
 

 
 

Spirulina platensis, reduced liver and kidney injuries induced 
by Sodium arsenite 

 
Samir A. E. Bashandy1, Mohamed M. Amin1* and Fatma A. Morsy2 

 
1Department of Pharmacology, Medical Division, National Research Centre, 33 EL 

Bohouth st. (former EL Tahrir st.), Dokki, Giza, Egypt. 
2Department of Pathology, Medical Division, National Research Centre, 33 EL Bohouth 

st. (former EL Tahrir st.), Dokki, Giza, Egypt. 
 

 

Abstract : Spirulina platensis, a blue-green alga, has vastly therapeutic properties and it is 

used as food supplement. This study aims to evaluate the protective effect of Spirulina 
platensis against arsenic hepatorenal toxicity based on its antioxidantproperties,free-radical 

scavenger and immunological properties. Oral administration of sodium arsenite (6.3mg/Kg, 

p.o BW) to rats for eight weeks led to a significant increase in serum monocyte 
chemoattractant protein-1 (MCP-1), tumor necrosis factor alpha  (TNF-α), interleukin 6 (IL-6), 

cholesterol, triglycerides, liver (AST,ALT, and ALP), and kidney function parameters (urea, 

uric acid, and creatinine) except serum protein level which was significantly reduced. In 

addition, arsenic-induced oxidative stress and lipid peroxidation process as evidenced by 
elevation of malondialdehyde (MDA) and declinein the activities of hepatic and renal catalase 

(CAT),superoxide dismutase(SOD) enzymes, and glutathione (GSH) levels in which reflected 

on the final body and liver weights.Hepatorenal pathological changes were observed in the 
arsenic group.Treatment of rats with spirulina platensis(300mg/kg, p.o BW) mitigates indices 

of atherosclerosis, hepato-renal oxidative stress and pathological changes of liver and kidney 

induced by arsenic. These results support the spirulina protective effect of by which it lessens 
several factors involved in the progression of atherosclerosis and liver and kidney toxicity. 

Keywords : Spirulina platensis, Sodium arsenite, Atherosclerosis, Kidney toxicity, 

Livertoxicity. 
 

Introduction: 

The cyanobacterium Spirulina is a filamentous blue-green alga belonging to the Oscillatoriaceae family 

that is commonly found in tropical and subtropical areas in warm chalky waterThe spirulina is characterized by 

plenty of nutritional components including high protein content [60–70% by dry weight], and a plenty of 

[vitamins, amino acids, gamma-linoleic acid, and minerals]
1
. Spirulina platensis as a diet supplement has a 

major benefits in improving hyperlipidemia
2
, type 2 diabetes

3
, inflammation

4
, cancer

5
, and vascular diseases

4
. 

Furthermore, Spirulina platensis affords a defense against many toxicants related to oxidative 
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stress and changes in hepatic antioxidant defense mechanism

6
. These effects were highly linked to its active 

constituent phycocyanin
4
. Phycocyanin, is a biliprotein, contains a tetrapyrrole phycocyanobilin, which is 

related to the antioxidant and free radical scavenging properties of phycocyanin
4
. 

Longtime exposure to arsenic has numerous harmful side effects, inclusive cardiovascular disease, 

peripheral vascular disease, kidney and liver disorders
7-9

. Nevertheless, many studies confirm its role in the 

progression of oxidative stress and inflammation with consequent release of proinflammatory cytokines induced 
organs damage

9,10
. 

Spirulina offers a protection against aluminum-induced nephrotoxicity and DNA damage through the 
inhibition of oxidative stress

11
. Spirulina has a potential hepato-protective effect against diclofenac-induced 

hepatic injury in rats
4
 through maintaining antioxidant enzymes and reduction of lipid peroxidation. These 

effects were highly linked to its active constituentphycocyanin (4). Phycocyanin, is a biliprotein, contains a 
tetrapyrrole phycocyanobilin, which is related to the antioxidant and free radical scavenging properties of 

phycocyanin
4
. 

