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Basic Study
Papaya improves non-alcoholic fatty liver disease in obese rats by attenuating oxidative stress, inflammation and lipogenic gene expression
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is a global health issue that is correlated with obesity and oxidative stress.

AIM
To evaluate the anti-NAFLD effect of papaya in high fat diet induced obesity in rats.

METHODS
Four-week-old male Sprague-Dawley rats were divided into four groups after 1 wk of acclimatization: Group 1 was the rats fed a normal diet (C); group 2 was the rats fed a high fat diet (HFD); group 3 was the rats fed a HFD with 0.5 mL of papaya juice/100 g body weight (HFL), and group 4 was the rats fed a HFD with 1 mL of papaya juice/100 g body weight (HFH) for 12 wk. At the end of the treatment, blood and tissue samples were collected for biochemical analyses and histological assessment.

RESULTS
The results of the HFH group showed significantly reduced body weight (HFH vs HFD, P < 0.01), decreased NAFLD score (HFH vs HFD, P < 0.05), and reduced hepatic total cholesterol (HFL vs HFD, P < 0.01; HFH vs HFD, P < 0.001), hepatic triglyceride (HFH vs HFD, P < 0.05), malondialdehyde (HFL, HFH vs HFD, P < 0.001), tumour necrosis factor-α (HFH vs HFD, P < 0.05) and interleukin-6 (HFH vs HFD, P < 0.05) when compared to the HFD group. However, the liver weight showed no significant difference among the groups. The activities of catalase and superoxide dismutase significantly increased in HFH when compared with the HFD group (P < 0.05 and P < 0.001, respectively). The suppression of transcriptional factors of hepatic lipogenesis, including sterol regulatory element-binding protein 1c and fatty acid synthase, were observed in the papaya treated group (HFH vs HFD, P < 0.05). These beneficial effects of papaya against HFD-induced NAFLD are through lowering hepatic lipid accumulation, suppressing the lipogenic pathway, improving the balance of antioxidant status, and lowering systemic inflammation.

CONCLUSION
These current results provide experimental-based evidence suggesting papaya is an efficacious medicinal fruit for use in the prevention or treatment of NAFLD.
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Core Tip: High fat diet consumption causes non-alcoholic fatty liver disease (NAFLD). This is one of the major liver diseases found worldwide. Liver fat accumulation leads to dysfunction of liver due to oxidative stress and inflammation. Papaya is an important export fruit from Asian and Latin America. It is a nutrient rich fruit with many medicinal properties. Our present study clearly demonstrated that the hepatoprotective mechanism of papaya against NAFLD was a result of the association of the hypolipidemic, anti-inflammatory, and antioxidant activities. This study provides evidence for the beneficial effects of papaya to reverse the progression of NAFLD in obese rats.


INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is of growing concern since its prevalence is increasing worldwide[1]. NAFLD is characterised by an accumulation of triglycerides and fatty acids in hepatocytes. The circulating pool of free fatty acids (FFAs) is increased in obese individuals and accounts for the majority of lipid accumulation in NAFLD. Excessive consumption of diets rich in fat is related to oxidative stress in various tissues including vessels, adipose tissues and liver and consequent to disease development[2]. Normally, oxidative stress such as reactive oxygen species (ROS) and reactive nitrogen species are continuously generated from inside the cells (e.g., electron transfer, cellular metabolism), but there is the counterbalance by the antioxidant system to defend the body from cellular or tissue damage[3]. In NAFLD, an imbalance of oxidant synthesis and antioxidants is the major contributor to the pathogenesis of the disease, leading to liver injury and hepatocyte deterioration[4]. Antioxidants have been suggested to be beneficial for health promotion and disease prevention. Therefore, we hypothesised that fruit rich in antioxidants may have potential benefit against NAFLD. 
Carica papaya known as pawpaw or papaya is in the family of Caricaceae[5]. It is widely cultivated in many regions of the world, including Central and South America, Asia, and Africa, and its principal markets for consumption are the United States and Europe[6]. Papaya is a nutraceutical plant with many medicinal properties. Some studies have reported its health benefits including the treatment of gastrointestinal related disorders, diabetes, hypertension, hypercholesterolemia and hepatotoxicity, and its anti-microbial, anti-parasitic, and anti-viral properties[7,8]. Almost all parts of papaya can be used, especially the fruit of C. papaya. It is a nutritional source that is high in fibre, minerals and strong antioxidants including vitamin A, C and E. However, its health benefits in NAFLD are still the subject of research.
The purpose of this study was to evaluate the effect of papaya juice in the treatment of NAFLD. The doses of papaya juice used in this study can be practically applied to human use. Since papaya is low cost, easily available and widely marketed worldwide, the results from this study could be implemented in nutritional intervention that may be used in the prevention and treatment of NAFLD.

