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A B S T R A C T

Spirulina platensis (SP); a microalga with high antioxidant and anti-inflammatory activities, acts as a food
supplement in human and as many animal species. Deltamethrin (DLM) is a synthetic pyrethroid with
broad spectrum activities against acaricides and insects and widely used for veterinary and agricultural
purposes. Exposure to DLM leads to hepatotoxic, nephrotoxic and neurotoxic side effects for human and
many species, including birds and fish. The present study was undertaken to examine the potential
hepatoprotective, nephroprotective, neuroprotective and antioxidant effects of SP against sub-acute DLM
toxicity in male mice. DLM intoxicated animals revealed a significant increase in serum hepatic and renal
injury biomarkers as well as TNF-a level and AChE activity. Moreover, liver, kidney and brain lipid
peroxidation and oxidative stress markers were altered due to DLM toxicity. Spirulina normalized the
altered serum levels of AST, ALT, APL, LDH, g-GT, cholesterol, uric acid, urea, creatinine AChE and TNF-a.
Furthermore, it reduced DLM-induced tissue lipid peroxidation, nitric oxide and oxidative stress in a
dose-dependent manner. Collectively, that Spirulina supplementation could overcome DLM-induced
hepatotoxicty, nephrotoxicity and neurotoxicity by abolishing oxidative tissue injuries.
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1. Introduction

Spirulina platensis (SP) is a microalga belonging to the class of
cyanobacteria with a special formula of active constituents,
including minerals, vitamins and protein, beta-carotene, tocopher-
ols, phenolic acids, and excreting high anti-inflammatory and
antioxidant activities, so it used as a food supplement in human,
and feed additives in many animal species as well as birds and
fishes [1,2]. Moreover, SP and its highly active ingredient;
C-phycocyanin exhibit anti-inflammatory, immunomodulatory,
Abbreviations: BW, body weight; DLM, deltamethrin; SP, Spirulina platensis;
MDA, malondialdehyde; NO, nitric oxide; CAT, catalase; SOD, superoxide
dismutase; GSH-Px, glutathione peroxidase; GSH, reduced glutathione; TAC, total
antioxidant capacity; ROS, reactive oxygen species.
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hepatoprotective, nephroprotective, neuroprotective, antidiabetic,
antigenotoxic, anti-hypertensive and anticancer activities [3–5].
Furthermore, SP has been reported to protect against many organ
toxicities induced by heavy metals [6–10].

The extensive use of pesticides has been accompanied by
environmental and human impact with high levels of hepatic and
renal failure, infertility, cancer, immunosuppression and nervous
diseases. The risks connected with the utilization of the earlier
organophosphorus insecticides prompted the production of a new
class of pesticides; synthetic pyrethroids to be important
substitutes [11,12].

Deltamethrin (DLM) is a broad-spectrum synthetic type II
pyrethroid insecticide [a-cyano-3-phenoxybenzyl-(1R,S)-cis,
trans-3-(2,2-dibromovinyl)2,2dimethylcyclopropanecarboxylate],
widely used to protect vegetables, fruits and agricultural crops,
against pests such as mites, ants, beetles and weevils. It is also used
for golf courses, nurseries, urban structural and landscaping sites,
residential home and garden pest control. Moreover, it is utilized in
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veterinary practice as an ectoparasiticide against flies, mites, ticks
and fleas to control vector-borne illnesses [13]. It has become of
choice in most countries because of its high power against a large
number of pests, rapid breakdown and low toxicity to humans as
well as non-target animals [14]. DLM represents an industrial and
environmental pollutant that is toxic to fishes, birds, animals and
human being living in the same biological community, and directly
or indirectly at the danger of introduction prompting generous
perils [15].

According to some reports, the liver was found to accumulate
many metabolites since it is the principle site of DLM metabolism,
and the kidneys are considered as the main excretory organ in mice
and rats [16–19]. A number of studies on the side effects of this
insecticide have been reported, including hepatotoxicity and
nephrotoxicity [18–20], neurotoxicity [21], cardiovascular [22],
immunosuppression [23–25] and reproductive side effects [26].
Although many reports about the sub-acute toxicity of DLM have
been published [13,14,19], little studies have been done on the
natural products for overcoming this toxicity, and mechanism of
their ameliorative action. We hypothesize that natural products
coadministration with DLM might ameliorate its toxic effects, the
objective of the present study was to evaluate the antagonistic role
of SP against subacute DLM-induced hepatotoxicity, nephrotoxici-
ty and neurotoxicity in mice.

