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ABSTRACT 

This study was conducted to define the effect of the green algae 

Spirulina platensis on rats as antidiabetic agent. A comparison between 

amaryl, a currently available antidiabetic drug and the algae was 

studied. Some biochemical and immunological parameters were 

investigated in this study. Also histological and immunohistochemical 

investigations were performed. Rats were divided into 6 groups. 

Group1 is considered as naïve animals. Group 2 The diabetic non 

treated  group  injected with a single dose (45 mg/kg body weight) of 

streptozotocin (STZ) for three days. Group 3 The pre-treated group  

orally administrated algae (15 mg/kg body weight) daily for three 

weeks. Group 4 orally administered with 15 mg/kg body weight for 

three weeks then injected with STZ. Group 5 The post –treated group  

intraperitoneally injected with STZ then treated with algae for 4 weeks.  Group 6 injected 

intrraperitoneally with STZ then treated with the drug amaryl at a dose of 0.15 mg/ kg body 

weight for 4 weeks. Results showed that oral administration of the present algae modulated 

the diabetic increase in blood glucose level revealing the antihyperglycemic effect of the used 

algae. It effectively increased insulin and albumin concentrations and decreased the total 

cholesterol and triglycerides levels with consequence decrease in lactate dehydrogenase 

(LDH) activity. Furthermore, it decreased lipid peroxidation product MDA and increased the 

World Journal of Pharmaceutical Research 
                                                                                                                                    SJIF Impact Factor 5.990 

Volume 4, Issue 11, 18-54.             Research Article                 ISSN 2277– 7105

  
 
 
 

Article Received on 

26 Aug 2015, 

 

Revised on 16 Sep 2015, 

Accepted on 07 Oct 2015 

 

 

 

 

 

 

 

 

 

 

*Correspondence for  

Author  

Dr. Nadia S Metwally  

Therapeutical Chemistry 

Department, 

Pharmaceutical and Drug 

Research Division,  

National Research Center, 

Cairo, Dokki, Egypt. 

  



www.wjpr.net                                   Vol 4, Issue 11, 2015.                                            

            

19 

Metwally.                                                              World Journal of Pharmaceutical Research 

activity of the antioxidant enzyme glutathione reductase. Treatment of diabetic animals with 

amaryl drug improved diabetic induced altertions in most of the above studied markers. The 

immunological data showed that spirulina had no effect on the mean number of thymocytes. 

Diabetes affected the mean number of thymocytes as it decreased non significantly compared 

to the naïve group. this decrease was restored by spirulina either in the pre or post- treated 

groups. Spirulina showed a neutral effect on the mean number of splenocytes. Small 

improvement was observed in the splenocytes number in the pre- and post-treated algae 

groups compared to diabetic non treated group. The IgG level in sera from spirulina pre-

treated group showed more improvement levels as compared to control. Post alga-treated 

group showed decrease in IgG level compared to diabetic non treated group. Microscopic 

investigations of the pancreas of rats given spirulina before diabetes induction showed the 

normal structure of the exocrine and endocrine component. The pre-treated spirulina diabetic 

groups showed an unchanged immunoreactivity for insulin as compared to the control group. 

On the other hand there was a reduction in the immunoreactivity for insulin in spirulina post-

treated groups. A reduction in the immunoreactivety for glucagon was observed in the pre-

and post-treated spirulina diabetic group. It could be concluded that the current algae has 

multi-beneficial actions in controlling diabetes and consequence complications induced in 

pancreas and liver and may be candidate as natural antidiabetic drug. 

 

KEYWORDS: Diabetes- Streptozotocin- Spirulina- Glucose – Amaryl- Thymocytes- 

splenocytes- IgG. 

 

INTRODUCTION 

Diabetes mellitus (DM) is a prevalent chronic disease in many countries. Changing lifestyles, 

reduced physical activity and increased obesity contribute to increasing the number of 

patients with DM.
[1]

 DM is a metabolic disorder characterized by increased fasting and 

postprandial blood sugar levels.
[2]

 It was resulting from a defect in insulin secretion, insulin 

action or both. Insulin deficiency in turn leads to chronic hyperglycemia with disturbances of 

carbohydrates, fat and protein metabolism.
[3]

 Globally, the estimated incidence of diabetes 

and projection for year 2030, as given by International Diabetes Federation is 350 million.
[4]

 

Moreover, Arafa and Amin
[5]

 reported that 8.6 million people in Egypt will be diabetic by 

year 2030. Type 2 diabetes mellitus is responsible for 90 to 95% of diabetes worldwide.
[6]

     

 

Although the etiology of this disease is not well defined, viral infection, autoimmune 

disorder, and environmental factors have been implicated.
[7]

 Increased oxidative stress, 
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impaired antioxidant defense systems and consequently lipid peroxidation are major 

participants in the development and progression of DM and its complications.
[8]

 The 

therapeutic management of DM with minimal side effects remains a clinical challenge and 

the currently available pharmotherapies for the treatment of DM including oral hypoglycemic 

agents and insulin injection have a number of limitations, such as adverse effects and high 

rates of secondary failure of β-cells.
[9]

 Also, they do not restore normal glucose homeostasis 

and they are accompanied with side effects.
[10]

 

 

This situation has led to the search for alternative therapies for diabetes from natural products 

and medicinal plants as these are commonly cheaper, less toxic, with fewer side effects and 

multi-target actions.
[11,12]

 Even the WHO expert committee on diabetes has recommended 

that this area warrants further attention.
[13]

  

 

Spirulina is a microscopic and filamentous cyanobacterium (blue-green alga) that has a long 

history of use as a food for humans. Spirulina microalgae including, Spirulina platensis, 

Spirulina maxima, and Spirulina fusiformis are considered as valuable additional food source 

of some macro and micronutrients including high quality protein, iron, gamma linolenic fatty 

acid, vitamins, especially vitamin B12, minerals, carotenoides, and phycocyanins. Its safety 

as food has been established through Toxicological studies.
[14,15]

 Several studies have 

reported that spirulina can prevent or inhibit cancers in animals 
[16, 17]

 In vitro and animal 

studies have suggested that Spirulina possesses antiviral effects.
[18,19]

 Spirulina is a powerful 

stimulant for the immune system by increasing the phagocytic and natural killer activities.
[20]

  

spirulina and many other cyanobacteria had been found to exhibit many immune-stimulating 

and antiviral activities not only in-vitro but also in animals and human volunteers. It had been 

found to activate macrophages, NK cells, T cells, B cells, and to stimulate the production of 

antibodies and cytokines.
[21,22]

 Moreover, hypocholesterolemic effects have been reported in 

some animal studies.
[23]

 Anuradha and Vidhya
[24]

 reported that spirulina has 

antihyperglycemic effect in clinical trails which could represent a protective mechanisms 

against the development of atherosclerosis and maintain euglycemia. Also, Layam and Reddy 

[25]
 reported that spirulina has antidiabetic effect on STZ (45mg/kg body wieght) induced 

diabetes in male albino Wistar rats. Recently, Jarouliya et al estimated
[26]

 the anti-

hyperglycemic, anti-hyperlipidaemic and hepatoprotective effects of Spirulina maxima in rats 

fed with excessive fructose diet to develop hyperglycemia and hypertriglyceridaemia as well 

as oxidative damage. 
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The present work was undertaken to explore the effect of Spirulina platensis on some 

biochemical, immunological and immunohistochemical parameters in diabetic rats. Amaryl 

was used as a reference drug. 

 

MATERIALS AND METHODS 

Chemicals: All chemicals used were of analytical grade. Kits used for the quantitative 

determination of different parameters were purchased from Stanbio laboratory, Texas USA 

and Quinica Clinica Aplicada S.A., Spain. 

 

Streptozotocin was purchased from Sigma Aldrich. Amaryl drug (glimepiride as active 

ingredient) is a product purchased by Sanofi – Aventis, Egypt. 

 

Immunological reagents were obtained from, Biochrome KG; Berlin, Germany and KPL, 

Gaithersburg, MD, USA. Immunohistochemical detection kit of insulin and glucagon was 

purchased from FLEX Denmark. 

 

Spirulina platensis algae were obtained from the culture collection of Texas University, 

Austin, USA. The algae strain was maintained in Zarrouk's medium 
[27]

, a standard synthetic 

medium prepared by the Plant Biochemistry Department, National Research Center,  Cairo, 

Egypt. 

