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Abstract
Background. Apoptosis plays a major role in fatty liver disease. High-fat diets are related to the onset of fatty 
liver disease and hepatic oxidant–antioxidant imbalance. Curcumin and capsaicin are somewhat beneficial 
in reducing hepatic triglycerides; this is most likely because they are known to downregulate reactive oxygen 
species (ROS) and apoptosis.

Objectives. The aim of this study was to investigate the effects of curcumin and capsaicin on apoptosis 
through the oxidative effect in an animal model of fatty liver disease.

Material and methods. Male Sprague Dawley rats were fed a normal control diet, a high-fat diet 
(HFD; 60% of total calories from fat), a HFD+curcumin (1.5 g curcumin/kg HFD), a HFD+capsaicin 
(0.15 g capsaicin/kg HFD), or a HFD+curcumin+capsaicin (1.5 g curcumin and 0.15 g capsaicin/kg HFD). 
Liver lysate levels of BAX, Bcl-2 and caspase-3 were determined via immunoblotting. Caspase-3 activity 
was measured with a colorimetric caspase-3 measurement kit. Total antioxidant status (TAS) and total 
oxidant status (TOS) were assayed using commercial kits. The generation of hepatic ROS was measured with 
fluorimetry. Fragmentation of DNA was detected using the TUNEL method.

Results. High-fat diet caused increased expression of BAX and caspase-3, as well as increased TOS and 
caspase-3 activity, but decreased expression of Bcl-2. HFD+curcumin+capsaicin caused decreased BAX, 
caspase-3, TOS, and ROS levels as compared to HFD, but increased TAS and Bcl-2. A HFD +curcumin+capsaicin 
also decreased the number of TUNEL-positive cells.

Conclusions. These results suggest that supplementation with curcumin and capsaicin balances the hepatic 
oxidant-antioxidant status and may have a protective role in the apoptotic process in an HFD-induced fatty 
liver model.
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Introduction

Apoptosis is defined as programmed cell death. It has 
been reported that several liver diseases, as well as liver 
injury, induce apoptotic pathways in hepatocytes.1 Non-
alcoholic fatty liver disease (NAFLD) is associated with 
obesity and various metabolic disorders, such as steato-
sis-induced apoptosis.1 Hepatocyte apoptosis plays a very 
important role in liver injury. In order to properly treat 
liver diseases, the molecular mechanisms and regulating 
factors of apoptosis must be fully understood. Hepatocyte 
apoptosis correlates with liver disease severity and can 
indicate the progression of hepatic fibrosis.1

It has been reported that lipid peroxidation products may 
induce steatosis-induced apoptosis through the activa-
tion of the c-Jun N-terminal kinase (JNK) and transcrip-
tion factor activated protein 1 (AP-1) signaling pathways.2 
A high-fat diet (HFD) may cause an increase in hepatic 
lipid content, and also may induce excess generation of re-
active oxygen species (ROS).3 The accumulation of he-
patic fat causes oxidative stress and necrosis, and activates 
caspase-independent cell death, all of which lead to fi-
brosis.4,5 Among the apoptotic pathways, oxidative stress 
plays the most important role in NAFLD by facilitating 
ROS generation.6

Curcumin and capsaicin are 2 ingredients of  spices 
commonly used to enhance the taste and flavor of food; 
in addition, they have been shown to induce several ben-
eficial effects in the pathogenesis of fatty liver disease.4,7,8 
Curcumin (1,7-Bis (4-hydroxy-3-methoxyphenyl)-1,6-
heptadiene-3,5-dione, turmeric yellow, diferuloylmethane) 
is a natural yellow polyphenol extracted from the rhizome 
of turmeric (Curcuma longa L.; Zingiberaceae). It has been 
reported to have many positive effects on health, as it has 
anti-inflammatory, anti-cancer and anti-hyperlipidemic 
properties.4 Capsaicin (8-methyl-N-vanillyl-6-nonenamide) 
is a major and very pungent ingredient of red pepper (Cap-
sicum annuum L.; Solanaceae) that has been shown to have 
some pharmacological uses in pain relief, weight reduction, 
anti-cancer properties, cardiovascular effects, and gastro-
intestinal effects.9 A few studies have reported the antioxi-
dant and anti-inflammatory potentials of these 2 spices.10,11 
Again, very limited reports have experimentally demon-
strated the antiapoptotic effects of curcumin and/or capsa-
icin.12–15 However, the potential protective role of curcumin 
and capsaicin on the fatty liver-induced apoptotic process 
is still unclear. We have recently reported the beneficial 
influences of dietary curcumin and capsaicin on the reduc-
tion of liver fat.8 In the present investigation, we specifically 
focused on elucidating the additive and/or synergistic effect 
of curcumin and capsaicin in combination on antiapop-
totic and anti-inflammatory status in an experimental 
fatty liver model. Therefore, the aim of our current study 
is to examine the effects of curcumin and capsaicin on oxi-
dant−antioxidant status and the development of apoptosis 
in fatty liver disease in rats fed a HFD.

