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a b s t r a c t
Lithothamnion calcareum is a red alga of the Corallinacea family whose main feature is the formation of
calcium carbonate precipitate in its cell walls. L. calcareum is marketed as a nutritional supplement for
calcium and other minerals in Brazil and other countries under the pharmaceutical name of Vitality
50+Ò. In this study, gastroprotective and pre-clinical toxicity assays were performed on this product.
Doses of 30, 120 and 480 mg/kg were used in the gastroprotective study on Wistar rats. A dose of
2000 mg/kg was used in the preclinical acute toxicity study and oral doses of 1000 and 2000 mg/kg were
used in the subchronic toxicity evaluation. L. calcareum played no signiﬁcant role in the protection of the
rats’ gastric mucosa, nor did it cause increase in gastric irritation. No impact on the acute toxicity test was
identiﬁed. In the subchronic toxicity test, serum levels of albumin, total protein and calcium decreased,
and creatinine levels increased, suggesting hypercalcemia and possible kidney damage associated with
liver damage, given that the majority of these parameters were irreversible. Thus, this work aims to discuss the relationship of the high concentration of calcium in the product with the observed effects.
Ó 2012 Elsevier Ltd. Open access under the Elsevier OA license.

1. Introduction
Lithothamnion calcareum is a red alga of the Corallinacea family.
One of the main features of this alga includes the presence of calcium and magnesium carbonate precipitates – calcite crystals – in
its cell walls. In addition to these two components, such calcareous
algae consist of more than 20 oligoelements in varying amounts,
including iron, manganese, boron, nickel, copper, zinc, molybdenum, selenium, and strontium (Dias, 2000; Melo and Furtini Neto,
2003).
L. calcareum algae are used as a source of raw materials in several applications, such as in the formulation of cosmetics, dietetic
products, implants for bone surgery, animal nutrition, fertilizers
and lime for soil treatment, among others (Lima et al., 2002; Melo
and Furtini Neto, 2003). In addition, these algae are sources of bioactive molecules, including polyphenolic compounds and terpenes,
which commonly present therapeutic properties in medicine
(Faulkner, 2000; Blunt et al., 2006). Indeed, some studies have
already shown that sulfated polysaccharides isolated from red
algae present anti-inﬂammatory activities in in vitro and in vivo
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models of skin inﬂammation in humans (Matsui et al., 2003).
Accordingly, our group also isolated and conducted the chemical
characterization of polysaccharides from L. calcareum, identifying
a potential anti-inﬂammatory activity (i.e. reduction in the number
of inﬂammatory cells) of these components (unpublished results).
Nevertheless, it is known that one of the major clinical problems
associated with anti-inﬂammatory agents are gastrointestinal disorders (Celotti and Laufer, 2001), such as occurs with non-steroidal
anti-inﬂammatory drugs, which are some of the most commonly
consumed drugs in the world (McCarthy, 1998). Therefore, it is
essential that all products or substances with a potential for
the treatment of inﬂammation be tested for gastric clinical
consequences.
Gastroprotective and toxicity studies should be conducted so as
to evaluate possible undesired side effects and identify whether or
not the use of such potential pharmaceuticals is indeed safe for
patients. Several studies have shown that natural products are
not devoid of toxicity and that side effects may well occur, especially when used over a long period of time (Féres et al., 2006).
Likewise, although red alga is a natural product, it can also present
some forms of toxicity (Yotsu-Yamashita et al., 2004).
The L. calcareum alga is regularly marketed as a food supplement
in Brazil and other countries (Vitality 50+Ò). Nevertheless, there are
no gastroprotective or toxicological studies in the literature on this
alga. As such, the aim of the current study was to evaluate the
gastroprotective, as well as acute and sub-chronic toxicological
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properties of the Vitality 50+Ò food supplement, which contains the
L. calcareum alga, using Wistar rats.
2. Materials and methods
2.1. Product
Ò

