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ABSTRACT

This study was aimed at evaluating the effectspafufha (Arthrospira) as a protein source in thetritional
recovery of rats subjected to protein malnutritibm.order to understand such effects, responsekentleveloping
body, serum biochemical profile, and blood courdmimals were analyzed. A total of, 23 Wistar Rattarvegicus
were given a proteic diet (AIN-93G adapted) in nuéfition phase (phase 1) for 10 days. After thisipe, the rats
were separated into four groups according to thet@in source (recovery phase): Control (C), castibo;
Spirulina level | (S1), Spirulina 8.8% + casein PSpirulina level 1l (S2), Spirulina 17.6% + casdd.15%, and
Spirulina level Il (S3), Spirulina 26.4%. Recovephase (phase Il) lasted 30 days. In both the phatiee
consumption and body weight of the rats were mogdtalaily and weekly, respectively. The S1 treatrsbawed
the highest values of Feed Efficiency Ratio (FERY &uotient of Protein Efficiency Ratio (QPE)<(p05).
Significant differences among the treatments wewued mainly in the levels of serum lipids, and &2 caused an
increase in such responses<(p05). These results demonstrated that the nutdlicecovery of animals was
enabled by different concentrations of Spirulina.

Key words: Protein malnutrition, rats, nutritional recoveRattus norvegicysSpirulina

INTRODUCTION development of these children (Ministry of Health
of Brazil 2011).
According to the World Health Organization Whatever the cause of malnutrition is, the body
(WHO), approximately 30% of the world’s reacts according to the time it is submitted to the
population is malnourished and 40,000 childredack of nutrients. As Rogatto et al. (2004) have
die every day due to malnutrition and relatedeported, the use of energy substrates decreases in
diseases (WHO 2011). In the last two decade#he body as intake is reduced. This automodulation
according to figures provided by the Householdetween the intake and use is maintained until a
Budget Survey, the Northeast region of Brazitime when energy utilization cannot be offset
decreased more than three times the rates asfiymore by insufficient intake. Thus, the body
malnutrition with children aged five to nine, yetuses up its fat reserves, resulting in the loss of
this problem remains interfering with the adipose tissue and body weight.
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The metabolism of carbohydrates and proteins alstan influence the digestibility and absorption, and
suffer from nutritional deficiency, leading to aalso the high content of nucleic acids, whose
reduction of glycogen and protein stores in théntake in excess can lead to its accumulation én th
muscle and liver. At the same time, highethuman body with potential negative consequences.
concentrations of hepatic lipids can be observe@herefore, this work aimed to evaluate the effects
due to the difficult transport of fats. The metabol of using Spirulina in the nutritional recovery of
changes produced by protein insufficiency may beats subjected to protein malnutrition on the
a number of possibilities in the body, from agrowth and the biochemical and hematological
reduced body weight to a decreased immunaspects of the blood.

system (Quevedo et al. 2002).

According to Alves et al. (2005), authorities withi

the fields of public health, particularly the WHO, MATERIAL AND METHODS

have been concerned with the malnutrition for

decades. Technicians of the WHO have discussédicroalgal biomass

the discovery and use of new protein sources adicroalga Spirulina strain LEB-18 was used,
well as rules to use them in the food. In that sensproduced by the Federal University of Rio Grande,
micro-organisms have been studied as possibRrazil (Morais et al. 2008).

sources of protein. Use of cyanobacteria as a ,

source of protein has certain advantages in relatigdiological models

to other microorganisms due to their rapid growtifWenty three male, recently weaned (21 days)
in addition to the quantity and quality of protein\Wistar Rattus norvegicus/UFPel weighing 70 g
(Molina et al. 2002). were used., which were kindly supphed. by f[he
Among the microalgae, the genuSpirulina Central Animal F_aC|I|ty of th_e Federal University
(Arthrospira) contains about 60-70% of the of_PeIotas, Brazil. The choice of the number of
proteins, nucleic acids, and amino acids (Pelizer @nlmals' (_”) per group and the use of
al. 2003). It also contains beta-carotene anffndomization were based on Berndtson (1991)
absorbable iron, among other minerals, and higﬂnd Kilkenny (2009).

