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ABSTRACT

Background: Spirulina is a biomass of cyanobacteria (blue-green algae) that can be consumed by humans and other animals.
It is a type of microscopic algae in the shape of a perfect spiral coil. It is one of the many dietary supplements commercially
available. It contains an abundant amount of essential amino acids, fatty acids, protein, vitamins, minerals, and pigments.
Spirulina has many health benefits in preventing or managing hypercholesterolemia, hyperglycemia, cardiovascular diseases,
diabetes, and other metabolic disease.

Aim: The principal objective of this study was to estimate the possible side effects of two doses (500 and 1000 mg/kg b. wt)
of Spirulina supplementation on as the liver, kidney and testis of rats.

Materials and Methods: Adult male albino rats (Rattus norvegicus) weighing 120-140g were divided into three groups,
Gl: control; G2: treated with Spirulina at 500 mg/kg b. wt; and G3: treated with Spirulina at 1000 mg/kg b. wt. The
administration was undertaken by gastric tube for 21 days. Biochemical analysis was done for measuring the blood levels of
ALT, AST, urea, and creatinine. The liver, kidney and testis were excised, sectioned, and stained with different histological
and histochemical stains for histopathological studies.

Results: Spirulina induced many histological changes in the hepatic, renal, and testicular tissues, as well as biochemical
changes in a dose-dependent manner.

Conclusion: Uptake of uncontrolled supplementary doses of Spirulina may induce biochemical dysfunction and
histopathological changes in some vital organs. Therefore, caution must be taken at using Spirulina as a food supplement. In
fact, further biochemical and histopathological studies on its effect on other vital organs are needed for optimal dose-finding
that should be considered for both efficacy and toxicity of Spirulina on the human body.
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INTRODUCTION includes Arthrospira platensis, Arthrospira fusiformis,

and Arthrospira maxima. Arthrospira platensis is the most
common one. Spirulina has several benefits over plants and
animals as food sources, because it can synthesize protein
from inorganic nitrogen, can double its amount within hours,
grow in severe conditions as pH and temperature, beside it is
not season-dependent, and highly hygienic food!®. Spirulina
contains a high level of nutrient contents that matched by very
few other food products, as well as high protein, unsaturated
fatty acids, minerals, and vitamins content”*. In addition,
it has high level of antioxidants including phycocyanins,
carotenoids, tocopherols and phenolic compounds®'2. So, it
has been used as food and has essential ingredients in the
natural food products and pharmaceutical components!'*'4,

Dietary supplements are used to compensate for the
inadequately energy or nutrients (carbohydrates, lipids,
proteins, vitamins, and minerals) intake to anticipate or
avoid an ailment!Y), The microalgae consumption is used for
the treatment of the deficiency of protein and nutrition. There
are many microalgae such as Chlorella, Dunaliella, and
Scenedesmus that have been utilized as food supplements?,
but Spirulina appears to be the foremost promising strain
in the attempt of using unconventional sources to face the
nutritional deficiencies®*. Moreover, Spirulina represents
one of the many dietary supplements commercially available,
and it has become the focus of a great deal of food science
and biochemistry research in recent years.

Spirulina is a spiral blue-green algae, belongs to Spirulina platensis has many biological uses, its dietary
cyanobacteria (microalgae) that are typically grown in consumption has health benefits in preventing or managing
water and commonly cultivated in lakes and ponds with hypercholesterolemia,  hyperglycemia,  cardiovascular
a sufficient amount of sunlight®®.. The genus of Spirulina diseases, diabetes, other metabolic diseases, certain
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inflammatory diseases, allergies, cancer, environmental
toxicant, drug-induced toxicities, and viral infections!!>'%),

In previous studies™, the potential biological effects
of Spirulina on various organs were investigated without
making follow up on its adverse impact on the vital body
organs. Moreover, the use of Spirulina worldwide is not
only by adults, but also extends to children?!). Therefore, the
principal aim of this study was to estimate the possible side
effects of Spirulina supplementation on some organs such as
the liver, kidney, and testis of experimental animals.

