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Gold nanaparticles (AuNPs) have gained increasing attention in nanomedicine due to their biocom-
patibility and unique physicochemical properties, which make them suitable for targeted therapies
against cancer and other chronic diseases. Functionalizing AuNPs with bioactive compounds further
enhances their biocompatibility and therapeutic potential. This study aimed to evaluate the effects
of 10 nm citrate-stabilized AuNPs functionalized with a protein extract from Arthraspira platensis
(AUNPs-APE) on biadistribution, as well as hematalogical and biochemical parameters, in Wistar rats.

FTIR spectroscopy confirmed AuNPs' functionalization. Wistar rats received oral doses of AUNPs ar
AUNPs-APE far 28 days, followed by a 28-day clearance period. Gold biodistribution was analyzed
in organs callected at the end of the experiment. Hematological and biochemical profiles were
assessed using standard methads.

FTIR analysis confirmed stable AuNPs-protein interactions. Both AuNPs and AuNPS-APE exhibited
notable renal accumulation, suggesting extraglomerular retention. The protein extract showed
mild immunomadulatory effects, reducing oxidative stress and inflammation assaciated with
nanoparticle exposure.

The AuNPs-APE complex shows promise as a renal-targeted nanotherapeutic system, demon-
strating improved biocompatibility and reduced systemic stress compared with unmodified
AuNPs. Further studies are required to elucidate the underlying mechanisms and to optimize the
formulation and safety profile.

Gold nanoparticles, Arthrospira platensis, protein extract, Wistar rats, biodistribution, hematological
assessment, biochemical profile.
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Cuvinte-cheie

Nanoparticulele de aur (AuNP) sunt utilizate tot mai frecvent in nanomedicina datoritd biocompa-
tibilitatii si proprietatilor fizico-chimice unice, care le sustin aplicabilitatea in terapiile tintite pentru
cancer si bali cronice. Functionalizarea cu ajutorul compusilar bioactivi le optimizeaz& potentialul
terapeutic si biocompatibilitatea. Acest studiu a evaluat efectele functionalizarii AUNP stabilizate
cu citrat de 10 nm, cu un extract proteic din Arthrospira platensis (AUNP-APE) asupra biodistributiei,
profilurilor hematologic si biochimic la sobalani Wistar.

Functionalizarea AuNP a fost caracterizata prin spectroscopie FTIR. Sobolanii au primit oral AUNP
sau AuNP-APE timp de 28 de zile, urmate de o perioada de repaus de 28 de zile. Biodistributia aurului
a fost analizata in organele colectate |a finalul experimentului. Profilurile biochimic si hematologic
au fost evaluate prin metode standard.

Spectroscopia FTIR a confirmat interactiuni stabile intre AuNP si proteinele din extract. Atat AuNP
cat si AuNP-APE s-au acumulat in rinichi, sugerand mecanisme extraglomerulare de retentie. Ex-
tractul proteic a avut efecte imunomodulatoare favorabile, reducand stresul oxidativ si inflamatia
sistemica, cauzata de nanoparticule.

Complexul AUNP-APE prezinta potential ca sistem nanoterapeutic, demonstrand biocompatibilitate su-
perioara si un impact sistemic redus, fatd de AUNP nefunctionalizate. Sunt necesare cercetari suplimen-
tare pentru clarificarea mecanismelor implicate si aptimizarea profilului de siguranta si al formularii.
Nanoparticule de aur, Arthrospira platensis, extract proteic, sobolani Wistar, biodistributie, evaluare
hematalogica, profil biochimic.
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INTRODUCTION

Gold nanoparticles have emerged as essential tools in nanomedicine
due to their significant potential in cancer diagnosis and treatment.
In recent years, their applications have expanded considerably to in-
clude therapies for degenerative and infectious diseases and innova-
tive oncological treatment strategies (1-3). Their unique physicochem-
ical properties and nanoscale dimensions allow AuNPs to accumulate
preferentially in tumor tissues and interact selectively with target
cells while maintaining low systemic toxicity (4).

