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Abstract: 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-§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 (3.708he antioxidant assays, NRFP exhibited
effective total antioxidant capacity @&= 7.82 mg/mL), scavenging activities on DPPH radical
(ICs0 = 0.87 mg/mL) and hydrogen peroxide 4G 2.03 mg/mL).In addition, NRFP proved
protective effects on ¥, induced hemolysis (l§ = 66.2 pg/mL).In vivo NRFP reduced the

hyperlipidemia, hepatotoxicity, cardiovascular and coronary diseases induced by Triton X-100.

Keywords: Nitraria retusa; 5-(1,3)-glucan; Pectin; Biological activities.
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1. Introduction

Plant polysaccharides are natural polymers ceattiis nontoxic, biodegradable and do not
induce any side effects. In recent years, they b#tvacted wide attention owing to their multiple
functional propertiese.g., emulsifying, foaming, water-holding and oil-haidi capacities [1].
Polysaccharides have many biological activities,cluding anti-inflammatory and
hepatoprotective effects [2,3], antioxidant andiramrobial properties [4], but also antitumor
and immunomodulatory activities [5]. Another bengfi effect of natural polysaccharides is the
ability to scavenge free radicals, such as hydrorgtlicals, ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid)), DPPH (@i@henyl-1-picrylnydrazyl) and superoxide
radicals. In fact, natural polymers play a cruciale in defending against oxidative stress in
human organisms and protect against associate@dseiselike neurological, cardiovascular,
asthma and diabetes diseases [6]. In addition, rsewesearchers have reported that
polysaccharides have anti-nociceptive effects agmlice leukocyte migration and cytokine
amounts (TNFe and IL-8) [7,8]. Few studies have also reporteat thatural polysaccharides
exhibit potential anti-hyperlipidemic activiti@s vivo [9,10].

Hyperlipidemia described as hypercholesterolemidghes key risk factors that intensify and
accelerate the progression of atherosclerotic nesiand the development of cardiovascular
disease, which are the most common causes of deé#tk developed world [11]. Accordingly,
treatment of hyperlipidemia can mitigate the ri$khe occurrence of these diseases. Moreover,
previous studies have demonstrated the role otiveaoxygen species in the complications of
hypercholesterolemia [9,10,12]. This pathology dam treatable by cholesterol-lowering
therapies. However, the use of synthetic drugscmisstatin and fibrate) is frequently linked to
various side effects, essentially the inflammatiinthe liver, adnominal skin rashes and

constipation [13]. Hence, given their important lexation as functional and safe bioactive
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constituents, carbohydrates from plant sourcesbmrscreened as new drugs for preventing
hypercholesterolemia and related complications.

The genudNitraria of the family Nitrariaceae comprises 13 species$ #na distributed in the
northwest province of China, Europe, Australia, @Asand Africa. These plants have wide
application in traditional medicine and have besedifor the treatment of diverse diseases, such
as hypertension faN. sibirica [14], anti-arrhythmic fom. tangutorum [15] and antispasmodic
for N. schoberi [16]. Recent scientific studies have demonstradked hypolipidemic effect of
anthocyanins from the fruits &f. tangutorun [17].

Nitraria retusa is a resistant shrub plant, widespread in Tun&#di Arabia, Egypt, Jordan and
Algeria. In Tunisia, it is popularly known as Ghagd Leaves infusion are used to treat manifold
inflammatory states and wounds [18]. The ethnophaoiogical studies have demonstrated that
N. retusa possesses multiple biological activities, mainiyti-roliferative and antioxidant
properties [19], anti-microbial and anti-obesityfeets [20,21] and hepato-nephroprotective
activities [22, 23]. The pharmacological propertsibuted ta\. retusa are assigned to variety
of compounds, such as alkaloids, flavonoids (isonetin) and essential oils [19,24,25]. Despite
all these reports on the phytochemical and thetapetfects ofN. retusa, none information is
available about the characterization of its polgbacides and associated biological activities.
Thus, this paper deals with the structural analg$iss water-soluble polysaccharide (NRFP)
extracted from the fruits df. retusa. Various biological properties were also invesggii.e.in
vitro antioxidant activities,in vivo hepatoprotectivejn vivo cardioprotective andn vivo

hypolipidemic properties in mice model.
2. Materials and methods
2.1. Plant material and chemicals

Nitraria retusa fruits were sampled from Tabeddit, Gafsa (34°25'BOlatitude and 8°16'0"E

longitude), in November 2016, identified and defsabiat the herbarium in the Faculty of
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Sciences Gafsa, Tunisia. The fruits were washel edtd water, dried under shade, grounded to
a fine powder (< 50 mesh) and stored at room teatpes until further uses. All chemicals were

from Sigma-Aldrich and of analytical grade.
2.2. Extraction and purification of NRFP from N. retusa fruits

N. retusa fruits powder was at first extracted using ethaf®@%) to remove pigments, then
extracted using hot water for 2 h at 100°C. Aftentcifugation at 5000 rpm for 20 min using a
refrigerated centrifuge (Thermo Jouan GR4i, Germpanlge supernatant was precipitated
overnight at 4°C by adding cold anhydrous etha®&%). The crude polysaccharide (CP)
obtained after a new centrifugation (4500 rpm, 1, m°C) was deproteinized by Sevag
method. Briefly, CP was dissolved in distilled watnd extracted with four volumes of
chloroform and one volume of n-butanol. The obtdiagueous fraction was dialyzed against
double-distilled water for three days. The solutiaas then adjusted to 80% concentration using
ethanol and conserved at 4°C for 24 h. After ctugation (4500 rpm, 20 min, 4°C), the
precipitate was suspended in distilled water aedZe dried to obtain the polysaccharide fraction
called NRFP.