MATERIALS AND METHODS

Chemicals

Spirulina tablets were purchased from Puritan's Pride
Company, Inc. (USA). Each tablet contains 500 mg of the
active ingredient. The drug was ground and administrated
orally as a new suspension in 0.9% saline.

Laboratory Animals

Thirty healthy adult male Wistar albino rats
(Rattus norvegicus) weighing 120-140g, were obtained from
the Medical Research Center at the Faculty of Medicine, Ain
Shams University (Cairo, Egypt). The rats were carefully
transported to the animal care unit at the Zoology Department,
Faculty of Science, Ain Shams University, two weeks
before the starting of the experiment for acclimatization
to laboratory conditions. The animals were reared in clean
and adequately ventilated cages and bedded on fresh wood
shavings. A temperature of 25°C and a 12h light/dark cycle
was maintained. Free access to water and food pellets were
given to the animal. All efforts were made to minimize animal
suffering, and to use only the number of animals necessary
to produce reliable scientific data. All animal experiments
comply with the National Institutes of Health guide for the
care and use of Laboratory Animals (NIH Publications No.
8023, revised 1985), and the experimental protocol was
approved by the Ain Shams University Research Ethics
Committee.

Experimental Design

Thirty adults male Wistar albino rats were randomly
divided into three groups (n=10/group) and were assigned
at random to one of the following treatments. The first
group (G1) served as control (the animals ingesting distilled
water). The second group (G2) was administered a low dose
of Spirulina (500 mg/kg body wt); while the third group (G3)
was given high dose of Spirulina (1000 mg/kg body wt).
Spirulina was given daily for 21 days by gastric tube.

Sample Collection

Twenty-four hours after the last treatment, rats were
decapitated. Liver, kidney, testis, and brain were excised
immediately and processed for microscopic examination and
stained with different histological and histochemical stains.
Also, blood samples were collected from the heart, and
centrifuged for biochemical assays.

Biochemical assay

The serum concentration of alanine transaminoferase
(ALT), aspartate aminotransferase (AST), urea, and
creatinine were determined using Biodiagnostics Reactivos
GPL kits (Cairo, Egypt), according to the manufacturer’s
protocol, and measured by electrochemiluminescence
immunoassay on a Cobas® e601 immunoassay analyzer
(Roche-Hitachi Diagnostics, Mannheim, Germany).

Histological and Histochemical Procedures

Tissue samples were fixed in 10% formalin solution
at room temperature for 24h. The samples were then
dehydrated in ascending concentrations of ethyl alcohol,
cleared in terpineol and embedded in paraffin wax. Paraffin
sections (Spum thick) were stained with Hematoxylin and
eosin??! for routine histology, Periodic acid-Schiff (PAS)
for glycoproteins?*!, Masson trichrome for collagen, and
Silver impregnation for brain pathology™®!. The tissues were
photographed using a camera attached to a Leica DM LS2
microscope (Leica Microsystems, Wetzlar, Germany) at the
Regional Center for Mycology and Biotechnology, El-Azhar
University.

Statistical Analysis

Mean values and the standard error were reported as
numerical data. GraphPad Prism (version 5.0, GraphPad
Software, San Diego, CA, USA) was used to conduct
all statistical analysis. Data were analyzed statistically
using One-way ANOVA followed by post hoc multiple
comparisons (Tukey's test) for a comparative study between
the groups. P<0.05 was regarded as statistically significant.

RESULTS

Gross Morphology Observations

In the current work, all rats survived to the end of the
experiment (21 days). No abnormality of behavior or
morphology was detected in Spirulina treated groups. The
relative weight of the studied organs did not alter compared
to those of the control group (data not are shown).