 

Animals: Adult female Wistar albino rats weighing 150-200g supplied from the animal 

house of National Research Center, Dokki, Giza, Egypt. Rats were fed a standard diet and 

free access of tap water. They were kept for two weeks to acclimatize to the enviromental 

conditions. All the studies were conducted in accordance with the Animal Ethical Committee 

of the National Research Center under the ethics number (09085). 

 

Induction of diabetes: Diabetes was induced by STZ, each rat was injected intraperitoneally 

with a single dose of STZ (45 mg/kg b.w) dissolved in 0.01 M citrate buffer immediately 

before use.
[28]

 The animals were fasted for 16 hrs before STZ injection, after injection, they 

had free access of food and water and were given 5% glucose solution to drink overnight to 

counter hypoglycemic shock.
[29]

 After 3 days of STZ injection, blood glucose level was 

checked using the glucometer. The animals with a blood glucose level of more than 180 

mg/dL were considered diabetic and included in the study.   
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Experimental Design: The rats were divided into 6 groups each of eight rats. Group 1: 

normal healthy control rats (not received any supplementation). Group2: diabetic group. 

Group3: normal healthy rats supplemented with spirulina (15 mg/kg body weight according 

to Layam and Reddy, 2006). Group 4: rats given spirulina (15 mg/kg body weight) for 3 

weeks then injected with STZ (prophylactic group). Group 5: rats injected with a single dose 

of STZ then supplemented with spirulina (15 mg/kg body weight) for 4 weeks (therapeutic 

group). Group 6: rats treated with amaryl drug (0.15 mg/ kg body weight). At the end of 

experimental period, the animals were fasted overnight then subjected to mild ether 

anesthesia and blood samples were collected. The blood was allowed to coagulate and 

centrifuged at 3000 rpm for 15 minutes at 4°C to separate the serum for biochemical analysis. 

After blood collection, rats of each group were sacrificed under ether anesthesia and the liver 

samples were collected, minced and homogenized in ice cold bidistilled water to yield 10% 

homogenates using a glass homogenizer. The homogenates were centrifuged for 15 minutes 

at 3000 rpm at 4°C and the supernatants were used for different biochemical tissue analysis. 

Also, spleen and thymus were used for cellular immunological studies. Also sections of 

pancreas were fixed in formaldehyde and stained for determination of the destruction in β-

cells number after induction of diabetes or restoration of β-cells number after treatment with 

algae. Immunohistochemical assay of insulin and glucagon in the pancreas islets was 

performed. 

 

Biochemical assay 

Serum analysis: Fasting blood glucose was measured using the glucometer. Insulin was 

determined using ELISA kit for the quantitative measurement of insulin according to Finlay 

and Dillard.
[30]

 Total cholesterol was determined according to the method of Stein 
[31]

, 

triglycerides was determined in serum according to Wahlefeld.
[32]

 LDH was measured 

according to Kachmar and Moss
[33]

, albumin was determined according to Dumas and 

Biggs
[34]

, ALP was measured According to Babson et al,
[35]

 ALT and AST activities were 

determined  according to Reitman and Frankel.
[36]

 The levels IgG of all the experimental 

animals were detected by ELISA according to Maghraby and Bahgat.
[37]

  

 

Liver analysis 

Preparation of liver homogenates for biochemical assays: One gram liver from each rat 

was homogenized in 10 ml of distilled water using an electrical homogenizer with a teflon 

rod and then centrifuged at 3000. Glutathione reductase was assayed kinetically in liver tissue 
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homogenate according to Erden and Bor.
[38]

 Lipid peroxidation was determined in liver tissue 

homogenates according to Ruiz-Larrrea.
[39]

 Protein was determined colorimetrically in liver 

tissue homogenates According to Gornal et al.
[40]

 

 

Detection of the total number of splenocytes and thymocytes using trypan blue  

According to Maghraby 
[41]

, the spleen and thymus were excised, gently teased in Petri dishes 

containing Phosphate buffer saline tween-fetal calf serum (PBST-FCS)  using glass slides. 

Splenocytes and thymocytes from individual rat were washed three times with (PBST-FCS) 

by centrifugation at 1500 g at 4°C for 10 min. The cell pellet was re-suspended in PBST-

FCS. Red blood cells were lysed with lysis buffer for 3 min at room temperature. The 

lymphocytes were washed twice by centrifugation in PBST-FCS. Equal volume (0.1 ml) of 

whole suspension and trypan blue were mixed and examined under LEITZ microscope using 

Neubaur haemocytometer. Viable lymphocytes exclude the dye while dead cells appear blue. 

Viable lymphocytes were counted according to the equation: N X Y 2 X 10
4
. Where N: 

number of viable cell per 16 large squares. Y: the volume of cell suspension. 

 

The number of both thymocytes and splenocytes from individual rat were determined 

according to Maghraby.
[41]

 

 

Histopathological examination of pancreas tissues. 

Sections of 6 m thickness were prepared and stained with hematoxylin and eosin as 

described by Afifi.
[42]

 The stained sections were observed under the light microscope, 

cytoplasm stained in shades of pink to red and the nuclei gave blue colour. 

 

Immunohistochemical analysis of insulin and glucagon in sections of pancreas  

Immunohistochemical analysis of insulin and glucagon in sections of pancreas were detected 

by using the anti-insulin and anti-glucagon monoclonal antibodies as described by Ha et 

al.
[43]

  

 

Statistical analysis: Data were analyzed by comparing values for different treatment groups 

with the values for individual control. All values were expressed as the mean±SE. Significant 

differences between the groups were statistically analyzed using a one- way analysis of 

variance (ANOVA). P value of 0.05 or less was considered statistically significant. 

Immunological data were estimated using the Graph pad Instat statistics program. 
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RESULTS 

1- Biochemical results 

Table (1) represented that amaryl group and spirulina as post-and pre-treated groups 

produced a significant decrease in glucose level by (-76.64%, -72.76% and -38.26%) as 

compared with diabetic non treated group. This decrease was confirmed by a significant 

increase in the insulin level by (114.74%, 106.50% and 50.29%) for amaryl, spirulina post-

and- pre-treated algae groups respectively as compared to diabetic non treated group.  

 

Table (2) represented the different biochemical parameters, (cholesterol, triglycerides, LDH 

and albumin) measured in normal rat sera supplemented with spirulina indicated that it is so 

far safe to be used in this study. The levels of these parameters did not show a significant 

difference when compared to normal negative control group. 

The pre-treatment of diabetic rats with spirulina did not induce a significant change in the 

above mentioned parameters when compared to diabetic non-treated group. Spirulina post 

treatment was ranked as the best one in improving the four parameters when compared with 

diabetic non treated group.          

 

The three liver enzymes AST, ALT and ALP activities showed a marked increase in sera of 

diabetic rats (160.75%, 150.19% and 168.75% respectively) when compared to control 

animals as shown in table (3). 

 

Table (3) represents a significant decrease in the liver enzymes activities after post-treatment 

with spirulina (-40.24%, -41.38% and -41.88%) for AST, ALT and ALP activities 

respectively compared to diabetic non treated group. It is observed that the post-treated group 

with spirulina decreased the elevation in the enzyme activities more than the pre-treated 

group.  

 

Glutathione reductase activity showed a marked decrease in diabetic rats (-66.36%) when 

compared to control group. This decrease was elevated in the post-treated spirulina and 

amaryl groups by (89.4% and 79.07%) respectively as represented in table (4). 

 

Also the elevated level of MDA due to diabetes was corrected by the pre-and post-treatment 

with spirulina (-27.11 % and -40.25% respectively) and by amaryl treatment (-23.39%) as 

shown in table (4). 
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Cellular and Humoral Immune response 

Mean number of thymocytes: Spirulina had no effect on the mean number of thymocytes as 

the control group (table, 5). Diabetes affected the mean number of thymocytes as it was non 

significantly decreased by (-21.62%) compared to the control group. This decrease was 

restored by spirulina either in the pre- (21.45%) or post- (23.77%) treated groups. Amaryl- 

treated diabetic group showed a significant increase in thymocytes number (101.04%) 

compared to diabetic non treated group as shown in table (5). 