2.3. Biochemical composition of NRFP

The total carbohydrate was estimated using the gitgrfuric acid method using glucose as
standard [26]. The protein content was determirsadguthe Bradford assay with bovine serum
albumin as standard [27]. Total neutral sugar/ fgtanolic compounds and uronic acid contents
were obtained using respectively the sulfuric-resml [28], Folin-Ciocalteu [29] andn
hydroxydiphenyl methods [30]. Carbon, hydrogen aitcbgen contents were carried out using
elemental analyzer (Perkin Elmer analyzer, mod@024Total starch ang-glucan assay Kkits
(Megazyme) were used to determine both the presefcp-(1,3)/(1,4)b-glucan anda-

(1,4)/(1,6)b-glucan and more particularly identify anomeric figuration of glucan structure.
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2.4, Structural features of NRFP

2.4.1. Fourier-transform infrared spectroscopy (FT-IR) analysis

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

2.4.2. High-pressur e size exclusion chromatography analysis (HPSEC)

The average molecular weight of NRFP was evaluayeHPSEC (HPLC 1100 series, Agilent)
with a differential refractive index (DRI) (RIDG136Agilent). Columns (TSKgel PWXK guard
column, TSKgel PWXL 5000 and 3000, Tosoh Bioscig¢neere eluted with NaN©O0.1M.
Calibration was performed using pullulan standdfds g/L) from 1.3 to 800 kDa. The sample
was solubilized at 10 g/L in NaN®.1M during 24 h under stirring before injectid0 (uL).
The number average molecular weight )YMweight average molecular weight (Mand

polydispersity index (PDI) were determined using tbilowing Equations 1-3:

_ XNiM;

_ XNMP?
My = X N;M; (2)
My,
PDI = e 3)

n

where N; is the number of moles of polymer species and M; the molecular weight of polymer

Species.

2.4.3. M onosaccharide composition

Trimethylsilyl-O-glycosides were prepared prior to GC/MS-EI analy®iRFP (10 mg) was
dissolved in TFA 2 M (1 mL) and heated at 120 °€90 min. The mixture was then evaporated

under nitrogen stream. The derivatization of hygkates was possible using BSTFA: TMCS
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(99:1) as described by Pierre et al. [31]. The e¢tmylsilyl-O-glycosides were finally solubilized
into dichloromethane. The same procedure was regeaging standard monosaccharides (Ara,
Fuc, Rha, GlcGal, Xyl, GIcA, Man and GalA) and subjected to GC/MS4dtialysis using an
Agilent 6890 Series GC System coupled to an Agi&91%3 Network Mass Selective Detector,
equipped with OPTIMA-1MS column (Macherey-Nagel; 80 0.32 mm, 0.2um) [32]. The
analytical conditions were the following oneise. target ion: 40-800 m/z, injector line
temperature: 250°C, trap temperature: 150°C, ggtiib: 50: 1, helium pressure: 8.8 psi; helium
flow rate: 2.3 mL/min, ionization: 70eV by electionmpact. The rise in temperature was
programmed for a first step at 100°C during 3 naim,increment of 8°C/min up to 200°C for 1
min and then a final increment of 5°C/min up to 215

2.4.4. Analysis of glycosyl-linkage composition

Pellets of solid NaOH/DMSO were prepared followthg method of Ciucanu and Kerek [33]
and used for the methylation step, which was adafsten Pefia et al. [34]. The conversion of
methylated residues to partially-O-methylated alditacetate (PMAA) derivatives was adapted
from the protocols of Blakeney et al. [35], Carpilad Shea [36] and Pefia et al. (2012) [34].
PMAA derivatives were finally re-suspended into 300 of dichloromethane. Analyses were
carried out by GC/MS-El using the same apparatugprasiously described. The rise in
temperature was programmed for a first step at &fichg 2 min, an increment of 30°C/min up
to 170°C then a second increment of 4°C/min up4@°€ and a final level at 240°C for 20 min.
Note that the samples were injected in splitlesdano

2.4.5. X-ray diffraction (XRD) analyses

The XRD pattern of NRFP was recorded at room teatpez by a Siemens Bruker D5000 X-ray
diffractometer (Siemens, Texas, USA). The sampleee collected in the @ range 5° to 60°
with a step size of 0.02° and a counting time @BGs/step.

2.5. Biological properties of NFRP

2.5.1. Antioxidant activitiesin vitro



150 2.5.1.1 Total antioxidant capacity

151  This test was carried using the method describe®riBto et al. [37]Different concentrations
152 (2-12 mg/mL) of the sample were prepared. ThenLloimthe reagent solution of sulfuric acid,
153  sodium phosphate and ammonium molybdate at coratemts of 0.6 M, 28 mM and 4 mM,
154  respectively, were mixed with 0.1 mL of various centrations. The tubes were incubated in a
155  boiling water bath at 95°C for 90 min. After cogjithe absorbance was measured at 695 nm.
156  Vitamin C was used as positive control.

