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Abstract 

Diabetes is believed to be one of the most important challenges that 

are facing societies around the world. The research was conducted to 

determine the effectiveness of 150 mg/ml of Spirulina platensis and 

10 mg/ml of silver nanoparticles Ag-NPs on the sugar level, lipid 

profile, and liver enzyme concentration in male rats. Diabetes was 

induced with alloxan and bred for four weeks. The rats were divided 

randomly into five groups and every single group contained five rats; 

M1 was the control group, M2 was a treated diabetic rat, M3 treated 

diabetic rats with 10 mg/ml Ag-NPs, M4 treated diabetic rats with 

150 mg/ml S. platensis and M5 group with diabetic rats that were 

treated with 10 mg/ml Ag-NPs + 150 mg/ml S. platensis. The results 

showed that the group of rats infected with Alloxan (M2) caused 

negative effects at a significant level (P<0.05) on the blood sugar 

level, while the group of rats treated with Ag-NPs (M3) or S. platen-

sis (M4) or both (M5) showed a positive effect on the blood glucose 

rate, which reached 292.6, 210.5, and 199.3 mg/dl, respectively, 

compared to the (M2) group, which was 441.8 mg/dl. The results of 

the lipids profile, the group with diabetes (M2) showed an increase 

in the level of triglycerides (TG), cholesterol (TC), low-density lip-

oproteins (LDL), and very low-density lipoproteins (VLDL), and a 

decrease in the level of high-density lipoproteins (HDL). The treat-

ment groups M3, M4, and M5 improved significantly positive blood 

lipid levels. The same situation applied to the liver enzymes AST, 

ALT, and ALP, whose values decreased significantly in the treat-

ment groups (M3, M4, and M5) compared to the infection group 

(M2). 

 

Keywords: Spirulina platensis, Ag-NPs, Diabetes, Blood glucose, 

Lipid profile, Liver enzymes. 

Introduction  

     Diabetes is the most challenging health problem of the twenty-first century. Accord-

ing to the International Diabetes Federation, diabetes currently affects nearly half a 

billion people around the world, with 451 million people suffering from diabetes, 
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which by 2045 is expected to rise to 693 million [1,2] Diabetes is a group of metabolic 

disorders that occur in the endocrine glands and result in high levels of glucose in the 

blood This is due to insufficient secretion of the insulin or its ineffectiveness as a result 

of the body’s resistance to the insulin hormone. Diabetes causes many diseases, disor-

ders, and failure of many organs, such as liver damage and blindness, which mainly 

affects adults. It is the main responsible for heart and blood vessel diseases, high blood 

pressure, and nerve damage, and stroke [3]. 

    Spirulina platensis is one of the most important nutritional supplements that come 

from natural sources and is used in the treatment of diabetes, because this alga pos-

sesses nutritional and therapeutic properties that give S. platensis an important role as 

an antioxidant, anti-inflammatory, and immune booster [4]. S. platensis is one of the 

most prominent microalgae that contain important nutrients in a comprehensive man-

ner that has been used as a functional food as well as for therapeutic and pharmaceutical 

applications, Spirulina was widely produced and used as a nutritional supplement to 

treat malnutrition and enhance immune functions, in addition to treating many diseases 

[5,6]. The ability of S. platensis to lower blood sugar levels is due to its content of 

biologically active peptides such as glutathione, which gave Spirulina has the ability 

to control insulin and blood sugar levels and thus maintain a healthy blood sugar level 

[7,8]. 

    Ag-NPs belong to inorganic mineral particles, the size of their nanoparticles is 1-

100 nm, and thus they possess physical and chemical properties different from the 

properties of the basic silver metal ions [9], which gave them importance for use in 

many applications and studies all over the world [10]. 

    In addition to its important role as an antimicrobial due to its chemical and physical 

properties, [11], as it was used in the manufacture of wound dressings and was used in 

the treatment of diabetic foot [12]. It was also used as a means of transporting antibi-

otics, which improved its effectiveness in eliminating pathogenic microorganisms [13]. 

Beside that it has a role in diabetes treatment [14].  

The research aimed to study the effect of treatment with S. platensis and Ag-NPs 

on male rats with alloxan-induced diabetes. 