The Vitality 50+ food supplement, which is extracted from the L. calcareum
alga, was the focus of the current study. The industry Phosther Algamar LTDA subjects the algae to an appropriate processing for human consumption without adding
other substances. This product is currently marketed by Phosther Algamar LTDA
and is registered and approved by the Brazilian National Sanitation Inspection
Agency (no. 25003.040502/97 6.2119.0001.001-1).
2.2. Rats
The Wistar rats used in the current study were provided by the Animal House of
the Pharmacy School of Universidade Federal Minas Gerais (UFMG), Belo Horizonte,
Brazil. The rats were maintained under the controlled conditions of temperature
(22 ± 3 °C) and humidity (50–60%), within a 12 h light–dark cycle (7:00 am–
7:00 pm), with free access to water and standard rat chow. The experimental protocols used in the current study have been approved by the Ethics Committee on
Animal Experimentation (CETEA) of UFMG, protocol no. 072/07.
2.3. Preparing suspensions
The suspensions of the L. calcareum algae (Vitality 50+Ò) were prepared in an
aqueous vehicle (5% Tween 80 solution) immediately before being fed to the rats.
Different doses of the suspensions (described below), which were vigorously shaken before each administration, were fed to rats by oral gavage, respecting the limit
of 2 mL/100 g body weight (OECD, 2001). By contrast, the control groups received
only the aqueous vehicle.

Acute Oral Toxicity protocol – ﬁxed dose procedure – described by OECD (2001).
During the experiment, the consumption of water and food by the animals was
evaluated every other day. After 14 days, the rats were euthanized and subjected
to macroscopic and microscopic necropsy (Hilaly et al., 2004; Kanjanapothi et al.,
2004).
2.5.2. Sub-chronic toxicity evaluation of L. calcareum in rats
Male (180–232 g) and female (178–215 g) Wistar rats, 8–9 weeks of age, were
used in the sub-chronic toxicity tests. The rats were randomly divided into ﬁve
groups: control group (10 male and 10 female rats), two experimental groups (10
male and 10 female rats in each group), and two satellite groups (5 male and 5 female rats in each group). A constant volume of L. calcareum suspension was applied
(oral gavage) daily (7:00–9:00 am) to the rats for 90 days with one dose for each
group. During this period, the animals were observed daily. The animals were
weighed weekly so that the dose (mg/kg body weight) could be adjusted if needed.
The consumption of food and water was evaluated weekly. Two doses of Vitality
50+Ò (1000 and 2000 mg/kg) and a control solution (5% Tween 80) were applied
to rats, according to the OECD protocol 408, paragraph 16, which only allows for
testing of up to three doses, using a 1000 mg/kg per dose, when signs of toxicity
have not been observed in prior studies. The satellite control group received the
control solution, while the satellite highest-dose group received the dose of
2000 mg/kg. The OECD protocol 408 most generally applies a testing limit using
1000 mg/kg, except when human exposure indicates the need for a higher dose level. Since Vitality 50+Ò is a food supplement that is consumed daily by humans, the
tested dose was 2000 mg/kg. Doses were chosen according the smallest dose with
No Observable Adverse Effect Level (NOAEL) and the dose with the Lowest Observed
Adverse Effect Level (LOAEL).
After the treatment, the rats were anesthetized by means of intraperitoneal an
injection of ketamine (70 mg/kg) and xylazine (15 mg/kg), and approximately 5 mL
of blood was removed by direct puncture of the abdominal vena cava (Melo et al.,
2008). Blood samples were divided into two aliquots: one was transferred to a tube
without anticoagulants and the other to a tube containing EDTA for biochemical
and hematological assays, respectively. The rats were subjected to fasting for 12 h
prior to this procedure (OECD, 1998) and were euthanized by an overdose of anesthesia for the removal of organs and macroscopic and histopathologic analysis.

