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Abstract This study evaluated the potential of protection of a green alga used in herbal medicine, spirulina, against the
toxic effects induced by the mixture of heavy metals, lead, cadmium and arsenic in Sprague Dawley. The experiment was
performed during 4 weeks with 5 groups of 6 rats per group (3 males and 3 females) fed normally. Except the control group,
the other groups were fed orally, simultaneously and repeatedly by a mixture of the three toxic metals with or without
Spirulina: two groups of rats received different doses of toxic metals and the last two groups received, apart metals, some
different concentrations of Spirulina. Haematological and biochemical parameters were analysed in parallel with the
removal of metals and calcium in feces and urine of exposed rats. The results showed that exposure to heavy metals induce
a decrease in number for white blood cells and red blood cells and an increase of transaminases and total cholesterol.
Correcting these dysfunctions with the rats that received spirulina and metals confirms the protective role of the algae
against anemia, immune deficiency and liver poisoning. These protective effects were parallel to the retention of calcium in

against the elimination of lead and cadmium in the feces and urine of these rats.
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1. Introduction

The constraints associated with social change are
increasingly increasing the risk of exposure to environmental
pollutants, including heavy metals, which are highly hazardous
to health. Studies have highlighted human exposure to mixtures
of toxic substances such as lead (Pb), cadmium (Cd) and
arsenic (As) through the consumption of contaminated market
garden produce in Cotonou [1]. Other studies have characterized
the risk associated with this exposure [2] and assessed the
danger of a few doses of the mixture of these heavy metals
on health through an experimental study on rats [3]. Very
few studies have been carried out on the toxicity of mixtures
of heavy metals on species. According to [4], it appears that,
in mixtures, simultaneous exposure to lead, cadmium and
arsenic leads to an increase in urinary excretion of porphyrins
in the kidney, and this has been suggested as a good biological
marker of combined or mixed exposure to these metals.
According to [5], exposure to these metal mixtures has also
revealed clastogenic and aneugenic effects in peripheral
lymphocytes. Lead is a toxic element [6]. Several studies have
shown that lead can cause neurological, haematological,
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gastrointestinal, reproductive, immunological and apoptotic
disorders according to [7] and [8]. Moreover, lead acetate
and phosphate are classified as carcinogens [9]. In the United
States, the International Agency for Research on Cancer has
also classified this element in the list of 2B inorganic compounds
(the agent is possibly carcinogenic to humans) and chemicals
[10]. Recent studies have shown that lead inhibits the
activity of enzymes involved in oxidative stress according
to [11] and [12] and increases the production of free radicals
after treatment with inorganic lead in [13] and [14]. On the
other hand, cadmium is toxic to humans and excessive exposure
could cause death [15]. It enters cells and accumulates in high
concentrations in the cytoplasmic and nuclear space in [16]
and [17]. It has a strong affinity for the liver and kidneys
[18]. It is carcinogenic according to [19], [20] and [21]. Also,
genotoxic and apoptotic effects have been observed in several
cell types [22]; [23] and [24]. The results of studies into the
hepatic effects of prolonged oral exposure to cadmium are
contradictory. While the metabolic changes (increased serum
concentrations of hepatic enzymes) appear to be indisputable,
histological changes in the liver have only been observed
in a single study [25]. Finally, acute ingestion of inorganic
arsenic causes irritation of the stomach and intestine, resulting
in nausea, profuse, bloody, watery diarrhoea and vomiting.
The blood pressure of these patients may be low, their heart
rate may be accelerated and there may be a drop in blood
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counts [26]. The effects of chronic exposure to inorganic
arsenic in humans are marked by skin lesions, cancer,
foetotoxicity, neurotoxicity, cardiovascular disease, abnormal
glucose metabolism and diabetes [27].

Furthermore, the multiplicity of sources of toxic metal
contamination makes it difficult to control human exposure
and means that we are increasingly having to reconcile
living with the presence of these contaminants in our daily
lives. It is in this context that Spirulina, a green alga rich
in antioxidants [28] and used in phytotherapy, is being
evaluated in rats subchronically exposed to a mixture of
lead, cadmium and arsenic. It is because of all the above that
the objective of this study is to evaluate the potential of
protection of a green alga used in herbal medicine, spirulina,
against the toxic effects induced by the mixture of heavy
metals, lead, cadmium and arsenic in Sprague Dawley in
order to prevent health risks associated with consumer exposure
to food contaminated by heavy metals. Heavy metals such
as lead and cadmium were chosen because they are the most
toxic to humans according to [29] and [30], and the most
frequently found in the environment. Arsenic is associated
with them for two reasons: firstly, chemically, it is not a
metal; secondly, it is only toxic above a certain threshold and
only in its inorganic form [31]. On the other hand, spirulina
has been chosen for its reputation as a protector of the body
according to [32], [33] and [14].

