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Background. Some studies have shown that Spirulina has biological properties
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mg/dL, diabetic-Spirulina 200 mg/dL, and healthy control-Spirulina 200 mg/d. At
the end of the study (28 days), the blood samples were collected, and the fasting
blood glucose (FBG), triglycerides (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), malondialdehyde (MDA), and total antioxidant
capacity (TAC) were determined.

Results. Significant reductions (P<0.001) were found in serum level of FBG in
Metformin and Spirulina 100 mg/kg compared with diabetic control group. The
groups were different regarding the serum levels of HDL-C post-intervention.
ANOVA analysis also showed significant differences between the Spirulina 100
mg/kg or Metformin group and diabetic control group regarding the serum level of
MDA (P<0.05).

Conclusion. Spirulina at a dose of 100 mg/kg may have contributed to controlling
the fasting blood glucose and oxidative stress.

Practical Implications. Our study results suggested that Spirulina, as a promising
agent, at lower doses may have been considered as a functional food for the
management of diabetes mellitus.
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Extended Abstract

Background

Diabetes mellitus is characterized by either
insulin deficiency or impaired insulin function
leading to hyperglycemia and glucose intolerance.
Around 415 million people suffer from type 2
diabetes mellitus (T2DM) worldwide, and it is
estimated to rise to 700 million by 2045.

Diabetes  mellitus  causes altered lipid
metabolism, non-enzymatic glycation of proteins,
and changes in the basement membrane composition,
thereby playing an important role in the secondary
complications. Therefore, normalizing the serum
levels of blood glucose can delay or even retard the
progression of diabetes. Although many factors are
involved in the development and progression of
diabetes, today the role of oxidative stress and free
radicals in the pathogenesis of this disease has
received closer attention.

Therefore, dietary antioxidants have taken on an
added importance. Spirulina (arthrospira platensis) is
a microscopic and filamentous cyanobacterium
(blue-green algae) rich in protein (60-70%), vitamins
(vitamin B12, in particular), provitamin A (B-
carotene), C-phycocyanin minerals, essential fatty
acids including y-linolenic acid, phenolic acids, and
tocopherol which have biological properties and may
be beneficial for human health. Given the above
discussion, this study aimed to investigate the effects
of Spirulina on glycemic, lipid parameters, and
oxidative stress markers in rats with nicotinamide/
Streptozotocin-induced T2DM.

Methods

A total of 71 male Wistar rats weighing 200-250
g were housed in micro-filter-top cages. All
experimental  protocols were performed in
accordance with the Animal Care and Use
Committee for Animal Investigations, and the
experimental model was conducted in accordance
with the relevant ethical guidelines for animal
research. After the rats were fasted for a minimum of
12 hours, diabetes mellitus was induced by
intraperitoneal injection of a single dose of
streptozotocin (STZ) (Sigma-Aldrich-S0130) at 50

mg/kg followed by an injection of nicotinamide (NA)
(Sigma-Aldrich-PHR1033) at 100 mg/kg after 15
minutes. Blood samples were collected adopting tail
blood sampling, and serum levels of glucose were
measured using glucometer (Elegance). Animals
with a blood glucose value of >300 mg/dL were
considered to be diabetic and included in the study.

The animals were randomly divided into six
groups (n=14) as follows:

e Healthy control group: the non-diabetic control
group received distilled water in the form of a
gavage, and normal saline in the form of an
intraperitoneal injection;

e DC group: diabetic control group (DC) which was
treated with distilled water;

o DC-Metformin: diabetic-metformin (DC-
Metformin) which was treated with metformin
(Sigma-Aldrich, D150959) at 10 mg/kg body weight
(BW);

e DC-Spirulinal00: diabetic spirulina 100 (DC-
spirulinal00) which was treated with Spirulina at 100
mg/kg BW;

e DC-Spirulina200: diabetic spirulina 200 (DC-
spirulina200) which was treated with Spirulina at 200
mg/kg BW (GSE, PZN:04888643, Germany);

e C-Spirulina200: control spirulina which was
treated with Spirulina at 200 mg/kg.

The animals received oral gavage treatment for 28
days, starting 72 h after the injection of STZ-NA. All
rat groups continued to eat their usual diet while
receiving treatment. The rat diet consisted of corn,
oats, wheat, soy, Calcium Carbonate, as well as
required vitamins and minerals.

At the end of the 28" day of the study, blood
samples were taken from the rats after anesthesia,
and the serum was stored at-80°C. Analyses were
carried out at the laboratory of the Diabetes Research
Center, Health Research Institute, AJUMS. Serum
levels of triglyceride (TG), total cholesterol (TC),
and high-density lipoprotein cholesterol (HDL-C)
were determined using the enzymatic method (Pars
Azmun Co, lIran) through an auto-analyzer (BT
3000).
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Malondialdehyde (MDA) and total antioxidant
capacity (TAC) were measured using commercially
available kits (Zellbio GmbH, Deutschland) based on
colorimetric methods. The data were analyzed using
version 22 of the Statistical Package for Social
Sciences (SPSS Inc., Chicago, IL).

Results

The serum levels of FBG were significantly
higher in groups 2, 4, and 5 (817454.72,
395.5+48.87, and 618+71.72 mg/dL, respectively)
compared with those in rats from healthy control
group (105+21.51 mg/dL). The serum levels of
glucose in STZ-NA-induced rats with diabetes were
significantly decreased after a daily administration of
Spirulina for 28 days at 100 mg/kg BW compared
with the dose of 200 mg/kg BW (P<0.001). The
effect was similar to that observed in metformin
group (10 mg/kg BW). Unexpectedly, the rats in the
DC-Spirulina200 group exhibited higher FBG levels
compared to those in the DC-Spirulinal00 group and
the DC-Metformin group, with values of 141 +
618.72 and 188 + 5.87, respectively. A significant
reduction was observed in the TC level in groups
treated with Metformin or Spirulina compared with
the diabetic control group. According to our study
results, moreover, HDL was significantly increased
in the C-Spirulina 200 group compared with other
diabetic groups. No significant difference was
detected in the serum level of TG after a treatment

with Spirulina at both the doses of 100 and 200
mg/kg BW. The level of MDA was significantly
reduced in rats with diabetes after the administration
of high-dose of Spirulina (200 mg/dl) or metformin
compared with that in diabetic control group
(P<0.05). Furthermore, the level of TAC was
increased in the diabetic control group compared
with healthy control group (1.41+0.50, 0.89+0.51,
P=0.021), while no significant difference was found
between the rats treated with Spirulina and the rats
from diabetic control group (P>0.05).

Conclusion

It was concluded that Spirulina at the dose of 100
mg/kg BW may have exerted beneficial effects on
the serum glucose levels in a rat model NA-STZ-
induced T2DM. TC and HDL levels were improved
in diabetic and healthy rats, respectively, after four
weeks of Spirulina administration. Furthermore,
Spirulina at a dose of 100 mg/kg BW demonstrated
its antidiabetic effect by reducing the lipid
peroxidation product (MDA). However, no
significant differences were observed between the
control group and the groups supplemented with
Spirulina in terms of the serum levels of TAC. It was
also revealed that Spirulina, as a functional food, at
lower doses may have been considered as a
promising agent for the management of diabetes
mellitus.
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