Materials and Methods 

Experimental animals 

    The study was conducted in the “animal house” of the Veterinary Medicine College 

and in the laboratories of the Food Science Department, College of Agriculture - Tikrit 

University. 25 white male rats were used in this study for a period of 23 days, in addi-

tion to 10 days during which the animals were left to adapt to their new place, and their 

weight was It ranged between 240-252 grams and was randomly distributed into five 

groups, each group had five animals, and they were fed the standard diet during the 

experimental period. 

    Four groups of them developed diabetes induced by Alloxan at a concentration of 

150 mg/kg, and one group was left unaffected as a control group. The sugar level in 

the injected animals was measured after 48 hours, and the animal was considered 
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infected when the blood sugar level reached higher than 190 mg/dl according to Adeyi 

et al., [15] which appeared a signs of infection, such as frequent urination and lethargy. 

Diabetic animals were treated by giving them 150 mg/ml of S. platensis algae powder 

and 10 mg/ml of Ag-NPs (The given concentrations were determined according to 

Oleiwi, [16]), as follows: control group M1 (nothing was given), group M2, a group 

with diabetes and untreated, group M3, a group with diabetes and treated with 10 

mg/ml Ag-NPs, group M4 a group with diabetes and treated with 150 mg/ml of spir-

ulina algae, M5 group group with diabetes mellitus treated with 10 mg/ml of Ag-NPs 

+ 150 mg/ml of S. platensis algae powder.  

Collection of Blood Sample  

     At the end of the experimental period, the rats were anesthetized by the “chloro-

form”, after that, the blood samples were drawn from the heart directly using the “Car-

diac Puncture method”. A quantity between 3- 3.5 ml of the animals blood was with-

drawn, which was collected in a test tubes free of “anticoagulants” and left for a 15 

mint., at the room temperature, after that serum was separated using centrifugation at 

3000 rpm for 15 minutes and was kept at (-18) ºC in sterile plastic tubes until biochem-

ical measurements were performed [17].  

Glucose Concentration Determination 

     The glucose concentration in the serum of rats blood was evaluated by using a 

ready-made quantifying measuring kit from the (Spanish company, Bio Systems) [17]. 

Determination of Lipid Profile 

       The level of triglycerides (TG), cholesterol, Very Low-Density Lipoprotein 

(VLDL) and High-Density Lipoprotein (HDL) were evaluated using a ready-made 

analysis reagent that manufactured by HUMAN diagnostic worldwide company (Ger-

many) according to that mention in Titez [17], Except for Low Density Lipoproteins 

(LDL), they were estimated according to the following equation: 

“LDL-c (mg / dl) = Total cholesterol- (HDL-c + VLDL-c)” [18] 

Liver Enzyme Activity evaluation 

      A ready-made assay kit manufactured by the German company HUMAN diagnos-

tic worldwide was used to measure quantitatively   the activity of the enzyme Alkaline 

phosphatase (ALP), Alanine amino transaminase (ALT) and Aspartate amino transam-

inase (AST) in the serum of the rats blood, according to the kinetic method used by 

Titez [17]. 

Statistical analysis 

      The complete randomizes design system was used to analyze the results and esti-

mate the significant differences between the means from the groups of the experiment 

with an emphasis on these differences by extracting the Standard error (SE), Statistical 

analyzes were performed at a significant level (P≤0.05) [19]. And the means were com-

pered by the use of Duncan test to extract the differences between different study 

groups [20]. 
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Results and Discussion  

Effect of oral dosage of S. platensis and Ag-NPs on Blood sugar 

    Table 1 shows the effect of oral administration of spirulina algae or Ag-NPs, indi-

vidually or together, on the blood glucose level in rats with alloxan-induced diabetes. 

The results showed that the highest significant value recorded at the probability level 

P <0.05 belonged to the untreated diabetes group, which had a blood sugar value of 

441.8 mg/dl. 

    While the values began to decrease significantly in the treated infected groups com-

pared to the infection group, they remained significantly higher (P<0.05) than the con-

trol group (M1), where the values of the treated groups remained at 292.6, 201.5, and 

199.3 mg/dl for the groups treated with Ag-NPs particles (M3), and spirulina (M4) or 

both (M5), respectively. 

Table (1): The effect of oral dosage of spirulina algae and Ag-NPs on the blood 

sugar level in groups of rats with alloxan-induced diabetes (mg/dl). 