Arsenic-induced oxidative hepatic and renal dysfunctions
12

. Arsenic-induced oxidative hepatic and 
renal dysfunctions

12
. Arsenic has several toxicity mechanisms associated with damaging of tissues, including 

oxidative stress,inflammation, impaired protein degradation, autophagy,endoplasmic reticulum stress, and 

mitochondrial dysfunction
13

. 

Since Spirulina platensis is a source of bioactive compounds,particularly antioxidants , sothe present 

study was designed to investigateits ability to alleviate hepatorenal intoxication,oxidative stress and 
hyperlipidemia  induced by sodium arsenite. which may flatten the way for the possibility to use it for 

therapeutic application.  

Material and Methods: 

1. Drugs and Chemicals: 

Sodium arsenite was obtained from [Merck, Germany], while Spirulina platensis from [Alibaba Comp., 

China] in a powder form. The other chemicals used were of high analytical grades. Sodium arsenite and 

Spirulina platensis were administered orally, which they were suspended in distilled water. 

2. Animals: 

Mature male Wistar albino rats weighing 120-140 g were obtained from the National Research Centre 

Laboratory (Dokki, Giza, Egypt) and were kept in standard polypropylene cages and saved under stable 

environmental conditions with equal light-dark cycles. Rats were fed normal pellet diet and water ad libitum. 

3.Ethics Statement:  

This experiment was carried out in accordingto the recommendations in the Guide for the Care and Use 
of Laboratory Animals of the National Institutes of Health (NIH publication No. 85–23, revised 1996) andunder 

regulations ofAnimal Care and Use of National Research Centre in Egypt. All surgery was performed under 

deep sodium pentobarbital anesthesia and all efforts were made to minimize suffering. 

4. Experimental design: 

This model was carried out in according to a preceding study
14

. 40 rats were divided into 4 groups, the 

first group [10 rats]was received the vehicle (distilled water) to be considered as normal control group. While, 

the second group [10 rats]administered orally sodium arsenite in a dose of 6.3 mg/kg equivalent to 15% of 

LD50[41mg/kg]
 15

 and considered as arsenic control group. The third group was administered orally 300mg/Kg 
of Spirulina platensis(16)followed by oral administration of sodium arsenite 6.3mg/kg and served as Spirulina 

platensis/ arsenic-treated group, while the fourth group was received300mg/kg of Spirulina platensis orally 

only and considered as Spirulina platensis treated group to test if there are any alterations or side effects due its 
consumption. Treatments were continued daily for 8 weeks.  

http://www.sciencedirect.com/topics/neuroscience/oxidative-stress
http://www.sciencedirect.com/topics/neuroscience/proteolysis
http://www.sciencedirect.com/topics/neuroscience/autophagy
http://www.sciencedirect.com/topics/neuroscience/endoplasmic-reticulum
http://www.sciencedirect.com/topics/neuroscience/mitochondrion


Mohamed M. Amin et al /International Journal of PharmTech Research, 2018,11(1): 35-48. 37 

 

 
5. Determination of body, liver and kidney weights: 

Body weight of rats was determined before and after treatment. Also, liver and kidney weights were 
determined after washing with a saline solution in all groups at the end of treatments after animal sacrifice.  

6. Serum Collection for Analysis: 

Blood was collected from the retro-orbital plexus of veins under sodium pentobarbital anesthesia and 

was centrifuged (700×g, 4
°
C, 25 min) to separate serum. Serum was used to estimate liver enzymes 

activities(AST, ALT, and ALP), kidney function (urea, uric acid, creatinine, and protein), and total cholesterol 
and triglycerides levels by using colorimetric reagent kits[Salucea Co., Netherlands]. ELISA technique was 

performed for the assessment of Tumor Necrosis Factor-α (TNF-α) and Interleukin-6 (IL-6) (R&D Systems, 

USA.) and Monocyte Chemoattractant Protein-1(MCP-1) (Cusabio Biotech, Wuhan, China). 

7. Liver and kidney tissue extracts: 

After serum collection, rats were sacrificed under a deep sodium pentobarbital anesthesia. Liver and 

kidney were separated out, washed, weighed and homogenized in phosphate buffer saline[PBS] [10%]. One 

portion of the aliquot was centrifuged at 1500×g at 4C° for 20 minutes and the supernatant was collected and 

kept at -80C° for the direct determination of some parameters and the rest parts of the aliquot were needed to be 
subjected to two repeated freeze-thaw cycle to break the cell membranes, then centrifuged at 5000×g for 5 

minutes and kept at -80C° for the assessment of the rest of parameters. 

