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SUMMARY: The aim of this study was to determine the impact of an obesogenic diet on biochemical and histopathological
changes in the liver of gerbils, and to evaluate the potential curative effects of 20-hydroxyecdysone (20E) in the safbglatderal.
male gerbils were divided into three groups: a control group (C) fed a control diet (carrots and lettuce), obese grajpdatbachdiet
(HC) consists of a mixture of butter (20 %), barley flour (30 %) and dry dates (50 %) for 3 months and a third group (Elzi20t) the
same obesogenic diet but supplemented with 20-hydroxyecdysone at a dose of 50 mg/kg body weight starting from the 8th week and
continuing for 4 weeks. Compared to control animals, HC-fed gerbils showed metabolic disorders accompanied by a remgdeling of |
tissue characterized by the development of steatosis, inflammation, fibrosis and enhanced oxidative stress, which atautag tontr
NASH development. The present study revealed that 20E supplementation to the diet is responsible for hepatoprotectiveugffiects t
abolished liver steatosis, markers of fibrosis and inflammation and through the inhibition of ROS and activation of antiesfdarsms.
Our research suggests that 20E may represent a suitable natural compound that prevents progression to non-alcoholiissteatohepat

KEY WORDS: High-fat/high-carbohydrate diet; Gerbil; Non-alcoholic steatohepatitis; 20-Hydroxyecdysone.

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) or Ecdysteroids are polyhydroxylated steroids present
metabolic-dysfunction- associated fatty liver diseasi@ invertebrates and plants. 20-Hydroxyecdysone (20E) is
(MAFLD), as it is now called, is one of the most commoithe most common and the main biologically active compound
chronic liver diseases worldwide (Eslamnal, 2020). Itis of ecdysteroids. A number of studies have revealed many
characterized by simple steatosis which can lead pwtential beneficial health effects of 20E in mammals,
steatohepatitis (with inflammatory infiltration) andincluding the wound-healing, immunoprotective and anti-
progressive fibrosis and can progress to cirrhosis amdteoporosis effects (Dinan & Lafont, 2006). Furthermore,
ultimately to hepatocellular carcinoma (HCC) (Ansteal, it has been reported that 20E is involved in metabolic effects
2019). The development of NAFLD is fueled by a sedentaig cell-based and animal-based studies (Seidlova-Wattke
lifestyle, low frequency of physical activity, unhealthy dietal., 2010). The hypoglycemic (Chetal, 2006) and anti-
and excessive calorie intake (Inatel, 2018). At present, obesity effects (Kumaet al, 2013) of 20E have been
several drug therapies have been recommended for themonstrated in HepG2 cells and obese rodents, respectively.
management of NAFLD, but none has exhibited sufficieowever, relatively scarce literature is available on the
efficacy on the entire scope of liver damage and theproperties of 20E as a treatment for multiple phenotypic
prolonged use may induce unfavorable effects (Pe&bni characteristics of NASH. For this study, we used a nocturnal
al., 2021). Accordingly, thus, NAFLD medication discoverydesert rodenGerbillus gerbillusa valuable natural model
and development should preferably be shifted toward natufal human diet-induced metabolic disorders and NAFLD.
sources without side effects. The specific aim of this current study was to investigate the
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effects of 20E, extracted from Cyanotis vaga, on the mairof a mixture of butter (20 %), barley flour (30 %) and
features of obesity induced NASH @Gerbillus gerbillus  dry dates (50 %) compacted in croquettes corresponding

fed a high-fat/ high-carbohydrate diet. to a daily calorific intake of 19 kcal/animal for 8 weeks
to induce obesity

MATERIAL AND METHOD - Group 3: receiving the same obesogenic diet but
supplemented with 20-hydroxyecdysone incorporated

