improve me-
tabolism and hormone regulation (Kang et al., 2011), 
stabilize blood glucose (Lejeune et al., 2003b), and re-
duce insulin and leptin resistance (Kang et al., 2010). 
Additionally, various metabolic disorders – such as 
obesity, high-fat diet intake, hyperglycemia, elevated 
lipid levels, hyperleptinemia, free radical formation, 

and inflammation – have been shown to contribute to 
vascular damage (Vincent and Taylor, 2006; Zuo et al., 
2014). Seyithanoğlu et al. (2016) reported that a high-
fat diet (HFD) increased hepatic lipid accumulation, 
fetuin-A expression, and serum leptin, insulin, and 
fetuin-A levels. However, treatment with a capsicum 
and flavonoid composition significantly improved 
these metabolic abnormalities. The composition has 
also been shown to support cardiovascular health by 
enhancing endothelial function (Chularojmontri et al., 
2010) and inhibiting low-density lipoprotein oxidation 
(Ahuja and Ball, 2006). As shown in Figure 2, the HFD 
led to elevated serum total cholesterol, triglycerides, 
and free fatty acids (FFA), which increased by 57.7%, 
97.4%, and 173.2%, respectively, compared with the 
control group. Administration of capsicum compo-
sition to HFD-fed rats reduced these elevations by 
18.2%, 24.9%, and 34.2%, respectively. These results 
are consistent with previous reports (Kang et al., 2010; 
Lejeune et al., 2003b). In agreement with the findings 
of Sahin et al. (2017a), the present study demonstrated 
that CAPs reduced total cholesterol, triglycerides, glu-
cose, and insulin levels in HFD-fed rats. CAPs have 
been shown to improve glucose and insulin responses, 
and to modulate lipid profiles – including cholesterol 
and triglycerides – as well as body weight, visceral fat, 
lipid peroxidation, and carbohydrate metabolism in 
rats fed a high-fat diet (Juturu, 2016; Lee et al., 2013). 
Baboota et al. (2018) also reported that dihydrocapsiate 
reduced HFD-induced weight gain, improved glucose 
tolerance, and prevented increases in triglyceride and 
insulin levels. They further noted that dihydrocapsiate 
reduced fat accumulation in both white and brown fat 
adipose tissue by regulating genes related to energy 
and mitochondrial production. In another study, eleva-
tions in ALT and AST caused by HFD intake were im-
proved following capsaicin treatment. Notably, these 
studies examined capsaicin alone, whereas the extract 
used in the present study contains a combination of 
capsicum and flavonoid molecules.

In this study, rats fed a high-fat diet (HFD) exhib-
ited elevated serum and liver MDA levels, indicating 
increased oxidative stress. However, administration of 
the capsicum composition to HFD-fed rats resulted in 
reduced MDA levels in both serum and liver, along 
with an increase in serum TAC. These findings sug-
gest that the antioxidant properties of the capsicum 

http://dx.doi.org/10.17306/J.AFS.2025.001330
http://dx.doi.org/10.17306/J.AFS.2025.001330
http://www.food.actapol.net/


Sahin, N., Kekeç, E., Kayri, V., Orhan, C., Ozmen, B., Ozercan, I., Sahin, K. (2026). Capsicum composition mitigates obesity: Effects 
on metabolic profiles and key tissue biomarkers in high-fat diet-fed rats. Acta Sci. Pol. Technol. Aliment., 25(1), 29–44. https://
doi.org/10.17306/J.AFS.001330

