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Abstract: Background: Photodynamic therapy (PDT) utilizing nano-based photosensitizers (PS)
offers promising cancer treatment potential but requires rigorous safety evaluation. Conjugated
polymer nanoparticles (CPNs) doped with porphyrins, such as platinum porphyrin-doped poly(9,9-
dioctylfluorene-alt-benzothiadiazole) (F8BT), exhibit enhanced photodynamic efficiency but lack
comprehensive preclinical toxicity data. This study aimed to evaluate the biocompatibility,
biodistribution, and acute/subacute toxicity of these CPNs to establish their safety profile for clinical
translation. Methods: CPNs were synthesized via nanoprecipitation using amphiphilic stabilizers
(PSMA or PS-PEG-COOH) and characterized for colloidal stability in parenteral solutions.
Hemolysis assays assessed blood compatibility. Single-dose (0.3 and 1 mg/kg, intravenous) and
repeated-dose (0.1-1 mg/kg, intraperitoneal, every 48 hours for 28 days) toxicity studies were
conducted in BALB/c mice. Hematological, biochemical, histopathological, and biodistribution
analyses (via ICP-MS) were performed to evaluate systemic and organ-specific effects. Results:
CPNs demonstrated excellent colloidal stability in 5% dextrose, with minimal aggregation. No
hemolytic activity was observed at concentrations up to 50 mg/L. Single and repeated
administrations revealed no significant changes in body/organ weights, hematological parameters
(except transient fibrinogen elevation), or liver/kidney function markers (ALT, AST, BUN, Cr).
Histopathology showed preserved tissue architecture in major organs, with mild hepatocyte
vacuolation at 30 days. Biodistribution indicated hepatic/splenic accumulation and rapid blood
clearance, suggesting hepatobiliary elimination. Conclusions: Platinum porphyrin-doped F8BT
CPNs exhibited minimal acute and subacute toxicity, favorable biocompatibility, and no systemic
adverse effects in murine models. These findings support their potential as safe PS candidates for
PDT. However, chronic toxicity studies are warranted to address long-term organ accumulation
and metabolic impacts. This preclinical evaluation provides a critical foundation for advancing
CPNs toward clinical applications in oncology.
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1. Introduction

Photodynamic therapy (PDT) has emerged as a viable approach for treating many cancers owing
to its minimally invasive characteristics and selective cytotoxicity towards malignant cells [1,2]. This
therapy utilizes photosensitizing agents (PS) that, when activated by specific light wavelengths,
produce reactive oxygen species (ROS), resulting in the killing of tumor cells [3,4]. Nano-based PSs
are advanced materials designed for applications in PDT, cancer treatment, antimicrobial therapy,
surface disinfection, among others. These third-generation PSs leverage the unique properties of
nanoparticles (NPs) to enhance the efficiency of photosensitization, such as improved targeting,
controlled release, and enhanced light absorption [5]. Notwithstanding its potential, the clinical
implementation of PDT encounters obstacles, such as restricted tissue penetration of excitation light
[6], inadequate biodistribution of PS [7,8], and possible off-target effects [9,10]. Nano-based PSs may
also pose intrinsic toxicity risks that need to be carefully evaluated. The toxicity of nano-based PSs
can depend on the materials used, such as metal oxides (e.g., TiO,, ZnO), organic polymers, or carbon-
based nanomaterials. Some materials may inherently exhibit cytotoxicity or induce inflammatory
responses [11-13]. NPs may accumulate in organs such as the liver, spleen, or kidneys, leading to
potential long-term toxicity [14]. The inability of the body to fully clear these materials can result in
chronic inflammation or organ damage [15]. While nano-based PSs hold immense potential for
revolutionizing medical and environmental applications, their potential toxicity cannot be
overlooked. Rigorous safety assessments are essential to harness the benefits of nano-based PSs while
minimizing their adverse effects.

