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ARTICLE INFO ABSTRACT

Diabetes mellitus, a chronic metabolic disorder marked by persistent hyperglycemia, often
requires multifaceted therapeutic approaches. Although Arthrospira platensis exhibits
antihyperglycemic properties, its bioactive compounds have limited bioavailability. This study
synthesized selenium-functionalized A. platensis nanoparticles (Se-APNPs) using Na.SeOs and
evaluated their effects in diabetic mice. Arthrospira platensis powdered (raw material) (AP-P),
Se-APNPs (10% and 20% v/v), infused AP-P (10% v/v), and glibenclamide were tested following
diabetes induction via alloxan. The 10% Se-APNPs significantly lowered fasting glucose (84
. . L. mg/dL), outperforming glibenclamide, while infused AP-P showed superior wound healing
Copyright: © 2025 Patrisia et al. This is an open- g4 504) comparable to the drug (96.6%). Growth performance was optimal in the 10% Se-APNP
aCCrE}Ziisveartlél(?m?T:Zgébuf\?triléﬂgi?)rn thiict;:?es vavhfzﬁ group, but higher concentrations indicated potential testicular toxicity. These findings highlight
TS ' Se-APNPs as a promising approach for glycemic regulation and metabolic improvement, with
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in any medium, provided the original author and |nfu§eq AP-P e)_(c_elllng in wound repair. Dose optimization is crucial for maximizing efficacy and
minimizing toxicity.

Article history:

Received 27 September 2025
Revised 18 November 2025
Accepted 05 December 2025
Published online 01 January 2026

source are credited.

Keywords: Arthrospira platensis, Bioactive Compounds, Diabetes Mellitus, Selenium
Nanoparticles, Wound Healing.

Introduction

Diabetes mellitus (DM) is a condition characterized by
elevated blood glucose levels due to inadequate insulin secretion,
insulin action, or both. It has emerged as a global health burden,
contributing to approximately 5.1 million deaths annually.*?3 As of
October 2023, approximately 537 million people worldwide are living
with diabetes, while 316 million people are at high risk due to impaired
glucose tolerance, as reported by the International Diabetes Federation
(IDF). In 2019, roughly 463 million people aged 20 to 79 were affected,
and this number is projected to increase to 578 million by 2030 and rise
another one-third by 2040.4% The standard pharmacological therapy for
diabetes commonly involves glibenclamide, a sulfonylurea. However,
its long-term administration may cause side effects, including
gastrointestinal problems and central nervous system (CNS)
disruptions.® Arthrospira platensis (blue-green alga), a filamentous
cyanobacterium, contains proteins, polysaccharides, pigments,
vitamins, and other bioactive = compounds known  for
antihyperlipidemic, antioxidant, and antihypertensive effects.”8
Hatami, Ghalishourani® reported that A. platensis extract exhibits anti-
hyperglycemic activity by stimulating pancreatic f-cells’ insulin
production and reducing pancreatic lipase activity via glycolipid Hb2.
Antioxidant compounds, such as S-carotene and phycocyanin, promote
insulin secretion.°
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Arthrospira platensis additionally inhibits a-amylase, an enzyme
responsible for carbohydrate digestion, with an inhibition rate of 62%.*
Although this rate is lower than that of glibenclamide (73%), its
limitation may be attributed to the incomplete digestion and absorption
of bioactive compounds in raw form.!? Nanotechnology provides a
promising approach to enhance the therapeutic efficacy and
bioavailability by improving the in vivo performance of biomolecules
through nanoscale modification.*3

The biomedical application of A. platensis in nanoparticle-based
systems has been well documented, particularly in the synthesis of
silver nanoparticles (AgNPs).2* Although AgNPs derived from A.
platensis demonstrate therapeutic potential, their anti-hyperglycemic
benefits remain underexplored. Moreover, AgNPs may pose cytotoxic
risks due to nonspecific distribution.*® Therefore, the development of A.
platensis-based nanoparticles with improved biocompatibility, higher
bioavailability, and reduced toxicity is essential to ensure safety in anti-
hyperglycemic applications. Selenium nanoparticles exhibit potent
hypoglycemic effects'® and offer a balanced profile of efficacy and
toxicity, —demonstrating  vigorous biological activity, high
bioavailability, and low toxicity when formulated through
nanotechnology.'® As a result, the use of selenium-functionalized A.
platensis nanoparticles (Se-APNPs) as an anti-hyperglycemic agent
might present a promising therapeutic strategy.

This research aimed to synthesize Se-APNPs and to evaluate their
therapeutic potential in diabetic mice by assessing glycemic control,
wound healing, growth performance, and testicular health. The study
directly compared Se-APNPs with the A. platensis-powdered (AP-P)
and AP-P infusion to determine effectiveness in metabolic regulation
and wound repair. The findings highlight Se-APNPs as a dual-function
nanobiotechnological intervention for diabetes management,
emphasizing the importance of dose optimization to achieve therapeutic
benefits while preventing toxicity.
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Materials and Methods

Alga preparation

Arthrospira platensis was cultured in 500 mL culture jars containing
100 mL of seawater, maintained at 27+2°C under continuous
illumination for approximately 15 hours daily at 3,000 lux. The culture
volume was gradually increased by adding seawater as the growth
medium.'” Biomass powdering followed the procedure of Gheda, Abo-
Shady?8, in which A. platensis biomass was centrifuged at 5000 rpm for
15 minutes and rinsed with sterile distilled water during the second
centrifugation cycle. The biomass was then dried in a 50°C oven for
three days before being made into AP-P using a manual mortar and
pestle.

Gas Chromatography-Mass Spectrometry (GC-MS) analysis and
preparation of AP-P infusion

GC-MS analysis was performed using a 7890B GC system coupled with
a 5977A mass spectrometer and equipped with a DB-5MS column (30
m x 0.25 mm x 0.25 pm). An ionization energy of 75 eV was used for
compound fragmentation, and mass spectra were analyzed using flame
ionization detection.® For infusion preparation, 10 g of AP-P was
mixed with 100 mL of distilled water and heated to 90°C for 15 minutes
with periodic stirring. The warm mixture was filtered through flannel
cloth to obtain 100 mL of AP-P infusion.?

Synthesis of Arthrospira platensis nanoparticles with Na2SeOs (Se-
APNPs)

A 10 mM sodium selenite (Na2SeOs) solution was incorporated into AP
at 10% and 20% (w/v). The mixture was incubated at room temperature
under constant light and agitation. A visible colour change in the
suspension indicated nanoparticle formation. The samples were then
homogenized for 20 minutes at 15,000 rpm and freeze-dried to obtain
Se-APNP powder.?!

Liquid Chromatography-High-Resolution Mass Spectrometry (LC-
HRMS) of Se-APNPs

The LC-HRMS analysis was performed using a Thermo Scientific
Dionex Ultimate 3000 RSLCnano UHPLC system and a Thermo
Scientific Q Exactive High-Resolution Mass Spectrometer.
Approximately 0.1 mg of the sample was diluted in ethanol, vortex-
mixed, and filtered through a 0.2 pm filter. A 5 pL aliquot of the filtrate
was then injected for analysis.?