levels of vitamins, phenolic compounds, gamma-

linolenic acid, as well as other essential fattiggc D'€S _
(Belay et al. 1993: Von Der Weid et al 2000:Five diets (Table 1) based on the formulation for
Colla et al. 2608). ' ' ‘growing the rodents (AIN93G) described by

leucindeeves et al. (1993) were prepared weekly: control

The essential amino acids, isoleucine, i _ 0 o
lysine, methionine, phenylalanine, threonine, let (C): AIN93G adapted to 12% of protein;

tryptophan and valine were found in the biomasgProteic diet (A): no added protein; diet Si:

of LEB-18, strain grown at the Federal University>Pirulina 8.8% (w/w); diet S2:Spirulina 17.6%

of Rio Grande, south of Brazil. Strain LEB-18(W/W); and diet S3:Spirulina 26.4% (w/w). The

generally presented larger amounts of essentifffmulation of the C diet, despite the
amino acids than the theoretical quantitied€commendation of eating 20% of protein for
recommended in dietary protein for children age@roWing rodents, was calculated to provide 12% of
2.5 years (FAO 1990), the exception being Iysinéh's nutrient (Mlllgr and Bender. 1955; Sgarbieri
which accounted for 2.95% of the dry biomass oft996; Jood and Singh 2001). It is noteworthy that

LEB-18 as against the 5.8% recommended in thi Order to obtain the C diet with 12% of protain,
dietary protein of children by FAO (Morais et al. Was supplemented with 120 g casein, since it was
20009). not pure (> 85% protein); the rest of the

Currently in Brazil Spirulinais classified as a new Ingredients were as recommended by Reeves et al.

ingredient whose daily intake should not exceedl993) and com starch to supplement 1000 g of
1.6 glperson (Brazil 2009). The Food and Dru iet. The calculation for formulatln.g the diets Sl
Administration (FDA), after rating this microalga >2: @nd S3 was based on the proximal composition
as Generally Recognized as Safe (GRAS)_?f the biomass (Table 1), the amount of daily
suggested an average daily intake of 3 g/persd take by rodents (20 g/rat/day) (Souza—Soares et
(FDA 2003). According to Becker (2007), amonga' 2_009), and th_e limit set by Natlonal_ Agency f_or
the factors that limit the use of single cell piote >anitary Surveillance as the maximum daily

in food there is the presence of cell wall, whichcOnsumption of Spirulina (1.6  g/person/day)
(Brazil 2009).
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Table 1 - Formulation of diets C (control), S$irulina8.8%), S2 $pirulina17.6%), S3 $pirulina26.4%), and A
(aproteic).

Diets/Treatments
C S1t S2t S3 A

- 88.0 176.0 264.0 -

Ingredients (g.kg")

SpirulinaLEB-18 (56 % protein; 7.4 % lipids; 10.7 %
ashes; 9.5 % fiber)

Casein (>85 % protein) 120.0 50.5 1.5 - -
Soybean oil 70.0 63.5* 57.0* 50.5* 70.0
Mineral mix2 35.0 25.5* 16.0* 6.5* 35.0
Vitamin mix?2 10.0 10.0 10.0 10.0 10.0
L- cystine 3.0 3.0 3.0 3.0 3.0
Choline bitartrate 2.5 2.5 2.5 2.5 2.5
Wheat bran 50.0 43.5* 37.0* 30.5* 50.0
Sucrose 100.0 100.0 100.0 100.0 100.0
Corn starch3 609.5 613.5 597.0 533.0 729.5

1 To obtain 12% protein, minimum necessary foradbeelopment of rodents, the S1 and S2 diets wemglsmented with casein;
2 Prepared according to AIN-93G (Reeves et al. 1,993 Added to supplement the diet; * Deductihg intrinsic amount
present in microalgae.