2.4. Evaluation of gastric lesions in rats
Thirty-six male Wistar rats (220–250 g), randomly divided into six groups
(n = 6/group) (La Casa et al., 2000), were used to evaluate gastric lesions: Group
1: control solution (5% Tween 80); Group 2: 500 mg/kg sucralfate (a known gastric
protector); Group 3: 30 mg/kg Vitality 50+Ò suspension; Group 4: 120 mg/kg Vitality 50+Ò suspension; Group 5: 480 mg/kg Vitality 50+Ò suspension; and Group 6:
380 mg/kg calcium carbonate suspension. Group 6 received calcium carbonate to
determine whether the observed effects were caused by this substance, which is
commonly abundant in L. calcareum. All rats received the same volume of the suspensions (1 mL) by oral gavage. During the 24 h preceding the beginning of the
experiment, the rats were kept in cages without sawdust, without food, with only
access to ﬁltered water ad libitum. Six hours after the fasting process, a condensed
milk preparation (2:1) was supplied to the rats to avoid the accumulation of food in
their stomachs (Jorge et al., 2004).
Sixty minutes after the treatments (described above), rats received (per os)
absolute ethanol (1 mL) to induce gastric irritation (Alvarez et al., 1999; Seito
et al., 2002; Tan et al., 2002). The animals were euthanized 60 min later, and their
stomachs were removed. A small incision was made next to the pylorus to extract
the gastric juice to measure the pH level and the gastric volume. After, the stomachs
were opened along the greater curvature and maintained in saline solution for preservation and evaluation of gastric lesions (Jorge et al., 2004).
The lesions were classiﬁed with respect to their levels of severity according to
the protocol described by Szelenyi and Thiemer (1978): (1) (redness and/or petechiae), (2) (moderate erosion with bleeding), and (3) (hemorrhage with extensive
and severe lesions). The ulcer index was calculated by determining the largest
diameters of the lesions (Makovec et al., 1999; Perera et al., 2001). The evaluations
were performed by only one researcher who was unaware of the treatment received
by the animals. After the lesions had been evaluated, the stomachs were ﬁxed and
preserved in 10% phosphate-buffered formalin solution, embedded in parafﬁn, and
cut into 5 lm sections. The sections were set on microscope slides and stained with
hematoxylin and eosin for histopathologic examination.
2.5. Toxicity studies
2.5.1. Acute toxicity evaluation of L. calcareum in rats
Ten female Wistar rats (185–214 g; 9–11 weeks of age) were used in the acute
toxicity tests, in two groups: control and experimental (n = 5/group). In this assay,
the rats were fasted (access to water ad libitum) for 12 h prior to treatments either
with 5% Tween 80 solution or with a single 2000 mg/kg dose of L. calcareum suspension (gavage). Standard rat chow was only fed to the animals 4 h after this procedure (OECD, 2001). After such treatment, careful clinical observation of the rats
was conducted at 5, 15, and 30 min, and each hour up to the twelfth hour of the ﬁrst
day. The rats were also examined twice a day for an additional 13 days. The onset of
toxic effects, speed, time length, and recovery time were observed following the

2.6. Laboratory analysis
Laboratory analyses were performed for acute toxicity (microscopic and macroscopic analyses of the organs) and sub-chronic toxicity (biochemical, hematological,
microscopic, and macroscopic analyses of the organs) assays. The rats used for the
acute toxicity test were weighed, euthanized, and necropsied. At the end of the subchronic toxicity test, the rats were weighed, subjected to fasting for 12 h, anesthetized to collect blood, euthanized, and necropsied. Hematological analyses, including the evaluation of erythrocytes, hemoglobin, hematocrit, platelets, and global
leukocytes, were performed on the entire sample of blood collected in tubes with
EDTA, using a Abacus Junior Vet apparatus (School of Veterinary Sciences, UFMG,
Belo Horizonte, Brazil).
Biochemical analyses were performed in a serum obtained after the centrifugation of whole blood samples without anticoagulants. Standardized SynermedÒ diagnostic kits and Cobas MiraÒ equipment were employed for spectrophotometric
determination of the following biochemical parameters: creatinine (CRE), total proteins (PROT), albumin (ALB), calcium (CA), alanine aminotransferase (ALT), aspartate aminotransferase (AST), amylase (AML), glucose (GLU) and creatine kinase
(CK).
The hearts, lungs, kidneys, adrenal glands, spleens, livers, stomachs, pancreas,
small intestines, uterus, ovaries, testes, epididymides, brains, and thymus were removed for macroscopic examination. Fragments of these organs were set in 10% formalin for histopathologic evaluation (Palmeiro et al., 2003; Kanjanapothi et al.,
2004).
2.7. Statistical analysis
Results are expressed as mean ± standard deviation (SD). Statistical analysis
was performed using a One-Way Analysis of Variance (ANOVA) followed by the Student–Newman–Keuls test, comparing both the effect of different doses of L. calcareum among the groups of a speciﬁc sex (male or female rats) and the effect of a
single dose of the algae in relation to both genders of rats. Differences were considered statistically signiﬁcant for p < 0.05. Results that did not present a normal distribution were analyzed using the non-parametrical Kruskal–Wallis test (Sampaio,
2002).