2. Materials and Methods

The aim of this study was to assess the protective potential
of spirulina against the toxic effects induced by a mixture of
lead, cadmium and arsenic in Sprague Dawley rats. The
spirulina used was Spirulina platensis, which is sold over the
counter in pharmacies (Photo 1). The three metals lead (Pb),
cadmium (Cd) and arsenic (As) were supplied by the GTVD
laboratory at the University of Lomé.
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Photo 1.  Spirulina platensis

2.1. Animal Model and Stabling

The animal model chosen was the Rattus norvegicus rat,
of the Sprague Dawley strain, from the University of Ghana.
The females were nulliparous and non- pregnant. The rats
were acclimatised for a fortnight to the housing conditions
and placed in cages measuring 43 cm x 21.5 cm x 30 cm. The
animal house was maintained at a constant ambient temperature
of 24°C, a hygrometry of 60% and a 12h-12h day-night cycle,
with daylight provided by electric light. Each animal has ad
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libitum access to food and drinking water.

2.2. Distribution and Processing of Batches

Rats aged 10 to 12 weeks were divided into 5 batches of 6
rats each (3 males and 3 females per batch). Male rats weighed
between 196 and 230 grams and female rats between 188 and
216 grams. This heterogeneity in the weight of the animals
suggests an equivalent heterogeneity in their age. The metal
mixtures, Pb(NQO3), (for lead), CdCl, (for cadmium) and
As,0s (for arsenic), supplied by MERCK in Germany, were
administered daily to each rat at a rate of 10 mL/kg of weight,
using a gavage probe, for 28 consecutive days. The treated
batches were as follows:

Batch 1 control receives distilled water

Batch 2 receives 60 mg/kg of the equimolar mixture of
heavy metals and 250 mg/kg PC of Spirulina®

Batch 3 receives a mixture consisting of 4 mg/kg Pb + 1
mg/kg Cd + 25 mg/kg As and 160 mg/kg PC of Spirulina®

Batch 4 receives 4 mg/kg Pb + 1 mg/kg Cd + 25 mg/kg As

Batch 5 receives an equimolar mixture of 60 mg/kg of
heavy metals.

This mixture, which contains 4 mg/kg of lead, 1 mg/kg
of cadmium and 25 mg/kg of inorganic arsenic, was chosen
on the basis of the average levels of these metals found in
vegetables [2] (Koumolou et al., 2013). On the other hand,
the equimolar mixture dose of 60 mg/kg of each metal is
1/5th of the dose of 300 mg/kg of this mixture used during
the acute toxicity phase and which caused clear hepatic
toxicity acting on the biochemical parameters (LDH, ASAT
and ALAT), in both males and females [3]. The doses of
Spirulina correspond to 15 g of Spirulina, for an adult man
weighing 60 kg, i.e. approximately 3 and 2 teaspoons,
indicated by the daily dosage. In addition, information on
the effects of Spirulina consumption in normal conditions is
available in [34]; [35] and [36], which is why another batch
of control rats fed Spirulina alone was not considered.

2.3. Obtaining Biological Material and Analyses

After treatment, the rats were observed individually and
daily for 28 days. At the end of the treatment, blood samples
were taken from the orbital sinuses of the anaesthetised rats
using capillary tubes in anticoagulant tubes and dry tubes
following the [37] protocol modified by [38]. The haemogram
was performed using a RAYTO model RT-7200 haematology
machine and a SCREEN MASTER Molecular Absorption
Spectrophotometer was used to measure blood glucose,
creatinine, total cholesterol and ASAT and ALAT transaminases.
The rats were then sacrificed after asphyxiation with ether
and cervical dislocation. The organs were removed, observed,
weighed and preserved in formalin. Urine and faeces from
24 hours were collected once in the last week of treatment
and assayed for lead, cadmium and calcium using an atomic
absorption spectrophotometer based on the method of [39].
Statistical processing presented the results in the form of
averages = standard deviations in tables and compared them
using SPSS software 17.0 (T-test) p (T>t) = 0.05.
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3. Results

Three rats died towards the end of the treatment: one male
in the controls, one female in batch 2 and one male in batch 3.

