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The present study aimed to evaluate the antioxidant effects of polysaccharide (PS) isolated from Balangu
Shirazi (Lallemantia royleana) seeds in vitro as well as on the hypercholesterolemic diet-induced liver and
kidney injury in adult rats. PS was structurally characterized by Fourier-transformed infrared, which confirmed
the presence of bands characteristic of polysaccharides. Functional properties of PS were investigated based
on water solubility index, holding and emulsifying capacities. The antioxidant activities were confirmed by
DPPH radical scavenging assays, reducing power and the chelating effect assay. The administration of PS to a
hypercholesterolemic diet for 30 days in Wistar rats significantly improved the liver and kidney levels in ma-
londialdehyde, advanced oxidation protein products, glutathione, superoxide dismutase, glutathione peroxi-
dase and in vitamin C. The oxidative stress profile was confirmed by hematological and plasma biochemical
parameters. In addition, histological alterations were significantly ameliorated in liver and kidney tissues. The
study strengthens the hypothesis that the herbal polysaccharide can be used as a novel antioxidant and hypo-
cholesterolemic compound against hyperlipidemia-induced atherosclerosis.
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Introduction

Hyperlipidemia is not only a health problem, but a so-
cial one as well. The number of people suffering from this
disease is increasing rapidly worldwide and has become
the center of public attention (1). Hyperlipidemia, induce
to long-term complications of cholesterolemia serious di-
seases by generating reactive oxygen species (ROS) (2).
Oxidative stress induced by oxygen radicals has been im-
plicated in the pathogenesis of various diseases. Finding
natural, safe, as well as effective treatments for dyslipi-
demia and hyperlipidemia is one of the major quests of
medical scientists.

Medicinal, functional, and nutraceutical herbs have
been used as food and for medicinal purposes for centu-
ries. Research interests have focused on various herbs that
possess hypolipidemic and hypocholesterolemic proper-
ties that may be useful for reducing the risk of cardiovas-
cular diseases (3).

Lallemantia royleana, popularly known as Balangu
Shirazi, is one of the Iranian medicinal plants that belong
to the Lamiaceae family. It is one of the five species of
Iranian Lallemantia, which grows wild in several areas. It
is extensively represented in different regions of Asia, Eu-

rope and Middle East countries especially various regions
of Iran (4,5). L royleana has been used in Iranian traditio-
nal and folklore medicine as a diuretic, tonic, aphrodisiac,
and antitussive remedy and in the treatment of various
nervous, hepatic, and renal disorders (6). Seeds powders
have been used in some southern parts of Iran as an ato-
nic medication and a remedy for psychotic diseases (7).
Lallemantia royleana contains similar biologically active
compounds such as polysaccharides (8). These polysac-
charides are an important class of biological polymers in
plants and typically play either structure-or capacity-rela-
ted parts (9). Polysaccharides have attracted the attention
of researchers due to their great bioactivities, such as anti-
oxidant, anti-inflammation, antibacterial, antidepressant,
antitumor, and anti-atherosclerosis activities (10).

In this paper, the polysaccharide extracted from L
royleana (PS) was characterized for its structural and func-
tional properties based on water solubility index, holding
and emulsifying capacities. The PS antioxidant activity
was determined by DPPH radical scavenging assays, redu-
cing power and the chelating effect. PS was also, tested for
its ability to prevent oxidative stress related to hypercho-
lesterolemia on liver and kidney tissues the in of rat model.
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Materials and Methods

Extraction and purification of water-soluble polysac-
charide

The polysaccharide from Lallemantia royleana (PS)
was extracted referring to Liu et al (11). In brief, the PS
was mixed with 95% (v/v) ethanol at 4 °C for 24 h. The
water phase was dialyzed at 4 °C against distilled water
for 2 days, then concentrated by rotary evaporation under
reduced pressure (Rotary evaporator, Heidolph, Germany)
and freeze-dried using freeze dryer (Bioblock Scientific
Christ ALPHA 1-2, IlIKrich-Cedex, France) to obtain
polysaccharide.

FT-IR spectrometric analysis

The polysaccharide FT-IR range was obtained using
a Perkin-Elmer Spectrum infrared spectrometer. Films
were analyzed using 10 scans per minute at a resolution
of 4 cm! in the wavenumber region between 400 cm™! and
4000 cm™.