Conjugated polymer nanoparticles (CPNs) have recently gained attention as next-generation PS
due to their superior optical properties, stability, and tunable surface modifications, which enhance
their biocompatibility and tumor-targeting capabilities [16-21]. Among the wide range of conjugated
polymers (CPs) developed for the synthesis of conjugated polymer nanoparticles (CPNs), poly(9,9-
dioctylfluorene-alt-benzothiadiazole) (F8BT) stands out as an optoelectronically active polymer with
promising applications in bioimaging, phototherapy, and drug delivery [22-26]. F8BT is a m-
conjugated organic semiconductor polymer composed of alternating 9,9-dioctylfluorene and
benzothiadiazole units, exhibiting strong fluorescence, excellent photostability, and efficient charge
transport properties, making it an ideal candidate for theranostic applications. The synthesis of NPs
from hydrophobic F8BT can be achieved through nanoprecipitation or emulsion-based methods,
often requiring amphiphilic stabilizers such as poly(styrene-co-maleic anhydride) (PSMA) or
polystyrene grafted with polyethylene glycol (PSPEG), among others, to enhance colloidal stability
and biocompatibility [16,27]. These NPs can be further functionalized with targeting ligands, PS, or
therapeutic agents to enhance their selectivity and efficacy in biomedical applications [18,22]. Due to
their extraordinary extinction coefficient and high fluorescence quantum yield, F8BT-based CPNs
enable real-time tracking in biological systems, offering a versatile platform for imaging-guided
therapies, including photodynamic treatment for cancer [28-30]. Remarkably, these CPNs can also
produce ROS when stimulated by ultrasound in the therapeutic window which allows for deep tissue
penetration [31]. Specifically, metallated porphyrin-doped CPNs have demonstrated high
photodynamic efficiency against glioblastoma and other aggressive tumors [32-34]. Besides, these
nano-based PSs have demonstrated efficiency in the photodynamic inactivation of pathogenic
microorganisms harmful to human and animal health, expanding their range of biomedical
applications [31,34,35]. However, a comprehensive toxicological characterization is essential to
evaluate their biosafety, pharmacokinetics, and potential systemic effects before advancing to clinical
applications.

This study presents a preclinical toxicological evaluation of platinum porphyrin-doped F8BT
CPNs, assessing their biocompatibility, in vivo distribution, and potential adverse effects under both
single-dose and repeated-dose administration protocols. Our findings contribute to establishing the
safety profile of these nanomaterials, paving the way for their future development as effective
photosensitizers in PDT.
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2. Materials and Methods

2.1. Materials

The fluorescent polymer poly(9,9-dioctylfluorene-alt-benzothiadiazole) (FS8BT, Mn = 70000
g/mol, PDI = 2.4, American Dye Source, Canada), the amphiphilic functional polymers poly(styrene-
co-maleic anhydride) (PSMA, terminated by cumene, 68% styrene content, average molecular weight
approximately 1700 g/mol, Sigma Aldrich, St. Louis, MO, USA), the comb-like polymer polystyrene-
polyethylene glycol-functionalized with carboxyl groups (PS-PEG-COOH, backbone Mn = 6500
g/mol, branches Mn = 4600 g/mol, Polymer Source Inc, Canada), and the porphyrin Pt(II)
octaethylporphyrin (PtOEP, >95%, Frontier Scientific, UT, USA) were utilized as received.
Tetrahydrofuran (THF, pro-analysis grade, Sintorgan, Argentina) was employed to dissolve
polymers following a 5-hour reflux with potassium hydroxide pellets (KOH, pro-analysis grade,
Taurus). Nanoprecipitation was conducted in double-distilled water, further purified by an ELGA
PURELAB Classic UV system (~18.2 MQ)/cm) to eliminate ions, organic substances, and particulate
matter using a 0.2 um pore diameter filter.

2.2. Nanoparticle Synthesis

CPNs were developed by a previously reported nanoprecipitation protocol [33,36]. Briefly, a
stock solution of F8BT was prepared by dissolving the polymer in THF to a concentration of ~500
mg/L. This solution was filtered with a 0.2 um pore size PTFE membrane syringe filter (Iso-Disc,
Sigma-Aldrich) to remove undissolved polymers. The concentration of the filtered solution was
recalculated from its absorption spectrum using the known absorption coefficient (45.4 g-1 L cm in
THF at 456 nm). On the other hand, stock solutions of PSMA (2 g/L), PS-PEG-COOH (2 g/L) and
PtOEP (0.25 g/L) in THF were also prepared. Afterwards, all the solutions were mixed in THF to a
final concentration of 50, 5, and 10 mg/L for F8BT, PtOEP and PSMA or PS-PEG-COOH, respectively.
A volume of 5 mL of F8BT/PSMA or PS-PEG-COOH/PtOEP solution was quickly injected to 10 mL
of milliQ water while sonicating (Arcano, PS-30A) and the resulting mixture was further sonicated
for 10 min. THF was removed under reduced pressure in a rotary evaporator yielding a final volume
of 10 mL. The injection procedure was repeated two more times with two equal mixed polymer
solution in THF (5 mL, F8BT, PSMA or PS-PEG-COOH and PtOEP) with complete THF removal after
every THF mixed solution injection. This process yielded a concentrated CPN suspension. Finally,
the obtained NP dispersion was filtered through a 0.2 um pore size cellulose acetate membrane filter
(25 mm, gamma sterile, Micron Separation Inc.) to eliminate large aggregates. CPN concentration
after filtering is expressed in terms of FSBT mass concentration (mg/L) and was calculated using the
absorption coefficient of neat FSBT CPN (37.1 g-1 L cm-1 in water at 456 nm). Different stock batches
of CPN suspensions were prepared with final F8BT concentration ~ 150 mg/L. CPNs were
characterized by dynamic light scattering (DLS, Malvern 4700) and by absorption (Agilent Hewlett
Packard, HP 8452A) and emission spectroscopy (Horiba, Fluoromax-4). CPNs synthesized using
F8BT, PtOEP, and PSMA were designated as CPN-PSMA-PtOEP, while those prepared with F8BT,
PtOEP, and PS-PEG-COOH were referred to as CPN-PSPEG-PtOEP.