Scanning Electron Microscopy (SEM) analysis of Se-APNPs

Scanning electron microscopy (SEM) analysis was performed using a
TESCAN MIRA instrument at accelerating voltages ranging from 0 to
15 kV. Before measurement, samples were filtered and dried.
Micrographs were captured at magnifications of 50 k and 100 k to
examine nanoparticle morphology and size distribution.?*

Preparation for test animals

Thirty-five male white mice (20 g to 30 g) aged 3 to 4 months were
obtained from the Animal Research Facility of the University of
Muhammadiyah Malang, Indonesia. They were acclimatized to the
laboratory environment for 7 days under controlled housing conditions
(22 to 25 °C, 50 to 60% humidity, and a 12-h light/dark cycle) with easy
access to standard feed and drinking water ad libitum.?® Prior to
treatment, all mice were fasted for 18 hours and weighed to determine
the precise alloxan dosage; initial (baseline) blood samples were also
collected via the lateral tail vein.® Diabetes was induced by
administering alloxan monohydrate (150 mg/kg Body Weight) as a
single intraperitoneal (IP) injection. Successful diabetes induction was
confirmed 72 hours post-induction by measuring fasting blood glucose
(FBG) from the lateral tail vein using a glucometer. Only mice
exhibiting an FBG level were selected for inclusion in the subsequent
treatment phase.?

Ethical approval
This  research received ethical clearance (approval No.
E.5.a/214/KEPKUMM/VI11/2024; issued on 31/7/2024) from the
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Animal Care and Use Committee, Faculty of Medicine, University of
Muhammadiyah Malang, East Java, Indonesia.

Experimental design

The laboratory-based experiment was carried out at the Pharmacology
Laboratory, Faculty of Health Sciences, Universitas Muhammadiyah
Malang, from May to July 2024. Data collection was performed through
face-to-face sessions, while adhering to strict health protocols. A
completely randomized design comprising six treatment groups with
four replications each was applied as follows.523252

Group Normal mice without intervention were fed with
0: standard feed.
Group Diabetic mice were administered glibenclamide (0.6

1: mg/kg body weight).
group Diabetic mice were administered AP-P (10% v/v).
Group Diabetic mice were administered AP-P infusion
3: (10% v/v).
Group  Diabetic mice were administered Se-APNPs (10%
4: v/v).

Diabetic mice were administered Se-APNPs (20%
Group Vi)
5: ’

Parameter analysis

Blood samples were collected from the tail vein at 0, 1, 2, 3, 6, 12, and
24 hours. Glucose levels were measured using the Fine test glucometer.
All treatments were administered over 15 days, during which fasting
blood glucose was measured on days 0, 3, 7, 11, and 15.25 Body weight
was recorded at the start and end of the experiment using an analytical
balance. Growth performance was evaluated based on changes in body
weight.?” Relative testis weight was calculated by dividing testis weight
(g) by body weight (g) and multiplying by 100.2 For wound-healing
assessment, a full-thickness square wound (0.5 cm x 0.5 cm) was
created on the thoracolumbar region after shaving and disinfecting the
skin. Wound contraction percentages were calculated on days 1, 3, and
7 using Equation (1).2°

% wound contraction = (Wound area at day 0 — Wound area at day n) x
100%

Wound area at day 0 1)

Statistical Analysis

A one-way Analysis of Variance (ANOVA) was utilised to examine the
experimental results. At the same time, multiple comparisons were
performed using the Duncan test to identify significant differences in
treatment effects on Statistic 26. The results are presented as mean *
standard deviation (SD), which shows notable differences between
groups at each time point (p < 0.05).

Results and Discussion

Scanning Electron Microscopy (SEM) Image of Se-APNPs

SEM observations revealed that the Se-APNPs exhibited heterogeneous
particle sizes ranging from 40 to 500 nm (

Figure 1). The predominantly spherical morphology suggests successful
selenium functionalization, which may enhance the particles’
bioavailability and interaction with biological systems. The polydisperse
size distribution indicates a non-uniform nucleation and growth pattern
during synthesis. These findings are consistent with previous studies that
have used SEM to confirm nanoparticle formation and characterize the
surface morphology of biosynthesized selenium nanoparticles. 31323
Although SEM provides valuable morphological information, it is limited
in accurately determining nanoparticle size distributions in colloidal
systems.* This study, therefore, considers SEM as supportive evidence of
nanoparticle formation. To obtain a more comprehensive characterization,
future research should integrate additional analytical techniques such as
dynamic light scattering (DLS) or transmission electron microscopy
(TEM). The observed structural integrity and dispersion of Se-APNPs
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further support their potential to improve bioavailability and therapeutic
efficacy in managing metabolic disorders, including diabetes.

Figure 1: SEM micrograph illustrating the surface morphology
and size distribution of Se-APNPs. The nanoparticles appear
predominantly spherical with a heterogeneous size range
between approximately 40 nm and 500 nm, confirming
successful nanoparticle formation

GC-MS Analysis and Metabolite Identification of AP-P

The total ion chromatogram presents a detailed chemical profile of A.
platensis, reflecting the retention times and relative abundance of its
constituents (Figure 2). The dominant peak within 30 minutes indicates the
presence of a major bioactive compound at high concentration. GC-MS
analysis identified a broad spectrum of metabolites, including terpenoids,
fatty acids, hydrocarbons, and oxygenated derivatives, many of which are
associated with anti-diabetic activity (Table 1). These metabolites
contribute to glucose homeostasis through multiple mechanisms, such as
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enhancing insulin sensitivity and reducing oxidative stress, which are key
drivers of hyperglycemia. Fatty acids and their derivatives modulate
insulin signaling and lipid metabolism, while oxidative stress-mitigating
compounds help prevent g-cell damage.**3> Notably, the high levels of
heptadecane (62.79%) suggest that this strain of A. platensis may serve as
a valuable source of metabolic regulators.®6%" Phytol (10.22%) and
neophytadiene (11.11%) are also noteworthy for their glucose-regulating
and lipid-lowering properties.®®3%4° The presence of hexadecanoic acid
esters supports their potential as natural a-amylase and a-glucosidase
inhibitors, analogous to the mechanism of acarbose.**“? Collectively, these
findings reinforce the role of AP-P as a promising candidate for diabetes
management.