3. Results
3.1. Gastroprotective evaluation of L. calcareum in rats
The evaluation of the gastroprotective effects of L. calcareum in
rats was conducted after the induction of gastric lesions with
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absolute ethanol. Only the highest dose of L. calcareum (480 mg/kg)
and CaCO3 (380 mg/kg) suspensions reduced the less severe gastric
lesions (type 1) (Table 1). The lower doses induced no protective effect on gastric irritation. Regarding the more severe phenotypes
(types 2 and 3), none of the L. calcareum suspensions protected
the stomach; however, no intensiﬁcation of the lesions occurred.
The groups that received 480 mg/kg of L. calcareum or the CaCO3
suspension (380 mg/kg) also presented a signiﬁcant increase in
stomach pH. The reference drug, sucralfate, improved all the evaluated parameters (Table 1).
3.2. Acute toxicity evaluation of L. calcareum in rats
No clinical signs of toxicity were observed during the 14 days of
evaluation in the acute toxicity tests. None of the rats lost weight
after having been treated with a single 2000 mg/kg dose of L. calcareum suspension. No statistically signiﬁcant difference in the
consumption of water and food, nor change in the behavior of
the animals, could be observed. Gross and microscopic evaluations
also indicated no evidence of toxicity for any of the rats.

Fig. 1. Evaluation of the mean consumption of food by Wistar rats weekly, over the
90-day period, with the administration of the control solution and Lithothamnion
calcareum suspensions at 1000 or 2000 mg/kg. Females (n = 10). Males (n = 10). 
Indicates statistically signiﬁcant difference of the total mean food consumption of
treated groups in comparison to their respective control group, using ANOVA
followed by Student–Newman–Keuls post-test (p < 0.05).

3.3. Sub-chronic toxicity evaluation of L. calcareum in rats
During the assays for sub-chronic toxicity evaluation, neither
the death of the rats, nor clinical signs of toxicity could be observed. Moreover, no signiﬁcant abnormality in feces, hair, or
behavior in any of the groups of animals could be identiﬁed. All
the L. calcareum-treated rats gained weight during the study,
although no statistically signiﬁcant changes could be observed
for body weight, as compared to the age and sex-matched control
group. The food intake of the groups receiving the L. calcareum suspensions (1000 and 2000 mg/kg) was statistically higher than in
the control group (Fig. 1), although no statistically signiﬁcant difference in water consumption could be observed.
Serum creatine levels were increased in female rats treated
with 1000 mg/kg of L. calcareum and in male and female rats treated with 2000 mg/kg of L. calcareum (Table 2); nevertheless, the
reversibility of these levels after the recovery period was only observed in male rats. By contrast, total serum protein levels decreased in the rats that received 2000 mg/kg of L. calcareum
(without reversibility), and an even greater decrease occurred in
the satellite group. Accordingly, decreased serum albumin levels
were detected in the male rats treated with 1000 mg/kg of L. calcareum as well as in male and female rats treated with 2000 mg/
kg of L. calcareum (without reversibility), with a greater decrease
observed in the satellite group (Table 2).
Low levels of calcium could also be observed in the rats treated
with 2000-mg/kg of L. calcareum, with no reversibility observed in
the satellite group. The other biochemical parameters evaluated in
the current study presented no signiﬁcant difference among the

treated groups. The serum biochemical results that showed statistical differences after the treatment with L. calcareum for 90 days
are shown in Table 2.
Regarding the hematological parameters, no statistically significant changes could be observed (Table 3). By contrast, some differences were observed in the organ weights (body weight/organ
weight ratio) of the rats (Table 4), although the gross necropsy
and histopathologic evaluation of the same organs revealed no
abnormality or signiﬁcant changes among the experimental groups
(Tables 3 and 4).

4. Discussion
In the current study, L. calcareum (480-mg/kg dose) demonstrated a protective effect on low intensity gastric lesions of rats
(type 1 injury) and an increase in the gastric pH. By contrast, no
irritation or protection of the gastric mucosa could be identiﬁed
after the treatment of rats with lower doses of L. calcareum (30
and 120-mg/kg). Similarly, no alteration in the gastric pH could
be observed when compared to the control group.
One of the main features of the L. calcareum algae is the high
concentration of calcium carbonate, CaCO3, in its composition,
which can reach up to 80% (Dias, 2000; Melo and Furtini Neto,
2003). According to Koo et al. (1986), calcium can stabilize the cell
membrane, stimulate the secretion of bicarbonate, increase the pH,
and promote the regeneration of the gastric mucosa. This may well
explain the increase in the gastric pH of rats observed in the

Table 1
Effects of different doses of Lithothamnion calcareum, calcium carbonate, sucralfate (a reference drug) and control solution (5% Tween 80) on the intensity of gastric lesions
induced by absolute ethanol.
Treatment (mg/kg)

Control
Sucralfate (500)
L. calcareum (30)
L. calcareum (120)
L. calcareum (480)
CaCO3 (380)