Material and methods

Animals and diets

The experimental procedure used in this study meets 
the guidelines of the Animal Care and Use Committee 
of the University of Istanbul, Turkey (No. 133/2013). Male 
Sprague Dawley rats (217 ±12 g; n = 40) were obtained 
from the Experimental Medical Research Institute of Is-
tanbul University. The animals were housed 4 per cage 
at room temperature (24–25°C) and a 12-hour dark/light 
cycle with free access to food and water. The rats were 
randomly divided into 5 equal groups: Group 1 (control 
group) was fed a normal control diet (standard laboratory 
chow, 2.6 kcal/g; MBD, Istanbul, Turkey), Group 2 (HFD 
group) was fed a HFD (60% of total calories from sheep fat, 
3.9 kcal/g; MBD), Group 3 (HFD+CUR) received a HFD 
supplemented with curcumin (Product No. 820354; Merck, 
Darmstadt, Germany; 1.5 g curcumin/kg HFD), Group 4 
(HFD+CAP) was given a HFD supplemented with capsa-
icin (Product No. J62865; Alfa Aesar, Karlsruhe, Germany; 
0.15 g capsaicin/kg HFD), and Group 5 (HFD+CUR+CAP) 
received a HFD supplemented with curcumin and capsa-
icin (1.5 g curcumin + 0.15 g capsaicin/kg HFD) for a total 
of 16 weeks. The curcumin dosage was calculated based 
on our previous studies7 and on the study of Ejaz et al.16 
The capsaicin dose was calculated according to the study 
of Kang et al.17 Body weight and food intake were recorded 
weekly, and the average daily food consumption for each 
rat was calculated.8 The animals were weighed at the end 
of the experimental period. Then, they were anesthetized 
with sodium pentobarbital (50  mg/kg, i.p.), sacrificed 
by cardiac puncture and their blood was collected into 
dry tubes. Liver tissues were rapidly removed, weighed, 
washed in ice-cold saline, and frozen at −80°C until fur-
ther analysis. For TUNEL staining, liver tissues were fixed 
in 10% neutral formalin and embedded in paraffin.

Liver triglycerides and total cholesterol

Liver tissue homogenate (10% w/v) was prepared in ice-
cold 0.15M KCl. Tissue lipid extracts were obtained ac-
cording to  the procedure of Folch et al.18 Hepatic liver 
triglycerides (TG) and total cholesterol (TC) levels were 
measured in lipid extracts with commercial colorimetric 
assay kits ((triglycerides, GPO-POD Liquid kit and Choles-
terol, CHOD-POD Liquid kit; BIOLABO, Maizy, France).

