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As a result of rising mortality rates due to cardiovascular diseases (CVDs), there has been a growing urgency to
find alternative approaches to conventional pharmaceutical treatment to prevent the onset of chronic diseases.
Arthrospira platensis, commonly known as Spirulina, is a blue-green cyanobacterium, classified as a “superfood”,
used worldwide as a nutraceutical food supplement due to its remarkable nutritional value, lack of toxicity, and
therapeutic effects. Many research studies have demonstrated that Spirulina has therapeutic functions such as

antioxidant, anti-inflammatory, hypolipidemic, antidiabetic, and brain-protective properties.

Spirulina supplementation diabetes blood glucose level antioxidant metformin

| 1. Introduction

Arthrospira platensis is a photosynthetic, microscopic filamentous blue-green microalga classified as a
cyanobacterium belonging to the Microcoleaceae family . A. maxima and A. platensis, commonly known as
“Spirulina”, are the two most studied species for their considerable nutritional and therapeutic properties. Spirulina
inhabits tropical regions, particularly alkaline lakes with a pH 11 and a high concentration of carbonate and
bicarbonate salts. Additionally, these algae can survive in extreme environments, such as the frozen lakes of
Antarctica [28], These microorganisms were first discovered in Lake Texcoco in Mexico. The Aztecs were among
the first to incorporate this microalga into their diet, particularly in the creation of a blue-green cake known as
“tecuitlatl”, as unearthed by the Spanish army during their conquest of Mexico M. Since ancient times, Spirulina
has been utilized for its beneficial characteristics. Today, Spirulina is still used in a wide range of applications. In
recent decades, it has garnered the classification of a “superfood” because of its copious protein content (60—70%
by dry weight) as well as its abundance of carbohydrates, essential fatty acids, vitamins, minerals, and pigments
like carotenes, chlorophyll a, and phycocyanin . Because of its impressive nutritional value, is widely utilized in
both the food and pharmaceutical fields. In the food industry, Spirulina is used as a nutraceutical food supplement,
added to foods such as baked goods, beverages, dairy products, sports supplements, and baby food €. On the
other hand, the pharmaceutical sector has produced tablets, dehydrated powders or encapsulated forms, which
are marketed as “nutraceuticals” (.

As a consequence of the considerable market demand for Spirulina products, S. platensis has been classified as
generally recognized as safe (GRAS) by the Food and Drug Administration (FDA) [, Many research studies have

demonstrated that Spirulina has therapeutic functions such as antioxidant, anti-inflammatory, hypolipidemic,
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antidiabetic, and brain-protective properties 91 Remarkably, the abundant presence of natural pigments
endows Spirulina with antioxidant potential, notably carotenoids and C-phycocyanin 1213l Several research
investigations indicated that -carotene, diadinoxanthin, diatoxanthin, and C-phycocyanin exhibited very high
scavenging activity 14181, Thanks to its antioxidant properties, this microalga is considered beneficial in preventing
cardiovascular diseases 2. Today, CVDs are the main cause of death globally 8. Therefore, drug therapies used
today to prevent certain predisposing disorders such as diabetes, hypertension, and dyslipidemia display many
benefits and, at the same time, some adverse effects. For this reason, the use of nutraceuticals, such as Spirulina,
has been shown promising results as a support therapy for the maintenance of cardiovascular health and the
reduction in cardiovascular risk 1228 This renewed focus on functional-food-based therapy is now seen as a new
strategy to achieve a healthy generation. In the 21st century, it is essential to follow the ideologies established by

Hippocrates (460-377 B.C.), who claimed “Let food be your medicine” 121,

In the last decade, there has been a gradual increase in individuals afflicted with type 2 diabetes 29, Diabetes
mellitus (DM) represents a complex disease marked by elevated glucose levels and an increased basal metabolic

rate because of a defect in insulin signaling.