2.3. Dynamic Light Scattering (DLS) Size Characterization of CPNs

Measurements were performed using Malvern 4700 instrument at 25 °C. Light scattering results
were analyzed using Zetasizer software (provided by the instrument manufacturer) to obtain
hydrodynamic radius number distributions. CPN suspensions for analysis were prepared with
MilliQ water filtered through 0.2 um pore size filters prior to data acquisition. Measurements were
performed in a 1 cm quartz cuvette.
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2.4. Assessment of the Colloidal Stability of CPNs in Various Parenteral Administration Solutions by DLS

CPNs were prepared using PS-PEG-COOH and PSMA stabilizer polymers, both doped with
PtOEP, at a final concentration of 150 mg/L. Furthermore, three different isotonic solutions for
medical applications were developed to suspend the CPNs: PBS 1x, NaCl 0.9%, and Dextrose 5%.
These isotonic solutions are routinely employed for parenteral drug administration in in vivo studies.
The CPN formulations dispersed in the different media were placed in quartz cuvettes to assess
particle hydrodynamic diameter via DLS. Measurements were conducted at intervals of 0 minutes,
30 minutes, and 1 hour. This approach was aimed to evaluate colloidal stability across different
isotonic media for subsequent CPN administration trials in animals.

2.5. Animals Care

Healthy BALB/c mice (Mus musculus), adults (4 - 6 weeks old) weighing between 25 and 35 g
were obtained from the animal facility of the Faculty of Exact, Physical-Chemical, and Natural
Sciences at the National University of Rio Cuarto (UNRC). The mice were housed in plastic cages
with bedding in a ventilated, temperature-controlled, and standardized sterile animal room. They
were maintained under a 12-hour light/dark cycle, with food and water available ad libitum. All
animal procedures were strictly in compliance with the Guide for the Care and Use of Laboratory
Animals published by the NIH and approved by the Research Ethics Committee (COEDI) from
UNRC, Rio Cuarto, Argentina (Approval registration code N° 300/21).

2.6. Hemolysis Assay

Blood was collected from BALB/c mice (6 weeks old, n= 3) under inhalational anesthesia with
2% isoflurane, followed by euthanasia via decapitation. The blood was stored in potassium EDTA
collection tubes and repeatedly washed with phosphate-buffered saline (PBS) to remove free
hemoglobin. Red blood cells (RBC) were exposed to different concentrations of CPN-PSMA-PtOEP
(1,2,5,10, 25, and 50 mg/L) and incubated at 37°C for 1 hour. The following controls were established
accordingly Nanotechnology Characterization Laboratory (NCL) recommendations [37]. Positive
Control: Triton X-100 at a stock concentration of 1% (10 mg/mL) was used to induce hemolysis, as it
causes lysis of the cytoplasmic membrane of RBCs. Negative Control: RBCs were exposed to sterile
PBS at room temperature. Vehicle Control: This served as a control for the vehicle or medium used
to formulate the NPCs, which in this case was 5% dextrose. No-Blood Control: CPNs diluted in PBS
at the same final concentration as those tested in the blood assay were used as a control to rule out
false-positive results. After incubation, the samples were centrifuged, and the absorbance was
measured at 540 nm using a Multiskan FC microplate reader (Thermo Scientific).