Severity of gastric lesions

Li total

Protection (%)

pH*

Gastric volume (mL)

7.99 ± 1.17a
3.14 ± 0.49b
7.98 ± 0.83a
7.77 ± 0.48a
7.95 ± 1.11a
6.42 ± 1.62ab

–
60.70
0.13
2.75
0.50
19.65

6 ± 1ab
5 ± 1b
6 ± 1ab
5 ± 2ab
7 ± 1a
7 ± 1a

3.57 ± 0.50a
2.15 ± 0.36b
3.45 ± 0.66a
3.38 ± 0.26a
3.33 ± 0.60a
3.15 ± 0.66a

*

1

2

3

2.76 ± 1.02a
1.03 ± 0.49b
3.26 ± 0.60a
3.08 ± 0.60a
1.94 ± 1.53ab
1.73 ± 0.67ab

5.08 ± 1.12a
2.11 ± 0.17b
4.40 ± 0.71a
4.55 ± 0.93a
4.94 ± 1.28a
4.43 ± 1.21a

0.15 ± 0.37
0.00 ± 0.00
0.32 ± 0.50
0.13 ± 0.33
1.07 ± 2.01
0.26 ± 0.63

The values represent the mean ± standard deviation (SD) (n = 6). Values with different superscripts are statistically different, ANOVA followed by the Student–Newman–Keuls
post-test (p < 0.05).
*
Variable with a non-normal distribution evaluated by the Kruskal–Wallis test (p < 0.05).
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Table 2
Evaluation of serum biochemical parameters after the per os treatment of Wistar rats with Lithothamnion calcareum during 90 days.
Groups

Sex

Proteins
Creatinine
(mg/dL)

Total (g/dL)

Male
0.79 ± 0.15*bA
Female 0.53 ± 0.20bA
1000 mg/ Male
0.86 ± 0.26bA
kg
Female 0.69 ± 0.20aA
2000 mg/ Male
1.15 ± 0.20aA
kg
Female 0.57 ± 0.16aB
Satellite
Male
0.96 ± 0.18
Control
Female 1.08 ± 0.27
Satellite
Male
0.88 ± 0.16
2000 mg/ Female 0.64 ± 0.05
kg

Control

Albumin (g/
dL)

Calcium (mg/ ALT (U/L)
dL)

AST (U/L)

Amylase (U/L)

Glucose (mg/
dL)

CK (U/L)

8.89 ± 0.76*aA 3.80 ± 0.24*aB 9.96 ± 0.98*a
9.23 ± 0.86bA 4.06 ± 0.44aA 11.24 ± 2.13a
8.21 ± 0.72bB 3.36 ± 0.30bB 10.09 ± 1.23a

67.9 ± 16.11
72.70 ± 20.80
65.20 ± 12.29

56.11 ± 1.90*
53.3 ± 4.52
56.00 ± 0.94

679.78 ± 181.57* 190.22 ± 49.49* 279.56 ± 304.89*
604.3 ± 117.62 191.30 ± 52.81 382.00 ± 381.66
665.30 ± 56.77
157.20 ± 27.12 205.70 ± 100.34

