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Abstract

The current investigation was carried out to estimate the protective effect of aqueous extract of Cheatomorpha
gracilis (AEC) against High fat Diet (HFD) induced liver damage in mice. The results of the in vitro study showed
that AEC have higher antioxidant capacities in the DPPH and hydroxyl radical-scavenging assays. Indeed, many
phenolic compounds (gallic acid, quercetin, naringenin, apigenin, kaempferol and rutin) were identified in the
AEC. In the animal studies, during 6 weeks, HFD promoted oxidative stress with a rise level of malonaldehyde
(MDA), protein carbonyls (PCOs) levels and a significant decrease of the antioxidant enzyme activities such as
superoxide dismutase, catalase and glutathione peroxidase. Interestingly, the treatment with AEC (250 mg/kg body
weight) significantly reduced the effects of HFD disorders on some plasmatic liver biomarkers (AST, ALT and ALP)
in addition to, plasmatic proteins inflammatory biomarkers (o, and B, decreases | B, and y globulins increases). It
can be suggest that supplementation of MECG displays high potential to quench free radicals and attenuates high
fat diet promoted liver oxidative stress and related disturbances.

Keywords: C.gracilis aqueous extract, High Fed Diet (HFD), oxidative stress, phytochemistry analysis,
hepatoprotective effects.

Resumo

A presente investigacdo foi realizada para estimar o efeito protetor do extrato aquoso de Cheatomorpha gracilis
(AEC) contra o dano hepatico induzido por dieta rica em gordura (HFD) em camundongos. Os resultados do estudo
in vitro mostraram que os AEC tém maiores capacidades antioxidantes nos ensaios DPPH e de eliminacdo de radicais
hidroxila. De fato, muitos compostos fendlicos (acido galico, quercetina, naringenina, apigenina, kaempferol e
rutina) foram identificados no AEC. Nos estudos em animais, durante 6 semanas, HFD promoveu estresse oxidativo
com aumento do nivel de malonaldeido (MDA), niveis de proteina carbonil (PCOs) e diminui¢do significativa das
atividades de enzimas antioxidantes como superéxido dismutase, catalase e glutationa peroxidase. Curiosamente,
o tratamento com AEC (250 mg | kg de peso corporal) reduziu significativamente os efeitos dos disttrbios de
HFD em alguns biomarcadores hepaticos plasmaticos (AST, ALT e ALP), além de biomarcadores inflamatérios de
proteinas plasmaticas (reducdes a2 e f1 / B2 e y aumenta as globulinas). Pode-se sugerir que a suplementacdo de
MECG apresenta alto potencial para extinguir os radicais livres e atenua o estresse oxidativo do figado promovido
pela dieta rica em gordura e disttrbios relacionados.

Palavras-chave: extrato aquoso de C.gracilis, dieta rica em nutrientes (HFD), estresse oxidativo, andlise fitoquimica,
efeitos hepatoprotetores.
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1. Introduction

In today’s modern lifestyle, a rise in dietary fat intake,
important changes in our food habits and a decline in
physical action represented by rise to an augmentation
of metabolic disturbance including hypercholesterolemia
and may lead health problems such as diabetes
mellitus, steatosis and atherosclerosis (Steinberg,
2005; Hassan et al., 2011). Dyslipidemia, including
high level of serum TC (total cholesterol), small density
in lipoprotein cholesterol and a high level density
lipoprotein cholesterol (HDL-ch), is a large scale risk
cause for serious health diseases, namely, cardiovascular
diseases, hypercholesterolemia and chronic liver diseases
(Steinberg, 2005; Zou et al., 2006). Fat accumulation
predisposes the liver to hypertrophy and secondary
stresses such as oxidative stress (Musso et al., 2009).
Consequently, structures of lipids are regarded as the
substrate of lipid peroxidation consequent to exposure
to oxygen species generated by poor scavenging and/
or depressed antioxidant enzymes (Videla et al., 2004).
Undoubtly, oxidative stress could be considered cause or
effect of liver disease. In fact, it is a reaction that happen
when reactive oxygen species submerge the antioxidant
defense. Free radicals such as superoxide-anion (0,~),
hydrogen-peroxide (H,0,), and hydroxyl-radical (OH")
which are produced in the human-body can be a decisive
incidence in many physiological disorders, and may
deteriorate the biological molecules and functional damage
of the cells (Arbos et al., 2008). Redox modifications can
be considered as a negative influence on endogenous
antioxidant activities like enzymatic defense activity
such catalase (CAT); superoxide dismutase (SOD) and
glutathione peroxidase (GPX) or non-enzymatic component
levels (Rjeibi et al., 2016). Nevertheless, endogenous
defenses are not always sufficient to counteract free
radicals’ disturbances. Hence, the understanding of
oxidative stress triggered by hypercholesterolemia
turns into a considerable area of concentrate in the
scientific community (Holvoet et al., 2004). Numerous
therapeutic factors are ready for the management of
hypercholesterolemia patients, and they are utilized to
promote effective treatment (Hassan et al., 201). During the
past few years, algae have attracted many researcher’s
attention because many studies have demonstrated that
seaweeds are potential sources of valuable antioxidants.
Not only do they exhibit various biological activities and
therapeutic properties, but also have various beneficial
effects on reducing plasma lipid. Indeed, seaweeds
decrease white adipose tissue weight gain in obese mice
fed with a high-fat diet (Maeda et al., 2009). In this study,
green filamentous alga C. gracilis was chosen due to their
abundance in a marine protected area in the Southern coast
of Tunisia ‘Hchechina’. Thus, the present investigation aimed
to evaluate the antioxidant activities of C.gracilis aqueous
extract (AEC) and to identify their phenolic compounds by
HPLC analysis. Additionally, the possible efficiency of AEC
against biochemical disturbances and hepatic oxidative
stress damage in adult mice fed with high cholesterol diet
were also determined.
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2. Material and Methods