To enhance therapeutic effectiveness and improve the risk-benefit bal-
ance, recent research has focused on functionalizing AuNPs with bioac-
tive molecules or complex delivery systems (4-6). Standard methods in-
cluded functionalization with polyethylene glycol (PEG) or citrate, which
boost colloidal stability and influence biodistribution (7-9). Additionally,
attaching peptides, amino acids, or other specific ligands has shown po-
tential for increasing the selectivity of AuNPs for tumor cells (4, 10).

Bionanosynthesis has emerged as a novel approach to nanoparticle
functionalization, using natural reducing agents derived from plant or
microbial sources to generate nanoparticles with enhanced biological
properties (5, 6, 11). One such innovative strategy involves the incor-
poration of gold nanoparticles into the biomass of the cyanobacterium
Spirulina (Arthrospira) platensis, followed by functionalization with bio-
active protein fractions extracted from this biomass. These strategies
improve the biocompatibility of nanoparticles and provide new oppor-
tunities for the development of advanced targeted therapies (12, 13).

The biomass of Arthrospira (Spirulina) platensis is recognized as a nat-
ural source of bioactive compounds with well-documented immuno-
modulatory and antioxidant properties, making it an ideal biological
matrix for nanoparticle biofunctionalization (12-14).

This study aimed to evaluate the effects of 10 nm citrate-stabilized
AuNPs functionalized with a protein extract from Arthrospira plat-
ensis biomass on biodistribution and in vivo hematological and bio-
chemical profiles in a Wistar rat model.

MATERIAL AND METHODS

Preparation of Arthrospira platensis Protein Extract

The protein extract was prepared from the biomass of the cyanobacte-
rial strain Arthrospira (Spirulina) platensis CNMN-CB-02, maintained in
the National Collection of Non-Pathogenic Microorganisms at the Insti-
tute of Microbiology and Biotechnology, Technical University of Moldo-
va. The strain was cultivated under photoautotrophic conditions in a
mineral growth medium with the following composition (g/L): NaNOs,
2.25; NaHCOs, 8.0; NaCl, 1.0; KzSO4, 0.3; Na2HPO4, 0.2; MgS04-7H-0,
0.2; CaCly, 0.024; FeS0O4, 0.01; EDTA, 0.08; H3BOs, 0.00286; MnCl,-4H,0,
0.00181; ZnSO4-7H20, 0.00022; CuSO4+5H20, 0.00008; MoOs, 0.000015.
The protein content of the dry biomass ranged from 68% to 72%, as
determined by the Lowry method (15). For protein extraction, the bio-
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mass was treated with a 0.45% (w/v) sodium hydroxide solution (SIG-
MA-ALDRICH CHEMIE GmbH, Germany) at a ratio of 1 g of biomass to
0.5 L of extraction solution. The extraction was carried out at 25 + 1°C
with constant stirring for 60 min. The mixture was subsequently centri-
fuged, and the supernatant was collected. A second extraction was per-
formed using an additional 200 mL of the same alkaline solution for 30
min under identical conditions. The two supernatants were combined
and dialyzed until a neutral pH (7.0-7.2) was reached. The final Arthro-
spira platensis protein extract (APE) was standardized to a 1% (w/v) dry
matter concentration, containing a total protein content of 52%.

Functionalization of AuNPs and Preparation of the AuNPs-APE Functional
Complex (12)

Citrate-stabilized gold nanoparticles (AuNPs) with an average diame-
ter of 10 + 0.2 nm (0.02 mg/mL; SIGMA-ALDRICH CHEMIE GmbH, Ger-
many) were used to prepare the functional complex. A 20 mL volume
of the AuNP suspension was slowly added to 200 mL of a 1% (w/v) Ar-
throspira platensis protein extract (APE) solution. The mixture was
stirred at 2000 rpm for 120 minutes at 25 + 1°C to facilitate interac-
tion between the protein extract and the nanoparticles. The resulting
bio-nanoconjugate (AuNPs-APE) had a final concentration of 1.0 mg/
mL APE and 1 pg/mL AuNPs.