Functional properties
Water solubility index (WSI)

Water solubility was determined through the method
described by Ben Slima et al (12) and it was calculated
according to the following formula:

weight of the dissolved solid in the supernatant

WSI (%) = x 100

weight of the dry solid

Water holding capacity (WHC) and Oil Holding Capa-
city (OHC) of PS

The WHC and the OHC were recorded referring to the
method of Ktari et al (13). The WHC was calculated refer-
ring to the following formula:

weight of the tube content after drainingt
x 100

0, —_
WHC (%) = weight of the dry solid
The emulsifying capacity of PS
Emulsifying capacity (EC) and its stability were under-
taken by referring to the method of Freitas et al (14). After
1, 24 and 168 h, emulsification indices E1, E24 and E168,
were computed as follows:

EC (%) = He » 100

T Ht
Where, He (mm) is the emulsion layer height and Ht (mm)
is the mixture overall height after t hours.

Antioxidant properties of PS
Diphenyl-2-Picrylhydrazyl (DPPH) radical scavenging
activity

The DPPH radical scavenging activity of the samples
(polysaccharide or the antioxidant reference) was assessed
by referring to the method of Blois (15). The absorbance
was measured spectrophotometrically at 517 nm using
model JENWAY 6300 spectrophotometer. All determina-
tions were performed in triplicate.

Iron (Fe*) chelating activity

The chelating ability of the polysaccharide extract is
determined by following the inhibition of the formation of
the Fe (II) -Ferrozine after incubating the samples with the
divalent iron according to the method of Carter (16). Fur-
thermore, the negative control contains all reagents except

the test sample, which is replaced by an equal volume of
distilled water. EDTA has been used as a reference chela-
tor.

Reducing antioxidant power assay.

The reducing power of PS was performed by referring
to the Oyaizu method (17). The absorbance of the samples
was estimated against blank at 700 nm. BHT was deployed
as standard.

In vivo effects of polysaccharide extracted from Lalle-
mantia royleana
Animals and experimental design
Ethics statement

The experimental, as well as animal procedures, were
conducted referring to the Natural Institute of Health
Guidelines for Animal Care and approved by the “Insti-
tute Ethical Committee Guidelines” for the care and use of
laboratory animals.

Treatment

Wistar male rats weighing about 180 + 10g, obtained
from the Central Pharmacy (SIPHAT, Tunisia), were ran-
domly, divided into four groups of 8 animals each:
Group [: Normal control rats were fed a standard

diet.
- Group II: Rats were fed a high-fat diet (normal
diet supplemented with 8% of fats and 1% of cholic acid/
kg diet), to induce hyperlipidemia for 4 weeks.

Group III: Rats received a high-fat diet and were
treated with fluvastatin (10 mg/kg, body weight/daily) for
4 weeks (18).

Group IV: Rats received a high-fat diet and were
treated with PS extracted from Lallemantia royleana by
gastric gavages route (200 mg/kg of body weight/daily)
for 4 weeks (19).

During the experimental period (30 days), food and
water intake of the animals were monitored daily. At the
end of the experimental period, the animals of different
groups were killed by cervical decapitation to avoid stress.

Blood samples were collected in heparin tubes, some
others were collected in EDTA. Heparin tubes were cen-
trifuged at 2200 xg for 15 min. Plasma samples were next
removed and served for the determination of biochemical
parameters. Blood samples collected with EDTA were
used for the determination of red blood cells (RBCs),
white blood cells (WBCs), hematocrit (Ht), hemoglobin
(Hb), mean corpuscular volume (MCV), mean corpus-
cular hemoglobin (MCH), platelet number, and MCH
concentration (MCHC) by electronic automate Coulter
MAXM (Beckman Coulter, Inc, Fullerton, CA).

Liver and kidney tissues were quickly removed. All
the samples were homogenized (10% w/v) in an appro-
priate ice-cold buffer (100 mM Na,HPO,/NaH PO,, pH
7.4) with an Ultra Turrax homogenizer, and centrifuged
at 10.000xg for 15 min at 4°C. The resulting superna-
tants were deployed for various biochemical assays. Other
samples were immediately fixed in 10% formalin solution
for histological investigation.

