N

BENHA VETERINARY MEDICAL JOURNAL, VoL. 33 No, 2: 257-270, DECEMBER, 2017

P
@gﬁfl%ﬁk
1% g IS

s W 3 &
ﬂ%’wnhf-@é"

A'ag»t

2013 Faaiea 4215

Spirulina platensis protects against L-methionine induced hyperhomocysteinemia
by abrogation of oxidative stress markers, hyperhomocysteine and inflammation in
rats

Samy A. Hussein'; Tahia E. Ahmed ?; Aliaa H. Ali'

Department of Biochemistry, Faculty of Vet. Med., Benha University, Egypt.
Department of Nutrition and clinical nutrition, Faculty of Vet. Med., Benha University, Egypt.
Corresponding author: Samy Ali Hussein; email: samyaziza@yahoo.com- samy.aziza@Futm.bu.edu.eg

ABSTRACT

Spirulina platensis have therapeutic functions such as antioxidant, anti-bacterial, antiviral, anticancer,
anti-inflammatory, anti-allergic and anti-diabetic. The purpose of this study was to evaluate the protective effect
of spirulina platensis on L-methionine induced hyperhomocysteinemia (HHcy) in rats. Thirty male albino rats
were divided into three equal groups. Group | (control normal): rats administered distilled water. Group Il
(hyperhomocysteinemic group (HHcy): rats received L-methionine (1.7 gm/kg body weight/day) orally for
continuous 8 weeks. Group Il (HHcy + spirulina platensis): rats received spirulina (1.5 gm/kg body weight/day)
orally for 4 weeks after induction of hyperhomocysteinemia. The obtained results showed significant increase in
serum homocysteine, lipids profile (total cholesterol and triacylglycerols), liver marker enzymes (ALT, AST and
ALP), liver L-MDA and pro-inflammatory cytokines (TNF-a and IL-8) gene expression level in
hyperhomocysteinemic (HHcy) rats. However, liver SOD activity and GSH concentration were markedly
decreased. Spirulina treatment to L-methionine induced HHcy in rats caused significant improvement of all
previous parameters towards its normal ranges. These results suggested that, spirulina treatment exerts a
protective effect on HHcy by reduction of oxidative stress marker, inflammation and hyperhomocysteinemia in
rats through free radical scavenging and anti-inflammatory activities as well as regenerating endogenous
antioxidant defense system mechanisms.
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1.INTRODUCTION deficiencies in the enzymes (cystathionine b
synthase (CBS) and methylene tetrahydrofolate

Homocysteine (Hcy) is an intermediate reductase (MTHFR) responsible for the
sulfhydryl-containing amino acid derived from remethylation or transsulfuration of Hcy and
methionine. Hcy has two fates: remethylation nutritional (B6, B12, choline, and folate)
to methionine (with the ease of methionine deficiencies of vitamins serving as cofactors
synthase enzyme) or transsulfuration to for the enzymes. (Beard and Bearden2011;
cysteine  (with  cystathionine-B-synthase, Dayal and Lentz, 2008). There has been an
enzyme (CBS) (Huang et al. 2007). The indication towards a significant correlation
elevated levels of Hcy, termed as between hyperhomocysteinemia and
hyperhomocysteinemia (HHcy), is associated cardiovascular disease and its complications
with a higher risk of neurovascular diseases. such as heart attacks and strokes. It is believed
The causes of HHcy are mainly genetic that,  hyperhomocysteinemia  leads  to
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endothelial cell damage, reduction in the
flexibility of vessels, and alters the process of
hemostasis.

Moreover, hyperhomocysteinemia may
lead to an enhancement of the adverse effects
of risk factors like hypertension, smoking«
lipid and lipoprotein metabolism, as well as
promotion of the development of inflammation
(Baszczuk and Kopczynski, 2014).

Methionine is besides cysteine one of the two
sulfur-containing proteinogenic amino acids
and is essential for life. In organisms it can
serve as precursor of cysteine. Due to the
sulfur, responsible for disulfide bonds, which
stabilize proteins tertiary structures, cysteine
are mainly present in structural proteins such
as collagen or keratin in skin, hair, feathers,
and nails respectively. The highest methionine
content of about 5 % can be found in albumins,
especially egg albumin, which belongs to the
water-soluble proteins (globulins). Methionine
exists in two isomers, L- and D-methionine, of
which the L-form predominates in nature
(Goodson et al.; 2012).