2. Materials and methods

2.1. Chemicals

Pure S. platensis powder was obtained from HerbaForce, UK.
Deltamethrin is commercial available (Butox1 50 mg/ml), and was
purchased from Intervet Co., France. Lactate dehydrogenase (LDH)
kit was purchased from Randox Laboratories Ltd., U.K. All other kits
were obtained from Biodiagnostics Co. (Cairo, Egypt). All other
chemicals, which used in the current study, were of analytical grade.

2.2. Animals and experimental design

Thirty two male Swiss Albino mice, weighing 30 � 3 g, were
purchased from The Egyptian Organization for Biological Products
and Vaccines. Mice were kept in ventilated room under controlled
laboratory conditions of normal light–dark cycle (12 h light/dark)
and temperature (25 � 2 �C). Food and water were provided ad
libitum. The animal handling and experimental design were
approved by the Research Ethical Committee of the Faculty of
Veterinary Medicine, Suez Canal University, Ismailia, Egypt (the
approval no. 20146). All efforts were made to minimize animal
suffering.

After 1week acclimation period, mice were randomly assigned
to four different groups; eight animals each. The 1st group
administered normal saline and serve as a control. The 2nd group
was given DLM at a dose of 15 mg/kg (1/10 LD50) [27]. The 3rd and
4th groups were treated with SP at doses of 500 and 1000 mg/kg
respectively 1 h before DLM administration at the same dose of
group 2. All treatments were given orally using stomach gavage,
and continued for 30 days.

2.3. Serum collection and tissue preparation

At the end of experiment (24 h after last DLM administration),
blood samples were collected via direct heart puncture, clot at
room temperature, and then centrifuged at 3000 rpm for 15 min.
Sera were next, separated and kept at �20 �C as aliquots for further
biochemical analysis.

After blood collection, mice were sacrificed by decapitation.
Liver, kidney and brain were rapidly excised from each animal,
trimmed of the surrounding tissue, and washed with 0.9% NaCl
solution and distilled water. They were then blotted over a piece of
filter paper. The tissues were perfused with a 50 mM (sodium
phosphate buffer saline (100 mM Na2HPO4/NaH2PO4) (PH 7.4) in
an ice-containing medium, containing 0.1 mM ethylene di amine
tetra acetic acid (EDTA) to remove any red blood cells and clots.
Then tissues were homogenized in 5–10 ml cold buffer per gram
tissue and Centrifuged at 5000 r.p.m for 30 min. The resulting
supernatant was transferred into Eppendorf tubes, and preserved
at �80 �C in a deep freezer until used for various biochemical
assays.

2.4. Serum biochemical analysis

The sera were used for estimation of serum liver and renal
injury markers according to manufacturer protocol. Serum amino-
transferases, AST and ALT were evaluated according to [28],
Alkaline phosphatase (ALP) according to [29]. Lactate dehydroge-
nase (LDH) was determined or the quantitatively in serum
according to the method of [30]. Gama glutamyl transferase
(g-GT) was evaluated according to [31]. Cholesterol was measured
according to [32,33]. Renal products; creatinine was evaluated
according to [34], urea according to [35] and uric acid according to
[36]. Acetylcholinesterase (AChE) was determined by according to
the method of Ellman et al. [37].

2.5. Evaluation of tissue lipid peroxidation and antioxidant enzymes

Malondialdehyde was evaluated in hepatic, renal and brain
tissues as a measure of tissue lipid peroxidation according to [38].
Nitric oxide (NO) content in the tissues was determined according
to [39]. Antioxidant markers were assessed; superoxide dismutase
(SOD) according to [40], catalase (CAT) according to [41], reduced
glutathione (GSH) according to [42], glutathione peroxidase (GSH-
Px) according to [43].