157  2.5.1.2. DPPH radical scavenging assay

158 The effect of NRFP on DPPH radical was determineldbwing the method reported by
159  Bounatirou et al. [38] with slight modifications0® pL of different concentrations (0.25-4
160 mg/mL) of NRFP were mixed with 125 pL DPPH methaneblution (0.02% wi/v) and 375 pL
161  of methanol. The control tube was prepared usihgealgents except the polysaccharide while
162  ascorbic acid was used as the positive controlerABO min of incubation in the dark, the
163  absorbance was measured at 515 nm. NRFP scaveaividgy on DPPH radical was calculated

164  using Equation 4.

Absorbance of control-Absorbance of sample

165  Inhibition (%) =

x 100 (4)

Absorbance of control
166  2.5.1.3. Hydrogen peroxide (H,O,) scavenging assay

167  This test was done using the method of Liu et38].[One milliliter of the sample with different

168  concentration (0.1-5 mg/mL) was mixed with 2.4 nfLpbosphate buffer (0.1 M, pH 7.4) and
169 0.6 mL of HO, solution (40 mM). The mixture was shaken vigorgushd incubated at room

170 temperature for 10 min. Ascorbic acid was used esitige control. The absorbance was
171  measured at 230 nm. The scavenging activity wasitzded using Equation 4.

172 2.5.1.4. Hemolysisinhibitory assay
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This assay was conducted usingOkl as an inducer of oxidative streissvitro. EDTA tubes
containing 15 mL of fresh blood were centrifuged & min at 1,000 rpm to obtain red blood
cells (RBCs). The latter were suspended in phosphatfer solution (PBS) (10 mM, pH 7.4)
and centrifuged at 4500 rpm at 4°C for 10 min. €hghrocytes were washed 3 times with PBS
and finally diluted in PBS to give a solution at J%/v). Serial dilutions of polysaccharide
ranging from 10 to 250 pug/mL were prepared in PE®R uL of HO, at 7.5 mM were used to
induce hemolysis. After 1h of incubation at 37°@e tabsorbance of the supernatant was
measured at 540 nm. Ascorbic acid (5-200 pg/mL) wees positive control. Hemolysis

inhibition (%) was calculated using Equation 5.

1-Absordance of sample

Hemolysis inhibition(%) = x 100 (5)

Absorbance of control
2.5.2. Anti-hyperlipidemic activity in vivo
2.5.2.1. Experimental animals and toxicity study
The anti-hyperlipidemic effect of NRFP was testedSwiss albino male mice of about 25-28 g
body weight (BW). Animals were cared accordinghe Tunisian code of practice for the Care
and Use of Animals for Scientific Purposes and Eueopean convention for the protection of
vertebrate animals used for experimental and atbemtific purposes (Council of Europe No
123, Strasbourg, 1985). For the toxicity studyefgroups (n = 6) were treated with different
doses of NRFP (75, 125, 250, 500, and 1000 mg/Kg\df and compared to the control group
for the presence of toxic symptoms and death raténnl2 and 24 hours. Also, at the end of the
study, the mice were sacrificed, and histopathclgihanges were denoted.

2.5.2.2. Induction of hyperlipidemia

Seven groups of mice, six in each received theviolig treatment:

Group-I: control group; mice received normal sakoéution.

Group-1l: NRFP treated control group; mice werellgrép.o.) treated with NRFP (500 mg/kg,

b.w.) for 7 days
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Group-lll: Reference drug treated control groupcenivere orally administered with atorvastatin
(20 mg/kg, b.w., p.o.) for 7 days [40].

Group-1V: Hyperlipidemia in mice was induced byiagte intraperitoneal injection of Triton X-
100 (100 mg/kg, b.w., ip) in normal saline solutdd].

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

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

Group-VII: Hyperlipidemic mice treated with atortasn (10 mg/kg, b.w., p.o.) for 7 days.
2.5.2.3. Preparation of samples

Twenty-four hours after the last treatment, animals were fizexdii by cervical decapitation
under light ether anesthesia. The serum was cetleloy centrifugation of the whole blood at
3500 rpm for 15 min at 4°C and stored at -80 °dl amalysis. Liver and heart samples were
quickly removed. One part was washed in ice-cold5% potassium chloride solution,
homogenized into 2 ml ice-cold buffer (pH 7.4) amahtrifuged for 30 min at 9000 rpm, 4 °C.
The collected supernatants were stored at -20 1€ the analysis. The other parts of tissues
were fixed immediately in 10% formalin for histopalogical examination.

2.5.2.4. Determination of lipid profile parameters

Triglycerides (TG), total cholesterol (TC), highrdg&y lipoprotein (HDL)-cholesterol, low-
density lipoprotein (LDL)-cholesterol were measuresing an auto-analyzer (Roche Cobas C
311, Germany). Very low-density lipoprotein-chost (VLDL-C), cardiac index (Cl),

atherogenic index (Al) and coronary artery indeAlGwrere calculated following Equations (6)-

(9) [42, 43].
VLDL—C == (6)
I = bz ™



__ (Total cholesterol—HDLc)
- HDLc

223 Al

(8)

__ LDLc

224 CAl =
HDLc

(9)

225  2.5.2.5. Determination of lipid peroxidation levels

226  To estimate the degree of lipid peroxidation iretiand heart tissues, 100 ul of each homogenate
227  supernatants were added to 100 pl of trichloroacatid (TCA, 5%) and the mixture were
228  centrifuged at 3000 rpm for 10 min. After that, 100 of the supernatant and 200 pl of
229  thiobarbituric acid reagent (TBA, 0.67% w/v) weneubated for 15 min on a boiling water bath.
230 The level of lipids peroxidation was measured a®bdrbituric acid reactive substances
231 (TBARS) and was calculated as malondialdehyde (MB@jnation, in accordance with the
232 method of Draper and Hadley, [44] and expresseurinles/mg of protein.