2.7. Animal Treatments and Sample Collection

2.7.1. Single-Dose Toxicity

For single dose toxicology study of CPNs, doses of 0.3 and 1 mg(CPN)/kg(mouse) were chosen
based on previous pilot study of efficacy of CPN-PDT and the regulatory guide of Nanotechnology
Characterization Laboratory (NCL) [33,37]. Intravenous injections (i.v.) of CPNs suspension in
dextrose 5 % were conducted through the mouse tail vein. Intravenous injections of sterile dextrose
5 % were also given to mice as controls. The number of animals used in this evaluation followed
OECD (2001) guidance and reduction principle, i.e., using the lesser possible number of animals to
obtain statistical relevance [38]. Mice were randomly divided into different groups based on the
administration of CPN-PSPEG-PtOEP and CPN-PSMA-PtOEP at 0.3 and 1 mg/kg dose or dextrose 5
% control group. After administering the CPN samples, the animals were closely monitored for the
first hour, followed by periodic observations over the next four hours. Subsequently, they were
examined every 12 hours for the following days. Throughout the study, clinical assessments were
conducted to detect mortality, behavioral or neurological changes, and other abnormalities, while

d0i:10.20944/preprints202504.0890.v1
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their weight was recorded weekly until the end of the experiment. Each group had 6 mice (3 male
and 3 female) and different biochemical parameters were determined after blood collection
(potassium EDTA collection tube) at 1, 3, 7, 14 and 30 days after a single i.v. dose of CPNs (Figure 1).

Figure 1. Schematic representation of the experimental timeline for the single dose toxicity study of CPNs in
BALB/c mice. A single intravenous (i.v.) injection was administered at day 0, followed by sample collection at
different time points. Blood and organ samples were collected on days 1, 3, 7, 14, and 30 post-euthanasia for
histopathological and biochemical analyses. The study aimed to assess the systemic and organ-specific toxicity
of the CNPs over time. Created in BioRender. Ibarra, L. (2025) https://BioRender.com/f26a222.

2.7.2. Repeated-Dose Toxicity

A particular drug dose can effectively reduce disease symptoms with minimal toxicity over a
short period. However, adverse effects resulting from prolonged exposure remain a key factor in the
withdrawal of pharmaceuticals from the market [39,40]. To evaluate the repeated-dose toxicity of
CPNs, twenty-four mice (12 males and 12 females), age four weeks with a body weight of 30 +5 g,
were randomly assigned to groups. Mice in the treatment groups received intraperitoneal (i.p.) doses
of 0.1, 0.5, or 1 mg/kg every 48 hours for 28 days, while the control group received 5% dextrose as a
vehicle (Figure 2). Antisepsis of the abdominal area was performed using 70% alcohol prior to the
i.p. injections. Following injections, body weight, and clinical manifestations were documented at
certain time points in accordance with regulations. The symptoms and death were meticulously
watched and documented during the entire study. 2 days after the final dose administration, the mice
were euthanized under inhalational anesthesia. Blood and organ samples were collected for
toxicological analysis.

g S 4— ﬁ
analysis i ical analysis
blood samples
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Figure 2. Schematic representation of the experimental timeline for the subacute toxicity study of CPNs. BALB/c
mice received intraperitoneal (i.p.) injections of CNPs at a dose of 1 mg/kg every 48 hours over a 28-day period.
Blood and organ samples were collected at the end of the study (day 30), selected time points for hematological
and biochemical analyses. Throughout the study, clinical and physiological assessments were performed.
Created in BioRender. Ibarra, L. (2025) https://BioRender.com/f26a222.

2.8. Serum Collection, Hematology Analysis and Biochemical Determination

Prior to euthanasia, mice were anesthetized with 2% isoflurane (inhalational anesthesia). Once
unconsciousness was achieved, the animals were euthanized by decapitation, and the total blood
volume was collected in 1.5 mL tubes. Centrifugation at 1,200 rpm for 5 minutes was performed to
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separate the formed elements (red blood cells, white blood cells, and platelets). The serum was
collected and stored at -80°C until further analysis. Liver function was evaluated with serum levels
of alanine aminotransferase (ALT), as-partate aminotransferase (AST). Nephrotoxicity was
determined by blood urea nitrogen (BUN) and creatinine (Cr) serum levels. These parameters were
all assayed using a biochemical autoanalyzer (Cobas c 311, Roche Diagnostics, Switzerland). The
evaluated hematological parameters included the erythrocyte series: red blood cell count,
hemoglobin concentration (Hb), hematocrit (HTC), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC), the
leukocyte series (total leukocyte count, segmented neutrophils, lymphocytes, monocytes, and
eosinophils), and additional parameters such as plasma proteins, fibrinogen, and platelet count.
These parameters were determined using the Abacus Junior 30 hematology analyzer (Diatron,
Germany).

