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ABSTRACT  
 

Recently, obesity has become a disturbing medical issue worldwide. High fat diet (HFD) induced 
fatty liver is associated with increased oxidative stress. Turmeric has been approved to act as potent 
antioxidant and hypolipidemic agent. The aim goal of the current study was to assess the preventive 
effects of turmeric against high fat diet-induced hepatic steatosis (fatty liver). Male albino rats were 
randomly divided into three groups: Group 1, which was fed the standard diet; Group 2, which was fed 
the HFD; and Groups 3, was fed HFD supplemented with turmeric (2% w/w) for 12 weeks. The 
decreased serum SOD activity and hepatic Nrf2 and DJ-1 expressions in the HFD rats were reversed by 
turmeric treatment. Furthermore, the increased serum MDA and hepatic Bax and p53 gene expression 
levels in the liver tissues of HFD rats were markedly repressed by turmeric treatment. Histopathological 
analyses showed that, hepatic steatosis and oxidative stress triggered by HFD-feeding have been 
attenuated by turmeric treatment. In addition to these findings, Masson staining indicated that turmeric 
reduced fibrotic tissue formation. These findings suggest that increased DJ-1 and Nrf2, along with 
suppressed oxidative stress as well as decreased Bax and p53 expressions, contribute to the beneficial 
effects of turmeric in attenuating the pathogenesis of high fat-diet- induced fatty liver.  
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Introduction 
 

Obesity has become an alarming medical issue in recent years and is currently a worldwide public 
health problem. It is one of the most common nutritional disorders in humans. Obesity, a syndrome 
characterized by an imbalance between energy intake and energy expenditure leading to increased 
stored body fat. Obesity results when energy intake exceeds energy expenditure.  It is considered a risk 
factor for many common chronic diseases including; diabetes mellitus, osteoarthritis (OA), heart disease 
and hypertension (Pi-Sunyer, 2009). 

High fat diet is considered the main factor contributing to obesity related diseases including; 
hypertension, hyperlipidemia, arteriosclerosis, cancer, type 2 diabetes mellitus, osteoarthritis and 
several respiratory complications (Kopelman, 2000). In this respect, several studies have stated that 
obesity is induced in mice and rats by feeding the animals with a high-energy diet containing 30% lard 
(Park et al., 2007; Tsuda et al., 2003). 

Consuming fat-rich food has become a common habit in daily city life, leading to the 
accumulation of the dietary fat in the body, principally in adipocytes, liver and muscles. Accumulation 
of liver fats (>5%–10% of liver mass) stimulates the development of non-alcoholic fatty liver disease 
(NAFLD) (Satia-Abouta et al., 2002). It is stated that, The consumption of a high fat diet is associated 
also increased reactive oxygen species (ROS) generation (Dandona et al., 2005), which in turn induces 
cellular damage upon reacting the cellular macromolecules, such as DNA, proteins, and lipids; causing 
several health problems such as cancer, diabetes, and heart and infectious diseases (Stoner et al., 2008). 
Despite several studies have focused on finding potential treatments for obesity, however, finding 
potential drugs for long-term obesity treatment still needs further investigations. Therefore, strategies 
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for the prevention of obesity using healthy foods are considered an important issue of studies 
(Annamalai et al., 2016).  

Turmeric is a rhizomatous herb (Curcuma longa), cultivated in tropical regions and belongs to 
the family of ginger (family- Zingiberaceae). It is used as a food additive with other spices in recipes 
and is treated as a traditional remedy and antiseptic substance. It is stated that turmeric contains a wide 
spectrum of bioactive compounds. Yellow curcumin is the main known active ingredient (Lee et al., 
2014). Turmeric has several biological actions; including its anti-oxidant, anti-inflammatory, ant-
carcinogenic, anti-coagulant, anti-mutagenic, anti-diabetic, and several other activities (Rathaur et al., 
2012). Recent experimental data indicate that turmeric exerts its protective effects against hepatic 
steatosis in rats fed with high fat diet possibly through its antioxidant actions (Elahi, 2012). 
Accordingly, in the present research we investigated the effects of turmeric treatment and its actions 
against hepatic steatosis (fatty changes) in the rats fed with high fat diet. Furthermore, the ameliorative 
effect of turmeric against high fat diet through modulating Nrf2, DJ-1, Bax and p53 gene expression 
levels in liver tissues was investigated. 
 