8. Assessment of liver and kidney parameters: 

Colorimetric kits were obtained from Biodiagnostic, Egypt and used in the estimation of 
Malondialdehyde (MDA), Glutathione (GSH), Catalase (CAT), and Super Oxide Dismutase (SOD). 

Meanwhile, arsenic level in both liver and kidney was estimated by atomic absorption (Perkin-Elmer, UK). 

9. Liver and kidney histopathological examination: 

The liver and kidney of different groups were removed and fixed in 10% formol saline, 5um thick 

paraffin sections were stained with hematoxylin and eosin
17

 and investigated by light microscopy. 

10. Statistical Analysis: 

The values were stated as mean ± S.E. of 8-10 rats and the variances between groups were tested for 

significance using analysis of variance (ANOVA), followed by Tukey-Kramer posthoc test estimated by SPSS 

software, version 21 (IBM).The level of statistical significance was at P<0.05. 

Results: 

1. Body and organ weights: 

The arsenic control group displayed a significantly apparent decrease in final body weight, while liver 

weight was increased compared with the normal control group as shown in Table 1.Spirulina platensis treated 
group showed a significant enhancement in both final body and liver weights compared with the arsenic control 

group due to the absence of arsenic toxicity and didn’t affect the final body and liver weights. Meanwhile, 

Spirulina platensis / arsenic-treated group didn’t present any significance in the final body and liver weights 
related to the arsenic control group. Kidney weight didn’t affect by arsenic toxicity in this experiment. 
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Table 1.Effect of Spirulina platensis either alone or concomitant with sodium arsenite after eight weeks of 

administration on the body, liver and kidney weights in sodium arsenite-induced toxicity in rats. 

Values are means ± S.E of 8-10 animals. As compared with normal control (*), arsenic control (@)and the 

variances between groups were tested for significance using analysis of variance (ANOVA), followed by 

Tukey-Kramer posthoc test, P<0.05. 

 

Table 2.Effect of Spirulina platensis either alone or concomitant with sodium arsenite after eight weeks of 

administration on the kidney functions in sodium arsenite-induced toxicity in rats. 

Values are means ± S.E of 8-10 animals. As compared with normal control (*), arsenic control (@) and the 

variances between groups were tested for significance using analysis of variance (ANOVA), followed by 

Tukey-Kramer posthoc test, P<0.05. 

2. Kidney function parameters: 

The arsenic control group showed a significantly obvious increase in serum urea, uric acid, and 

creatinine levels, while serum protein level was decreased in comparison with the normal control group as 

shown in Table 2. Spirulina platensis / arsenic-treated group revealed a significant improvement in these 
parameters level compared with the arsenic control group, but the previous parameters did not change 

significantly in rats treated with Spirulina platensis only. 

Table 3.Effect of Spirulina platensis either alone or concomitant with sodium arsenite after eight weeks of 

administration on the liver functions in sodium arsenite-induced toxicity in rats. 

Values are means ± S.E of 8-10 animals. As compared with normal control (*), arsenic control (@) and the 

variances between groups were tested for significance using analysis of variance (ANOVA), followed by 
Tukey-Kramer posthoc test, P<0.05. 

 

 

 
 

Normal control 

 

Arsenic control 

 

Arsenic + Sp. 

platensis 

Sp. platensis 

Body 

weight 

Initial 220.87±7.26 228.75±5.41 222.66±8.89 220.63±4.97 

Final 321.29±10.64 245.56±18.85
*
 270.86±12.50

*
 294.13±13.94

@
 

Weight 

gain 
31.25% 6.84% 17.79% 24.98% 

Liver weight 8.85±0.42 12.19±0.49
*
 10.69±0.47

*@
 8.60±0.32 

Kidney weight 1.00 ±0.03 0.98±0.04 0.95±0.03 0.95±0.04 

 

 
Normal control 

 

Arsenic control 

 

Arsenic + Sp. 