Animals and diets into the diet (HC-20E) at a dose of 50 mg/kg body weight,

starting from the 8th week and continuing for 4 weeks.
Authorization to capture animals in the desert region
was given by the Ministry of Higher Education and The nutritional composition of this diet is described
Scientific Research (Algeria). Capture, accommodatian Table I.
and all experimental procedures were authorized by the
Institutional Animal Protection Committee of the AlgeriarfSample Collection
National Administration of Higher Education and Scientific
Research (DGRSDT; http://www.dgrsdt.dz). Permits and At the end of the experimental period, blood was
ethical rules were respected in accordance to the guidelicedected from the retro-orbital sinus of the eyes using
of the Local Institutional Animal Care Committee ofPasteur pipette. Blood samples were collected into EDTA-
USTHB University with decision number of CEEA-containing tubes. The plasma was immediately separated
USTHB-2023/11119 and were supported by the Algeridny centrifugation at 3000 rpm for 10 min &C4and rapidly
Association of Experimental Animal Sciences (Agreemerstored at -20C until analysis. Animals were killed by
2.2. Experimental protocol number 45/DGLPAG/Mecapitation; liver and different visceral adipose depots
DVA.SDA.14). were isolated and weighed. Livers were sliced; one portion
was fixed in a neutral formalin buffer solution and
The experiment included eighteen adult male gerbismbedded in paraffin for histological analysis, and the rest
(Gerbillus gerbillug, trapped in the semi-desert region ofvere stored at -8C for subsequent analysis.
Béni-Abbés (Algeria). After acclimation to laboratory
conditions in animal facilities (2€, 50 %-relative air Plasma biochemical parameters
humidity and 12:12 hours light and dark cycles) during
two weeks, gerbils were divided, individually, into three Plasma concentrations of glucose, triglycerides and
groups of six animals each: cholesterol were determined using commercial kits
(Cypress Diagnostics, Belgium). Liver function was
- Group 1: control group (C) received a control diet (carroteyaluated in the animals by measuring the plasma
lettuce and few barley seeds) for 12 weeks, correspondicmncentrations of alanine amino- transferase (ALT) and
to a daily calorie intake of 10 kcal/animal aspartate aminotransferase (AST) using commercial kits
- Group 2: obese group fed a high-calorie diet (HC) consigSypress Diagnostics, Belgium).

Table I: Composition of diets administered during the study to the different groups.

Nutriional compasition g. 100°g Barl|e_|3i/gh =t agﬁe(éa(;g?: yrate (gleJttter Lettu’c\lgl e diect:arrots
Carbohydrates 63.3 65 <1 23 6.6
Protein 112 2 0.7 0.7 08
Total fat 21 05 826 01 0.2
Water 122 20 15.6 95.1 89.4
Fibre 9.8 9 0 13 21
Energy (kcal) 314 275 717 155 36.3
Diet High Fat and Carbohydrate Diet Keltdiet
100 g Daily energy intake 100 g Daily energy intake
Energy (kcal) 375 19 25 <10

872



SEMIANE, N.; MALLEK, A.; BELLAHRECHE, Z.; MOKEDDEM, K.; SIHALI-BELOUI, O. & DAHMANI, Y. Hepatoprotective effects of 20-Hydroxyecdysone in high-fat’high carbohydrate-
fed gerbil.Int. 3. Morphol., 44(3B71-880, 2026.