In vivo experiment experiment, the rats were evaluated biometrically

The experiment lasted 45 days, with the top fivddy measuring the body weight, vertex-coccyx

for adaptation to the environment. At the end ofength, forelimb length, waist circumference,

the adaptation period, the rats were weighed ansleight, body fat (mesenteric, renal, and inguinal)

Phase | of the experiment (malnutrition) wasand liver (Aguila et al. 1997).

begun. In this phase, each rat received daily 20 g

of aproteic diet (A) and watead libitum for 10  Analyses of diets and feces

consecutive days. After this period, the rats werdhe microalgal biomass, diets and feces of the

weighed and redistributed at random into fourcorresponding groups were analyzed following the

groups (Berndtson 1991; Kilkenny, 2009): C (n =methods described by the Association of Official

6), S1 (n = 5), S2 (n = 6), and S3 (n = 6), and\nalytical Chemists (AOAC 1995). Total lipids

Phase Il was initiated. In this phase, whichwvere determined on biomass and diets by the

comprised 30 days of study, each rat received 20rgethod of Bligh and Dyer (1959). The factor for

of their daily diet with protein for nutritional the conversion of nitrogen was 6.25 for all the

recovery. Throughout the in vivo experiment, thesamples. The feces collected were analyzed during

rats were kept in metabolic stainless steel cagéle last seven days of the experiment.

with air exhaust system and 12 h photoperiod at 22

t+ 2 °C. The positions of the cages were changedutricional evaluation

weekly to normalize the impact of the The following determinations were performed to

environmental conditions. The implementation ofevaluate the protein quality of the diets in the

the experiment followed the guidelines of thestudy: Feed Efficiency Ratio (FER), given by the

Brazilian College of Animal Experimentation — ratio between the weight gain (g) and total dietary

COBEA, and was approved by the Ethicsntake during the experiment (g), and Quotient of

Committee of Federal University of Pelotas, BrazilProtein Efficiency Ratio (QPE), calculated as the

(Case No. 23110. 008077/2009-22). ratio of weight gain (g) and total protein consumed
(9) (Sgarbieri 1996).

Weight parameters

During the experiment (phases | and IlI), dailyBiochemical and blood count analyses

weighing of the diet remaining at the feeder wa#t the end of the experiment, after the rats were

performed to determine the food consumptionsubjected to a 12 h fasting, the sedation was

Likewise, the rats' body weight was registereperformed in cémpula with ethyl ether and

weekly to assess the weight gain. At the end of thenmediately the blood was collected by cardiac
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puncture. Approximately 1.0 mL of the blood wascomparison between the means at a significance

placed in eppendorf with EDTA and a portion wadevel of 5% (p < 0.05), using the software

analysed for blood count in automatic systenstatistica 7.0 (Statsoft, USA).

(POCH-100IVDIFF, SYSMEX®). The remaining

portion of the blood was centrifuged at 1000 g at

4 ° C for 15 mins in test tubes to obtain the seruRESULTS AND DISCUSSION

that was stored at -18 °C for further analysis in

automated equipment (LabMax 240,LABTESTAs seen in Table 2, after the period of malnutnitio

DIAGNOSTIC SA®). (Phase 1), rats from different groups had similar
initial weights, showing an even distribution

Statistical analyses among the four treatments for subsequent protein

The analysis of variance (ANOVA) was recovery (Phase Il). There was no significant

performed, followed by the Tukey test for difference in the weights and weight gains.

Table 2 - Weight and nutritional responses of malnouristésdtar rats after recovery for 30 days with
diet C (control), S1 (8.8%piruling), S2 (17.6%Spiruling), and S3 (26.4%piruling)

L Treatments
Determination C S1 S2 s3
Initial weight (g)* 56.00+7.80 54.40+4.95 56.33+3.90 54.65+13.30
Final weight (g) 189.35+11.50 200.00+40.65 165.00+12.25 188.00+15.45

