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ABSTRACT

Studies have been conducted on micro&gaulina platensigArthrospira platensjsdue to its therapeutic potential
in several areas, including the capacity for pretuggn and decreasing the damages caused by hypdelipia and
the antioxidant activity. The aim of the study wasevaluate the effect of microalggpirulina platensison
hippocampus lipoperoxidation and lipid profile iats with induced hypercholesterolemia during 60 sdayhe
measurement of hippocampus lipoperoxidation diddeshonstrate significant difference (p>0.05) wigpirulina
platensiswas added to hypercholesterolemic diet. The evialuanf lipid profile showed that the administratiof
the microalga in therapeutic and preventive waysl l® a significant protective effect (p<0.05) from
hypercholesterolemia.
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INTRODUCTION oxidant effects and the incidence of chronic
diseases, like the cardiovascular ones (Belay,
The alteration of plasma cholesterol and2002).
triglycerides levels may result in dyslipidemiasThe microalgaSpirulina (Arthrospira) has been
and lead to the occurrence of cardiovasculagtudied extensively due to its therapeutic poténtia
diseases, mainly atherosclerosis. The oxidation ®f several areas, including the capacity of
LDL (low-density lipoprotein) is indicated as a preventing and decreasing the damages caused by
cause of atherosclerosis. Factors capable diyperlipidemia and the antioxidant activity (Belay,
avoiding this oxidation and modifying the 2002). S. platensis is a photoautotrophic
quantities of lipoproteins constitute a way offilamentous cyanobacterium used mainly as food
decreasing the formation of the atherosclerotisupplement (Henrikson, 1994) because it has
plaque (Peruguini et al., 2000). Epidemiologicaproteins (55-70%), sugars (12-25%), essential fatty
and clinical studies established an inverse reiatioacids (18%), vitamins, and minerals in its chemical
between the intake of compounds with anticonstitution (Sanchez et .al2003). Spirulina
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contains carotenoid pigments, especially betaM ATERIALSAND METHODS

carotene and zeaxantine, besides phycocoanine

(Estrada et al 2006) and phenolic compoundsMale Wistar rats (Ratus norvegicus) weighing
(Colla et al, 2006), substances with well-known 226 6:25.6 g were used. The experiments with
antioxidant activity. The absence of phycotoxins igipid profile were accomplished with 40 rats
an advantage dpirulinawhen compared to other distributed in five experimental groups (n=8). Four
cyanobacteria and studies on chronic angats from each group were also used in the
subchronic toxicity did not reveal any toxic effectexperiments for evaluating the hippocampus
related to its intake (Sanchez et &003; Salazar |ipoxidation. The animals were submitted to the
et al, 1998), as long as there was absence @featments during a 60-day period. Daily
toxigenic cyanobacteria in its culture (Costa et alindividual diet was 20g and water ad libitum.
2006). The treatments consisted in the administration of
Experiments conducted in different animal modelsour diets to the experimental groups: control diet
demonstrated that a supplementary diet withistandard diet for rodents), hypercholesterolemic
Spirulina could promote a decrease in plasmaiiet (addition of 3.5 g of cholesterol for 1.000fy
(lwata et al, 1990; Hosoyamada et.al991) and standard diet), diet witBpirulina (addition of 5.0
hepatic (De Rivera et al1993) total cholesterol, g of S. platensisiomassfor 1,000 g of standard
LDL, triglycerides, and phospholipids, besidesnourishment), hypercholesterolemic diet with
increasing HDL  (high-density  lipoprotein) Spirulina (addition of 5.0 g oB. platensibiomass
(Hosoyamada et al1991). In humans, studies for 1,000 g of hypercholesterolemic diet). This
have indicated a significant reduction in the totalvay, the mean daily intake of cholesterol and
cholesterol, LDL, VLDL (very low-density Spirulina biomass, according to each group, was
lipoprotein), and triglycerides, elevation in HDL 70 g of cholesterol/day and 100 mg of
cholesterol (Ramamoorthy and Premakuri, 1996)5pirulinaday, corresponding to 310 to 442 mg/kg
and reduction of atherogenic effect (Nakaya et alof body mass, respectively.