platensis 

Sp. platensis 

Urea(mg/dl) 37.54±1.06 50.11±2.85
*
 40.13±1.96

@
 39.44±3.00 

Uric acid(mg/dl) 1.21±0.09 2.06±0.07
*
 1.18±0.12

@
 1.29±0.80 

Creatinine(mg/dl) 0.48±0.01 0.67±0.03
*
 0.44±0.02

@
 0.43±0.01 

Protein(g/dl) 6.95±0.21 5.81±0.16
*
 6.07±0.18*

@
 6.80±0.53 

 

 
Normal control 

 

Arsenic control 

 

Arsenic + Sp. 

platensis 

Sp. platensis 

AST(U/l) 51.29±1.47 68.32±2.44
*
 49.57±1.38

@
 46.57±3.92 

ALT(U/l) 32.65±0.87 80.55±3.00
*
 67.24±2.46

*@
 30.89±3.75 

ALP(U/l) 98.34±3.66 240.71±9.68
*
 161.38±7.42

*@
 88.34±2.45 

Cholesterol (mg/dl) 71.36±3.29 112.18±5.42
*
 84.64±4.32

*@
 78.54±2.01 

Triglycerides (mg/dl) 56.94±1.86 86.37±3.71
*
 70.58±3.07

*@
 53.42±2.25 
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3. Liver function parameters: 

Serum AST, ALT, ALP, total cholesterol and triglycerides levels in the arsenic control group presented 
a significantly noticeable elevationin relation with the normal control group as shown in Table 3. Spirulina 

platensis / arsenic-treated group revealed a significant decline in these parameters level in comparison with the 

arsenic control group, but the aforementioned parameters levels did not alter significantly in rats treated with 

Spirulina platensis only. 

4. Liver and kidney oxidative stress parameters and arsenic concentration: 

GSH level, CAT andSOD activities in the tissue of the arsenic control group exhibited a significantly 

clear decrease, while tissue MDA and arsenic levels were  increased compared with the normal control group as 

presented in Figure 1. Either Spirulina platensis / arsenic-treated group or Spirulina platensis treated group 
revealed a significant advance in these parameters level in relation with the arsenic control group, but the effect 

of Spirulina platensis treated group was more noticeable and significant in all these parameters due to the 

absence of arsenic toxicity and didn’t affect the oxidative balance. 
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Values are means ± S.E of 8-10 animals. As compared with normal control (*), arsenic control (@) and the 
variances between groups were tested for significance using analysis of variance (ANOVA), followed by 

Tukey-Kramer posthoc test, P<0.05. 

Figure 1.Effect of Spirulina platensis either alone or concomitant with sodium arsenite after eight weeks 

of administration on the Liver and kidney oxidative stress parameters (MDA, GSH, CAT, and SOD) and 

arsenic concentration in sodium arsenite-induced toxicity in rats. 
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Values are means ± S.E of 8-10 animals. As compared with normal control (*), arsenic control (@) and the 

variances between groups were tested for significance using analysis of variance (ANOVA), followed by 
Tukey-Kramer posthoc test, P<0.05. 

Figure 2.Effect of Spirulina platensis either alone or concomitant with sodium arsenite after eight weeks 

of administration on the serum inflammatory cytokines (IL-6 and TNF-α) and atherosclerotic 

chemokine’s (MCP-1) in sodium arsenite-induced toxicity in rats. 
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5. Inflammatory cytokines and atherosclerotic chemokines: 

The arsenic control group showed a significantly obvious elevation in serum IL-6, TNF-α, and MCP-1 
levels compared to the normal control group as shown in Figure 2. Both Spirulina platensis / arsenic-treated 

group and Spirulina platensis treated group exhibited a significant amelioration in these parameters level related 

to the arsenic control group, but the effect of Spirulina platensis treated group was more distinct and significant 

in the aforementioned parameters due to the relief of arsenic toxicity and neither affect the inflammatory nor 
atherosclerotic parameters. 