Biochemical Analysis

The levels of serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), urea, and creatinine of
control rats are shown in Table 1. Oral administration of
rats with a low dose of Spirulina (500 mg/kg b.wt) revealed
an insignificant increase in the serum levels of ALT, AST,
creatinine, and urea in comparison with the control rats
as shown in Figures 1 and 2, and Table 1. Whereas, the
treatment with the high dose of Spirulina (1000 mg/kg b. wt)
revealed highly significant increase in the liver functions, and
low significant increase in the kidney functions compared to
the control group (Figures 1 and 2, Table 1).
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Histopathological observations
The liver

Examining liver sections of control group, stained by
routine Hematoxylin and Eosin stain, revealed a typical
normal hepatic architecture, with the characteristic radial
cords of polyhedral hepatocytes (Figure 3a). The hepatic
cells appeared with rounded, centrally located and vesicular
nuclei. Blood sinusoids were running between and in parallel
with the hepatic cords, and lined by flattened endothelial
cells. Kupffer cells were seen on the luminal surface of
the endothelial cells, within the sinusoids. (Figure 3b). The
central veins of hepatic lobules of rats treated with low dose of
Spirulina were slightly congested and had a few inflammatory
cells (Figure 4a). Blood sinusoids with narrow spaces,
bleeding portal capillaries, and cytoplasmic vacuolization of
hepatocytes were also seen (Figure 4b). Some hepatocytes
appeared necrotic as manifested by cytoplasmic shrinkage
and nuclear pyknosis. Other hepatocytes were swollen with
marked cytoplasmic eosinophilia (Figure 4c). Liver sections
of rats exposed to the high dose of Spirulina revealed loss
of the standard classic hepatic architecture and lobulation
(Figure 5a). The severe liver injury resulted in extensive
degeneration and necrosis of the hepatocytes, Pyknosis of
the nuclei, cytoplasmic vacuolization of most of the liver
cells, and loss of the cellular borders (Figures 5b and 5c).

Periodic acid Schiff stain (PAS) used as an indicator
for the glycogen content in the hepatocytes. In control
liver sections, PAS-positive granules were found in the
cytoplasm of most hepatocytes as intense coarse granules
displaced to one pole of the cell during the fixation period
(glycogen migration phenomenon) (Figures 6a and 6b).
The liver sections of rats treated with the low dose of
Spirulina (G2), revealed an increase of the intensity of PAS
reaction in the hepatocytes (Figures 6¢ and 6d). A strong
PAS-reaction was illustrated in the hepatocytes of liver
tissue sections of rats treated with the high dose of Spirulina
(Figures 6e and 6f). In Masson’s trichrome stain a few
collagen fibers were seen in the wall of the central veins
(Figure 7a). In low dose Spirulina-treated group, the collagen
fibers were significantly increased (Figure 7b). Also, in high
dose Spirulina-treated group, the fibers depositions were
increased, and some blue fibers were found around the blood
capillaries (Figure 7c).

The kidney

In Hematoxylin and Eosin preparations, cross-sections
of the kidney of the control group display a typical
histological structure of the renal cortex of healthy rats.
The glomerulus is surrounded by glomerular (Bowman's)
capsule which is made of simple squamous epithelium and
enclosing the urinary space. The renal tubules (proximal and
distal) are well developed and lined with cubical epithelial
cells (Figure 8a). The kidneys of G2 and G3 groups

(Figures 8b and 8c) revealed marked cellular infiltrations
in the capillaries of their glomeruli. Severe inflammation
and hyper-cellular infiltration were observed in the tissues
treated with the high dose of Spirulina (Figure 8c).

Kidneys of rats of control group stained with periodic
acid Schiff’s reagent showed moderate positive stainability
of their glomeruli, as well as in the basement membranes
and brush borders of proximal and distal tubules.
(Figure 9a). The groups treated with low and high doses of
Spirulina showed an intense color of PAS reaction in the cells
of renal tubules (Figures 9b and 9c). In Masson trichrome
stain preparations, the collagen fibers displayed highly
intense blue colourcolor especially in the basal lamina and
apical regions of the different cellular structures of kidneys
of Spirulina -treated groups . There was a gradual increase
in the stainability and thickness of the collagen fibers with
increasing the dose concentration (Figures 10b and 10c).