Characterization of AUNPs-APE

Fourier Transform Infrared (FTIR) Spectroscopy was performed on
both APE and AuNPs-APE to assess functional group interactions. Af-
ter being dehydrated at 40°C, the samples were analyzed at room tem-
perature. Spectra were recorded in the range of 4000-400 cm~! using
a PerkinElmer spectrometer equipped with a DTGS detector.

Animals and Experimental Design

The in vivo study was conducted at the Laboratory of Stress Physiolo-
gy, Adaptation, General Sanocreatology and Vivarium of the Institute
of Physiology and Sanocreatology, Republic of Moldova. All proce-
dures were approved by the Institute’s Ethics Committee (Approv-
al No. IREC/12/03.11.2020). A total of 48 adult Wistar albino rats (28
males and 20 females) were used. The animals were randomly divid-
ed into four experimental groups (n=12 per group, with 7 males and
5 females in each) and housed under standard laboratory conditions
(22 + 2°C, 55 + 5% relative humidity, 12-hour light/dark cycle) with ad
libitum access to food and water. The experimental groups received
the following dietary regimens for 28 consecutive days: C (-): negative
control - standard diet only; C (+): positive control - standard diet sup-
plemented with APE; Group 1 (AuNPs): standard diet with non-func-
tionalized gold nanoparticles; and group 2 (AuNPs-APE): standard diet
with the functionalized AuNPs-APE complex. Each animal received a
daily dose of 1 yg of gold, administered in breadcrumbs made from
whole rye flour. After the 28-day treatment period, seven animals
from each group (4 males and 3 females) were euthanized for the col-
lection of blood and organs (brain, liver, spleen, kidneys, testes, and
ovaries). The remaining animals were maintained on a standard diet
for a further 28 days to assess nanoparticle clearance.
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RESULTS

Analysis of Gold Content in Animal Tissues by ICP-MS

Tissue samples were dried at 70°C until a constant weight was
achieved. For gold analysis, a 0.1 g aliquot of each sample was digest-
ed with 3mL of HNOs; and 1mL of H,0, (both from Sigma-Aldrich,
Germany) in an ETAS-6 autoclave at 180°C, 20bar, and 400 W for
90 minutes. After cooling, the digests were diluted to a final volume
of 20 mL with deionized water. Gold concentrations were determined
using inductively coupled plasma mass spectrometry (ICP-MS; XSeries
IT, Thermo Scientific, USA), with a measurement uncertainty of 5-10%.

Hematological and Biochemical Analysis

Hematological parameters were analyzed using an automated hema-
tology analyzer (Sysmex XT-2000i, GMI Inc., USA). Biochemical param-
eters were measured with a semi-automatic photometer (StarDust
MC15, DiaSys Diagnostic Systems, Germany).

Statistical Analysis

All experiments were conducted in triplicate, and data are expressed
as the mean + standard deviation. Statistical comparisons between
groups were made using Student’s t-test, with a p < 0.05 considered
statistically significant.

Characteristics of AuNPs Biofunctionalized with Arthrospira platensis
Protein Extract (AUNPs-APE)

The FTIR spectra in Figure 1 illustrate the structural characteristics
of the Arthrospira platensis protein extract (APE) and the changes fol-
lowing its interaction with gold nanoparticles (AuNPs-APE).

The APE spectrum (blue curve) shows characteristic absorption bands for
protein structures. The peaks at 3138 and 3050 cm are assigned to O-H
and N-H stretching vibrations, respectively, while the band at 2853 cm™*
is attributed to C-H stretching in alkyl side chains. The amide I and II
bands appear at ~1657 and 1618 cm, respectively. A peak at 1403 cm
corresponds to symmetric COO- stretching, and the band at 1284 cm is
assigned to C-N stretching vibrations from amines or amide III. Addition-
al vibrations between 1218-1125 cm~* and 1200-1000 cm~" are attributed
to C-O and C-N bonds in ether, alcohol, and amide groups (fig. 1).