Liver and kidney parameters of oxidative stress

The malondialdehyde (MDA) levels were determined
spectrophotometrically according to Draper and Hadley
(20) methods and expressed as nmoles of MDA/mg tissue.
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According to the method performed by Witko et al
(21), advanced oxidation protein products (AOPP) levels
of each homogenate were calculated using the extinction
coefficient of 261 cm mM'and the results were expressed
as umoles/mg protein.

Superoxide dismutase (SOD) activity was estimated
according to the method of Beauchamp and Fridovich (22)
and it was expressed as units/mg of protein.

Glutathione peroxidase (GPx) activity was determined
according to Flohé and Giinzler (23). The GPx enzyme ac-
tivity was expressed as nmoles of GSH oxidized/min/mg
protein.

Both liver and kidney glutathione (GSH) contents were
measured at 412 nm using the method of Ellman et al (24)
and expressed as pg/g tissue.

Acid ascorbic content was determined spectrophoto-
metrically by the dinitrophenyl-hydrazine method de-
scribed by Jacques-Silva et al (25). The absorbance was
estimated at 540 nm as well as results were expressed as
microgram/milligram protein.

Biochemical markers in plasma

Plasma levels of creatinine, uric acid, urea, bilirubin,
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) were measured by colorimetric methods us-
ing commercial reagent kits (References: 20151, 20091,
20143, 20102, 20094, and 20012, respectively) purchased
from Biomaghreb (Ariana. Tunis. Tunisia).

Histological studies

For histological studies, some portions of kidney and
liver tissues were immediately fixed in 10% of formalin
solution and processed in a series of graded ethanol so-
lutions. Organs were next embedded in paraffin, serially
sectioned (3 pm) and stained with hematoxylin_eosin (H-
E). Six slides were prepared from each organ. All sections
of liver and kidney organs were estimated for the degree
of injury.

Statistical analysis

Values of each parameter are expressed as the mean+
standard deviation (x£SD). Duncan’s multiple range tests
provided mean comparisons with the level of statistical
significance set at p<0.05. Statistical analyses were per-
formed using SPSS Software using Duncan’s test per-
formed after variance analysis (ANOVA).

Results

Infrared Spectrum Analysis

FT-IR spectroscopy is displayed to characterize the struc-
ture of polymers as well as to determine their organic
functional groups for the qualitative measurements of or-
ganic functional groups (Fig 1). The infrared spectrum of
PS ranged from 4000 to 500 cm!. As presented in Fig. 1,
PS displayed typical peaks of polysaccharides at 3284.79,
2928.51, 2166.51, 1595.44, 1411.83, 1320.78, 1030.92
and 893.61cm™!. The broad peak at 3284.79 cm' was
due to the stretching vibrations of terminations formed

Table 1. Functional properties of PS.

by hydroxyl groups, a weak band at 2928.51and 2166.51
cm—1 are assigned to a C-H stretching vibration. The peak
at 1595.44 cm! was attributed to the carboxylate anion
group (C=0). The most important peaks were observed
at 1411.86 and 1320.78 cm™" generally attributed to the
stretching vibration of the ester sulfate groups (S=0). The
most important peaks observed at 1411.86 and 1320.78
cm—1, were generally attributed to the stretching vibration
of the ester sulfate groups (S=0). The peak assigned to
1320.78 cm™', might be related to the stretching vibrations
of S—O of sulfate. Furthermore, the band at 1030 cm™! was
attributed to C—O—C glycosidic bond vibrations and ring
vibrations, which overlapped with C—-O-H link bond.

Functional properties of PS

Different functional proprieties of PS extracted from Lal-
lemantia royleana were studied as illustrated in Table 1. PS
was characterized by high water solubility and emulsion
capacities; this former is maintained elevated and stable
during 168 h. In addition, the PS displayed an interesting
WHC, highlighting the potential of PS from Lallemantia
royleana as a strong candidate for medical uses, while the
OHC was weak.