2.1. Alga Material

2.1.1. Experimental procedure and Extraction of alga material

C. gracilis was collected from Sfax coast, Tunisia,
in April 2016. This macroalga was authenticated at
Botany department, Faculty of Science Sfax, Tunisia.
After collection, C. gracilis filaments were thoroughly
washed and then shade dried. The dried samples were
crushed in an electric mill till and a powder was obtained.
The green alga powder was mixed with a measured quantity
of distilled water and extracted using microwave at room
temperature for special time. Then, the mixture was stirred
atregular intervals to ensure homogenous exposure of the
mixture to microwave irradiation. After extraction, the
mixture was cooled at room temperature and centrifuged
at 3250xg for 10 min. Micro-porous membranes (0.45 jim)
was used to collect the alga extracts. Finally, the rotary
evaporation method was used to reduce the extract volume
at room temperature (45-55 °C). The extraction yields
were defined as the % of the initial powder of freeze-dried
powder) and expressed by this Equation 1

Yield (%) _ Mass of powde‘r 2‘1f-ter extraction %100 1)
Mass of the initial powder

The resulting extracts were kept until use at +4 °C.

2.1.2. Determination of protein and carotenoid content

The amount of protein from green alga was measured
according to the method of Bradford (1976), using bovine
serum albumin as standard. The absorbance was measured
at 595 nm and the values were expressed in mg per g of
dry plant material., Carotenoid content was determined
according to the method of Lichtenthaler (1987). The results
were expressed in mg/g dry plant material.,

2.1.3. Identification of phenolic compounds

According to the method of Singleton and Rossi (1965),
AEC phenolic level was determined.

The flavonoid content in the aqueous extract was
determined using a colorimetric method described by
Ordonez et al. (2006). All determinations were performed
in triplicate.

2.1.4. HPLC analysis conditions

For the determination of Cheatomorpha gracilis aqueous
composition by high performance liquid chromatography
(HPLC) analysis, C-18reversed-phase column (Zobrax,
250%4.6mm) was used.

The mobile phase consists of acetonitrile water
(98:2 v/v) as solvent A and glacial acetic and water
(58:2v/v)as solvent B. The flow rate was set at 0.9ml/min
and an amount of 20yl of extract was injected. The phenolic
acids and flavonoids compounds were found at 280nm
and 360nm, respectively.
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2.1.5. Evaluation of total antioxidant capacity (TAC)

The total antioxidant capacities (TAC) were evaluated
using the method of Prieto et al. (1999). The ascorbic acid
was used as a reference standard and the antioxidant
activity of the samples was expressed as milligrams of
gallic acid equivalents per ml.

2.1.6. Determination of DPPH and hydroxyl radicals
scavenging potential

C.gracilis extracts antiradical effect was determined in
terms of hydrogen-donating or radical-scavenging ability
using DPPH radical according to the method of Son and
Lewis (2002). The antioxidant activity of the corresponding
extracts was measured using the stable free radical DPPH
as a reagent (Son and Lewis, 2002). Besides, the used
standard was the butylated hydroxytoluene BHT (mg/ml).

Using Fenton’s reaction method, described by Li et al.
(2008), the hydroxyl radical-scavenging assay was
carried out.