2.9. Histopathological Examinations

Tissues samples from spleen, liver, kidney and lung recovered from the necropsy from single
dose and repeated dose toxicity studies were fixed in 4% formalin, embedded in paraffin, sectioned
at 5-10 um, and stained with hematoxylin and eosin (H&E) for histological examination using
standard techniques. After hematoxylin eosin staining, the slides were observed, and photos were
taken using Zeiss Primo Star LED Binocular Microscope. All the identity and analysis of the
pathology slides were blind to the pathologist.

2.10. Biodistribution and Blood Clearance Analysis of CPNs Using ICP-MS

To evaluate the biodistribution and blood clearance of CPN-PSPEG-PtOEP and CPN-PSMA-
PtOEP administered i.v. in mice, the accumulated CPNs in various organs and their elimination
kinetics from the bloodstream were determined at different times post-administration. Mice received
a dose of 1 mg/kg of CPN-PSPEG-PtOEP or CPN-PSMA-PtOEP and were euthanized at 1-, 3-, and 7-
days post-administration. Following euthanasia, a necropsy was performed, and organs such as the
liver, spleen, kidney, and lungs were collected for analysis. Tissue samples were first mechanically
homogenized and then digested under acidic conditions using a microwave reactor. Quantification
of CPNs in the tissues was conducted using Inductively Coupled Plasma Mass Spectrometry (ICP-
MS, PerkinElmer, NexION 300X), a highly sensitive technique for detecting trace heavy metals,
ionizing samples with high-temperature argon plasma and analyzing them via mass spectrometry.
The analysis focused on the detection of platinum (Pt, pg/kg (sample)), a component of PtOEP, to
estimate the accumulation of CPNs in the different organs. Three of the most abundant Pt isotopes
were evaluated (Pt-194, Pt-195, Pt-196). To further analyze CPN blood clearance, mice (n = 3) were
administered CPN-PSMA-PtOEP i.v. at a dose of 1 mg/kg and blood collection was performed at 0,
3, 6, 12 and 24 h post-administration. Quantification of fortified blanks with a Pt standard and
fortified samples with Pt after digestion was performed to evaluate matrix effects. The recovery of Pt
was consistently above 91%. The detection limit for Pt in tissue samples was 1 ppb (ng/kg).

2.11. Statistical Analysis

Data are presented as mean values + standard deviation. Statistical analyses were conducted
utilizing GraphPad Prism software version 8.0 (GraphPad Software, San Diego, CA, USA).
Kolmogorov—-Smirnov normality tests were utilized to compare unpaired groups further. The
experimental design involved comparing means between distinct groups of numerical variables
using one-way or two-way analysis of variance (ANOVA) and Tukey’s test. The criterion for
statistical significance was established at p < 0.05.
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3. Results

3.1. Colloidal Stability Evaluation of CPNs in Parenteral Administration Solutions Using DLS

To evaluate the suitability of CPNs for parenteral administration, their colloidal stability was
assessed in various clinically relevant isotonic infusion solutions using DLS. The stability of CPN
suspensions is a critical parameter influencing their biodistribution, efficacy, and safety in vivo.
Therefore, CPN-PSPEG-PtOEP and CPN-PSMA-PtOEP samples were incubated in different
parenteral media, and changes in hydrodynamic diameter (dn) and polydispersity index (PDI) were
monitored over time. Both stabilizer polymers were added in equal mass proportions relative to the
mass of F8BT, ~20% w/w. We observed that CPN-PSMA-PtOEP had an average dn of 18 + 3 nm in
pure water, with a PDI of 0.24, whereas CPN-PSPEG-PtOEP exhibited a larger dn of 29 + 4 and a PDI
of 0.25 (Figure S1). These findings are consistent with previous results [18].

The CPN suspensions in isotonic infusion solutions (0.9% NaCl, 5% dextrose, and PBS 1X) were
assessed at distinct intervals (initially; immediately post-preparation, at 30 minutes, and at one hour)
utilizing the DLS technique to ascertain alterations in size distribution and potential aggregation
and/or precipitation resulting from increased ionic strength, which would be indicated by larger dn.
The results for CPN-PSPEG-PtOEP and CPN-PSMA-PtOEP are presented in Table 1 and 2,
respectively.