233 2.5.2.6. Serum biochemical analysis

234  Serum liver biomarkers,e. alanine aminotransferase (ALT), aspartate aminsfeaase (AST)
235 and lactate dehydrogenase (LDH) were assayed asimgnercial reagent kits from Biomaghreb
236 (Tunisia).

237  2.5.3. Histopathological observations

238  Liver and heart sections fixed in 10% formalin werashed with distilled water and treated by a
239 series of alcohol baths and embedded in paraffextNthey were cut at 4-6 pm thickness,
240 stained with hematoxylin-eosin and observed undemi@oscope. Meanwhile, 10 pm-frozen
241  liver tissues were cut using a cryostat followedjbogntitative analysis of lipid deposition by Oil
242  red-O staining using Harris haematoxylin for nusleaoloration, as described by Han et al.
243 (2015) [45]. Tissues preparations were observednaintb-photographed under a light Olympus
244  CX31 microscope.

245  2.6. Statistical analysis

10
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Statistical analysis was performed using the SR#&are program (PASW Statistics 18.0). All
data were analyzed using one-way analysis of veeia(ANOVA) and Student's t-test.
Differences were considered significanpat 0.05.

3. Resultsand discussion

3.1. NRFP composition

The results of chemical properties of NRFP are showTable 1. The extraction yield of NRFP
was about 8.65% (w/w), which was lower than for @lypaccharide extracted fror\.
tangutorum fruits (14.01%) [46]. The carbohydrate contentNRRFP measured by the phenol-
sulfuric acid method was of 67.03% and that of girotl8.67%. High protein content was
already reported fo€itrus aurantium L. polysaccharides (17.01%) and chickpea floureewat
soluble polysaccharides (11.22%) [47, 48]. HoweWdremakhem et al. [49] reported lower
protein content folOlea europaea L. polysaccharides (1.07%). Indeed, the deproteinaand
extraction procedures played a significant rolghia protein content of polysaccharides. The
phenolic compounds content was close to 5.46%@ymatic assays showed the absence-of
(1,4)/(1,6)b-glucan from starch material (0.02%) inside NRFRe elemental analysis of NRFP
showed that carbon and hydrogen contents were 5&3%01.00% respectively. The ratio of
carbon to hydrogen was consistent with the ratiotbér polysaccharides [50].

The homogeneity and molecular weight of NRFP wesduated using HPSEC system (Fig.1S).
NRFPP showed a molecular weight around 66.5 % géfnol with a low PDI value (1.18)
highlighting the low polydispersity of NRFP (Tald® The monosaccharide analysis (Fig. 2S) of
NRFP after its acidic hydrolysis showed that it teamed Glc, GalA, Ara and Rha. The
predominant monosaccharides were Glc and GalA witmolar ratio of 41.4% and 30.5%,
respectively. The minor constituents were Ara (%).&ut mainly Rha with a molar ratio of
3.71%. These results were consistent with the to&iric assays (Table 1). This composition

was slightly different from the fruit polysaccharides isolatednfi N. tangutorum which was

11
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mainly composed of Glc for NTWP-I and Rha, Gal, Giea and Man for NTWP-II after a
separation on DEAE cellulose column [46]. All tH®oge differences might be due to the species
of plants, plant state, extraction, and purificatioethods [51]. It is important to point out that,
up to now, the research on the purification, striadt and biological characterization of
polysaccharides of the genlMstraria is very limited; on the contrary to other phytochess
(for example alkaloids or flavonoids) [25,52].

3.2. FT-IR spectra

The FTIR spectrum of NRFP illustrated the typida@cteristic signals of polysaccharides (Fig.
1A). The band at 3281 ¢hmshowed strong hydroxyl groups signals of polysaddes and
water. The absorption bands at around 1607, 128118m5 crit belonged to the C—H vibration
of the polysaccharide [53, 54]. The characteriatisorption at 1738 cmwas allocated to a
rhamnogalacturonan structure in NRFP [55]. The digswe band at 16@M™ was attributed to
carbonyl ester (C=0) groups [56], showing the pmeseof uronic acids in NRFP. This result
was in agreement with the GC/MS-El analysis thalagjaronic acid was detected. The
absorption band at 1403 &mwas attributed to C-O symmetric stretching vitmatiof the
carboxyl group. The areas between 1200 - 800 were a typical fingerprint for carbohydrates.
These include C-O-C glycosidic bond vibrations @@®-H links [57]. Moreover, the peak at
763 cm' might be attributed to the existenceedonfiguration of pyranoses [58].

3.3. X-ray diffraction

The X-ray diffraction was used to examine the arhoys or crystalline structure of NRFP (Fig.
1B). The diffraction curve of NRFP showed a seméssharp peaks at 15°, 27.51° 32.12°,
40.91°, 46.58° and 56.54°fRsuggesting a large degree of crystallinity. Camaldito a broad
peak at 21.57° (@, these results highlighted a crystalline backborsde the amorphous
structure of NRFP, which was consistent with otiaysaccharides [50].