2.2. In vivo investigation

2.2.1. Experimental design, the normal mice were divided

into four groups of 8 mice each as follows:

Control: normal animals received distilled water and
standard diet.

HFD: animals received 2% cholesterol and 0.2% cholic acid
to persuade hypercholesterolemia for 6 weeks.

HFD+ AEC: animals co-treated with high fat diet and AEC
(250mg/Kg body weight) by gavage for 6 weeks.

HFD: normal mice given AEC (250mg/Kg body weight).

2.2.2. Analysis of plasma lipid and liver biomarkers

Plasma lipid parameters such as total cholesterol (T-
Ch), triacylglycerol (TG), LDLcholesterol (LDL-Ch) and
high-density lipoprotein-cholesterol (HDL-C) levels were
determined by were measured by autoanalyzer (Erba xI1
200, Mannheim, Germany) using Erba diagnostic kit.
Plasma AST, ALT and ALP activities were determinate in
the chemistry laboratory of Sfax hospital by commercial
kits from (Biolabo, France)

2.2.3. Plasmatic inflammatory proteins

The plasma inflammatory proteins (albumin, a 2,
B1, B2 and y globulins) were determined with capillary®
electrophoresis using commercial kit Capillarys Sebia.

2.2.4. Evaluation of liver lipid peroxidation

Lipid peroxidation level was measured by the
quantification of thiobarbituric acid-reactive substances
(TBARS) according to the method of Fraga et al. (1988).

Table 1. Total carotenoid and Protein content of C. gracilis.

2.2.5. Evaluation of liver protein peroxidation

Protein carbonyls (PCOs) content in liver was measured
using the method of Reznick and Packer (1994). The
absorbance was noted at 370 nm.

2.2.6. Estimation of liver antioxidant enzyme activities

Liver tissue homogenate was used for the assay of
endogenous antioxidant enzymes catalase (CAT), superoxide
dismutase (SOD) and glutathione peroxidase (GPx) activities,
which were assessed respectively by the method of Aebi
(1984), Kakkar et al. (1984) and Rotruck et al. (1973).

2.2.7. Analysis of histological examination

For histological studies, some liver tissues were placed
in 10% of buffered formalin solution for 48 hours and then
processed using graded ethanol. The sections were embedded
in paraffin, serially sectioned at a thickness of 5 um and stained
with hematoxylin and eosin for light microscopic observation.

2.3. Statistics

The data of each parameter are expressed as means
+ standard deviation (SD). The determinations were
realized from eight animals per group, and differences
were calculated by a one-way analysis of variance (ANOVA)
followed by the Fisher test (Stat View).

3. Results

3.1. C. gracilis characterization

3.1.1. Total protein and carotenoid content

The obtained results demonstrated that C.gracilis was
rich in protein (Table 1) with a significant percentage
relative to the overall weight (48.15%), and rich in carotenoid
(23.77 £ 3.2 mg per gram dry plant material).

3.1.2. Extraction yield

For the macroalga species utilizing different solvents,
the extraction yields, defined as a % of initial powder of
freeze-dried powder, were tabulated in Table 2. Our data
shown that yield extraction was varied between 0.96%
and 13.44% depending on the extraction solvent with
the following order: water > ethanol-water (70v-30v) >
methanol > ethyl acetate > ethanol > dichloromethane.

3.1.3. Phenolic compounds contents

The total phenolic and flavonoid content of different
solvent extracts of C.gracilis extracts were determined and

Alga

Protein (mg/g dry plant material)

Total carotenoid (mg/g dry plant material)

Chaetomorpha gracilis

48.15+1.23

23.77+3.82

Values are mean + S.D of three experimental tests.
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the results are presented in Table 2. The highest phenolic
and flavonoid content was recorded in water extract
estimated to 96.7+0.7 mg of gallic acid per gram of dry
residue and 71.62+9.54 mg of quercetin per gram of dry
residue, respectively.

3.1.4. Identification of phenolic compounds in C. gracils extract

In this investigation, the HPLC analysis was used to
determine AEC phenolic compounds (Figure 1). Table 3
shows the area and concentration of C.gracilis identified
compounds, which include gallic acid (Concentration
151.06 pg/mL extract; Area 1.11%), quercetin(Concentration

1750-
Gallic acid Apegenin
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Figure 1. Phenolic compounds of Cheatomorpha gracilis extract by
chemical High Performance Liquid Chromatography (HPLC) analysis
(gallic acid, Rutin, quercetin, Apegenin, kaempferol and Naringenin).