The increased production of reactive
oxygen species (ROS) caused by HHcy may
induce the subsequent oxidation of proteins,
lipids and nucleic acids and can lead to the
endothelial dysfunction and damage to the
vessel wall, followed by platelet activation and
thrombus formation, accumulation of oxidized
biomolecules alters the biological functions of
many cellular pathways (Zou and Banerjee,
2005). Hcy acts as a potent oxidizing agent of -
SH groups by reactive species production, such
as superoxide anion (02-) and hydrogen
peroxide (H202), mainly during its auto-
oxidation (Faraci and Lentz, 2004).

Spirulina is a free-floating, microscopic,
filamentous blue-green alga, grows naturally in
alkaline lakes, many studies are focusing on
the potential antioxidant activity of spirulina
(Sotiroudis and Sotiroudis, 2013). Spirulina
strongly induces antioxidant enzyme activity,
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helps to prevent lipid peroxidation and DNA
damage, and scavenges free radicals
(Abdelkhalek et al., 2015). The post-treatment
with spirulina reduces the activity of liver
marker enzymes such as serum ALT and AST
in rats. Also, spirulina is rich in B-carotene and
the bioavailability is as good as the pure B-
carotene, vitamin E and vitamin C and
selenium (Simsek et al., 2009). The anti-
inflammatory properties of spirulina treatment
significantly reduced the elevated levels of
pro-inflammatory cytokines, tumor necrosis
factor-alpha (TNF-a)) and interlukin-8 (IL- 8),
observed in the lead treated rats group. This
effect might be attributed to reduction in
oxidative stress (EI- Tantawy, 2015). Also,
spirulina  has hepatoprotective properties
through decreasing of liver lipids profile and
lipo-peroxidation products. Moreover,
spirulina prevents the development of fatty
liver, and its antioxidant properties seem to
mediate such a protective effect, indicated by
the reduction of MDA well as the elevation of
reduced glutathione (GSH) and SOD levels in
liver tissue (Karadeniz et al, 2009).
Accordingly, this study was undertaken to
evaluate the possible beneficial effect of
spirulina  against deleterious effect of
hyperhomocysteinemia in adult male rats
through investigation of homocysteine, lipid
profile, liver marker enzymes, biomarkers of
oxidative  stress and  pro-inflammatory
cytokines gene expression.

2. MATERIAL AND METHODS

2.1. Experimental animals:

Thirty white male albino rats of 10-
12 weeks old age and average body weight
150-200 g were used in this study. Rats
were housed in separated metal cages and
kept at constant environmental and
nutritional conditions  throughout  the
period of experiment. The rats were fed on
constant ration and fresh, clean drinking
water was supplied ad-libitum. All rats
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were acclimatized for minimum period of
15 days prior to the beginning of study.
2.2. Chemicals and antioxidant:

The antioxidant and chemicals used
in the present study were:

a-  L-methionine; 63-68-3; -2-Amino-4-
(methylthio)butanoic acid,; L-(-)-
Methionine  was  Purchased from El
Gomhouria Company for Trading

Chemicals and Medical Appliances, Egypt.
Methionine was dissolved in in 1M HCL
freshly prepared and orally administered at
a dose (1.7 g/kg body weight/day) for 8
weeks (Sain et al., 2011).

b- Spirulina: spirulina platensis powder
was purchased from (Laboratory of Algal
Technology at Zagazig University). It was
dissolved in distilled water and
administered orally to rats at a dose level
of (1500 mg/kg b.wt) once daily for 4
weeks (Xiaoli et al., 2008).

c- Other chemicals used in this study were
of the highest purified grades available
purchased from EI Gomhouria Company
for Trading Chemicals and Medical
Appliances, Egypt.

2.3. Experimental design:

After acclimatization to the
laboratory conditions, the animals were
randomly divided into three groups (10

rats each) placed in individual cages and
classified as follow:

Group | (normal control group): Rats
received no drugs, served as control non-
treated for all experimental groups.

Group 1 (L-Methionine induced
hyperhomocysteinemia (HHcy): rats

received L-methionine (1.7 g/kg b.wt/ day)
orally for continuous 8 weeks.

Group Il (HHcy + Spirulina treated
group) rats received Spirulina orally at a
dose of (1.5 gm/kg body weight/day) for 4
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weeks after induction of

hyperhomocysteinemia.