MATERIALS AND METHODS
Plant material and preparation of papaya
The Holland variety of papaya fruit (Carica papaya L.) was derived from a supermarket in Phitsanulok, Thailand. The fruit was harvested at a ripe stage, when papaya presents yellow areas on 50%-75% of the skin[9]. The juice was freshly prepared by extraction from the homogenised flesh of the Holland cultivar and separated from the pulp by squeezing it several times. The juice was then centrifuged at 1500 × g for 20 min. The papaya composition as shown in Table 1 was analysed by Food and Nutrition Laboratory, Institute of Nutrition, Mahidol University, Nakhon Pathom, Thailand.

Animals and experimental design
The NAFLD animal model was developed as described previously[10]. Four-week-old male Sprague-Dawley rats weighing between 100 and 120 g were purchased from the National Laboratory Animal Centre at Salaya campus, Mahidol University (Nakon Pratom, Thailand). All animal experiments were carried out after getting approval from the Animal Ethics Committee at the Centre for Animal Research at Naresuan University, Phitsanulok, Thailand (Approval number NU-AE 580714). All procedures were performed in accordance with Guide for the Care and Use of Laboratory Animals (8th edition, National Academies Press)[11]. The animals were acclimatised for 1 wk and then randomised into four groups (n = 6-7). Group 1 was the control rats fed a commercial normal diet for 8 wk (C), while the three remaining groups (2-4) were fed a high fat diet (HFD) for 8 wk and oral gavage for 1 mo as follows; Group 1 was fed a normal diet for 8 wk and then treated with distilled water for an additional 4 wk, animals were maintained on a normal diet. After the first 8 wk period on HFD, animals in group 2 were fed a HFD for 4 wk, while those of groups 3 and 4 were kept on HFD and received 0.5 mL and 1.0 mL/100 g body weight/day of papaya juice, respectively.
The doses of papaya used in 0.5 mL of papaya juice/100 g body weight (HFL) and 1 mL of papaya juice/100 g body weight (HFH) were the equivalent of approximately 125 and 250 g of papaya consumed by a person, respectively. Diet composition of control and high fat diets were formulated according to AIN-93G as previously described with a slight modification[12]. Briefly, the high fat diets were composed of 1.5% cholesterol, 20% palm oil and 0.25% cholic acid. Body weights of rats were recorded weekly. At the end of the 12th week, the animals were euthanised by pentobarbital injection. The blood was drawn through cardiac puncture. Blood and tissue samples were collected and kept at -80 °C for further analysis. 

Biochemical analyses
The serum was used to measure aspartate transaminase (AST), alanine transaminase (ALT) and alkaline phosphatase (ALP) by Bio Lab Medical Centre (Phitsanulok, Thailand). 

Analysis of hepatic TAG and cholesterol content
Hepatic lipid was extracted according to a modified Folch method, as previously described[13]. Briefly, lipids were extracted from 0.5 g of liver with a mixture of chloroform/methanol (2:1, v/v) and dried under N2. The pellets were dissolved and used for the analysis of hepatic lipid contents. The hepatic contents of triglyceride and total cholesterol were determined using a colorimetric assay kit according to the instructions of the manufacturer (HUMAN Gesellschaft für Biochemica und Diagnostica mbH, Wiesbaden, Germany).

Histopathological analyses
To analyse the histopathology of the liver, the tissue was fixed immediately after removal in 10% formalin. The liver tissue was then embedded in paraffin, sectioned, and stained with haematoxylin and eosin. The histopathological features were scored for the liver lesions using NAFLD activity score (NAS) according to Xu et al[14]. NAS component represents the sum of score ranging from 0-8 for three histological features: Hepatocyte ballooning (0-2), lobular inflammation (0-3) and steatosis (0-3). The total NAS score of 0-3 was defined as not nonalcoholic steatohepatitis (NASH). The score greater than 5-8 was considered as NASH. The hepatic lipid accumulation assessment was modified from Malakul et al[12]. In brief, the frozen liver samples with optimal cutting temperature-embedded were cryosectioned at 5 μm with a cryostat, fixed in 4% v/v formalin for 10 min and then stained with Oil Red O working solution for triglycerides and free fatty acid staining.