Determination of TG concentration in liver Analysis —» Set measurement check area» Freehand
selections to delineate the cell Analysis -~ Measure.
The hepatic lipids were extracted using the procedure
developed by Folclet al. (1957). The concentrations of Biomarkers of oxidative stress
triglycerides in the hepatic lipid extracts were determined
using enzymatic kits (Cypress Diagnostics, Belgium).  Lipid peroxidation. The measurement of malondialdehyde
(MDA) levels using the thiobarbituric acid reactive
Histological analysis substances method was used to estimate lipid peroxidation
in liver homogenates (Ohkavea al, 1979).
Liver tissues were fixed in 10 % neutral-buffered
formalin at room temperature for 24 h. Paraffin sectiorReduced glutathione (GSH).The thiol-specific reagent
(5mm thick) were cut and deparaffinized for histologialithionitrobenzoic acid (DTNB) was used to analyze the liver
analysis. Masson’s trichrome staining was performed f@SH content using Ellman (1959) method. The sulfhydryl
overall morphology for the liver and Sirius Red staining wagroup of GSH is reacted with DTNB to create a product that
performed to visualize and quantify fibrosis. Images welie reduced by glutathione reductase to recycle GSH and
obtained using an Olympus DX51 microscope, a higlgenerate more thionitro-benzoic acid (TNB) in this process.
resolution microscope camera (MA88-500: Pre-mierel, 51hhe rate of TNB production was dependent on GSH levels,
Meg- apixels with a 1280 X 1024 resolution) at 400Xvhich were measured in nanomoles/mg protein.
magnification and captured using TSView 6.2.4.5 software.
The evaluation of catalase activity was done using
Immunohistochemistry hydrogen peroxide decomposition. The latter was monitored
at 240 nm for 10 min (Aebi, 1984). The enzyme activity
Total macrophage infiltration and neutrophils weravas calculated as millimoles of®, consumed min-1 mg-
measured using the CD68 cell antigen and myeloperoxidaserotein.
(MPO), respectively. Paraffin-embedded sections were
deparaffinized and rehydrated in decreasing concentratidhigperoxide dismutase (SOD)SOD activity was measured
of alcohol. Antigen retrieval was performed in citrate buffehyy inhibiting pyrogallol auto-oxidation. The rate of decrease
pH 6.0 at 95°C, for 20 min. Subsequently, endogenoirs optical density at 420 nm is used to measure enzyme
peroxidase blocking was performed by immersion in 5 %ctivity. One unit of enzyme was defined as the amount of
diluted hydrogen peroxide solution for 10 min. Nonspecifienzyme required to produce 50 % inhibition of pyrogallol
binding was blocked by 30 min incubation with goat seruutoxidation under the assay conditions and expressed as
albuminin PBS (3 %). Slides were then incubated overnigbfmg protein (Marklund & Marklund, 1974).
at 4 °C with appropriate primary antibodies. The mouse
anti human CD68 antibody (Invitrogen, Thermo Fisher The protein content of hepatic samples was
Scientific, USA & Canada) was used in a dilution of 1:50determined according to the Bradford’s method (Bradford,
Rabbit polyclonal anti-myeloperoxidase antibody MPO (R976), using bovine serum albumin (BSA) solution as a
& D Systems, Minneapolis, MN) was diluted 300-fold instandard.
PBS. Sections were then incubated for 1 hour at room
temperature with secondary biotinylated antibody antatistical analysis
successively, with streptavidin—peroxidase (Dako,
Denmark). The primary antibody-secondary antibody Data were statistically analyzed by performing a
antigen complex was detected using DAB. The sectionenparametric Mann-Whitney test using Prism software
were counterstained with Mayer’'s hemalum for 10 {GraphPad Prism version 6.00) to compare experimental
Positively stained cells were counted from 10 -12 fields gtoups. Data were expressed as mean standard error of the
400X using Fiji ImageJ software. mean (SEM) and considered significant at P < 0.05.

Morphometric study RESULTS

The diameter of the hepatocytes was performed, usifgfects of obesogenic diet and 20E on body weight, organs
an oil immersion objective, at 1000X magnification andveight and metabolic profile
included 300 cells selected from different fields on several
slides. We manually delineated the cellular connector of each ~ As shown in Table II, the body weight of gerbil that
cell by following this path on Fiji/lmageJ: image deposit received high calorie (HC) diet increased significantly (p <
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Table Il. Effects of high calorie (HC) and 20-hydroxyecdysone (50 mg/kg body weight) supplement on body weight,
organs weight and metabolic parameters.

C (n=6) HC (n=6) HC -20E (n=6)
Body weight (g) 24,29 +1,12 29,63 +£0,69 ** 3208 +214
Fat pads (mesentericeirenaland epidydymal) 0,38 £0,08 0,81 +0,13 1,06 0,16
Fat to body weight ratio (%) 155+0,24 2,76 £0,48 * 3,06 £0,27
Liver weight (g) 0,87 £0,02 1,34 £0,10 * 1,17 £0,07
Liver to body weight ratio (%) 3,67 +0,20 451 +035* 377 +£0,37
Plasma glucose (mg/dl) 0,85 +0,07 1,93 £0,40 ** 158 +0,17
Plasma triglycedes (mg/dl) 76,57 4,16 163,69 + 14,87 ** 183,32 +14 81
Plasma cholesterol (mg/dl) 95,37 £9,49 122,70 + 15,77 108,24 +9,02
AST (UIL) 52,93 +10,69 113,42 £ 8,54 * 79,10 +12,86
ALT (UI/L) 18,28 £+ 2,66 93,49 +16,01* 31,41 £532

Data are presented as mez®.E.M. Values are considered significantly different at *P < 0.05, **P < 0.01 (HC vs control); ++p < 0.01
(HC-20Evs.HC). C: control animals, HC: animals submitted to high-calorie diet and HC-20E: animals subjected to high-calorie diet
supplemented with 20-hydroxyecdysone (50 mg/kg body weight).