Table 1. The mean hydrodynamic diameter and PDI of CPN-PSPEG-PtOEP at 150 mg/L in different parenteral

solutions used in this study (mean, n = 3).

d0i:10.20944/preprints202504.0890.v1

Time (h) Solution dn (nm) PDI
1 water 29.0 0.25
0 0.9% NaCl 33.7 0.31

0.5 0.9% NaCl 35.0 0.29
1 0.9% NaCl 33.3 0.30
5% dextrose 24.9 0.34

0.5 5% dextrose 27.2 0.34
1 5% dextrose 28.2 0.34
PBS 1X 31.7 0.33

0.5 PBS 1X 35.3 0.35
1 PBS 1X 37.2 0.35

Table 2. The mean hydrodynamic diameter and PDI of CPN-PSMA-PtOEP at 150 mg/L in different parenteral

solutions used in this study (mean, n = 3).

Time (h) Solution Mean Diameter (nm) PDI
1 water 18.0 0.24
0 0.9% NaCl 234 0.32

0.5 0.9% NaCl 23.5 0.33
1 0.9% NaCl 29.1 0.38
5% dextrose 18.0 0.30

0.5 5% dextrose 14.9 0.40
1 5% dextrose 16.0 0.45
PBS 1X 20.6 0.38

0.5 PBS 1X 26.2 0.39
1 PBS 1X 30.0 0.45

CPNs suspended in 5% dextrose solutions exhibited minimal variation at a concentration of 150
mg/L for both stabilizers used in the synthesis. We observed that CPN-PSMA-PtOEP exhibited
superior colloidal stability over time, as indicated by only slight modifications in dn compared to
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CPN-PSPEG-PtOEP. The behavior of the different CPNs in the isotonic solutions allows us to identify
5% dextrose solution as suitable vehicles for CPN administration injections in further studies.

3.2. Hemolytic Activity of CPNs

The aim of this test was to assess the hemolytic capacity of CPN-PSMA-PtOEP employing
BALB/c mouse blood. Hemolysis serves as a vital indication of NP biocompatibility, since the lysis of
red blood cells can lead to significant detrimental consequences in the body [37]. The findings
indicated that CPN-PSMA-PtOEP did not cause hemolysis at any of the evaluated concentrations (1,
2, 5,10, 25, and 50 mg/L) (Figure 3). The absorbance values at 540 nm of samples treated with CPNss
was similar to that of the negative control (PBS) and the vehicle control (5% dextrose), suggesting no
substantial hemoglobin release. Conversely, the positive control (Triton X-100 1%) exhibited elevated
absorbance values, so validating the assay’s efficacy in identifying hemolysis.

100

% hemolysis
—
o
V4

P CPN-PSMA-PtOEP

Figure 3. Percentage of hemolysis induced by CPN-PSMA-PtOEP at different concentrations. C+: positive
control with Triton X100; C-: negative control with PBS; Cv: vehicle control of CPNs (5% dextrose); Cie:

Inhibition/Enhancement Control; Cwr: Blood Free Control. ns= no statistically significant differences. .

3.3. Single-Dose Toxicity of CPNs

For the single-dose toxicity assay, five groups of 28-day-old BALB/c mice (n=25 per group) were
administered a single i.v. dose of either 0.3 mg/kg or 1 mg/kg of CPN-PSPEG PtOEP or CPN-PSMA
PtOEP. An additional control group received only the vehicle solution of dextrose 5 %. The effects of
CPN administration were evaluated at 1, 3, 7, 14 and 30 days. Body weight, clinical behavior, blood
biochemistry, and histopathology were analyzed. Body weight and organ weights were assessed to
evaluate potential toxicological effects of the treatments. The initial body weights were
approximately 30 g for males and 25 g for females, with no significant differences in growth curves
across treatment groups throughout the study (p = 0.9339) (Figure S2). In addition, no significant
statistical differences were observed in other organ weights, including the liver, spleen, lung and
kidneys among different CPN treated groups and the control group (Figure 52). These results suggest
that CPN-PSPEG PtOEP and CPN-PSMA PtOEP do not significantly impact the growth and
development of mice. Furthermore, clinical examination revealed no signs of toxicity, such as fatigue,
anorexia, lethargy, or neurological alterations.
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3.3.1. Blood Hematology Analysis

To assess the effects of i.v. administration of CPN-PSMA-PtOEP, hematological analyses were
performed at 1, 3, 7 and 14 days after single-dose of CPNs. Results indicated that all measured
parameters in mice treated with CPN-PSMA-PtOEP (1 mg/kg) remained within normal ranges for
the specie and were comparable to those of the control group (Figure 4). The stability of RBC levels,
HTC, Hb, MCV, MCH, and MCHC suggests that these NPs are safe and biocompatible, at least within
the context of the evaluated hematological parameters. Furthermore, to assess the safety of CPNs, not
only hematological parameters but also immune system-related markers were considered, including
total leukocytes, neutrophils, lymphocytes, monocytes, eosinophils, and platelets. The analysis
demonstrated that the administration of CPN-PSMA-PtOEP (1 mg/kg) did not negatively affect
immune-related hematological parameters in healthy BALB/c mice.