LCHRMS Analysis and Metabolite Identification of Se-APNPs

LCHRMS metabolomic profiling revealed that Se-APNPs contains
diverse bioactive compounds associated with metabolic regulation,
antioxidant defense, and anti-hyperglycemic potential (Figure 3). The
identified metabolites include amino acids, bioactive molecules, and
lipid-based constituents ( Selenium nanoparticles are known to reduce
oxidative stress and enhance insulin receptor sensitivity, thereby
attenuating hyperglycemia-induced tissue damage.***#). Selenium
nanoparticles are known to reduce oxidative stress and enhance insulin
receptor sensitivity, thereby attenuating hyperglycemia-induced tissue
damage.®** Among the amino acids detected, L-valine, L-
phenylalanine, L-histidine, and L-glutamic acid are involved in insulin
secretion, p-cells protection, neurotransmission, and glucose
utilization.*5464748 The presence of D- and L-proline suggests potential
involvement in collagen synthesis and cellular adaptation.*%°
Additionally, acetophenone and nicotinic acid derivatives in Se-APNPs
are associated with enhanced glucose uptake and lipid metabolism. 5152
Choline and stearamide further contribute to improving insulin
sensitivity and lipid regulation.5*% Finally, the presence of TEMPO
(2,2,6,6-tetramethyl-1-piperidinyl) ~ highlights ~ an  antioxidant
component that may counteract oxidative stress.>® Although selenium
was not detected throughout the whole analysis, its functionalization of
the nanoparticles plausibly improves bioactivity.
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]
B
%
5 ‘ 1F1 [ ,ﬁ/
— f [ LI T . W in
T T P TR T ™ A [ T (A T TR

Figure 2: Total lon Chromatogram (TIC) of A. platensis Raw Material Analyzed by GC-MS
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Table 1: Identified Compounds in RMAP by GC-MS Analysis

Retention Time Molecular Molecular Relative Area
No. Compound Name
(min) Formula Weight (g/mol) (%)

1 11.35 Cyclohexanol, 2,4-dimethyl- CsHic0 128 0.76
3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-

2 21.53 Ci13H200 192 0.88
yb-

3 21.79 Dodecane, 2,6,11-trimethyl- CisHs 212 0.89
2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-

4 22.76 ) CuHi602 180 1.70
trimethyl-

5 24.16 Hexadecane CicHsa 226 1.41

6 26.42 Heptadecane Ci7Hs6 240 62.79

7 29.25 1-Hexadecanol, 2-methyl- Ci17H360 256 0.84

8 29.39 Neophytadiene Ca0Hss 278 11.11

9 29.51 2-Hexadecene, 3,7,11,15-tetramethyl- C20Hao 280 1.80

10 29.90 Neophytadiene Ca0Hss 278 1.73

11 30.25 3,7,11,15-Tetramethyl-2-hexadecen- 1 -ol C20H400 296 2.95

12 32.49 Hexadecanoic acid, ethyl ester CisH3602 284 1.00

13 3491 Phytol C20H400 296 10.22
Hexadecanoic acid, 1-(hydroxymethyl)-1,2-

14 37.20 C35HesOs 568 0.77
ethanediyl ester
Hexadecanoic acid, 1-(hydroxymethyl)-1,2-

15 37.93 C35HesOs 568 1.15
ethanediyl ester

55

Figure 3: Metabolite Profile of Se-APNPs Identified by LCHRMS

Functionalization improves the targeted delivery of these metabolites,
strengthening their therapeutic potential against metabolic disorders,
especially diabetes mellitus. Future studies should include in vivo
validation, pharmacokinetic assessment, and mechanistic analysis to
clarify their disease-modulating actions.

Blood sugar level analysis

Over the 15-day monitoring period, blood glucose profiles showed
significant differences (p < 0.05) among the treatment groups (Figure
4). The negative control group showed no significant reduction in
glucose levels, confirming sustained hyperglycemia. In contrast,

glibenclamide administration produced a transient decrease that peaked
on day 3, followed by irregular fluctuations, indicating unstable
glycemic control. Both AP-P and its infusion demonstrated measurable
antihyperglycemic effects, significantly reducing glucose to 96 mg/dL
and 104.5 mg/dL, respectively, indicating its potential role in glycemic
control. The most significant decrease was observed in the groups that
received Se-APNPs treatment. The 10% nanoparticle formulation
(Group 4) decreased glucose considerably from 200.5 mg/dL to 84
mg/dL, whereas one of the 20% formulations (Group 5) reduced it from
195 mg/dL to 93 mg/dL. Based on those findings, nanoparticle
formulations showed superior efficacy compared with the raw and
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infusion forms, likely due to enhanced bioavailability and selenium
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synergy.
Table 2: Metabolite Profile of Se-APNPs Identified by LCHRMS
mzCloud

No Compound Name Molecular Formula Calculated MW RT (min) Area (Max.) Best Match

o
1 L-Norleucine CsHi3NO2 131.09415 1.087 5.43E+09 ;g);
2 Acetophenone CsHsO 120.05694 1.053 4.24E+09 81.7
3 L-Phenylalanine CoHi1iNO2 165.07825 1.148 7.77E+08 99.6
4 L-Valine CsHiuNO2 117.07869 0.975 5.65E+08 99.7
5 L-Phenylalanine CoHi1iNO2 165.07825 0.959 5.27E+08 99.5
6 D-Leucineamide CsH14N20 130.11007 1.03 4.59E+08 96.9
7 L-Norleucine CsH13NO2 131.09415 1.574 4.45E+08 99.8
8 Choline CsHisNO 103.09921 1.15 3.96E+08 94
9 Prolinamide CsHioN2O 114.07887 1.051 3.78E+08 95.2
10 D-(+)-Proline CsHoNO2 115.06289 1.109 3.51E+08 99.5
11 D-(-)-Proline CsHoNO2 115.06295 1.163 3.47E+08 99.2
12 DL-Alanine CsH7NO2 89.04758 0.98 2.93E+08 72.3
13 L-Phenylalanine CoH1INO2 165.07825 1.985 2.31E+08 99.6
14 Histamine CsHoN; 111.07945 1.11 2.25E+08 98.7
15 Hypoxanthine CsHaN4O 136.03789 0.902 1.51E+08 99.8
16 L-Phenylalanine CoH11NO2 165.07825 1.629 1.42E+08 99.6
17 L-Pyroglutamic Acid CsH7NO:s 129.04207 0.852 1.58E+08 99.5
18 L-Histidine CsHoN302 155.06874 1.114 9.59E+07 98.5
19 Uracil CsH4N202 112.02698 0.849 8.25E+07 99.5
20 Acetophenone CsHsO 120.05694 1.583 8.05E+07 81.2
21 Dibenzylamine CisHisN 197.11951 1.077 4.50E+07 86.9
22 Dibenzylamine CisHisN 197.11951 7.334 4.12E+07 99.3
23 L-Pyroglutamic Acid CsH7NO:s 129.04207 1.13 3.54E+07 67
24 2,5-Dimethylpyrazine CsHsN2 108.06842 1.061 3.36E+07 78.2
25 226.6-Teamethyl-1- L NO 157.14615 11.792 2.95E+07 89

piperidinol (TEMPO)
26 L-Glutamic Acid CsHoNO4 147.05258 0.964 2.88E+07 99.5
27 Bis(d- C24H3006 414.20232 14.701 2.80E+07 99.5
ethylbenzylidene)sorbitol