Antioxidant activities of PS

Radical-scavenging activity (DPPH)

Data revealed a potent antioxidant activity of PS as des-
cribed by DPPH activity (Fig 2A). In fact, the scavenging
capacity increases with increasing concentration. At the fi-
nal concentration (2.5 mg/ml), the antioxidant activity rea-
ched about 70%, but still lower than the reference (DPPH).

Ferrous ions chelating activity

The Ferrous ions chelating activity of PS and EDTA used
as reference were determined at different concentrations
(0-10 mg/ml). As illustrated in Fig 2B, PS presented an
increase in chelating activity, which increased with the
concentration of the sample. At the highest concentration
(10 mg/ml), S1 reached about 78%, lower than EDTA with
about 100% at the same concentration.

Reducing antioxidant power

The reducing antioxidant power of the polysaccharide is
shown in Fig 2C. The result suggested that PS had a signi-
ficant reducing power, which enhanced when concentra-

18]

Figure 1. FT-IR spectrum of Lallemantia royleana polysaccharides.

WSI WHC OHC

EC1 EC24 EC168

67.31£2.36% 10.22+4.44% 22.98+0.23%

89.5+0.02% 83.2+0.23% 71.44+1.81%
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Figure 2. DPPH radical scavenging activity (A), chelating effect (B)
and reducing power (C) of polysaccharide extracted from Lallemantia
royleana in comparison with DPPH, EDTA and BHT, respectively.

tions increased. BHT, used as a standard reference, showed
similar reducing power of PS.

In vivo effects of PS

Effect of PS on morphological parameters

The weight of the animals was monitored daily for 30 days.
The results showed that the hypercholesterolemic group
induced a significant increase in body weight when com-
pared to the initial body weight and to the control group

(p<0.05). Meanwhile, the administration of Fluvastatin or
PS significantly reduced (P <0.05) their body weights by
11.82% and 11.13%, respectively, compared to the control
group (Table 2).

Additionally, in the hypercholesterolemic group, daily
food intake and relative liver and kidney weight signifi-
cantly increased, when compared to the control group
(p<0.05). Co-administration of PS caused a normal liver
and kidney weight.

Effect of PS on hematological parameters

Compared with the control group, an increase in the num-
ber of RBC, WBC and platelet were observed. However,
no significant differences were observed in Hb, HT, MCV,
MCH and MCHC in hypercholesterolemic rats (Table
3). Treatment with PS improved all parameters, which
reached control values.

Assessment of oxidative stress markers

Estimation of MDA and AOPP levels

Table 4 represents the MDA and AOPP levels in the liver
and kidney of control and treated rats for 30 days. Results
showed a significant difference between the hypercholes-
terolemic and control groups. Our results revealed an in-
crease in lipid peroxidation and protein oxidation in the
liver and kidney of the rats treated with PS, as evidenced
by the increase in the MDA and AOPP levels (P<0.001;
P<0.05) when compared to the cholesterol-treated group
(Table 4).

Enzymatic and non-enzymatic antioxidant status

Our in vivo study was revealed to test the capacity of PS
to ameliorate the antioxidant defense against hypercholes-
terolemia.

Data showed a significant decrease in GPx, GSH, SOD
and Vitamin C activities in the liver and in the kidney
homogenates in the hypercholesterolemic treated group,
when compared to the control rats (Table 4). However, the
administration of PS to hypercholesteroemic rats amelio-
rated significantly these parameters in both tissues.

Biochemical assays

Effect of PS on blood lipid profile in hypercholestero-
lemic-rats

A significant increase in CT, TG and LDL and a decrease
in HDL levels in the plasma of hypercholesterolemic-rats,
when compared to the control group. However, PS admin-
istered to hypercholesterolemic-rats regulates lipid profile,

Table 2. Initial and final body weight, food intake and relative liver-kidney weights of controls and hypercholesterolemic rats co-treated with the
Fluvastatin or the polysaccharide extracted from Lallemantia royleana for 30 days.