1988). Nagaoka et .al(2005) identified the The groups named Control Diet (CD),
mechanism  how S. platensis induced ypercholesterolemic Diet (HD), and
hypercholesterolemia and concluded that CHypercholesterolemic Diet witBpirulina (HD+S)
phycocyanine  protein  derived from thereceived the same diet (for each group) during the
phycobiline pigment developed an essential rolgshole period of the experiment. The
on such microalga’s capacity. Hypercholesterolemic Diet andpirulina Diet
Miranda et al (1998) attributed the antioxidant group (HDE) received hypercholesterolemic diet
effect from theSpirulina extract to beta carotene, during the first 30 days of treatment, and then
tocopherol and phenolic compounds present in thghanged t&pirulinadiet, constituting the group in
composition of the microalga. According towhich the microalga's therapeutical potential was
Estrada et al(2001), the phycocyanine proteintested for hypercholesterolemia. Ti®pirulina
extracted fromS. platensishas the capacity of Diet and Hypercholesterolemic Diet group
interacting with the reactive species to oxygensSD/HD) received diet withSpirulina during the
generated during the oxidative process through thgst 30 days and in the remaining treatment
sequestration of free radicals. The results fromeriod, changed to hypercholesterolemic diet,
several studies have indicated that the utilizatiofepresenting the group where the microalga’s
of Spirulina as a diet supplement constituted ayreventive effect  was evaluated for
strategy for the prevention of health problems dugypercholesterolemia.

to the injuries produced by the free radicalsThe experimental groups and their respective

(Belay, 2002). treatments are shown in Table 1.
The present study aimed to evaluate the influence

of the administration of microalg®. platensis
biomass on the hippocampus lipoperoxidation and
the serum lipid profile in rats with induced
hypercholesterolemia.
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Table 1 - Experimental groups and treatments.

Groups Treatments
CD Control Diet
HD Hypercholesterolemic Diet

HD+S Hypercholesterolemic Diet witBpirulina
HD/S Hypercholesterolemic Diet ar&hirulina Diet
SD/H SpirulinaDiet and Hypercholesterolemic Diet

In the beginning of treatment (time 0), after ahl2- rats did not influence the body weight. In all the
the animals were anaesthetized with ethylic etheanimals, a significant increase (p<0.05) in thalfin
for weighing and collecting the blood samplesweight (time 60) took place when compared to the
through ocular puncture. At the end of thebeginning (time 0), but without any significant
treatment (60 days), the animals were decapitatatifference between the groups (Table 2). Similar
by guillotine for obtaining the blood samples andesult was obtained by Araujo et £003), where
removal of the hippocampus in those rats used fahe supplementary diet witlspirulina biomass
lipoperoxidation measurement. From the collectedlso did not influence the animals™ food intake and
blood serum, the measurements of total cholesterbbdy weight.
(TC), HDL, LDL, VLDL, and triglycerides (TG) The lipoperoxidation measurement in the rats’
were determined through the enzymatic methodippocampus did not differ significantly (p>0.05)
(Labtest Diagnostica). The samples frombetween the groups, and there was only a trend to
hippocampus were homogenized for thea decrease of the oxidative stress caused by the
lipoperoxidase measurement through the TBAR$duction of hypercholesterolemia in the
technique  (Thiobarbiturate  Acid Reactivepreventive and therapeutic treatments, represented
Substances) described by Esterbauer &y the SD/H and HDS groups, respectively (Fig.
Cheeseman (1990). 1). However, Rimbau et .a(1999), who used C-
The results were presented as meastandard phycocyanine, protein derived fronspirulina
deviation and compared through the Variancelatensis, for testing the antioxidant potential,
Analysis and Tukey's Test for comparing thedemonstrated that metabolites from that protein
means with a significance of 5%. had the ability to pass the blood-brain barrier,
offering protective effect against oxidative stress
on rats’ hippocampus. Miranda et @998) also

RESULTSAND DISCUSSION described an inhibition of lipoperoxidation by
Spirulinain experimentsn vitro with brain tissue

The administration oB. platensisbiomass to the andin vivowith rat plasma.