6. Kidney histopathological examination: 

The normal control group showed a normal histological structure of the renal cortex and medulla of the 

kidney (Figs.3A, B).Histopathological changes of the kidney from rats exposed to arsenic only at dose level 
6.3mg/Kg displayed a marked interstitial hemorrhage among renal tubules, edema, and thickening of lining 

epithelium of renal tubules with narrowing lumen.  Hyaline casts and cells debris in some renal tubules with 

mononuclear cellular infiltration in interstitial tissue and perivascular area were observed in arsenic control 

group(Figs3C, D). Moreover, arsenic toxicity led to a degeneration in the proximal convoluted tubules, distal 
tubules, and hyalinization cytoplasm. In addition, some glomeruli appeared with interglomerular hemorrhage 

with mesangial hypercellularity and others appeared degenerated. Also, arsenic control group exhibited a renal 

medulla of thin tubules and collecting ducts displayed severe interstitial hemorrhages, inflammatory cells and 
narrowing the lumen of most tubules(Figs3C, D). Histological findings in the kidney of rats exposed to arsenic 

and subjected to Spirulina platensis revealed some improvement in pathological changes reflected on the 

absence of edema, inflammatory cells and degenerated glomeruli although the kidney still suffers from mild 
interstitial tissue hemorrhage and dilated of interstitial tissue (Figs3E). Meanwhile, Histological findings in the 

kidney of rats exposed to Spirulina platensisonly showed the normal structure and renal cortex (Figs3F). 

 

 

B A 

D C 
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Photomicrographs of H&E stained sections of kidney from rats showing,(A): normal kidney section  of renal of 

cortex of glomeruli(red arrow), proximal (white arrow) and distal (black arrow) tubules,(B): normal renal 
medulla showing thin tubules (black arrow), collecting ducts (red arrow) and inter-tubular blood 

capillaries(orange arrow),(C): kidney from rats exposed to arsenic revealed marked interstitial hemorrhage 

among renal tubules (black arrow)and edema(star).Hyaline casts in some renal tubules (red arrow). Some 

glomeruli appeared  with  interglomerular hemorrhage with mesangial hypercellularity (green arrow) and others 
appeared degenerated (orange arrow)or lobulation(blue arrow),(D): kidney from rats of renal medulla exposed 

to arsenic showed severe interstitial hemorrhages(black arrow),inflammatory cells (yellow arrow)and 

edema(red arrow),(E): of kidney from rats exposed to arsenic and subjected to Spirulina platensis revealed 
some improvement in pathological changes in renal cortex in the form of no edema no inflammatory cells no 

degenerated glomeruli. Kidney tissue showed mild interstitial tissue hemorrhage (black arrow) and dilated of 

interstitium(star). The hyaline casts (yellow arrow) and cell debris in the lumen of some tubules (red arrow),(F): 
kidney of rats exposed to Spirulina platensis only showed the normal structure and renal cortex.(Hx&Ex200)  

Figure 3.Effect of Spirulina platensis either alone or concomitant with sodium arsenite after eight weeks 

of administration on kidney histopathological examination in sodium arsenite-induced toxicity in rats. 

 

 

 

 

 

 

 

F E 

B A 
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Photomicrographs of H&E stained sections of liver from rats showing,(A):normal histological structure of 
hepatic lobules and central vein(arrow),(B): liver from rats exposed to arsenic displaying the hepatic cords 

separated by dilated and congested blood sinusoids. Signs of degeneration in the form pyknosis (P),foci of 

necrosis(star),minute vacuolar degeneration(red arrow) and swelling of some hepatocytes(orange arrow), (C): 

liver from rats exposed to arsenic and subjected to Spirulina platensis revealed some improvement in 
pathological changes in the form of no fibrosis, no inflammatory infiltrate, no signs of degeneration. Most of 

the hepatocytes appeared normal but minimal congestion of blood sinusoids still present (CBS), (D): liver of 

rats exposed to Spirulina platensis only showed normal characteristic architecture.(Hx&Ex200) 

Figure 4.Effect of Spirulina platensis either alone or concomitant with sodium arsenite after eight weeks 

of administration on liver histopathological examination in sodium arsenite-induced toxicity in rats. 