 

Mean number of splenocytes: Spirulina showed a neutral effect on the mean number of 

splenocytes as shown in table (5). In the normal supplemented group, splenocyte mean 

number was non significantly decreased (-14.94%) than those found in the control group.      

 

A non significant decrease in mean number of splenocytes was observed (-29.96%) in 

diabetic non treated group compared to the control group as shown in table (5). 

 

Small improvment was observed in the splenocytes number in the pre- (12.81%) and post- 

(17.15%) treated diabetic groups compared to diabetic non treated group. On the other hand, 

there was an obvious significant increase (185.37%) in the amaryl treated group compared to 

diabetic non treated group as shown in table (5). 

 

Serum IgG level: The IgG level in sera from normal spirulina showed a non significant 

change (18.26%)   compared to control as shown in table (5). Spirulina pre-treated group 

showed greater improvement levels (-27.04%) and was followed by amaryl treated group (-

24.91%). On the other hand, the post-treated group showed decrease by (-8.54%) compared 

to diabetic non treated group. 

 

HISTOPATHOLOGICAL RESULTS 

(i)- Hematoxylin & Eosin dye technique: Histological examination in pancreas sections of 

control rats showed that the cells of the pancreas were all present in their normal proportions. 

The acinar cells that were stained strongly were arranged in lobules with prominent nuclei. 

The islet cells were seen embedded within the acinar cells and surrounded by a fine capsule 

(figure1). 

 

The microscopic investigations of pancreas of non diabetic rats supplemented with spirulina 

showed that the structure of both the endocrine pancreas and the exocrine pancreas appeared 

more or less as the control animals (figures, 2). 
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In sections of pancreas of diabetic rats, the acinar cells around the islets though seem to be in 

normal proportion did not look classical. The islets were large and occupied by a uniform 

eosinophilic material and few atrophic cells. Eosinophilic materials also surrounded the blood 

vessels. On the other hand, an interlobular haemorrhage was noticed (figure 3). 

 

In case of diabetic rats treated with amaryl drug, sections showed the normal shape of the 

islets of Langerhans surrounded by normal exocrine part (figure 4). 

 

Microscopic investigations of the pancreas of rats given spirulina before diabetes induction 

showed the normal structure of the exocrine and endocrine component. The islets were 

present with a large proportion of islet cells but with a smaller volume as compared with 

control. There are very scanty inflammatory cell infiltration and no eosinophilic deposits 

were not seen (figure 5). 

 

Sections of pancreas of diabetic rat post- treated with spirulina showed the normal structure 

of the exocrine and endocrine components. The islets are present with a large proportion of 

islet cells though with a smaller volume as compared with control and inflammatory cells 

infiltration were not seen (figure 6). 

 

(ii)-Immunohistochemical assay of insulin and glucagon 

Insulin: In control and normal spirulina supplemented groups, beta cells in the islets of 

Langerhans appeared normal and the insulin immunoreactivity was shown in a classical 

pattern in the center of the islets which was stained with deep brown color. The normal 

distribution of the immunoreactivity of insulin in the normal algae treated groups proved the 

non toxic and safe dose used in this work as shown in figures (7, 8). 

 

Diabetic non treated group showed weak immunoreactivity for insulin which reflected the 

uncompleted destruction of the beta cells secreting insulin while the amaryl treated group 

showed normal distribution of the immunoreactivity of insulin as shown in figures (9, 10 

respectively).The pre-treated spirulina diabetic group showed an unchanged 

immunoreactivity for insulin as compared to the control group as shown in figure (11). On 

the other hand there was a reduction in the immunoreactivity for insulin in spirulina post-

treated group as shown in figure (12). 

 

Glucagon: In the control and normal spirulina supplemented groups, normal distribution of 

alpha cells secreting glucagon appeared in the marginal zone of the islets of Langerhans 



www.wjpr.net                                   Vol 4, Issue 11, 2015.                                            

            

27 

Metwally.                                                              World Journal of Pharmaceutical Research 

which was stained in brown color. Spirulina treated group showed a remarkable reduction in 

the immunoreactivety for glucagon as shown in figures (13,14). 

 

Diabetic non treated group showed much more abundant existance of immunoreactivety for 

glucagon which revealed absence of the insulin controlling effect on alpha cells due to the 

destruction of most of the beta cells, on the other hand there was pale immunoreactivety for 

glucagon in case of amaryl treated group as shown in figures (15,16). 

 

A reduction in the immunoreactivety for glucagon was observed in the pre and post-treated 

spirulina diabetic groups, as shown in figures (17, 18).  

 

Table (1): Effect of Spirulina platensis supplementation on glucose and insulin levels in 

sera of diabetic and non diabetic groups. 

                  Groups 

Parameters 

Normal 

control 

Diabetic 

non treated 

Normal 

spirulina 

Spirulina 

pre-treated 

Spirulina 

post-treated 
Amaryl drug 

Glucose (mg/dl) 96.24±4.31 495.7±13.98
a 

102.0±6.75
n 

306.0±16.04
 a,* 

135.0±7.22
 a,* 

115.76±2.16
 n,* 

% change compared to  

control group 
- 415.06 5.98 217.95 40.27 20.28 

% change compared to 

diabetic group 
- - - -38.26 -72.76 -76.64 

Insulin (ng/ml) 5.31±0.07 1.69±0.07
a 

4.87±0.36
n 

2.54±0.26
 a,* 

3.49±0.44
 a,* 

3.63±0.29
 a,* 

% change compared to 

control group 
- -68.17 -8.28 -52.16 -34.27 -31.63 

% change compared to 

diabetic  group 
- - - 50.29 106.50 114.79 

Data are represented as Mean ±SE of 8 rats.  

P
a
 Significant at P< 0.05 compared to control group.  

P
n
 Non significant compared to control group. 

P
*
 Significant at P< 0.05 compared to diabetic non treated group.  

P
#
 Non significant compared to diabetic non treated group. 

 

Table (2): Effect of Spirulina platensis supplementation on some biochemical 

parameters in sera of diabetic and non diabetic groups.  

                    Groups 

Parameters 

Normal 

control 

Diabetic non 

treated 

Normal 

Spirulina 

Spirulina 

pre-treated 

Spirulina 

post-treated 
Amaryl drug 

Total cholesterol 

(mg/dl) 
81.87±2.19 214.34±37.28

a 
84.41±5.88

n 
190.08±12.71

 a,# 
144.94±7.73

 a,* 
151.70±21.95

 a,* 

% change compared to 

control  group 
 161.80 3.10 132.17 77.03 85.29 

% change compared to 

diabetic group 
   -11.31 -32.37 -29.22 

Triglycerides (mg/dl) 80.45±1.74 208.04±19.38
a 

83.29±5.29
n 

193.06±12.16
 a,# 

150.3±9.0
 a,* 

152.21±15.20
 a,* 
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% change compared to 

control group 
 158.59 3.53 139.97 86.82 89.19 

% change compared to 

diabetic group 
   -7.20 -27.75 -26.92 

LDH (U/L) 350.22±3.03 749.64±11.24
a 

343.96±20.8
n 

522.32±31.04
 a,* 

413.02±24.05
 a,* 557.19±26..35

 

a,* 

% change compared to 

control group 
 113.99 -1.78 49.14 17.9. 59.09 

% change compared to 

diabetic group 
   -30.30 -44.89 -25.65 

Albumin (g/dl) 5.13±0.02 2.76±0.18
a 

5.15±0.42
n 

3.17±0.44
 a,# 

4.25±0.41
 n,* 

4.12±0.21
 a,* 

% change compared to 

control group 
 -46.19 0.38 -38.20 -17.15 -19.68 

% change compared to 

diabetic group 
   14.85 53.98 49.27 

Data are represented as Mean ±SE of 8 rats.   

P
a
 Significant at P< 0.05 compared to control group.  

P
n
 Non significant compared to control group.  

P
*
 Significant at P< 0.05 compared to diabetic non treated group.  

P
#
 Non significant compared to diabetic non treated group. 

 

Table (3): Effect of Spirulina platensis supplementation on liver function enzymes in 

sera of diabetic and non diabetic groups. 