Material and Methods: 
 

Animals and Housing Condition 
 

Thirty Young adult male albino rats (3-4 months), (Rattus norvgicus), weighing from 95-120g 
were obtained from the breeding colony of the Ministry of Health (Helwan-Egypt). Upon arrival, the 
animals were weighed; group housed (five animals per cage) and kept in a well-ventilated animal 
facility under normal laboratory conditions. They were acclimatized for two weeks prior to 
experimentation. Food and water were available ad libitum throughout this study. All procedures were 
in accordance with institutional guidelines and follow the Guide for Care and Use of Laboratory 
Animals. 

 
Turmeric 
 

The turmeric (Curcuma longa) was obtained, in the powder form available commercially, from a 
local market in El-Minia city, Egypt. The powdered turmeric was mixed with laboratory diet at a 
concentration of 2% w/w.  

 
Experimental design 
 

After two weeks of acclimatization, three groups of young adult male rats were employed in this 
experiment. The first group of animals was designated as normal control adult rats [(N.adult Group); 
n=10] ); in which animals received laboratory diet, and they did not receive any substances or undergo 
any experimental manipulation.  

The second group of animals [high fat diet (HFD) Group; n=10] was fed on high fat diet by adding 
2:1 ratio of fat to the standard diet to induce obesity (El-Bakry et al., 1999). 

The third group of animals [HFD + turmeric (HFD + Tum) Group; n=10] was fed on a high fat 
diet as the second group (HFD group) and supplemented with 2g turmeric for each 100g diet. This 
regimen of turmeric treatment was based on previous reports (Sadeek and El-Razek, 2010). The 
experiments were continued for 12 weeks.  
  
Blood and tissue sampling 
 

At the end of the experiment, the animals were decapitated under deep ether anesthesia at the 
morning time. Blood samples were collected and allowed to clot at room temperature. After that, they 
were centrifuged for 30 min at 4000 rpm. Serum aliquots were extracted and stored in microcentrifuge 
tubes and kept at -08oC until assayed. 

After blood sampling, the liver tissues were immediately removed from each animal. Samples of 
liver were fixed in neutral formalin solution (10%). Moreover, samples of liver tissue were kept in -
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80oC until be used for RNA extraction for real time PCR analyses. 
 
Biochemical analysis  
 

Serum SOD and MDA activities were measured using standard assay kit (Bio-diagnostic, Egypt; 
Catalog No. SD 25 21 and MD 25 29, respectively) according to the manufacturer’s instructions. The 
results are expressed as a unit per milliliter and nanomol per milliliter, respectively. 

 
Gene expression analyses 
 

The expression levels of the indicated genes were investigated in the liver tissues using 
quantitative real-time PCR (RT-PCR). The procedure of analysis was performed as previously 
described (Ismail et al., 2015). Total RNA from liver tissues was extracted using Qiazol (Qiagen, CA, 
USA) according to the manufacturer’s instructions. Then 5 µg RNA was reverse transcribed into cDNA 
using the first strand cDNA synthesis kit (Applied Biosystems, CA, USA), and the resulting cDNA was 
kept at -20 ̊C. The primers for real time RT-PCR analyses were designed using the primer Express 1.5 
software (Applied Biosystems) as follows: GAPDH forward, 5'-ATCTTCTTGTGCAGTGCCAGC-'3 
and GAPDH reverse, 5'-GAAGGCAGCCCTGGTAACC-'3 and NRF2 forward, 5'-
TGTCAGCTACTCCCAGGTTG-'3 and NRF2 reverse, 5'-ATCAGGGGTGGTGAAGACTG-'3 and  
DJ-1 forward, 5'-GGAGCAGAGGAGATGGAGAC-'3 and DJ-1 reverse, 5'-
TCACCAAAGCCGACTCAGAT-'3 and Bax forward, 5'-TCATGAAGACAGGGGCCTTT-'3  and 
Bax reverse, 5'-CTGCAGCTCCATGTTGTTGT-'3   and P53 forward, 5'-
CTCCTCTCCCCAGCAAAAGA-'3 and P53 reverse, 5'-GTAGACTGGCCCTTCTTGGT-'3.. QPCR 
was carried out using 7500 fast (Applied Biosystems, USA). All samples were analyzed in triplicates 
in a 96-well plate by applying the following cycling conditions: 10 minutes at 95 ºC, and 40 cycles at 
95 ºC for 15 seconds followed by one minute at 60 ºC. 