40 www.food.actapol.net/

composition – particularly those attributed to capsai-
cin, a well-known antioxidant – contributed to these 
outcomes (Mori et al., 2006; Sahin et al., 2017a). 
This is consistent with previous studies showing that 
capsaicin reduces MDA levels, suppresses reactive 
oxygen species (ROS) production in rat peritoneal 
macrophages, and attenuates inflammatory responses, 
including in models of sepsis (Kogure, 2002). Similar 
protective effects have been demonstrated in hamsters, 
where CAPs enhanced cardiac health by improving 
blood flow and reducing cholesterol levels, potentially 
due to their antioxidant activity (Yasin et al., 2023). 
Furthermore, other research has shown that cayenne 
pepper decreases total cholesterol, non-high-density 
lipoprotein cholesterol, and triglycerides, while also 
reducing inflammatory mediators such as COX-2 
(Chen et al., 2015; Liang et al., 2013), highlighting 
the cardiovascular and anti-inflammatory potential of 
CAPs. Kempaiah and Srinivasan (2004) reported that 
hypercholesterolemic rats exhibited reductions in key 
liver antioxidant enzymes – specifically superoxide 
dismutase (SOD), catalase (CAT), and glutathione per-
oxidase – but supplementation with 0.015% capsicum 
effectively reversed these declines. Additionally, Lee 
et al. (2003) found that three days of capsicum admin-
istration lowered MDA levels in multiple rat tissues, 
including the liver, kidney, muscle, and lung, demon-
strating the broad antioxidative effects of capsicum.

GLUT-2 is a primary glucose transporter located 
in the plasma membrane of hepatocytes and murine 
pancreatic beta cells, and its genetic inactivation im-
pairs glucose uptake and glucose-stimulated insulin 
secretion (Uldry et al., 2002). PPAR-γ, which is essen-
tial for the development of white and brown adipose 
tissues, also contributes to the hypolipidemic effects 
of red pepper through its activation. The insulin re-
ceptor (IR) is a heterotetrameric complex composed 
of two extracellular subunits that bind insulin and two 
transmembrane β subunits that possess tyrosine kinase 
activity. In this study, hepatic levels of liver GLUT-2, 
PPAR-γ, and IRS-1 were reduced in rats fed a high-fat 
diet compared to controls, but these decreases were re-
versed when capsicum composition was administered 
to the high-fat diet groups.

The present work did not explore these gene ex-
pression findings in depth due to the limited number of 
studies examining how capsicum composition affects 

GLUT-2, PPAR-γ, and IRS-1 expression in rats con-
suming a high-fat diet. However, previous research 
has shown related metabolic benefits. For example, 
capsicum and its derivative capsiate reduced fat accu-
mulation in the sternum, lowered serum leptin levels, 
and improved glucose tolerance in diabetic rats (Kwon 
et al., 2013). Similarly, Zhang et al. (2017) reported 
that capsicum and capsiate supplementation decreased 
blood glucose levels in diabetic rats by modulating the 
expression of liver X receptor, glucokinase, GLUT2, 
phosphoenolpyruvate carboxykinase, and glucose-
6-phosphatase, thereby helping maintain glucose ho-
meostasis. The same researchers also demonstrated 
that capsaicin significantly increased pancreatic ex-
pression of PDX-1, IRS-1, IRS-2, and GLUT-2 in dia-
betic rats.

NF-κB (nuclear factor kappa-light chain-enhanc-
er of activated B cells) is a transcription factor that 
binds to regulatory regions of the immunoglobulin 
kappa light chain gene in activated B lymphocytes 
and plays a key role in controlling DNA transcrip-
tion (Gilmore, 2006). Capsicum (8-methyl-N-vanilyl-
6-nonenamide), a quinone compound, has been shown 
to modulate several pathways involving NF-κB acti-
vation. Capsicum inhibits TNF-mediated NF-κB ac-
tivation in a dose- and time-dependent manner (Singh 
et al., 1996). Additionally, Sahin et al. (2018) found 
that CAPs adminsitration significantly reduced NF-
κB levels in exercised rats compared with controls. In 
the present study, capsicum composition reduced liver 
NF-κB expression in high-fat diet rats. Although the 
effect of capsicum composition on hepatic NF-κB ex-
pression has not been previously discussed, existing 
literature indicates that various phytochemicals can 
attenuate the adverse effects associated with high-fat 
diets (Orhan et al., 2017).

CONCLUSION

In conclusion, the administration of capsicum miti-
gated the detrimental effects of a high-fat diet by 
modulating glucose and lipid metabolism as well as 
oxidative stress. This study demonstrated several 
mechanisms through which capsicum enhances ener-
gy metabolism, reduces oxidative stress, and increas-
es antioxidant capacity. The findings also indicate 
that capsicum administration significantly influences 
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proteins associated with thermogenesis and lipid me-
tabolism, suggesting its potential as an effective phy-
tochemical for combating obesity.
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