2.6. Cytokine assays

Serum TNF-a was measured using already made kits from
Assay Designs Inc. (Ann Arbor, MI, USA) using The Assay Max
Mouse TNF-a ELISA kit according to manufacturer instructions
through a quantitative sandwich enzyme immunoassay protocol.
Briefly, a specific mouse monoclonal antibody specific has been
pre-coated onto 96-well microtiter plates. The cytokine in the
specimens and standards is sandwiched by the immobilized
antibody and a biotinylated polyclonal antibody specific for the
cytokine, which is recognized by a streptavidin–peroxidase
conjugate. All free non-specific material was then washed away,
and a peroxidase enzyme substrate is added. Subsequently, the
produced color was halted, and the plates were read at 490 nm
using an ELISA reader.

2.7. Histopathological examination

Liver, kidney and brain sections were taken immediately, fixed
in 10% buffered formalin, dehydrated gradually using ethanol (50–
100%), and embedded in paraffin after being cleared in xylene.
Sections (4–5 mm thick) were prepared, and then stained with
hematoxilin and eosin (H–E). The sections were examined for the
pathological findings.

2.8. Statistical analysis

All data were expressed as means � SE, and were analyzed using
one-way ANOVA with Duncan’s post hoc test using SPSS version
20.0 (SPSS Inc., Chicago, IL), to determine the significant



Table 1
Serum enzymes activity and biochemical parameters in control and different treated groups.

Parameters Experimental groups

Control DLM DLM-SP500 DLM-SP1000

AST U/L 50.66 � 3.4 a 154.4 � 10.82 b 76.59 � 3.17 c 56.95 � 3.17 ac

ALT U/L 22.41 � 1.09 a 84.45 � 3.91 b 40.96 � 1.97 c 24.15 � 1.79 a

ALP U/L 65.77 � 2.83 a 177.7 � 8.27 b 84.32 � 2.42 a 67.03 � 2.49 a

LDH U/L 198.3 � 11.06 a 432.4 � 18.06 b 320.6 � 10.51 c 219.1 � 9.98 a

g-GT U/L 2.71 � 0.19 a 6.35 � 0.48 b 3.63 � 0.21 a 2.76 � 0.26 a

Cholesterol mg/dl 73.84 � 4.02 a 143.4 � 6.40 b 101.56 � 3.86 c 66.75 � 2.89 a

Uric acid mg/dl 23.62 � 1.14 a 76.23 � 4.01 b 40.41 � 2.89 c 26.64 � 1.41 a

Urea mg/dl 24.81 � 1.07 a 82.57 � 4.28 b 46.08 � 2.72 c 27.46 � 1.86 a

Cretinine mg% 0.33 � 0.03 a 7.19 � 0.45 b 2.23 � 0.29 c 0.59 � 0.07 a

AChE U/L 114.3 � 6.15 a 62.71 � 3.38 b 101.1 � 4.01 a 116.9 � 4.88 a

TNF-a pg/ml 65.39 � 2.57 a 395.2 � 11.42 b 156.2 � 10.72 c 97.93 � 6.76 d

Data are expressed as means � SE (n = 8). Deltamethrin (DLM), Spirulina platensis (SP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), lactatic dehydrogenase (LDH), gamma-glutamyl transferase (g-GT), total protein (T protein), total bilirubin (T bilirubin), acetylcholinesterase (AChE) and tumor
necrosis factor alpha (TNF-a). Values having different superscripts within same raw are significantly different (P � 0.05).
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differences among the groups in the current study. The P value was
considered statistically significant at �0.05.

3. Results

3.1. Serum biochemical analysis

Oral administration of DLM for 30 days at a dose of 15 mg/kg/
day significantly (P � 0.05) elevated liver marker enzymes in mice
serum. Transaminases (AST and ALT) were significantly elevated by
more than 3 times (305 and 377%, respectively). Other biomarkers
for biliary tract injury (g-GT and ALP) also increased by more than
2 times (235 and 270%, respectively). Similarly, LDH and
cholesterol levels were elevated in mice serum by about
220 and 195% after DLM administration. In the same way, kidney
biochemical markers significantly (P � 0.05) increased after DLM
oral administration, serum cretinine, urea and uric acid were
increased by about 2200, 330 and 320%, respectively (Table 1).