Liver total antioxidant status, total oxidant 
status and oxidative stress index

Rat liver tissues were weighed and homogenized in ice-
cold 0.15M KCl using an Ultra Turrax T18 basic homogeniz-
er (IKA, Wilmington, USA). The homogenate was centri-
fuged at 600 × g for 10 min at 4°C, and the supernatant was 
used for the determination of liver total antioxidant status 
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(TAS) and total oxidant status (TOS) levels using com-
mercial assay kits (Rel Assay Diagnostics, Gaziantep, Tur-
key). Tissue TAS and TOS levels are presented as µmol/L. 
Oxidative stress index (OSI) values were calculated using 
the following formula: OSI = (TOS/TAS) × 100.19

Determination of reactive oxygen  
species levels

Liver ROS generation was measured using a fluorimet-
ric assay with dichlorofluorescein.20 In this assay, 1mM 
2′,7′-dichlorodihydrofluorescein diacetate (DCFH2-DA, 
Product No. D 6883; Sigma-Aldrich, St. Louis, USA) dif-
fuses passively into the cells, and the DCFH2-DA acetate 
groups are cleaved by intracellular esterases, yielding in-
tracellular 2′,7′-dichlorodihydrofluorescein (DCFH2). Re-
active oxygen species oxidize DCFH2 to form a fluorescent 
compound, 2′,7′-dichlorofluorescein (DCF), which can be 
measured using a microplate fluorimeter (Fluoroskan As-
cent FL; Thermo Fisher Scientific, Inc., Waltham, USA) 
with an excitation of 485 nm and an emission of 538 nm. 
Results are expressed as relative fluorescence units (RFU).

Hepatic caspase-3 activity

Liver tissue samples were homogenized (1/10 w/v) 
in lysis buffer (250 mM HEPES, pH 7.4, 25 mM CHAPS, 
25 mM DTT) and then centrifuged for 20 min at 3,000 
rpm (+4°C). Supernatants were collected and centrifuged 
twice at 14,000 rpm for 15 min each.21 A colorimetric cas-
pase-3 measurement kit (Sigma-Aldrich) was used to de-
termine caspase-3 activities in the supernatant. This kit 
is based on the hydrolyzation of acetyl-Asp-Glu-Val-Asp-
nitroanilide by caspase-3, which generates p-nitroaniline 
(pNA). The absorbance of pNA was measured at 405 nm, 
and results are expressed as µmol pNA/min.

TUNEL assay

The  terminal deoxynucleotidyl transferase-mediated 
dUTP nick end-labeling (TUNEL) assay is a technique that 
detects DNA fragmentation by labeling the terminal end 
of nucleic acids. This assay has also been used to confirm 
apoptosis of  liver tissues. Herein, the TUNEL assay was 
performed as previously described22 with the ApopTag Per-
oxidase In Situ Apoptosis Detection Kit (S7101-KIT; Merck 
Millipore, Burlington, USA). Briefly, each liver tissue slide 
was deparaffinized, rehydrated and treated with proteinase 
K (20 mg/L) for 15 min at room temperature. The endoge-
nous peroxidase was inhibited with 3% hydrogen peroxide for 
5 min, and then the slide was incubated with the TUNEL re-
action mixture (containing terminal deoxynucleotidyl trans-
ferase (TdT)) in a humidified chamber at 37°C for 1 h. Then, 
the 3,3-diaminobenzidine (DAB) chromogen was applied, 
and methyl green was used for counterstaining. The TdT 
was omitted from the reaction mixture as a negative control.

Apoptotic index

Marked apoptotic cells were counted under high-power 
fields (×40) with a light microscope (Leica DM2500; Leica 
Camera AG, Wetzlar, Germany). Cell nuclei stained with 
methyl green were considered to be healthy, while those 
with brown nuclear staining were considered TUNEL- 
-positive. All TUNEL-positive cells were counted in 15 
randomly selected fields by a researcher who was blinded 
to the identity of the samples. The average number of cells 
per unit area for each set of specimens in each group was 
calculated and compared.