450.30 pg/mLextract; Area 1.00%), naringenin (Concentration
77.38 pg/mL extract; Area 0.94%), apigenin (Concentration
29.34 ng/mL extract; Area 0.32%), kaempferol (Concentration
67.53 pg/mL extract; Area 0.53%) and rutin (Concentration
80.31 ng/mL extract; Area 0.65%).

3.1.5. AEC antioxidant proprieties

The total antioxidant activity of different solvent extracts
of C.gracilis was shown in Figure 2. The highest antioxidant
activity was observed in water extract (18.7 + 1.54 mg of
gallic acid per g dry residue) as compared to all other
solvent extracts.

3.1.6. DPPH and Hydroxyl radical-scavenging activity of
different seaweed extracts

The free radical-scavenging activity of the different
extracts was tested through DPPH-method and the results
were compared with BHT in Table 1 and expressed in IC
values (extract concentrations required to scavenge DPPH
radical by 50%). Thus, a lower IC,  value would reflect the
antioxidant activity of the sample. The IC50 followed the
order: dichloromethane extract > ethyl acetate extract >
methanol extract > Ethanol extract > Ethanol/water extract
>water extract. Hence, the aqueous extract was considered
as the best anti-radical power, which confirmed their high
phenolic and flavonoid compounds. The determination of
the concentration corresponding to 50% of the inhibition of
radical hydroxyl showed that the IC50 of the water extract
of C.gracilis was the lowest (0.019 mg/ml).

Table 2. Extract yield and chemical composition of different extracts of C. gracilis.

Extracts Yield (%) Flavonoid Phenolic DPPH lC_50 OH'lC5_0
(mg QE/g DR) (mg GAE/g DR) (ng mL™) (ng mL™)
Methanol 5.03+0.10 33.81+1.68 59.18+3.18 0.135+0.007 0.052+0.007
Ethanol 1.85+0.27 54.93+0.968 84.35+5.73 0.093+0.002 0.145+0.021
Ethanol/water 5.89+0.60 19.62+4.24 21.4+1.69 0.061+0.004 0.061+0.007
Water 13.44 +0.65 71.62+9.54 96.7+0.7 0.038+0.007 0.019+0.001
Ethyl-acetate 2.46+0.54 11.43+2.02 23.6+4.8 0.87+0.01 0.36+0.08
Dichloromethane 0.96+0.09 5.03+0.10 13.83£1.09 1.13+0.09 1.16+0.05
Vitamin ¢ _ _ _ _ 0.4+0.02
BHT 0.162+0.001

Values are mean + SD of three experimental tests; mg QE/g DR: mg of quercetin, mg GAE/g DR: mg gallic acid equivalents per g dry residue;
equivalent per gram dry residue; OH': Hydroxyl radical-scavenging activity; DPPH: DPPH radical-scavenging activity.

Table 3. Phenolic compounds of AEC by HPLC analysis.

Compound Retention time (min) Content (ug compound/g extract) Area (%)
Gallic Acid 3.07 151.06+11 111
Apigenin 27.34 450.30+28.1 1.00
Naringenin 31.56 77.38+4.2 0.94
Quercetin 26.54 29.34+1.3 0.32
kaempferol 29.40 67.53 0.53
Rutin 18.17 80.31+6.21 0.65
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3.2. In vivo study

3.2.1. Body, absolute liver and adipose weights

Table 4 presents the body, liver, and adipose weights
in all treated groups of mice after 6 weeks of the
experimentation. The final body weights were increased
in all groups. However, the higher body gain was observed
in HFD group. The co-treatment with aqueous alga extract
significantly retarded this body gain in HFD+AEC group.
HFD remarkably elevated the weight of liver and adipose
tissues. Nevertheless, a significant organs weight reduction
was shown in HFD+ACE mice, as compared to HFD animals.

3.2.2. Hepatic markers

HFD induced a significant increase in AST, ALT and ALP
activities by 42%, 23% and 53%, respectively, compared with
control (Table 5). Nevertheless, and compared to HFD-

Antioxidant activity (GAE/g dry
extract)

group, the co-treatment with AEC for 6 weeks improved
ALT, AST and APL activities.

3.2.3. Lipid profile

The results observed after treatment with AEC on
various lipid markers in the groups under study are given
in Table 6. Hypercholesterolemia caused a significant
increase in total cholesterol, triglycerides, LDL-Ch levels,
while HDL-Ch level was decreased compared to controls
untreated mice. Treatment with AEC (250mg/kg) after
the hypercholesterolemia induction protect the rise total
cholesterol, triglycerides, LDL-Ch levels and reduce the
drop of HDL-Ch compared to the HFD damaged mice.