28 N-Acetyltyramine CioHi13NO2 179.09387 0.855 2.76E+07 95.8
29 L-Glutamic Acid CsHoNO4 147.05258 1.163 2.66E+07 77.8
30 DL-Tryptophan CiiH12N202 204.08913 1.131 2.55E+07 90.1
31 DL-Tryptophan CuHi2N20: 204.08913 0.978 2.30E+07 98.8
32 Stearamide CisH37NO 283.26389 24213 2.27E+07 97.9
33 Thymine CsHeN20O2 126.04252 0.852 2.24E+07 95.7
34 Dodecylamine Ci2HN 185.21358 14.849 2.20E+07 84.3
35 N-Acetyl-L-leucine CsHisNOs 173.10451 0.858 2.17E+07 90.7
36 Choline CsHisNO 103.09947 26.385 1.46E+07 95.7
37 Nicotinic Acid 1-Oxide CsHsNO:s 139.02632 0.854 1.36E+07 98.8
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The 20% Se-APNPs exhibited the most substantial hypoglycemic
effect, outperforming glibenclamide and other A. platensis forms. Their
sustained glucose-lowering action highlights their promise as an
alternative therapy for diabetes. Previous studies have shown that A.
platensis reduced blood glucose by improving insulin sensitivity, which
is consistent with the glucose reductions observed in Groups 2 and 3 of
this study.%% However, Se-APNPs (Groups 4 and 5) produced even
greater hypoglycemic effects, in line with Karas, Alexeree®, who noted
enhanced antidiabetic bioactivity in selenium-enriched compounds.
Moreover, Ebokaiwe, Okori® and Lin, Suzuki® demonstrated that
selenium nanoparticles (SeNPs) improved glucose metabolism by
reducing oxidative stress and promoting insulin secretion. These reports
align with the present observation that Se-APNP significantly reduced
glucose levels (84 mg/dL and 93 mg/dL), surpassing the effect of
standard therapies. A dose-dependent response similar to this study was
also reported by Wang, Wang®, who observed stronger hypoglycemic
effects at higher SeNP concentrations. Overall, this study suggests that
Se-APNPs function as a more potent antidiabetic agent than either
SeNPs or A. platensis alone, owing to synergistic interactions between
selenium and A. platensis bioactive compounds. Compared with
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Figure 4: Average blood glucose levels of diabetic mice treated with A. platensis formulations and Se-APNPs over 15 days. Different
letters (a—d) denote significant differences (p < 0.05, one-way ANOVA + Duncan test).

Helative testes welght (as %) to

glibenclamide, Se-APNPs provided superior glucose control with a
lower risk of hypoglycemia. Consistent with Sen, Balaraman®, who
emphasized the safety of natural antioxidant-based therapies, Se-
APNPs represent a promising next-generation antidiabetic candidate
warranting further investigation for long-term efficacy and mechanistic
pathways.

Testis index changes in mice

Arthrospira  platensis,  Se-functionalized  nanoparticles, and
glibenclamide exerted differential testicular health (p <0.05) in diabetic
mice (Figure 5). The diabetic control group exhibited marked testicular
atrophy, whereas glibenclamide (0.39 g) offered the most significant
protection. Raw (0.22 g) and infused (0.23 g) A. platensis moderately
restored testis weight. Meanwhile, Se-APNPs demonstrated a dose-
dependent pattern: the 10% formulation (0.18 g) yielded mild benefits,
whereas the 20% formulation (0.16 g) reduced testis weight, suggesting
potential toxicity at higher concentrations. These findings were
consistent with relative testis index values, further emphasizing the
importance of optimizing selenium dosage
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Figure 5: Effect of various A. platensis formulas and/or Glibenclamide on the absolute weight of testes (left) and the comparative
weight of testes of control (right) and induced diabetic mice. p < 0.05 is considered significant.
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Previous studies have established that diabetes impairs testicular
function primarily through oxidative stress and metabolic
dysfunction.®54 The protective effects of A. platensis supplementation
are attributed to its antioxidant compounds, which mitigate diabetes-
induced reproductive damage.®% Selenium nanoparticle—based
therapies align with existing evidence demonstrating that selenium
enhances testicular function at moderate doses but may provoke
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oxidative damage and toxicity when administered excessively.6”%
Therefore, selenium dosing must be carefully calibrated to maximize
therapeutic benefit and minimize reproductive toxicity in diabetic
management.

Would healing

The dataset evaluates wound-healing progression over 1, 3, and 7 days
across different treatment groups (Table 3). Glibenclamide (G1) and
Infused AP-P 10% (G3) demonstrated the highest wound-healing
efficacy, achieving healing rates of 96.60% and 94.52%, respectively,
by Day 7 (p < 0.05; Figure 6).

Table 3: Effect of various treatments on wound healing progression over 7 days.

Treatment Day 1

Group 0

Group 1
(Glibenclamide)

Group 2 (AP-P 10%)

Group 3 (AP-P infusion
10%)

Group 4 (Se-APNPs
10%)

Day 7

6020
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Group 5 (Se-APNPs
20%)
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Values represent the percentage of wound contraction measured on Days 1, 3, and 7. Wound areas were recorded using standardized digital imaging, and
the percentage of healing was calculated using formula (1). Data are presented as mean values from four replicates per treatment group.
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Figure 6: Wound healing percentage in diabetic mice treated with A. platensis formulations and Se-APNPs over a 15-day period.
Different letters (a—d) denote significant differences (p < 0.05, one-way ANOVA + Duncan test).

These findings indicate that both treatments effectively accelerated
tissue repair. Their efficacy might result from stimulation of collagen
synthesis and granulation tissue formation, driven by proliferative and
anti-inflammatory mechanisms.®®"® The bioactive constituents of
infused AP-P, such as neophytadiene, phytol, and TSC (Table 1),
further contribute to healing by enhancing fibroblast proliferation,
antioxidant defense, and inflammatory modulation.”>"273 In contrast,
AP-P 10% (G2) showed moderate healing throughout the observation
period, whereas the untreated control group (GO0) consistently had a
lower closure rate, confirming the need for therapeutic intervention.
This result proved that the extraction process during infusion likely
increases the availability of active compounds, explaining why infused
AP-P (G3) outperformed raw AP-P (G2). Previous studies support this
assumption, as red algae extracts have been shown to enhance epithelial
regeneration and collagen deposition in both in vitro and in vivo wound
models.”"7® Surprisingly, the Se-APNPs (G4 and G5) showed the
slowest and least complete healing responses. The wound-healing
process appeared to be dose-dependent, indicating that an optimal
selenium level is required to achieve compatibility and therapeutic
efficacy. Although Day 7 healing rates were lower in G4 and G5,
previous literature shows that selenium nanoparticles can enhance
antioxidant defense, keratinocyte migration, and neovascularization
when appropriately formulated.””"87 Without optimization, however,
their regenerative capacity might not be fully realized. Factors such as
nanoparticle concentration, particle size, and delivery method likely
need refinement to maximize the therapeutic potential of Se-APNPs in
wound-healing applications. Overall, these findings highlight that AP-
P infusion provides the most balanced combination of efficacy and

safety, while Se-APNPs require formulation optimization to fully
harness their wound-repair potential.

Growth rate analysis

The growth rate data revealed apparent differences (p < 0.05) in body
weight progression among treatment groups over the 15-day period
(Figure 7). The negative control group (Group 0) exhibited minimal
growth change, increasing only from 20.00 g to 21.33 g, confirming that
untreated diabetic mice were unable to achieve normal growth. The
glibenclamide group (G1) displayed a rapid increase in body weight,
peaking at 25.00 g on Day 7, but subsequently declined to 23.00 g,
suggesting temporary metabolic recovery followed by instability.
Among the A. platensis-treated groups, Group 2 (AP-P 10%) showed a
steady increase in body weight, reaching 26.00 g, indicating sustained
metabolic improvement. In contrast, infused AP-P 10% (G3) triggered
a sharp early rise to 27.50 g on Day 3, followed by a decline to 22.50 g,
implying a strong short-term effect but limited long-term metabolic
stability or reduced efficiency once antioxidant compounds were
metabolized. The most favorable growth performance was recorded in
the Se-APNPs 10% (G4), which demonstrated continuous weight gain
from 20.50 g to 30.00 g. This pattern reflects enhanced metabolic
activity, nutrient utilization, and overall physiological recovery.
Conversely, Se-APNPs 20% (G5) produced negligible growth (20.50 g
to 21.00 g), indicating that excessive selenium exposure may impair
metabolism or suppress growth.

