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Introduction

health benefits , such as regulating blood sugar levels , reducing insulin
resistance and oxidative stress caused by free radicals , and boosting
immunity. This study utilized a reparation of Spirulina — fortified chicken
breast — which had been thoroughly cooked , pressed, dried , and processed
into a form suitable for mixing with the standard diet — to feed the animals
for 40 days . The subjects were 48 female Wistar rats ,aged 13-14 months and
weighing 128-186g .Diabetes was induced using alloxan (156 mg/kg) ,and the
animals were divided into three groups of 16 each : Group A (healthy control
), Group B (diabetic control) , and Group C (diabetic group fed a chicken
protein blend supplemented with Spirulina ). Upon completion of the
experiment ,the results demonstrated the blends ability to regulate blood
glucose levels, reduce insulin resistance ,and increase levels of glutathione
and glutathione peroxidase .Additionally , it lowered malondialdehyde — a
clear marker of oxidative stress and inflammation — while restoring the
structural integrity of the pancreas (damaged by alloxan ) and reactivating
beta-cell function.

Keywords: Chicken breast protein , Spirulina supplements , diabetes ,
antioxidants, oxidative stress.

Diabetes is a common condition today ; it is a chronic metabolic disease characterized by

elevated blood sugar levels ,impaired cellular insulin receptors , or the pancreas’s failure to secrete
insulin in the required amounts [1]. AMPK (AMP-activated protein kinase ) acts as an energy regulator
; any dysfunction in it increase the risk of serious diseases such as cancer ,cardiovascular disease ,and
diabetes [2]. Diabetes affects all age groups including children, adolescents , and the elderly-without
exception . The causes vary from person to person; key factors include a poor diet, excess weight,
psychological state , family history (heredity), and gender.Indeed, numerous studies have confirmed
that women account for a higher proportion of Type 2 diabetes cases compared to men[3]. Adopting a
healthy diet rich in low-glycemic-index foods such as complex carbohydrates (grains), proteins (white
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meat),and fiber (leafy greens herbs, and algae) plays a significant role in mitigating the severity of
diabetes by lowering blood sugar levels and reducing insulin resistance [4]. In other words, it targets
the metabolic disturbances associated with diabetes .Protein serve as a dietary source rich in essential
amino acids that build the body and strengthen its immunity ;they also possess a high capacity to
control elevated blood glucose levels by inhibiting the enzyme dipeptidyl peptidase-4 (DPP-IV) and
peptides that stimulate sugar absorption[5]. Protein play a crucial role in regulating blood sugar levels
in many cases of diabetes ; however ,the blood sugar response to protein varies depending on the type
,source ,and timing of consumption ,as well as whether it is consumed in isolation or alongside other
dietary components[6].Consuming rapidly absorbed proteins (such as whey ) leads to a reduction in
blood glucose levels by enhancing the efficiency of pancreatic beta cells and increasing insulin receptor
sensitivity , compared to slowly absorbed proteins like casein [7]. Furthermore ,plant based proteins
play a significant role in lowering blood glucose and glycated hemoglobin (HbAlc) levels more
effectively than animal-based proteins [8].Furthermore , consuming them with fats raise blood sugar
levels more than consuming them in isolation [9]. Therefore , it is essential to combine proteins with a
dietary component that does not spike blood sugar- such as fiber-making spirulina an excellent choice
It offers both nutritional and therapeutic benefits; due to its low glycemic index, it improves metabolic
markers related to blood sugar and healthy HDL cholesterol levels [10]. Spirulina is a blue — green alga
belonging to the cyanobacteria family, renowned for being rich in antioxidants, iron , vitamins such as
Cand B, and protein comprising 60% of its content . It also contains a bioactive compound known as
phycocyanin — a pigment that is highly effective at scavenging free radicals and inhibiting lipid
peroxidation , while also boosting the activity of antioxidants like glutathione GSH and glutathione
peroxidase GPX [11]. It is considered a safe food when when consumed at the recommended daily
dosage of 2-3 grams an amount effective for combating major conditions such as diabetes and fatty liver
disease. Thanks to its chlorophyll and phycocyanin pigments ,it reduces intracellular fat accumulation
and elevated blood glucose levels [12]. Its therapeutic role extends beyond this to include increasing
energy expenditure ,breaking down accumulated plasma lipids , and mitigating insulin resistance and
diabetes[13]. The phycocyanin pigment in spirulina prevents methylglyoxal — induced dysfunction in
the Islets of Langerhans and beta cells while activating Nrf2-a key factor in cellular protection — and
PI3K (phosphatidylinositol 3-kinase),an enzyme regulating vital cellular processes ; it also inhibits JNK
and P38 the latter playing a crucial role in the cellular inflammatory response and heat stress ,thus
reducing blood glucose and stimulating beta cells in the islets of Langerhans [14]. It also plays an
effective role in reducing oxidative stress and inflammation that causes cognitive impairment in
animals with STZ- induced diabetes and increase the efficiency of the nervous system [15].