The Testis

Testicular tissue of the control rats that stained
by Hematoxylin and Eosin showed normal structure
of  seminiferous tubules and interstitial  tissue
(Figures 11aand 11b). The seminiferous tubules are seen with
spermatogonia resting on basement membrane, and other
normal stages of spermatogenesis. The lumen of seminiferous
tubules is filled with plenty of normal spermatozoa
(Figure 11c). The testis of rats treated with the low dose
of Spirulina revealed variable degrees of degenerative
changes in the seminiferous tubules up to complete cellular
destruction (Figures 12a and 12b). These changes were
represented by necrotic cells with pyknotic nuclei and
malformed spermatozoa (Figure 12¢). Seminiferous tubules
of rats treated with the high dose of Spirulina had much
obvious destructive alterations such as marked widening
of the interstitial spaces, atrophied lumen and congested
blood capillaries (Figure 13a). Also, the seminiferous
tubules revealed disorganized germinal epithelium with
highly deformed spermatogenic cells, necrotic areas, and
disappearance of almost all spermatozoa (Figure 13b).
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Fig. 1: Effects of Spirulina on liver biomarkers (ALT and AST) in rats.
Bars represent mean + SEM for each group (n = 10/group).
* indicates the significant difference of SP-treated groups vs. the control

group *** p<0.001.
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Fig. 2: Effects of Spirulina on kidney biomarkers (creatinine and urea) in
rats

Bars represent mean = SEM for each group (n = 10/group).

* indicates the significant difference of SP-treated groups vs. the control

group * p<0.05, ** p<0.01.

Fig. 3: Photomicrograph of liver sections stained with Hematoxylin and
Eosin showing: (a) Low magnification of normal hepatic architecture of
control rats. (b) High magnification of normal hepatic strands and blood

sinusoids of control rats.

“a € 2

Fig. 4: Photomicrographs of liver sections stained with Hematoxylin and
Eosin showing the effect of low dose of Spirulina (G2) on the liver tissues of
rats. (a) Slight congestion of the central veins. (b) Cytoplasmic vacuolization

of hepatocytes and bleeding in the portal capillaries (arrow). (c) Necrosis (*)

y

of the hepatocytes and eosinophilia of some hepatocytes (arrow).

(a)

Fig. 5: Photomicrographs of liver section stained with Hematoxylin and
Eosin showing the effect of high dose of Spirulina (G3) on the liver tissues
of rats. (a) Disappearance of the classic hepatic lobulation. (b) Severe
liver injury, the hepatocytes stained faintly and degenerated. (c) High
magnification revealing sever necrosis of hepatocytes, Pyknosis of the
nuclei, cytoplasmic vacuolization of most of the liver cells and loss of the

cellular borders.
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Fig. 6: Photomicrographs of liver sections stained with Periodic acid
Schiff’s stain (PAS) showing the distribution of carbohydrates in the hepatic
tissues. (a) Liver section from control group showing normal distribution
of carbohydrates. (b) Magnified hepatic cells from G1 with normal reddish
carbohydrates. (c) Liver section from G2 group showing increased intensity
of carbohydrate content of the hepatocytes. (d) High magnification from
G2 group revealing uneven distribution of intensely-stained hepatocytes.
(e) Liver section from G3 group showing high intense PAS reaction
in the hepatocytes in the vicinity of dilated central veins (cv). (f) High
magnification of liver section from G3 group showing uneven distribution
of intense reaction of PAS in the different hepatocytes in the centrilobular

area.

Fig. 7: Photomicrographs of liver sections stained with Masson trichrome
stain showing the distribution of collagen fibers in the hepatic tissues.
Collagen fibers are always stain blue. (a) Normal distribution of collagen
which appears as fine blue fibers in tissues of G1. (b) Showing moderately
thick collagen fibers surrounding the central vein and capillaries in the
hepatic tissue of G2 group (c) Showing more intense blue collagen fibers
which predominate various sites of the hepatic tissue (arrow) in liver of G3

group.