The AuNPs-APE spectrum (black curve) retains several native fea-
tures but exhibits noticeable shifts and variations in band intensity,
indicating interactions between the biomolecule and the nanoparti-
cle. A weak, broadened band observed around 3260-3270 cm~* (O-H/
N-H stretching) shows decreased intensity, suggesting its involvement
in nanoparticle binding. The C-H stretching bands (2920-2850 cm)
remain detectable but appear less intense. The amide I (~1640-
1650 cm') and amide II (~1530-1540 cm*) bands exhibit reduced in-
tensity, implying interactions likely mediated by peptide carbonyl and
amine groups (fig. 1).
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Figure 1. FTIR spectra of the Arthrospira platensis protein extract (APE) and the functionalized AuNPs-APE
complex. Blue curve - the APE spectrum, and black curve - the AuNPs-APE spectrum.

Changes in the 1400-1200 cm* region, including band shape and po-
sition, suggest a structural reorganization of functional groups upon
nanoparticle binding. In the 1100-1000 cm~* region, the C-O stretch-
ing bands become less defined, likely due to reduced mobility of the
involved groups. Further evidence of interaction with the metallic sur-
face comes from the 1000-800 cm~* region, where bands between 900-
800 cm~! are more attenuated. Finally, a weak band at 650-600 cm*
may indicate coordination of the gold nanoparticles with donor atoms
like nitrogen or sulfur from amino acids or peptide residues (fig. 1).

Gold Accumulation in Rat Organs

Table 1 shows the gold concentration in the kidneys of rats following
28 days of oral administration of AuNPs and the AuNPs-APE complex.
Gold was detected only in the kidneys and was measured immediately
after the administration and clearance period (CET). It was not detect-
ed in any other organs examined, including the brain, liver, ovaries,
and testes.

Table 1. Gold accumulation in rat organs following AuUNPs and AuNPs-APE administration,
and a subsequent 28-day clearance period.

AuNPs

B84+042

2.8+0.38

ND

ND

AuNPs-APE

104+066*

43041

10040

ND

Note:

Concentrations were measured immediately after 28 days of treatment or following a 28-day clearance period (CET).

*p < 0.01 indicates statistically significant differences between adjacent groups. ND - non-detected.

ONE HEALTH

www.bba.md

January 2026 | Volume 7 | Issue 1



&QN EH EA!_TH

S K MANAG

THE SCIENTIFIC JOURNAL
OF THE MOLDAVIAN BIOSAFETY AND BIOSECURITY ASSOCIATION

Quantitative analysis of kidney tissue revealed significantly different
gold concentrations between non-functionalized gold nanoparticles
(AuNPs) and those functionalized with Arthrospira platensis protein
extract (AuNPs-APE). Following administration, the gold concentra-
tion in the kidneys was 6.4 ng/g in the AuNPs group, compared to 10.4
ng/g in the AuNPs-APE group — a 62.59% increase (tab. 1).

After the clearance period, gold levels in renal tissue decreased to 2.8
ng/g in the AuNPs group and 4.3 ng/g in the AuNPs-APE group. This corre-
sponds to the elimination of 56.25% and 58.65% of the initially accumu-
lated gold from the AuNPs and AuNPs-APE groups, respectively (tab. 1).

In the spleen, gold accumulation was detected only in the AuNPs-
APE group (1.0 ng/g) and was undetectable after the clearance period
(tab. 1).

Hematological and Biochemical Profiles in Experimental Animals

Table 2 presents the hematological and biochemical parameters mea-
sured in the experimental groups at two time points: following nanopar-
ticle administration and at the end of the clearance period (CET).