Weight gain (g) 118.35+13.30  130.00+34.35% 97.00+11.20 117.00+14.10
Food intake (g) 407.95+46.20  439.20+66.40 560.65+16.60 626.45+34.30
Vertex-rump (cm) 19.30+0.90 19.90+1.18 19.35+0.60 20.05+1.18
Foreleg (cm) 12.35+0.70 12.30+0.85 11.65+1.05 12.50+0.86
Waist circumference (cm) 13.75+0%0 14.90+1.18 12.50+1.00 12.60+1.18
Body fat / weight 0.012+0.065 0.022+0.013 0.020+0.007 0.019+0.008
Liver / weight 0.035+0.004 0.035+0.002 0.030+0.008 0.033+0.001
FER 0.18+0.01 0.25+0.08 0.15+0.02 0.17+0.0%
QPE 2.10+0.18 2.75+0.40 2.00+0.28 1.60+0.15

Mean + standard deviatiorDifferent letters in the same row indicate sigdfit difference among groups by Tukey test
(p<0.05); *After 5 days of adaptation; FER: Feeddi#hcy Ratio; QPE: Quotient of Protein Efficienggtio.

In relation to food intake, S3 showed higher valuesiith 17.6 % and 26.4% o$pirulina (0.23 and
than C group (§0.05); however, differed 0.22, respectively) in this study. According to
negatively for QPE. Although the consumptionVieira and Bion (1998), proteins originating from
was lower in S1 treatment, this differed from thedifferent mixtures and used in different
others positively (©0.05) for FER and QPE, proportions result in variations in the the
indicating improved efficiency. According to concentrations of amino acids, which interfere
Chaud et al. (2008), reduced feed efficiencyith its efficiency and use by the humans and
occurred due to a decreased body metabolism aftanimals.

a specific diet, which caused stagnation of1 treatment differed §0.05) from the others
reduction in body weight. added with Spirulina regarding  waist
Mitchell et al. (1990) treated maWistar rats for circumference, showing higher values; however, it
60 days to evaluate the effect of differentwas similar to C treatment. S1 treatment did not
concentrations (0, 2.7, 10.7, 18.7 and 26.7%) differ significantly with regard to the relationghi
Spirulina maximawith vitamins A and E and of body fat per body weight, demonstrating that
found that the FER was inversely proportional tahere was no accumulation of abdominal adipose
biomass intake. Rogatto et al. (2004) analyzed tissue induced by the consumption of seaweed and
diet with 17% ofSpirulina as total replacement of soybean oil used in the preparation of diets. The
the control diet protein (casein) in young malegroups also showed no significant difference
Wistar rats for five weeks and FER was found tobetween the other weight parameters (vertex-rump
be 0.21, a value similar to those in the treatments
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length, measured from the forelimbs, and liveiacids, which have been reported as about 4-6%.
weight/body weight). Due to the inability of human body to metabolize
After five weeks of study with mal®Vistar rats uric acid from purine metabolism, an increased
fed with Spiruling Rogatto et al. (2004) found consumption of nucleic acids can lead to high
average values of vertex-coccyx equal to 24.6 cnlevels of uric acid in the serum. This may promote
Silva (2009) obtained the measures of th¢he emergence of diseases such as gout (Becker
forelimbs around 11.90 cm for the femaMistar  1988; Araujo et al. 2003).

rats fed with AIN93G. In order to verify some Values of uric acid (Table 3) were all within the
hepatocellular damage from the diet, the ratio crange of normality, if taken as reference the
the liver weight (g)/body weight (g) was variation range from 1.2 to 7.5 mg.didescribed
determined and values ranged from 0.033 + 0.0Cas standard for the rats (Mitruka and Rawnsley
to 0.034 + 0.003, which showed no significant1981), similar to the values obtained (1.77 mg.dL
difference and were in agreement with othe®) in a study with maldVistar rats by Vilela and
studies (Caballero-Cordoba 1997; Shons et aSgarbieri (2000). The fraction of non-protein
2009; Silva 2009). Overall, the results given innitrogen in the serum or blood is composed of all
Table 2 showed that a diet with leSpiruling  the nitrogenous substances other than proteins. Its
despite lower consumption, had higher nutritionamain component is urea, which is synthesized in
responses and consequently higher values in tlthe liver from ammonia derived primarily from the
responses related to the development of animalprotein and amino acids and is the most used
even if not significant. resource for the evaluation of renal function in
Microalgal biomass has high levels of nucleicmammals (Devlin 2007).