                      Groups 

Parameters 

Normal 

control 

Diabetic 

non treated 

Normal 

Spirulina 

Spirulina 

pre-treated 

Spirulina 

post-treated 
Amaryl drug 

AST (U/ml) 37.89±1.28 98.8±2.12
a 

40.24±3.82
n 

74.50±8.19
 a,* 

59.04±7.19
 a,* 

78.96±0.90
 a,* 

% change compared to 

control group 
 160.75 6.20 96.62 55.81 108.39 

% change compared to 

diabetic group 
   -24.59 -40.24 -20.08 

ALT (U/ml) 38.93±0.42 97.4±1.29
a 

36.77±3.41
n 

69.02±5.60
 a,* 

57.09±5.23
 a,* 

77.26±3.43
 a,* 

% change compared to 

control group 
 150.19 -5.54 77.29 46.64 98.45 

% change compared to 

diabetic group 
   -29.13 -41.38 -20.67 

ALP(U/L) 36.49±0.62 98.07±2.50
a 

36.98±3.35
n 

69.36±5.44
 a,* 

56.99±4.71
 a,* 

80.56±2.37
 a,* 

% change compared to 

control group 
 168.75 1.34 90.07 56.17 120.77 

% change compared to 

diabetic group 
   -29.27 -41.88 -17.85 

Data are represented as Mean ±SE of 8 rats.  

P
a
 Significant at P< 0.05 compared to control group.  

P
n
 Non significant compared to control group. 

P
*
 Significant at P< 0.05 compared to diabetic non treated group.  

P
# 

Non significant compared to diabetic non treated group. 
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Table (4): Effect of Spirulina platensis supplementation on glutathione reductase 

enzyme and lipid peroxidation in liver tissue of diabetic and non diabetic groups. 

                             Groups 

Parameters 

Normal 

control 

Diabetic non 

treated 

Normal 

Spirulina 

Spirulina 

pre-treated 

Spirulina 

post-treated 
Amaryl drug 

GR (nmol/min./ mgprotein) 10.94±0.24 3.68±0.25
a 

10.31±1.07
n 

5.44±0.83
 a,* 

6.97±1.02
 a,* 

6.59±0.60
 a,* 

% change compared to 

control group 
 -66.36 -5.75 -50.27 -36.28 -39.76 

% change compared to 

diabetic group 
   47.82 89.40 79.07 

MDA(ng/gmtissue) 10.41±0.58 21.24±0.68
a 

9.68±0.99
n 

15.48±1.29
 a,* 

12.69±1.09
 n,* 

16.27±1.37
 a,* 

% change compared to 

control group 
 104.03 -7.01 48.70 21.90 56.29 

% change compared to 

diabetic group 
   -27.11 -40.25 -23.39 

Data are represented as Mean ±SE of 8 rats.  

P
a
 Significant at P< 0.05 compared to control group.  

P
n
 Non significant compared to control group.  

P
*
 Significant at P< 0.05 compared to diabetic non treated group.  

P
#
 Non significant compared to diabetic non treated group. 

 

Table (5): Effect of Spirulina platensis supplementation on the mean number of 

thymocytes and splenocytes and serum IgG levels in diabetic and non diabetic groups. 

                       Groups 

Parameters 
Control 

Diabetic non 

treated 

Normal 

spirulina 

Spirulina 

Pre-treated 

Spirulina 

post-treated 

Amaryl 

drug 

Thymocytes 111.43±11.23
 

87.33±8.30 
n 

112.00±8 
n 

106.07±5.03
 n, # 

108.09±1.41
 n, # 

175.57±30.07
 n,* 

% change compared to 

control group 
 -21.62 0.51 -4.81 -2.99 57.56 

% change compared to 

diabetic group 
   21.45 23.77 101.04 

Splenocytes 316.85±20.33
 
221.92±43.73 

n 
269.50±18.25 

n 
250.35±16.65

 n, # 
260.00±13.60

 n, # 
633.3±57.71

 a, * 

% change compared to 

control group 
 -29.96 -14.94 -20.98 -17.94 99.87 

% change compared to  

diabetic group 
   12.81 17.15 185.37 

IgG level 0.33±0.01
 

0.56±0.10 
n 

0.39±0.03 
n 

0.41±0.02 
n, # 

0.51±0.04 
n, # 

0.42±0.08
 n, # 

% change      compared to 

control group 
 68.26 18.26 24.24 54.54 27.27 

% change compared to  

diabetic group 
   -27.04 -8.54 -24.91 

Data are represented as Mean ±SE of 8 rats.  

P
a
 Significant at P< 0.05 compared to control group.  

P
n
 Non significant compared to control group.  

P
*
 Significant at P< 0.05 compared to diabetic non treated group.  

P
#
 Non significant compared to diabetic non treated group. 
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Histopathological Results 

(i)- Hematoxylin & Eosin dye technique 

 
Figure (1): A section of pancreas of control rat shows the 

exocrine component consisting of closely packed acini (arrows). 

The interlobular ducts (arrowhead) appear surrounded with the 

supporting tissue. The endocrine tissue of the pancreas, islet of 

Langerhan (asterisk), is scattered throughout the exocrine tissue 

(H & E stain  X 200, Scale bar: 20µm). 

 
Figure (2): A section of pancreas of rat 

supplemented with Spirulina Platensis shows 

the normal structure of the exocrine and 

endocrine component (H & E stain X 200, 

Scale bar: 20µm). 

 
Figure (3): A section of pancreas of diabetic non treated rat 

showing the acinar cells around the islets though seem to be in 

normal proportion does not look classical. The islets are largely 

(white arrow) occupied by a uniform eosinophilic material (white 

arrowhead) and few atrophic cells (yellow arrows). Eosinophilic 

materials also surround the blood vessel (red arrowhead). Notice 

the interlobular haemorrhage (blue arrows) (H & E stain X 200, 

Scale bar: 20 µm). 

 
Figure (4): A section of pancreas of diabetic 

rat treated with amaryl drug showing the 

islets of Langerhans with distinct border 

from surrounding exocrine part(   ).  (H & 

E stain X 200, Scale bar: 20 µm). 

 
Figure (5): A section of pancreas of diabetic rat pre-treated with 

Spirulina Platensis shows the normal structure of the exocrine 

and endocrine component. The islets are present with a large 

 
Figure (6): A section of pancreas of diabetic rat 

post-treated with Spirulina Platensis shows the 

normal structure of the exocrine and endocrine 
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proportion of islet cells though with a smaller volume as 

compared with control. There is very scanty inflammatory cell 

infiltration and no eosinophilic deposits were seen (H & E stain 

X 200, Scale bar: 20µm). 

 

component. The islets are present with a large 

proportion of islet cells though with a smaller 

volume as compared with control and 

inflammatory cell infiltration were not seen (H 

& E stain X 200, Scale bar: 20µm). 

 

(ii)-Immunohistochemical assay of insulin and glucagon 

1- Insulin 

 
Figure (7): Immunohistochemical staining for insulin 

antibody to identify the beta cells in the islets of 

Langerhans of pancreas in control rat. Note that 

insulin immunoreactivity is distributed in the centre 

of the islets (X200, Scale bar = 20 mm). 

 
Figure (8): Immunohistochemical staining for insulin 

antibody of pancreas in rat supplemented with 

Spirulina Platensis shows normal distribution of 

immunoreactivity (X200, Scale bar = 20 mm). 

 
Figure (9): Immunohistochemical staining for insulin 

in STZ diabetic non treated pancreas shows weak 

immunostaining for insulin compared with normal 

one ( X200, Scale bar = 20 mm).  

 

 
Figure (11): Immunohistochemical staining for 

 
Figure (10): Immunohistochemical staining for insulin 

antibody of pancreas in diabetic rat treated with 

amaryl drug shows distribution of immunoreactivity 

that appear more or less like control ( X200, Scale bar 

= 20 mm). 

 
Figure (12):Immunohistochemical staining for insulin 
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insulin antibody of pancreas in diabetic rat pre-

treated with Spirulina Platensis  shows the normal 

distribution of insulin immunoreactivity as compared 

with control ( X200, Scale bar = 20 mm). 

antibody of pancreas in diabetic rat post- treated with 

Spirulina Platensis shows the reduction in the normal 

distribution of insulin immunoreactivity as compared 

with control (X200, Scale bar = 20 mm). 