Groups

Parameters Control Cholesterol Fluvastatin +pgll;f(;:|is:ﬁ;(:‘i de
Initial Body weight (g) 196.87+2.39° 195.75+1.71* 197+2.45° 198.75+2.22°
Final Body weight (g) 301.87+41.44*  342.37+2.86¢ 314+£2.58° 304.2542.982
Daily food intake (g/day) 14.39+1.98° 22.05+1.744 18.18+1.33° 16.06+1.64¢
Relative organ weight (g/100 g body weight)

Liver 4.02+0.06° 6.05+0.05¢ 4.91+0.08° 4.18+0.03°

Kidney 1.31+£0.01° 1.37+0.004° 1.42+0.03¢ 1.45+0.01¢

Results are expressed as mean of three experiments = SD. The number of determinations was n =8.

abed[p the same line indicate significant differences between different groups of rats (p < 0.05).
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Table 3. Hematological parameters of controls and hypercholesterolemic rats co-treated with the Fluvastatin or the polysaccharide extracted

from Lallemantia royleana for 30 days.

Groups

Parameters Control Cholesterol Fluvastatin Cholesterol+ polysaccharide
RBC count (10%ml) 6.07+0.74* 7.41+0.34° 7.03+0.43° 7.06+0.54

Hb (g/dl) 11.63+0.84° 12.62+0.322 12.38+0.712 11.97+0.75°

HT (%) 36.7+£0.92° 40.33+0.74° 39.96+1.18° 40.07+0.87°

MCV (mm?*/RBC) 57.37+£1.29° 56.45+0.45° 55.36+1.05° 55.3+£0.75°

MCH (pg/RBC) 19.6£1.15° 18.05+0.71° 18.4+0.577 18.41+0.79*

MCHC (g/dl) 35.8+1.64° 34.8+0.75° 31.8+0.27¢ 32.13+0.15°

WBC (10*ml) 12.96+0.4* 13.9+0.84° 12.26+1.022 12.38+0.38"

PIt (10%/ml) 537.67+4.51* 938.25+14.84¢ 718.2429.25% 686.67+17.47°

Results are expressed as mean of three experiments + SD. The number of determinations was n =8§.

+beIn the same line indicate significant differences between different groups of rats (p < 0.05).

Table 4. Levels of MDA, GSH, AOPP, Vitamin C and GPx activities in the liver and kidney of controls and hypercholesterolemic rats co-treated

with the Fluvastatin or the polysaccharide extracted from Lallemantia royleana for 30 days.

Groups
Parameters Control Cholesterol Fluvastatin pgll;fz:lis:l(:;(:‘li-(;e
Liver
MDA (nmoles MDA/g tissue) 58.32+2.942 85.10+3.51¢ 62.63+1.41° 52.66+7.82°
GSH (mg/g tissue) 182.55+14.27¢ 82.80+14.53¢ 163.59+15.43° 184.22422.39°
AOPP (mmoles/mg proteins) 0.039+0.014° 0.099+0.02° 0.061+0.0018° 0.034+0.022
Vitamin C (pug/mg protein) 125.57£10.81° 76.71£11.59¢ 101.59+11.64° 118.04£11.18*
GPx (nmoles of GSH/min/mg protein) 5.65+0.24* 2.66+0.60° 4.59+0.31° 5.15+1.36*
SOD (U/mg of protein) 79.13+£13.87* 52.28+3.44° 84.41+6.18° 81.67+15.89*
Kidney
MDA (nmoles MDA/g tissue) 62.5+6.94° 93.72+3.32° 69.14+3.48° 69.67+2.48%
GSH (mg/g tissue) 342.614£32.97¢ 205.36+17.87° 363.42+34.71° 370.63+31.64°
AOPP (mmoles/mg of proteins) 0.02+0.006* 0.084+0.015¢ 0.038+0.004° 0.033+0.01°
Vitamin C (pg/mg of protein) 135.61£12.25° 78.76x11.18° 118.94+13.23% 129.68+11.992
GPx (nmoles of GSH/min/mg protein) 1.61+0.69* 0.5140.05° 1.34+0.25° 1.85+0.61*
SOD (U/mg protein) 38.63+6.77¢ 26.39+9.85° 38.64+3.89° 38.84+8.98¢

Results are expressed as mean of three experiments = SD. The number of determinations was n =8.
abed[p the same line indicate significant differences between different groups of rats (p < 0.05).

Table 5. Effects of the Fluvastatin and the polysaccharide extracted from Lallemantia royleana on lipid profile of hypercholesterolemic treated rats.