0.01) compared to gerbil fed with control diet (C). We alsonly restricted to cells surrounding the centrilobular vein,
observed a significant difference in adiposity (p < 0.05) ariddicating a marked hepatotoxicity prevention of 20E (Fig.
relative weight of liver (p < 0.01) in animal fed HC dietlA, e-f). The morphometric analysis revealed a highly
when compared to the control animals. However, a sligbignificant (P<0.001) increase in the mean diameter of the
decrease in the ratio of liver/body weight (- 10 %) wakepatocytes (hypertrophy) in the HC groups compared with
observed in animals receiving 20E (50mg/kg body weighit) the control group. However, hypertrophy was markedly
as compared to those fed HC diet. Furthermore, obesogetiécreased in 20E (50 mg/kg) treated group compared with
diet-fed gerbil exhibited a significant increase (p <0.01) im the HC group (Fig. 1B). Likewise, the HC group showed
blood glucose and triglycerides levels (p <0.01), withowdignificantly higher hepatic triglyceride content (Fig. 1C),
changes in cholesterol levels, as compared to gerbil fadd 20E supplementation significantly reduced this (- 69
control diet. 4 weeks-feeding of a high calorie die%). These results suggest that 20E has an inhibitory effect
supplemented with 20E (50mg/kg body weight) reduceah hepatic triglyceride accumulation, and therefore that it
slightly the levels of plasma glucose (- 18 %) but did nohay protect against obesogenic diet-induced hepatic
alter plasma triglyceride and cholesterol concentrationsteatosis. Liver fibrosis was further confirmed by Sirius Red
compared to the non-supplemented high calorie diet.  staining (Fig. 2A, a-c). As illustrated in Fig. 2B, HC gerbils
had approximately 3-fold increase in Sirius Red—positive
We measured liver function by examining plasmarea when compared to the control group. As shown in Fig.
ALT and AST. AST activities were increased significanth2B, treatment animals with 20E at a dose of 50 mg/kg
(p<0.01) in plasma of HC diet fed gerbils compared to thmarkedly attenuated liver fibrosis, as shown by the reduced
control gerbils which were normalized by 20ESirius Red—positive area (- 66 %).
supplementation. ALT activities were also increased
significantly in plasma of HC diet fed gerbils (p<0.01) In order to confirm immune cell presence in the livers
compared to the control group of gerbils where the treatmesftobese gerbils fed with high calorie diet, immunochemistry
with 20E (50mg/kg body weight) significantly normalizedstaining was performed on tissue sections with a CD68
ALT activities (- 66 %). antibody (Fig. 2A, d-f). The CD68 staining assay showed
that expression of CD68 was higher (+ 300 %) by obesogenic
Effect of obesogenic diet and 20E on liver pathology and diet (Fig. 2C). Immune cell infiltrates appeared in the livers
immune cell infiltration of all obese gerbils fed obesogenic diet. However, in tissues
derived from HC-20E group, the CD68 positive staining was
Examination of the Mason’s trichrome-stainedower (- 45 %) than in those from HC animals group (Fig.
hepatic tissues showed that gerbils on the control di2€). To characterize the cells contributing to inflammation,
displayed normal liver architecture (Fig. 1A, a-b), livewe identified also neutrophils by immuno-histochemical
sections of HC group exhibited an obvious disarrangemethetection of MPO (Fig. 2A, g-i). The percentage of MPO+
of hepatic cells with steatosis, fibrosis and inflammatory celtlls was markedly increased in obese gerbils compared with
infiltration (Fig. 1A, c-d). Liver sections of animals receivingcontrol animals (Fig. 2D). Neutrophils infiltrates appeared
20E (50 mg/kg) showed reduced disarrangement of hepadicthe level of the central vein and an increased marking
cells with a lack of lipid droplets and hepatocyte degeneratiamtensity at the sinusoids (Fig. 2A, h). However, in HC-20E
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Fig. 1. Effects of high calorie (HC) diet without and with 20-hydroxyecdysone (50 mg/kg body weight) supplement on
liver biology.A. Representative photomicrographs of livers stained with Masson'’s trichrome: control group shows normal
liver architecture (a and b) with cords of hepatocytes radiating from the central vein (black arrows), whereas the HC group
(c and d) demonstrates diffuse macrovesicular steatosis (asterisks), microvesicular steatosis, and inflammatory cells (red
arrows). However, 20E (e and f) reduced macrovesicular steatosis (asterisks), microvisicular steatosis, and inflammation.
Masson’s trichrome staining<400). Scale bar: 5Qm. B. Quantification of cell size (n = 3. Hepatic triglyceride