2- Glucagon 

 
Figure (13): Immunohistochemical staining for 

glucagon antibody to identify the alpha cells in the 

islets of Langerhans of pancreas in control rat. Note 

that glucagon immunoreactivity is distributed in the 

marginal zone of the islets (X200, Scale bar = 20 mm). 

 

 
Figure (14): Immunohistochemical staining for 

glucagon antibody of pancreas in rat supplemented 

with Spirulina Platensis shows reduction in the 

distribution of glucagon immunoreactivity (X200, 

Scale bar = 20 mm). 

 

 
Figure (15): Immunohistochemical staining for 

glucagon in STZ diabetic non treated pancreas shows 

much more abundant and ubiquitous 

immunostaining for glucagon as compared with 

normal one (X200, Scale bar = 20 mm). 

 

 
Figure(16): Immunohistochemical staining for 

glucagon antibody of pancreas in diabetic rat treated 

with amaryl drug shows pale immunoreactivity of 

glucagon as compared with control  

( X200, Scale bar = 20 mm). 

 
Figure (17): Immunohistochemical staining for 

glucagon antibody of pancreas in diabetic rat pre-

treated with Spirulina Platensis shows reduction in 

 
Figure (18): Immunohistochemical staining for 

glucagon antibody of pancreas in  diabetic rat post- 

treated with Spirulina Platensis shows the reduction in 
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the normal distribution of glucagon 

immunoreactivity as compared with control ( X200, 

Scale bar = 20 mm). 

the normal distribution of glucagon 

immunoreactivityas compared with control (X 200, 

Scale bar = 20 mm). 

 

DISCUSSION 

The pathogenesis and pathophysiological processes of T2DM are extreme complex and 

remain to be controversial. However, a growing number of evidences showed that oxidative 

stress and inflammation might play important role in the development of T2DM (Evans et al., 

2005; Donath & Shoelson, 2011).  Several studies showed that diabetes is accompanied with 

metabolic disorders (Mc Gill & Felton, 2007) in which inflammation and oxidative stress 

closely relates each other (Munoz & Costa 2013; Gratas- Delamarche et al., 2014; Lugrin et 

al., 2014). In diabetes mellitus, oxidative stress is enhanced through various sources such as 

hyperglycemia, dyslipidemia, hyperinsulinemia, insulin resistance, and impaired antioxidant 

defense (Wiernsprger, 2003). Accordingly a great attention was directed for the use of 

antioxidants to normalize the harm caused by diabetes.  

Natural products and micronutrients, as prophylactic or treating agents in various diseases are 

becoming promising in last decades. In this study, an attempt was done to investigate the 

changes which occurred in sera, liver and pancreas of STZ - induced diabetic rats after 

administration of the alga Spirulina platensis. The effect of a reference drug, amaryl, was 

compared with that of the supplemented antioxidant. 

 

In the present study we used STZ for diabetes induction in rats. STZ is a nitrosourea 

compound produced by Streptomyces achromogenes, which is specifically induces DNA 

strand breakage in β- cells of pancreas causing diabetes mellitus (Kumar et al., 2012). The 

present study has demonstrated that injection of rats with STZ resulted in a significant 

elevation of blood glucose level in diabetic group as compared with normal animals 

indicating establishment of diabetic state.  

 

Our study showed that the administration of S. platensis suspension for 3 weeks to 

hyperglycemic rats produced a marked decrease in the blood glucose level. This data was in 

accordance with Layam et al. (2006) who found that oral administration of spirulina to 

diabetic rats significantly reduced the blood glucose level and the authors attributed this 

effect to high fiber content of S. platensis that interfered with the absorption of glucose. 

Another theory was based on the possible action of peptides and polypeptides generated by 

the digestion of spirulina proteins (Mani et al., 2000). In addition, Takai (1991) reported that 
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several therapeutically important compounds/ molecules like β- carotene, phycocyanin,γ- 

linolenic acid, etc.identified in S.platensis are shown to possess immnuomodulatory and 

biomodulatory functions. 

 

STZ is well known for its selective pancreatic islet β- cell cytotoxicity. It interferes with 

cellular metabolic oxidative mechanisms (Papaccio et al., 2000). Intraperitoneal 

administration of STZ (45 mg/kg) effectively induced diabetes in normal rats, as reflected by 

glycosuria, hyperglycemia, polyphagia, polydipsia and body weight loss when compared with 

normal rats (Calabresi and Chabner, 1990). In addition, Wuarin et al. (1996) demonstrated 

that insulin levels are reduced in type 1 diabetes, while resistance to insulin is coupled with a 

partial reduction in insulin production in type 2 diabetes. The authors reported that insulin 

growth factor (IGF) gene expression is reduced in STZ – diabetic rat brain and liver, 

moreover, Lee and Park (2000) found that most β- cells were destroyed by treatment with 

STZ, only few of them shows a weak secretory activity of insulin. Recently, Serbedzija et al. 

(2009) reported that substantial evidence showed that patients have diminished brain insulin 

and IGF. 

 

In the present study, it was observed that oral administration of spirulina could reverse the 

above mentioned diabetic effects. The possible mechanism by which spirulina brings about 

its antihyperglycemic action may be through potentiation of the pancreatic secretion of 

insulin from islet β- cell or due to enhanced transport of blood glucose to the peripheral 

tissue. This was clearly demonstrated by the increased levels of insulin in diabetic rats treated 

with spirulina (Layam and Reddy, 2006). 

 

The abnormal high concentration of serum lipids of diabetic rats is mainly due to increase in 

the mobilization of free fatty acids from the peripheral fat deposits, because insulin inhibits 

the hormone sensitive lipase production (Udayakumar et al., 2009).  

 

The current work showed a significant increase in serum lipid cholesterol level in STZ- 

treated rats compared to control animals. Administration of S. platensis suspension to rats 

after hyperglycemia produced a marked decrease in blood cholesterol level. Similar 

observations were obtained by Rodriguez-Hernandez et al. (2001), who found that the dietary 

administration of 5% S. maxima for 4 weeks to diabetic mice reverted the LDL and VLDL 

levels to normal level. Also, the present data are in harmony with Moura et al. (2012) who 

found that cholesterol, LDL and VLDL showed a significant reduction with an increase in 
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HDL- cholesterol following administration of algae for 30 days. This effect might be due to 

the presence of γ-linoleic acid in spirulina, which prevents accumulation of fats and 

cholesterol in human body (Mani et al., 2002). In addition, Ramamoorthy and Premakumari 

(1996) attributed this hypocholesterolemic effect to the presence of c- phycocyanin in 

spirulina. Phycocyanin is a water soluble protein and enriched in spirulina and it was 

suggested that phycocyanin might be the active ingredient in spirulina responsible for the 

hypolipidemic activity (Nagaoka et al., 2005).     

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

Our present study showed a marked increase in blood triglycerides concentration in STZ-

treated rats. This data is in agreement with Krishnakumar et al.(2000) who reported that 

diabetes-induced hyperlipidemia is attributable to excess mobilization of fat from the adipose 

due to the under utilization of glucose. The observed regression of the diabetic state due to 

the administration of our algae suspension may have increased the utilization of glucose, 

thereby depressing the mobilization of fat (Akpan et al., 2012). 

Spirulina was found effective in normalizing the triglyceride levels, the reduction in 

triglyceride level could be through lipoprotein lipase, a key enzyme in the metabolism of 

triglyceride rich lipoprotein (Nassir et al., 1993). In addition, our results are in accordance 

with Lee et al. (2008) who found a significant lowering effect of spirulina on plasma 

triglyceride concentration of type 2 diabetes mellitus patients. Recntly, Jarouliya et al. (2012) 

found that S. maxima was effective in normalizing the triglyceride levels and the authors 

attributed this effect to decreased VLDL triglyceride production or increased VLDL 

clearance in the peripheral tissues. 

 

The present study was extended to assess   the biochemical mechanism (s) of the action of 

glycemic control of alga under investigation compared to the antidiabetic drug, amaryl.  Liver 

glycolytic and gluconeogenic enzymes are the key enzymes responsible for maintaining the 

homeostasis of the blood glucose (Maiti et al. 2004). A significant reduction of glycolytic 

enzyme LDH in serum of diabetic animals was documented in the current work. This data is 

in consistent with previous reports stated that diabetes is developed due to obstruction of 

glucose utilization by the tissues through glycolysis and its over-production through 

excessive hepatic gluconeogenesis (Klover and Mooney, 2004) and this may attribute to the 

relative deficiency of insulin which responsible for increasing the expression of the glycolytic 

enzymes in the liver (Sun et al., 2002). Administration of the studied alga normalized the 
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alteration in LDH enzyme in serum of diabetic rats   which enlightened its possible way of 

antidiabetogenic activity.  

