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Structural characterization of water-soluble polysaccharides from Nitraria retusa fruits and their antioxidant and hypolipidemic activities

Keywords: Nitraria retusa, β-(1,3)-glucan, Pectin, Biological activities

The structure, antioxidant and anti-hyperlipidemic activities of polysaccharides from Nitraria retusa fruits (named as NRFP) were investigated. The NRFP fraction, with a molecular weight of 66.5 kDa, was composed of a β-(1→3)-glucan, containing neutral sugars (69.1%) but also uronic acids up to 23.1% due to pectin structure. The monosaccharide composition highlighted a polymer composed of glucose (41.4%), galacturonic acid (30.5%), galactose (12.6%), arabinose (11.8%) and rhamnose (3.70%). In the antioxidant assays, NRFP exhibited effective total antioxidant capacity (IC 50 = 7.82 mg/mL), scavenging activities on DPPH radical (IC 50 = 0.87 mg/mL) and hydrogen peroxide (IC 50 = 2.03 mg/mL). In addition, NRFP proved protective effects on H 2 O 2 induced hemolysis (IC 50 = 66.2 µg/mL). In vivo NRFP reduced the hyperlipidemia, hepatotoxicity, cardiovascular and coronary diseases induced by Triton X-100.

Introduction

Plant polysaccharides are natural polymers certified as nontoxic, biodegradable and do not induce any side effects. In recent years, they have attracted wide attention owing to their multiple functional properties, e.g., emulsifying, foaming, water-holding and oil-holding capacities [START_REF] Tan | Polysaccharide with antioxidant, α-amylase inhibitory and ACE inhibitory activities from Momordica charantia[END_REF].

Polysaccharides have many biological activities, including anti-inflammatory and hepatoprotective effects [START_REF] Silva | Evaluation of anti-inflammatory potential of aqueous extract and polysaccharide fraction of Thuja occidentalis Linn. in mice[END_REF][START_REF] Liu | Anti-inflammatory and hepatoprotective effects of Ganoderma lucidum polysaccharides on carbon tetrachlorideinduced hepatocyte damage in common carp (Cyprinus carpio L.) Inter[END_REF], antioxidant and antimicrobial properties [START_REF] Ferreira | Chemical features of Ganoderma polysaccharides with antioxidant, antitumor and antimicrobial activities[END_REF], but also antitumor and immunomodulatory activities [START_REF] Li | Purification, antitumor and immunomodulatory activity of polysaccharides from soybean residue fermented with Morchella esculenta[END_REF]. Another beneficial effect of natural polysaccharides is the ability to scavenge free radicals, such as hydroxyl radicals, ABTS (2,2'-azino-bis(3ethylbenzothiazoline-6-sulphonic acid)), DPPH (2,2-diphenyl-1-picrylhydrazyl) and superoxide radicals. In fact, natural polymers play a crucial role in defending against oxidative stress in human organisms and protect against associated diseases like neurological, cardiovascular, asthma and diabetes diseases [START_REF] Wang | Reviews on mechanisms of in vitro antioxidant activity of polysaccharides[END_REF]. In addition, several researchers have reported that polysaccharides have anti-nociceptive effects and reduce leukocyte migration and cytokine amounts (TNF-α and IL-8) [START_REF] Mzoughi | Optimized extraction of pectin-like polysaccharide from Suaeda fruticosa leaves: Characterization, antioxidant, anti-inflammatory and analgesic activities[END_REF][START_REF] Haddad | Cytokines and related receptor-mediated signaling pathways[END_REF]. Few studies have also reported that natural polysaccharides exhibit potential anti-hyperlipidemic activities in vivo [START_REF] Yang | Antihyperlipidemic and hepatoprotective activities of polysaccharide fraction from Cyclocarya paliurus in high-fat emulsion-induced hyperlipidaemic mice[END_REF][START_REF] Xu | Antioxidant and anti-hyperlipidemic effects of mycelia zinc polysaccharides by Pleurotus eryngii var. tuoliensis[END_REF].

Hyperlipidemia described as hypercholesterolemia is the key risk factors that intensify and accelerate the progression of atherosclerotic lesions and the development of cardiovascular disease, which are the most common causes of death in the developed world [START_REF] Cannon | Cardiovascular disease and modifiable cardiometabolic risk factors[END_REF]. Accordingly, treatment of hyperlipidemia can mitigate the risk of the occurrence of these diseases. Moreover, previous studies have demonstrated the role of reactive oxygen species in the complications of hypercholesterolemia [START_REF] Yang | Antihyperlipidemic and hepatoprotective activities of polysaccharide fraction from Cyclocarya paliurus in high-fat emulsion-induced hyperlipidaemic mice[END_REF][START_REF] Xu | Antioxidant and anti-hyperlipidemic effects of mycelia zinc polysaccharides by Pleurotus eryngii var. tuoliensis[END_REF][START_REF] Zhao | The antihyperlipidemic activities of enzymatic and acidic intracellular polysaccharides by Termitomyces albuminosus[END_REF]. This pathology can be treatable by cholesterol-lowering therapies. However, the use of synthetic drugs (niacin, statin and fibrate) is frequently linked to various side effects, essentially the inflammation of the liver, adnominal skin rashes and constipation [START_REF] Lim | How to balance cardiorenometabolic benefits and risks of statins[END_REF]. Hence, given their important exploration as functional and safe bioactive constituents, carbohydrates from plant sources can be screened as new drugs for preventing hypercholesterolemia and related complications.

The genus Nitraria of the family Nitrariaceae comprises 13 species that are distributed in the northwest province of China, Europe, Australia, Asia, and Africa. These plants have wide application in traditional medicine and have been used for the treatment of diverse diseases, such as hypertension for N. sibirica [START_REF] Senejoux | Vasorelaxant and hypotensive effects of a hydroalcoholic extract from the fruits of Nitraria sibirica Pall. (Nitrariaceae)[END_REF], anti-arrhythmic for N. tangutorum [START_REF] Duan | Tangutorine: A novel βcarboline alkaloid from Nitraria tangutorum[END_REF] and antispasmodic for N. schoberi [START_REF] Rad | Biological synthesis of gold and silver nanoparticles by Nitraria schoberi fruits[END_REF]. Recent scientific studies have demonstrated the hypolipidemic effect of anthocyanins from the fruits of N. tangutorun [START_REF] Ma | In vitro and in vivo biological activities of anthocyanins from Nitraria tangutorun Bobr[END_REF].