content. (Data are mearSEM for (n= 6/group). *p < 0.05, **p < 0.01 and ****p < 0.0001 between the indicated groups.
Abbreviations: PV: portal vein; CV: central vein C: control animals, HC: animals submitted to high-calorie diet and HC-
20E: animals subjected to high-calorie diet supplemented with 20-hydroxyecdysone (50 mg/kg body weight).
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group, there were marked decreases in the percentagedj. These results suggest that 20E may attenuate immune
MPO+ cells (- 144 %) when compared to the HC group (Figells infiltration and accordingly the inflammatory response.
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Fig. 2. A, a-c.Histological sections of liver tissue stained with Picrosirius fedi-f. Immunohistochemical staining for inflammation
marker CDG68 in liver tissued, g-i. Immunohistochemical staining for inflammation marker MPO in liver tissues. Magnification, X400.
Scale bar = 5Qm. Black arrows: immunopositive celB. Area percentage of Sirius Red-stained secti@nQuantification of % area of
CD68+ cellsD. Quantification of % area of MPO+ cells. (n = 3). Data are presented astn$#, **p < 0.01, ***p < 0.001 ****p <
0.0001 between the indicated groups. C: control; HC: high calorie diet; HC-20E: high calorie diet supplemented on 20-tysinosyecd
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Effect of obesogenic diet and 20E on oxidative stress

Oxidative stress, which may play a role in cellulacompared with that of HC group (Fig. 3A). Non-enzymatic
injury, was measured by examining MDA and antioxidar@ntioxidant such as GSH and antioxidant enzymes such as
levels in liver tissue homogenate. The results in all grougatalase and SOD were decreased significantly in HC group
were shown in Fig. 3. The levels of lipid peroxidation producgerbils, compared to that of control group as shown in Figs.
(hepatic MDA content) have been significantly increased i8B-D. The HC-20E group gerbils showed marked increase
HC group (+ 97 %) compared to the control group. However) the levels of SOD (+ 75 %) but did not show a significant
gerbils fed with obesogenic diet supplemented with 20E (3gfect on the levels of catalase and GSH levels when compared
mg/kg) showed significant reduction in MDA levels wherto HC group animals.
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Fig. 3. Effects of high calorie (HC) diet without and with 20-hydroxyecdysone (50 mg/kg body weight) supplement on liver
oxidative stress. (A): the levels of malondialdehyde (MDA); (B): the level of reduced glutathione (GSH); (C): the levels of
catalase (CAT) and (D): the levels of superoxide dismutase (SOD). Statistically significant comparisons; NS: not significant,
values are considered significantly different at * P< 0.05 and **< 0.01. C: control; HC: high calorie diet; HC-20E: highlizlori

supplemented on 20-hydroxyecdysone.