Table 3 -Responses of blood biochemical levels of malnbed§Vistarrats after recovery for 30 days with diet C
(control), S1 (8.8%spiruling), S2 (17.6%Spiruling), and S3 (26.4% dbpiruling).

Determination Treatments
C S1 S2 S3

Uric acid (mg.dC’) 1.55+1.00 1.90+0.96 1.30+0.90 1.40+1.48
Urea (mg.dr?) 69.00+10.70 66.20+23.70 66.65+14.40 55.50+8.00
Creatinine (mg.dt) 0.32+0.08" 0.37+0.04 0.27+0.04 0.38+0.06"
Total proteins (g.dt) 6.10+0.15° 6.60+0.28 5.85+0.50 5.85+0.30
Albumin (g.dL") 3.22+0.18 3.45+0.18 3.20+0.30 3.17+0.20
AST (u.L?) 33.15+1.38 32.20+7.560 47.33+3.460 32.00+7.98
ALT (u.L™? 392.50427.70  424.20+24.2% 296.15+20.2% 232.85+11.1%
Glucose (mg.dL) 68.00+15.45 83.20+18.80 65.85+9.80 69.00+22.65
Total cholesterol (mg.dl)  80.50+14.65 74.00+18.48 103.5010.5D 86.85+11.95°
HDL-chol (mg.dL?) 32.85+3.50 29.80+6.16 35.65+4.08 31.35+3.760
LDL-chol (mg.dL?) 29.50+10.70 30.25+15.60 51.95+6.76 40.80+8.38°
LDL/HDL 0.85+0.23 0.95+0.358 1.45+0.28 1.30+0,1%8°
VLDL-chol (mg.dL?) 17.85+4.60 13.95+2.60 16.10+5.30 14.70+5.30
Triacylglycerols (mg.dr) 89.35+2.30 69.80+12.75 80.50+26.50 73.50+26.55
Iron (ug.dL?) 93.33+13.25  116.40+28.3% 93.15+52.25 79.85+17.15

Mean + standard deviation; Different letters ire tbame row indicate significant difference amongugs by Tukey test
(p<0.05); AST: aspartate aminotransferase; ALT:ialaminotransaminase.

According to Miller (1993), low levels of urea group, the difference was not significant. Ori ket a
could indicate severe liver failure, nephrosis(1990) recommended urea serum levels in the rats
malnutrition, and/or hemodilution, which were notaround 300mg.dL-1 to be diagnosed with kidney
observed in this study. Although the rats belonginggilure, which did not occur with the groups ofghi

to the groups that consumed diets wapirulina  study. In order to evaluate the kidney functioris it
contain urea serum levels lower than the contramportant to determine creatinine and urea levels,
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since they increase as kidney function decreasésnong the biochemical responses of the blood of
(Miller 1993). Table 3 showed that all thethe rats analyzed in this study, those related to
treatments withSpirulina had creatinine levels serum lipids had the most significant difference
statistically similar to the control; however, when(p<0.05) among the treatments. The S2 treatment
comparing the treatments wig8pirulinawith each  showed higher values<p.05) than the control for
other, S2 showed significantly lower values<{p total cholesterol, LDL, and LDL/HDL ratio. The
0.05). In this study, creatinine levels werelevels of total cholesterol for this treatment were
between 0.27 and 0.38 mg.dL-1, values considerddgher than those reported as normal (56 to 76
normal by Mitruka and Rawnsley (1981). mg.dL-1) by Souza-Soares et al. (2009) and those
The determination of plasma proteins in serunobtained by Bertolin et al. (2009). The latter
provides important information about the healthauthors, after dealing with maWistar rats for 60
conditions and their loss may indicate restriciion days with hypercholesterolemic diet aBpiruling