In these conditions, hyperglycemia adversely affects the integrity of cellular membranes, leading to insulin

resistance in both the liver and peripheral tissues and producing reactive oxygen species (ROS) [21],

Moreover, type 2 diabetes accounts for approximately 90% of all diagnosed cases of diabetes and is considered a
risk factor for the development of CVDs, including myocardial infarction, peripheral vascular disease (PVD), heart
failure, stroke, retinopathy, and neuropathy, as a result of microvascular and macrovascular complications due to

hyperglycemia 22,

One of the proposed pharmacological approaches to treat hyperglycemia in diabetes is the utilization of metformin

(23], Generally, metformin has no impact on lipid profiles in subjects diagnosed with type 2 diabetes [24],

However, it is important to note that before considering the use of metformin, which can induce side effects of
similar to those of digestive disorders, such as diarrhea and nausea [22, there are preventive measures that can be
taken to avoid the development of diabetes. Pre-diabetes is a condition that occurs before the onset of diabetes,

where blood sugar levels are higher than the normal range but not high enough to be considered type 2 diabetes.

Although it is often not possible to avoid the onset of the disease, exercise and food supplements can delay or
improve the management of the disease because of improvements insulin sensitivity 28, Furthermore, the
bioactive ingredients contained in some food supplements, such as polyphenols, polysaccharides, and others, can

affect the modulation of glucose metabolism 2.

Considerable research has focused on studying natural compounds with antihyperglycemic properties, such as

Spirulina. Furthermore, unlike metformin, S. platensis not only reduces circulating glucose levels but can also
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influence lipoprotein metabolism, high levels of which are associated with diabetes. This would represent a

possible cardiovascular benefit in diabetic patients 28],

Spirulina has gained attention as a functional food due to its potential to lower blood glucose levels, control

cholesterol, and provide antioxidant benefits.

| 2. Clinical Studies

A recent randomized, double-blind, placebo-controlled study included 60 patients under usual treatment with
metformin for type 2 diabetes 29, The results suggest that 2 g of Spirulina platensis given as four capsules before
meals, in addition to metformin therapy, markedly improved glycemic parameters, including glycosylated
hemoglobin (HbAlc) (p < 0.001) and fasting blood glucose levels (FBS) (p < 0.001), compared to the placebo
group under metformin treatment only. Hence, the supplementation of 2 g/day of S. platensis for 3 months is
considered safe and free of side effects, making it an effective treatment option for the management of type 2
diabetes and its associated complications 291 |n line with this evidence, Alam et al. B39 evaluated that the
administration of 7 g twice daily of Spirulina powder in patients with no pharmacological treatment can reduce FBS
(p < 0.01) and postprandial glycemia (PPBS) similarly to the control group who received two capsules of 500 mg
metformin before meals for 45 days. The authors observed no statistically significant differences in HbA1C levels
induced by Spirulina treatment. As stated by the authors, this scenario could probably be due to the short duration
of treatment and the small sample size. Further studies are needed to evaluate its pharmacological effect and its
usefulness as a reliable alternative to classic antidiabetic agents 9. Sowjanya and colleagues B divided diabetic
patients into two groups. The first group (EG-1) was given 2 g of Spirulina contained in two snack bars (25 g each)
in the mid-morning and evening. The second group (EG-2) was given two Spirulina capsules in the morning and
evening, while the control group was given no supplementation. In both the EG-1 and EG-2 groups, their FBS,
PPBS and HbA1c levels were significantly more reduced from the baseline to the endpoint both in males (p < 0.01)
than in females (p < 0.05). In the EG-1 group, the reduction in FBS and PPBS levels was greater than in the EG-2
group, possibly due to the synergistic effects of other nutritional ingredients. In addition, the reduction in FBS and
PPBS in females is lower than that in males B, Another clinical study showed that 2 g/day of Spirulina capsules,
taken during lunch and dinner for 2 months, led to a reduction in FBS, PPBS, and HbAlc (p < 0.05) from the
baseline to the endpoint B2, A similar effect was induced by a dosage of 8 g of Spirulina administered daily for 3
months in tablet form to 50 patients with type 2 diabetes treated with their usual antidiabetic therapy, but the
reduction in HbAlc levels was not significant. It is possible that Spirulina can lower serum glucose levels in the
short term, but it may require a longer treatment period to affect hemoglobin A1C levels 23, The reduction in the

HbA1c level highlighted suggests an improvement in the regulation of long-term glucose management.