2.4. Sampling:
2.4.1. Blood samples:

Blood samples were collected by
ocular vein puncture from all animal
groups after overnight fasting in dry, clean
tubes and allowed to clot for 30 minutes
and serum was separated by centrifugation
at 3000 r.p.m for 15 minute. The serum

was taken by automatic pipette and
received in dry sterile tubes, then kept in
deep freeze at -20 °C until use for
subsequent biochemical analysis. All sera
were analyzed for determination of the
following  parameters: Hcy, Total
cholesterol,  Triacylglycerols, AST, ALT
and ALP.

2.4.2. Tissue samples:
2.4.2.1. Liver tissue for biochemical analysis:

About 0.5 g of liver tissue specimen
was taken from each group of rats after
had been sacrificed. ~The specimens were
immediately removed and washed several
times with saline and blotted between two
damp filter papers, weighed and stored at -
20°C for subsequent biochemical analyses.

2.4.2.2. Preparation of liver tissue
homogenate:
Briefly, liver  tissues were cut,
weighed and minced into small pieces,

homogenized with a glass homogenizer in
9 volume of ice-cold 0.05 mM potassium
phosphate buffer (pH 7.4) to make 10 %
homogenates.  The  homogenates  were
centrifuged at 6000 r.p.m for 15 minutes at
4°C then the resultant supernatant was
used for the determination of the following
parameters: L-MDA and SOD.

About 0.2 gm of liver tissues were
minced into small pieces homogenized
with a glass homogenizer in 0.4 ml of 25%
metaphosphoric acid (MPA) (ref. No.:
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253-433-4, Sigma-Aldrich, Germany),
then 1.4 mL of distilled water was added,
mixed and incubated for 1 hour and
centrifuged for 10 min at 3,000 r.p.m then

the clear supernatant was removed and

used for determination of GSH

concentration.

2.4.2.3. Liver tissue for molecular gene
expression:

About 0.5 gm of liver tissue put in
eppendorf tubes and were immediately
kept in liquid nitrogen and stored at -80°C
till RNA extraction for determination of
TNFa and IL-8 gene expression level.

2.5. Biochemical analysis

Serum Hcy was determined
according to the method described by Rat
homocysteine (Hcy) ELISA kit (My Bio
Source, Cat# MBS703069), Total
cholesterol,  Triacylglycerols, ALT, AST
and ALP were determined according to the
method  described by  Ellefson  and
Caraway, (1976) and  Stein, (1987),
Schumann et al.,, (2002) and EL-Aaser and

EL-Merzabani  (1975) respectively. Liver
tissue L-MDA, SOD and GSH were
determined according to the method

described by Mesbah et al., (2004), Kakkar
et al., (1984), and Patterson and Lazarow,
(1955), respectively. Moreover, the mRNA
expression level of TNF-a and IL-8 was
determined by real-time guantitative
polymerase chain  reaction (real- time
gPCR) analysis in liver of rats. Target gene
was normalized with [ —actin by used the
2-AACt method (Livak and Schmittgen,
2001).

2.6. Statistical analysis:

The results were expressed as mean
+ SE wusing SPSS (13.0 software, 2009)
program. The data were analyzed using
one-way ANOVA to determine the
statistical significance  of  differences
among groups. Duncan's test was used for
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making a multiple comparison among the
groups for testing the inter-grouping
homogeneity.  Values  were  considered
statistically significant when p<0.05.

3.RESULTS

The data presented in table (1)
showed a significant increase in serum
homocysteine, total cholesterol and
Triacylglycerols ~ concentrations  in L-
methionine induced HHcy in rats when
compared to normal control  group.
However, spirulina treatment to HHcy

male rats caused a significant decrease in
elevated serum homocysteine, total
cholesterol and Triacylglycerols
concentrations when compared with L-
methionine treated group.

The obtained results presented in
table (2) revealed that, HHcy rats showed
significant increase in serum ALT, AST
and ALP activities when compared with
normal control group. On the other hand,
spirulina treatment to HHcy male rats
caused a significant decrease in elevated
serum ALT, AST and ALP activities when
compared with HHcy group.