Fig. 8: Photomicrograph of kidney sections of rats stained with Hematoxylin
and Eosin showing (a) Normal renal tissue architecture with glomeruli
(G) and normal renal tubules (black arrow). (b) Low dose (G2 group)
revealing cellular infiltrations, and enlargement of both the glomeruli (white
arrow) and intertubular spaces. (c) High dose (G3-group) showing severe

inflammatory infiltration and hypercellularity especially in the glomeruli.
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Fig. 9: Photomicrograph of kidney sections stained with Periodic acid
Schiff reagents (PAS) showing: (a) Normal structure of the renal cortex.
The renal tubules revealing the normal distribution of the polysaccharides
in the brush borders (arrow). (b) Marked increase in the stainabilty of the
cytoplasm, brush borders and basal lamina of the renal tubules of G2-group
(arrow). (c) Increased staining reaction at the brush borders of the epithelial
cells lining highly obliterated renal tubules in kidney section of G3-group

(arrow).

Fig. 10: Photomicrograph of kidney sections stained with Masson trichrome
showing collagen fibers stained in blue (arrows). (a) Normal kidney tissues
of rats of control group G1. (b) Low dose groupG2 revealing an increase in
the collagen fibers stainabilty especially at the basal lamina of the epithelial
cells which line the renal tubules (arrows) and inside the glomeruli. (c) High
dose group revealing the presence of highly eosinophilic cells in the renal

tubules, and marked increase in collagen fibers (arrow)

Fig. 11: Photomicrograph of cross-sections of testes of control rats. The
sections stained with Hematoxylin and Eosin showing: (a) Regular
arrangement of the normal seminiferous tubules. (b) Seminiferous tubules
and interstitial tissue (arrow head). (¢) Normal seminiferous tubule with
different stages of spermatogonia (*) resting on the basement membrane
(arrow). Plenty of mature normal spermatozoa (SP) in the lumen of the

seminiferous tubule of control rat are observed.

Fig. 12: Photomicrograph of cross-sections of testes of rats treated with low
dose of Spirulina, and stained with Hematoxylin and Eosin, showing: (a)
Irregular arrangement of seminiferous tubules. (b) Widening of interspaces
in-between the tubules. (c) A seminiferous tubule with degenerated areas
(arrows), necrotic cells with pyknotic nuclei and malformed sperms with

their heads unusually oriented towards the lumen.

% ’

Fig. 13: Photomicrograph of cross-sections of testes of rat treated with
high dose of Spirulina, stained with Hematoxylin and Eosin showing: (a)
Atrophied seminiferous tubules with widened intertubular spaces (black *)
and vascular congestion of some seminiferous tubules (arrow). (b) Highly
disorganized and deformed seminiferous tubules with disrupted boundary
(arrow), highly necrotic areas (white *) with no spermatogenic cells, and

deformed spermatozoa (SP).

Table 1: Effects of Spirulina on the liver and kidney functions of
rats

Parameters Control group SP-500 group SP-1000 group
ALT (U/L) 40.8+0.86 43.2+1.07 60.0£1.67"
AST (U/L) 176.4+2.42 179.2£1.68  243.5+4.27™
Urea (mg/dl) 39.6+0.51 41.0£1.3 45.75+2.08"
Creatinine (mg/dl) 0.24+0.25 0.3+0.02 0.34+0.01"

ALT: Alanine transaminase; AST: aspartate aminotransferase

Values are expressed as means + SEM (n=10/G).

* indicates the significant difference of SP-treated groups vs. the control
group * p<0.05, ** p<0.01, *** p<0.001.