Table 2 - Variation of rats™ body weight during the expeental period.

Treatments Initial weight (g) Final weight (g)
CD 236,8+12,4° 334,0+ 22,4
HD 2499+ 6,F 330,9 + 9,8*
HD+S 237,0+ 22,1° 326,8 + 24,0
HD/S 212,3+21,F° 308,8 + 22,3*
SD/H 197,3 + 21,8 300,4 + 15,7

* Different letters represent significant differen(p=0.05), n=8.
CD: Control diet; HD: Hypercholesterolemic diet; H®+ Hypercholesterolemic diet withSpiruling HD/S
Hypercholesterolemic diet ar®@pirulinadiet; SD/H: Spirulinadiet and hypercholesterolemic diet.
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Figure 1 - Lipoperoxidation measurement in hippocampus0(ps); n=4. CD: Control diet; HD:
Hypercholesterolemic diet; HO5+ Hypercholesterolemic diet witBpiruling HD/S
Hypercholesterolemic diet andSpirulina diet; SD/H: Spirulina diet and
hypercholesterolemic diet.

Regarding the lipid profile, analysis of variance(time) (p<0.05). The interaction between the
demonstrated a significant difference in the resulttreatment and duration was significant (p<0.05),
of TC and TAG obtained from the differentand it should be considered instead of the
treatments (p<0.05) and in the experiment duratioimdividual factors (Table 3).

Table 3 - Significance levels (p) for Variance Analysis thie experiment duration and treatment on the total
cholesterol (TC), HDL, LDL+VLDL, and triglyceridd3 G).

p
TC HDL LDL+VLDL TAG
Mean < 0.0001 < 0.0001 < 0.0001 < 0.0001
Treatment < 0.0001 < 0.0001 0.0004 < 0.0001
Time 0.3034 < 0.0001 0.0004 < 0.0001
Treatment x Time < 0.0001 < 0.0001 < 0.0001 < (01000

Table 4 presents the comparison of the mearis the HD and HD$ groups, the TC (Fig. 2a),
from the variables time and treatment using.DL+VLDL, and TAG levels enhanced
Tukey's Test with 5% of significance for the significantly (p<0.05). On the other hand, HDL
responses TC, HDL, LDL+VLDL, and TAG. did not show significant alteration (p>0.05) during
Figures 2a and 2b represent the interaction grajthe treatment. These results demonstrated that the
of the means between the factors treatment amaholesterol addition to the diet induced
time for TC and TAG levels. hypercholesterolemia in the animals. This effect
CD (control diet) group did not show significantwas also observed in the HBgroup, for which
difference (p>0.05) in the TC (Fig. 2a),the hypercholesterolemic diet was supplemented
LDL+VLDL, and TAG levels (Fig.2b), while the with S. platensis suggesting that the microalga
HDL levels decreased significantly (p<0.05)intake associated with a cholesterol-rich diet did
during the treatment. not modify the lipid levels.
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Tabela 4 - Comparison of means between the variables tintbtaeatment through the Tukey's Test with 5% of
significance for the total cholesterol (TC), HDLDL+VLDL and triglycerides (TAG).