3.4. Glycosyl-linkage analysis

12
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The PMAA derived from NRFP were subjected to GC/EISanalysis with the aim to identify
the glycosidic linkages (Table Figure 39. The results revealed the exclusive presenceaifi m
residues of 1,3-linked Gic(26.30%), 1,4-linked Gpl (28.7%), 1,3,6-linked Gfz (10.2%),
terminal Gap (9.33%), terminal Glo (8.72%) as well as units of Arg9.41%) and Rha
(4.48%). This composition agreed with that obtaiaéidr TMS derivatization (Table 2) since the
fraction was essentially composed of glucose (4%.2flactose and galacturonic acid (38.0%),
arabinose (12.3%) as well as rhamnose (4.48%)uesid hese results suggested that NRFP was
a glucan composed dfl—3)-linked D-Glcp as main backbone co-extracted with a pectin
structure, and probably some HGA (Homogalacturorearg RG-1 (RhamnoGalacturonan 1)
segments according to the following pattern pre=sgnh Fig. 2. This result was surprising
regarding the low dispersity found in the fractidine s-configuration was confirmed regarding
the absence of starch material using a total s@asshy kit (Table 1), which was consistent with
the results obtained by Ni et al. [59], the obsgovamade by FTIR and the partial hydrolysis
using a beta glucan assay specificst@l,3)/(1,4)-glucan (data not showrnlhe presence of
1,3,6-linked Gl residues (10.2%) showed thbe glucan main backbone of NRFP could be a
—3)-4-D-Glcp-(1— glucan branched i©-6 positions. The ratio of total terminal residues
(8.72%) was closed to the branched residues (10.@8afirming again the good attribution and
guantification of ramifications along the polysaadbe main chains. The pectin structure in
NRFP fraction was probably a homogalacturonan (HG#hposed of»4)-4-D-GalpA-(1— as
main chain with the presence of few 1,2-linked-Rlad 1,2,4)-linked-Riainvolved in RG1
structure. The presence of termigab-Galp, 1,5-linked a-L-Araf, 1,2,5-linkeda-L-Araf and
1,3,5-linkeda-L-Araf residues as well as 1,4-linked Galp could corredfo galactan, arabinane
or arabinogalactane side chains. These conclusiers in accordance with the work of Ni et al.
[59] which showed the presence of glucan and R@dctsires in a fraction obtained from
Nitraria tangutorum Bobr. Fruits.

3.5. In vitro antioxidant activities
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The antioxidant activities of NRFP were investightsing three complementary assays, namely
the phosphomolybdenum test, the scavenging alafityydrogen peroxide and DPPH (Fig. 3).
The overall antioxidant activity of NRFP at diffete concentrations, measured by the
phosphomolybdenum assay, is shown in Fig. 3A. Témilts revealed that the antioxidant
activity of NRFP increased along with increasinqi@entrations from 2 to 12 mg/mL. The
maximum of 80.89% inhibition was detected at thewcemtration of 12 mg/mL. At this
concentration, vitamin C, used as positive contsblpwed an antioxidant activity of 93.36%.
The half maximal inhibitory concentration @4 value of the polysaccharide was determined to
be close to 7.82 mg/mL, whereas, vitamin C showediCg, value of 2.03 mg/mL. Moreover,
the DPPH radical scavenging activities of NRFP aitdmin C are shown in Fig. 3B. The
scavenging rates of NRFP were found in the ranggs#8%-77.72% from 0.25-4 mg/mL. The
ICso values were estimated at 870 and 380 pug/mL for NRRd vitamin C, respectively. The
results revealed that the scavenging ability of RRkas higher when compared to that of
polysaccharides extracted froM. tangutorum fruits [46]. It has been considered that the
antioxidant activities of polysaccharides are ieflued by their structure and chemical
composition. Our research indicated that NRFP @¢oetbhigh uronic acids and protein contents,
which have been reported to be effective in be#tetioxidant activity management [60].
Furthermore, we assumed that the strong antioxidatitity of NRFP may be related to the
presence of functional groups, such as C=0 and @H. [Likewise, it is possible that the
monosaccharide composition of NRFP including Rhi, GalA, and Ara might explain its
potent radical scavenging activity [62].

The in vitro hydrogen peroxide scavenging activity of NRFP wiae dested. As illustrated in
Fig. 3C, all concentrations showed a concentradiependent scavenging activity towardgOpl

At 5 mg/mL, the HO, scavenging activity of NRFP was closed to 79.25%ese results were
consistent with other reports involving natural ysaiccharides includingectin HG/RG1

fractions [63]. Moreover, this antiradical activityas in accordance with that depicted in the

14



348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

DPPH radical scavenging activity, indicating thaRFP possessed a certain antioxidant effect.
Besides the chemical and monosaccharide compasiiorelectron-transfer mechanism also
might affect the bioactivity of NRFP [7, 51]. ThUSRFP could be considered as potential ROS
scavenger not only through a single factor butralmoation of diverse factors. However, due to
the unavailability of complete structural charaizt&tion of NRFP, these effects and underlying

mechanisms still incomplete, and future studieslvéineeded.