6021

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, December 2025; 9(12): 6014 — 6025

m G: Control
@ G3: AP-P infusion 10%
35.00
30.00
25,00 :
- aaaﬂaaaabba ab
£ 20.00 L1
.
s
£ 15.00
F
]
10.00
5.00
0,04
Day 0 Day 3

Selenium nanoparticles (SeNPs) have been shown to improve
mitochondrial efficiency and glucose metabolism,**# although dose-
dependent responses have been reported, where high selenium
concentrations induce oxidative stress rather than provide additional
benefit.®* The temporary weight gain seen in the glibenclamide group
(G1) aligns with earlier evidence describing transient glibenclamide-
induced weight gain resulting from altered insulin dynamics and
compensatory metabolism.88 Overall, Group 4 (Se-APNPs 10%)
demonstrated the most effective growth performance, likely due to
optimal selenium bioavailability and metabolic support. The reduced
performance of Group 5 (Se-APNPs 20%) highlights a threshold effect
in selenium dosage, while raw and infused A. platensis (G2 and G3)
provided beneficial but inconsistent outcomes. These results reinforce
the potential of selenium-functionalized nanoparticle supplementation
as a sustainable alternative for improving metabolic health in diabetes.

Conclusion

Diabetic mice displayed complementary yet distinct therapeutic
responses to raw A. platensis biomass and selenium-functionalized
nanoparticles (Se-APNPs). The 10% Se-APNP formulation exhibited
the most pronounced antihyperglycemic response, reducing fasting
blood glucose to 84 mg/dL and outperforming the standard antidiabetic
drug glibenclamide. Raw AP-P or AP-P infusion showed a wound-
healing efficiency of 94.5%, comparable to that of glibenclamide
(96.6%). The 10% Se-APNP group also performed, showing improved
growth. However, at higher concentrations (20%), the efficacy was
reduced, and potential testicular toxicity occurred. Overall, A. platensis
can be formulated for diabetes management, where SeAPNPs regulate
the glycemic and metabolic activities, while the infused AP-P serves as
an alternative approach in wound healing. Optimal doses should be
determined to ensure therapeutic safety and efficacy. Further studies
should assess the chronic toxicity of Se-APNPs and clarify their
molecular mechanisms. Combined pharmacokinetic, histopathological,
and clinical analyses will enhance understanding and support their
translation into sustainable nanobiotechnological therapies for diabetes
and metabolic diseases.

Conflict of interest

The authors declare no conflicts of interest.

oGl: Glibenclamide
m G4 Se-APNPs 10%

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

mG2: AP-P 10%
B G5: Se-APNPs 20%

Day 7

Day 11 Day 15

Observation

Figure 7: Body weight changes of diabetic mice treated with A. platensis formulations and Se-APNPs over 15 days. Different letters
(a—d) denote significant differences (p < 0.05, one-way ANOVA + Duncan test).

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgements

This research was sponsored by the Ministry of Education, Culture,
Research, and Technology of the Republic of Indonesia for the financial
support provided through the Program Kreativitas Mahasiswa (PKM)
under Contract Number 2546/E2/DT.01.00/2024.

References

1. Cam ME, Yildiz S, Ertas B, Acar AE, Taskin T, Kabasakal L.
Antidiabetic effects of Salvia triloba and Thymus praecox
subsp. skorpilii var. skorpilii in a rat model of
streptozotocin/nicotinamide-induced diabetes. MARMARA

Pharm J. 2017; 21(4):818-827.

2. Hossain MJ, Al-Mamun M, Islam MR. Diabetes mellitus, the
fastest growing global public health concern: Early detection
should be focused. Health Sci Rep. 2024; 7(3):e2004.

3. Henik Tri R, Zaqqi U, Anis Ika Nur R, Fagih R, Siwi Sri W.
The life diabetes conversation map improves control of
diabetes among the elderly: challenges and modifications for
the Indonesian community - An integrative review. KnE Med.
2023; 3(3):185-193.

4, Verma AK, Goyal Y, Bhatt D, Dev K, Alsahli MA, Rahmani
AH, Almatroudi A. A compendium of perspectives on diabetes:
a challenge for sustainable health in the modern era. Diabetes
Metab Syndr Obes. 2021; 14:2775-2787.

5. Udeh NE, Nnadi CO, Anaga AO, Asuzu IU. Bioactivity-guided
fractionation of a methanol leaf extract from Gnetum africanum
with potential anti-diabetic activity:(-)-Epicatechin as the
active principle. J. Res Pharm. 2021; 25:72-79.

6. Cam ME, Crabbe-Mann M, Alenezi H, Hazar-Yavuz AN, Ertas
B, Ekentok C, Ozcan GS, Topal F, Guler E, Yazir Y, Parhizkar
M, Edirisinghe M. The comparision of glybenclamide and
metformin-loaded bacterial cellulose/gelatin  nanofibres
produced by a portable electrohydrodynamic gun for diabetic
wound healing. Eur Polym J. 2020; 134:109844-109855.

6022

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Trop J Nat Prod Res, December 2025; 9(12): 6014 — 6025

Wu H, Li T, Lv J, Chen Z, Wu J, Wang N, Wu H, Xiang W.
Growth and biochemical composition characteristics of
Arthrospira platensis induced by simultaneous nitrogen
deficiency and seawater-supplemented medium in an outdoor
raceway pond in winter. Foods. 2021; 10(12):294-308.

Otero C, Verdasco-Martin CM.  Preparation and
characterization of a multicomponent Arthrospira platensis
biomass hydrolysate with superior anti-hypertensive, Anti-
hyperlipidemic, and antioxidant activities via selective
proteolysis. Mar Drugs. 2023; 21(4):255-275.

Hatami E, Ghalishourani S-S, Najafgholizadeh A,
Pourmasoumi M, Hadi A, Clark CCT, Assaroudi M, Salehi-
sahlabadi A, Joukar F, Mansour-Ghanaei F. The effect of
spirulina on type 2 diabetes: a systematic review and meta-
analysis. J. Diabetes Metab Disord. 2021; 20(1):883-892.
Bitam A, Aissaoui O. Chapter 32 - Spirulina platensis,
oxidative stress, and diabetes. In: Preedy VR, editor. Diabetes
(Second Edition). Algeria: Academic Press; 2020. p. 325-331.
Hu S, Fan X, Qi P, Zhang X. Identification of anti-diabetes
peptides from Spirulina platensis. J. Funct Foods. 2019;
56:333-341.

Wells ML, Potin P, Craigie JS, Raven JA, Merchant SS,
Helliwell KE, Smith AG, Camire ME, Brawley SH. Algae as
nutritional and functional food sources: revisiting our
understanding. J. Appl Phycol. 2017; 29(2):949-982.