Hepatic lipid peroxidation
The isolated rat livers were homogenised in phosphate buffered saline (PBS), and the total protein content of liver tissues was measured using a Bradford assay kit (Sigma-Aldrich, St. Louis, MO, United States). The lipid peroxidation of the hepatic tissue homogenate was determined by a thiobarbituric acid assay. The solutions were prepared according to Liu et al[15]. Briefly, the mixture of 15% trichloroacetic acid, 0.25 N HCl (Sigma-Aldrich) and 0.37% 2-thiobarbitulic acid (POCH, Sowinskiego, Poland) with 1:1:1 ratio was prepared. Then 200 μL of these reagents were added in each eppendorf tube and incubated in heat block at 95 °C for 15 min. The solutions were centrifuged at 3500 × g for 25 min and the supernatant in each tube was pipetted to 96 well plates. The samples were then measured at absorbance 535 nm with malondialdehyde as a standard, and the unit was expressed as μmoL/mg protein.

Catalase and superoxide dismutase activities
The livers were homogenised in ice cold PBS. The homogenate was centrifuged, and the supernatant were taken to measure the activities of catalase (CAT) and superoxide dismutase (SOD) by using commercial assay kits (Cayman Chemical Company, Ann Arbor, MI, United States). The final units for enzyme activities were normalised with protein concentration. 

Determination of biomarkers of inflammation
The liver homogenates were used to determine the levels of tumour necrosis factor-α (TNF-α) and interleukin 6 (IL-6) by using commercial assay kits (Sigma-Aldrich). The final units for TNF-α and IL-6 were normalised with protein concentration.

Analysis of gene expression
Total ribonucleic acid (RNA) of the liver was isolated using RiboZol (Amresco, Dallas, TX, United States) according to the protocol provided by the manufacturer. The complementary deoxyribonucleic acid synthesis was performed in a reaction mixture containing 4 μL of reaction buffer, 2 μL of deoxyribonucleotide triphosphate, 1 μL of random primer, 1 μL of RNAse inhibitor, 1 μL of reverse transcriptase and 500 ng of total RNA. Polymerase chain reaction (PCR) was performed with PCR thermocycling. The PCR products were measured by agarose gel electrophoresis technique with 2% agarose gel and 1 × TBE running buffer (1M Tris, 0.9M boric acid and 1 mmoL/L EDTA). Deoxyribonucleic acid was stained with a fluorescent colour (Biotechnology, Daejeon, Korea). Each sample was assayed in triplicate, and β-actin was amplified in parallel to serve as an internal control for reverse transcription-PCR quantification. All mRNA gene expression data were normalised to the expression level of β-actin.
The sequences of the primers for genes used in this study were indicated as follows; SREBP-1c: forward 5’-TGGATTGCACATTTGAAGACAT-3’, reverse 5’-GCTCCTCTTTGATTCCAGGC-3’; ACC: forward 5’-GCCTCTTCCTGACAAACGAG-3’, reverse 5’-TCCATACGCCTGAAACATGA-3’; FAS: forward 5’-GGACATGGTCACAGACGATGAC-3’, reverse 5’-GTCGAACTTGGACAGATCCTTCA-3’. ACTB: forward5’-TGTCCACCTTCCAGCAGATGT-3’, reverse 5’- AGCTCAGTAACAGTCGA -3’.

Statistical analysis
Results are presented as the mean ± standard error of the mean. Statistical analyses were performed using IBM SPSS version 23 (Armonk, NY, United States). Group difference was assessed by a one-way analysis of variance, followed by Tukey’s test for multiple comparisons. A P value < 0.05 was considered statistically significant.