3.6. Inhibition of erythrocyte oxidative hemolysisinduced by H,0;

Numerousin vitro andin vivo investigations have demonstrated that reactivegemyspecies
(ROS) produced by endogenous and exogenous soaffees many parameters of erythrocyte
function, which increases oxidative stress [64,. 6Bje later can cause disruption of the
erythrocyte membranes and even induce hemolysisitireg in the liberation of hemoglobin into
plasma. Among the different ROS, the hydrogen pdmis widely considered as a cytotoxic
agent, because it induces a threat to the integrityhe erythrocytes and causes various
biochemical perturbations [66]. In this study,QZinduced oxidative stress damage in
erythrocytes was used to assess the antioxidaivitaodf NRFP. As seen in Fig. 3D, the
hemolysis induced by 1@, was significantly inhibited with the increment iNFRP
concentrations, which was consistent with the tssualf the aforementioned antioxidant
activities. At the concentration of 250 pg/mL, thhibitory rate of hemolysis was 84.69 %. The
ICs0 value of NRFP on pD,-induced hemolysis was 661@)/mL. This significant hemolysis
inhibitory activity was much less effective thamtlof vitamin C (IGo= 18.91 pg/mL) but higher
than those reported for polysaccharides isolateoh Diaphragma juglandis [67]. Despite the
limited data available on the protective effectpuflysaccharide on oxidative stress-induced
human erythrocytes injuries, it could be possibbg the anti-hemolytic activity of NRFP occurs

mainly due to their active hydroxyl groups that saavenge ROS (likeJad,) [68].
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3.7. Anti-hyperlipidemic activity in vivo

3.7.1. Toxicity study

The estimation of the acute oral toxicity of thdysaccharide attested that it was nontoxic and
did not generate any behavioral changes with tiseslof 75-1000 mg/kg during the 24h of the
observation period. Moreover, the light microscopkamination of all vital organs such as the

heart, kidneys, and liver tissues revealed nornséblogical structures (data not shown).

3.7.2. Effects of NRFP on serum lipid profiles and lipoproteins

In this study, dyslipidemia has been successfualfiuced in mice using Triton X-100. This non-
ionic detergent has been chosen due to its avityalind appropriateness. Clinically, the
alterations in lipid profile were principally inviigated by measuring the levels of TG, TC,
LDL-C, VLDL-C and HDL-C. Elevated TG levels accedézd risks for coronary heart diseases
and, therefore, the decrease in TG levels usingiralatpolysaccharides from edible and
medicinal plants will be advantageous to preveamfrheart attacks and the development of
atherosclerosis.

Following Triton X-100 injection, serum TC, TG ldseand LDL-C were significantly raised by
68.18%, 72.47%, and 41.48%, respectively, while HDlWwas significantly reduced by 36.48%
in the hyperlipidemic control group compared witle thormal control mice, demonstrating that
hyperlipidemia was readily induced (Fig. 4A-E) [4Dral treatment with NRFP (250-500
mg/kg) and atorvastatin (10 mg/kg) for seven ddtex &riton X-100 injection showed that the
TC, TG and LDL levels remarkably decreased andl¢vels of HDL-C were increased by
27.19%, 54.38% and 51.75% in the groups treated @260 and 500 mg/kg of NRFP and 10
mg/kg of atorvastatin respectively, in comparisothe hyperlipidemic control group € 0.01).
These results suggested that NRFP had a hypoligdeffect against Triton X-100-induced
hyperlipidemia and liver injury. Similar dyslipideenprofiles have been highlighted for natural

polysaccharides from plants and multiple mechanisave been suggested for the restoration of
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the lipid profiles. For example, Yang et al. [9Jufal that polysaccharide froi@yclocarya
paliurus can ameliorate hyperlipidaemia by modulating thi#yfacid synthesis genes expression
like fatty acid synthase and acetyl-CoA carboxylasecording to Hu et al. [69] the possible
mechanism of antihyperlipidemic effect of polysemtttes may be associated with the
modulation of the activities of lipid metabolismiated enzymes including Peroxisome
Proliferator-activated Receptor (PPARNd PPAR). In addition, Ren et al. [70] showed that
polysaccharide frontEnteromorpha prolifera could enhance lipid profiles by suppressing the
expression of sterol regulatory element bindinggiro

3.7.3. Atherosclerotic and cardioprotective indices

Hyperlipidaemia is a major factor in the developimehcardiovascular and coronary diseases.
Accordingly, it is important to calculate atherasotic indexes and cardioprotective indices of
NRFP. The increased in the indices of Al, CAl arldrCTriton X-100 induced hyperlipidemic
mice have been already reported [40,71].

Compared with the hyperlipidemic control group afbeally administered for seven days, the
CAl, CI and Al indices of the group treated withO5ng/kg of NRFP were significantly
decreased by 39.51%, 41.74%, and 59.63%, resplciiVeg. 4F-G-H). Atorvastatin-treated
mice also revealed a decline in CAl (by 39.97%)(l61 43.09%) and Al (by 61.56%) compared
to the hyperlipidemic control mice. The results gegjed that NRFP might be used as a main
alternative hypolipidemic agent, as well as to preévor reduce cardiovascular and coronary
diseases.