 

Albumin is the most abundant plasma protein synthesized exclusively in the liver, albumin 

constitutes over half of the total plasma proteins. It has diverse physiological functions 

ranging from maintenance of colloid pressure to transfer/transport of various metabolites and 

is a powerful extracellular antioxidant (Peters, 1996, Bourdon et al.1999). It contains 17 

disulphide bridges and has a single remaining cysteine residue which is responsible for the 

capacity of albumin to react with and neutralize peroxyl radicals (Young and Woodside, 

2001). Albumin is also widely considered as an important nonenzymatic plasma antioxidant. 

This is primarily due to the single cysteine sulfhydryl residue. The sulfhydryl groups of 

albumin can react with oxidants and free radicals causing oxidation of the albumin molecule 

in order to ‘‘spare’’ other important regulatory or long-lived proteins (Wratten et al., 2001). 

Decreased in albumin due to its glycation during diabetes may consider one of the important 

factors responsible for oxidative stress related to diabetes (Jin et al. 2008). Recently, Zheng 

et al., (2013) found that Oral administration of phycocyanin (300 mg/kg), derived from 

Spirulina platensis, for 10 wk protected against albuminuria in db/db mice. 

 

Serum transaminases and alkaline phosphatase activities were generally increased in 

streptozotocin-induced diabetic rats. Similar data were recorded (El-Agouza et al., 2000; 

Gawronska-Szlarz et al., 2003; Yanardag et al., 2005). Increase in the activities of liver 

enzymes may be due to STZ toxicity, extensive tissue destruction, disturbances in the 

transphosphorylation and in the general metabolism of the different cells and tissues of 

diabetic rats (Tanaka et al., 1998). It is known that elevation of transaminases could be a 

common sign of impairment in liver function. Acute cellular necrosis librates alkaline 

phosphatase in the circulation and serum enzyme level is elevated (Elyazi, 2000).  

 

Our results decleared that oral administration of Spirulina ameliorates the increase in lipid 

peroxidation, this effect is attributed to the presence of  phycocyanin and phycocyanobilin 

which have antioxidant effects against oxidative stress as demonstrated by Zheng et al. 

(2012). 

 

Oxidative stress is produced under diabetic condition and it is likely to be involved in 

progression of pancreatic β-cell dysfunction (Kajimoto and. Kaneto, 2004). High levels of 

free radicals, due to insufficiency of the antioxidant defense system, may lead to disruption of 
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cellular function, oxidative damages to membranes, and enhance their susceptibility to 

lipoperoxidation (Baynes, 1991). 

 

Several studies have documented that oxidative stress is accelerated in diabetes mellitus 

owing to an increase in the production of oxygen free radicals, lipid peroxidation and low-

density lipoprotein (Reddy et al., 2005) Free radicals can diffuse intracelluarly and result in 

mitochondrial enzyme damage and DNA breaks, all of which impair cellular function and 

contribute to the pathophysiology of diabetes (Bonnefont-Rousselot et al., 2000). Oxygen 

free radicals exert their cytotoxic effects on membrane phospholipids, resulting in the 

formation of MDA. As a product of lipid peroxidation, the levels of MDA reflect the degree 

of oxidation in the body. Increased levels of TBARS, an end-product of lipoperoxidation, 

were found previously in the liver of streptozotocin- induced diabetic rats (Dias et al., 2005; 

Di Naso et al., 2010, 2011). In this study, the TBARS increase confirms this finding, which 

indicates an overall oxidative stress increase in diabetic rats. 

 

Our results decleared that oral administration of Spirulina ameliorates this increase in lipid 

peroxidation, this effect attributed to the presence of phycocyanin and phycocyanobilin which 

have antioxidant effects against oxidative stress. These data are in accordance with Zheng et 

al., (2013). 

 

Our immunological data show that the mean of total count of thymocytes and splenocytes are 

affected by diabetes. Decreasing in lymphocytes count is recorded in both the thymocytes and 

splenocytes in diabetic non treated rats when compared to control rats due to the defects in 

insulin secretion.  On the other hand, there is a significant increase in IgG level in sera from 

diabetic non treated rats. These results are in accordance with Kim et al. (2014) who reported 

an immunological injury associated with diabetes which happened due to the toxic effect of 

hyperglycemia. They detected a reduction in splenic lymphocyte subpoulations helper T cell 

and cytotoxic T cell in addition to an increase in IgG1 level in diabetic mice compared to non 

diabetic mice. 

 

The immunological studies by many authors demonstrated that C-phycocyanin found in S. 

platensis possess anti-oxidant, anti-inflammatory and radical scavenging properties that 

protect rats from chemical induced thymic atrophy and it serve as an effective natural 

antioxidant for chemical oxidative stress and enhances biological defense activity and 
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reduces allergic inflammation in addition to enhancement of the immune response (Nemoto-

Kawamura et al. 2004; Grzanna et al., 2006).  

 

In our study, the mean number of thymocytes in S. platensis supplemented non diabetic rats 

showed no change w.r.t. control. However, the pre-and post-spirulina treated groups showed 

an improvement in thymocytes number w.r.t. the diabetic non treated group. 

 

Our data showed that the decrease in the mean number of splenocytes due to diabetes was 

restored but not to the normal level in case of treated groups with spirulina. The mean 

number of splenocytes was increased from rats administrated spirulina before or after 

diabetes compared with cells from diabetic non treated rats. This is in agreement with 

Hayashi et al. (1994) who showed that a fed of Spirulina platensis diet increased numbers of 

splenic antibody-producing cells in the primary immune response to sheep red blood cells 

(SRBC).  

 

In our study, spirulina supplementation to diabetic rats showed non significant improvement 

in IgG levels in the pre-treated spirulina diabetic group w.r.t. diabetic non treated group. 

Various Igs are increased in diabetes specifically,IgG1 and IgM (Zhang et al.,2008; Cui et 

al., 2010).This observation is in accordance with our data as the IgG level increased by 

68.26% in the diabetic group in comparison to control group. Qureshi et al. (1996) reported 

that dietary Spirulina platensis enhanced humoral and cell mediated immune functions in 

chickens. 

 

Hayashi et al. (1998) investigated the antibody productions of IgA, IgE and IgG1 in mice as 

an evidence of the protective effects of Spirulina toward food allergy and microbial infection. 

Histological examinations on pancreas show inflammatory cell infiltration in both the pre-and 

post-spirulina treated groups in spite of the normal appearance of the exocrine and the 

endocrine component of the pancreas. These results demonstrated the moderate antioxidant 

activity of spirulina in protecting the pancreas cells. 

 

In addition, the immunohistochemical examinations revealed a reduction in insulin and 

glucagon in the post-treated group and a reduction in glucogon only in the pre-treated one. 

This observation can be discussed as an incomplete recovery of the pancreas or may be due to 

the elevated levels of ROS that cannot be overcomed by spirulina.  
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Histological examinations on pancreas show inflammatory cell infiltration in both the pre-and 

post-spirulina treated groups in spite of the normal appearance of the exocrine and the 

endocrine component of the pancreas. These results demonstrated the moderate antioxidant 

activity of spirulina in protecting the pancreas cells. 

 

In addition, the immunohistochemical examinations revealed a reduction in insulin and 

glucagon in the post-treated group and a reduction in glucogon only in the pre-treated one. 

This observation can be discussed as an incomplete recovery of the pancreas or may be due to 

the elevated levels of ROS that cannot be overcomed by spirulina.  

 

Discussion: Natural products and micronutrients, as prophylactic or treating agents in various 

diseases are becoming promising in last decades. In this study, an attempt was done to 

investigate the changes which occurred in sera, liver and pancreas of STZ - induced diabetic 

rats after administration of the alga Spirulina platensis. The effect of a reference drug, 

amaryl, was compared with that of the supplemented antioxidant spirulina. 