Nitraria retusa is a resistant shrub plant, widespread in Tunisia, Saudi Arabia, Egypt, Jordan and Algeria. In Tunisia, it is popularly known as Ghardaq. Leaves infusion are used to treat manifold inflammatory states and wounds [START_REF] Le Floc'h | Contribution a une étude Ethnobotanique de la Flore tunisienne[END_REF]. The ethnopharmacological studies have demonstrated that N. retusa possesses multiple biological activities, mainly anti-proliferative and antioxidant properties [START_REF] Salem | Biological activities of flavonoids from Nitraria retusa (Forssk.) Asch. and their acylated derivatives[END_REF], anti-microbial and anti-obesity effects [START_REF] Chaâbane | Antioxidant and antimicrobial properties of the extracts from Nitraria retusa fruits and their applications to meat product preservation[END_REF][START_REF] Kalai | Antiobesity effects of an edible halophyte Nitraria retusa Forssk in 3T3-L1 preadipocyte differentiation and in C57B6J/L mice fed a high fat diet-induced obesity[END_REF] and hepato-nephroprotective activities [START_REF] Chaâbane | Nitraria retusa fruit prevents penconazole-induced kidney injury in adult rats through modulation of oxidative stress and histopathological changes[END_REF][START_REF] Chaâbane | The protective potential of Nitraria retusa on penconazoleinduced hepatic injury in adult rats[END_REF]. The pharmacological properties attributed to N. retusa are assigned to variety of compounds, such as alkaloids, flavonoids (isorhamnetin) and essential oils [START_REF] Salem | Biological activities of flavonoids from Nitraria retusa (Forssk.) Asch. and their acylated derivatives[END_REF][START_REF] Mohamed | Comparative study of antioxidant activities of Nitraria retusa and quantification of its bioactive components by GC/MS[END_REF][START_REF] Tulyaganov | Alkaloids from plants of the Nitraria genus. Structure of sibiridine[END_REF]. Despite all these reports on the phytochemical and therapeutic effects of N. retusa, none information is available about the characterization of its polysaccharides and associated biological activities.

Thus, this paper deals with the structural analysis of a water-soluble polysaccharide (NRFP) extracted from the fruits of N. retusa. Various biological properties were also investigated, i.e. in vitro antioxidant activities, in vivo hepatoprotective, in vivo cardioprotective and in vivo hypolipidemic properties in mice model.

Materials and methods

Plant material and chemicals

Nitraria retusa fruits were sampled from Tabeddit, Gafsa (34°25'60" N latitude and 8°16'0"E longitude), in November 2016, identified and deposited at the herbarium in the Faculty of Sciences Gafsa, Tunisia. The fruits were washed with cold water, dried under shade, grounded to a fine powder (< 50 mesh) and stored at room temperature until further uses. All chemicals were from Sigma-Aldrich and of analytical grade.

Extraction and purification of NRFP from N. retusa fruits

N. retusa fruits powder was at first extracted using ethanol (95%) to remove pigments, then extracted using hot water for 2 h at 100°C. After centrifugation at 5000 rpm for 20 min using a refrigerated centrifuge (Thermo Jouan GR4i, Germany), the supernatant was precipitated overnight at 4°C by adding cold anhydrous ethanol (95%). The crude polysaccharide (CP) obtained after a new centrifugation (4500 rpm, 15 min, 4°C) was deproteinized by Sevag method. Briefly, CP was dissolved in distilled water and extracted with four volumes of chloroform and one volume of n-butanol. The obtained aqueous fraction was dialyzed against double-distilled water for three days. The solution was then adjusted to 80% concentration using ethanol and conserved at 4°C for 24 h. After centrifugation (4500 rpm, 20 min, 4°C), the precipitate was suspended in distilled water and freeze dried to obtain the polysaccharide fraction called NRFP.

Biochemical composition of NRFP

The total carbohydrate was estimated using the phenol-sulfuric acid method using glucose as standard [START_REF] Dubois | Colorimetric method for determination of sugars and related substances[END_REF]. The protein content was determined using the Bradford assay with bovine serum albumin as standard [START_REF] Bradford | A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding[END_REF]. Total neutral sugar, total phenolic compounds and uronic acid contents were obtained using respectively the sulfuric-resorcinol [START_REF] Monsigny | Colorimetric determination of neutral sugars by a resorcinol sulphuric acid micromethod[END_REF], Folin-Ciocalteu [START_REF] Singleton | Analysis of total phenols and other oxidation substrates and antioxidants by means of folin-ciocalteu reagent[END_REF] and mhydroxydiphenyl methods [START_REF] Blumenkrantz | New method for quantitative determination of uronic acids[END_REF]. Carbon, hydrogen and nitrogen contents were carried out using elemental analyzer (Perkin Elmer analyzer, model 2400). Total starch and β-glucan assay kits (Megazyme) were used to determine both the presence of β-(1,3)/(1,4)-D-glucan and α-(1,4)/(1,6)-D-glucan and more particularly identify anomeric configuration of glucan structure.

Structural features of NRFP

Fourier-transform infrared spectroscopy (FT-IR) analysis

FT-IR spectra of NRFP were recorded on a VERTEX 70 FTIR instrument. The sample was dispersed on an ATR A225 diamante. Fifty scans were saved at room temperature (reference against air) with a spectrum range of 4000-400 cm -1 . The results were analyzed with OPUS 7.2 software.

High-pressure size exclusion chromatography analysis (HPSEC)

The average molecular weight of NRFP was evaluated by HPSEC (HPLC 1100 series, Agilent) with a differential refractive index (DRI) (RIDG1362, Agilent). Columns (TSKgel PWXK guard column, TSKgel PWXL 5000 and 3000, Tosoh Bioscience) were eluted with NaNO 3 0.1M. Calibration was performed using pullulan standards (10 g/L) from 1.3 to 800 kDa. The sample was solubilized at 10 g/L in NaNO 3 0.1M during 24 h under stirring before injection (20 µL).

The number average molecular weight (M n ), weight average molecular weight (M w ) and polydispersity index (PDI) were determined using the following Equations 1-3:

= ∑ ∑ (1) = ∑ ² ∑ (2) = ( 3 
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where N i is the number of moles of polymer species and M i the molecular weight of polymer species.