the intake of amino acids by eating low-proteinfound 99.1 and 65.1 mg.dL-1 for total cholesterol
diets or food with good protein content, butin the rats with 30 days of hypercholesterolemic
containing the factors that hinder the digestiod andiet and 30 days of a diet witlSpiruling
absorption (Campello et al. 2009). The valuesespectively. As for total cholesterol, the valtms
found for the total plasma proteins were in thd.DL were elevated §0.05) in the rats of the S2
range from 6.85 to 6.60 g.dL-1, in which all thetreatment. However, this was expected, since this
treatments with Spirulina were similar to the fraction represented about two-thirds of the total
control, but with some differences amongcholesterol (Miller 1993). The values of HDL
themselves #0.05). Regarding albumin, groups (29.80 to 35.65 mg.dL-1) obtained in this study
did not differ among themselves. These resultdid not differ among themselves and were similar
were close to those obtained by Quevedo et dlo those found by Bertolin et al. (2009) for thesra
(2002) and Rogatto et al. (2004) in the studiek witwith hypercholesterolemic diet and the diet with
male rats fed with the diets wi@hlorella vulgaris  Spirulina(32.3 mg.dL-1).

andSpiruling respectively. The LDL/HDL ratio is commonly calculated to
Serum levels of the activities of aspartateassess the risk of coronary heart disease. Ha et al
aminotransferase (AST) and alanine(2003) reported that high concentration of LDL

aminatransaminase (ALT) revealed no valueshowed atherogenic processes, whereas high HDL
statistically different from the control group. had a cardioprotective effect. In this study, the
However, all the groups, including the control had_DL/HDL ratio were 0.85, 0.95, 1.45, and 1.30 for
AST values higher than reference values fronthe groups C, S1, S2, and S3, respectively.
other studies under similar conditions (CaballeroAlthough the relation between LDL and HDL for
Cérdoba 1997; Vilela and Sgarbieri 2000;the rodents has not been determined and the value
Anthony et al. 2006; Melo et al. 2008). With set for human cannot be compared directly, the
respect to the ALT, results were very similar toconvention is that the LDL/HDL ratio is as small
those of the authors cited previously. According t@s possible (Smith 2007). Therefore, the ratio
Devlin (2007), ALT in hepatocytes occurs atobtained for the rats fed with diet S2 was incrdase
concentrations higher than AST; therefore, thén relation to C diet (§0.05). The values of VLDL
determination of its activity in serum is a moreand triglycerides did not differ among the
effectively diagnosis of liver injury. treatments. As shown in Table 3, the values for the
The groups did not differ in the levels of bloodVLDL fraction were 17.85, 13.25, 16.10, and
glucose, with responses between 65.65 and 83.2@.703 mg.dL-1 for the treatments C, S1, S2, and
mg.dL-1. In a similar study, Alves et al. (2005)S3, respectively. The highest levels of VLDL (C
evaluated the effect obpirulina on the skeletal and S2) coincided with the values of total
muscle of malnourished rats and values wereholesterol and triglycerides, yet no significant
around 105 mg.dL-1 after 30 days of treatmentdifference was found. The levels of VLDL are
Rogatto et al. (2004) found in maldistarrats fed proportional to total cholesterol and triglycerides
with Spirulina about 73 mg.dL-1 blood glucose. as they comprise a fraction of 60% and 20%,
According to Mitruka and Rawnsley (1981),respectively.