DISCUSSION

The blue-green algae Spirulina is one of the many
dietary supplements commercially available. It has become
the focus of a great deal of food science and biochemistry
research in recent years®. It contains abundant amount
of essential amino acids and fatty acids, protein, vitamins,
minerals, and pigments® . As a result of its nutritional
content, it serves as an alternative approach as feed, food
additives, and dietary supplement®. Moreover, it has
many pharmacological and biological activities including
anticancer, antimicrobial, antiviral, Metallo-protective,
antioxidant and immunostimulant effects, as well as positive
effects against malnutrition, anemia, hyperlipidemia,
obesity, diabetes, and inflammatory allergic reactions!! -*!,
However, information on the possible adverse effects of
Spirulina is lacking. Few side effects have been reported
in people taking 1g of Spirulina per day. These side effects
including face flushing, headache, stomach ache, sweating,
and muscle pain. Therefore, the present study was
designed to evaluate the possible adverse effects of two doses
(500 and 1000 mg/kg b. wt) of Spirulina on various organs as
liver, kidney, and testis.
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In the current study, the doses of Spirulina were within
the ranges of those previously used by other researchers
in their studies on the impact of Spirulina on aspects as
anti-inflammatory, anti-diabetes, anti-toxicity of thyroid and
nervous tissues, immunostimulation, and muscle structure
and shown to be effectivel'-34. In these studies, the duration
of Spirulina supplementation ranged from one to eight
weeks, therefore, the present experimental period extended
for only 21 days (three weeks).

In the current work, all rats survived to the end of the
experiment (21 days). No abnormality of behavior or
morphology was detected in Spirulina treated groups. The
liver function of rats treated with Spirulina, particularly
the high dose, was significantly affected by the significant
elevation of ALT and AST enzymes. This biochemical result
agrees with the first reported case describing Spirulina-
associated hepatotoxicity; in this study, significant increase
in the ALT, AST, ALP, and bilirubin levels was seen after
intake of Spirulina for 3-4 weeks?®!. However, other
studies?? reported that Spirulina supplementation induces
insignificant difference in ALT and AST levels between the
control and treated groups. As a matter of fact, ALT and AST
are the key indexes measuring the level of liver cell injury.
ALT is one of the most sensitive parameters for liver function
tests as recommended by WHO!""37, and is considered the
most predominant enzyme in the cytosol of hepatocytes.
The increase of ALT activity may be mainly due to its
leakage from the hepatocyte cytosol into the bloodstream.
Its elevation level is an indicator of liver cell damage and
hepatic dysfunc—tion®4".  AST is more in cardiac muscle
than liver cells. AST includes two isoenzymes (ASTs and
ASTm). In the normal serum, AST ex—ists mainly as ASTs,
and when necrosis occurs, ASTm is released from liver
mitochondria, and its level in the blood serum increases!.
These biochemical observations are most likely coincident
with our histological findings, as we reported several
histopathological changes in the hepatocytes of rats treated
with different doses of Spirulina. These changes were dose-
dependent and included; impair hepatocytes arrangement,
disturbance of liver lobulation, severe degeneration,
cytoplasmic vacuolization, necrosis, and pyknosis. Our
observation agrees with Iwasa et al. (2002)5, who reported
in a case study that Spirulina intake causes liver injury;
the percutaneous liver biopsy of the case showed feathery
degeneration and ballooning of cells, in addition to some
lymphocytic inflammation but no fat deposition or fibrosis.
It is worth mentioning that cytoplasmic vacuolization may
be due to the increased permeability of cell membranes,
leading to an increase in intracellular water'l,

In the current investigation, the higher dose of Spirulina
induced a noticeable kidney dysfunction, where the serum
levels of both urea and creatinine exceeded the normal values.
Urea and creatinine are the most sensitive biochemical
markers employed in the diagnosis of renal damagel.
They increase as kidney function decreases™!. The increase
in these parameters in the high dose-treated rats confirms
our structural alterations. Such alterations were marked by

cellular infiltrations in the glomerular capillaries in a dose-
dependent manner. Similarly™, reported in a case study
that individuals using multi-ingredient products containing
Spirulina develop renal failure, in addition to headache,
dehydration, diarrhea, nausea, dysphasia, and oropharyngeal
pain. It has been reported that Spirulina causes diarrhea
and erythema after consumption of amounts corresponding
to four Spirulina tablets over 3h period, in a 14-year old
individual™!.