The obtained data demonstrated in
table (3) revealed that, HHcy rats showed
significant increase in liver tissue L-MDA
and significant up-regulation of TNFa and
IL-8 all over the periods of the experiment
when compared to normal control group.
However, spirulina treatment to HHcy rats

caused a significant decrease in elevated
liver tissue L-MDA and a significant
down-regulation TNFa and IL-8 gene
expression when compared with HHcy
group.

The current results presented in table
(4) exhibited significant decrease in liver
SOD activity and GSH concentration in L-
methionine treated rats when compared to
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normal control group. Meanwhile, GSH level when compared with HHcy

spirulina treatment to HHcy male rats group.
caused a non-significant increase in liver
tissue SOD activity and marked increase in

Table (1): Effect of spirulina administration on serum homocysteine, total cholesterol
and triacylglycerols concentrations in HHcy induced in male rats.

Parameters Homocysteine  Total Cholesterol Triacylglycerols

Exp. groups (nmol/ml) (mg/dl) (mg/dl)
Group I: Normal control 10.24 +0.33° 64.67 + 4.63" 61.33+ 2.60°
Group IT: (HHcy) 32.35+0.72%  106.0+10.82° 81.0+3.06°
Group I1l: HHcy + Spirulina  24.11+ 0.53°" 73.33+4.91° 47.33+0.88°

Data are presented as (Mean £ S.E).  S.E = Standard error.
Mean values with different superscript letters in the same column are significantly different at (P<0.05).

Table (2): Effect of spirulina administration on serum ALT, AST,
and ALP activities in HHcy induced in male rats.

Parameters

EXp. groups ALT (U/L) AST(U/L) ALP(U/L)
Group I: Normal control 20.33+1.45° 2267+260° 143.33+11.14°
Group IT: (HHcy) 29.67+2.19° 38.67+1.67° 225.33+17.74°
Group Il1: HHcy + Spirulina 11.33+2.85°  14.33+1.20° 176.0 + 14.57°

Data are presented as (Mean + S.E).  S.E = Standard error.
Mean values with different superscript letters in the same column are significantly different at

(P<0.05).
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Table (3): Effect of spirulina administration on liver tissue L-MDA, TNF-a and IL-8 in HHcy
induced in male rats.

Parameters L-MDA Fold change in TNFo.  Fold change in IL-8

Exp. groups (mmol/ g tissue) gene expression gene expression
Group I: Normal control 5.34+0.11° 1.00 +0.02° 1.00+0.06 d
Group I : (HHcy) 5.16 +0.09° 8.06+ 0.31° 9.99+ 0.42 °
Group IlI: HHcy+Spirulina ~ 7.71£0.40 2 4.38+0.12° 459+ 0.13"

Data are presented as (Mean £ S.E).  S.E = Standard error.
Mean values with different superscript letters in the same column are significantly different at (P<0.05).

Table (4): Effect of spirulina administration on liver tissue SOD activity and GSH concentration
in HHcy induced in male rats.

Parameters SOD GSH

Exp. groups (U/g.tissue) (ng/g.tissue)
Group I: Normal control 47.48 +2.05° 5.06 +0.13°"
Group IT: (HHcy) 21.75+1.21° 3.21+0.21¢
Group I11: HHcy + Spirulina 30.96 +4.01° 4.40+0.12°

Data are presented as (Mean + S.E).  S.E = Standard error.
Mean values with different superscript letters in the same column are significantly different at

(P<0.05).
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4.DISCUSSION

The obtained results showed that, L-
methionine induced HHcy rats showed
significant increase in serum homocysteine,
total cholesterol and triacylglycerol
concentration all over the periods of the
experiment when compared to normal control
group. These results were nearly similar to
(Prasanna and Ashok, 2011) who recorded that,
treatment with methionine (1g/kg, p.o.) for 30
days in pathogenic control group rat's elevated
level of serum homocysteine, total cholesterol
and triglycerides and atherosclerotic index
values. Also, (Lan et al., 2011) reported that, L-
Methionine in earlier studies has also been
demonstrated to induce endothelial dysfunction
so that, given high levels of lipids as well as
Hcy have been documented to enhance the
production of free radicals with subsequent
increase in oxidative stress. This increase of
homocysteine level due to several disorders,
like cardio- and cerebrovascular diseases and
neurodegenerative  diseases (Maron and
Loscalzo, 2009) that affect the central nervous
system (CNS), such as Alzheimer's disease
(Piazza et al., 2012).