Treatments
(ng]:) CcD HD HD+S HD/S SD/H

TC 0 795+84° 638+68° 794+95° 864+102" 652+72°

(mg/dL)* 60 62,2+ 10,f* 1053+22,8 991+17,0 651+54" 56,0 + 8,4

HDL 0 31,0+6,4° 362+29° 332+46° 390x7(CF 281+75

(mg/dL)* 60 12,3+5F 29,0+44¢ 322+69°  323+33° 28,4 +6,8
LDL+VLDL 0 48,9+13,7 221+35 372+9,7° 456+16,0 36,3+84
(mg/dL)* 60 47,7+9, % 732+188 60,1+204° 333+50° 269+50°
TAG 0 113,6 +13,8" 70,8+21,5 113,9+26,8° 89,9+265° 859+168"
mg/dL)* 60 103,6 + 245" 183,4+46,0 1655+36,5° 124,1+247° 104,3 +19,4°

*Different letters represent significant differenge=0.05), n=8.
CD: Control diet; HD: Hypercholesterolemic diet; HB®+ Hypercholesterolemic diet withSpiruling HD/S
Hypercholesterolemic diet ar@pirulinadiet; SD/H: Spirulinadiet and hypercholesterolemic diet.
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Figure2 - (a) Total cholesterol and (b) triglyceridesimes 0 and 60. (p<0.05), n=8.
CD: Control diet; HD: Hypercholesterolemic diet; H&® Hypercholesterolemic diet
with Spiruling HD/S Hypercholesterolemic diet ar@pirulina diet; SD/H: Spirulina
diet and hypercholesterolemic diet.

The administration ofS. platensisbiomass in a initial ones. Spirulina diet also maintained the
therapeutic way to the HBroup, which changed LDL+VLDL and TAG levels (Fig. 2b), preventing
to Spirulina diet after hypercholesterolemia the enhancement in these parameters observed in
induction, led to a significant reduction (p<0.0%) HD group. HDL levels remained statistically
the final TC levels (Fig. 2a) when compared to th&inchanged (p>0.05). In a study conducted by
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Colla et al (2002),S. platensisaddition to the diet There was also maintenance of TAG and HDL
of hypercholesterolemic-induced rabbits caused levels. These results pointed to a potential
decrease in the total cholesterol and triglyceridegsefulness for microalgeS. platensisin the
levels and an increase in the HDL cholesterol. Itreatment and prevention of hypercholesterolemia.
the studies performed by Torres-Duran et al

(1999) and Huang et .al(2005), rats were

submitted to the induction of fatty liver by carbonRESUM O

tetrachloride and of diabetes by alloxane,

respectively. The triglycerides and totalA microalga Spirulina platensis (Arthrospira
cholesterol levels were significantly decreased iplatensiy vem sendo fonte de pesquisas devido a
the animals that received a diet added witlevidéncias de seu potencial terapéutico em
Spirulina Spirulina supplementation to patients diversas areas, dentre elas a capacidade de
with type Il diabetes mellitus (Parikh et,@001) prevengdo e diminuigdo dos danos causados por
and hyperlipidemic nephrotic syndrome (Samuelslislipidemias e sua atividade antioxidante.
et al, 2002) improved the patients’ lipid profile Objetivou-se avaliar o efeito da microalga
through a reduction in the total cholesterol, LDLSpirulina platensissobre a lipoperoxidacdo no
and triglycerides levels. hipocampo e perfil lipidico sérico em ratos com
The SD/H group Epirulina diet and hipercolesterolemia induzida durante 60 dias. A
hypercholesterolemic  diet), in which thedosagem da lipoperoxidagdo no hipocampo n&o
preventive effect of the microalg@pirulinawas demonstrou diferenca significativa (p>0,05)
tested against the development ofguandoSpirulina platensidoi adicionada na dieta
hypercholesterolemia, all parameters remainefipercolésterolemica. A avaliagdo do perfil
unchanged (p>0.05) at the end of the treatmeniipidico demonstrou que a administracdo da
indicating a preventive potential for the elevatiormicrolaga de forma terapéutica e preventiva
of TC (Fig. 2a), LDL+VLDL, and TAG levels demonstrou efeito significativo (p<0,05) na
(Fig. 2b) observed in HD group, besides therotecdo do desenvolvimento de
prevention of the decrease in HDL observed in thhipercolesterolemia.

CD group. This preventive effect 8pirulinaalso

was observed by Ble-Castillo et al. (2002) and
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