Groups M1 M2 M3 M4 M5 

Blood sugar 

Mg/dl 

96.4 e 

± 3.8 

441.8 a 

± 5.5 

292.6 b 

± 4.3 

210.5 c 

3.5 

199.3 cd 

± 1.8 

Different letters in the same column indicate significant differences at the probability level of ±0.05 

= standard error. Averages are taken for five animals. 

M1: Control, M2: Induced diabetes group without treatment, M3: Infected and treated group given 

Ag-NPs, M4: Infected and treated group given spirulina, M5: Infected and treated group given Ag-

NPs with spirulina. 

 

    The results showed the healthy role of spirulina in treating diabetes and high blood 

glucose. The results were consistent with Layam and Reddy [21] who noticed a de-

crease in the blood glucose level of diabetic rats treated with spirulina at a concentra-

tion of 5, 10, 15 mg/kg, as the blood sugar concentration reached this level totals were 

at 232.22, 220.8, 159.5, and 114 mg/dl in the infected and treated groups with concen-

trations of 5, 10, and 15 mg/kg, respectively. 

    The results also agreed with Lee et al., [22], whose study included giving spirulina 

algae to a group of people suffering from high blood sugar for a period of 12 weeks, 

through which they found the ability of spirulina to maintain blood sugar within normal 

limits. Abdel-Daim et al., [23] also stated that dosing laboratory rats with spirulina 

algae at a concentration of 500 mg/kg per day significantly reduces the level of blood 

glucose and improves the health condition of the animals. The blood sugar concentra-

tion in the untreated infected group and the infected group that was treated reached at 

258.6 and 154 mg/dl, respectively. 
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     Spirulina have the ability of controlling diabetes, this is due to it containing unsatu-

rated fatty acids and many biologically active peptides [8]. Hu et al., [24] identified 

some types of these peptides, which they classified into the following names and types: 

GVPMPNK, RNPFVFAPTLLTVAAR, and LRSELAAWAR, where the ability of 

these peptides to inhibit some enzymes responsible for raising blood sugar, such as α-

amylase and α-glucosidase, was found. 

     Regarding treatment with Ag-NPs, the results of the study were consistent with AL-

Daami [25], who found that diabetic rats treated with biosynthesized Ag-NPs had a 

role in lowering blood sugar, and the results agreed with Prabhu et al., [26], who found 

that dosing diabetic rats with Diabetes using Ag-NPs at a concentration of 10 mg/kg 

would lower blood sugar levels. 

     The role that Ag-NPs play important role in controlling blood glucose is due to their 

ability to inhibit some of the enzymes responsible for high blood sugar, such as α-

amylase and α-glucosidase [27,28]. 

Effect on Blood Lipid profile parameters 

      Table 2 shows the effect of oral administration of Ag-NPs and S. platensis on the 

blood lipid profile in male diabetic rats. The results showed a significant increase 

(P<0.05) in the levels of Triglycerides (TG), Cholesterol (TC) and low-density lipo-

proteins (LDL) in the untreated infection group. (M2) whose concentrations reached 

254, 164, and 88.60 mg/dl, respectively, compared to the control group, who's TG, TC, 

and LDL values were 149, 102, and 38.2 mg/dl, respectively. 

     The results agreed with Mans and Aburjai [29] who noticed an increase in the blood 

fat profile in diabetic animals, and this was attributed to several activities that may 

occur in the affected animal, including a decrease in the effectiveness of the Lipopro-

tein Lipase (LPL) enzyme due to a lack of insulin, and this enzyme has a major role in 

analyzing Triglycerides into glycerol and fatty acids [30], Also, the inability of the 

diabetic body to consume blood glucose as a source of energy results in the stimulation 

of lipolysis in adipose tissue and thus an increase in fatty acids, which leads to an in-

crease in cholesterol in the blood serum [31]. 