Hyperhomocysteinemia is found in 30%
of patients with premature atherosclerosis of
carotid and peripheral arteries (Malinow et al.,
1993). Up to 40% of patients diagnosed with
premature coronary artery disease, peripheral
vascular disease, or  recurrent  venous
thrombosis present with HHcy (Brady et al.,
2002).

In general, the development and
progression of atherosclerosis is considered to
be a form of chronic inflammation (Ross et al,
1999). Endothelial dysfunction is the key
process promoting inflammatory reactions. In
vitro studies have demonstrated that Hcy
enhances the production of several pro
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inflammatory cytokines indicates that moderate
HHcy directly leads to endothelial dysfunction
and premature atherogenesis showed significant
increase in  serum homocysteine, total
cholesterol and triacylglycerol concentration
(Wang et al., 2000). Elevation in total
cholesterol and triacylglycerol concentration
was found to be related to HHcy has been
suggested to cause impairment of learning as
well as memory (Gao et al., 2012). Higher
levels of Hcy (Lan et al., 2011) and cholesterol
(Yunoki et al., 2011) were suggested to be
responsible for development of endothelial
dysfunction. L-Methionine in earlier studies has
also been demonstrated to induce endothelial
dysfunction, so that the increase level of lipids
as well as Hcy have been documented to
enhance the production of free radicals with
subsequent increase in oxidative stress (Lan et
al., 2011).

Treatment with spirulina to
hyperhomocysteinemic male rats caused a
significant decrease in serum Hcy, total
cholesterol and triacylglycerol concentration in
all over the periods of the experiment. These
results were nearly similar to those recorded by
Xiaoli et al., (2008) who reported that,
treatment with spirulina can effectively reduce
the Hcy plasma concentration in HHcy rats, and
reduce the oxidative stress induced by HHcy,
which has protective effect on HHcy-induced
arterial injury. The supplementation of spirulina
may reduce the level of homocysteine in
hyperhomocysteinemia in an extent better than
that of folic acid, The supplementation of
spirulina can decrease the level of the oxidative
stress, Spirulina can decrease plasma lipid in
hyperhomocysteinemia rats, Spirulina can
attenuated the arterial lesion, Also, (Farooq et
al., 2014) showed a significant results in the use
of Spirulina platensis against oxidative stress
and dyslipidemias at dose (26 mg/Kg) by oral
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gavage three times a week Moreover, Ble-
Castillo et al., (2002) suggested that spirulina

has hepato protective properties through
decreasing liver lipid profile and lipo
peroxidation products. In addition, high

gamma-linolenic acid (GLA) content of
spirulina has gained the attention, an external
food source of GLA such as spirulina,
therefore, plays a crucial role in regulating the
cholesterol levels (Mani et al., 2008)

Presented findings showed that, HHcy
group showed significant increase in serum
ALT, AST and ALP activities all over the
periods of the experiment when compared to
normal control group. These results were nearly
similar to those reported by (Cho, 2010) who
demonstrated that, the increases in ALT, AST,
ALP levels were thought to be due to oxidative
stress related to hyperlipidemia. Also, These
enzymes are considered to be the markers of
organ dysfunction, indicator of cellular
damage, cell leakage and the loss of cell
membrane integrity in the liver, kidney, heart
and other organs (Ramesh et al., 2012). The
increase of methionine might lead to liver
oxidative stress increment and Hcy itself has
the ability to generate potent reactive oxygen
species (ROS) when oxidized by highly
reactive sulfhydryl group (Yamada et al.,
2012).

Spirulina treatment to HHcy male rats group
caused a significant decrease in elevated serum
ALT, AST and ALP activities when compared
with HHcy group. These results were nearly
similar to those reported by Hassanen et al.,
(2015) who reported that, oral administration of
water extract of spirulina (1000 mg/kg/b.wt) for
six weeks following an acute toxic dose of
doxorubicin reduces the hepatotoxicity and
attenuates doxorubicin-induced stress. Also, the
post-treatment with spirulina reduces the
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activity of liver marker enzymes such as serum
ALT and AST and ALP in rats. Also, spirulina
is rich in B-carotene and the bioavailability is as
good as the pure B-carotene, vitamin E and
vitamin C and selenium (Simsek et al., 2009). It
has been suggested, that the Spirulina extracts
could be effective against free radical induced
lipid peroxidation which in turn may lead to
cellular transformation. Moreover, Spirulina
also have protective effects against oxidative
stress induced by lead acetate in the liver and
kidney of rats (Ponce-Canchihuamanet et al.,
2010).