In the current study, the liver and kidney tissues treated
with Spirulina revealed intense reaction with both Masson
trichrome and PAS techniques compared to the control
group. The severity of this reactivity was directly related to
the applied dose of Spirulina. This finding is in consistent
with the finding of Gargouri et al. (2016)!'8), who mentioned
that treatment of diabetic rats with Spirulina for 21 days
improved glycogen level. This may be due to the induction
of glycogenesis process in the liver, as reported previously
in lamb, In addition, Ou et al. (2012)""! reported that
the phycocyanin (pigment of Spirulina platensis) causes
an increase in the liver glycogen content in alloxan-
injured mice. The authors suggested that phycocyanin
is involved in promoting the synthesis of glycogen, and
enhancing the glucokinase expression that catalyzes glucose
phosphorylation in pancreatic cells and hepatocytes!*s!.

In the current study, the testes of rats treated with a low
dose of Spirulina revealed variable degrees of degenerative
changes in the seminiferous tubules, including necrosis,
pyknosis, unusually oriented heads of sperms towards the
tubular lumen, and malformed spermatozoa, while the testes
of rats treated with high dose of Spirulina showed marked
widening of the interstitial spaces, atrophy of seminiferous
tubules, congestion in the blood capillaries, necrosis, and
disappearance of almost all spermatozoa. A particular study
reported that Spirulina maxima up to high feeding levels
for 13 weeks did not produce adverse effects in mice after
subchronic treatment™?), except an increased relative weight
of seminal vesicles, but without giving any explanation for this
result. Moreover, El Arab et al. (2019)5 reported that some
testicular sections of irradiated rats treated with Spirulina
for two months showed marked degeneration and necrosis
of spermatogoneal cells lining seminiferous tubules and
interstitial oedema, whereas other sections revealed normal
seminiferous tubules. In addition to, a sharp disturbance
in the reproductive hormones level (testosterone, FSH and
LH) that may be due to the presence of certain bioactive
compounds in Spirulina that might have a dysregulative
effect on the reproductive hormonest®!. Some other reports
are also in disagreement with our results who considered
Spirulina safety in reproduction at 10%—20% feed levelst?.
In another study using acute, subchronic, and chronic
levels of toxicity, Spirulina did not cause mutagenicity or
teratogenicity®’l. Additionally, administration of Spirulina in
rat models had a positive effect on pregnancy due to its high
contents of vitamins and mineralst+%%,

These conflicting results may be related to differences
in the geographical origin, harvesting period, genetic
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variations, post-harvest processing conditions, the method
of extraction and solvents type used!. Furthermore, the
efficacy of Spirulina is also affected by the difference
in doses, duration, administration route, frequency of
supplementation. In addition to, season, animal's type, age,
and sex are included®'-*),

The Mechanisms of Spirulina in the different biological
effects are varied. Its mechanism as anticancer is attributed
to its content of endonuclease which repair damaged DNA,
as antiviral due to its calcium sulfated polysaccharide which
inhibits in vitro replication of viruses, as an antimicrobial
agent is due to its fatty acids (unusually high content of
y-linolenic acid), and the metal protective role of it may
be due to the presence of beta-carotene, vitamins C and E,
selenium, SOD and phycocyanin®®”. In fact, the adverse
effects reported in the present study most likely related to
the natural contamination of Spirulina with heavy metals
as lead, mercury, and cadmium that may exert their effects
on the body mainly by the administration of high doses of
Spirulina.

CONCLUSION

Uptake of uncontrolled supplementary doses of Spirulina
may induce biochemical dysfunction and histopathological
changes in some vital organs. Therefore, caution must
be taken at using Spirulina as a food supplement. In fact,
further biochemical and histopathological studies on other
vital organs are needed for optimal dose-finding that should
be considered for both efficacy and toxicity of Spirulina on
the human body.
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