Deng W, Wang H, Wu B, Zhang X. Selenium-layered
nanoparticles serving for oral delivery of phytomedicines with
hypoglycemic activity to synergistically potentiate the
antidiabetic effect. Acta Pharm Sin B. 2019; 9(1):74-86.

Rudi L, Zinicovscaia I, Cepoi L, Chiriac T, Peshkova A, Cepoi
A, Grozdov D. Accumulation and effect of silver nanoparticles
functionalized with Spirulina platensis on rats. Nanomaterials.
2021; 11(11):2992-3006.

Xu L, Wang YY, Huang J, Chen CY, Wang ZX, Xie H. Silver
nanoparticles: Synthesis, medical applications and biosafety.
Theranostics. 2020; 10(20):8996-9031.

Hassan I, Ebaid H, Al-Tamimi J, Habila MA, Alhazza IM,
Rady AM. Selenium nanoparticles mitigate diabetic
nephropathy and pancreatopathy in rat offspring via inhibition
of oxidative stress. J. King Saud Univ Sci. 2021; 33(1):101265.
Palanisamy K, Paramasivam P, Jayakumar S, Maniam G,
Rahim M, Govindan N. Economical cultivation system of
microalgae Spirulina platensis for lipid production. IOP Conf
Ser Earth Environ Sci. 2021; 641(1):012022.

Gheda SF, Abo-Shady AM, Abdel-Karim OH, Ismail GA.
Antioxidant and antihyperglycemic activity of Arthrospira
platensis (Spirulina platensis) methanolic extract: in vitro and
in vivo study. Egypt J. Bot. 2021; 61(1):71-93.

Naveed M, Ali I, Aziz T, Ali N, Hassan A, Rahman SU, Aziz
R, Alharbi M. Assessment of Melia azedarach plant extracts
activity against hypothetical protein of mycobacterium
tuberculosis via GC-MS analysis and in-silico approaches. J.
Comput Biophys Chem. 2024; 23(3):299-320.

Samudra AG, Ramadhani N, Utami CD, Wirahmi N, Sani K F.
Test of the antihyperglycemic effectiveness of brown seaweed
(Sargassum hystrix) infusion on male mice using the glucose
tolerance method. J. llmiah Manuntung. 2021; 7(2):248-253.
Alipour S, Kalari S, Morowvat MH, Sabahi Z, Dehshahri A.
Green synthesis of selenium nanoparticles by cyanobacterium
Spirulina platensis (abdf2224): Cultivation condition quality
controls. Biomed Res Int. 2021; 2021(1):6635297.

Dwiyanti RD, Thuraidah A, Nurlailah N. Phytochemical
analysis by LC-HRMS and antibacterial activity of the ethanol
extract of Sengkuang (Dracontomelon dao (Blanco) Merr. &
Rofe). Med Lab Technol. 2023; 9(1):93-100.

Kamal SE. Potential of antihypercholesterol extract of sempur
fruit peel (Dillenia serrata) with in vivo study on male white
rats (Rattus novergicus). Health Not. 2021; 5(9):317-321.
Sheriff OL, Olayemi O, Taofeeq AO, Riskat KE, Ojochebo DE,
Ibukunoluwa AO. A new model for alloxan-induced diabetes
mellitus in rats. J. Bangladesh Soc Physiol. 2019; 14(2):56-62.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Olorunsola EO, Davies KG, Essien EB, Alozie MF, Adedokun
MO, Ahsan F. Orally administered Prosochit®-based
nanoparticles of insulin ameliorates alloxan-induced diabetes
in rats. Sci Pharm. 2022; 90(4):66-78.

Zhang X, Yan H, Ma L, Zhang H, Ren DF. Preparation and
characterization of selenium nanoparticles decorated by
Spirulina platensis polysaccharide. J. Food Biochem. 2020;
44(9):e13363.

Almatroodi SA, Alnugaydan AM, Babiker AY, Almogbel MA,
Khan AA, Husain Rahmani A. 6-Gingerol, a bioactive
compound of ginger attenuates renal damage in streptozotocin-
induced diabetic rats by regulating the oxidative stress and
inflammation. Pharmaceutics. 2021; 13(3):317-332.

Fan D, Li L, Li Z, Zhang Y, Ma X, Wu L, Zhang H, Guo F.
Biosynthesis of selenium nanoparticles and their protective,
antioxidative effects in streptozotocin induced diabetic rats. Sci
Technol Adv Mater. 2020; 21(1):505-514.

Kant V, Jangir BL, Sharma M, Kumar V, Joshi VG. Topical
application of quercetin improves wound repair and
regeneration  in  diabetic  rats.  Immunopharmacol
Immunotoxicol. 2021; 43(5):536-553.

Namdevrao AP, Shaikh MS, Rajjak PR, Balasaheb LM,
Balasaheb SR, Ali SP, Hani U, Alhabardi SA, Siddiqgue MUM.
Formulation and optimization of selenium nanoparticles using
Passiflora edulis leaf extract: Permeation and in vitro release
kinetic study. Chem Biodivers. 2025; 22(4):€202500730.
Huong NT, Tung DK, Ky VH, Nam PH, Ngoc Anh NT.
Synthesis of nano-selenium and its effects on germination and
early seedling growth of four crop plants. AIP Adv. 2024,
14(2).

Salem SS, Badawy MSE, Al-Askar AA, Arishi AA, Elkady
FM, Hashem AH. Green biosynthesis of selenium
nanoparticles using orange peel waste: Characterization,
antibacterial and antibiofilm activities against multidrug-
resistant bacteria. Life. 2022; 12(6):893-905.

Tripathi RM, Hameed P, Rao RP, Shrivastava N, Mittal J,
Mohapatra S. Biosynthesis of highly stable fluorescent
selenium nanoparticles and the evaluation of their
photocatalytic degradation of dye. Bionanoscience. 2020;
10(2):389-396.

Murru E, Manca C, Carta G, Banni S. Impact of dietary
palmitic acid on lipid metabolism. Front Nutr. 2022; 9:1-9.
Unissa Syed R, Moni SS, Huwaimel B, Alobaida A,
Abdulkareem Almarshdi A, S. Abouzied A, S.Abu Lila A,
Abdallah MH, Banu H, Abdul Hadi M, E. El-Horany H,
Ibrahim Abdelwahab S, Taha MME. Bioactive principles, anti-
diabetic, and anti-ulcer activities of Ducrosia anethifolia Boiss
leaves from the Hail region, Saudi Arabia. Arab J. Chem. 2022;
15(12):104308.

Chen B, Li T, Wu Y, Song L, Wang Y, Bian Y, Qiu Y, Yang
Z. Lipotoxicity: A new perspective in type 2 diabetes mellitus.
Diabetes Metab Syndr Obes. 2025; 18:1223-1237.

Li M, Chi X, Wang Y, Setrerrahmane S, Xie W, Xu H. Trends
in insulin resistance: insights into mechanisms and therapeutic
strategy. Signal Transduct Target Ther. 2022; 7(1):216-241.
Apiri BO, Makonde HM, Ngugi MP, Ogare J, Kibiti CM.
Medicinal potential of Tragia involucrata Linn for
management of diabetes mellitus in Kenya, a review. MJTUM.
2024; 3(2):42-56.