RESULTS
Effects of papaya on liver weight, lipid contents and serum components in rats
The initial body weight and body weight at week 8 of all the experimental groups were not significantly different. However, at the end of treatment the HFD group showed significantly increased body weight when compared with the C group, while those parameters decreased in the HFH group. The result also showed that papaya improved hepatic lipid contents in HFD-fed rats. The HFD group showed significantly increased hepatic triglycerides (TG) and cholesterol levels when compared with the C. The TG levels were significantly decreased in the HFH (P < 0.05), while total cholesterol (TC) was significantly decreased in both the HFL (P < 0.01) and HFH (P < 0.001) when compared with the HFD group. This result indicated that papaya markedly reduced the hepatic TG and TC contents. The serum levels of AST, ALT and ALP were significantly increased in rats fed a HFD. Higher levels of those enzymes suggest that a HFD can induce liver inflammation or liver damage. Moreover, the liver damage indices also significantly decreased in the papaya treated group when compared to the HFD group (Table 2). This result suggests that papaya administration may improve liver injury found in NAFLD. 

Effects of papaya on lipid accumulation
Oil Red O staining showed that hepatic lipid accumulation of HFD was significantly higher than that in the C group. The oral administration of papaya to HFD rats reduced steatosis and lipid droplet size as shown in Figure 1A. In addition, it showed that the liver samples from the HFD group showed significant fat deposition with the highest scores in steatosis, lobular inflammation and hepatocyte ballooning. The HFD group scores were significantly higher than those of the control group (P < 0.001), which strongly indicated the development of NAFLD. Interestingly, the significant reduction of steatosis, lobular inflammation and hepatocyte ballooning was observed after 4 wk of treatment with papaya (Figure 1B). 

Effects of papaya on the oxidative status and antioxidant activities 
Papaya improved lipid peroxidation in HFD-fed rats. The HFD group showed significantly increased lipid peroxidation when compared with the C (P < 0.001). Furthermore, lipid peroxidation was significantly decreased in the HFD treated with papaya 0.5 and 1 mL/100 g body weight (P < 0.001) when compared with the HFD group (Figure 2A). In contrast, the CAT and SOD activities were found to decrease in the HFD group, whereas those significantly increased in HFH group (Figure 2B and C). 

Effects of papaya on proinflammatory cytokines in liver tissue
The results showed that HFD in rats significantly increased the serum levels of TNF-α (Figure 3A) and IL-6 (Figure 3B), while these two cytokine levels significantly decreased in the HFD treated with papaya 1 mL/100 g body weight (P < 0.05). Taken together, papaya administration can counterbalance lipid peroxidation and inflammation, which is normally found in NAFLD. Improvements in antioxidant activity were also observed. 

Effects of papaya on the de novo lipogenic gene in liver tissue
The mRNA expression of SREBP-1c and FAS had a tendency to increase in HFD rats as compared with the control. A significantly decreased expression of those genes were observed in HFH rats (P < 0.05) as shown in Figure 4A, B and D, respectively. In contrast, the expression of ACC was not different among the groups (Figure 4C). The data indicated that a possible involvement of lipogenesis in the papaya treated group is partially mediated through SREBP-1c, which down-regulates the expression of FAS. This event may account for the decreased fatty acid metabolism in the liver of rats treated with high doses of papaya juice.