Materials and Methods
Animals
This study utilized 48 female Wistar rats, aged 13-14 months and weighing 126-138g.The
animals were housed in specialized cages ,provided with a standard diet, and maintained under a 12-
hour light/dark cycle for 40 days. They were divided into three groups:
1. Group A : Healthy control group .
2. Group B :Diabetic control group .
3. Group C:Diabetic group treated with a combination of chicken breast protein supplemented
with Spirulina .
Note : The Spirulina supplements were obtained from the certified Malaysian company DXN /
Iraq .

Induction of Diabetes

Alloxan was used to induce diabetes in female rats at a dosage of 155 mg/kg of body
weight .Prior to the experiment ,the animals were fasted for a full day, and their blood glucose levels
were measured .They were then injected with alloxan — a chemical agent that destroys beta cells and
raises blood glucose levels ,thereby causing diabetes .The alloxan was prepared by dissolving it in a
cold physiological saline solution 0.9% NaCl at a concentration of 2-5 g /100 ml .Following the injection
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,blood glucose levels were measured again ; a reading of 250 mg/dL indicated that the animal was
diabetic . Glucose was administered to prevent the death of the rodents .

Hematological analysis

The animals were fasted for a full day prior to blood collection and dissection for the
required analyses . Blood glucose levels were measured ,followed by dissection and the collection of
blood via cardiac puncture into specialized tubes for testing .Additionally ,the pancreas was excised
and preserved in formalin solution within airtight containers , pending histological staining .

Result and discussion

As shown in Chartl below , the results indicate a significant decrease in body weight in
Group B following the alloxan dose compared to Group A.In contrast ,Group C-fed a combination of
chicken breast protein supplemented with Spirulina (a food rich in essential nutrients ,most notably
essential amino acids ,vitamins, and antioxidants — showed weight recovery compared to Group B.

Effect of the combination on animal weight
200
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(Diagram 1)

This aligns with other studies on inducing diabetes in wistar rats using a dose of 200 mg/kg
,which resulted in a rapid rise in blood glucose and a decrease in body mass [16]. Additionally ,doses
120 mg/kg of alloxan and 40 mg/kg of streptozotocin were used and deemed optimal for inducing
diabetes with a low mortality rate, while manifesting key symptoms such as hyperglycemia ,loss of
balance ,and a marked reduction in body weight [17]. Diabetes was also induced in 22 Rhesus monkeys
using STZ at a dose of 110 mg/kg ,leading to hyperglycemia ,pallor ,vomiting , profuse salivation , and
pancreatitis [18].The results shown in Chart 2 below indicate a significant increase (p<0.05) in blood
sugar levels in Group B animals following the alloxan dose compared to Group C, which showed a
decrease and improvement in blood sugar levels.
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The effect of the combination on animals
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Diagram (2)