LuoY, Zeng Y, Peng J, Zhang K, Wang L, Feng T, Nhamdriel
T, Fan G. Phytochemicals for the treatment of metabolic
diseases: Evidence from clinical studies. Biomed
Pharmacother. 2023; 165:115274-115287.

Blokhin ME, Kuranov SO, Khvostov MV, Fomenko VV,
Luzina OA, Zhukova NA, Elhajjar C, Tolstikova TG,
Salakhutdinov NF. Terpene-containing analogues of glitazars
as potential therapeutic agents for metabolic syndrome. Curr
Issues Mol Biol. 2023; 45(3):2230-2247.

Wechakorn K, Payaka A, Masoongnoen J,
Wattanalaorsomboon S, Sansenya S. Inhibition potential of -
hexadecanoic and oleic acids from edible insects against -

6023

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Trop J Nat Prod Res, December 2025; 9(12): 6014 — 6025

glucosidase, a-amylase, tyrosinase, and acetylcholinesterase:
and studies. J. Sci Food Agric. 2025; 105(2):3701-3711.
Klomsakul P, Chalopagorn P. In vitro a-amylase and o-
glucosidase inhibitory potential of green banana powder
extracts. Sci World J. 2024; 2024(1):5515855-5515863.
Kothapalli L, Singh N, Thomas A, Ghadge Y. Selenium
nanoparticles: Cut-edge therapeutic entity. NanoSci Nanotech
Asia. 2024; 14(6):1-13.

Mohamed AA-R, Khater SI, Hamed Arisha A, Metwally
MMM, Mostafa-Hedeab G, El-Shetry ES. Chitosan-stabilized
selenium nanoparticles alleviate cardio-hepatic damage in type
2 diabetes mellitus model via regulation of caspase, Bax/Bcl-2,
and Fas/FasL-pathway. Gene. 2021; 768:145288.

Tiwari OS, Aizen R, Meli M, Colombo G, Shimon LIJW, Tal
N, Gazit E. Entropically-driven co-assembly of i-histidine and
i-phenylalanine to form supramolecular materials. ACS Nano.
2023; 17(4):3506-3517.

Xu L, Cheng F, Bu D, Li X. The effects of prolonged basic
amino acid exposures on mitochondrial enzyme gene
expressions, metabolic profiling and insulin secretions and
syntheses in rat INS-1 g-cells. Nutrients. 2023; 15(18): 4026-
4041.

Zadeh Modarres S, Asemi Z, Heidar Z. The effects of selenium
supplementation on glycemic control, serum lipoproteins and
biomarkers of oxidative stress in infertile women diagnosed
with  polycystic ovary syndrome undergoing in vitro
fertilization: A randomized, double-blind, placebo-controlled
trial. Clin Nutr ESPEN. 2022; 51:92-96.

Xu X, Qi P, Zhang Y, Sun H, Yan Y, Sun W, Liu S. Effect of
selenium treatment on central insulin sensitivity: A proteomic
analysis in g-amyloid precursor protein/presenilin-1 transgenic
mice. Front Mol Neurosci. 2022; 15:1-15.

Phang JM. The regulatory mechanisms of proline and
hydroxyproline metabolism: Recent advances in perspective.
Front Oncol. 2023; 12:1118675.

Salo AM, Myllyharju J. Prolyl and lysyl hydroxylases in
collagen synthesis. Exp Dermatol. 2021; 30(1):38-49.
Mphahlele MJ, Nkoana JK, Gildenhuys S, Elhenawy AA.
Structure and biological property studies of the fluorinated
sulfonic esters derived from 2-hydroxy-4-
(hydroxy/methoxy)acetophenone as inhibitors of biochemical
targets linked to type 2 diabetes mellitus. J. Fluor Chem. 2024;
273:110233-110247.

Citarella A, Cavinato M, Rosini E, Shehi H, Ballabio F,
Camilloni C, Fasano V, Silvani A, Passarella D, Pollegioni L,
Nardini M. Nicotinic acid derivatives as novel noncompetitive
a-amylase and a-glucosidase inhibitors for type 2 diabetes
treatment. ACS Med Chem Lett. 2024; 15(9):1474-1481.

He M, Li Z, Tung VSK, Pan M, Han X, Evgrafov O, Jiang X-
C. Inhibiting phosphatidylcholine remodeling in adipose tissue
increases insulin sensitivity. Diabetes. 2023; 72(11):1547-
1559.

Al-Sulaiti H, Anwardeen N, Bashraheel SS, Naja K, Elrayess
MA. Alterations in choline metabolism in non-obese
individuals with insulin resistance and type 2 diabetes mellitus.
Metabolites. 2024; 14(8):457-469.

Nag OK, Naciri J, Lee K, Oh E, Almeida B, Delehanty JB.
Liquid crystal nanoparticle conjugates for scavenging reactive
oxygen species in live cells. Pharmaceuticals. 2022; 15(5):604-
618.

Tomal A, Sztapka-Kosarzewska J, Mironiuk M, Michalak I,
Marycz K. Arthrospira platensis enriched with Cr (111), Mg
(1), and Mn (1) ions improves insulin sensitivity and reduces
systemic inflammation in equine metabolic affected horses.
Front Endocrinol. 2024; 15:1382844.

Hannan J, Ansari P, Azam S, Flatt PR, Wahab YHA. Effects of
Spirulina platensis on insulin secretion, dipeptidyl peptidase IV
activity and both carbohydrate digestion and absorption
indicate potential as an adjunctive therapy for diabetes. British
J. Nutr. 2020; 124(10):1021-1034.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Karas RA, Alexeree S, Elzohery N, Abdel-Hafez SH, Attia YA.
Antidiabetic potential of Selenium nanoparticles and plasma-
rich platelets in diabetic mice. Appl Biol Chem. 2024;
67(1):62-79.

Ebokaiwe AP, Okori S, Nwankwo JO, Ejike CECC, Osawe SO.
Selenium  nanoparticles and  metformin  ameliorate
streptozotocin-instigated brain oxidative-inflammatory stress
and neurobehavioral alterations in rats. Naunyn Schmiedebergs
Arch Pharmacol. 2021; 394(4):591-602.

Lin H, Suzuki K, Smith N, Li X, Nalbach L, Fuentes S,
Spigelman AF, Dai X-Q, Bautista A, Ferdaoussi M, Aggarwal
S, Pepper AR, Roma LP, Ampofo E, Li W-h, MacDonald PE.
A role and mechanism for redox sensing by SENP1 in g-cell
responses to high fat feeding. Nat Commun. 2024; 15(1):334-
349.

Wang X, Wang J, Xiu W, Yang M, Yu S, Ma Y. Selenium
nanoparticles stabilized by sweet corncob polysaccharide
inhibit hypoglycemia in vitro and alleviate symptoms in type 2
diabetes mice. J. Funct Foods. 2024; 112:105920.

Sen DB, Balaraman R, Sen AK, Zanwar AS, Greeshma KP,
Maheshwari RA. Anti-diabetic activity of herbal remedies. J.
Nat Med. 2023; 23(2):373-381.