9.92 ± 0.67aA
7.62 ± 0.33cB

4.05 ± 0.24aA
3.12 ± 0.17bB

9.84 ± 0.50a
8.94 ± 0.88b

65.00 ± 10.71
97.00 ± 94.44

53.5 ± 4.33
54.70 ± 3.09

624.70 ± 137.33
652.10 ± 61.44

192.50 ± 77.45
159.60 ± 46.31

340.00 ± 415.84
234.10 ± 136.30

8.51 ± 0.31cA
7.50 ± 1.08
8.40 ± 0.20
7.14 ± 0.15
8.36 ± 0.36

3.69 ± 0.19bA
3.10 ± 0.37
3.58 ± 0.08
2.62 ± 0.11
3.08 ± 0.57

9.37 ± 0.80b
10.38 ± 2.15
9.80 ± 0.67
8.54 ± 0.25
10.10 ± 0.44

130.20 ± 185.56
67.60 ± 9.71
61.80 ± 12.87
55.20 ± 5.54
61.40 ± 9.56

56.30 ± 2.83
56.40 ± 2.97
55.20 ± 2.59
42.00 ± 17.90
50.60 ± 1.67

590.30 ± 94.16
660.40 ± 49.58
517.00 ± 29.86
634.40 ± 105.22
533.20 ± 20.32

206.70 ± 59.24
172.80 ± 30.16
142.20 ± 13.70
147.20 ± 39.10
136.20 ± 34.49

195.20 ± 67.15
248.00 ± 109.05
156.40 ± 93.24
174.80 ± 86.02
203.60 ± 76.66

The data are expressed as the mean ± standard deviation (SD); n = 10 for the control group and those groups that received 1000-mg/kg and 2000-mg/kg doses, and n = 5 for
the satellite groups. Means followed by different superscript letters differ by the Student–Newman–Keuls test (p < 0.05). Capital letters – comparison between doses
administered to rats of the same sex. Lower case letters – comparison between sexes receiving the same dose.
*
n = 9.
Differ from the mean of the control group.
Differ from the group 2000-mg/kg.
Variable without any interaction between sex  dose.

Table 3
Effect of per os administration of Lithothamnion calcareum during 90 days in the hematological parameters of Wistar rats.
Groups

Sex

Erythrocytes (106/mm3)

Hemoglobin (g/dL3)

Hematocrit (%)

Platelets (103/mm3)

Global leukocytes (103/mm3)

Control

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

10.72 ± 0.59
9.66 ± 0.55
10.58 ± 0.53
9.09 ± 0.39
10.19 ± 0.45
9.62 ± 0.67
10.47 ± 0.43
9.36 ± 0.54
11.14 ± 0.83
8.85 ± 1.00

16.73 ± 0.63
16.16 ± 0.77
16.64 ± 0.95
15.97 ± 0.74
16.51 ± 1.12
16.20 ± 1.04
17.16 ± 1.02
15.28 ± 0.94
16.64 ± 0.75
15.72 ± 0.74

49.11 ± 2.15
49.36 ± 3.34
48.9 ± 2.13
47.00 ± 2.35
47.70 ± 1.70
47.10 ± 4.12
48.74 ± 1.16
45.22 ± 2.57
50.60 ± 3.71
46.00 ± 2.55

820.78 ± 278.03
848.78 ± 154.91
776.30 ± 146.13
709.89 ± 142.13
853.30 ± 174.52
761.40 ± 183.24a
952.40 ± 175.65
738.80 ± 105.68
897.40 ± 143.80
979.20 ± 159.01

8.93 ± 2.17
7.43 ± 1.21
10.23 ± 2.37
5.75 ± 1.41
8.53 ± 1.04
5.55 ± 1.23
10.58 ± 2.93
5.34 ± 1.32
8.96 ± 1.38
6.06 ± 1.33

1000 mg/kg
2000 mg/kg
Satellite
Control
Satellite
2000 mg/kg

The data are expressed as the mean ± standard deviation (SD); n = 10 for the control group and those groups that received 1000-mg/kg and 2000-mg/kg doses, and n = 5 for
the satellite groups. No signiﬁcant statistical differences were detected between control and Lithothamnion calcareum groups (p > 0.05), using ANOVA followed by Student–
Newman–Keuls post-test.

Table 4
Effect of per os administration of Lithothamnium calcareum during 90 days in the weight of the organs of Wistar rats.
Groups

Sex

Heart*** (g)

Lungs*** (g)

Renal system (g)

Spleen (g)

Liver (g)

Ovaries/tests (g)

Brain (g)

Stomach*** (g)

Control

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

1.36 ± 0.18aA
0.87 ± 0.07aA
1.40 ± 0.14aA
0.97 ± 0.11aB
1.48 ± 0.16aA
1.00 ± 0.06bA
1.38 ± 0.10
0.96 ± 0.04
1.51 ± 0.05
1.00 ± 0.06

2.03 ± 0.39
1.37 ± 0.21
2.06 ± 0.34
1.55 ± 0.28
2.02 ± 0.16
1.69 ± 0.21
1.99 ± 0.25
1.74 ± 0.28
2.16 ± 0.22
1.56 ± 0.09

2.96 ± 0.35bA
1.97 ± 0.19bB
3.11 ± 0.49bA
2.30 ± 0.37bB
3.66 ± 0.42aA
2.32 ± 0.19aB
3.14 ± 0.30
2.64 ± 0.27
3.38 ± 0.34
2.29 ± 0.23

1.14 ± 0.18b
0.82 ± 0.19b
1.28 ± 0.31ab
0.92 ± 0.17ab
1.46 ± 0.12a
0.91 ± 0.20a
1.27 ± 0.25
1.08 ± 0.15
1.27 ± 0.20
0.78 ± 0.13