These findings align with other studies in which Spirulina supplements 2 g/day for two months
were administered to patients with type2 diabetes; this intervention improved metabolic processes and
reduced inflammation ,thereby helping to regulate blood sugar and lower HbAlc ,LDL cholesterol ,
and triglycerides TG ,while increasing levels of beneficial HDL cholesterol [19]. Similarly ,an eight —
week regimen of Spirulina supplementation in 30 diabetic patients led to improved insulin secretion
and reduced blood glucose and harmful lipid levels [20]. In another study involving Wistar rats with
STZ-induced diabetes ,the administration of chicken liver hydro lysates CLH for nine weeks improved
glucose levels and reduced insulin resistance, while also increasing protein content in the animals
muscles, brains ,and livers [21].The type of protein plays a significant role ; a study examining protein
intake — specifically beef ,chicken ,salmon ,and whey proteins in 30 g ,consumed either alone or with
rich or peanut butter among individuals with diabetes demonstrated improvements in blood glucose
regulation, antioxidant levels , and immune function [22]. Other studies investigating the effects of
plant and animal — based high — protein diets on 117 patients with type 2 diabetes over a six — month
period showed reductions in body mass and visceral fat, as well as improvements in blood glucose
levels, insulin resistance ,liver enzymes, and other biochemical markers [23]. The results shown in Chart
3 below indicate a marked increase in MDA levels, accompanied by a decrease in GSH and GPX levels
in the serum of Group B compared to Group C. This demonstrates the efficacy of the antioxidant
combination , which raised GSH and GPX LEVELS While reducing MDA — a marker of oxidative stress
and free radicals .

400
350
300
250 u MDA

200 GSH
150
100
50

0 ,4——'_- —
group A group B Group C

GPX

Diagram 3. Effect of the combination on increasing antioxidants and reducing inflammation
These findings align with previous research indicating that feeding diabetic mice 5mg of

Spirulina maxima supplements for seven weeks increased levels of the antioxidants GSH and GPX by
71% compared to the control group [24].Studies also noted that daily consumption of 6g of Spirulina
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by overweight individuals regulated blood glucose levels and reduced insulin resistance as well as
markers of inflammation — such as TNF-a , IL-6 and MDA [25]. Furthermore , it was reported that
feeding aged mice a combination of Spirulina 5mg , apple and cucumber for 14 days improved
pancreatic beta —cell function and boosted immunity ; this effect was attributed to the antioxidant
properties of phycocyanin, which elevates GSH and GPX levels while reducing MDA [26]. Furthermore
, the consumption of femur bone powder from ( cattle , sheep , goats , chickens) at a dosage of 500
mg/kg — following the determination of its chemical composition and amino acid and mineral content
- was found to reduce glucose and glycated hemoglobin levels, as well as inflammatory markers such
as TNF-a and IL-6 [27]. Finally , the results of the current study — based on the dissection and staining
of pancreatic tissues from groups A,B and C - revealed that while the tissues of Group A remained
intact, the tissues of Group B exhibited evident hemorrhage , necrosis , and congestion resulting from
the alloxan dosage ,whreras Group C tissues appeared largely intact , showing only minor congestion
, as illustrated in the images below .

A B C

These results are consistent with other studies demonstrating the efficacy of Spirulina platensis
supplementation — at a dosage of 400 mg/kg — in improving the histological structure of the kidneys
and pancreas , in contrast to the second model ,which exhibited hemorrhage and vacuolization in the
pancreatic tissue [28][29] .Spirulina and chlorella — whether administered individually or in
combination over a 21 day feeding period — exert a potent effect on wound healing ,epithelial cell
proliferation ,and granulation tissue formation in diabetic mice [30]. Spirulina also contributed to
restoring the structure of spongy bone in diabetic mice, increasing its density while raising vit D levels
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, lowering calcium phosphate levels , and boosting immunity [31]. The alloxan dose leads to severe
atrophy of the pancreatic Islets of Langerhans , aswell as vacuolization and fatty degeneration of liver
cells in rhesus monkeys with induced diabetes [32].

Conclusion

This study concludes that adopting a healthy diet is a fundamental step in preventing
numerous diseases, such as diabetes, fatty liver disease, and cardiovascular conditions. Proteins are
considered low-glycemic nutrients that help maintain blood glucose levels; they are rich in essential
amino acids—building blocks the body cannot produce on its own and must obtain from dietary
sources such as white and red meat, eggs, dairy products, and whey. Similarly, fiber (including
spirulina) serves as both food and medicine; its high antioxidant content combats free radicals and
reduces oxidative stress and inflammatory markers, thereby mitigating the severity of diabetes.
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