7. Liver histopathological examination: 

The liver of normal control group rats revealed a normal characteristic architecture (Figure 

4A).Histopathological examination of H & E sections of theliver of rats intoxicated with arsenic only revealed 
hepatic cords separated by dilated and congested sinusoids. In addition to,signs of degeneration in the form 

pyknosis, foci of necrosis, minute vacuolar degeneration, and swelling of some hepatocytes were seen 

(Figs.4B).Microscopic examination of liver tissue of rats subjected to arsenic along with Spirulina platensis, 
showed some improvement through the absence of fibrosis, inflammatory infiltrate, and signs of degeneration 

and most of thehepatocytes appeared normal but minimal congestion of blood sinusoids still present (Figure 

4C). Meanwhile, Histological findings in liver of rats exposed to Spirulina platensis only showed normal 
characteristic architecture(Figure 4D). 

Discussion: 

A high percentage of farmers in many countries are subjected to high arsenic levels in their drinking 

water or in the manufacturing of cigarettes, herbicides, and woods for a long time(7). Exposure to arsenic has 

many harmful impacts, by increasing the risk factor for the pathogenesis of cardiovascular disease, peripheral 
vascular complications, hypertension, and cancers

18
.  

Oxidative stress is a pathological state that arises when free radicals chemically interact with and 

damage biological molecules. Many studies show that oxidative stress plays an important role in several clinical 
conditions such as atherosclerosis

19
, liver and kidney injuries

20
.It was reported that oxidative stress was elevated 

in arsenic-exposed mice
21

. 

In this study, the serum activities of liver functions(AST, ALT and ALP), total cholesterol and 

triglycerides levels were high in arsenic control group as they are sensitive indices of hepatic injury which 

attributed to cellular leakage and loss of the functional integrity of liver membrane architecture
22

 due to arsenic 
intoxication. Also, as a confirmatory liver histopathological examination, we found dilated and congested 

hepatic sinusoids and many signs of degeneration including pyknosis, foci of necrosis and vacuolar 

degeneration
23

. 

D C 



Mohamed M. Amin et al /International Journal of PharmTech Research, 2018,11(1): 35-48. 45 

 

 
By the same token, the serum parameters of kidney functions (creatinine, urea, and uric acid) were 

elevated in thearsenic control group and at the same time, serum protein level was declined due to its loss in 

urine. All of these parameters considered as a highly indicators for kidney damage
24,25

. Earlier studies showed 
that arsenic is a heavy metal ion and increases the production of Reactive Oxygen Species(ROS) concomitant 

with increases the production ofpro-inflammatory cytokines and increased activities of the oxidant enzymes 

such as heme oxygenase-1 (HO-1), cyclooxygenase-2 (COX-2) and Nicotinamide Adenine Dinucleotide 

Phosphate (NADPH)
 26,27

 Paralleled with these findings, kidney histopathological examination revealed a 
marked interstitial hemorrhage among renal tubules with thickening of lining epithelium of renal tubules and 

degeneration in proximal convoluted tubules and distal tubules
28

. 

On the same scenario, arsenic control group exhibited a significant decrease in GSH, SOD, and CAT 

tissue levels with a subsequent increase in MDA tissue level. The probable toxicity of arsenic can therefore be 

related to its inhibitory action on the antioxidant defense system (GSH, SOD and CAT)
 29,30

 through ROS 
produced by arsenic leading to destabilization of cell membranes by lipid peroxidation and MDA utilization, 

which is a basic cellular deteriorating process. Thus, the reduction of GSH level, SOD, and CAT activities 

accelerates arsenic predisposition in liver and kidney and causing oxidative stress
31

 besides the variations in 

final body and liver weights. 

Co-administration of spirulina along with arsenic increased the activities of hepatic and renal SOD and 

CAT and GSH content when compared to rats treated with arsenic alone. Moreover, it inhibits hepatic and renal 
MDA production induced by arsenic. This could be attributed to the antioxidant properties of spirulina that 

have attracted the attention of many researchers due to its active ingredients, notably phycocyanin, β-carotene, 

tocopherol, selenium, and phenolic compounds that haveoperative antioxidant and anti-inflammatory activities. 
The antioxidant property of phycocyanin,a major water-soluble antioxidant constituent in Spirulina, is more 

efficient than vitamin C by 20 times
32

.The active principals of spirulina can act synergistically leading to 

intensive antioxidant effect. 