DISCUSSION

In this work, we have confirmed th&erbillus carbohydrate diet for 12 weeks, develops increased body
gerbillusis a reliable biological support for the study ofveight, adiposity and liver/body weight ratio when
metabolic disorders such as obesity and obesity-relate@mpared with the levels in the control gerbils, thus
metabolic diseases (NAFLD), and whose the etiology gonfirming its sensitivity to caloric overload. In the present
similar to its manifestation in humans. Our work showstudy, we also found that gerbils submitted to obesogenic
that the desert gerbil, maintained on high fat/ higdiet showed hyperglycemia and significant increase in the
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plasma TG level. Furthermore, obese gerbils show@éroxidation. It has also been shown that the balance
abnormalities in ALT and AST levels compared wittbetween oxidative stress and antioxidant defense
control animals. Our findings indicate that the high calorimechanisms may be impaired by depletion of enzymatic
diet was able to induce obesity-related NAFLD, in ouantioxidants and increased level of MDA in patients with
experimental model. These findings are in agreement wiASH. For our part, we found that gerbils fed a HC diet
several studies, which indicate that consumption of a higbxhibit greater liver oxidative stress that was evidenced
fat, high-sugar (HFHS) diet is a major contributor to thby a significant increase in MDA (+ 97 %) and a significant
incidence of obesity and related metabolic diseasesduction in SOD and GSH levels compared to that of
(Gershungt al,, 2018), including non-alcoholic fatty liver control group, probably as a consequence of a greater
disease (NAFLD). To assess the fatty liver disease, as gireduction of ROS in HC group. SOD, the first line of
first step towards NAFLD, we first determined liver weightlefense against oxygen derived free radicals, converts
and hepatic triglyceride content in the livers from C ansuperoxide anion into J@,, forming as neutral products
HC groups. Our findings showed a net increase in liv€d, and HO. This could explain the depletion of hepatic
weight that was accompanied by a significant hepat®OD reserves in our obese gerbils. Reduced glutathione
overload of triglycerides. The histopathologicalevels have been reported in NASH patients. Therefore,
examination of the liver of these same gerbils allowed patients with NASH have an impaired ability to produce
to demonstrate significant micro and macro vacuolaufficient antioxidants. This may be related to decrease in
steatosis, thus strengthening the quantitative analysisree genes involved in ROS sequestration (Cu/Zn
Jointly with this fatty infiltration, histological examination superoxide dismutase, glutathione peroxidase, and
of the gerbil liver submitted to obesogenic diet revealezhtalase) in cirrhosis secondary to NASH (Sreekwehar
signs of hypertrophy, inflammation and fibrosis in botlal., 2000).
interstitial and perivascular area. The hepatic fibro-
inflammatory lesions observed in our obese gerbilsledus  Moreover, recent studies have shown that
to be interested in characterizing the type of inflammatofgrroptosis (a novel form of iron-dependent cell death), is
infiltrate using specific markers, namely CD68 (marksvolved in the initiation and progression of NAFLD (Ji
Kupffer cells and macrophages) and MPO (marks thet al, 2022) through mechanisms involving oxidative
neutrophils) on our liver sections. Our study's resulstress and inflammatory response. These findings suggest
enabled us to demonstrate a clear increase in the numthert ferroptosis is a possible mechanism involved in the
of macrophages and neutrophils within the livepathogenesis of NASH in obese gerbil.
parenchyma of obese gerbil compared to the normal liver
which contained very few cells positive for CD68 and for Our findings indicate that treatment of animals with
MPO. All these abnormalities were associated witBOE at a dose of 50 mg/kg body weight for 4 weeks did
increased fibrosis that has been identified as the masit affect body mass and does not exhibit lipid-lowering
important predictor of prognosis in NAFLD patients, andction as demonstrated by unaltered triglyceride and
therefore a main target in experimental pharmacologicetholesterol plasmatic concentrations between obese gerbils
approaches (Heyemsal, 2021). This liver fibrosis is the fed with or without 20E. These results agree with those of
consequence of an imbalance in the synthesis aBuniamet al, 2020) which reported no effect of daily
degradation of the extracellular matrix (ECM). In the livenintragastric administration of different ecdysterone doses
hepatic stellate cells (HSCs), portal fibroblasts, an@, 10, and 20 mg/kg body weight) for 8 weeks on serum
myofibroblasts cells are the major sources of ECNtiglyceride and cholesterol concentrations in female
production (Lemoinne at al., 2013). These cells have beewariectomised Sprague Dawley rats fed a high-fat/high-
suggested to have pro-fibrogenic properties in the preseffingctose diet. Furthermore, 20E administration was
of over nutrition (Hoffmanret al, 2020). accompanied by reduced plasma glucose by 18 %. It has
been reported that 20E improves hyperglycaemia by
In addition to liver fibrosis, it is well-establishedincreasing hepatic glucose uptake and reduce hepatic
that oxidative stress is very important in the developmegtucose production by down- regulating PEPCK and
and progression of NASH. Increased lipid peroxidatio@6Pase gene expression through the activation of the
has been demonstrated in both animal models of fatty liviesulin-stimulated PI3K/Akt pathway (Sundaranal,
and patients with NASH. Free fatty acids (FFASs) are tH2012).
likely source of oxidative stress within the liver in these
patients. The products of FFA oxidation (hydrogen In our study, 20E alleviated NAFLD in the obese
peroxide, superoxide anion, and lipid peroxides) aigerbils, in fact this molecule significantly lowers liver-
capable of generating oxidative stress and subsequent lipitginated plasma enzymes (ALT and AST), hepatic
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