3.1. Hematology

Variations in hematological parameters are shown in
tables 1 for females and 2 for males.

The significant but normal increase in the leucocyte and
red blood cell count and hematocrit rate was more
pronounced in males given Spirulina in addition to the heavy
metals, compared with the decrease observed in those who
received only exposed to heavy metals. This that Spirulina
strengthens the immune system and combats anemia. In
females, there were no significant differences that could be
analyzed in a meaningful way. This can be explained by the
fact that females are assumed to be more variable, partly due
to the cyclical nature of their heat periods and the action of
hormones, which can help to reduce the toxic risk for certain
biological parameters.

3.2. Clinical Biochemistry

The results of the biochemical assays are shown in tables 3
and 4.

3.2.1. Blood Glucose
The significant drop in blood sugar levels in males and the

significant increase in females at a time when transaminase
levels did not vary significantly in both sexes belonging to
the same batch 3 shows that variations in liver enzymes and
blood sugar levels are not necessarily linked.

3.2.2. Creatinine Levels

The reduction in creatinine in the blood is a good sign that
Spirulina was taken by male rats. But a significant reduction
was also observed in rats exposed only to metals (batch 4)
without any obvious explanation. On the other hand, the
significant increase in creatinine in batch 5 justifies the toxic
nature of the mixture of heavy metals. Exposure to heavy
metals can cause lead accumulation in proximal tubular cells.
This may be followed by proximal tubular dysfunction, with
reduced urate excretion and hyperuricemia. Uricemia is
positively correlated with creatinine levels. So, its increase in
the blood is a sign of heavy metal intoxication. Spirulina
therefore plays a detoxifying role by lowering creatinine levels.

3.2.3. Total Cholesterol

It was only in males, in batch 4, that a significant increase
in total cholesterol levels was observed, and the only
significant reduction was recorded in the corresponding
group that had received Spirulina (batch 3). Spirulina could
therefore prevent the accumulation of cholesterol in the
body.

Table 1. Hematological values of control rats and rats treated with a mixture of metals and Spirulina

Gender Q
Doses Control Lot 2 Lot 3 Lot 4 Lot5
GB (X10°mm®)  10,4+2,444 11,93+2,120 11,4+3,236 7,841,931 8,640,624
GR (X10%mm?)  7,77+0,663 6,43+0,179 7,190,243 7,250,607 7,66+1,022
Hb (g/dI) 16£1,401 12,8+0,416 14,250,379 14,3+0,954 15,132,702
Values High (%) 46,9+3,707 37,161,174  41,7+1,079 41,142,757 43,7+4,167
hematological VGM (fl) 60,45£1,002  57,7+0,568*  58,05+0,651  56,83+1,350 57,1+3,501
MCHT (pg) 20,55£0,251  19,8+0,126*  19,75+0,200 19,730,462 19,7+1,401
CCMH (%) 34,1+0,351  34,33+0,102*  34,15+0,000 34,730,416 34,56+0,503
PLT 455+34,508  427,33£25212  438+51,637  384,66+42501  411+21,825**

*p <0.05: significant difference compared with the control. ** p <0.01: highly significant difference compared with the control.

Table 2. Haematological values of control rats and rats treated with the mixture of metals and Spirulina

Gender 3
Doses Control Lot 2 Lot3 Lot4 Lot5
GB (X10mm®)  6,16+0,115 8,95+0,651**  11,6+2,674 9,6+0,964* 9,3+1,473
GR (X10%mm®)  6,64#0,127  7,04+0,762*  7,03+0,121** 6,73+0,501 6,56+0,304
Values Hb (g/dI) 13,66+0,115 14,3+1,970*  14,36+0,150**  13,7+0,557** 12,86+0,569
hematological High (%) 40,36+0,115 41,35£5,200*  41,96+0,245**  40,43+1,800**  40,46+1,732*
VGM (fl) 60,83+0,866 58,75+1,389*  59,76+0,698** 60,232,468 62,13+0,458**
MCHT (pg) 20,64+0520  20,25+0,781 20,4+0,463 20,33+0,802 19,46+0,100*
CCMH (%) 33,76x0,346 34,540,551 34,240,391 33,830,306 33,960,321
PLT 439456580 411,542,004 524,66+23,388 426,66+101,491  573,33+7,937

* p <0.05: significant difference compared with the control. ** p <0.01: highly significant difference compared with the control.
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Table 3. Biochemical parameters of control rats and rats treated with the mixture of heavy metals and Spirulina