The acute phase reaction cytokine, TNF-a, was about 6 times
higher in the sera of the mice received DLM compared with those
of the control group. Conversely, acetylcholinesterase enzyme
(AChE) levels were significantly (P � 0.05) decreased by about one
half in the sera of the mice administered DLM when compared
with sera of the control group (Table 1).

Oral administration of SP in either doses (500 or 1000 mg/kg/
day) 1 h before DLM administration significantly (P � 0.05)
decreased the elevated liver marker enzymes and kidney
biochemical markers when compared with group 2 (DLM group).
The SP high dose (1000 mg/kg/day) restored all the tested serum
enzymes and biomarkers to the normal limits, while the low SP
dose (500 mg/kg/day) restored only the elevated ALP, g-GT and
significantly (P � 0.05) increased the A Ch E activity to the normal
Table 2
Liver oxidative stress marker and antioxidant parameters in control and different
treated groups.

Parameters Experimental groups

Control DLM DLM-SP500 DLM-SP1000

MDA nmol/g 45.50 � 3.12 ac 87.70 � 3.52 b 59.63 � 3.88 a 42.03 � 1.70 c

NO umol/g 57.60 � 3.25 a 98.77 � 5.35 b 65.55 � 4.74 a 55.41 � 2.80 a

GSH mg/g 53.55 � 2.88 a 32.52 � 1.96 b 44.38 � 2.23 c 54.50 � 2.12 a

GSH-Px mol/g 34.79 � 2.44 a 14.89 � 0.83 b 27.57 � 1.80 c 34.85 � 0.80 a

SOD U/g 15.05 � 0.55 a 6.06 � 0.42 b 11.28 � 0.57 c 14.69 � 0.54 a

CAT U/g 1.59 � 0.03 a 0.56 � 0.04 b 1.08 � 0.07 c 1.48 � 0.05 a

Data are expressed as means � SE (n = 8). Deltamethrin (DLM), Spirulina platensis
(SP), malondialdehyde (MDA), reduced glutathione (GSH), glutathione peroxidase
(GSH-Px), superoxide dismutase (SOD), catalse (CAT). Values having different
superscripts within same raw are significantly different (P � 0.05).
levels. In opposition, none of the used SP doses could significantly
(P � 0.05) diminish the raised TNF-a to the normal levels (Table 1).

3.2. Hepatic lipid peroxidation and antioxidant status

DLM administration at a dose of 15 mg/kg/day in mice
significantly (P � 0.05) increased the oxidative stress markers
MDA and NO by about 190 and 170% respectively. Furthermore,
DLM significantly reduced liver antioxidant capacity as indicated
by declines in GSH, GSH-PX, SOD and CAT to levels those ranged
from one third to two thirds of those in the control group (Table 2).

As shown in Table 2, SP supplementation in a dose of 1000 mg/
kg/day significantly (P � 0.05) reinstated the antioxidant capacity
in the 4th group mice livers to the normal capacity. In the 3rd
group, those received SP in a dose of 500 mg/kg/day, only the
oxidative markers MDA and NO were significantly (P � 0.05)
decreased to the control levels, while the other antioxidant
markers (GSH, GSH-PX, SOD and CAT) were significantly increased
in comparison with DLM group but not sufficient to reach the
normal control antioxidant levels.

3.3. Renal lipid peroxidation and antioxidant status

The effects of DLM with and without SP supplementation on the
renal oxidant-antioxidant capacities were shown in Table 3.
Parallel to liver results, DLM administration significantly (P � 0.05)
increased the renal oxidative stress markers MDA & NO, and
significantly decreased GSH, GSH-PX, SOD and CAT when
compared to control group levels. For a second time, administra-
tion of SP in a dose of 1000 mg/kg/day significantly (P � 0.05)
restored the antioxidant capacity in the 4th group mice to normal
levels, while the low dose (500 mg/kg/day) significantly restored
only GSH, GSH-PX and MDA to normal limits and insignificantly
Table 3
Renal oxidative stress marker and antioxidant parameters in control and different
treated groups.