In addition, plasma protein levels were analyzed, with a particular focus on fibrinogen. While
total protein levels remained within normal ranges across all time points, a slight increment was
observed on day 1 after CPN administration compared to control group. Fibrinogen levels exhibited
a transient increase. Specifically, at day 3, fibrinogen levels were significantly higher in the treated
group compared to controls (p = 0.0062), suggesting a potential initial inflammatory response or
reactive coagulation process following CPNs administration. However, by day 14, fibrinogen levels
returned to normal, indicating that this response was temporary, and that homeostasis was restored
without long-term complications.
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Figure 4. Blood hematological parameters analysis of mice treated with CPN-PSMA-PtOEP (1 mg/kg) and
control mice using autoanalyzer. Each group has six mice as experimental number. The data were represented

as mean + SD. Significant changes were compared with the control group (*p <0.05; **p < 0.01; ns= no statistically
significant differences).

3.3.2. Serum Biochemistry After Single-Dose i.v. Administration

Serum biochemistry analyses were conducted to evaluate the effects of CPN-PSPEG-PtOEP and
CPN-PSMA-PtOEP at different doses (0.3 and 1 mg/kg) on the biological functions of major
detoxifying organs, such as the liver and kidneys. The results for CPN-PSMA-PtOEP are presented
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in Figure 5. In the functional renal assessment, BUN and Cr serum levels following the administration
of CPNs remained within the reference range for the specie, with slight decreases observed at days
1, 14, and 30 for Cr serum levels (Figure 5B). However, statistical analysis showed no significant
differences compared to the control group (p = 0.1294). Furthermore, serum biochemistry analysis of
ALT and AST levels indicated normal liver function across all experimental groups. No significant
deviations were observed in ALT or AST levels following the administration of CPN-PSMA-PtOEP
at either dose (0.3 and 1 mg/kg) when compared to the control group (Figure 5A). Treatment with
CPN-PSPEG-PtOEP followed the same tendency (Figure S3). These findings suggest that the tested
CPNs did not induce hepatic toxicity or impair liver function within the evaluated timeframe.
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Figure 5. Serum biochemistry and histopathological evaluation of major organs following a single-dose
evaluation of CPNs. Serum biochemical markers associated with kidney function (A), including blood urea
nitrogen (BUN) and creatinine (Cr), as well as liver function markers (B), including aspartate aminotransferase
(AST) and alanine aminotransferase (ALT). C) Representative hematoxylin and eosin (H&E) stained sections of
liver, kidney, spleen, and lung tissues collected at different time points (1, 7, 14, and 30 days) post-administration

of CPNs. Control (Crt) samples are included for comparison. Magnification 400x.

3.3.3. Histopathological Assessment of Major Organs

Histopathological evaluation of liver, kidney, spleen, and lung tissues revealed no significant
pathological alterations across the CPN-PSMA-PtOEP group compared to control group. Organs
from the control group exhibited normal histological architecture, with no evidence of degenerative
damage, inflammatory responses, or circulatory disturbances. Similarly, liver tissue from treated
groups maintained structural integrity, with hepatocytes displaying a typical hexagonal lobular
arrangement and Kupffer cells appearing without abnormalities. No signs of biliary cholestasis,
fibrosis, or inflammatory infiltrates were observed at any time point. However, in the group
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evaluated 30 days post-injection, mild hydropic degeneration was detected in hepatocytes,
characterized by the presence of small, pale vacuoles indicative of increased water uptake in the
endoplasmic reticulum (Figure 5C). This finding, while not indicative of overt toxicity, may be
attributed to CPN accumulation. Microscopic evaluation of renal tissue morphology across all
experimental groups revealed a well-preserved parenchymal structure with an appropriate cortex-
to-medulla ratio. In the renal cortex, glomeruli appeared well-developed, and both proximal and
distal convoluted tubules exhibited well-formed epithelial cells consistent with normal parenchymal
architecture, without any signs of degenerative or proliferative disorders (Figure 5C). In the stromal
tissue of both the cortex and medulla, no inflammatory cell infiltration was observed, ruling out the
presence of interstitial or suppurative glomerulonephritis. Additionally, blood vessels displayed
clear lumens with no evidence of circulatory disturbances. Similarly, splenic tissue exhibited the same
characteristics as the control group. The organs displayed well-developed capsules with connective
tissue trabeculae extending into the parenchyma. The lymphoid follicles were well formed,
composed of mature and immature lymphoid cells, with no signs of immune system alteration such
as lymphoid depletion or hyperplasia (Figure 5C). Finally, lung tissues from the treated groups
showed no pathological alterations. Alveolar septa were thin and composed of pneumocytes and
capillary networks, with no evidence of inflammatory cell infiltration. Additionally, the alveolar
spaces remained clear, with no signs of exudative inflammatory cells (polymorphonuclears
leukocytes), further confirming the absence of pulmonary pathology (Figure 5C). Overall, these
results suggest that the administered CPNs do not induce significant histopathological changes in
major detoxifying organs within the studied timeframe.