Moreover, in Cretan patients with non-alcoholic fatty liver disease (NAFLD), 6 g/day Spirulina (Greek production)
supplementation for six months led to a significant reduction in the HOMA-IR index, a measure representing an
enhancement in insulin sensitivity 4. The main characteristics at the baseline and after Spirulina supplementation

of the included studies are shown in Table 1.
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Table 1. Detailed characteristics of the included studies on diabetic patients.

Outcomes in Outcomes in

Patients’ Dose of AL Spirulina Control p-
References T Treatment . .
Cohort Spirulina (Weeks/Months) Group; Group; Value
(p-Value) (p-Value)
HbAlc HbA1lc
(mgl/dL) (mgl/dL)
Baseline 8.87 Baseline 8.47 0.65
+0.29 +0.21 '
End 7.44 + End 8.15 +
0.20 0.17 NA
.. Spirulina +
Karizi et al., . B B
2022 1291 Metformin 2 g/day 3 months p =0.001 p =0.016
group;
Placebo +
Metformin FBS (mg/dL) FBS (mg/dL)
group
Baseline Baseline
167.30 + 227.60 0.47
4.34 67.85
End 136.33+ End 165.47 NA
4.42 3.37
p =0.001 p =0.99
HbAlc HbAlc
(mgl/dL) (mgl/dL)
Baseline 9.73  Baseline 9.61
+1.92 +1.49 0.862
End 9.95 + End 9.15 +
2.11 2.03 0.303
p =0.525 p =0.459
FBS (mg/dL) FBS (mg/dL)
Alam et al Spirulina 225l 2 otslls
2016 120 ” prou ) 7 g/day 45 days 245.53 + 227.60 £ 0.525
group: 78.95 67.85
Placebo + End 204.87+ End191.80+  0.65
Metformin 78.15 78.91
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Outcomes in Outcomes in

Duration
Treatment
(Weeks/Months)

Dose of
Spirulina

Patients’
Cohort

Spirulina
Group;
(p-Value)

References

group
p =0.003

PPBS
(mgl/dL)

Baseline
345.73 +
98.33

End 303.67
96.16

NA

HbAlc
(mgl/dL)

Baseline
EG-1 M 9.19
+0.88;
W 8.88 +
0.70
EG-Il M 7.33
+ 0.54;
W 7.20 =
0.33

End
EG-IM7.11
+ 0.64;
W 7.64
0.48
EG-Il M 6.48
+ 0.36;
W 6.58 +
0.35

EG-IMp<
0.01;

W p<0.01
EG-IIMp <
0.01
W p<0.01

EG1 group; FBS (mgl/dL)

Control p-
Group; Value
(p-Value)

p =0.212

PPBS
(mgl/dL)

Baseline
329.60 + NA
72.92

End 282.80
99.90 NA

NA

HbAlc
(mgl/dL)

Baseline
M 8.00 +

1.05; NA
W 8.64 +

0.79

End
M 7.98 +

1.03; NA
W 8.62 +

0.74

M n.s; Wn.s

FBS (mgl/dL)
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. Outcomes in Outcomes in
Duration

Patients’ Dose of Spirulina Control p-
AU Cohort (Wgéﬁg}s;g::hs) Group; Group; Value
(p-Value) (p-Value)
Baseline
EG-IM
138.00 +
18.39; Baseline
Sowjanya et W 128.08 + M 146.10 £
al., 2022 [31 EG2 group 11.76 25.29; NA
EG-II M W 135.12 +
135.02 + 10.27
18.22;
W 132.33 £
10.89
End
EG-IM
122.21 +
14.48; End
W 111.00 = M 141.43 +
Control group 14.48 20.84;
EG-II M W 130.12 +
119.31 + 9.76
14.33;
W 123.12 +
9.81
EG-IMp <
0.01;
W p<0.01 .
EG-Il M p < Mn.s; Wn.s NA
0.01;
W p <0.05
PPBS PPBS
(mgldL) (mgldL)
Baseline
EG-IM
210.33 %
28.99; Baseline
W 212.12 + M 206.17 +
39.45 22.83; NA
EG-Il M W 179.24 +
197.45 + 17.82
23.31
W 190.03 £
14.86
End End NA
EG-IM M 202.37 =
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. , Duration
References ngﬁg:f SD(;leiZL Treatment
P (Weeks/Months)
Parikh et al., Spirulina
2001 132 group: 2 g/day 2 months