The obtained results demonstrated that,
HHcy group had showed significant increase in
liver tissue L-MDA and significant up-
regulation of TNFa and IL-8 in all over the
periods of the experiment when compared to
normal control group. Similarly, (da Cunha et
al., 2012) reported that, one of the effects of
HHcy is an increased lipid peroxidation and
protein  oxidation. Therefore, we have
investigated the effect of chronic HHcy on
some parameters of lipid oxidation and
oxidative damage of proteins. This increase
may be due to homocysteine is a thiol
containing amino acid derived from
demethylation of dietary methionine, may
generate partially reduced ROS that were able
to stimulate the lipid peroxidation involved in
the atherosclerotic process (Toborek et al.,
1995). Also, Hyperhomocysteinemia has
recently emerged as an independent risk factor
for the  development of  coronary,
cerebrovascular and  peripheral  arterial
occlusive disease (Omenn et a., 1998). Elevated
homocysteine promotes atherosclerosis through
increased oxidative stress, impaired endothelial
function and induction of thrombosis.
Oxidative stress was one important mechanism
for homocysteine toxicity in neuronal cells (Ho
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et al., 2001). Free radicals generated by
hyperhomocysteinemia, initiate lipid
peroxidation of the membrane bound
polyunsaturated fatty acids, leading to the
impairment of the structural and functional

integrity of the membrane (Ajitha and
Rajnarayana, 2001).
Additionally, (Zhang et al., 2011)

recorded that, HHcy induced atherosclerosis
and atherosclerosis activate further release of
cytokine-signaling molecules that recruit more
inflammatory cells. The inflammatory cells
most involved were monocytes and T-cells that
can release MCP-1 .The more mature plagues
contain dendritic cells, mast cells, B cells, and
natural killer T-cells.Several of these cells
were activated, and produced inflammatory
cytokines like TNF-a. Furthermore, Jablonski
et al., (2011) studied that, activation of NF«xB
has been demonstrated to induce endothelial
dysfunction in HHcy. Also, Poddar et al.,
(2001) reported that, homocysteine has also
been shown to increase expression of IL-8.
Moreover, HHcy stimulated the expression of
MCP-1, in rats, leading to increased monocyte
adhesion to the aortic endothelium. Such an
effect may contribute significantly to the
development of atherosclerosis by facilitating
monocyte/macrophage infiltration into the
arterial wall .So that, levels of MCP-1 and IL-8
were significantly higher in HHcy group than
in normal group and there were some foam
cells and depositions of lipochondria in aortic
tunica intima in HHcy group (Wang et al.,
2002) .

Spirulina treatment to HHcy rats group caused
a significant decrease in elevated liver tissue L-
MDA and a significant down-regulation TNFa
and IL-8 gene expression when compared with
HHcy group. These results were nearly similar
to the findings of Sharoud, (2015) who
indicated that, oral administration of rats with
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spirulina (500 mg/kg b.w. daily for 21 days)
resulted in a significant decrease in MDA
levels in paracetamol induced hepatic injury in
rats. The decrease in MDA levels due to the
protective effect of spirulina platensis against
paracetamol induced oxidative stress could be
either direct by inhibiting lipid peroxidation
and scavenging free radicals or indirect through
the enhancement of the activity superoxide
dismutase and the enzymatic free radicals
scavengers in the cells. These properties could
be attributed to the high levels of antioxidants
such as c-phycocyanin, carotenoids, vitamins,
minerals, lipids, proteins and carbohydrates,
reported in. Also, dietary spirulina enhanced
responses of phagocytic activity responses,
interleukin  (IL-8) expression, and tumor
necrosis factor (TNF)-a genes in carp
(Watanuki et al., 2006). Moreover, El-Tantawy,
(2015) reported that, spirulina treatment
significantly reduced the elevated levels of
hepatic TNF-a observed in the lead treated rats
group. This effect might be attributed to
reduction in oxidative stress.