Monosaccharide composition

Trimethylsilyl-O-glycosides were prepared prior to GC/MS-EI analysis. NRFP (10 mg) was dissolved in TFA 2 M (1 mL) and heated at 120 °C for 90 min. The mixture was then evaporated under nitrogen stream. The derivatization of hydrolysates was possible using BSTFA: TMCS (99:1) as described by Pierre et al. [START_REF] Pierre | Seasonal dynamics of extracellular polymeric substances (EPS) in surface sediments of a diatomdominated intertidal mudflat (Marennes-Oléron, France)[END_REF]. The trimethylsilyl-O-glycosides were finally solubilized into dichloromethane. The same procedure was repeated using standard monosaccharides (Ara, Fuc, Rha, Glc, Gal, Xyl, GlcA, Man and GalA) and subjected to GC/MS-EI analysis using an 

Analysis of glycosyl-linkage composition

Pellets of solid NaOH/DMSO were prepared following the method of Ciucanu and Kerek [START_REF] Ciucanu | A simple and rapid method for the permethylation of carbohydrates[END_REF] and used for the methylation step, which was adapted from Peña et al. [START_REF] Peña | Methods for structural characterization of the products of cellulose-and xyloglucan hydrolyzing enzymes[END_REF]. The conversion of methylated residues to partially-O-methylated alditols acetate (PMAA) derivatives was adapted from the protocols of Blakeney et al. [START_REF] Blakeney | A simple and rapid preparation of alditols acetates for monosaccharide analysis[END_REF], Carpita and Shea [START_REF] Carpita | Linkage structure of carbohydrates by gas chromatography-mass spectrometry (GC-MS) of partially methylated alditol acetates[END_REF] and Peña et al. (2012) [START_REF] Peña | Methods for structural characterization of the products of cellulose-and xyloglucan hydrolyzing enzymes[END_REF].

PMAA derivatives were finally re-suspended into 200 µL of dichloromethane. Analyses were carried out by GC/MS-EI using the same apparatus as previously described. The rise in temperature was programmed for a first step at 80°C during 2 min, an increment of 30°C/min up to 170°C then a second increment of 4°C/min up to 240°C and a final level at 240°C for 20 min.

Note that the samples were injected in splitless mode.

X-ray diffraction (XRD) analyses

The XRD pattern of NRFP was recorded at room temperature by a Siemens Bruker D5000 X-ray diffractometer (Siemens, Texas, USA). The samples were collected in the 2θ range 5° to 60° with a step size of 0.02° and a counting time of 0.78 s/step.

Biological properties of NFRP

Antioxidant activities in vitro

Total antioxidant capacity

This test was carried using the method described by Prieto et al. [START_REF] Prieto | Spectrophotometric quantitation of antioxidant capacity through the formation of a phosphomolybdenum complex: specific application to the determination of vitamin E[END_REF]. Different concentrations (2-12 mg/mL) of the sample were prepared. Then, 1 mL of the reagent solution of sulfuric acid, sodium phosphate and ammonium molybdate at concentrations of 0.6 M, 28 mM and 4 mM, respectively, were mixed with 0.1 mL of various concentrations. The tubes were incubated in a boiling water bath at 95°C for 90 min. After cooling the absorbance was measured at 695 nm.

Vitamin C was used as positive control.

DPPH radical scavenging assay

The effect of NRFP on DPPH radical was determined following the method reported by Bounatirou et al. [START_REF] Bounatirou | Chemical composition, antioxidant and antibacterial activities of the essential oils isolated from Tunisian Thymus capitatus Hoff. et Link[END_REF] with slight modifications. 500 µL of different concentrations (0.25-4 mg/mL) of NRFP were mixed with 125 µL DPPH methanolic solution (0.02% w/v) and 375 µL of methanol. The control tube was prepared using all reagents except the polysaccharide while ascorbic acid was used as the positive control. After 30 min of incubation in the dark, the absorbance was measured at 515 nm. NRFP scavenging activity on DPPH radical was calculated using Equation 4.

Inhibition % = !" # ! $ %& !" # '(%" !" # ! $ % × 100 (4) 

Hydrogen peroxide (H 2 O 2 ) scavenging assay

This test was done using the method of Liu et al. [START_REF] Liu | In vitro and in vivo antioxidant activity of exopolysaccharides from endophytic bacterium Paenibacillus polymyxa EJS-3[END_REF]. One milliliter of the sample with different concentration (0.1-5 mg/mL) was mixed with 2.4 mL of phosphate buffer (0.1 M, pH 7.4) and 0.6 mL of H 2 O 2 solution (40 mM). The mixture was shaken vigorously and incubated at room temperature for 10 min. Ascorbic acid was used as positive control. The absorbance was measured at 230 nm. The scavenging activity was calculated using Equation 4.

Hemolysis inhibitory assay

This assay was conducted using H 2 O 2 as an inducer of oxidative stress in vitro. EDTA tubes containing 15 mL of fresh blood were centrifuged for 15 min at 1,000 rpm to obtain red blood cells (RBCs). The latter were suspended in phosphate buffer solution (PBS) (10 mM, pH 7.4) and centrifuged at 4500 rpm at 4°C for 10 min. The erythrocytes were washed 3 times with PBS and finally diluted in PBS to give a solution at 2% (w/v). Serial dilutions of polysaccharide ranging from 10 to 250 µg/mL were prepared in PBS. 500 µL of H 2 O 2 at 7.5 mM were used to induce hemolysis. After 1h of incubation at 37°C, the absorbance of the supernatant was measured at 540 nm. Ascorbic acid (5-200 µg/mL) was the positive control. Hemolysis inhibition (%) was calculated using Equation 5.

Hemolysis inhibition % = 2& 3 !" # '(%" !" # ! $ % × 100 (5) 

Anti-hyperlipidemic activity in vivo

Experimental animals and toxicity study

The anti-hyperlipidemic effect of NRFP was tested on Swiss albino male mice of about 25- for the presence of toxic symptoms and death rate within 12 and 24 hours. Also, at the end of the study, the mice were sacrificed, and histopathological changes were denoted.

Induction of hyperlipidemia

Seven groups of mice, six in each received the following treatment:

Group-I: control group; mice received normal saline solution.

Group-II: NRFP treated control group; mice were orally (p.o.) treated with NRFP (500 mg/kg, b.w.) for 7 days Group-III: Reference drug treated control group; mice were orally administered with atorvastatin (10 mg/kg, b.w., p.o.) for 7 days [START_REF] Shafik | Synergistic cardioprotective effects of combined chromium picolinate and atorvastatin treatment in triton X-100-induced hyperlipidemia in rats: impact on some biochemical markers[END_REF].

Group-IV: Hyperlipidemia in mice was induced by a single intraperitoneal injection of Triton X-100 (100 mg/kg, b.w., ip) in normal saline solution [START_REF] Gundamaraju | Antihyperlipidemic potential of Albizia amara (Roxb) Boiv. bark against Triton X-100 induced hyperlipidemic condition in rats[END_REF].

Group-V: Hyperlipidemic mice treated with low dose of NRFP (250 mg/kg, b.w., p.o.) for 7 days.