3.7.4. Effects of NRFP on lipid peroxidation levels

Based on the examination of oxidative stress bi&arar there was a considerable increase in
MDA levels both in the liver and heart tissues e tmice treated with Triton X-100-induced
hyperlipidemia, when compared to the control gragyggesting that a severe oxidative stress
had been occurred in the heart and liver (Fig. Sese results were in agreement with other

papers revealing that the treatment of animals Wiiton X-100 promotes the production of free
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radicals and ROS, leading to oxidative stress [Hibjvever, this increase tended to be alleviated
by dietary supplementation of NRFP, in fact, treatment of animals with NRFP had notably
lower MDA levels compared to the Triton X-100 tregroup. Briefly, for the mice treated with
NRFP at the two dosages of 250 and 500 mg/kg, #@matic MDA levels were significantly
decreased by 36.34% and 55.25% respectively, cadpar that of the hyperlipidemic group
(Fig. 5). After the treatment with NRFP at the da$e250 and 500 mg/kg, the cardiac MDA
contents decreased significantly by 17.43% and0%.fespectively, compared with those of the
hyperlipidemic mice. Similarly, when tested at aselaf 10 mg/kg atorvastatin as a positive
control also effectively prevent the lipid peroXida in heart and liver tissues. A comparable
decline in the level of MDA following administratioof polysaccharides frorfiermitomyces
albuminosus [12] andCyclocarya paliurus [9] to hypercholesterolemic mice has previouslgrbe
highlighted.

3.7.5. Effects of NRFP on serum hepatic marker enzymes

The hepatic damages could also be investigated uriegsthe serum antioxidant activities of
AST, ALT, and LDH. As illustrated in Fig. 5, sigi@lnt increases in the serum activities of
ALT, AST, and LDH were observed in Triton-X 100-uwkd hyperlipidemia in mice as
compared to the control group, respectively, sutjuggsthat serious oxidative injuries had
happened in the liver. The toxic effects of Tritdn100 on the liver were related to the
disruption of hepatocyte membrane permeability eodsequently leading to the liberation of
these enzymes into the blood circulation [12]. Heeve the treatment of Triton X-100-induced
hypercholesterolemic mice with NRFP significantgduced these serum enzyme levels. As
shown in Fig. 5, the serum activities of AST, Aland LDH in the hyperlipidemic mice treated
with NRFP at the dose of 500 mg/kg reduced markduly25.20%, 21.34% and 33.50%,
respectively in comparison with the hyperlipidengioup. These results suggested that NRFP
maintained membrane integrity and limited the esaafphepatic enzymes. Besides, when tested

at a dosage of 10 mg/kg, atorvastatin-treated raise indicated a remarkable decline of the
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ALT, AST, and LDH enzyme activities in Triton X-180duced oxidative damage compared to
that of the hyperlipidemic treated group. All theose results suggested that the NRFP
supplementation is effective for protection agaimgberlipidemia and hepato-cardiac damages

in Triton X100-treated animals.

3.7.6. Histopathol ogical evaluation of liver and heart

In the current study, the hypolipidemic effects MRFP were confirmed by the histological

examination of liver and heart tissues.

The liver section in the control group, group teshtwith NRFP (500 mg/kg, b.w.) and

atorvastatin (10 mg/kg, bw., p.o.) (Fig. 61) showeakmal hepatocytes morphology and the
absence of histopathological alteration. Howevke tice treated with Triton-X 100 (100

mg/kg, bw) revealed serious loss of liver histo@eztiure, congestion in the central vein, hepatic
necrosis, inflammatory cell infiltration, fat vadee and obliterated sinusoids. The
hyperlipidemic mice treated with NRFP at 250 mg/&gpwed an improved liver architecture,
although the congestion in the central vein antimimatory cell infiltration still persists. The

liver of hyperlipidemic mice fed with NRFP at a do®f 500 mg/kg and atorvastatin,

respectively, revealed normal histology of the fiwissue with intact central vein and well-

preserved cytoplasm comparable to the control group

Cardiac tissues in the groups treated with nornaihes, NRFP at 500 mg/kg, b.w. and

atorvastatin (Fig. 611) showed the absence of pitioological alteration with regularly arranged
myocardial fibers. However, heart sections of amsmaeated with Triton X-100 revealed

degeneration of myocardial cell, cytoplasmic vamation, and cardiac hypertrophy. The

hyperlipidemic mice administered with NRFP at 50@/kg, b.w. was more effective in cardiac

protection than was the dose of 250 mg/kg, b.verestingly, the myocardium of hyperlipidemic

mice treated with NRFP (250 mg/kg) showed improveshrt architecture, although the
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separation of cardiac myofibers still persists. Thecardial cell in sections of heart taken from
the high-dose of NRFP-treated group revealed a ab@appearance, with a well-preserved
cytoplasm. A similar pattern of cardiac histoarebitire was observed in mice from groups
treated with atorvastatin compared to that of @dngroups. Our experimental results support
those of others reports who showed that polysamd®mradministration improved the
histopathological alteration in hyperlipidemic m{&12,7qQ.

To further justify the hypolipidemic effect of NRFEold liver portions were colored by oil Red
O to observe the accumulation of lipid dropletsg(Félll). The liver sections in the control,
NRFP, and atorvastatin-treated mice revealed thatlipid droplets were absent. However,
multiple lipid droplets were recorded in the livelr the hyperlipidemic mice. Meanwhile, the
liver section of the hyperlipidemic mice treatedNRFP showed a remarkable reduction in
lipid droplets corroborating the ability of NRFP poevent the accumulation of fats in the liver.
These results were consistent with previous reppozs

Conclusion

In this study, an enriched polysaccharide fractoiatled NRFP was obtained by hot water
extraction. The molecular weight of the polysacaharfraction was about 66.5 kDa. NRFP was
composed of glucose, arabinose, galacturonic geidctose, and rhamnose with a molar ratio of
41.4%, 11.8%, 30.5%, 12.6% and 3.7% respectivehe Structural investigations highlighted
the presence of &(1,3)-glucan branched i@-6 position. The presence of a HGA-RG1 structure
in NRFP was not negligible and was already obseiwethe literature for other species of
Nitraria. Further work should be needed to identify if HHBA-RG1 is associated to the glucan
structure inside the fruits. Besidep wvitro, the results advised that the NRFP exhibited
appreciable antioxidant potentials against DPPH hydrogen peroxide in dose-dependent
manners. Meanwhile, NRFP exhibited high hepatoptivte and hypolipidemic effecis vivo.