Pro-inflammatory cytokines (IL-6 and TNF-α) in this study plays an important role in the pathogenesis 

of arsenic toxicity, showing high serum levels in the arsenic control group. Arsenic is a well-known 

inflammatory agent leading to up-regulation of Nuclear Factor Kappa-light-chain-enhancer of activated B cells 
(NF-kB) transcription factor which regulates the expression of different inflammatory response genes

33
. 

Moreover, most target genes of the NF-kB transcription factor are basically pro-inflammatory including IL-6 

and TNF-α
34

. So that, these findings are too related to the state of oxidative stress in liver and kidney besides 
ROS generation as a result of the reduction of the antioxidant defense system and increased the level of lipid 

peroxidation. 

MCP-1 is a potent chemotactic factor for monocytes, and is believed to play a pivotal role in the 
trafficking of macrophages and were found in endothelial cells, foam cells and vascular smooth muscle cells 

(VSMCs) of atherosclerotic lesions. IL-6 can also induce MCP-1 expression
35

 and induce lesion inflammation. 

In this experiment, administration of arsenic (arsenic control group)induces both vascular inflammation and 
circulating concentrations of serum MCP-1 and IL-6. Many studies have approved that MCP-1 is induced in 

VSMCs by many triggers which uric acid is one of them
36

. 

Hypercholesterolemia, characterized by altered plasma lipids and increased oxidative stress and 

inflammation, requires both cholesterol-lowering and antioxidant therapies, which were helpful to control 

atherosclerosis. C-phycocyanin (C-PC) seems to play master roles in the hypolipidemic effect of spirulina since 

it has been found to inhibit jejunal cholesterol absorption
37

 and lipase activity
38

.The hypolipidemic effect of 
Spirulina in our investigation could be referred to its essential polyunsaturated fatty acids as omega-6, omega-3 

and linolenic acid and vitamin B3
39

. Moreover, dietary supplementation with C-PC or Spirulina platensis 

significantly inhibits pro-inflammatory cytokine formation, such as TNF-α, IL-1b and suppresses 
cyclooxygenase-2 (COX-2) expression induced by the salicylate

40
. Based on our results, it is suggested that the 

inhibition of TNF-alpha,IL-6, MCP-1 and lipids over-production (induced by arsenic) by spirulina may 

contribute, at least in part, to its anti-atherosclerotic activity. 

The protective effect of spirulina against arsenic toxicity in the present study can be referred to the 

enhancement of antioxidant enzymes and glutathione or to inhibiting lipid peroxidation that is responsible for 

initiating and developing liver cirrhosis and nephrotoxicity(20). The aqueous extract of Spirulina could reduce 
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significantly apoptotic cell death induced by the free radicals. The antioxidant activity based on the DPPH 

assay, showed that a mixture of the extract was more active than a single pure compound, phycocyanin
41

.The 

protective effect of spirulina against galactosamine motivated hepatotoxicity was reported
42

. In addition, 
Spirulina has been shown to have protective effects against oxidative stress induced by lead acetate in the liver 

and kidney of rats
42

. 

Spirulina platensis either administered alone (to determine any side effects) or in combination with 
sodium arsenite intoxicated rats, showed a hopeful significant improvement in liver and kidney functions 

through its modulation to the oxidative stress parameters and the inflammatory cytokines. This improvement in 

the aforementioned parameters specially IL-6 and uric acid levels reflected on the significant decrease in MCP-
1 level which is the target of our experimental study in ameliorating atherosclerotic indices. In the future, 

Spirulina may be used as a natural adjuvant cheap and safe therapy for atherosclerosis rather than highly 

expensive standard drug therapy with many side effects
43

. 

Conclusion: 

The present study provides decisive evidence for the protective effects of spirulina platensis against 
arsenic provoked oxidative stress and hepatorenal pathological changes. However, the exact and detailed 

mechanism of Spirulina platensis (enriched with phycocyanin)is not completely elucidated in earlier studies, so, 

we hope that we give a new insight on its effect through different biomarkers to help to know some of its 
mechanistic role in arsenic toxicity and as a natural competitor for the standard anti-atherosclerotic drugs. 
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