Group-VI: Hyperlipidemic mice treated with high dose of NRFP (500 mg/kg, b.w., p.o.) for 7 days.

Group-VII: Hyperlipidemic mice treated with atorvastatin (10 mg/kg, b.w., p.o.) for 7 days.

Preparation of samples

Twenty-four hours after the last treatment, animals were sacrificed by cervical decapitation under light ether anesthesia. The serum was collected by centrifugation of the whole blood at 3500 rpm for 15 min at 4°C and stored at -80 °C until analysis. Liver and heart samples were quickly removed. One part was washed in ice-cold 1.15% potassium chloride solution, homogenized into 2 ml ice-cold buffer (pH 7.4) and centrifuged for 30 min at 9000 rpm, 4 °C.

The collected supernatants were stored at -20 °C until the analysis. The other parts of tissues were fixed immediately in 10% formalin for histopathological examination.

Determination of lipid profile parameters

Triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL)-cholesterol, lowdensity lipoprotein (LDL)-cholesterol were measured using an auto-analyzer (Roche Cobas C 311, Germany). Very low-density lipoprotein-cholesterol (VLDL-C), cardiac index (CI), atherogenic index (AI) and coronary artery index (CAI) were calculated following Equations ( 6)-( 9) [START_REF] Kang | Effects of two P/S ratios with same peroxidizability index value and antioxidants supplementation on serum lipid concentration and hepatic enzyme activities of rats[END_REF][START_REF] Kayamori | Effects of dietary nasunin on the serum cholesterol level in rats[END_REF].
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Determination of lipid peroxidation levels

To estimate the degree of lipid peroxidation in liver and heart tissues, 100 µl of each homogenate supernatants were added to 100 µl of trichloroacetic acid (TCA, 5%) and the mixture were centrifuged at 3000 rpm for 10 min. After that, 100 µl of the supernatant and 200 µl of thiobarbituric acid reagent (TBA, 0.67% w/v) were incubated for 15 min on a boiling water bath.

The level of lipids peroxidation was measured as thiobarbituric acid reactive substances (TBARS) and was calculated as malondialdehyde (MDA) formation, in accordance with the method of Draper and Hadley, [START_REF] Draper | Malondialdehyde determination as index of lipid peroxidation[END_REF] and expressed in nmoles/mg of protein.

Serum biochemical analysis

Serum liver biomarkers, i.e. alanine aminotransferase (ALT), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) were assayed using commercial reagent kits from Biomaghreb (Tunisia).

Histopathological observations

Liver and heart sections fixed in 10% formalin were washed with distilled water and treated by a series of alcohol baths and embedded in paraffin. Next, they were cut at 4-6 µm thickness, stained with hematoxylin-eosin and observed under a microscope. Meanwhile, 10 µm-frozen liver tissues were cut using a cryostat followed by quantitative analysis of lipid deposition by Oil red-O staining using Harris haematoxylin for nucleus coloration, as described by Han et al.

(2015) [START_REF] Han | Korean Red Ginseng attenuates ethanol-induced steatosis and oxidative stress via AMPK/ Sirt1 activation[END_REF]. Tissues preparations were observed and micro-photographed under a light Olympus CX31 microscope.

Statistical analysis

Statistical analysis was performed using the SPSS software program (PASW Statistics 18.0). All data were analyzed using one-way analysis of variance (ANOVA) and Student's t-test.

Differences were considered significant at p < 0.05.

Results and discussion

NRFP composition

The results of chemical properties of NRFP are shown in Table 1. The extraction yield of NRFP was about 8.65% (w/w), which was lower than for a polysaccharide extracted from N.

tangutorum fruits (14.01%) [START_REF] Zhao | Purification, structure and anti-oxidation of polysaccharides from the fruit of Nitraria tangutorum Bobr[END_REF]. The carbohydrate content of NRFP measured by the phenolsulfuric acid method was of 67.03% and that of protein 18.67%. High protein content was already reported for Citrus aurantium L. polysaccharides (17.01%) and chickpea flours watersoluble polysaccharides (11.22%) [START_REF] Ghribi | Structural, functional, and ACE inhibitory properties of water-soluble polysaccharides from chickpea flours[END_REF][START_REF] Wang | Structural characterization and antioxidant activities of polysaccharides from Citrus aurantium L[END_REF]. However, Khemakhem et al. [START_REF] Khemakhem | Structural, antioxidant and antibacterial activities of polysaccharides extracted from olive leaves[END_REF] reported lower protein content for Olea europaea L. polysaccharides (1.07%). Indeed, the deproteination and extraction procedures played a significant role in the protein content of polysaccharides. The phenolic compounds content was close to 5.46%. Enzymatic assays showed the absence of α-

(1,4)/(1,6)-D-glucan from starch material (0.02%) inside NRFP. The elemental analysis of NRFP showed that carbon and hydrogen contents were 5.03% and 1.00% respectively. The ratio of carbon to hydrogen was consistent with the ratio of other polysaccharides [START_REF] Suvakanta | Optimization and characterization of purified polysaccharide from Musa sapientum L. as a pharmaceutical excipient[END_REF].

The homogeneity and molecular weight of NRFP were evaluated using HPSEC system (Fig. 1S).

NRFPP showed a molecular weight around 66.5 x 10 3 g/mol with a low PDI value (1.18) highlighting the low polydispersity of NRFP (Table 2). The monosaccharide analysis (Fig. 2S) of NRFP after its acidic hydrolysis showed that it contained Glc, GalA, Ara and Rha. The predominant monosaccharides were Glc and GalA with a molar ratio of 41.4% and 30.5%, respectively. The minor constituents were Ara (11.8%) but mainly Rha with a molar ratio of 3.71%. These results were consistent with the colorimetric assays (Table 1). This composition was slightly different from the fruit polysaccharides isolated from N. tangutorum which was mainly composed of Glc for NTWP-I and Rha, Gal, Glc, Ara and Man for NTWP-II after a separation on DEAE cellulose column [START_REF] Zhao | Purification, structure and anti-oxidation of polysaccharides from the fruit of Nitraria tangutorum Bobr[END_REF]. All the above differences might be due to the species of plants, plant state, extraction, and purification methods [START_REF] Zhu | Physicochemical properties and in vitro antioxidant activities of polysaccharide from Artocarpus heterophyllus Lam. Pulp[END_REF]. It is important to point out that, up to now, the research on the purification, structural and biological characterization of polysaccharides of the genus Nitraria is very limited; on the contrary to other phytochemicals (for example alkaloids or flavonoids) [START_REF] Tulyaganov | Alkaloids from plants of the Nitraria genus. Structure of sibiridine[END_REF][START_REF] Du | Pharmacology and phytochemistry of the Nitraria genus[END_REF].