Groups
Parameters Control Cholesterol Fluvastatin Cholesterol+ polysaccharide
CT (mmol/l) 1.54+0.03¢ 1.68+0.03° 1.57+0.012 1.55+0.01°
TG (mmol/l) 1.17+001° 2.05+0.04¢ 1.4040.04¢ 1.25+0.03°
HDL (mmol/1) 1.03+0.001* 1.028+0.05* 1.029+0.0008? 1.03+0.001*
LDL (mmol/l) 0.01+0.001* 0.046+0.04° 0.025+0.003* 0.017+0.001°

Results are expressed as mean of three experiments = SD. The number of determinations was n =8.
abeIn the same line indicate significant differences between different groups of rats (p < 0.05).

as shown by the significant decrease in plasma CT, TG and
LDL levels by 7.73%, 39.02% and 63.04%, respectively
and the increase in HDL level by 0.19% (Table 5).

rats by 32% and 43%, respectively; while the ALT, CK and
creatinine levels decreased by 22%, 45% and 10%, respec-
tively in the hypercholesterolemic group, when compared
to the control rats. Interestingly, a polysaccharide extract-
ed from Lallemantia royleana restored these parameters to
normal values as compared to controls.

In our experimental conditions, obese animals showed
a significant increase in plasma renal dysfunction levels

Effect of PS on liver-kidney functions in hypercholes-
terolemic-rats

Table 6 revealed that hypercholesterolemic rats undertook
an increase in terms of AST, Gamma GT, urea and uric acid
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Table 6. Effect of Fluvastatin and polysaccharides extracted from Lallemantia royleana on plasma biochemical parameters of hypercholesterolemic

treated rats.
Groups

Parameters Control Cholesterol Fluvastatin Cholesterol+ polysaccharide
Liver
AST (UI/L) 140.82+1.40° 189.12+1.49¢ 150.06+1.23¢ 146+0.71°
ALT (UVL) 42.04+1.30* 62.44+1.56¢ 50.76+1.71¢ 44.57+1.09°
CK (UI/L) 3100.51+1.51° 4899.28+1.47¢ 3695.84+1.82¢ 3328.57+1.64°
Gamma GT (UI/l) 2.39+0.232 7.57+0.84¢ 3.5+0.35° 2.53+0.36°
ALP (UI/L) 260.84+1.64* 329+1.58¢ 288.8+1.30° 269+1.58°
Kidney
Urea (mmol/L) 3.37+0.22° 4.12+0.31° 3.58+0.24° 3.39+0.04¢
Creatinine (mmol/L) 36.9+0.74° 47.72+0.94¢ 38.9+0.93° 36.8+0.83¢
Uric acid (mg/L) 99.8+1.48* 216.6+1.51¢ 104.16+1.60° 101.3£1.71°

Results are expressed as mean of three experiments + SD. The number of determinations was n =8.

abeTn the same line indicate significant differences between different groups of rats (p < 0.05).

of albumin, urea and creatinine by 43.34%,216.84% and
112.29%, respectively, compared to control rats (P <0.05).
However, the administration of PS to obese rats improved
all renal toxicity indices (Table 6).

Histopathological studies

In the hypercholesterolemic rats, liver and kidney histo-
logical data showed numerous abnormalities (Fig 3 and Fig
4). Light microscopic examination indicated a normal liv-
er structure in controls, and polysaccharides administered
rats, showing a normal cellular architecture with distinct
hepatic cells, sinusoidal spaces and a central vein. While
with the hypercholesterolemic rats, severe histopathologi-
cal changes were observed. Hypercholesterolemia caused
marked leucocyte infiltration, vacuole formation and stea-
tosis (Fig 3 C-D).

Upon kidney histological examination, renal tissue archi-
tecture showed normal glomeruli and tubules (Fig 4A-B).
In obese rats, the kidney revealed a broaden Bowman’s
space, tubular obstruction, vacuole formation and infiltra-
tion of leucocytes (Fig 4B-C). The severe kidney damage,
shown in hypercholesterolemic rats significantly reduced,
when PS and fluvastatin were administered to hyperlipi-
demic rats for 30 days. In fact, in these groups, the kidney
histological aspect was similar to that of controls (Fig 4
E-F-G-H).