Control group

Outcomes in Outcomes in

Spirulina
Group;
(p-Value)
165.56 +
25.35;
W 175.58 +
32.11
EG-IIM
171.28 +
24.77
W 175.50 +
18.38

EG-IMp <
0.01;

W p<0.01
EG-IIMp <
0.01;

W p <0.05

HbAlc
(mgldL)

Baseline 9.0
+2.3

End 8.0+ 1.3
p <0.05
FBS (mgl/dL)

Baseline
161.7 + 48.6

End 142.4 +
27.4

NA

PPBS
(mgl/dL)

Baseline
264.9 6 65.2

End 248.8 6
68.9

NA

Control
Group;
(p-Value)
22.76;
W 172.09 +
15.49

M n.s; Wn.s

HbAlc
(mgldL)

Baseline 8.7
+15

End 8.7+ 1.3
n.s
FBS (mgl/dL)

Baseline
164.3 £59.4

End 165.1 +
44.3

NA

PPBS
(mgl/dL)

Baseline
215.26 67.3

End 212.3 6
57.6

NA

p-

Value

NA

NA

NA

NA

14, 86,

irulina)
imino-

2, 66, 1-

4. Vonshak, A. Spirulina Platensis Arthrospira: Physiology, Cell-Biology and Biotechnology; CRC

Press: Boca Raton, FL, USA, 1997.
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Duration Outcomes in Outcomes in re
References Patients Dqse _of Treatment Splrulm_a Controll p-
Cohort Spirulina Group; Group; Value
(Weeks/Months)
(p-Value) (p-Value)
een, Z.;
FBS (mgl/dL
(mgldL) 3. 69,
Beihaghi et Spirulina Baseline
al., 2017 22 group; 8 g/day 3 months 158.1 £+ 44.2 NA
Control grou End 127.8 +
S 36.7
NA
\NIUNuopIlA) JIVPUIYTTITIO AU VIVITIADO 111 UIT UTVTIVUMITITIIL Ul 1TATTUDL ULLWUITU ovaliviuo. DIOMed

Res. Int. 2014, 2014, 762705.

Abbreviations: HbAlc, glglcosylated hemoglobin; FBS, fastinl% blood glucose levels; PPBS, post-prandial blood
, (0)

9. Karkos, P.; Leong, S.; Karkos, C.; Sivaji, N.; Assima los, D. Spirulina in clinical practice: .
glucose; Es(’.%l, Experlr%ental group-1 v?ho recéailved Sﬁru /Ina sna%%tfl)ar; EG2, Experlmental roup-2 who received

Spi%\/i;gaegé:p%-u gg A?Hé?%oaﬁgﬁg?ﬁ%?ﬂﬁf Eg\;/rin Icare]atged Complement. Altern. Med. 2011, 2011, 531053.
10. Chei, S.; Oh, H.; Song, J. Spirulina maxima extract prevents activation of the NLRP3 in

qummggw@b%pmw@@qmgzﬁgh%rp@hgwn p:@eb_e Zopeffagive@ment for hyperglycemia; however, it is
necessary to increase the number of studies and the duration of the treatment to confirm its effect on the regulation

11?' I%en ., R.; Chow, T.J. H golipidemllc, antioxidant, and a}qtiinflar’gmator activities of mlcroalgeae

of HbAIT levels, indicative of long-term glucose manai;ement. These studies pave the way for future research on
S wupna. Cardioyasc. Ther. 2010, 28, e33—e45. L _

the uSe of nutraceuticals as an adjunct to basic therapy in managing diabetes mellitus.