FT-IR spectra

The FTIR spectrum of NRFP illustrated the typical characteristic signals of polysaccharides (Fig. 1A). The band at 3281 cm -1 showed strong hydroxyl groups signals of polysaccharides and water. The absorption bands at around 1607, 1231 and 1015 cm -1 belonged to the C-H vibration of the polysaccharide [START_REF] Palanisamy | Investigation of antioxidant and anticancer potential of fucoidan from Sargassum polycystum[END_REF][START_REF] Palanisamy | In vitro antioxidant and antibacterial activity of sulfated polysaccharides isolated from Spatoglossum asperum[END_REF]. The characteristic absorption at 1738 cm -1 was allocated to a rhamnogalacturonan structure in NRFP [START_REF] Kungel | Antioxidant and antimicrobial activities of a purified polysaccharide from yerba mate (Ilex paraguariensis)[END_REF]. The absorbance band at 1607 cm -1 was attributed to carbonyl ester (C=O) groups [START_REF] Liu | Optimization of polysaccharides from Lycium ruthenicum fruit using RSM and its anti-oxidant activity[END_REF], showing the presence of uronic acids in NRFP. This result was in agreement with the GC/MS-EI analysis that galacturonic acid was detected. The absorption band at 1403 cm -1 was attributed to C-O symmetric stretching vibration of the carboxyl group. The areas between 1200 -800 cm -1 were a typical fingerprint for carbohydrates.

These include C-O-C glycosidic bond vibrations and C-O-H links [START_REF] Cheng | Structural characterization and antioxidant activities of polysaccharides extracted from Epimedium acuminatum[END_REF]. Moreover, the peak at 763 cm -1 might be attributed to the existence of β-configuration of pyranoses [START_REF] Zhu | Characterization and hypoglycemic effect of a polysaccharide extracted from the fruit of Lycium barbarum L[END_REF].

X-ray diffraction

The X-ray diffraction was used to examine the amorphous or crystalline structure of NRFP (Fig. 1B). The diffraction curve of NRFP showed a series of sharp peaks at 15°, 27.51°, 32.12°, 40.91°, 46.58° and 56.54° (2θ) suggesting a large degree of crystallinity. Combined to a broad peak at 21.57° (2θ), these results highlighted a crystalline backbone inside the amorphous structure of NRFP, which was consistent with other polysaccharides [START_REF] Suvakanta | Optimization and characterization of purified polysaccharide from Musa sapientum L. as a pharmaceutical excipient[END_REF].

Glycosyl-linkage analysis

The PMAA derived from NRFP were subjected to GC/MS-EI analysis with the aim to identify the glycosidic linkages (Table 3, Figure 3S). The results revealed the exclusive presence of main residues of 1,3-linked Glcp (26.30%), 1,4-linked Galp (28.7%), 1,3,6-linked Glcp (10.2%), terminal Galp (9.33%), terminal Glcp (8.72%) as well as units of Araf (9.41%) and Rhap (4.48%). This composition agreed with that obtained after TMS derivatization (Table 2) since the fraction was essentially composed of glucose (45.2%), galactose and galacturonic acid (38.0%), arabinose (12.3%) as well as rhamnose (4.48%) residues. These results suggested that NRFP was a glucan composed of (1→3)-linked D-Glcp as main backbone co-extracted with a pectin structure, and probably some HGA (Homogalacturonan) and RG-1 (RhamnoGalacturonan I) segments according to the following pattern presented in Fig. 2. This result was surprising regarding the low dispersity found in the fraction. The β-configuration was confirmed regarding the absence of starch material using a total starch assay kit (Table 1), which was consistent with the results obtained by Ni et al. [START_REF] Ni | Anti-fatigue activity of polysaccharides from the fruits of four Tibetan plateau indigenous medicinal plants[END_REF], the observation made by FTIR and the partial hydrolysis [59] which showed the presence of glucan and RG1 structures in a fraction obtained from Nitraria tangutorum Bobr. Fruits.

In vitro antioxidant activities

The antioxidant activities of NRFP were investigated using three complementary assays, namely the phosphomolybdenum test, the scavenging ability of hydrogen peroxide and DPPH (Fig. 3).

The overall antioxidant activity of NRFP at different concentrations, measured by the phosphomolybdenum assay, is shown in Fig. 3A. The results revealed that the antioxidant activity of NRFP increased along with increasing concentrations from 2 to 12 mg/mL. The maximum of 80.89% inhibition was detected at the concentration of 12 mg/mL. At this concentration, vitamin C, used as positive control, showed an antioxidant activity of 93.36%.

The half maximal inhibitory concentration (IC 50 ) value of the polysaccharide was determined to be close to 7.82 mg/mL, whereas, vitamin C showed an IC 50 value of 2.03 mg/mL. Moreover, the DPPH radical scavenging activities of NRFP and vitamin C are shown in Fig. 3B. The scavenging rates of NRFP were found in the range of 25.28%-77.72% from 0.25-4 mg/mL. The IC 50 values were estimated at 870 and 380 µg/mL for NRFP and vitamin C, respectively. The results revealed that the scavenging ability of NRFP was higher when compared to that of polysaccharides extracted from N. tangutorum fruits [START_REF] Zhao | Purification, structure and anti-oxidation of polysaccharides from the fruit of Nitraria tangutorum Bobr[END_REF]. It has been considered that the antioxidant activities of polysaccharides are influenced by their structure and chemical composition. Our research indicated that NRFP contained high uronic acids and protein contents, which have been reported to be effective in better antioxidant activity management [START_REF] Chen | Antioxidant activities of different fractions of polysaccharide conjugates from green tea (Camellia Sinensis)[END_REF].

Furthermore, we assumed that the strong antioxidant activity of NRFP may be related to the presence of functional groups, such as C=O and OH [START_REF] Wang | Effect of extraction media on preliminary characterizations and antioxidant activities of Phellinus linteus polysaccharides[END_REF]. Likewise, it is possible that the monosaccharide composition of NRFP including Rha, Glc, GalA, and Ara might explain its potent radical scavenging activity [START_REF] Liu | Antioxidant activity of polysaccharide fractions extracted from Athyrium multidentatum (Doll.) Ching[END_REF].

The in vitro hydrogen peroxide scavenging activity of NRFP was also tested. As illustrated in Fig. 3C, all concentrations showed a concentration-dependent scavenging activity towards H 2 O 2 .