Discussion

Hypercholesterolemia has significant cardiac conse-
quences, kidney failure and liver damage (26). Thus, the
present study was designed to evaluate the antioxidant ac-
tivities and the chemical composition of PS extracted from
Lallemantia royleana and the possible beneficial effect of
its administration on hematological and plasma lipid pa-
rameters, liver-kidney functions in adult rats fed with a
cholesterol-rich diet.

Interestingly, Herbal medicines are plentiful sources
of bioactive compounds; especially PS can be used as an-
tioxidants for the prevention of oxidative damage in liv-
ing organisms. The PS is a complex and heterogeneous
macromolecule and their biological and pharmacological
activities normally result from a complex interaction of

Figure 3. Histological sections of liver of experimental rats. (A-B)
normal rats; (C-D) hypercholesterolemic rats; (E-F) rats treated with
Fluvastatin; (G-H) hypercholesterolemic rats treated with polysac-
charide extracted from Lallemantia royleana. Arrows indicate:
Hepatocytes : ;Central vein: vc ; Necrosis:~ ~ ; Apopto-
sis: — ~® : Mitosis : T Vacuolated hepatocytes : — . Leuko-
cyte infiltration : — ;Vascular congestion:_.

several structural features, including glycosidic bonds be-
tween monosaccharides, the molecular weight, and sugar
residue composition.

Antioxidants have a positive effect on human health as
they can protect the human body against damage induced
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Figure 4. Histological sections of Kidney of experimental rats. (A-B)
normal rats; (C-D) hypercholesterolemic rats; (E-F) rats treated with
Fluvastatine; (G-H) hypercholesterolemic rats treated with polysac-
charide extracted from Lallemantia royleana.T: tubule; G: glomeruli
Tubular light :—#@, Glomerular space : —# , Apostosis : = #
,Leukocyte infiltration: —= , Necrosis : = >

by reactive oxygen species (ROS), which can attack mac-
romolecules such as membrane lipids and lead to health
disorders and inflammatory diseases with severe tissue in-
juries (27). Our in vivo experimental study revealed that
hypercholesterolemia induced damage in the liver and kid-
ney of treated rats.

In fact, it has been reported that oxidative stress, and
especially ROS, may affect the protein expression profile,
as shown by the elevation in MDA and AOPP levels in
the liver and kidney tissues, when compared to the control
group. These data are similar to those reported by Anila
(28). Interestingly, the abnormal rise in lipid peroxida-
tion was reduced upon polysaccharides administration
generally related to the antioxidant properties of polysac-
charides extracted from Lallemantia royleana, as shown
in our in vitro study by DPPH-scavenging, the ferric re-
ducing power assay and chelating effect tests (29). Oxida-
tive stress occurs when the antioxidant defense system is
overwhelmed by ROS production. Antioxidants and other
cell redox state-modulating enzyme systems act as the first
line of defense against ROS in all cellular and extracellular
compartments (30). In fact, the activity of SOD and GPx
are significantly decreased in the liver and kidney in hy-
percholesterolemic rats. The decrease, which occurred in
the liver and kidney, indicated that free radical production
exceeded the capacity of detoxification mechanisms in
both tissues. The disruption in antioxidant enzymatic ac-
tivities indicated oxidative stress damage caused by cho-

lesterol (26). However, a significant improvement in GPx
and SOD activities through the supplementation of PS ex-
tracted from Lallemantia royleana, confirmed the protec-
tive effect and the antioxidant capacity of this polymer.

In addition, non-enzymatic antioxidants such as glu-
tathione and vitamin C play a vital role in protecting cells
from oxidative damage. Data revealed that GSH and vi-
tamin C levels in hypercholesterolemic rats decreased
significantly when compared to the normal ones. Accord-
ingly, the increase in GSH and Vitamin C contents in the
PS-supplemented group may be attributed to the ability
of this polymer to improve the kidney and liver defense
against free radicals (3).