Parameters Experimental groups

Control DLM DLM-SP500 DLM-SP1000

MDA nmol/g 164.9 � 6.10 a 284.0 � 12.55 b 178.8 � 6.80 a 154.0 � 4.15 a

NO umol/g 109.1 � 4.17 a 195.9 � 9.27 b 137.5 � 4.69 c 109.4 � 4.67 a

GSH mg/g 104.4 � 5.74 a 61.55 � 2.33 b 94.02 � 3.72 a 107.2 � 4.20 a

GSH-Px mol/g 48.75 � 3.01 a 19.45 � 1.64 b 43.32 � 2.69 a 50.48 � 2.55 a

SOD U/g 20.20 � 1.50 a 6.11 � 0.45 b 14.43 � 0.62 c 18.66 � 0.70 a

CAT U/g 2.27 � 0.13 a 0.69 � 0.04 b 1.53 � 0.06 c 1.99 � 0.12 a

Data are expressed as means � SE (n = 8). Deltamethrin (DLM), Spirulina platensis
(SP), malondialdehyde (MDA), reduced glutathione (GSH), glutathione peroxidase
(GSH-Px), superoxide dismutase (SOD), catalse (CAT). Values having different
superscripts within same raw are significantly different (P � 0.05).
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improved the other oxidative markers when compared with the
control group (Table 3).

3.4. Brain lipid peroxidation and antioxidant status

Table 4 shows the effects of DLM with or without SP on the
brain oxidative and antioxidant markers. Once more, DLM
administration at a dose of 15 mg/kg/day resulted in about 2 times
increase in the brain MDA and NO, while GSH, GSH-PX, SOD and
CAT were significantly decreased by percentages ranged from 70 to
60%. Administration of SP in a dose of 1000 mg/kg (1 h before DLM
dosing) significantly (P � 0.05) returned the brain antioxidant
capacity back to the normal level (compared with the control
group). Whereas, administration of SP in a dose of 500 mg/kg/day
for 15 days significantly increased GSH-PX only, the other tested
oxidative-antioxidant markers were insignificantly restored
(Table 4).

3.5. Histopathological study

Sub-acute DLM intoxication as well as the ameliorative effects
of SP was assessed histopathologically in hepatic, renal and brain
sections. The liver of DLM-intoxicated mice showed disrupted
hepatic architecture, and the hepatocytes were dissociated from
each others. Multifocal hepatocytes showed vacuolar degenera-
tion; multiple clear rounded vacuoles within the cytoplasm. There
is a moderate congestion with focal inflammatory infiltrate.
Spirulina Preadministration enhanced the hepatic architecture
in a dose-dependent manner. In DLM-SP500 group, the mice liver
showed a slight loss of hepatic architecture, and the hepatocyte
cytoplasmic hydropic degeneration is milder than that of the
intoxicated group. In DLM-SP1000 the hepatic architecture was
retained, and the hepatocytes had indistinct borders with no
necrosis noticed (Fig. 1).

The kidney of DLM administered mice showed disturbed
architecture, moderate tubular cells’ degeneration, focal oblitera-
tion of tubules and shrinkage of glomeruli with mild decreased
glomerular cellularity. Preadministration of SP enhanced the renal
picture in a dose-dependent manner. In DLM-SP500 group, there
disturbed architecture, moderate tubular cells’ degeneration,
moderate obliteration of renal tubules and shrinkage of glomeruli
with mild decreased glomerular cellularity, while mice in DLM-
SP1000 group had minimal tubular cells’ degeneration, and the
kidney retain its architecture (Fig. 2).