3.2.4. AEC and inflammation biomarkers

Results presented in Figure 3 revealed a significant
decrease in the plasma levels of o2 and p1, by 28, 44%, with
significant increase in albumin, 2 and y globulins rates by
39%43 and 44%, respectively, in HFD treated mice compared

H =

Figure 2. Antioxidant activity of different extracts of C. gracilis. Values are mean + SD of three experimental tests, mg GAE/g DR: mg

gallic acid equivalents per g dry residue.

Table 4. Effect of AEC on body weight, liver and adipose tissues relative weight of control and treated mice groups.

Controls HFD HFD+AEC AEC
Initial body weight (g) 33.2+1.24 32.12+1 32.1243.33 32.542.27
Final body weight (g) 35.77+2.4 41.15+£3.9 35.74+0.65* 34.5+1.59
Body weight gain (%) 2.57+0.43 9.03+0.3* 3.62+0.2* 1.5£0.29
Relative liver weight (%) 4.68+0.35 7.12+0.33* 5.85+0.03+ 4.98+0.18
Relative white adipose tissue weight (%) 4.96+0.27 9.18+0.1** 4.38+0.29* 4.73+0.25

Values are means for eight mice in each group. Relative liver weight: (liver weight)/body weight (BW) *100; Relative white adipose weight: (white
adipose weight)/body weight (BW) *100; HFD and treated groups vs control group: *p < 0.05; **p<0.01; HFD group vs (HFD+CAE) group: ++p < 0.01.

Table 5. Effect in serum liver injury biomarkers of control and experimental groups of mice, after 6 weeks of treatment.

Parameters and

treatments Control HDF HDF+AEC AEC
AST (UI/) 691.5+24 749 + 44.24* 708.5£53.03 672+2.82
ALT (UI/T) 26+8 112.5 £26.12** 91+0.07"* 29+1
ALP (UI/T) 74.5+7.77 243 +18.38** 146+27.87"* 79.5£9.19

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase. Values are means +SD for eight mice in each group.
HFD and AEC-treated groups vs. control group: *p < 0.05; **p< 0.01; HFD + AEC group vs. HFD group: +p < 0.05; ++p< 0.01
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to untreated animals. In fact, the increase of albumin, 2 and
y globulins levels and decreases in the plasma levels of a.2
and B1 as a result of hypercholesterolemia administration
were largely protected in the AEC+HFD group.

3.2.5. Estimation of lipid peroxidation (TBARS) and protein
carbonyl (PCO) levels in liver

The obtained results revealed disturbances in TBARS

The TBARS and PCO levels exposed a significant increase
in the HFD-exposed mice when compared with those
of controls (Figure 4). These damages were significantly
alleviated by AEC (250mg/kg) administration.

3.2.6. Antioxidant defenses in mouse liver

The hepatic antioxidant enzymes activities (GPx,
catalase, and SOD) of all treated mice were presented

levels and protein carbonyls (PCO) products in liver tissues.  in Table 7. Antioxidant enzymes activities decreased

Table 6. Lipid profile of control or treated mice with HFD, AEC and their combination.

Parameters and treatments Control HDF HDF+AEC AEC
TC (mmol/L) 3.740.74 6.44+0.37** 537 £123%* 3.830.25
TG (mmol/L) 1.19+0.13 2.14+0.26** 191 +0.12* 0.86+0.02
HDL-ch (mmol/L) 2.3240.55 1.32+0.98** 1.73+0.30 2.13+0.67
LDL-ch (mmol/L) 0.88+0.04 1.82+0.29** 1.65+0.7 0.83+0.09

TC, Total cholesterol; TG, Triglycerides; HDL-ch, High-density lipoproteins of cholesterol; LDL-ch, Low density lipoproteins of cholesterol.
Values are means +SD for eight mice in each group. HFD and AEC-treated groups vs. control group: *p < 0.05; **p< 0.01; HFD + AEC group vs.
HFD group: +p < 0.05; ++p< 0.01.

mControl mHFD ~ HFD+AEC OAEC

ol

Figure 3. Effect of ACE supplementation on plasma levels of inflammatory proteins. Data are given as mean + SD for group of eight
mice each. Values are statistically presented as follows: HFD and AEC-treated groups vs. control group: *p < 0.05; **p< 0.01. HFD + AEC

group vs. HFD group: +p < 0.05; ++p< 0.01.
[ B
W s
I | I |
Figure 4. Effects of Cgracilis aqueous extract (AEC) on TBARS and protein carbonyls products (PCO) in HFD-treated mice. TBARS:

thiobarbituric acid reactive substance. Data are presented as mean + SD, n =8. *P< 0.05, **P< 0.01 compared with the control group. +P
<0.05, ++P <0.01 as compared with HFD- treated mice.