 

In the present study we used STZ for diabetes induction in rats. STZ is a nitrosourea 

compound produced by Streptomyces achromogenes, which is specifically induces DNA 

strand breakage in β- cells of pancreas causing diabetes mellitus.
[44]

 The current work has 

demonstrated that injection of rats with STZ resulted in a significant elevation of blood 

glucose level in diabetic group as compared with normal animals indicating establishment of 

diabetic state.  

 

The present study revealed that almost all the parameters showed a greater improvement due 

to post treatment with spirulina than the pre treatment which can be attributed to its mode of 

action. We will try to explain the effect of spirulina supplementation on each parameter 

separately. 

 

Our study showed that the administration of S. platensis suspension for 4 weeks to 

hyperglycemic rats produced a marked decrease in the blood glucose level when compared 

with diabetic non treated group. This data was in accordance with Layam and Reddy 
[25]

 who 

found that oral administration of spirulina to diabetic rats significantly reduced the blood 

glucose level. The authors attributed this effect to high fiber content of S. platensis that 

interfered with the absorption of glucose. Another theory was based on the possible action of 

peptides and polypeptides generated by the digestion of spirulina proteins.
[45]

 In addition, 
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Takai 
[46]

 reported that several therapeutically important compounds/ molecules like β- 

carotene, phycocyanin,γ- linolenic acid, etc. identified in S.platensis are shown to possess 

immnuomodulatory and biomodulatory functions. Recently, Qu et al reported
 [47]

 reported 

that administration of phycocyanin of spirulina platensis showed a significant decreased 

effect on fasting blood glucose levels in alloxan-induced diabetic mice. This result suggests 

that phycocyanin protected cells of pancreatic islets from alloxan induced injury and/or 

promotes pancreatic -cell regeneration.
[48]

 This was confirmed by morphological analysis of 

pancreatic islets. 

 

STZ is well known for its selective pancreatic islet β- cell cytotoxicity, it interferes with 

cellular metabolic oxidative mechanisms.
[49]

   

 

Intraperitoneal administration of STZ (45 mg/kg) effectively induced diabetes in normal rats, 

as reflected by glycosuria, hyperglycemia, polyphagia, polydipsia and body weight loss when 

compared with normal rats.
[50]

 In addition, Wuarin 
[51]

 demonstrated that insulin levels are 

reduced in type 1 diabetes, while resistance to insulin is coupled with a partial reduction in 

insulin production in type 2 diabetes. The authors reported that insulin growth factor (IGF) 

gene expression is reduced in STZ – diabetic rat brain and liver, moreover, Lee and Park 
[52]

 

found that most β- cells were destroyed by treatment with STZ, only few of them shows a 

weak secretory activity of insulin.  

 

In the present study, it was observed that oral administration of spirulina could reverse the 

above mentioned diabetic effects. The possible mechanism by which spirulina brings about 

its antihyperglycemic action may be through potentiation of the pancreatic secretion of 

insulin from islet β- cell or due to enhanced transport of blood glucose to the peripheral 

tissue. This was clearly demonstrated by the increased levels of insulin in diabetic rats treated 

with spirulina.
[25] 

 

The abnormal high concentration of serum lipids of diabetic rats is mainly due to increase in 

the mobilization of free fatty acids from the peripheral fat deposits, because insulin inhibits 

the hormone sensitive lipase production. 
[53]

  

 

The current work showed a significant increase in serum lipid cholesterol level in STZ- 

treated rats compared to control animals. Administration of S. platensis suspension to rats 

after hyperglycemia produced a marked decrease in blood cholesterol level. Similar 
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observations were obtained by Rodriguez-hernandez et al 
[54]

, who found that the dietary 

administration of 5% S. maxima for 4 weeks to diabetic mice reverted the LDL and VLDL 

levels to normal level. Also, the present data are in harmony with Moura  et al who found that 

cholesterol, LDL and VLDL showed a significant reduction with an increase in HDL- 

cholesterol following administration of algae for 30 days. This effect might be due to the 

presence of γ-linoleic acid in spirulina, which prevents accumulation of fats and cholesterol 

in human body.
[56]

 In addition, Ramamoorthy and Premakumari 
[57]

 attributed this 

hypocholesterolemic effect to the presence of c- phycocyanin in spirulina. Phycocyanin is a 

water soluble protein and enriched in spirulina and it was suggested that phycocyanin might 

be the active ingredient in spirulina responsible for the hypolipidemic activity.
[23]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 

Our present study showed a marked increase in blood triglycerides concentration in STZ-

induction rats. This data is in agreement with Krishnakumar et al who 
[58]

 who reported that 

diabetes-induced hyperlipidemia which is attributable to excess mobilization of fat from the 

adipose tissue due to the under utilization of glucose.  

 

In our study, administration of spirulina to rats resulted in a significant reduction in 

triglycerides concentration. These data are in accordance with Iwata et al and Nassir et al 

who postulated that the hypotriglyceridemic effect of spirulina might be due to its effect on 

the metabolism of lipoproteins. They reported that rats fed a diet containing spirulina showed 

a significant increase in the activity of lipoprotein lipase, a key enzyme in the metabolism of 

triglyceride rich lipoprotein, compared to rats fed a high fructose diet. In addition, our results 

are in accordance with Lee et al who found a significant lowering effect of spirulina on 

plasma triglyceride concentration in type 2 diabetes mellitus patients. Also, Jarouliya et al 

found that S. maxima was effective in normalizing the triglyceride levels. The observed 

regression of the diabetic state due to the administration of our algae suspension may have 

increased the utilization of glucose, thereby depressing the mobilization of fat.   

 

Liver glycolytic and gluconeogenic enzymes are the key enzymes responsible for maintaining 

the homeostasis of the blood glucose.
[62]

 A significant increase of the glycolytic enzyme LDH 

in serum of diabetic animals was documented in the current work. This data is in consistent 

with previous reports stated that diabetes is developed due to obstruction of glucose 

utilization by the tissues through glycolysis and its over-production through excessive hepatic 

gluconeogenesis 
[63]

 which may be attributed to the relative deficiency of insulin responsible 

for increasing the expression of the glycolytic enzymes in the liver.
[64]

 Administration of the 
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studied alga normalized the alteration in LDH enzyme in serum of diabetic rats which 

enlightened its possible way of antidiabetogenic activity.  

 

Albumin is the most abundant plasma protein synthesized exclusively in the liver, it 

constitutes over half of the total plasma proteins. It has diverse physiological functions 

ranging from maintenance of colloid pressure to transfer/transport of various metabolites and 

is a powerful extracellular antioxidant.
[65, 66]

 It contains 17 disulphide bridges and has a single 

remaining cysteine residue which is responsible for the capacity of albumin to react with and 

neutralize peroxyl radicals.
[67]

 Albumin is also widely considered as an important 

nonenzymatic plasma antioxidant, this is primarily due to the single cysteine sulfhydryl 

residue. The sulfhydryl groups of albumin can react with oxidants and free radicals causing 

oxidation of the albumin molecule in order to ‘‘spare’’ other important regulatory or long-

lived proteins.
[68]

  

 

Results in our work showed a significant decrease in albumin concentration of diabetic rats 

compared with control healthy group. This data is in harmony with Jin et al who reported that 

decreased in albumin due to its glycation during diabetes may consider one of the important 

factors responsible for oxidative stress related to diabetes. 

Treatment of rats with our algae modulated this decrease of albumin concentration due to 

STZ induction. These results are in accordance with Zheng et al who found that oral 

administration of phycocyanin (300 mg/kg), extracted from Spirulina platensis, for 10 wk 

protected against albuminuria in db/db mice.  

 

Serum transaminases and alkaline phosphatase activities were generally increased in 

streptozotocin-induced diabetic rats. Similar data were recorded by several authors.
[71,72,73]

 

Increase in the activities of liver enzymes may be due to STZ toxicity, extensive tissue 

destruction, disturbances in the transphosphorylation and in the general metabolism of the 

different cells and tissues of diabetic rats.
[74]

 It is known that elevation of transaminases could 

be a common sign of impairment in liver function.  