At 5 mg/mL, the H 2 O 2 scavenging activity of NRFP was closed to 79.25%. These results were consistent with other reports involving natural polysaccharides including pectin HG/RG1 fractions [START_REF] Liu | A review of bioactive plant polysaccharides: Biological activities, functionalization, and biomedical applications[END_REF]. Moreover, this antiradical activity was in accordance with that depicted in the DPPH radical scavenging activity, indicating that NRFP possessed a certain antioxidant effect.

Besides the chemical and monosaccharide composition, an electron-transfer mechanism also might affect the bioactivity of NRFP [START_REF] Mzoughi | Optimized extraction of pectin-like polysaccharide from Suaeda fruticosa leaves: Characterization, antioxidant, anti-inflammatory and analgesic activities[END_REF][START_REF] Zhu | Physicochemical properties and in vitro antioxidant activities of polysaccharide from Artocarpus heterophyllus Lam. Pulp[END_REF]. Thus, NRFP could be considered as potential ROS scavenger not only through a single factor but a combination of diverse factors. However, due to the unavailability of complete structural characterization of NRFP, these effects and underlying mechanisms still incomplete, and future studies will be needed.

Inhibition of erythrocyte oxidative hemolysis induced by H 2 O 2

Numerous in vitro and in vivo investigations have demonstrated that reactive oxygen species (ROS) produced by endogenous and exogenous sources affect many parameters of erythrocyte function, which increases oxidative stress [START_REF] Bukowska | Phenoxyherbicides induce production of free radicals in human erythrocytes: oxidation of dichlorodihydrofluorescine and dihydrorhodamine 123 by 2, 4-D-Na and MCPA-Na[END_REF][START_REF] Miki | Free-radical chain oxidation of rat red blood cells by molecular oxygen and its inhibition by α-tocopherol[END_REF]. The later can cause disruption of the erythrocyte membranes and even induce hemolysis, resulting in the liberation of hemoglobin into plasma. Among the different ROS, the hydrogen peroxide is widely considered as a cytotoxic agent, because it induces a threat to the integrity of the erythrocytes and causes various biochemical perturbations [START_REF] Tavazzi | Energy metabolism and lipid peroxidation of human erythrocytes as a function of increased oxidative stress[END_REF]. In this study, H 2 O 2 -induced oxidative stress damage in erythrocytes was used to assess the antioxidant activity of NRFP. As seen in Fig. 3D, the hemolysis induced by H 2 O 2 was significantly inhibited with the increment in NFRP concentrations, which was consistent with the results of the aforementioned antioxidant activities. At the concentration of 250 µg/mL, the inhibitory rate of hemolysis was 84.69 %. The IC 50 value of NRFP on H 2 O 2 -induced hemolysis was 66.2 µg/mL. This significant hemolysis inhibitory activity was much less effective than that of vitamin C (IC 50 = 18.91 µg/mL) but higher than those reported for polysaccharides isolated from Diaphragma juglandis [START_REF] Meng | Inhibitory effects of polysaccharide from Diaphragma juglandis fructus on α-amylase and α-d-glucosidase activity, streptozotocininduced hyperglycemia model, advanced glycation end-products formation, and H 2 O 2induced oxidative damage[END_REF]. Despite the limited data available on the protective effect of polysaccharide on oxidative stress-induced human erythrocytes injuries, it could be possible that the anti-hemolytic activity of NRFP occurs mainly due to their active hydroxyl groups that can scavenge ROS (like H 2 O 2 ) [START_REF] Zhang | Effects of several acetylated chitooligosaccharides on antioxidation, antiglycation and NO generation in erythrocyte[END_REF].

Anti-hyperlipidemic activity in vivo

Toxicity study

The estimation of the acute oral toxicity of the polysaccharide attested that it was nontoxic and did not generate any behavioral changes with the doses of 75-1000 mg/kg during the 24h of the observation period. Moreover, the light microscopic examination of all vital organs such as the heart, kidneys, and liver tissues revealed normal histological structures (data not shown).

Effects of NRFP on serum lipid profiles and lipoproteins

In this study, dyslipidemia has been successfully induced in mice using Triton X-100. This nonionic detergent has been chosen due to its availability and appropriateness. Clinically, the alterations in lipid profile were principally investigated by measuring the levels of TG, TC, LDL-C, VLDL-C and HDL-C. Elevated TG levels accelerated risks for coronary heart diseases and, therefore, the decrease in TG levels using natural polysaccharides from edible and medicinal plants will be advantageous to prevent from heart attacks and the development of atherosclerosis.

Following Triton X-100 injection, serum TC, TG levels, and LDL-C were significantly raised by 68.18%, 72.47%, and 41.48%, respectively, while HDL-C was significantly reduced by 36.48% in the hyperlipidemic control group compared with the normal control mice, demonstrating that hyperlipidemia was readily induced (Fig. 4A-E) [START_REF] Gundamaraju | Antihyperlipidemic potential of Albizia amara (Roxb) Boiv. bark against Triton X-100 induced hyperlipidemic condition in rats[END_REF]. Oral treatment with NRFP (250-500 mg/kg) and atorvastatin (10 mg/kg) for seven days after Triton X-100 injection showed that the TC, TG and LDL levels remarkably decreased and the levels of HDL-C were increased by 27.19%, 54.38% and 51.75% in the groups treated with 250 and 500 mg/kg of NRFP and 10 mg/kg of atorvastatin respectively, in comparison to the hyperlipidemic control group (p < 0.01).

These results suggested that NRFP had a hypolipidemic effect against Triton X-100-induced hyperlipidemia and liver injury. Similar dyslipidemic profiles have been highlighted for natural polysaccharides from plants and multiple mechanisms have been suggested for the restoration of the lipid profiles. For example, Yang et al. [START_REF] Yang | Antihyperlipidemic and hepatoprotective activities of polysaccharide fraction from Cyclocarya paliurus in high-fat emulsion-induced hyperlipidaemic mice[END_REF] found that polysaccharide from Cyclocarya paliurus can ameliorate hyperlipidaemia by modulating the fatty acid synthesis genes expression like fatty acid synthase and acetyl-CoA carboxylase. According to Hu et al. [START_REF] Hu | Polysaccharides from Cyclocarya paliurus: Chemical composition and lipid-lowering effect on rats challenged with high-fat diet[END_REF] the possible mechanism of antihyperlipidemic effect of polysaccharides may be associated with the modulation of the activities of lipid metabolism-related enzymes including Peroxisome

Proliferator-activated Receptor (PPARγ and PPARδ). In addition, Ren et al. [START_REF] Ren | Anti-hyperlipidemic and antioxidant effects of alkali-extractable mycelia polysaccharides by Pleurotus eryngii var. tuolensis[END_REF] showed that polysaccharide from Enteromorpha prolifera could enhance lipid profiles by suppressing the expression of sterol regulatory element binding protein.