TBARS (nmol/mg Protein)
Protein Carbonyls content
(nmoles/mg protein)
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significantly, (SOD, 68%), (CAT, 67%) and (GPx, 78%)
following HFD exposition, when compared to control
group. Interestingly, the co-administration of AEC with
HFD considerably diminished these enzymatic antioxidant
activities as compared to the HFD group, which recovered
normal values.

3.2.7. Histological studies

The histology assessment with the hematoxylin and
eosin staining of liver tissue of all groups was collected
and represented in Figure 5. The histological sections of
the hepatic cells the control mice or treated with aqueous
extract of C.gracilis (AEC) (250mg/kg) alone showing
normal liver architecture (Figure 5A and B). In the HFD
group, the hepatic tissue showed an increase of fat
accumulation (steatosis) (Figure5C). Conversely, in HFD-fed
mice supplemented with the aqueous extract of C.gracilis
(AEC) (Figure 5D) lipid accumulation in liver was reduced
and liver tissues and hepatic architecture were restored.

Lipid content observed in the paraffin sections of mice
liver stained with oil red O method (Figure 6). In the

hepatic tissues of HFD mice, an abnormal level of lipid
revealed by a large number of red-colored fine granules
distributed throughout the cytoplasm of the hepatocytes
when compared to the control group (Figure 6A). A quantity
of 250 mg/kg AEC administration for 6 weeks decreased
the lipid accumulation approximately 56% compared with
HFD model group (Figures 6B).

4. Discussion

Hypercholesterolemia is an increasingly serious global
health problem, not only for the damage it causes in its
own right, but also due to the attributed health threats,
especially coronary heart disease (Haslam and James,
2005). Moreover, dyslipidemia was considered as one of
the factors responsible for chronic liver diseases (Castelli,
1986; Soltis et al., 2017). Pharmacological therapy for
dyslipidemia causing chronic liver diseases is not approved
at the present time. Thus, in the current research, a
purpose was made to know the principal biochemical, and
histological changes in mice submitted to High Fed Diet

Table 7. GPx, SOD and CAT in liver of adult mice: Control and treated with HFD, HFD+ACE or ACE.

Parameters and

treatments Control HDF HDF+AEC AEC
GPx 6.37 £0.39 143+0.3* 4.24 +£0.94%++ 6.95+0.58
SOD 9.05+1.53 2.94+0.95** 8.24+0.69++ 8.69+2.3
CAT 2.72+0.57 0.89+0.44** 1.4 £0.17++ 2.7£0.21

Values are means +SD for eight mice in each group. HFD and AEC-treated groups vs. control group: *p<0.05; **p<0.01; HFD + AEC group vs. HFD
group: +p < 0.05; ++p < 0.01; CAT: pmoles H,0, degraded/min/mg protein; SOD: units/mg protein; GP,: nmoles of GSHoxidized/min/mg protein.

Figure 5. Photographs of liver tissues in control and experimental treated mice. Liver tissue sections stained with hematoxylin and
eosin (original magnification x 400). (A), in control mice showing normal histoarchitecture and radiating cell arrangement. (B) In
mice treated with aqueous extract of C.gracilis (AEC) (250mg/kg) alone showing the normal liver structure. (C) In High fed diet (HFD)
mice, representative photograph shows a significant lipid accumulation. (D) In group co-treated with HFD and AEC, was observed the
reduction of fat accumulation.
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(HFD). Besides, the protective effect of aqueous extractof 6 weeks in mice was accompanied by a gain of body weight
green Alga C.gracilis (AEC) was explored. and adipose tissue and liver weight increases. Upon that

The findings presented in this study revealed that  syndrome, it could be hypothesized that diet enriched
the diet enriched with 2% of cholesterol supplied during  with cholesterol may induce obesity in mice (Srivastava

W ok

W

Figure 6. Photomicrographs of hepatocytes in control and experimental treated mice. Liver tissue sections stained with oil red O (x200)
(A) and scored (B) by the semi-quantitative percentage of damaged area. (Control) control mice and (AEC) treated with C. gracilis extract
(250 mg/kg) alone, showed normal structure. (HFD) high fed diet treated mice, showed a significant increase of lipid content; (AEC +
HFD) co-treated with high fed diet and alga extract (250 mg/kg), representative micrograph revealed significantly reduced lipid liver
content. Values are expressed as the mean + SD. **p<0.01; ***p <0.001, indicates a significant difference compared to the control group.
++ p< 0.01, indicates a significant difference compared to the HFD alone group.