 

The present study showed a significant decrease in the liver functions enzymes AST, ALT 

and ALP due to spirulina treatment. The results are in accordance with Jarouliya et al who 

found that administration of spirulina for 30 days resulted in significant decrease in plasma 

AST and ALT activities in fructose fed Wistar rats. The authors reported that restoration of 

the enzymes activities to their respective normal levels after administration of spirulina 
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showed hepatoprotective effect of this alga. In addition Becker et al mentioned that the 

presence of β-carotene in spirulina, a fat soluble pigment, the precursor of vitamin A, known 

for its antioxidant activity helps in the hepatoprotective activity.  

 

Oxidative stress is produced under diabetic condition and it is likely to be involved in 

progression of pancreatic β-cell dysfunction.
[76]

 High levels of free radicals, due to 

insufficiency of the antioxidant defense system, may lead to disruption of cellular function, 

oxidative damages to membranes, and enhance their susceptibility to lipoperoxidation.
[77]

 

 

Several studies have documented that oxidative stress is accelerated in diabetes mellitus 

owing to an increase in the production of oxygen free radicals, lipid peroxidation and low-

density lipoprotein.
[78]

 Free radicals can diffuse intracelluarly and result in mitochondrial 

enzyme damage and DNA breaks, all of which impair cellular function and contribute to the 

pathophysiology of diabetes.
[79]

 Oxygen free radicals exert their cytotoxic effects on 

membrane phospholipids, resulting in the formation of malondialdehyde (MDA). As a 

product of lipid peroxidation, the levels of MDA reflect the degree of oxidation in the body. 

Increased levels of  Thiobarbituric Acid Reactive Substance (TBARS), an end-product of 

lipoperoxidation, were found previously in the liver of streptozotocin- induced diabetic 

rats.
[80,81,82]

 In this study, the TBARS increase confirms this finding, which indicates an 

overall oxidative stress increase in diabetic rats. 

 

Our results decleared that oral administration of Spirulina ameliorates this increase in lipid 

peroxidation, this effect attributed to the presence of phycocyanin and phycocyanobilin which 

have antioxidant effects against oxidative stress. These data are in accordance with   Zheng et 

al.
 

 

Lipid peroxidation data revealed a moderate improvement in decreasing the levels of MDA in 

drug treated diabetic rats which was in accordance with Krauss 
[83]

 who denoted that 

glimepiride administration caused a decreasing level in peroxides, MDA and increase in 

activity of superoxide dismutase and glutathione peroxidase in STZ diabetic rats. 

 

Our immunological data show that the mean of total count of thymocytes and splenocytes are 

affected by diabetes. Decreasing in lymphocytes count is recorded in both the thymocytes and 

splenocytes in diabetic non treated rats when compared to control rats due to the defects in 

insulin secretion.  On the other hand, there is a significant increase in IgG level in sera from 
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diabetic non treated rats. These results are in accordance with Kim et al who reported an 

immunological injury associated with diabetes which happened due to the toxic effect of 

hyperglycemia. They detected a reduction in splenic lymphocyte subpoulations helper T cell 

and cytotoxic T cell in addition to an increase in IgG1 level in diabetic mice compared to non 

diabetic mice. 

 

The immunological studies by many authors demonstrated that C-phycocyanin found in S. 

platensis possess anti-oxidant, anti-inflammatory and radical scavenging properties that 

protect rats from chemical induced thymic atrophy and it serve as an effective natural 

antioxidant for chemical oxidative stress and enhances biological defense activity and 

reduces allergic inflammation in addition to enhancement of the immune response.
[85,86]

  

 

In our study, the mean number of thymocytes in S. platensis supplemented non diabetic rats 

showed no change w.r.t. control. However, the pre-and post-spirulina treated groups showed 

an improvement in thymocytes number w.r.t. the diabetic non treated group. 

 

Our data showed that the decrease in the mean number of splenocytes due to diabetes was 

restored but not to the normal level in case of treated groups with spirulina. The mean 

number of splenocytes was increased from rats administrated spirulina before or after 

diabetes compared with cells from diabetic non treated rats. This is in agreement with 

Hayashi et al who showed that a fed of Spirulina platensis diet increased numbers of splenic 

antibody-producing cells in the primary immune response to sheep red blood cells (SRBC).  

In our study, spirulina supplementation to diabetic rats showed non significant improvement 

in IgG levels in the pre-treated spirulina diabetic group w.r.t. diabetic non treated group. 

Various Igs are increased in diabetes specifically,IgG1 and IgM.
[88,89]

This observation is in 

accordance with our data as the IgG level increased by 68.26% in the diabetic group in 

comparison to control group. Qureshi  et al reported that dietary Spirulina platensis enhanced 

humoral and cell mediated immune functions in chickens. 

 

Hayashi et al investigated the antibody productions of IgA, IgE and IgG1 in mice as an 

evidence of the protective effects of Spirulina toward food allergy and microbial infection. 

Undesirable cell number count was noticed in the drug amaryl-treated-group in which a 

significant increase was detected in thymocytes and splenocytes, an improvment in serum 

levels of IgG were detected w.r.t the diabetic non treated rats. 
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The histological data of the pancreatic sections of diabetic rats show that although the acinar 

cells around the islets of Langerhans seem to be in normal proportion but it does not look 

classical. The islets are largely occupied by a uniform eosinophilic material and few atrophic 

cells. Eosiniphilic materials also surround the blood vessels and interlobular haemorrhage is 

noticed. The histological changes in diabetic animals are a sign for the oxidant and 

inflammatory state caused by diabetes.  

 

The data are in accordance with several authors who found that diabetic rats showed marked 

pancreatic structural alterations, possibly due to hyperglycemia-induced oxidative stress. 

Pancreatic islets of Langerhans represent a main structure to regulate glucose metabolism and 

homeostasis. Compared with liver, the islets contain much less antioxidant activities. Thus, β- 

cells are considered to be low in antioxidant defense and more susceptible to oxidative 

stress.
[92]

 Also, Bonnevie-Nielsen 
[93]

 observed the atrophy and vacuolation of pancreatic 

islets in diabetic rats. They attributed their observation to the inflammatory changes detected 

in pancreatic islets result from selective destruction of insulin producing β-cells. Masjedi 
[94]

 

observed a decrease in the number and diameter of pancreatic islets in diabetes.  Recently, El-

Desouki et al
 [95]

 demonstrated that diabetes caused changes in rat pancreatic tissue as islet 

vacuolization, degeneration and necrosis of b-cells, dilation of intercalated duct and 

infiltration of inflammatory cells. Moreover, the expression of insulin secreting cells (b-cells) 

by using monoclonal anti insulin markedly demonstrated the destruction and reduction of b-

cells immunoreaction in diabetic rats. Also it was found that spirulina -treatment minimized 

and improved the changes associated with pancreatic rat diabetes and enhanced the 

expression of b-cells in the islets of Langerhans. 

 

All these findings are in accordance with our histological and immunohistochemical 

examinations results on pancreas. Our results showed inflammatory cell infiltration in both 

the pre-and post-spirulina treated groups in spite of the normal appearance of the exocrine 

and the endocrine component of the pancreas. These results demonstrated the moderate 

antioxidant activity of spirulina in protecting the pancreas cells. 

 

The immunohistochemical studies revealed parallel results in which the diabetic non treated 

group showed weak immunoreactivity for insulin which reflected the uncompleted 

destruction of the beta cells secreting insulin in addition to much more abundant existence of 

the immuneoreactivity for glucagon which revealed the absence of insulin controlling effect 

on alpha cells due to the destruction of most of the beta cells.  
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In addition, the immunohistochemical examinations revealed a reduction in insulin and 

glucagon in the post-treated group and a reduction in glucagon only in the pre-treated one. 

This observation can be discussed as an incomplete recovery of the pancreas or may be due to 

the elevated levels of ROS that cannot be overcomed by spirulina.  

The histological and the immunohistochemical investigations in the amaryl treated diabetic 

group showed the normal appearance of the pancreas cells and the normal existence of insulin 

and some reduction in glucagon immunoreactivites. 

 

CONCLUSION 

- Spirulina showed no toxicity on the rats which encourage us to use it as hypoglycemic 

agent. 

- The antioxidant activity of spirulina was pronounced in ameliorating the antioxidant 

parameters to the control non-diabetic group. 

- Although there is no great differences found in some parameters between the use of the 

reference drug and the algae, but the side effects of the drug directed us to make more       

trust  in using the algae. 

- Our recommendation is to use spirulina parallel with the drug in a trial to reduce the dose 

recommended for the drug. 
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