     The results showed that the concentration of TG, TC and LDL in the group treated 

with spirulina and Ag-NPs began to decrease significantly (P<0.05) in the treatment 

groups compared to the infection group, thus approaching that of the control group 

(M1). The concentration of TG in the groups treated with Ag-NPs (M3) reached or 

Spirulina (M4) or both were at 171, 185, and 148 mg/dl, respectively. The TC values 

were at 130, 126, and 125 mg/dl for the same groups, respectively, and the LDL values 

were at 59.5, 53.2, and 46.1 for the same groups, respectively. The same was the case 

in the case of Very Low-Density Lipoprotein (VLDL) An improvement was observed 

in the values of the groups treated with spirulina and silver nanoparticles, individually 

or together, compared to the untreated infection group (M2). Table 1 also shows the 

values of high-density lipoprotein (HDL), which recorded the least significant decrease 

in the infection group (M2), amounting to 24.6 mg/dl compared to the control group 

(M1), amounting to 33.7 mg/dl. The results agreed with Achi et al., [32] about their 
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study on rats induced diabetes, the reason for the reduction in HDL-c in diabetes is due 

to the amplified activity of the enzyme “cholesterol ester transferase” which works to 

transfer cholesterol esters from HDL to VLDL, leaving HDL rich in triglycerides and 

less affinity for Apo-A, so it remains free and becomes easier to apply through kidney. 

     The case of oral administration to diabetic rats with both Ag-NPs (M3) and, S. 

platensis (M4) or their mixture together (M5) caused its value to be adjusted to be at 

36.3, 35.8, and 49.3 mg/dl, respectively, as it decreased significantly compared to the 

infection group. (M5). 
 

Table (2): Effect of oral dosage of both spirulina and Ag-NPs on blood lipid profile 

(mg/dl). 

HDL 

mg/dl 

VLDL 

mg/dl 

LDL 

mg/dl 

TC 

mg/dl 

TG 

mg/dl 

Groups 

33.7c 

2.68 ±  

29.8d 

2.4 ±  

38.2e 

1.3±  

102d 

7.2 ±  

149d 

4.11±  

M1 

24.6d 

1.07±  

50.80a 

4.01±  

88.60a 

1.07±  

461 a 

9.45±  

254a 

5.07±  

M2 

36.3b 

2.20±  

34.2c 

1.25±  

59.5 b 

3.75±  

130b 

7.93±  

171c 

3.09±  

M3 

35.8b 

2.20±  

37b 

2.90±  

53.2c 

4.10±  

126c 

6.4±  

185 b 

9.50±  

M4 

49.3a 

2.69±  

29.6d 

1.36±  

46.1d 

1.58±  

125c 

6.88±  

148d 

8.83±  

M5 

Different letters in the same column indicate significant differences at the probability level of ±0.05 

= standard error. Averages are taken for five animals. 

M1: Control, M2: Induced diabetes group without treatment, M3: Infected and treated group given 

Ag-NPs, M4: Infected and treated group given spirulina, M5: Infected and treated group given Ag-

NPs with spirulina. 

 

      The results agreed with Lee et al., [33] who found, through a study conducted on 

humans suffering from high blood sugar, a role for spirulina in improving the health 

status of blood lipid profile, and the results agreed with Gargouri et al., [34] who found 

a role for spirulina algae supplements in lowering blood lipid profile of harmful cho-

lesterol and improve the level of beneficial cholesterol in diabetic rats, the reason was 

explained by the ability of spirulina to reduce the absorption of cholesterol in the in-

testine, in addition to its content of the amino acid cysteine found in the protein C-

Phycocyanins. On the other hand, the results were in line agreement with [35,36] how 

found through a study on humans how are suffering from diabetes type II how were 

supplemented with spirulina sauce every day as a treatment and they found a reduction 

in TG, TC and LDL when compared with their level in the beginning of the experiment 

and they observed reduction in waistline and hungriness and increase the feeling of 

fullness among patients.  
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     The role of spirulina algae in treating diabetes, reducing harmful fats in blood and 

raising beneficial lipids can occur by controlling the level of glucose in the blood. Spir-

ulina is also rich in unsaturated fatty acids, which rid the body of saturated acids and 

sugars to replace them, in addition to spirulina containing significant amounts of vita-

min C and E, which are natural antioxidants Which service to remove free radicals and 

reduce the oxidation process that raises harmful lipids [37,38]. 

      The results also agreed with Kaur et al., [39] who indicated a decrease in the values 

of TC, TG, LDL, and VLDL in rats given Ag-NPs compared to the control group fed 

a high-fat diet, and the results agreed with the study conducted by Al-Dujaili and Al-

Shemeri [40] who found a role for silver nanoparticles in improving the health status 

of blood lipid profile through a study they conducted on rats suffering from high blood 

lipids. Over all in this study, the results of this study reach an agreement with UI Haq 

et al., [41] how found that Ag-NPs have a major role in improving the health state of 

rats with induced diabatic with alloxan by reduction of TC, TG and LDL in diabetic 

and treated rats when compared with its values before treatment. The reason for the 

ability of nanoparticles to reduce blood fats, especially cholesterol, may be due to their 

ability to inhibit the mechanisms responsible for the absorption of cholesterol in the 

body [42,43]. 