Liver injury (%)
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and Shivanandappa, 2010; Wu et al., 2010). Interestingly,
the supplementation of AEC tended to reduce body weight,
adipose tissue weight gain and liver weight. The anti-
lipase activity of AEC may also be associated with its
obesity-preventing property by increasing excretion and
evacuating fecal matter (Carriere et al., 1998). The effect
of C. gracilis extract in decreasing body weight may be
due to the synergistic action of its compounds (protein,
Flavonoids and phenolic compounds). In addition, the
beneficial activities of AEC associated to the powerful
effect of B-carotene, flavonoids, which promote satiety
and affect gastric emptying and gastric hormone secretion.
Indeed, carotenoid is a powerful antioxidant that serves as
a pre-hormone, since through metabolism, it is converted
into retinoic acid, which functions as a ligand, regulating
the expression of genes involved in metabolic processes
(Mounien et al., 2019).

It is worthy to note that lipids play an important role
in chronic liver disease incidence (Duan et al., 2017).
The data presented in this research confirmed that the
administration of high fat diet provoked the change of
lipid parameters with a rise level of triglyceride, total
Cholesterol, and LDL-Ch levels and decrease in HDL-Ch
level. These changes are the pertinent markers of the
hypercholesterolemia and the risk of hepatic diseases
(Monika and Geetha, 2015). The co-treatment with AEC
(250mg/Kg) significantly reduced the elevated levels of
total cholesterol, triglycerides, LDL-Ch and increased of
HDL-Ch level as compared to HFD group.

It has been described that extracts that are rich in
flavonoids prevent dyslipidemia associated to high fat
diet and chronic liver diseases by means of its modulatory
effect on hepatic gene expression associated with lipid
metabolism (Sudhop et al., 2002). In this regard, the
findings reported by Kolsi et al. (2017) indicated that the
reduction in cholesterol and TG levels could be associated
with the decrease of its anabolism, which mainly involves
HMG-CoA (3-hydroxy-3-methylglutaryl-CoA) and acyl-
CoA (cholesterol acyltransferase), and with the inhibition
of its absorption. Similar studies could be carried out in
the treatment with algae compound, reinforcing the fact
that the consumption of seaweeds as a diet supplement
prevents hypercholesterolemia (Young et al.,2004). Indeed,
AEC supplementation did not only reduce the TC, TG and
LDL-ch, but also increased the HDL-ch, which is known
to play a crucial role in the transport of cholesterol and
in its involvement in preventing the oxidation of LDL-Ch
(Libby et al., 2000). AEC has anti-obesity, antioxidant
and anti-inflammatory activities (Chen and Li, 2007;
Ben Ali et al., 2015). Several studies demonstrated that
phenolic compounds are responsible for hypolipidemic
activities (Cheong et al., 2010; Zhang et al., 2015). Liver
biomarker enzymes including transaminases (AST and
ALT) and alkaline phosphatase (ALP) are indicators of liver
dysfunction and hepatic injury. Thus, the increase of hepatic
parameters has been shown to be a strong risk factor for
chronic liver diseases in many populations (Saoudi and
El Feki, 2012; Tlili et al., 2016). Our findings shown that
the administration of HFD induced a severe liver injury as
manifested by a significant rise in the activities of ALT, AST
and ALP in mice plasma. These increases are associated to
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the structural alteration integrity of liver cell membranes, as
they are cytoplasmic in location and released into the blood
stream after hepatocellular necrosis (Zhou et al., 2010).
Hepatic dysfunction is commonly accompanied by chronic
inflammation, and the persistence of this inflammation
is attributed to hepatocyte necrosis and/or apoptosis
processes (Friedman, 2008; Lee and Friedman, 2011).
These forms of liver cell injury can activate inflammatory
cells and immune response. Accordingly, results presented
in this research revealed a decrease in the plasma levels
of a2 and B1, with significant increase in albumin, 2
and y globulins rates in HFD treated mice compared to
untreated animals. In fact, the increase of albumin, p2 and
y globulins levels and decreases in the plasma levels of a.2
and B1 as a result of hypercholesterolemia administration
were largely protected in the AEC+HFD group. The data
presented in the current work are in accordance with a
previous investigation by Ncibi et al. (2008), which has
demonstrated that plasmatic transaminases activities are
important biomarkers for liver damage and have been used
as a biomarker of steatosis and as a non-alcoholic fatty liver
predictor of liver disease progression (Ncibi et al., 2008).