Table 2. Hematological and biochemical indices in rats after 28 days of AuNPs and AuNPs-APE
administration, followed by a clearance period of 28 days.

HB g/L 156434589 155.2+33 152.0+8.5 145.57+71 15140+30 158.5+07
RBC, 10%/L 877+0.30 856+0.38 814+0.08 8.15+0.38 8.21+046 8.53+0.15
WBC, 10%/L 1708+2.55 1196+349* 9.70+165* 1273+352 15.18+2.52* 12.85+0.05
PMN, % 28.59+6.69 22.38+2.77* 22.3+113* 22.37+£751 2642+2.38* 23.06+1.20
LY, % 5740+6.21 B6736+5.78* 62.30+3.11 62.00+9.19 58.22+374 61.17+1.65
MON, % 756+2.33 498+4.59* 8.0+1.13 736+2.55 8.06+2.34 943+1.24*
EQS, % 543+161 478+096* B.6+1.56* 6.33+167 570+198 5.85+048
BAS, % 0.53+0.33 056+ 0.25 07+0.71 0.5 +0.22 060 042 0.5+0.28
RET, % 3.35+1.08 345+1.15 5.08+0.16* 3.66+0.81 4.20+0.38 366+046
Prat, g/L 5897+568 B64.71+713 6246+4.04 64.17+647 61.53+8.81 5757+6.25
Glu, mmol/L 549+ 0.77 464+110 565047 5.87+0.86 542+075 491+1.05
Crea, UM/L 8643+149 B69.64+287 68.04+392* | 100.93+777 7170+10.6* 5853+2.13*
Urea, mg/dL 29.03+5868 25B85+551 3372+0.36 25.53+597 24.27+173 2371+1.59
ALT, U/L 1624+386 131.0+279 188.2+13.5 1849+50.2 2186+23.5* 2086+10.6
AST, U/L 3.57+2.31 561+2.57 543+0.80 2.84+190 2.83+1.08 703068
Note: C (-) - Negative control; C (+) - Positive cantral (Arthrospira platensis protein extract); CET - clearance period; AUNPs -

Experimental group administered with gold nanoparticles; AUNPs-APE - Experimental group administered with AuNPs
functionalized with Arthrospira platensis protein extract; HB - hemoglobin; RBC - erythrocytes; WBC - leukocytes; PMN -
polymorphomultinuclear neutrophil granulocytes; LY - lymphaocytes; EQS - easinophils; BAS - basophils; MON - monocytes;
RET - reticulocyte; Prot - Total protein; Glu - Glucose; Crea - Creatinine; ALT - Alanine aminotransferase; AST - Aspartate
aminotransferase; *p<0.05.
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DISCUSSIONS

At the end of the 28-day daily administration period of non-function-
alized gold nanoparticles, the treated rats exhibited a significant 30%
decrease (p < 0.05) in total white blood cell count. Among the leuko-
cyte subpopulations, neutrophil counts decreased by 21.72% (p < 0.05)
and monocyte counts by 34.13% (p < 0.05) (tab. 2).

After the clearance period, monocytes showed signs of recovery. How-
ever, the total leukocyte count continued to decline, reaching a level
43.21% lower (p<0.05) than that of the negative control group, while
neutrophil levels remained low and unchanged. Notably, significant
increases were recorded in eosinophils (21.55%, p<0.05) and reticulo-
cytes (51.64%, p<0.05). Most biochemical parameters did not remain
within normal range and showed no significant changes (tab. 2).

In contrast, rats treated with protein extract-functionalized gold
nanoparticles showed a significant increase in total leukocyte count
(19.25%, p<0.05) and neutrophil levels (18.10%) after the 28-day ad-
ministration period. A significant elevation in serum ALT levels
(18.20%, p<0.05) was also observed (tab. 2).

Following the clearance period, most hematological parameters re-
turned to baseline. Monocyte levels, however, continued to rise, reach-
ing values 17% higher than those recorded during the administration
period and 28.12% above those in the positive control group (p < 0.05).
ALT levels remained elevated, and a significant increase in AST was
recorded (41.90%, p < 0.05; tab. 2).