Liver caspase-3, Bax, and Bcl-2  
protein expression

To detect Bax, Bcl-2, and anti-active caspase-3, livers 
were homogenized (10% w/v) in a buffer containing 50 mM 
Tris-HCl (pH 7.4), 150 µM NaCl, 2 µM ethylenediaminetet-
raacetic acid (EDTA), 8.7% glycerol, 0.5% sodium deoxycho-
late, 1% Triton X-100, 0.1% sodium dodecyl sulfate (SDS), 
and protease inhibitor cocktail (P8340; Sigma-Aldrich). 
The samples were then centrifuged at 600 × g for 10 min 
(+4°C), and then the supernatants were collected and cen-
trifuged at 10,000 × g for 20 min (+4°C).23 The total protein 
content of the supernatant was determined with bicincho-
ninic acid (BCA) protein assay (Pierce, Rockford, USA).24 
Equal amounts of protein (80 µg/well) were loaded onto 
8–10% SDS-polyacrylamide gels and blotted onto poly-
vinylidene (PVDF) membranes (Merck Millipore). Non-
specific binding sites were blocked with 5% non-fat dry 
milk in phosphate-buffered saline-Tween 20 (PBS-T), and 
then the membranes were incubated for 16 h at +4°C with 
primary antibodies as follows: BAX (1:200; sc-493; Santa 
Cruz Biotechnology, Dallas, USA), Bcl-2 (1:200; sc-492; 
Santa Cruz Biotechnology) and anti-active caspase-3 
(1:200; JM-3015-100; MBL Life, Woburn, USA). Then,  
the membranes were washed with PBS-T and incubated 
for 1 h at room temperature with secondary antibody (goat 
anti-rabbit immunoglobulin (IgG) conjugated with horse-
radish peroxidase (HRP); 1:5,000; sc-2004; Santa Cruz Bio-
technology). Immunoreactivity of the protein bands was 
detected with enhanced chemiluminescent autoradiogra-
phy (ECL kit; Amersham Pharmacia Biotech, Piscataway, 
USA). Protein bands were quantified via measurement 
of band density with ImageJ software (National Intitutes 
of Health, Bethesda, USA); the same pixel scale was used 
for all blots. An internal standard (actin; sc-1616R; Santa 
Cruz Biotechnology) was used to normalize the values 
of Bax, Bcl-2 and anti-active caspase-3.24–26

Statistical analysis

SPSS software v. 21.0 (IMB Corp., Armonk, USA) was 
used to statistically analyze all biochemical parameters. 
GraphPad InStat DTCG (GraphPad Software, San Diego, 
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USA) was used to analyze data collected from the TUNEL 
method. All variables are expressed as means ± standard 
deviation (SD). A one-way analysis of variance (ANOVA) 
was used to compare all values, while a Levene test was 
used to assess the homogeneity of the variances. Tukey’s 
test or Tamhane’s T2 test were used in cases with over-
all significance. Apoptotic cell counts of each group were 
compared using a one-way ANOVA and Tukey-Kramer 
test. Pearson’s correlation test was used to evaluate correla-
tions between variables. Values of p < 0.05 were considered 
significant.

Results

The weekly food intake of each rat was recorded through-
out the 16 weeks of the study. Supplementation of HFD with 
curcumin and capsaicin decreased daily food intake com-
pared with the control group and the HFD group. However, 
with the exception of the HFD group, the energy intakes 
were not significantly different between groups (Table 1). 
Liver TG (5.47 ±1.45 μmol/g tissue vs 14.2 ±3.09 μmol/g tis-
sue) and TC (3.00 ±0.41 μmol/g tissue vs 5.13 ±1.00 μmol/g 
tissue) levels were significantly higher in the HFD group 
than in the controls. In addition, the augmentation of liver 
fat appeared to decrease with the individual or combined 
treatments of curcumin and capsaicin (Table 1).

Hepatic TOS and OSI levels increased in the HFD group 
compared to the control group (p < 0.05 and p < 0.01, respec-
tively), but TOS and OSI levels were decreased with supple-
mentation of curcumin and capsaicin (HFD+CUR+CAP) 
when compared to the HFD group (p < 0.01 for both). 
In addition, the TAS levels of the HFD+CUR+CAP group 

were significantly increased over those of the HFD group 
(p < 0.01) (Table 2).

Liver ROS generation was not affected by HFD; however, 
supplementation with curcumin and/or capsaicin reduced 
ROS levels compared with the HFD group (p < 0.05) (Fig. 1).

The  expression of  the  hepatic proapoptotic proteins 
BAX and caspase-3 significantly increased in HFD-fed rats 
compared to those fed a control chow (p < 0.01 for both). 
Supplementation of the HFD with either CUR or CAP led 
to decreases in BAX and caspase-3 expression; however, 
only BAX expression was significantly lower than that 
of the HFD-fed rats for both CUR and CAP (p < 0.05). There 
was a significant decrease in both BAX and caspase-3 pro-
tein in rats fed a HFD+CUR+CAP diet (p < 0.01) (Fig. 2).