 
Histopathological Studies  
 

Formalin-fixed liver tissues were dehydrated through a graded series of alcohol, embedded in 
Paraplast (Sigma, m.p. 56-58), and then were cut at 5 μm and stained with hematoxylin and eosin (H&E) 
using standard procedures for general histological architecture, and with Masson's trichrome stain to 
detect collagen fibers and to highlight the existence and distribution of reactive fibrosis. 
 
Statistical analysis 
 

The data were graphed as mean ± standard error. P-value  <0.05 was considered statistically 
significant (using the SPSS program, version 16.0). Statistical analyses were performed using ANOVA 
(analysis of variance) followed by Post-Hoc test for multiple comparisons. Calculations of real time 
PCR results were performed by determining the values of ∆cycle threshold (∆Ct) using the endogenous 
control (GAPDH) for normalization. Then 2-∆∆Ct was calculated for each treatment and then data were 
statistically investigated as previously described (Livak and Schmittgen, 2001). 

 
Results  

Biochemical analysis 
  

As shown in Table (1), rats provided with high fat diet for 12 weeks (HFD group) resulted in a 
significant decrease (P < 0.05) in the serum activity of SOD and a significant increase (P < 0.05) in the 
level of MDA in comparison to normal adult rats. However, treatment of high fat diet-fed animals with 
turmeric for 12 weeks (HFD+Tum group) caused a significant elevate (P < 0.05) in the serum activity 
of SOD and a significant reduce (P < 0.05) in the level of MDA in comparison to high fat diet-fed 
animals (Table 1). Interestingly, it was apparent that turmeric administration to high fat diet-fed animals 
(HFD+Tum group) restored the levels of SOD and MDA to values close to that seen in the N.adult rats.  
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Table 1: Effects of turmeric on HFD-induced changes in antioxidant enzymes. 
HFD+Tum            HFD   N. adult Parameters 

 10.83 b ±   0.63     13.14 a ± 0.238 10.292 ± 0.338 MDA (nmol/ml) 
Data represent means ± SEM. SOD = superoxide dismutase; MDA = malondialdehyde; N = normal; HFD= high fat diet; 
Tum= turmeric.  a= P < 0.05 vs. normal adult animals, b= P < 0.05 vs.  high fat diet-fed rats.  

Quantitative real time PCR (gene expression analyses)  
 

Feeding rats with a high fat diet for 12 weeks (HFD group) induced a significant (P < 0.05) 
decrease in the mRNA expression levels of both Nrf2 and DJ-1 in liver tissue when compared with the 
normal adult rats (N.adult  group; Figs. 1A&1B). On the other hand, it induced a significant (P < 0.05) 
increase in the Bax and p53mRNA levels in the liver tissue (Figs. 2A&2B). Treatment of rats fed with 
a high fat diet with turmeric for 12 weeks (HFD+Tum group) significantly (P < 0.05) elevated both of 
Nrf2 and DJ-1 mRNA levels and significantly (P < 0.05) decreased the Bax and p53mRNA levels in 
liver tissue when compared with high fat diet-fed animals (HFD group; Figs. 1A&1B& 2A&2B). 
 

 

 Fig. 1: HFD-related changes in mRNA expression levels of Nrf2 (A) and DJ-1 (B) in liver tissue. N = normal; 

HFD= high fat diet; Tum= turmeric.  a= P < 0.05 vs. normal adult animals, b= P < 0.05 vs. high fat diet-

fed rats.   
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Fig. 2: HFD-related changes in mRNA expression levels of Bax (A) and p53 (B) in liver tissue. N = normal; 

HFD= high fat diet; Tum= turmeric.  a= P < 0.05 vs. normal adult animals, b= P < 0.05 vs. high fat diet-fed rats.   

 Histological Studies  
 
Liver  
 
a- Haematoxylin and Eosin (H&E) stain 
 

As shown in figures 3B&3C, rats fed the HFD developed macro- and microvesicular steatosis 
(fatty changes) with severe cytoplasmic vacuoles, whereas no histological abnormalities were observed 
in the control group (Fig. 3A). Moreover, many hepatocytes appeared with pyknotic nuclei. Central as 
well as portal veins were dilated and congested with haemolized blood (Fig. 3D). Perisinusoidal fibrosis 
was not observed.  