Gender Q
Control Lot 2 Lot3 Lot4 Lot5
Gly (g/L) 0,61+0,020 0,740,160 0,87+0,078** 0,73+0,208 0,740,320
Crea (mmol/L) 13+2,000 6,67+1,000 5,541,528 7,66+1,000 7,66+3,512
Ch.T. (mmol/L) 1,06+0,070 0,78+0,170 1,32+0,057 1,18+0,251 1,19+0,174
ASAT (UIL) 97+2,5 82,33+23,000* 113+71,619 167,66+49,031* 165+34,871**
ALT (U/L) 114+1,00 71,33+17,500* 134,5+64,156 200+25,423** 156,66+25,891**

* p <0.05: significant difference compared with the control. ** p <0.01: highly significant difference compared with the control.

Table 4. Biochemical parameters of control and male rats treated with the metal mixture and Spirulina

Control Lot 2 Lot3 Lot4 Lot5
Glyc (g/L) 0,87+00 0,79+0,246 0,62+0,005** 0,810,401 0,67+0,232
Creatate (mmol/L) 9+00 614,726 8,33+0,500** 7+2,517* 9,33+2,082*
ChT (mmol/L) 1,100 0,970,302 1,02+0,060** 1,22+0,045** 1,26+0,085
ASAT (UIL) 47,5+00 100+24,420 157,66+22,000 151+55,012 183+26,058*
ALT (U/L) 39+00 83,5+8,622** 142+33,500 158,33+50,764*  183,33+22,502*

p <0.05: significant difference compared with the control. ** p <0.01: highly significant difference compared with the control.

Table 5. Content (mg/kg) of lead, cadmium and calcium in the discharges of control and metal-exposed rats

Control Lot 2 Lot 3 Lot4 Lot5
Lead 5,14+0,23 27,15+0,02** 24,13+0,21** 0,87+0,35** 10,58+0,24**
Cadmium 3,88+0,31 39,5+2,10** 2,05+0,02** 1,05+0,02** 32,72+0,98**
Calcium 7,89+0,09 2,89+0,10* 6,74+0,912 6,89+0,11 7,94+0,11

* p <0.05: significant difference compared with the control. ** p <0.01: highly significant difference compared with the control.

3.2.4. ASAT and ALAT

The significant and simultaneous increase in both
transaminases leads to the conclusion that repeated dose
exposure to the mixture of heavy metals lead, cadmium and
arsenic causes liver damage. But Spirulina at a dose of 250
mg/kg PC rats (about 16 grams or 3 teaspoons per day for
a 60 kg man) both enzymes were significantly reduced
(p<0.05). The liver remains a target organ for heavy metals,
as it is responsible for detoxification by transforming toxic
substances into secondary metabolites. But when the quantity
of toxic metals exceeds the liver's metabolic capacity, it
attacks and destroys liver cells: this is liver toxicity, resulting
in increased levels of the enzymes ALAT and ASAT in the
blood. But a reduction in both enzymes can be explained by a
strengthening of the liver's detoxification capacity, certainly
through an increase in the body's antioxidant activity. This
leads to the conclusion that Spirulina plays a protective role
on the liver.

3.3. Study of the Decontaminating Potential of
Spirulina Eliminating Heavy Metals

The results of lead, cadmium and calcium measurements in
the faeces and urine of rats exposed to the mixture of metals
with or without Spirulina are shown in Table 5.

In batch 4, heavy metals were significantly retained in the
body, but to a much greater extent than in the corresponding
batch that had received Spirulina (batch 3). On the other

hand, in batch 5 the metals were significantly excreted but
not as much as in the corresponding batch that had received
Spirulina (batch 2). Clearly, Spirulina combats the accumulation
of metals in the bodies of exposed rats. For calcium, there
was only significant retention in the blood in batch 2 rats.
This shows that the removal of metals from the body is
achieved because of the retention of calcium in the blood. It
is because, in their cationic forms, lead (Pb?? mimics
calcium (Ca?*) as well as calcium limits lead absorption in
the digestive tract (competition), leading to excretion of lead
in the feces, limiting the neurological effects of heavy metals.
Spirulina is not an excellent source of calcium, even though
it does contain calcium (approx. 500 mg/100 g). However,
the absence of oxalate in its composition favors intestinal
absorption of calcium from other food sources [40].