The Brain of DLM-intoxicated mice showed moderate edema
and swelling of neural cells, moderate degeneration of neural cells
and neurofibrils, few apoptotic cells with decrease in the number
of neural cells. Preadministration of SP enhanced the brain
histology in a dose-dependent manner. In DLM-SP500 group, mild
edema, few apoptotic cells with improvement in the number of
neural cells were found, while in DLM-SP1000 group, there was a
Table 4
Brain oxidative stress marker and antioxidant parameters in control and different trea

Parameters Experimental groups

Control DLM 

MDA nmol/g 131.7 � 7.31 a 303.3 � 11.
NO umol/g 144.1 � 11.38 a 283.4 � 13.
GSH mg/g 162.7 � 4.07 a 64.39 � 4.6
GSH-Px mol/g 68.79 � 2.49 ac 24.85 � 1.6
SOD U/g 21.05 � 1.40 a 7.29 � 0.4
CAT U/g 3.25 � 0.07 a 1.02 � 0.0

Data are expressed as means � SE (n = 8). Deltamethrin (DLM), Spirulina platensis (SP), ma
superoxide dismutase (SOD), catalse (CAT). Values having different superscripts within
minimal brain lesion with pronounced improvement of neural
cells numbers (Fig. 3).

4. Discussion

Nowadays, the extensive use of insecticides becomes an
essential part in our environment. The biological effects of
repeated low dose exposure have to be taken in consideration
in animal and human being [44]. In the present study, the effect of
sub acute hepatic, renal and brain DLM intoxication as well as the
protective role of SP were evaluated. For this purpose, 1/10 LD50 of
DLM was administered alone or along with SP supplementation at
doses of 500 and 1000 mg/kg for 30 days. DLM intoxication
resulted in significant increased levels of serum AST, ALT, ALP, LDH,
g-GT, cholesterol, urea, uric acid, creatinine and TNF-a, while
serum A Ch E was reduced (Table 1) . The mouse liver, kidney and
brain tissue MDA and NO were increased, while the tissue GSH,
GSH-PX, SOD and CAT were decreased in DLM-intoxicated group
compared to the normal control group (Tables 2–4). The hepatic,
renal and brain tissues exhibited histopathological alterations after
administration of DLM. All these alterations reveal DLM-induced
hepatorenal and brain oxidative stress that arose from excessive
ROS production, which have been reported to induce lipid
peroxidation. The activities the enzymes included in glutathione
metabolism were disrupted in DLM-intoxicated group, demon-
strating the role of ROS production in DLM-mediated brain and
hepatorenal toxicities. These results are in agreement with
previous reports [18–20] and point toward the involvement of
oxidative tissue damage in DLM-induced toxicity.

Reactive oxygen species (ROS) are constantly produced inside
the mammalian body due to the exposure to many chemicals,
drugs and xenobiotics in our ecosystem and/or many endogenous
metabolic processes involving electron transport mechanism [45–
48]. Oxidative stress is a deleterious condition which induces cell
injury, and subsequent cell death, due to oxidation of cardinal
cellular components, such as lipids, proteins and DNA [49]. Free
radicals have been implicated in the etiology of many degenerative
diseases such as cataract, diabetes, cancer, stroke, coronary heart
disease, rheumatoid arthritis, Alzheimer's disease and ageing
process [50–53].

Sub-acute DLM intoxication has led to oxidative hepatorenal
damage in rats as indicated by increased serum AST, ALT, ALP, and
MDA while GSH, SOD and CAT [18,20]. Repeated dose toxicity of
DLM for 30 days induced cerebrocortical damage and loss of
hippocampal and striatal dopamine and dopamine transporter in
rats [54]. DLM increased free radical production and promotes
nuclear translocation of the stress response transcription factor
Nrf2 in rat brain [55,56] such oxidative brain damage was
ameliorated with the antioxidant; melatonin [57]. Moreover,
DLM intoxication reduced A Ch E activities in rodents [58,59]. In
addition, DLM administration increased serum TNF-a and
ted groups.

DLM-SP500 DLM-SP1000

13 b 205.53 � 10.32 c 134.8 � 6.48 a

65 b 186.4 � 10.38 c 146.3 � 5.41 ac

8 b 98.14 � 6.00 c 153.9 � 5.29 a

1 b 57.60 � 3.71 a 73.36 � 3.62 c

6 b 15.88 � 0.82 c 23.31 � 1.56 a

7 b 2.34 � 0.14 c 3.09 � 0.12 a

londialdehyde (MDA), reduced glutathione (GSH), glutathione peroxidase (GSH-Px),
 same raw are significantly different (P � 0.05).