Hepatic caspase-3 activities increased in  HFD group 
(p  <  0.01); this activity was significantly suppressed 
in the HFD+CUR+CAP group (p < 0.05) (Fig. 3).

Table 1. Daily food and energy intake, liver triglycerides (TG) and total cholesterol (TC) levels in control rats and rats fed a high-fat diet (HFD). Values are 
expressed as mean ± standard deviation (SD)

Parameter Control group
(n = 8)

HFD group
(n = 8)

HFD+CUR group
(n = 8)

HFD+CAP group
(n = 8)

HFD+CUR+CAP group
(n = 8)

Daily food intake [g/rat] 21.1 ±1.25 17.2 ±2.10a3 13.4 ±1.30a3,b3 14.5 ±2.32a3,b1 14.4 ±1.82a3,b2

Daily energy intake [kcal/rat] 54.8 ±3.26 68.3 ±8.34a3 53.2 ±5.17b3 57.6 ±9.23b1 57.3 ±7.22b2

Liver TG [µmol/g tissue] 5.47 ±1.45 14.2 ±3.09a3 6.38 ±1.76b3 4.54 ±1.10b3 6.09 ±0.82b3

Liver TC [µmol/g tissue] 3.00 ±0.41 5.13 ±1.00a2 2.45 ±0.27b3 1.86 ±0.51b3 2.96 ±0.44b2

a1p ≤ 0.05, a2p ≤ 0.01, a3p ≤ 0.001; compared to the control group.
b1p ≤ 0.05, b2p ≤ 0.01, b3p ≤ 0.001; compared to the HFD group.

Table 2. Hepatic total oxidant status (TOS), total antioxidant status (TAS) and oxidative stress index (OSI) in control rats and rats fed a high-fat diet (HFD). 
Values are expressed as mean ± standard deviation (SD)

Parameter Control group (n = 8) HFD group
(n = 8)

HFD+CUR group
(n = 8)

HFD+CAP group
(n = 8)

HFD+CUR+CAP group
(n = 8)

TOS [µmol/L] 17.7 ±2.70 22.9 ±2.88a2 20.8 ±2.71 19.7 ±1.92 19.1 ±1.71b1

TAS [µmol/L] 1,734 ±105.2 1,630 ±91.4 1,818 ±209 1,698 ±58.8 1,912 ±96.0b1

OSI [arbitrary units] 1.01 ±0.15 1.42 ±0.23 a1 1.15 ±0.20 1.16 ±0.13 1.00 ±0.07b1

a1p ≤ 0.05, a2p ≤ 0.01; compared to the control group.
b1p ≤ 0.01; compared to the HFD group.

Fig. 1. Hepatic ROS levels in the experimental groups. Values are 
expressed as mean ± standard deviation (SD). 
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The expression of the antiapoptotic protein Bcl-2 is shown 
in Fig. 4. The HFD+CAP group had increased Bcl-2 expres-
sion as compared to the HFD group (p < 0.05); however, Bcl-2 
expression was not altered by curcumin treatment (Fig. 4).

As indicated in Fig. 5, there were few TUNEL-positive 
cells in the control group. The number of TUNEL-posi-
tive cells significantly increased in the HFD group com-
pared to the controls (p < 0.001). In addition, the number 
of TUNEL-positive cells in the HFD+CUR+CAP group was 
similar to that of the control group (Fig. 5E).

The expression of hepatic BAX was negatively correlated 
with the expression of hepatic Bcl-2 (r = −0.565, p = 0.004), 
and was positively correlated with hepatic OSI levels and 
caspase-3 activities (r = 0.477, p = 0.018 and r = 0.518, 
p = 0.010, respectively). The expression of antiapoptotic 
Bcl-2 was negatively correlated with the oxidative param-
eters TOS and OSI (r = −0.447, p = 0.022 and r = −0.528, 
p = 0.006, respectively; Fig. 6A). The expression of hepatic 
caspase-3 was positively correlated with hepatic caspase-3 
activity (r = 0.428, p = 0.029). Hepatic ROS levels were 
positively correlated with the expression of hepatic BAX 
(r = 0.492, p = 0.011; Fig. 6B) and negatively correlated with 
TAS (r = −0.441, p = 0.010).