4. Discussion

This study assessed the protective potential of Spirulina
against the toxic effects of mixtures of lead, cadmium and
arsenic in Sprague Dawley rats exposed for 28 days to
repeated doses. In terms of haematological parameters, the
results showed that the relevant significant variations were
concentrated in white blood cells and red blood cells. In
females, there was a non-significant reduction in blood
leucocyte levels when they were exposed to heavy metals
alone. But, Spirulina corrected this reduction. In males,
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when Spirulina added, the number of white blood cells
varied very significantly. It was concluded that Spirulina
strengthens the immune system. This conclusion was also
reached by [41], [42] and [43]. In males given Spirulina,
blood erythrocyte concentration increased significantly. In
females, however, there was no significant difference. It was
concluded that Spirulina corrected the variation in red blood
cell levels in intoxicated rats. to heavy metals. However,
studies have shown that Spirulina combats anaemia and the
effects of malnutrition in [36]. As far as transaminases are
concerned, ASAT and ALAT changed very significantly (p
<0.01) in the same direction during exposure to heavy metals
in the groups that received only toxic substances. However,
Spirulina at a dose of 250 mg/kg PC significantly reduced
(p <0.05) the levels of both enzymes. It was concluded that
simultaneous intake of Spirulina has a protective potential
for the liver. These observations were confirmed by the
work of [44]. There was a significant reduction in creatinine
in the blood of males fed Spirulina. At a dose of 250 mg/kg
PC, Spirulina reduced the concentration of total cholesterol
in both females and males. The dose of 160 mg/kg PC did
not have a very significant effect, but it also reduced this
level in males in which the concentration of total cholesterol
had risen with exposure to metals. The conclusion is that
high- dose Spirulina prevents the accumulation of cholesterol
in the body. This observation was also made by [35]. These
authors proved that Spirulina's omega-3 and omega-6 fatty
acids are responsible for this role. A study of the elimination
of lead and cadmium showed that Spirulina played a
detoxifying role in the rats' bodies by evacuating these
pollutants through the faeces and urine. When lead is
absorbed, 80% of it is eliminated via the urine, 16% via the
bile, 8% via gastrointestinal secretions, sweat and dander,
and the rest via the faeces according to [45]. Cadmium
eliminated mainly via the faeces. Elimination via the urine
is very slow and insignificant, as the metallothionein must be
saturated before urinary elimination is observed according to
[46] and [47]. Thus, the effectiveness of Spirulina would be
found in the levels of lead and cadmium directly excreted in
the faeces, which has been verified by the results. One of the
trace elements that slows down the absorption of lead and
cadmium is calcium, which competes with it in the intestine
[48]. The unabsorbed portion of calcium is found mainly in
the faeces and digestive juices in [49], but urinary calcium
is the calcium that was first absorbed before being excreted
[49]. The lower this urinary rate (batch 2 and batch 3), the
more calcium is retained in the body and the greater the
competition between calcium and heavy metals, which will
be reflected in the abundant elimination of these metals in
the faeces and urine. Our results also confirm this analysis,
as it was in the batches where the rats were given Spirulina
that the concentration of urinary calcium was lowest. Did
Spirulina enable the body to save dietary calcium so that
could oppose absorption of lead and cadmium, or did the
calcium content of Spirulina have this protective effect? The
calcium contained in the rats' croquettes could not have
played this role without the addition of Spirulina. Otherwise,

the same results would have been obtained with the positive
controls (rats exposed only to heavy metals and not Spirulina,
because they ate the same food), which would have meant
that the rats would have been less likely to be exposed to heavy
metals. is not the case. So calcium retention is attributed
to Spirulina. So what is the mechanism that allows Spirulina
to retain calcium to counter the toxic effects of heavy metals
in rats? Further studies are therefore needed. But as things
stand, we can conclude that Spirulina enables the body to
retain calcium to combat metals effectively. These results
confirm the work of [50], [51] and [52]. Because of all its
benefits, the FAO has identified spirulina as the food of the
future in [28].

5. Conclusions

The results obtained in this evaluation of the protective
potential of Spirulina against the effects of heavy metals seem
to prove firstly that the component of the mixture of heavy
metals as well the dose of each component in the mixture
influence toxicity. The sex of the individual also toxicity.
The toxicity of the heavy metals lead, cadmium and arsenic
was verified and established in this study with regard to
the toxic effects observed. Fortunately, Spirulina could prevent
anaemia, has a hepatoprotective role and enables the body
to retain calcium to fight effectively against lead and cadmium,
which it eliminates in the faeces and urine. The work of
several authors confirms these results.
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