12. Rao, A.V.; Rao, L.G. Carotenoids and human health. Pharmacol. Res. 2007, 55, 207-216.
lb.%rmnimalawdeumari, N.; Bhatt, A.N.; Nishad, D.K.; Purkayastha, J. C-Phycocyanin-a

novel protein from Spirulina platensis-In vivo toxicity, antioxidant and immunomodulatory studies.

S'"gﬁh{ﬁsfaﬁﬁ%lo'égieﬁﬁﬁf?%g‘?@k‘%ﬁgﬁ%@@m Spirulina has been conducted in animal models. Spirulina oral

supplementation in different concentrations (5, 10, and 15 mg/kg body weight) in streptozotocin-diabetic rats led to
M a20aeliee b SRR E - treatn dra RRRET pIBGHRMLDM And QSR Spi SRR dtions (p <
0.0} QlftrdoRer AR B dRe S BPMRIGLR 47 fRERIRECHI g2 HBAIERLHISIER SR Nh SRIEURR group,
whitATHHOBRIARINENSIS) SRS W EmERTS ddh RIGE To! rRahg RvRlkatian ahiRg §arsxIcdE and its
higP RERNEEHOM: RISROMURRIRRS HilhR S RSy nMAlgRpR 2018, 23, 1152.

15. Bhat, V.B.; Madyastha, K. C-phycocyanin: A potent peroxyl radical scavenger in vivo and in vitro.

Fur%rcﬁléef,nc_)rgli &Sim}glsﬁaégmc%rﬁmw‘nadbﬁl%d%gﬁgrat models, at 10, 20, and 30 mg/kg body weight

diluted in distillated water, resulted in a significant dose-dependent reduction in FBS compared to the diabetic
%n@&igﬁjuﬁ)@b Q@_cbl\{moginov, S. Global cardiovascular diseases death rate prediction. Curr. Probl.

Cardiol. 2023, 48, 101622.

TASHRlES3Y e G CRLRRSHES nutARBIRASIFRPE 3y bR BRI SRR U PRY RAKERBY FoFSRIBRSIESRT 2
are | GRRARSHRAAI. PR RPARIB & R5fednT BRJRIEIHOBG SYBRELT G3S HEREA: Pt SRy Ui AT oty U4

biop?§§§§_uspension (50 mg/kg body weight), phycocyanin (50 mg/kg body weight), phycocyanobilin (982 ug/kg
body weight), and phycopeptide (49 mg/kg body weight), respectively, showed a reduction in fasting blood glucose
%§v§|§%1 iQ tﬁ\e; I%HQANR E'-&'a}e%iélpﬁ\SWig'ﬁty\(ﬁsEﬁn\e@%isYXnXé, M&HB&F@H% tﬁescghfnﬁaiﬁ&r&ﬁg@ﬁ@ar%de
grot?‘ysﬁo% g‘b.@gy%p%%i%ﬁi,egvﬁr&dyﬁ%%lﬁcgf %F&&Q%pl@/éﬂ?et&'}ﬁbﬁ @BH&\@?&&%@&'@G%%’ Spirulina,

therapeutic outcomes. Bioengineered 2022, 13, 14681-14718.
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1ghyChaahimn aBd; dhycopepEie Kledary bhiipeadmBitinGheirenO vngaptseaniiqorospeadis af nephalement in
B callmacknrtigak Aoy, J. Adv. Pharm. Technol. Res. 2013, 4, 4.

20. Haddad, J.A.; Haddad, A.N. The past decade in type 2 diabetes and future challenges. Hormones
| 40Mechanism of Action

2hitdAghiin&imcKahishatiranasls Ahdialets, neRnR M HREIFMR O X IAALYERY SRR SRIOIE by
isIekE‘—@éﬁs Gr B'gﬂpﬁgea&‘éée 9&&&@1‘?6&91%906@ go‘%z‘rﬂpﬁéral tissues (33,

22. Hu, F.B. Globalization of diabetes: The role of diet, lifestyle, and genes. Diabetes Care 2011, 34,
Thelﬂféxﬂﬁ_-é%%sing impact of S. platensis occurs through a multitude of pathways, such as the adenylate

cyclase/cAMP or phosphatidylinositol pathway or through direct influence on membrane depolarization 28,
23. American Diabetes, A. Standards of Medical Care in Diabetes-2019 Abridged for Primary Care