The Presented data showed that, significant
decrease in SOD and GSH activity was
observed in HHcy rats all over the periods of
the experiment when compared to normal
control group. These results are nearly similar
to (Aparna et al., 2010) who reported that, free
radical-scavenging enzyme, such as superoxide
dismutase (SOD), are in the first line of cellular
defense against oxidative injury, decomposing
O2and H202 to prevent formation more
reactive hydroxyl radical (HO). These enzymes
protect the red blood cells against O2-and
H202 mediated lipid peroxidation and their
lower activities could be related to inactivation
of the enzymes by cross-linking or to
exhaustion of the enzymes by increased
peroxidation. Moreover, (Sharma and Singh,
2011) showed that, L-Methionine treatment has
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induced a rise in superoxide anion in aortic
strip as well as TBARS in serum and brain,
along with reduction in brain GSH levels in this
study, which is a reflection of oxidative stress
and is probably one of the major contributing
factors in L-methionine, induced endothelial
dysfunction. This suggestion was confirmed by
the finding of Kim et al., (1998) who observed,
that ultra- structural damage and functional
impairment of the endothelium associated with
elevated Hcy levels were related primarily to

the generation of H202, depletion of
myocardial GSH content and diminished
G6PDH activity. Additionally,

Hyperhomocysteinemia may promote the
generation of reactive oxygen species (ROS)
such as H202 and hydroxyl radicals via the
auto-oxidation of sulfhydryl (-SH) group or by
decreasing the intracellular levels of GSH that
are involved in the elimination of free radicals
(Heinecke et al., 1987).

Spirulina treatment to HHcy male rats group
caused a non-significant increase in liver tissue
SOD activity and a significant increase GSH
activity all over the period of experiment when
compared with HHcy group. These results
came in accordance with the recorded data of
Hassanen et al., (2015) who reported that, oral
administration of spirulina extract for six weeks
following an acute toxic dose of doxorubicin in
rats, led to an obvious increase in the activity of
antioxidant  parameters including  SOD.
Moreover, the C-phycocyanin has an excellent
antioxidant property and scavenging free
radicals like superoxide and hydroxyl radicals,
it correlated with the decline of circulatory
antioxidants such as SOD, the generation of
ROS, free radicals and decreased GSH levels
significantly  increased  oxidative  stress
(Nagaraj et al.,.2011).The overall effect of
depletion of glutathione with concomitant
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increases in lipid peroxide levels provides
evidences about the vital role of glutathione
during oxidative stress. Some of the active
constituents of spirulina such as flavonoids, -
carotene and phycocyanin have been reported
to possess strong antioxidant activity and
provokes free radical scavenging enzyme
system. The significant protection offered by
C-phycocyanin  demonstrated the radical
scavenging activity and its inhibitory effect on
lipid peroxidation chain reaction (Abdel-Daim
et al., 2013). Similarly (Abdel-Daim et al.,
2013) who observed that, increase in
circulating lipid peroxides of paracetamol
treated animals, correlates with the decline of
circulatory antioxidants  such as  GSH.
Additionally, the generation of ROS, free
radicals and decreased GSH levels significantly
increased oxidative stress; the overall effect of
depletion of glutathione with concomitant
increases in lipid peroxide level provides
(Nagaraj et al., 2011). Moreover, the protective
effect of SP against oxidative stress could be
either direct by inhibiting lipid peroxidation
and scavenging free radicals or indirect through
the enhancement of the activity superoxide
dismutase; the enzymatic free radical
scavengers in the cells. These properties could
be attributed to the high levels of antioxidants
such as c-phycocyanin, carotenoids, vitamins,
minerals, lipids, proteins and carbohydrates,
reported in spirulina, therefore, spirulina could
be used to prevent and treat hepatic and renal
diseases especially those induced by oxidative
damage, and C-phycocyanin demonstrated the
radical scavenging activity and its inhibitory
effect on lipid peroxidation chain reaction
(Abdel-Daim et al., 2013).

The present study demonstrated that,
administration of spirulina relieved harmful
effects caused by exposure to L-methionine



Hussein et al. (2017) (BVMJ- 33(2): 257-270

induced HHcy. HHcy affected different organs
mainly liver and these occurred through
changes in several parameters. L-methionine
induced HHcy caused significant increase in
serum Hcy, TC, TG, AST, ALT, ALP and liver
tissue L- MDA, TNFo and IL-8, however, a
significant reduce in liver tissue SOD GSH.
Spirulina treatment in HHcy rats relieved all
previous parameters towards its normal range
with best result after 4 weeks. So, these results
confirmed the strong antioxidant, anti-
inflammatory effects of spirulina in HHcy.
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