10.72 ± 2.3ab
7.35 ± 0.95ab
10.19 ± 1.56b
7.58 ± 0.51b
12.48 ± 2.87a
7.84 ± 0.79a
10.36 ± 0.72
8.05 ± 0.81
12.35 ± 1.88
7.63 ± 0.86

5.52 ± 0.74
0.83 ± 0.27
5.98 ± 1.07
1.07 ± 0.26
6.27 ± 0.32
0.93 ± 0.17
5.62 ± 1.00
0.93 ± 0.11
6.25 ± 0.28
0.95 ± 0.21

1.96 ± 0.25bA
1.84 ± 0.12bB
2.07 ± 0.22abA
2.06 ± 0.17abB
2.25 ± 0.19aA
2.05 ± 0.15aB
2.08 ± 0.20
2.21 ± 0.12
2.20 ± 0.03
2.12 ± 0.08

2.29 ± 0.61bA
1.57 ± 0.28bB
1.86 ± 0.23abA
1.61 ± 0.15abB
1.91 ± 0.21aA
1.94 ± 0.44aB
1.86 ± 0.09
1.6 ± 0.06
2.02 ± 0.28
1.69 ± 0.20

1000 mg/kg
2000 mg/kg
Satellite
Control
Satellite
2000 mg/kg

Data are expressed as the mean ± standard deviation (SD) in grams (g); n = 10 for the control group and groups that received 1000-mg/kg and 2000-mg/kg doses, and n = 5 for
the satellite groups. Means followed by different superscript letters differ by the Student–Newman–Keuls post-test (p < 0.05). Capital letters – comparison between doses
administered to rats of the same sex. Lower case letters – comparison between sexes receiving the same dose.
Differ from the mean of the control group.
Differ from the group 2000-mg/kg.
***
These variables presented interaction sex versus dose.

current study as well as the effect of gastric protection after treating rats with the highest dose of L. calcareum. Thus, it seems that
the beneﬁcial effects of L. calcareum are a function of calcium, given
that the same changes also occurred when CaCO3 was administered to rats. Considering that the previously described antiinﬂammatory effects of L. calcareum could be observed at doses