Atherosclerotic and cardioprotective indices

Hyperlipidaemia is a major factor in the development of cardiovascular and coronary diseases.

Accordingly, it is important to calculate atherosclerotic indexes and cardioprotective indices of NRFP. The increased in the indices of AI, CAI and CI in Triton X-100 induced hyperlipidemic mice have been already reported [START_REF] Shafik | Synergistic cardioprotective effects of combined chromium picolinate and atorvastatin treatment in triton X-100-induced hyperlipidemia in rats: impact on some biochemical markers[END_REF][START_REF] Adigun | Antioxidant and anti-hyperlipidemic activity of hydroethanolic seed extract of Aframomum melegueta K. Schum in Triton X-100 induced hyperlipidemic rats, South Afri[END_REF].

Compared with the hyperlipidemic control group after orally administered for seven days, the CAI, CI and AI indices of the group treated with 500 mg/kg of NRFP were significantly decreased by 39.51%, 41.74%, and 59.63%, respectively (Fig. 4F-G-H). Atorvastatin-treated mice also revealed a decline in CAI (by 39.97%), CI (by 43.09%) and AI (by 61.56%) compared to the hyperlipidemic control mice. The results suggested that NRFP might be used as a main alternative hypolipidemic agent, as well as to prevent or reduce cardiovascular and coronary diseases.

Effects of NRFP on lipid peroxidation levels

Based on the examination of oxidative stress biomarkers, there was a considerable increase in MDA levels both in the liver and heart tissues in the mice treated with Triton X-100-induced hyperlipidemia, when compared to the control group, suggesting that a severe oxidative stress had been occurred in the heart and liver (Fig. 5D). These results were in agreement with other papers revealing that the treatment of animals with Triton X-100 promotes the production of free radicals and ROS, leading to oxidative stress [START_REF] Gundamaraju | Antihyperlipidemic potential of Albizia amara (Roxb) Boiv. bark against Triton X-100 induced hyperlipidemic condition in rats[END_REF]. However, this increase tended to be alleviated by dietary supplementation of NRFP, in fact, the treatment of animals with NRFP had notably lower MDA levels compared to the Triton X-100 treated group. Briefly, for the mice treated with NRFP at the two dosages of 250 and 500 mg/kg, the hepatic MDA levels were significantly decreased by 36.34% and 55.25% respectively, compared to that of the hyperlipidemic group (Fig. 5). After the treatment with NRFP at the dose of 250 and 500 mg/kg, the cardiac MDA contents decreased significantly by 17.43% and 45.10% respectively, compared with those of the hyperlipidemic mice. Similarly, when tested at a dose of 10 mg/kg atorvastatin as a positive control also effectively prevent the lipid peroxidation in heart and liver tissues. A comparable decline in the level of MDA following administration of polysaccharides from Termitomyces albuminosus [START_REF] Zhao | The antihyperlipidemic activities of enzymatic and acidic intracellular polysaccharides by Termitomyces albuminosus[END_REF] and Cyclocarya paliurus [START_REF] Yang | Antihyperlipidemic and hepatoprotective activities of polysaccharide fraction from Cyclocarya paliurus in high-fat emulsion-induced hyperlipidaemic mice[END_REF] to hypercholesterolemic mice has previously been highlighted.

Effects of NRFP on serum hepatic marker enzymes

The hepatic damages could also be investigated measuring the serum antioxidant activities of AST, ALT, and LDH. As illustrated in Fig. 5, significant increases in the serum activities of ALT, AST, and LDH were observed in Triton-X 100-induced hyperlipidemia in mice as compared to the control group, respectively, suggesting that serious oxidative injuries had happened in the liver. The toxic effects of Triton-X 100 on the liver were related to the disruption of hepatocyte membrane permeability and consequently leading to the liberation of these enzymes into the blood circulation [START_REF] Zhao | The antihyperlipidemic activities of enzymatic and acidic intracellular polysaccharides by Termitomyces albuminosus[END_REF]. However, the treatment of Triton X-100-induced hypercholesterolemic mice with NRFP significantly reduced these serum enzyme levels. As shown in Fig. 5, the serum activities of AST, ALT, and LDH in the hyperlipidemic mice treated with NRFP at the dose of 500 mg/kg reduced markedly by 25.20%, 21.34% and 33.50%, respectively in comparison with the hyperlipidemic group. These results suggested that NRFP maintained membrane integrity and limited the escape of hepatic enzymes. Besides, when tested at a dosage of 10 mg/kg, atorvastatin-treated mice also indicated a remarkable decline of the ALT, AST, and LDH enzyme activities in Triton X-100-induced oxidative damage compared to that of the hyperlipidemic treated group. All the above results suggested that the NRFP supplementation is effective for protection against hyperlipidemia and hepato-cardiac damages in Triton X100-treated animals.

Histopathological evaluation of liver and heart

In the current study, the hypolipidemic effects of NRFP were confirmed by the histological examination of liver and heart tissues. the high-dose of NRFP-treated group revealed a normal appearance, with a well-preserved cytoplasm. A similar pattern of cardiac histoarchitecture was observed in mice from groups treated with atorvastatin compared to that of control groups. Our experimental results support those of others reports who showed that polysaccharides administration improved the histopathological alteration in hyperlipidemic mice [START_REF] Yang | Antihyperlipidemic and hepatoprotective activities of polysaccharide fraction from Cyclocarya paliurus in high-fat emulsion-induced hyperlipidaemic mice[END_REF][START_REF] Zhao | The antihyperlipidemic activities of enzymatic and acidic intracellular polysaccharides by Termitomyces albuminosus[END_REF][START_REF] Ren | Anti-hyperlipidemic and antioxidant effects of alkali-extractable mycelia polysaccharides by Pleurotus eryngii var. tuolensis[END_REF].

To further justify the hypolipidemic effect of NRFP, cold liver portions were colored by oil Red O to observe the accumulation of lipid droplets (Fig. 6III). The liver sections in the control, NRFP, and atorvastatin-treated mice revealed that the lipid droplets were absent. However, multiple lipid droplets were recorded in the liver of the hyperlipidemic mice. Meanwhile, the liver section of the hyperlipidemic mice treated with NRFP showed a remarkable reduction in lipid droplets corroborating the ability of NRFP to prevent the accumulation of fats in the liver.

These results were consistent with previous reports [START_REF] Han | Korean Red Ginseng attenuates ethanol-induced steatosis and oxidative stress via AMPK/ Sirt1 activation[END_REF].