Prob¥inyigarsctedimoRianian283% Béed loudd.to improve glucose entry into liver cells and promote glycogen
2 REipRY ,irﬂﬁf@?i%g_ﬂf /@Efiﬂgei@é_f]%obi.r%?emﬁgﬂ YA ANGSGIER) R HLIBRIRY 5ipds to lower
blo?rq&%(i?ﬁﬁl%\f?lﬁlﬁ%%'ﬂ%g\éfﬁé')%\lé{éfﬁ%{%%qg‘sterol and triglycerides in type 2 diabetes mellitus: A

systematic review. J. Intern. Med. 2004, 256, 1-14. _ S
Additionally, three peptides extracted from Spirulina platensis inhibit a-amylase, a-glucosidase, and dipeptidyl

25epnadbgfas NbPRakgeluniciarSeyaina, Shikyraduchyof RiviargifeohibestarenimRelaieesGasir QikurRbiAngkts in
treaBifpypectiankidssac. Physicians India 2020, 68, 36-38.

26. Sivaraman, S.; Weickert, M.O. Nutrition and exercise in the treatment of type 2,diabete?ﬁ1ellitus.
The high fiber content of Spirulina may hinder glucose absorption, leading to a glucose-lowering effect 4.
Hamdan Med. J. 2012, 5, 131-144.

2Rcaorging, R Hbragen Shil (Rlle@heasy*Y, Sphaling, dduid_havke Epoditseppleastinsliebetid tdsankeffemiyeerum
adipedie atehtefrdisiwa cB\RellirvelA HiglevevglsFoftadipcoedi 202 16amgnigknown to improve insulin
sensitivit)i,(while low levels of a pro-inflammatory cytokine TNF-a enhance glucose production in_the liver and the
. Ray, K.K.; Seshasal, S.R.; Wijesurlya, S.; Sivakumaran, R.: Nethercott, S.; Preiss, D.; Erqou, S.;
angy of insulin_to stimulate glucose uptaké in peripheral tissues. Furthermore, the antioxidant capacity caused by
Sattar, N. Effect of intensive control of glucose on cardiovascular outcomes and death in patients’
Spirufina supplementation has been shown to increase GSH levels and SOD and GPx activity. As a result, it

with diabetes mellitus: A meta-analysis of randomised controlled tI’I’TSle. Lancet 2009, 373, 1765—
pro'ie7ct752agalnst oxidative-stress-induced cell damage associated with diabetes =4

290 Reraith8rR helirveatimae e FanfiddinH (Bpazish b ot HIS: ; IS ldlibate i N piyaeereniB. Sdiehium-bound
physahyaspoerite. 0B astahschcyanBislamsreSknTander dbleih artiokidant entice d) duvbliididibiteseiduced
parcuentiolkedl daldagn, tribllecbrostss theueffidannoyafeyertitg actiaitsdroybniesitus & spirulina

platensis in patients with inadequately controlled type 2 diabetes mellitus. Phytother. Res. 2023,
As g7cqnseguencag of increased antioxidant enzymes, malondialdehyde (MDA) levels are decreased following

Spirulina supplementation 42,
30. Alam, A.; Ma, S.; Quamri, A.; Fatima, S.; Rogaiya, M.; Ahmad, Z. Efficacy of Spirulina (Tahlab) in

Ladiptiopisclt Bynei2, RiahelesidaliusLLpbeils SbakilaAiRanderaireddy antraliathd bl ubregulation
of Qﬁgﬁ%éw@t%mz%é%%uqﬁté- carboxylase (PC) and pro-apoptotic Bax and caspase-3 (CASP-3) gene
PSRRI dIRR G 5 IR S R P FRRU IO ERSE S RB I AT AN i frH SRR OIS SRBYASH el RES S R P
POSsERFOANTHERRARIEE FEARRHED RO BHLeaG dRepaPraS Tk Rh Seiappiotic MAPK pathways, consequently

leading to the attenuation of apoptotic pathways induced by diabetes 43I,
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