Discussion

A HFD has been shown to aid in hepatic fat storage, which 
is a symptom of fatty liver disease.27 HFD-induced fatty liver 
disease is thought to be the cause of some metabolic and 
biochemical disorders as well as hepatocyte apoptosis.6,28 
Apoptotic cells exhibit various biochemical changes, such 
as proenzyme activation, protein cleavage or cross-linking, 
and DNA breakdown.29 Oxidative stress plays an impor-
tant role in inducing apoptosis, as well as in the progression 
of liver injury.1

Fig. 2. Band density analysis 
of Bax (A) and caspase-3 
(B) in liver sections 
of the experimental groups. 
Values are expressed 
as mean ± standard 
deviation (SD)

* p < 0.01, compared 
to the control group; 
¥ p < 0.05, compared 
to the HFD group.
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Fig. 3. Hepatic caspase-3 activities in the experimental groups. Values are 
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In the present study, curcumin and capsaicin were ad-
ministered either together with the HFD or alone. High-
fat diet was premixed with curcumin (1.5  g/kg HFD) 
and/or capsaicin (0.15 g/kg HFD) and the pellets composed 
were given to the animals. The bioavailability of curcumin 

was reported to be approx. 60–66% of the given dose and 
after 12 days of oral administration of 400 mg curcumin 
to rats, respectable amounts of curcumin metabolites were 
present in their tissues.30 It was demonstrated that some 
substances such as alkaloid piperine, a constituent from 

Fig. 6. A – regression between hepatic Bcl-2 protein expression and oxidative stress index (OSI) levels (n = 32; r = 0.528, p = 0.006). B – regression between 
hepatic Bax protein expression and ROS levels in all experimental groups (n = 32; r = 0.492, p = 0.011)

Fig. 5. TUNEL staining results of liver tissue. Control 
group (A), HFD group (B), HFD+CUR group (C), 
HFD+CAP group (D), HFD+CUR+CAP group (E), 
and apoptotic cell numbers in experimental 
groups (F). Values are expressed as mean 
± standard deviation (SD) (→: apoptotic nuclei). 
Apoptotic cells were stained brown. Counterstain: 
methyl green; Bar: 40 μm; cv – central vein

* p ≤ 0.001, compared to the control group;  
¥ p ≤ 0.01, compared to the HFD group.
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black pepper, increased the serum bioavailability of cur-
cumin by 2,000%.31 Furthermore; it was found that the bio-
availability of curcumin was increased 7–8-fold when dis-
solved in oil or mixed with fatty diet.32 It was shown that 
dietary capsaicin administration is rapidly and directly 
absorbed by the stomach and the intestine. Absorbed cap-
saicin ranges depend from 50% to 90% associated with 
the experimental model used.33 Our experimental diet has 
been designed in accordance with these studies.

It was recently reported that dietary curcumin and cap-
saicin have antioxidative and hepatic lipid-reducing ef-
fects in rats fed a HFD.8,11 However, the effect of curcumin 
and capsaicin on the prevention of hepatocyte apoptosis 
in fatty liver disease is not clear. In the present study, treat-
ment with dietary curcumin and capsaicin reduced hepatic 
lipid levels induced by the consumption of HFD. Rats fed 
a HFD had a nearly 2.6-fold increase in liver TG accumula-
tion over the controls; however, this level returned to that 
of the control group when these rats were given curcumin 
or capsaicin, either individually or in combination.