A decrease in serum creatinine levels was observed across all experi-
mental groups. In the AuNPs and AuNPs (CET) groups, creatinine levels
decreased by 19.43% and 21.28% (p < 0.05), respectively. The reductions
were more pronounced in the AuNPs-APE and AuNPs-APE (CET) groups,
with decreases of 28.93% and 42% (p < 0.05), respectively (tab. 2).

This study provides valuable insights into the functionalization of
gold nanoparticles with protein extract components from derived the
cyanobacterium Arthrospira platensis. FTIR spectral analysis revealed
significant structural and functional changes upon the formation of
the AuNPs—protein complex. Specifically, a reduction in the intensity
of O-H and N-H bands, together with shifts in the carbonyl and amine
regions, indicates coordinative or electrostatic interactions between
the AuNPs and the protein matrix.

The emergence of characteristic signals for direct coordination
bonds between the nanoparticles and donor atoms—such as nitro-
gen or sulfur from amino acids and peptides—further confirms the
stable anchoring of biomolecules onto the gold surface. When com-
pared to the original protein extract, the spectral changes in the fin-
gerprint region of the AuNPs-APE complex confirm the formation of
a new bio-nano system where the extract components interact di-
rectly with the AuNP surface.
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The biodistribution data in rat organs are particularly noteworthy.
Both non-functionalized and functionalized AuNPs were detected in
the kidney, with a notable distinction: AuNPs-APE also accumulated
in the spleen, albeit in very low amounts. For 10 nm citrate-stabilized
AuNPs, intestinal transit and biliary excretion are the primary elim-
ination routes, resulting in significant systemic bioavailability, par-
ticularly in the liver and spleen. In fact, 10 nm AuNPs are typically
known to preferentially accumulate in the liver. As AuNPs are among
the most inert nanoparticles and do not release gold ions, their ab-
sence in brain tissue is consistent with previous findings. The most
prominent difference between AuNPs-APE and unmodified AuNPs is
the significantly higher accumulation of the functionalized nanopar-
ticles in renal tissue (13, 16, 17).

The stabilization medium of nanoparticles influences their aggre-
gation behavior, absorption, and circulation properties (16). For in-
stance, PEG-stabilized AuNPs have been detected in the brain, liver,
kidneys, and testes. Likewise, functionalization with compounds de-
rived from Spirulina platensis biomass has resulted in accumulation
in the ovaries (13). AuNPs of 20 nm diameter, functionalized with pep-
tides and administered intravenously to rats, showed predominant
hepatic accumulation with minimal renal retention (10). However,
other studies have experimentally demonstrated AuNP accumulation
in the kidneys.

While 10 nm nanoparticles exceed the glomerular filtration threshold
(~6-8 nm), they can still cross the fenestrated endothelium. This alter-
native route, independent of classical glomerular filtration, has been
documented for PEGylated AuNPs ranging from 26 to 100 nm in size (9).

The exclusive detection in kidney tissue of AuNPs functionalized
with Arthrospira platensis protein extract supports the hypothesis that
the mesangium is the primary retention site for 10 nm particles. The
proteins may facilitate receptor-mediated recognition, which could
prolong circulation time and enhance renal retention (18).

The accumulation of citrate-stabilized 10 and 30 nm gold nanopar-
ticles (AuNPs) in the kidneys was confirmed after intraperitoneal
administration. The low urinary gold content indicates that these
particles were not eliminated by glomerular filtration. Instead, they
likely accumulated via extraglomerular pathways or were retained in
the tubules through cellular interactions. These findings support the
hypothesis that AuNPs smaller than 30 nm can be retained in renal
tissue and are not efficiently excreted. Their accumulation appears
to depend more on structural properties and specific tissue interac-
tions than on classical glomerular filtration (7). This result highlights a
promising research direction, particularly given the growing interest
in kidney-targeted nanoparticles for drug delivery. This approach aims
to deliver therapeutics directly to diseased tissue, minimize off-target
effects, and improve treatment tolerability in patients requiring long-
term pharmacotherapy for chronic kidney disease (4).