of 10–100 mg/kg (Dias, 2000), the current results point to a potential safe use of such a food supplement for this purpose, considering that, although no gastric protective effect could be observed in
low doses, no further irritation was induced with higher doses, a
common side effect associated with most of the non-steroidal
anti-inﬂammatory drugs (Celotti and Laufer, 2001). Moreover, in
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the acute toxicity tests, neither toxic effects, nor changes in the histopathologic evaluation of the rats’ organs after treatment with
2000-mg/kg of L. calcareum, could be identiﬁed.
In the sub-chronic toxicity test, no difference in water consumption, nor in the body mass of the rats, was observed. Nevertheless the groups that received 1000 and 2000 mg/kg of L.
calcareum consumed more food than did the control group. The
high concentration of calcium in the algae may well explain this
observation, given that the high consumption of calcium can favor
the mobilization of lipids (Melanson et al., 2003). Some studies
show that there is a relationship between calcium intake and adiposity in rats and humans. Calcium-based diets tend to cause less
weight gain in rats despite the lack of difference in food intake
(Zemel et al., 2000). In this regard, a mechanism by which the consumption of calcium-rich products increases lipolysis by promoting the oxidation of fat has already been proposed in the
literature (Zurlo et al., 1990).
The current biochemical analyses indicated a change in parameters regarding the renal function, such as calcium, albumin, total
protein, and creatinine. This condition may result from the amount
of calcium ingested by the rats. Some studies show that large quantities of calcium intake can cause hypercalcemia, which can in turn
lead to renal failure (Locatelli et al., 2002; Carcioﬁ et al., 2006). Renal failure can occur within hours or days or, alternatively, settle
gradually, evolving over several years until it reaches terminal
stages. Similarly, acute renal failure can also develop into chronic
forms of the disease (Costa and Yu, 1997; Thadhani et al., 1996).
In this regard, rats receiving 2000 mg/kg of L. calcareum presented
decreased serum calcium levels. However, biochemical changes
that occurred concomitantly with the consumption of the algae
suggest the onset of hypercalcemia. Hypercalcaemic conditions
can be associated with normal or reduced calcium serum levels,
as the body tends to maintain a balanced metabolism of the mineral, known as the compensation phase. When there is a slight increase in the concentration of ions in the blood, calcium excretion
markedly increases, while intestinal absorption decreases
(Bourdeau and Attie, 1994; Johnson and Kumar, 1994). After
kidney damage has set in, a loss of calcium may occur, thereby
decreasing the serum concentration.
Decreased albumin and total protein levels were also detected
in the serum of rats treated with 2000 mg/kg of L. calcareum. Serum
protein levels may decrease as a result of proteinuria in cases of renal complications. Proteinuria is an indicator of kidney disease and
represents an independent risk factor for the progression of such a
condition (Henry, 1995). Increased serum creatinine levels were
also identiﬁed in such groups of rats, which represents an important parameter, given that kidney diseases are associated with increased serum creatinine levels. When renal pathology occurs, a
progressive loss of glomerular ﬁltration begins, resulting in increased plasma creatinine concentrations. During the course of
kidney failure, discrete, but constant, increments in plasma creatinine levels occur (Hsu and Chertow, 2002; Pacheco et al., 2005;
Balbi et al., 2005). Despite these results, none of the hematological
tests performed in the current study showed statistically signiﬁcant alterations.
Among the biochemical parameters discussed herein, and compared to the satellite groups, only the serum creatinine levels of
male rats proved to be reversible, whereas the others showed no
reversibility. The progress of kidney disorders regardless of the
presence of their initiating factor may explain this observation
(Bregman, 2004). It is also worth noting that some parameters that
have changed seem to be related not only to kidneys, but also to
the liver. Serum proteins, including albumin, are synthesized by
the liver. Liver disease can decrease serum proteins by altering
their synthesis, by increasing degradation, or by promoting extravascular loss (Henry, 1995). Nevertheless, no changes in the levels
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of hepatic transaminases (ALT and AST) could be observed in our
conditions. This ﬁnding suggests that no cell injury occurred (conﬁrmed by histopathology), given that these enzymes have been
used as markers of hepatocellular injury for decades (Henry,
1995). Therefore, the decreased serum albumin and total protein
levels may have occurred due either to decreased protein synthesis
by the liver or to kidney damage, not discarding the possibility of
the concomitant occurrence of the two aforementioned factors,
since renal disease with albuminuria may also be the cause of
hypoalbuminemia in patients with liver disease (Henry, 1995).
In cases of established liver damage, increased calcium urinary
excretion may occur (Henry, 1995). Therefore, a similar increase
may have caused the decline in serum calcium levels in the current
study. Nevertheless, the enzymes related to liver function showed
no changes, and histopathologic analysis also conﬁrmed the absence of cell injury. Furthermore, the renal function markers did
change. These data serve as a basis for attributing these changes
to kidney damage, which may or may not be associated with mild
liver damage.
In summary, L. calcareum, although it did not play a major role
in protecting the gastric mucosa in rats, caused no increase in gastric irritation. This is an important aspect, given that low doses of
this alga seems to present potential anti-inﬂammatory properties
(Dias, 2000). Nevertheless, the current toxicity studies showed that
this alga can cause some irreversible changes in biochemical
parameters. Thus, the possibility of renal damage does indeed exist
when this food supplement is applied. However, most changes
were observed at a dose of 2000 mg/kg, which is much higher than
that studied for anti-inﬂammatory effects (10–100 mg/kg) (Dias,
2000) and that commonly used by the general population
(14 mg/kg/day). The dose used in this study (2000 mg/kg), which
caused changes in renal parameters, was approximately 140 times
greater than the used by humans. Nevertheless, for a chronic daily
dose to be considered safe for humans, a 1000-fold factor may be
applied without inducing toxic effects (Gad, 2007). Thus, further
toxicological evaluations are warranted in this regard.
5. Conclusions
In conclusion, it is impossible to draw a deﬁnite statement
about the safe use of the Vitality 50+Ò (L. calcareum) food supplement. Sub-chronic toxicity studies using doses of less than
1000 mg/kg should be considered to speciﬁcally determine the
NOAEL, considering that such a dose induced some biochemical
alterations in male rats. The determination of the LOAEL, which appears to be between 1000 and 2000 mg/kg, also should have some
importance, given that the use of uncertainty and/or variability
factors is deemed necessary for the extrapolation of the results
from rats to human beings, risk evaluation and, consequently, increased reliability (Faustman and Omenn, 2008). Renal and hepatic
functions in long-time users of this food supplement and individuals with kidney and pre-existing liver diseases should also be evaluated on a more frequent basis. Therefore, further toxicological
evaluation of Vitality 50+Ò is warranted, given that the product is
currently sold for consumption by humans.
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