DISCUSSION
Oxidative stress and inflammation are the main components that contributed to the pathogenesis of NAFLD. Many natural products rich in polyphenols, and strong antioxidant activity have been studied for their positive benefits in the treatment of NAFLD[16]. The presence of these bioactive compounds as well as the significant antioxidant activity in vitro has been observed in the pulp and fruit peel of papaya[9]. 
Our present study demonstrated that papaya attenuated lipid accumulation in HFD-induced obesity in rats. In this study the in vivo model of NAFLD was successfully established and developed to lipid accumulation in liver after feeding the rats an HFD. Those rats fed a HFD exhibited an increase in the weight of the liver and lipid contents, which is a feature of NAFLD[14]. The reverse alterations in hepatic lipid accumulation can be explained by the effects of papaya on lipid metabolism. The mechanism may be, in part, by the inhibition of pancreatic lipase by papaya[17]. Pancreatic lipase is an enzyme secreted from the pancreas and works in the small intestine to hydrolyse TG from diet to glycerol and free fatty acids. In this case, papaya juice hinders the digestion of TG, resulting in the reduction of lipid absorption and then promotion of the excretion of lipids outside the body. From previous studies, it has been shown that the excessive hepatic accumulation of TG and FFA induced hepatic steatosis[18]. From our study, it was demonstrated that the treatment with papaya ameliorates lipid accumulation in liver in HFD rats via the modulation of lipid metabolism-related molecules. 
In NAFLD pathogenesis, imbalanced lipid metabolism leads to simple steatosis, oxidative damage and secretion of proinflammatory mediators. The liver serves as the major regulator for lipid metabolism that involves in several steps[19]. Hepatic lipid content is regulated by the cellular molecules that control the input and the output. The regulation depends on the metabolic status, the facilitation of hepatic fatty acid uptake, synthesis and storage in the liver, or the rapid metabolism to hepatic fatty acid oxidation as a source of energy may occur[20]. 
SREBP-1c exerts a significant control over the de novo synthesis of FAS[20]. It was further found that papaya eliminated hepatic steatosis in HFD rats. The latter effect might be partially mediated by the regulation of SREBP-1c. SREBP-1c is an important transcription factor of de novo lipogenesis in the liver, while its downstream gene-FAS is responsible for fatty acid catabolism[21]. In the livers of obese rats treated with papaya, SREBP-1c and FAS were remarkably decreased. This implies that papaya exerts its anti-lipogenic effect in consequence of the suppressed regulation of SREBP-1c and FAS, leading to decreased hepatic lipid accumulation. 
Several studies have also demonstrated the antioxidant capacity of β-carotene and its act against oxidative stress in different models[22,23]. The significantly elevated hepatic content of TG, TC and microdermabrasion in NAFLD rats is a strong indicator of liver damage and oxidative stress[24]. The pathogenesis of NAFLD is widely accepted by the two-hit hypothesis; the first hit presents increasing levels of FAs and is a key part in the development of hepatic steatosis. Prolonging of hepatocellular damage and sensitised liver leads to the presence of oxidative stress and the release of cytokine or adipokine mediators, this situation is called a second hit[25]. More specifically, high fat consumption leads to increased FAs in liver and either enter β-oxidation or are stored as TG. The mitochondrial β-oxidation serves as energy sources and can generate numerous free radicals including ROS and lipid peroxidation from the electron transport chain though the mitochondrial respiration pathway[26]. Normally, the antioxidant defensive systems help to protect the organs against the deleterious substances[27]. Among these, SOD is a key antioxidant enzyme for the first defence reaction with the ROS-mediated cellular damage. SOD participates in the conversion of superoxide anions into less harmful H2O2 and oxygen. CAT is another antioxidant enzyme that can catalyse H2O2 into water and oxygen[28]. From our results, it clearly shows that SOD and CAT activities in the liver were significantly increased after papaya treatment. The mechanism is still unknown, but it might be because of the carotenoid compounds in papaya. Papaya is one of the important dietary sources for carotenoids including β-carotene and lycopene[29]. The liver is the main place for storage carotenoids, the powerful antioxidants from food, and this compound may help scavenge the results of oxidative stress produced in the liver[16]. 
High fat accumulation in the liver causes impairment of cellular homeostasis. ROS and lipid peroxidation generated in NAFLD are potent inducers of cytokine production and trigger the release of cytokine proinflammatory mediators such as TNF-α and IL-6[30]. TNF-α plays a crucial role in exert in a variety of biological effects including systemic inflammation and takes part in many stages of liver disease[31]. In contrast, IL-6 is secreted from various kinds of cells and is necessary to leukocyte recruitment and tissue homeostasis[32]. Recent studies have been reported that IL-6 enhances liver inflammation and related to insulin resistance in NAFLD[29]. Proinflammatory cytokine overproduction causes hepatocyte dysfunction and develops fibrosis later on.
We demonstrated from our results that papaya can reduce liver inflammation by the inhibiting the overproduction and activity of proinflammatory cytokines generated in high fat induced hepatic inflammation tissue. The mechanism may be from indirect action of papaya to reduce ROS and can modulate the overwhelming production of cytokines. In addition, papaya itself may play a direct role in the inflammation processes. As reported earlier, papaya possesses anti-inflammatory and immunomodulatory properties as stated both in vitro and in vivo studies[33]. Liver inflammation can aggravate liver damage, resulting in the progression of fibrosis, cirrhosis or liver failure. Reduced inflammatory secretion from cytokines may prevent steatosis and alleviate the progression of the disease[34].

CONCLUSION
This study demonstrates for the first time the hepatoprotective capacity of the papaya fruit on the damage caused by HFD induced hepatic steatosis. From the obtained results, it can be suggested that the mechanism of action of the hepatoprotective effect of the papaya against the hepatic lipid accumulation in NAFLD was the combined result of the association of the anti-lipogenic, anti-inflammatory and antioxidant activities of papaya (Figure 5).
Moreover, the doses of papaya used in this study can be of practical use in human medicine. The results of this study provide experimental-based evidence suggesting papaya is an efficacious nutritional strategy for use in the prevention or treatment of NAFLD. However, future research should be performed using human trials to elucidate the intervention of papaya in clinical and public health implications. 