Moreover, hypercholesterolemia in HFD-treated mice
could be the cause of the alterations of liver parenchymal
cells that induced the disorders of hepatic serum marker
enzymes. In the same context, several studies have also
reported that the disturbances of liver enzyme secretion,
lipid parameters changes and fat accumulation are
hazardous factors that contribute to the development of
hepatosteatosis and facilitate the non-alcoholic fatty liver
incidences (Adams et al., 2005; Singal et al., 2011). It is
noteworthy to mention that the supplementation of AEC
was proven to alleviate the elevation of plasma AST, ALT and
ALP activities caused by HFD administration in experimental
animals. AEC was found to protect the plasma membrane
from damage and the reduction of the toxicity caused by
HFD. Our data are evidenced by histological examination in
liver sections. The liver of HFD-mice revealed an increase
of lipid accumulation (steatosis) associated with a major
liver structure damage and disruption of hepatocytes
arrangement. The cytoprotective effect of AEC has been
proven by the decrease of fat accumulation in liver co-
treated mice.

Apart from abnormalities in lipid metabolism
and hepatic biomarker enzymes, another important
aspect of NAFLD is the presence of oxidative stress
(Singal et al., 2011). Indeed, hepatic cells are the main
tissues that are involved in lipid metabolism, and thus
vulnerable to potential oxidative damage in the condition
of hyperlipidemia (Vernon et al., 2011).

It is reported that free radicals induce cells damage
through mechanisms involving covalent binding to
macromolecules such as proteins oxidation and lipid
peroxidation with subsequent dysfunction cytosolic and
membranous cellular mechanisms, especially liver injury
(Poli 1993; Renaud et al., 2014). Our data demonstrated
that HFD causes a markedly increase in the content of lipid
peroxidation and protein carbonyls products in the liver
of HFD-treated mice, which confirms the pro/antioxidant
disorders in hepatic cells. Accumulating TBARS level in
the lipid bilayer membrane of liver can cause the loss
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of its integrity and the liberation of hepatic enzymes
into circulation, confirming that ROS have been involved
in the pathogenesis of various types of liver diseases
(Lietal., 2015). Regarding the antioxidants enzymes, our
results showed that a high fat diet caused the impairment
of the SOD and GPx and catalase activities in mice liver.
The antioxidant enzymatic activities inhibition may be due
to the accumulation of high reactive free radicals, leading to
deleterious effects such as the inactivation of their function
mechanisms (Li et al., 2015). Our data are in agreement
with several studies, reporting that ROS generated by
hypercholesterolemia reduced the activities of antioxidant
enzymes and provoked imbalances between antioxidant
defenses and ROS-mediated disturbances (Umamaheswari
and Chatterjee, 2008). The supplementation of AEC was
able to decrease the oxidative stress. Indeed, the AEC
treatment significantly reduced lipid peroxidation and
protein oxidation in liver. This protective effect by the green
alga extract against oxidative stress could be explained by
the presence of polyphenols, flavonoids, carotenoids and
proteins in the AEC. Furthermore, the positive effect of
AEC was mediated by the inhibition of the key enzymes
of obesity, such as lipase inhibitory activity, and by its
richness in macro- and micro-elements (Mg, Ca, Na, K,
Fe and Zn) (works in progress). These are the cofactors
of the metalloenzymes, which have a crucial role in
regulating the status pro/antioxidant (Brahmi et al., 2018).
Thus, minerals elements deficiency predisposes to an
exaggerated response to immune stress and free radicals
generation. Hence, in our study, the defence offered by
the alga against hypercholesterolemia could be attributed
to the presence of the above-mentioned antioxidants
(Zhang et al., 2003; Ying-Ying et al., 2015). Upasani and
Balaraman (2003) have also noticed an increase in the
antioxidant status of the mice by the administration of
the alga Porphyra haitanesis fraction.

5. Conclusion

The findings obtained in this work noticeably shown that
AEC is able to prevent the dyslipidemia damages in mice
fed with high fat diet for 6 weeks. It also diminished the
oxidant status by decline lipid peroxidation and the protein
oxidation and enhancing the antioxidants activities in the
liver tissues. Our results indicate that AEC supplementation
of diet during 45 days was great to decrease inflammatory
markers, provides the biochemical parameters and
enhancing the morphology hepatocytes impairment.
Overall, our study confirmed that the beneficial effect of
the extract was due to its strong antioxidant potentials.
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