Fig. 1. Hepatic sections of subacute DLM-intoxicated and DLM-intoxicated SP-pretreated mice (H&E 400). (a) control, (b) DLM-intoxicated, (c) DLM-SP500, (d) DLM-SP1000);
the liver of DLM-intoxicated mice showed disrupted hepatic architecture, and the hepatocytes were dissociated from each others. Multifocal hepatocytes showed vacuolar
degeneration; multiple clear rounded vacuoles within the cytoplasm. There is a moderate congestion with focal inflammatory infiltrate. All these changes were enhanced by
SP preadministration.

Fig. 2. Renal sections of subacute DLM-intoxicated and DLM-intoxicated SP-pretreated mice (H&E 400). (a) control, (b) DLM-intoxicated, (c) DLM-SP500, (d) DLM-SP1000);
the kidney of DLM administered mice showed disturbed architecture, moderate tubular cells’ degeneration, focal obliteration of tubules and shrinkage of glomeruli with mild
decreased glomerular cellularity. All these changes were enhanced by SP preadministration.
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nephrotoxicity in rats, these alterations were enhanced by
coadministration of the natural antioxidant lycopene [60].

In the current study, SP (500 and 1000 mg/kg) supplementation
induced a dose-dependent enhancement of these serum and
tissues' biochemical alterations induced my DLM intoxication. The
antagonistic role of SP against DLM oxidative damage, in our study
could be through inhibition of MDA, NO and scavenging free
radicals or via the improvement CAT and SOD activities; the



Fig. 3. Brain sections of subacute DLM-intoxicated and DLM-intoxicated SP-pretreated mice (H&E 400). (a) control, (b) DLM-intoxicated, (c) DLM-SP500, (d) DLM-SP1000);
DLM subacute intoxication induced moderate edema and swelling of neural cells, moderate degeneration of neural cells and neurofibrils, few apoptotic cells with decrease in
the number of neural cells. All these changes were enhanced by SP preadministration.
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endogenous enzymatic antioxidant and cellular free radicals’
scavengers. These protective roles of SP might be due to its high
content of antioxidant active ingredients, such as C-phycocyanin,
b-carotene, minerals, vitamins, essential amino acids, essential
fatty acids, lipids, proteins and carbohydrates that have potent
antioxidant and anti-inflammatory activities [11,61].

Pre-treatment with SP might reduce the toxicities of heavy
metals; mercury, lead and cadmium in mice and rats and its
antioxidant activities might mediate these protective effects,
evidenced by the decrease in MDA and NO as well as the increase in
SOD activity and GSH levels in hepatic tissue [6–10]. In other renal
injury studies, SP induced significant hepatorenoprotective effects
through reduction in MDA, NO, creatinine and urea, while
increasing in SOD and GSH-Px activities as well as GSH, level,
indicating a potential therapeutic role of SP against gentamicin,
cisplatin and cyclosporine-induced nephrotoxicity and ROS
production [62–65]. Spirulina able to protect against transient
middle cerebral artery occlusion-induced focal cerebral ischemia
as it significantly reversed the elevated brain MDA and restored the
decreased activities of brain SOD, CAT, GSH indicating the
protective potential against cerebral ischemia injury and its
protective effects may be due to its antioxidant properties [66].
Lead-induced neurotoxicity was mitigated in rats supplemented
with SP [67]. Therefore, SP might play an important role in
prevention and treatment of hepatic, renal and neurological
disorders, especially those mediated by oxidative stress. The loss of
hepatic architecture, deformities in renal tubules and brain
degeneration in rats exposed to DLM were observed in the present
study indicating hepatorenal and brain injury. The histopatholog-
ical results also confirmed the SP protection against DLM-induced
brain, hepatic and renal toxicity.

5. Conclusions

Oxidative stress plays a major role in DLM-induced sub-acute
toxicity. Antioxidants have been proven to be effective for DLM-
induced toxicity in many previous literatures. Spirulina is a potent
antioxidant which is reported to ameliorate the effect of many
known chemicals, drugs and pesticides as well.

In the present study, DLM exposure resulted in changes of
serum biochemical parameters, increase lipid peroxidation and
inhibition in the antioxidant enzymes’ activity. SP protected
against these changes and tend to normalized all studied
parameters, especially when used in higher doses.
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