Based on these findings, we suggested that NRFPbmaglected as a potential antioxidant and
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anti-hyperlipidemic agents for the treatment ofdaavascular disease and other hyperlipidemia

complications.
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Fig. 1. (A) ATR-FTIR spectra of NRFP an@) XRD profile of NRFP with scattering angles
(20) ranging from 5 to 60°.
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Fig. 2. Schematic representation of the hypothetical peptimary structure determined in
NRFP. HGA: Homogalacturonan, RG-I: Rhamnogalactanoh GalA: Galacturonic acid, Gal:

Galactose, Ara: Arabinose, Rha: Rhamnose.
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Fig. 6. Effects of NRFP fromNitraria retusa fruits on the liver(l) and cardiac tissug$l) of
mice treated with Triton X-100 by hematoxylin—eoatr?200x. Frozen sections of hepatic tissues
stained with Oil Red @I I1). The liver section in control groy@), group fed with NRFP (500
mg/kg, b.w.)(B), group treated with atorvastatin (10 mg/kg, bjva.) (C), group treated with
Triton-X 100 (100 mg/kg, b.w., ip)D). Liver of hypercholesterolemic mice treated witRFP
250 and 500 mg/kg, byE, F) and hypercholesterolemic mice treated with atdatas(G).



Table 1. Biochemical composition of NRFP froM. retusa.

Compositions

Total sugar (%, w/w)
Uronic acid (%, w/w)
Neutral sugar (%, w/w)
Starch content (%, w/w)
[NaCl] (%)
Conductivity (is/cm)
Protein (%, w/w)
Phenolic compounds (%, w/
Organic elements (%, wh

Hydrogen

Nitrogen

Carbon

69.14 +0.35
23.14 +0.24
46.01 £0.43
0.02

4.27

81.80

18.67 £0.23

5.47+0.12

1.00 £ 0.1
0.21+0.09

5.03 + 0.0

Values are means * SD of three separate experiments



Table 2. Macromolecular characterization and monosacchaddmposition of NRFP
extracted fromN. retusa fruits.

M2 Mp° PDI Monosaccharid€gmol%)
(g/mol) (g/mol) Glc GalA Gal Ara Rha
66.5x10 56.2x10 1.18 41.4 30.5 12.6 11.8 3.70

Analyses were run in duplicate and the relativaddad deviations were less than 5%.
& M,: Weight average molecular weight was measured B$EC-DRI.
® M,: Number average molecular weight was measuredR§HEC-DRI.
° PDI: Polydispersity index WM,
4 Monosaccharide composition was determined by GCEBVISGIc: Glucose, GalA: Galacturonic acid, Gal:
Galactose, Ara: Arabinose, Rha: Rhamnose.



Table 3. Profile of partiallyO-methylated alditols acetates (PMMA) and glycosidikages

obtained for NRFP.

PartiallyO-methylalditol acetatés %P Linkage typé Main fragment ions (m/z)
2,3,4,6-Mg-Gal 9.33 Galp-(1- 205, 162, 161, 145, 129, 118, 102, 87
2,3,6-Me-Gal 17.0 - 4)-Gap-(1- 233162, 129, 118, 102, 99, 87, 71
MonoS'-Me,-Gal 11.7 ~4)-Gap-(1- -
2,6-Me-Gal nd -3,4)-Gap-(1- -
subtotal® 38.0
2,3,4,6-Ma-Glc 8.72 Glep-(1- 205, 162, 161, 145, 129, 118, 102, 87, 71
2,4,6-Ma-Glc 26.3 -3)-Glcp-(1- 234, 202, 174, 161, 129, 118, 101, 87, 71
2,4-Me-Glc 10.2 ~3,6)-Glp-(1- 305, 234, 189, 160, 139, 129, 118, 87, 74
subtotal 452
3,4-Me-Rha 0.83 -2)-Rhgp-(1- 175, 162, 131, 118, 102, 89, 72
3-Me-Rha 3.65 ~2,4)-Rhp-(1- 203, 190, 143, 130, 101, 88, 74
subtotal 4.48
2,3,5-Me-Ara 1.33 Araf-(1- 162, 161, 145, 129, 118, 102, 101, 87, 71
2,3-Me-Ara 8.02 -5)-Araf-(1- 189, 129, 118, 102, 87, 71
2-Me-Ara 2.94 -3,5)-Ard-(1- 261, 127, 118, 99, 85
3-Me-Ara nd -2,5)-Ard-(1- 190, 189, 130, 129, 88, 87
subtotal 12.3

All analyses were run in duplicate and the relasitandard deviations were less than 5%.
42,4,6-Me-Glc=2,4,6-triO-methyl-glucitol-acetate, etc.
Pos of peak area dD-methylated alditol acetates relative to total adedermined by GC-MS.
°Based on derive@-methylalditol acetates.
4Residues wereonosubstitutethy a non-defined group

€ Corresponded both for Geand GapA