Conclusion

In this study, an enriched polysaccharide fraction called NRFP was obtained by hot water extraction. The molecular weight of the polysaccharidic fraction was about 66.5 kDa. NRFP was composed of glucose, arabinose, galacturonic acid, galactose, and rhamnose with a molar ratio of 41.4%, 11.8%, 30.5%, 12.6% and 3.7% respectively. The structural investigations highlighted the presence of a β-(1,3)-glucan branched in O-6 position. The presence of a HGA-RG1 structure in NRFP was not negligible and was already observed in the literature for other species of Nitraria. Further work should be needed to identify if the HGA-RG1 is associated to the glucan structure inside the fruits. Beside, in vitro, the results advised that the NRFP exhibited appreciable antioxidant potentials against DPPH and hydrogen peroxide in dose-dependent manners. Meanwhile, NRFP exhibited high hepatoprotective and hypolipidemic effects in vivo.

Based on these findings, we suggested that NRFP may be selected as a potential antioxidant and 

  28 g body weight (BW). Animals were cared according to the Tunisian code of practice for the Care and Use of Animals for Scientific Purposes and the European convention for the protection of vertebrate animals used for experimental and other scientific purposes (Council of Europe No 123, Strasbourg, 1985). For the toxicity study, five groups (n = 6) were treated with different doses of NRFP (75, 125, 250, 500, and 1000 mg/kg of BW) and compared to the control group

  using a beta glucan assay specific to β-[START_REF] Tan | Polysaccharide with antioxidant, α-amylase inhibitory and ACE inhibitory activities from Momordica charantia[END_REF][START_REF] Liu | Anti-inflammatory and hepatoprotective effects of Ganoderma lucidum polysaccharides on carbon tetrachlorideinduced hepatocyte damage in common carp (Cyprinus carpio L.) Inter[END_REF]/[START_REF] Tan | Polysaccharide with antioxidant, α-amylase inhibitory and ACE inhibitory activities from Momordica charantia[END_REF][START_REF] Ferreira | Chemical features of Ganoderma polysaccharides with antioxidant, antitumor and antimicrobial activities[END_REF]-glucan (data not shown). The presence of 1,3,6-linked Glcp residues (10.2%) showed that the glucan main backbone of NRFP could be a →3)-β-D-Glcp-(1→ glucan branched in O-6 positions. The ratio of total terminal residues (8.72%) was closed to the branched residues (10.2%), confirming again the good attribution and quantification of ramifications along the polysaccharide main chains. The pectin structure in NRFP fraction was probably a homogalacturonan (HGA) composed of →4)-β-D-GalpA-(1→ as main chain with the presence of few 1,2-linked-Rhap and 1,2,4)-linked-Rhap involved in RG1 structure. The presence of terminal β-D-Galp, 1,5-linked α-L-Araf, 1,2,5-linked α-L-Araf and 1,3,5-linked α-L-Araf residues as well as 1,4-linked Galp could correspond to galactan, arabinane or arabinogalactane side chains. These conclusions were in accordance with the work of Ni et al.

  The liver section in the control group, group treated with NRFP (500 mg/kg, b.w.) and atorvastatin (10 mg/kg, bw., p.o.) (Fig.6I) showed normal hepatocytes morphology and the absence of histopathological alteration. However, the mice treated with Triton-X 100 (100 mg/kg, bw) revealed serious loss of liver histoarchitecture, congestion in the central vein, hepatic necrosis, inflammatory cell infiltration, fat vacuoles and obliterated sinusoids. The hyperlipidemic mice treated with NRFP at 250 mg/kg, showed an improved liver architecture, although the congestion in the central vein and inflammatory cell infiltration still persists. The liver of hyperlipidemic mice fed with NRFP at a dose of 500 mg/kg and atorvastatin, respectively, revealed normal histology of the liver tissue with intact central vein and wellpreserved cytoplasm comparable to the control group.Cardiac tissues in the groups treated with normal saline, NRFP at 500 mg/kg, b.w. and atorvastatin (Fig.6II) showed the absence of histopathological alteration with regularly arranged myocardial fibers. However, heart sections of animals treated with Triton X-100 revealed degeneration of myocardial cell, cytoplasmic vacuolization, and cardiac hypertrophy. The hyperlipidemic mice administered with NRFP at 500 mg/kg, b.w. was more effective in cardiac protection than was the dose of 250 mg/kg, b.w. Interestingly, the myocardium of hyperlipidemic mice treated with NRFP (250 mg/kg) showed improved heart architecture, although the separation of cardiac myofibers still persists. The myocardial cell in sections of heart taken from

Fig. 1 .

 1 Fig. 1. (A) ATR-FTIR spectra of NRFP and (B) XRD profile of NRFP with scattering angles (2θ) ranging from 5 to 60°.

Fig. 2 .

 2 Fig. 2. Schematic representation of the hypothetical pectin primary structure determined in NRFP. HGA: Homogalacturonan, RG-I: Rhamnogalacturonan I, GalA: Galacturonic acid, Gal: Galactose, Ara: Arabinose, Rha: Rhamnose.

Fig. 3 .

 3 Fig. 3. In vitro antioxidant activity of NRFP from Nitraria retusa fruits. Phospho-molybdenum assay (A); DPPH radical scavenging activity (B); Hydrogen peroxide scavenging activity (C) and hemolysis inhibitory assay (D). Ascorbic acid was used as a positive control.

Fig. 4 .

 4 Fig. 4. In vivo effects of NRFP from Nitraria retusa fruits and atorvastatin (AR) on serum lipid profile in hyperlipidemic mice. (A) TC, total cholesterol; (B) TG, triglycerides; (C) HDL-C, high density lipoprotein-cholesterol; (D) VLDL, very low-density lipoprotein; (E) LDL-C, low density lipoprotein-cholesterol; (F) atherogenic index; (G) cardiac index; (H) coronary artery index. Values are expressed as Mean ± SEM (n = 6). ## p < 0.01 and ### p < 0.001 as compared to the normal control. ** p < 0.01 and ***p < 0.001 as compared to the hyperlipidemic mice.

Fig. 5 .

 5 Fig. 5. In vivo effects of NRFP from Nitraria retusa fruits and atorvastatin (AR) on serum enzyme activities of (A) ALT, alanine aminotransferase; (B) AST, aspartate amino-transferase and (C) LDH, lactate dehydrogenase and (D) MDA, malondialdehyde contents in liver and heart tissues (mice model). Values are expressed as Mean ± SEM (n = 6). ### p < 0.001 as compared to the normal control. ** p < 0.01 and ***p < 0.001 as compared to the hyperlipidemic mice.
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