Correlations between the hematological and biochemical data present
a coherent picture of the differential systemic impact of functionalized
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versus non-functionalized nanoparticles. In the AuNP-treated groups,
the decrease in total leukocytes, neutrophils, and monocytes suggests
either immune suppression from oxidative stress or a subacute in-
flammatory response consuming these cells. This systemic reaction
could also explain the moderate rise in AST without a corresponding
ALT increase, pointing to extrahepatic mitochondrial damage, most
likely in the kidneys, as further suggested by alterations in renal func-
tion markers.

Key Improvements and Rationale:

In contrast, the groups treated with AuNPs-APE exhibited a more sta-
ble immunological profile, with preserved or even elevated levels of
monocytes and total leukocytes. This pattern suggests that the bioac-
tive components in the protein extract may have an immunomodu-
latory or protective function. However, the functionalization process
appeared to enhance hepatic toxicity, as indicated by high ALT levels
and a further increase in AST in the post-clearance group.

This divergence between hematological stability and biochemical liv-
er impairment suggests a potential compensatory mechanism against
hepatotoxicity induced by the complexation of AuNPs with the pro-
tein matrix. It is also plausible that the hepatic toxicity might be an in-
direct effect of bioactive metabolites generated from the AuNPs-APE
complex during enteric transit or systemic circulation.

Notably, the positive control group, which received only the Arthro-
spira platensis protein extract, exhibited hepatic and renal biochem-
ical parameters comparable to, or even better than, those of the neg-
ative control group. No signs of enzymatic, hematological, or renal
impairment were observed, indicating that the protein extract itself is
non-toxic. Moreover, functionalizing the AuNPs the Arthrospira plat-
ensis protein extract appears to reduce their overall toxicity.

A common observation across all experimental groups was decreased
serum creatinine levels. This reduction was particularly pronounced
in female mice treated with PEGylated AuNPs, which showed a signif-
icant decline in creatinine without a corresponding changes in urea
levels. This phenomenon may be linked to a subtle impairment of glo-
merular filtration or to transient metabolic alterations (8).

These findings highlight the need to further explore the biological
mechanisms by which protein-extract-functionalized gold nanopar-
ticles influence immune and biochemical parameters. Such research
is essential for determining the optimal balance between the ther-
apeutic benefits and toxicological risks of this nanotherapeutic ap-
proach.
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FTIR analysis confirms the successful biofunctionalization of the
AuNPs with Arthrospira platensis protein extract by forming direct
interactions between the functional groups of the protein extract
and the nanoparticle surface, indicating stabilization of the complex
through coordinative or electrostatic bonds.

Unlike non-functionalized nanoparticles, AuNPs-APE accumulated in
the kidneys at a three-fold higher level, thus, supporting the hypoth-
esis that 10 nm particles penetrate renal tissue through extraglomer-
ular mechanisms. This characteristic, combined with a noticeable re-
duction in systemic toxicity, highlights the potential of these bio-nano
complexes in therapeutic for targeted renal therapy.

Combined hematological and biochemical data indicate that the APE
has a beneficial immunomodulatory effect, attenuating the oxida-
tive stress and systemic inflammation triggered by the nanoparticles.
When administered alone, the Arthrospira platensis protein extract
was non-toxic and showed a potentially protective effect. Functional-
ization with APE thus improves the stability and biocompatibility of
the AuNPs, alters their tissue distribution, and reduces their overall
toxicity.

The AuNP-APE complex emerges as a highly promising candidate for
developing new targeted renal nanotherapeutics. Further research is
needed on elucidating the underlying molecular mechanisms and es-
tablishing an optimal therapeutic window to ensure both efficacy and
safety.
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