Rattus norvegicusthat have glucose levels The results showed that despite the treatment with
included in the interval 50 — 135 mg.dL-1 can be8.8% of Spirulina (S1) had the lowest values of
considered healthy. triacylglycerol (TAG), there was no significant
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difference among the four treatments. The meaaddition, their results are less subject to erant
TAG among the groups was 78.28 mg.dL-1, whictlthe count of red blood cells (Miller 1993). In this
was lower than those obtained by Cerqueira et adtudy, the treatments did not differ in the lewvafls
(2008) and Bertolin et al. (2009) for the malehematocrit (Table 4), and the results were similar
Wistar rats. The study groups showed noto other studies (Boaventura et al. 2003; Duarte et
significant difference in the iron content.al. 2009) and within the range described by
According to the Vivarium of the Faculty of Harkness and Wagner (1993) for the rodents,
Medicine, Universidade de S&o Paulo, adul{between 36 and 48%). The groups did not differ
Wistar rats (Rattus norvegicus) must have highwith regard to hemoglobin, whose levels were
iron content in the range of 154 to 21 §.dL-1 considered normal when compared with other
(FMUSP 2011). These data were confirmed bytudies. Harkness and Wagner (1993) reported that
Santos et al. (2004), who found a 2&tdL-1 of the mean hemoglobin values for the rats ranged
iron in the rats subjected to protein recovery witfrom 11 to 18%. Kappor and Mehta (1993) tested
casein diet for 28 days. the use ofSpirulinain a concentration similar to
Hematocrit value reflects the total mass of théhe S3 treatment (24%) in association with the
cells in unit of blood volume, showing crucial plant and found increased levels of hemoglobin.
importance in the study of all types of anemia. In

Table 4 - Responses of hematological indices of the blobohalnourishedVistar rats after recovery for 30 days
with diet C (control), S1 (8.8%piruling), S2 (17.6%Spiruling), and S3 (26.4% dBpiruling).

N Treatments
Determination C S1 S2 S3
Leukocytes t (103/mm3) 4.64+1.95 5.50+2.05 5.08+1.08 4.75+2.08
Lymphocytes (%) 80.40+4.45 85.00+4.38 88.65+2.78 84.00+4.75°
Monocytes (% 2.40%1.3% 1.20+0.8¢ 1.85+1.7¢ 3.50+1.2¢
Basophils (%) 0 0 0 0
Eosinophils (%) 1.40+1.65 0.20+0.45 0.50+0.55 03
Hematocrit (%) 42.60+0.85 44.00+1.96 45.10+1.86 42.00+6.48
Hemoglobin (%) 13.85+0.15 14.75+0.60 14.20+0.60 13.40+1.88
MCV (%) 59.95+1.78 60.72+0.50 59.10+1.858 61.20+2.08
HCM (%) 32.50+0.7% 32.6520.26° 31.50+0.5% 31.70+0.56f
Erythrocytes (10mm3) 7.10+0.25 7.25+0.36 7.65+0.28 7.00+1.00

Platelets (103/mm3) 1087.00+210.7  981.80+92.7 1149.65+162.4 850.35+285.%

Different letters in the same row indicate sigrfit difference among groups by Tukey test)(5); MCV: mean corpuscular
volume; MCH: mean corpuscular hemoglobin; Nornales of basophils: maximum 1% (Anthony et al. 2006

The mean corpuscular volume (MCV) and meanvere values included in the range suggested by
corpuscular hemoglobin (HCM) indicate the sizeSouza-Soares et al. (2009), 7 to 10 million/mm3.
of red blood cells and hemoglobin inside red bloodarco (2008) added only 2% of S. platensis to the
cells, respectively. The groups did not differ andliets offered to femal®@Vistar rats, and concluded
the values for MCV were similar to those foundthat it was possible to use the microalgae added
for the rats fed with the diets added with Swith multimixtures for the prevention of iron
platensis by Marco (2008). In relation to the Isvel deficiency anemia.

of HCM, the S2 diet resulted in lower valuesWith respect to the platelets, components
(p<0.05) than in groups C and S1. Santos et atesponsible for blood clotting, the values (850 -
(2004), Marco (2008) and Duarte et al. (20091087 thousand/mm3) were higher than reported in
found lower values than those of this studythe literature. Souza-Soares et al. (2009)
Erythrocytes or red blood cells are formed by theecommended values between 702 and
elements present in larger amounts in the blood96 thousand/mm3 and Duarte et al. (2009) a range
and its low count indicates iron deficiency andof 720 to 746 thousand/mm3 for healthy rats. This
anemic status. For groups C, S1, S2, and S3, tharerease did not necessarily indicate a problem
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with the blood of the rats. Considering that thaCONCLUSIONS
platelet counts were automated (CAP) this

technique was more precise and accurate thame results of this study showed that different
counting of the platelets by microscopy (COM),concentrations ofSpirulina strain LEB-18 (8.8,
although according to Van der Meer et al. (2003)7.6, and 26.4%) enabled the nutritional recovery
and Comar et al. (2009), there would be a potentiglf  Wwistar rats/UFPel for  physiological,
risk to falsely low or high counts. . Erythrocyte piochemical and hematological characteristics.
fragments, cytoplasmic fragments of leukemicThe diet with 8.8% ofSpirulina was the most

cells, microcytes with volume close to the cuttingefficient, with equivalent responses to the control
limit, bacteria and yeasts can lead to falselynd superior to others.