The liver section from rats received HFD plus turmeric (HFD+Tum group) showed marked 
improvement in damages caused by HFD to the hepatic tissues (Figs. 3E&3F). Enlarged vacuoles with 
fatty changes (liver steatosis) were apparently attenuated in all liver section of this group compared to 
that observed in the liver of HFD group (Figs. 3E&3F). The stranded architecture of hepatocytes was 
clear. Some hepatocytes appeared with cytoplasmic vacuolation and pyknotic nuclei. Dilated central 
and portal veins were apparently decreased compared to that seen in the liver of HFD-fed rats (Fig. 3F). 
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Fig. 3: Histological sections of liver. (A) from normal adult rat showing normal central vein (cv) surrounded by 
strand of hepatocytes (h) and sinusoids. (B-D) from HFD-fed rat for 12 weeks showing microvesicular and 
macrovesicular steatosis (fatty changes); note large vacuole of fat in the cytoplasm of hepatocytes with 
displacement of the nucleus in macro-steatosis (arrow); note also dilated and congested central vein (cv). (E&F) 
from HFD-fed rat treated with turmeric for 12 weeks illustrating a marked improvement in the histological 
architecture of liver; note slightly dilated central vein (cv) and the improved histological architecture of the hepatic 
portal area. (B, H&E, x100; A, C, D, E, F, x400).  
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b-Masson's trichrome stain: 
 

The liver sections of normal adult rats showed minimal collagen deposition around central vein 
(Fig. 4A). Prominent accumulation of collagen fibrers around the portal traid and central vein were 
clearly detected in liver tissues of high fat diet-fed rats relative to that of normal adult rats (Figs. 
4B&4C). In contrast, turmeric treatment showed obvious decrease of collagen deposition around central 
vein and the portal traid as compared to high fat diet-fed animals (Figs. 4D&4E). 

 

 Fig. 4: Histological sections of liver. (A) from normal adult rat showing minimal collagen deposition around 

central vein (arrow). (B&C) from HFD-fed rat for 12 weeks showing apparent accumulation of collagen fibers 

around portal traid. (D&E) from HFD-fed rat treated with turmeric for 12 weeks showing a decrease in the amount 

of collagen fibers around the central vein and the portal traid. (A, B Masson’s trichrome, x100; C, D, E, x400). 
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Discussion  
 

Several recent studies showed that, long-term consumption of HFD has been associated with fatty 
liver disease (Satia-Abouta et al., 2002). It was stated that, turmeric administration has been suggested 
as an alternative therapy against oxidative damage and lipid accumulation in fatty liver in animal models 
(Ejaz et al., 2009; Martínez-Morúa et al., 2013). Our data indicated that feeding of rats with a high fat 
diet for 12 weeks induced a significant decrease in the activity of SOD and a significant increase in the 
level of MDA in comparison to normal adult animals. These results are consistent with previous reports 
that feeding of rats with high fat diet resulted in a significant decrease in  the activity of SOD and a 
marked elevation in the content of MDA (Vijayakumar et al., 2004; Zhao et al., 2016). Taken together 
after feeding a high-fat diet an imbalance could occur between oxidative stress generation and 
antioxidants formation. 

In addition, Morrison et al. (2010) suggest that HFD selectively impairs the level and/or 
activity of Nrf2, increased protein oxidation and attenuated antioxidant defense system (Morrison 
et al., 2010). The current study strengthens those observations, where HFD feeding decreased the 
expression level of Nrf2. DJ-1 is ubiquitously expressed and is considered as an oxidative stress-
responsive protein with multiple functions. In this study, feeding of rats with a high fat diet induced a 
significant decrease in the level of DJ-1 mRNA expression level in comparison to normal adult animals. 
In this respect, it is stated that HFD induced alterations in DJ-1 protein expression in adipose tissue and 
pancreatic islets of wild-type rodents (Seyfarth et al., 2015).   