It’s known that the development of oxidative stress-
induced cell damage, tissue injuries and functional im-
pairment as evidenced by hepatic function tests, such as
elevated plasma lipase profile, demonstrated the severity
of the hepatic damage. In fact, the hypercholesterolemic
effect may be due to the increased dietary cholesterol in-
take and subsequent increased rate of intestinal choleste-
rol absorption (31). In the present work, results showed
an elevation in cholesterol, LDL and triglyceride levels
in hypercholesterolemic rats, with a slight reduction in
HDL level. It has been reported that complex alimentary
lipids are converted into triglycerides and free fatty acids
by intestinal lipase and that lipase inhibitors reduce post-
prandial plasma lipid level via retarding the liberation of
TG and free fatty acids and their absorption (19). In fact,
our in vivo study report that PS extracted from Lallemantia
royleanais inhibits the key enzyme related to hypercho-
lesterolemia as lipase activity with a decrease in the level
of TG, cholesterol, LDL-cholesterol with a normal rate in
HDL-cholesterol. This could be explained by the hypolipi-
demic effect of this polymer.

The previous data were confirmed by histological sec-
tions of the livers of treated rats for 30 days. Light mi-
croscopic examination revealed the appearance of lipid
droplets, which correspond to a deposit of fat in the hepa-
tocytes. The liver abnormality was associated with lipid
metabolism, which is manifested by the appearance of
lipid vacuolization in the liver of rats subjected to a hyper-
lipidemic diet. While the rats exposed to PS and fluvasta-
tin have a protective effect against hypercholesterolemia,
as shown by a marked decrease in lipid vacuolization and
steatosis. Our results are similar to those of Suanarunsawat
et al (32), who showed that changes in hepatic tissue re-
sults in the fat deposition formed steatosis and appears in
the histological sections as empty vacuoles. However, in
hypercholesterolemic rats treated with PS, significant pro-
tection in liver function was observed biochemically by
lowering hepatic cytolysis markers regression of liver fat,
confirming the beneficial effect of this compound against
hyperlipidemia. Interestingly, in PS-treated rats, the histo-
pathological changes were completely alleviated, indica-
ting the effectiveness of this polymer in mediating choles-
terol-induced hepatotoxicity.

Additionally, in obese rats treated with PS, significant
protection of liver function was observed biochemically
by a lowering of elevated liver enzyme markers. In fact, a
significant decrease in AST, ALT and ALP activities was
noted. Similarly, the therapeutic effect and potential of PS
in antihyperlipidemic actions prevent kidney dysfunctions
and showed a decrease in the plasma biomarkers indicating
renal perturbation such as urea, creatinine and uric acid.
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These findings are in agreement with several reports. For
instance, Kammoun et al (3) reported the positive effect
of sulfated polysaccharides extracted from the green alga
Ulva lactuca in antihyperlipidemia actions to prevent li-
ver-kidney dysfunctions. In fact, an increase in the density
of microvessels in the lower and middle cortex of the kid-
neys and morphological damage was noted. This alteration
affects the distribution and regulation of intra-renal blood
(33). In addition, hyperlipidemia induces renal disorders
leading to renal insufficiency, which may be the result of
damage to tubules or glomeruli (34). These modifications
could be due to the accumulation of free radicals resulting
from an enhancement in lipid peroxidation in the renal tis-
sues (35). In view of all these results, it can be concluded
that the administration of PS to hypercholesterolemic rats
resulted in a partial restoration of the renal disorders, as
shown in the histological aspect. This is in agreement with
Sathivel et al (36), which showed the anti-hyperlipidemic
nature of the sulfated polysaccharide of Ulva lactuca.

Furthermore, this study showed abnormalities in some
blood cell parameters in hypercholesterolemic rats, ob-
jectified by a significant increase in the number of RBC,
WBC and platelet, which indicate the activation of defense
mechanism due to the enhancement in the LDL and trigly-
ceride levels and thereby the installation of hypercholes-
terolemia. Nevertheless, treatment with PS improved all
parameters, which reached control values.

Conclusion

The present study showed that polysaccharide extrac-
ted from Lallemantia royleana was efficient in the protec-
tion against hyperlipidemia by reducing plasma TC, TG,
LDL and lipid peroxidation in animals fed by a high-cho-
lesterol diet. Therefore, this polymer could be considered
as a promising functional agent to prevent atherosclerotic
disease. However, as the accurate mechanism is not yet
clear, further studies are needed in order to check the po-
tential therapeutic use of this polysaccharide.
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