increased values.
The colorless formed elements of the blood of the
mammals are known as leukocytes, which play a CKNOWLEDGEMENTS
essential role in the mechanism of defense agains
the infectious actions (Miller 1993). The

treatments did not differ for the total leukocytes; . e
however, the figures were slightly below the IowerENGENHARIA Of. CAPES (Cpordmatmn of
mprovement of Higher Educational Personnel).

limit recommended by Souza-Soares et al. (20095}.‘_h Enalish : f thi ot ad
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who found 6350 leukocytes/mms. Of the total . . .
white blood, lymphocytes are present at higheFrOdUCt'on at Federal University of — FURG.

levels, accounting for about 50 to 95% (Anthony
et al. 2006). Thus, the values fit with as
recommended, since the groups C, S1, S2, and &EFERENCES
had 80.4, 85.0, 88.65, and 84.0%, respectively;

. . guila MB, Apfel MIR, Mandarim-de-Lacerda CA.
The results found in this study for the levels qu Comparison between morphological and biochemical

monocytes showed no significant  difference pgeq rats fed high-fat diet and canola Bitaz Arch
among the groups. According to Souza-Soares etcardiol. 1997; 68 (3): 155-161.

al. (2009), monocytes represent 0-3% of totahlves CR, Voltarelli FA, Mello MAR. Spirulina as a
leukocytes. Santos et al. (2004) and Duarte et al.protein source in the recovery of undernourishést ra
(2009) assessed white levels of young nvilstar effect on skeletal muscle. Rev Dig Lecturas,
rats, and found values ranging from 1.2 to 2.7%. Educacion Fisica y Deportes [Internet] 2005. [cited
Basophils play an important role in the body 2011 Oct 19] 10 (86). Available from:
immune responses, since the slightest contact withttP//www.efdeportes.com/efd86/spirulin.htm

an allergenic substance release chemical mediatdtdt"ony JCM. Merriman TN, Heimbach JT. 90-Day

. - . . oral (gavage) study in rats with
such as histamine, which attracts other immune galactooligosaccharides syrug=ood Chem Toxicol.

cells (Miller 1993). Souza-Soares et al. (2009) and 5006 44: 819-826.

Anthony et al. (2006) mentioned as the normahoac (1995), Official methods of analysis. 16. ed.
values the range between 0 and 1% of basophils,Association of Official Analytical Chemists.
which were not detected in the animals under Arlington.

study for all the treatments. According to Feldmarfradjo KGL, Facchinetti AD, Santos CP. Influence of
et al. (2000), the primary function of eosinoplsls  intake of biomass of Spirulina (Arthrospira sp.) On
combating the toxic substances, and therefore, beP?0dy weight and food intake in ratSienc Tecnol
present in greater quantities in the places wherg/lim-2003; 23 (1): 6-9.

there are antigen-antibody reactions and at poinfécker EW. Microalgae for human and animal
comsumpition. In  Microalgal  biotechnology.

of penetration of strange substances into the bOdy'Cambridge: Cambridge University Press, 1988. p.
According to Souza-Soares et al. (2009) and 555 055

Anthony et al. (2006), eosinophils must be presergecker EW. Micro-algae as a source of protBiotech

around 0-3%. The results obtained were within the Advan 2007: 25: 207-210.

range considered normal, with no differenceBelay AOY, Miyakawa K, Shimamatsu H. Currient

among the treatments. knowledge on potential health benefitsSgfirulina J
Applied Phycal 1993; 5:235-241.
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