Elsawy H, Famurewa AC, Sedky A. Resveratrol mitigates
diabetic testicular dysfunction, endocrine deficits, and insulin
resistance via suppression of sperm-endocrine aberrations and
oxidative inflammation in rats. Andrologia. 2023;
2023(1):6385767.

Barkabi-Zanjani S, Ghorbanzadeh V, Aslani M,
Ghalibafsabbaghi A, Chodari L. Diabetes mellitus and the
impairment of male reproductive function: Possible signaling
pathways. Diabetes Metab Syndr: Clin Res Rev. 2020;
14(5):1307-1314.

Mazo VK, Biryulina NA, Sidorova YS. Arthrospira platensis:
antioxidant, hypoglycemic and hypolipidemic effects in vitro
and in vivo (brief review). Vopr Pitan. 2022; 91(4):19-25.
Shaman AA, Zidan NS, Atteia HH, Alalawy Al, Alzahrani S,
AlBishi LA, Helal Al, Braiji SH, Farrag F, Shukry M, Sakran
MI. Arthrospira platensis nanoparticles defeat against
diabetes-induced testicular injury in rat targeting, oxidative,
apoptotic, and steroidogenesis pathways. Andrologia. 2022;
54(8):e14456.

Budagova S, Nadvodnyk G, Belskaia P, Obukhova A, Lebedev
I, Osmanov R, Dzhumaev G, Agarzaev M. Toxicity assessment
of the selenium nanoparticles in vitro. J. Adv Pharm Educ Res.
2023; 13(3):39-45.

Shareef BQ, Al Qadhi HI, Shayma'a AJ. Antioxidant effects of
selenium nanoparticles prepared from eruca sativa extract on
ketoconazole—induced testicular oxidative damage in male rats.
J. Fac Med Baghdad. 2024; 66(1):58-66.

Al-Ghezi M, Almilly RF, Ali WK. Diabetic foot ulcers healing
promoted by novel glibenclamide-loaded micelle wound
dressing. J. Pharm Res Int. 2022; 34:36-49.

Ferdowsi S, Abdolmaleki A, Asadi A, Zahri S. Glibenclamide
promoted functional recovery following sciatic nerve injury in
male Wistar rats. Fundam Clin Pharmacol. 2022; 36(6):966-
975.

Bhardwaj M, Kumar V, Mani S, Vasanthi HR. Neophytadiene
from Turbinaria ornata suppresses LPS-induced inflammatory
response in RAW 264.7 macrophages and sprague dawley rats.
Inflammation. 2020; 43:937-950.

Okur ME, Karadag AE, Ozhan Y, Sipahi H, Ayla $, Daylan B,
Kiiltiir S, Demirci B, Demirci F. Anti-inflammatory, analgesic
and in vivo-in vitro wound healing potential of the Phlomis
rigida Labill. extract. J. Ethnopharmacol. 2021; 266:113408.
DiNatale L, Idkowiak-Baldys J, Zhuang Y, Gonzalez A,
Stephens TJ, Jiang LI, Li W, Basson R, Bayat A. Novel
rotational combination regimen of skin topicals improves facial
photoaging: Efficacy demonstrated in double-blinded clinical
trials and laboratory validation. Front Med. 2021; 8:724344-
772462.

6024

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



74.

75.

76.

77.

78.

79.

80.

Trop J Nat Prod Res, December 2025; 9(12): 6014 — 6025

Hsieh C-C, Yi T-K, Kao Y-F, Lin S-P, Tu M-C, Chou Y-C, Lu
J-J, Chai H-J, Cheng K-C. Comparative efficacy of
Botryocladia leptopoda extracts in scar inhibition and skin
regeneration: A study on UV protection, collagen synthesis,
and fibroblast proliferation. Molecules. 2024; 29(23):5688-
5702.

Hakim RF, Idroes R, Hanafiah OA, Ginting B, Kemala P,
Fakhrurrazi F, Putra NI, Shafira GA, Romadhoni Y, Destiana
K, Muslem M. Characterization of red algae (Gracilaria
verrucosa) on potential application for topical treatment of oral
mucosa wounds in Rattus norvegicus. Narra J. 2023; 3(3):422-
435.

Park J, Lee H, Choi S, Pandey LK, Depuydt S, De Saeger J,
Park J-T, Han T. Extracts of red seaweed, Pyropia yezoensis,
inhibit melanogenesis but stimulate collagen synthesis. J. Appl
Phycol. 2021; 33(1):653-662.

Gangadevi V, Thatikonda S, Pooladanda V, Devabattula G,
Godugu C. Selenium nanoparticles produce a beneficial effect
in psoriasis by reducing epidermal hyperproliferation and
inflammation. J. Nanobiotechnology. 2021; 19:1-19.

Zhang T, Qi M, Wu Q, Xiang P, Tang D, Li Q. Recent research
progress on the synthesis and biological effects of selenium
nanoparticles. Front Nutr. 2023; 10:1183487.

Yao K, Peng Y, Tang Q, Liu K, Peng C. Human serum
albumin/selenium complex nanoparticles protect the skin from
photoaging injury. Int J. Nanomedicine. 2024; 6(19):9161-
9174.

Spinola MP, Mendes AR, Prates JA. Chemical composition,
bioactivities, and applications of Spirulina (Limnospira
platensis) in food, feed, and medicine. Foods. 2024;
13(22):3656-3763.

81

82.

83.

84.

85.

86.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Al-Yahyaey F, Shaat I, Hall E, Bush RD. Effect of Spirulina
platensis supplementation on growth, performance and body
conformation of two Omani goat breeds. Anim Prod Sci. 2023;
63(2):133-141.

El-Shall NA, Jiang S, Farag MR, Azzam M, Al-Abdullatif AA,
Alhotan R, Dhama K, Hassan F-u, Alagawany M. Potential of
Spirulina platensis as a feed supplement for poultry to enhance
growth performance and immune modulation. Front Immunol.
2023; 14:1072787-1072799.

ChenY, ZhuF, Ou J, Chen J, Liu X, Li R, Wang Z, Cheong K-
L, Zhong S. Mitochondrion-targeted selenium nanoparticles
stabilized by Sargassum fusiforme polysaccharides increase
reactive oxygen species-mediated antitumour activity. Int J.
Biol Macromol. 2024; 281:136545.

Kondaparthi P, Deore M, Nagvi S, Flora SJS. Dose-dependent
hepatic toxicity and oxidative stress on exposure to nano and
bulk selenium in mice. Environ Sci Pollut Res. 2021;
28(38):53034-53044.

Alfageeh M, Khairinisa MA, Permana H. Pharmacokinetics
and pharmacodynamics of glyburide: insights for optimizing
treatment in type 2 diabetes. Indones J. Clin Pharm, 1JCP. 2024;
13(2):107-119

Mao Z, Liu W, Zou R, Sun L, Huang S, Wu L, Chen L, Wu J,
Lu S, Song Z, Li X, Huang Y, Rao Y, Huang Y-Y, Li B, Hu Z,
Li J. Glibenclamide targets MDH2 to relieve aging phenotypes
through metabolism-regulated epigenetic modification. Sig
Transduct Target Ther. 2025; 10(1):67-82.

6025

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