ARTICLE HIGHLIGHTS
Research background
High fat diet consumption causes fat accumulation in liver [nonalcoholic fatty liver disease (NAFLD)], which leads to liver dysfunction due to oxidative stress and inflammation 

Research motivation
Papaya is a nutritional, healthy and affordable fruit. It is available in all regions of the world and can be found year-round. Additional scientific evidence on the health and nutritional benefits of papaya are needed to promote health and papaya consumption.

Research objectives
To evaluate papaya’s health benefit against NAFLD in obese rats.

Research methods
Rats were fed with a high fat diet for 12 wk to induce obesity. Papaya juice at the implement doses were administered to the rats. Hepatic lipid contents, oxidative stress, inflammatory cytokines, lipogenic genes and liver pathology were assessed.

Research results
The hepatoprotective action of papaya against the accumulation of hepatic fat was a result of the association of the hypolipidemic effect partially through a suppression of SREBP-1c and FAS, anti-inflammatory and antioxidant activities.

Research conclusions
The results of this study provide experimental-based evidence that can contribute to the implement of papaya in the prevention and treatment of obesity and associated metabolic disorders.

Research perspectives
Our study offers an optimistic view of an anti-NAFLD effect of papaya; however, further evidence from human clinical studies is necessary.
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Figure Legends
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Figure 1 Effect of papaya on non-alcoholic fatty liver disease. A: Macroscopic and microscopic appearance in rat hepatocytes. Macrovesicular steatosis (black arrow) are large lipid droplets that are present in the hepatocytes. Microvesicular steatosis (red arrow) are small lipid droplets that are present in the hepatocytes. Hepatocyte ballooning is recognised as cell swelling and enlargement within the cytoplasm (yellow arrow). Lobular inflammation in non-alcoholic steatohepatitis foci (dotted line arrow) are scattered in the hepatic lobule; B: Comparative analysis of non-alcoholic fatty liver disease activity score for all treatment groups. Data are expressed as mean ± standard error of the mean (n = 6-7). aP < 0.05, bP < 0.01, cP < 0.001 vs C, and dP < 0.05 vs high fat diet group. C: Control; H&E: Hematoxylin and eosin; HFD: High fat diet; HFH: High fat diet treated with 1 mL of papaya juice/100 g body weight; HFL: High fat diet treated with 0.5 mL of papaya juice/100 g body weight; NAS: Non-alcoholic fatty liver disease activity score.
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Figure 2 Effects of papaya on antioxidant activities in liver tissue. A: Lipid peroxidation in the liver; B: Activity of catalase (CAT) in the liver; C: Activity of superoxide dismutase (SOD) in the liver. Data are expressed as mean ± standard error of the mean (n = 6-7). aP < 0.05, bP < 0.01, cP < 0.001 vs control (C), and dP < 0.05, fP < 0.001 vs high fat diet (HFD) group. HFH: High fat diet treated with 1 mL of papaya juice/100 g body weight; HFL: High fat diet treated with 0.5 mL of papaya juice/100 g body weight; MDA: Microdermabrasion.
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Figure 3 Effects of papaya on proinflammatory cytokines in liver tissue. A: Tumour necrosis factor-α (TNF-α) in the liver; B: Interleukin 6 (IL-6) in the liver. Data are expressed as mean ± standard error of the mean (n = 6-7). aP < 0.05, bP < 0.01 vs control (C), and dP < 0.05 vs high fat diet (HFD) group. HFH: High fat diet treated with 1 mL of papaya juice/100 g body weight; HFL: High fat diet treated with 0.5 mL of papaya juice/100 g body weight.
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Figure 4 Effects of papaya on de novo lipogenic gene expression in liver tissue. A: Immunoblotting analysis of SREBP-1c, ACC, FAS and ACTB. ACTB was used as a normalization gene; B: Relative gene expression of SREBP-1; C: Relative gene expression of ACC; D: Relative gene expression of FAS. Data are expressed as mean ± standard error of the mean (n = 5). dP < 0.05 vs high fat diet (HFD) group. C: Control; HFH: High fat diet treated with 1 mL of papaya juice/100 g body weight; HFL: High fat diet treated with 0.5 mL of papaya juice/100 g body weight.
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Figure 5 Schematic diagram of possible mechanism of papaya juice on non-alcoholic fatty liver disease. The beneficial effect of papaya against hepatic steatosis in obese rats may occur through the inhibition of lipogenic pathways by reducing SREBP-1c and FAS gene expression, causing the reduction of hepatic fat accumulation. Papaya can improve enzymatic antioxidants [catalase (CAT) and superoxide dismutase (SOD)] and decrease lipid peroxidation in the liver. The administration of papaya significantly decreased proinflammatory cytokines such as tumour necrosis factor-α (TNF-α) and interleukin 6 (IL-6) to modulate liver damage. Papaya is therefore able to reduce the activities of aspartate transaminase (AST) and alanine transaminase (ALT) in serum. Overall, this study provides evidence for the beneficial effects of papaya to reverse the progression of non-alcoholic fatty liver disease in obese rats. ALP: Alkaline phosphatase; FFAs: Free fatty acids; HFD: High fat diet; ROS: Reactive oxygen species; TBARS: 2-Thiobarbituric acid reactive substances.