Effect on liver enzymes  

      Table 3 shows the effect of oral dosage of spirulina algae and silver nanoparticles 

on rat liver enzyme parameters. The results showed that the diabetic status of laboratory 

rats caused a significant (P<0.05) increase in the concentration of these enzymes in the 

blood serum, which reached the values of the AST and ALT enzymes and ALP in the 

infected group (M2) at 12.50, 75.2, 1397 IU/L, respectively compared to the control 

group (M1), in which the values of the same enzymes were 7.46, 57.4, and 1127 IU/L, 

respectively. Oral dosage of Ag-NPs (M3) and spirulina (M4) or both (M5) caused a 

positive modification of the values of the liver enzymes AST, ALT, and ALP, as the 

AST values for these groups were at 8.73, 8.05, and 7.80 IU/L, respectively. ALT val-

ues were 64.3, 68.5, and 62.6 IU/L, respectively. Likewise, the ALP values for the 

same groups were 1207, 1157, and 1104 IU/L, respectively, as the enzyme values de-

creased significantly compared to the infection group (M2). 

     The results agreed with Aissaui et al., [44] who indicated a significant decrease in 

the values of liver enzymes in diabetic rats treated with spirulina algae, as spirulina’s 

high content of antioxidant activities and its ability to remove the inhibitory effect of 

free radicals made it an effective treatment for high blood sugar and the liver’s protec-

tion from it. The results also agreed with Gargouri et al., [34] who noted the important 

therapeutic role of spirulina algae in reducing liver enzyme values in diabetic animals 

treatment with spirulina algae compared to the infected and untreated group, as the 

spirulina content of vitamins, especially vitamin B12, minerals, and antioxidant com-

pounds such as B-carotene, C-phycocyanins, and proteins, contributes to the regener-

ation of liver cells and restoring them to their health, and the secretions of liver 
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enzymes returned to their normal limits, which reflects the ability of this disease. Algae 

help inhibit the toxic effect of alloxan on the body's cells. 

Table (3): Effect of oral dosage of spirulina algae and Ag-NPs on enzymatic pa-

rameters of rat liver. 

ALP 

IU/L 

ALT 

IU/L 

AST 

IU/L 

Groups 

1127d 

16.54±  

57.4d 

1.20±  

7.46c 

1.38±  

M1 

1397a 

±12.91 

75.2a 

±2.35 

12.50a 

±1.04 

M2 

1207b 

±18.78 

64.3c 

±4.44 

8.73b 

±1.77 

M3 

1157c 

±13.12 

68.5b 

±2.50 

8.05b 

±1.15 

M4 

1104e 

±18.04 

62.6c 

±3.28 

7.80bc 

±0.75 

M5 

Different letters in the same column indicate significant differences at the probability level of ±0.05 

= standard error. Averages are taken for five animals. 

M1: Control, M2: Induced diabetes group without treatment, M3: Infected and treated group given 

Ag-NPs, M4: Infected and treated group given spirulina, M5: Infected and treated group given Ag-

NPs with spirulina. 

 

     The results were consistent with Prabhu et al., [26] who studied the abilities of silver 

nanoparticles to reduce the values of liver enzymes in animals with diabetes compared 

to the infected and untreated group, as the values of AST, ALT, and ALP enzymes 

were at 82.23, 54.86, and 91.32 U/L, respectively. While dosing animals with Ag-NPs 

particles at a concentration of 10 mg/kg reduced the values of liver enzymes to 55.34, 

33.56, and 69.32 U/L for the same enzymes, respectively, the ability of Ag-NPs to 

reduce liver enzymes is due to their ability to inhibit Enzymes responsible for raising 

blood sugar levels. The results also agreed with Lee et al., [33], in which the AST and 

ALT values in the control group were 133.80 and 26.40 IU/L, respectively, while the 

group dosed with Ag-NPs was at a concentration of 100 micrograms. At 111,80 and 

27 IU/L for the same liver enzymes, respectively. 
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