Moreover, data of the current study indicated that treatment of rats reared on high fat diet with 
turmeric markedly increased SOD activity, thereby augmenting the antioxidant defense system, as well 
as inducing a significant decrease in MDA level. These findings indicate that turmeric reversed the 
effects of the high fat diet on these antioxidant enzymes. In accordance with our results, Maithili 
Karpaga Selvi et al. (2015) showed that curcumin suppresses oxidative reactions induced by high fat 
diet through elevation of the activities of SOD and lowering the MDA (Maithili Karpaga Selvi et al., 
2015). The protective effects of curcumin have been attributed to the presence of the hydroxyl groups 
and methylene group of the β-diketone moiety (Dinkova-Kostova and Talalay, 1999). 
Also we found that, turmeric administration increased the expression levels of Nrf2 and DJ-1 mRNA 
in liver tissues. These results are consistent with a previous report showed that curcumin treatment 
effectively ameliorated oxidative stress by activating Nrf2 signaling in HFD-fed mice (He et al., 2012). 
No available data were found on the effects of turmeric administration on the expression of DJ-1 in 
HFD-fed animals. 

In addition, the present data showed a significant increase in the Bax and p53 mRNA levels in 
the Bax and p53 mRNA levels in the liver tissue of rats fed a high fat diet These results are supported 
by the observation of Wang et al. (2008) who showed that HFD feeding increased pro-apoptotic Bax 
(Wang et al., 2008). In addition, Homayounfar et al. (2015) showed that feeding of rats with a high fat 
diet for 12 weeks induced a marked elevate in the P53 level in peripheral and adipose tissues 
(Homayounfar et al., 2015). In our study, administration of turmeric reversed the effects of high fat diet 
feeding on the gene expressions of Bax and p53. According to Zhao et al. (2017), Curcumin treatment 
reduced apoptosis and decreased the expression level of Bax in high fat diet-fed animals (Zhao et al., 
2017). 

It was found previously that feeding of male rats with HFD diet showed several features as those 
found in nonalcoholic steatohepatitis (NASH) (Lieber et al., 2004). These features include; fatty liver, 
of insulin resistance, inflammation, generation of reactive oxygen or nitrogen species, oxidative stress, 
lipid peroxidation, and steatohepatitis (Day and James, 1998). It is stated that, high incidence of steatosis 
is usually associated with obesity, such as non-alcoholic fatty liver disease (NAFLD), which recognized 
as one of the most common causes of chronic liver disorders (Zhang et al., 2013). In this study, feeding 
rats on a high-fat diet resulted in microvesicular and macrovesicular steatosis (fatty changes). Recently, 
it was found that, increased oxidative stress triggers insulin resistance, which in turn disturbed liver 
lipid metabolism leading to NAFLD (Polimeni et al., 2015). Liver fat accumulation promotes 
generation of reactive oxygen species, referring that oxidative stress can be a cause and a consequence 
of hepatic steatosis (Polimeni et al., 2015). 

In this study, turmeric administration to high fat diet-fed rats reduced liver steatosis induced by 
high fat diet as compared to HFD group; indicating that turmeric reversed high-fat diet-inducing fatty 
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liver. These observations are in accordance with  Elahi (2012) who showed that turmeric powder 
possesses preventive activities against hepatic steatosis in rats fed with high fat diet (Elahi, 2012). The 
suppressive effect of turmeric on hepatic steatosis is thereby due to an improvement in hepatic lipid 
metabolism and its powerful antioxidant potential (Elahi, 2012).  

In the present study, the collagen fiber content in the portal tracts had apparently increased in 
HFD group. Moreover, in the present work, liver sections of HFD-fed rats treated with turmeric showed 
reduction in the amount of collagen fibers around the portal traid as well as central vein compared to 
that recorded in sections of the HFD-fed rats. Such results are supported by the findings by Fu et al. 
(2008) who reported that curcumin apparently reduced the deposition of collagens (Fu et al., 2008). 
According to O'connell and Rushworth (2008), curcumin declined hepatic fibrosis by inhibiting 
oxidative stress and inhibiting HSC activation in a rodent model (O'connell and Rushworth, 2008). Our 
results suggest that turmeric might be a therapeutic antifibrotic agent for the treatment of hepatic 
fibrosis. 

In conclusion, feeding rats with HFD triggered oxidative stress and hepatic steatosis, which in 
turn have been attenuated by turmeric administration. The protective effect of turmeric is mediated 
through downregulating Bax and p53 expression levels and elevation the activity of SOD and DJ-1 and 
Nrf2 expressions. 
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	ABSTRACT 
	After blood sampling, the liver tissues were immediately removed from each animal. Samples of liver were fixed in neutral formalin solution (10%). Moreover, samples of liver tissue were kept in -80oC until be used for RNA extraction for real time PCR analyses.