Table 1 Composition of papaya
	Nutrients
	Value

	Energy (kcal)
	26.62 ± 0.26

	Moisture (g)
	92.86 ± 0.06

	Protein (g)
	0.65 ± 0.02

	Total fat (g)
	0.00 ± 0.00

	Total carbohydrate (g)
	6.01 ± 0.09

	Soluble dietary fibre (g)
	0.87 ± 0.03

	Ash (g)
	0.49 ± 0.01

	Total sugar (g)
	3.97 ± 0.02

	Calcium (mg)
	25.95 ± 0.98

	Potassium (mg)
	14.50 ± 0.28

	Iron (mg)
	0.56 ± 0.01

	Total phenolic compounds (mg gallic acid/g papaya)
	0.56 ± 0.01

	Carotenoid profile:
	

	Beta-cryptoxanthin (μg)
	596.04 ± 15.27

	Lycopene (μg)
	1,166.88 ± 11.24

	Beta-carotene (μg)
	78.96 ± 1.45




Table 2 Effects of papaya on body weight, liver weight, hepatic lipid contents and liver damage indices in high fat diet induced obesity in rats
	
	C
	HFD
	HFL
	HFH

	Initial weight (g)
	218.0 ± 12.18
	236.5 ± 13.58
	215.5 ± 14.01
	221.8 ± 14.29

	Body weight at week 8 (g)
	398.6 ± 9.462
	457.6 ± 18.93a
	462.9 ± 17.11a
	454.9 ± 7.584a

	Body weight at week 12 (g)
	465.83 ± 11.13
	536 ± 33.24c
	509.33 ± 33.57a
	471.33 ± 15.04e

	Liver weight (% of body weight)
	2.66 ± 0.13
	4.46 ± 0.3c
	4.49 ± 0.51c
	4.33 ± 0.26c

	Hepatic triglycerides (mg/dL)
	140.60 ± 13.95
	211.00 ± 26.25a
	172.50 ± 7.89
	152.20 ± 12.68d

	Hepatic cholesterol (mg/dL)
	74.30 ± 5.58
	152.60 ± 9.44c
	112.40 ± 7.96b,e
	92.38 ± 6.66f

	Serum ALT (U/mL)
	38.80 ± 2.29
	214.00 ± 48.95c
	109.30 ± 20.85d
	86.00 ± 7.57d

	Serum AST (U/mL) 
	126.40 ± 4.72
	302.70 ± 51.72b
	211.30 ± 7.88
	137.70 ± 21.42e

	Serum ALP (U/mL)
	60.60 ± 1.80
	86.20 ± 4.60b
	91.00 ± 4.16b
	88.00 ± 6.08b


Data are expressed as the mean ± standard error of the mean (n = 6-7). aP < 0.05, bP < 0.01, cP < 0.001 vs C; dP < 0.05, eP < 0.01, fP < 0.001 vs high fat diet group. ALP: Alkaline phosphatase; ALT: Alanine transaminase; AST: Aspartate transaminase; C: Control; HFD: High fat diet; HFH: High fat diet treated with 1 mL of papaya juice/100 g body weight; HFL: High fat diet treated with 0.5 mL of papaya juice/100 g body weight. 
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