The expression of the hepatic pro-apoptotic proteins 
BAX and caspase-3 increased, as did caspase-3 activity, 
while hepatic anti-apoptotic protein Bcl-2 decreased, in rats 
fed a HFD. Treatment of combined curcumin and capsaicin 
reversed these effects. Caspase-3 is reported to be the most 
important enzyme that is activated by any of the initiator 
caspases (caspase-8, caspase-9 or caspase-10).34 Caspase-3 
also induces the cytoskeletal degeneration of apoptotic 
cells.34 In the current study, we measured caspase-3 with 
biochemical and immunoblotting, and both methods re-
vealed that caspase-3 was suppressed with supplementation 
of curcumin and capsaicin combination. These 2 spices 
may prevent apoptosis by inhibiting pro-apoptotic proteins 
and by inducing anti-apoptotic progression. This hypoth-
esis has been supported by other researchers. In the study 
of Yu et al., capsaicin inhibits fibrogenesis by suppressing 
cell proliferation and activation in cultured hepatic stellate 
cells (HSCs).35 Galaly et al. reported that curcumin pre-
vents liver injury by regulating apoptosis.36 Li et al. revealed 
that chronic dietary capsaicin prevents fatty liver disease 
by inducing peroxisome proliferator-activated receptor 
δ (PPAR δ)-dependent autophagy.10 Further, Becatti et al. 
demonstrated that curcumin and capsaicin have inhibi-
tory apoptotic effects, as they increased phosphorylation 
of ERK in perilesional skin keratinocytes.14

Many studies have reported that an  increase or  de-
crease in cell death by apoptosis plays an important role 
in the pathogenesis of many diseases.37,38 Apoptotic cells 
are commonly detected around injured tissue. The TUNEL 
method determines the number of apoptotic cells and 
the enzymatic endonuclease cleavage products end-label-
ing the DNA strand breaks.39 In our current study, the HFD 
group had a significantly higher number of apoptotic cells 
than the controls. However, the individual or combined treat-
ment with curcumin and/or capsaicin decreased the num-
ber of TUNEL-positive cells compared to the HFD group.  

Of note, the protective effect of the combination of cur-
cumin and capsaicin on cell death seems to be more ef-
fective than when they are used individually.

Recently published data has shown that mitochondrial 
dysfunction and cellular stress derived from oxidative 
stress play an important role as risk factors for the develop-
ment of hepatocyte apoptosis in NAFLD.1,6 Mitochondrial 
dysfunction may also associate with the overproduction 
of ROS and oxidative stress.6 In the present study, HFD did 
not change ROS production. However, in a previous study, 
we showed that individual or combined treatment with 
curcumin and/or capsaicin lowered ROS levels.7 In the cur-
rent study, ROS levels were measured using a DCFH2-DA 
probe, which has been shown to react with hydrogen per-
oxide (H2O2), peroxynitrite, lipid hydroperoxides, and 
the superoxide anion.40 Herein, we found that TOS lev-
els were higher in the HFD group compared to controls. 
The contradictions in our ROS and TOS measurements 
may be due to the variations in methodology. The TOS 
analysis is likely a more sensitive and favorable method 
for the determination of OSI in a fatty liver experimen-
tal model. In the present study, HFD induced OSI levels, 
which decreased with curcumin and capsaicin treatment. 
On the other hand, TAS levels were higher with curcumin 
and capsaicin; this may be due to an adaptive response 
to the overproduction of TOS. This finding supports that 
capsaicin, like curcumin, has a direct effect as a radical 
scavenger. Similar to our results, the study of Joe et al. 
reported that curcumin and capsaicin diminished the pro-
duction of ROS in rat peritoneal macrophages.15 The TAS 
assay is based on the principle that non-enzymatic antioxi-
dants in the liver tissue reduce the dark blue-green colored 
2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid 
– ABTS) radical to its colorless reduced form. Both capsa-
icin and curcumin appear to balance oxidant-antioxidant 
status by simultaneous regulation in free radical generation 
and antioxidative defense augmentation.

Based on our current results, curcumin and capsaicin 
appear to protect HFD-induced liver injury in rats by in-
hibiting hepatic oxidative stress and apoptosis. The signifi-
cant negative correlation between anti-apoptotic protein 
Bcl-2 and OSI levels confirms this assumption. In sum-
mary, curcumin and capsaicin exhibit protective effects 
on HFD-induced liver injury and suppress oxidative stress-
related apoptosis. The combination of the 2 spices might 
offer an alternative choice for protection from fatty liver 
injury.
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