3.4. Biodistribution Analysis and Plasma Kinetics of CPNs by ICP-MS

ICP-MS was employed to quantitatively determine the Pt content provided by PtOEP in CPNs
across tissue samples, including liver, kidney, spleen, and lung. This analysis was performed on
BALB/c mice (n=3) that received a single i.v. dose of 1 mg/kg of either CPN-PSMA-PtOEP or CPN-
PSPEG-PtOEP. Tissue samples were collected at 1-, 3-, and 7-days post-administration. Following the
administration of CPN-PSMA-PtOEP, Pt levels were highest in the liver, spleen, and lungs at 24
hours, suggesting predominant uptake by the mononuclear phagocyte system (Figure 6A). A
subsequent decline in Pt levels was observed at day 3, followed by a decrease at 3 and 7 days, which
may indicate nanoparticle redistribution or prolonged retention within these organs. In contrast,
kidney tissue exhibited minimal Pt accumulation throughout the study, suggesting that the primary
route of elimination is not renal but rather hepatobiliary. This biodistribution pattern highlights the
potential influence of CPN uptake and hepatic processing on nanoparticle clearance dynamics.

The concentration of Pt-containing CPN in the bloodstream progressively decreased over time
(Figure 5B). The highest levels were detected at the earliest time point, with a rapid decline by 6
hours, indicating effective clearance from circulation. After 12 hours, only minimal Pt levels remained
in the blood, supporting the hypothesis of tissue redistribution and elimination predominantly
through non-renal pathways.
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Figure 6. Biodistribution and Blood content of CPN PSMA PtOEP. A) Biodistribution of Pt-containing CPNs in
major organs (liver, spleen, lungs, and kidneys) at 24 hours, 3 days, and 7 days post-administration of 1 mg/kg
via i.v.. The liver, spleen, and lungs exhibited the highest Pt accumulation at 24 hours, followed by a decline at
day 3 and day 7. Kidney accumulation remained minimal, indicating that renal clearance is not the primary
elimination route. B) Blood circulation profile of CPN PSMA PtOEP over time, showing a progressive decrease
in Pt concentration, suggesting systemic clearance following administration. Data are presented as mean *

standard deviation.

3.5. Repeated-Dose Toxicity of CPNs

Clinical observations revealed no overt signs of distress, adverse reactions, or mortality across
all groups, suggesting that repeated CPN exposure did not produce immediate toxicity. Moreover,
no statistically significant variations were found in the weights of animals between the beginning day
and the final time point (30 days) across all groups, including various dose groups and the control
group (p = 0.9842) (Figure 7A). No weight loss or decreased weight gain indicative of discomfort was
noted. Upon conclusion of the study, animals were euthanized to obtain various samples (blood and
organ tissues) for analysis. Initially, the organs were weighed to compare them with the control group
and evaluate any changes. Each organ was evaluated individually across the various dose groups
and the control group to identify any discrepancies; however, no statistically significant changes were
noted in any instance (p = 0.8314) (Figure 7B).
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Figure 7. Evaluation of repeated-dose toxicity following intraperitoneal administration of CPNs. Mice were
treated with 0.1, 0.5, or 1 mg/kg of CPN-PSMA-PtOEP every 48 hours for 28 days, while the control group
received 5% dextrose. A) Body weight progression of mice across different treatment groups. B) Relative organ
weights of key metabolic and excretory organs, including the liver, spleen, and kidneys. C) Hematocrit
percentage across treatment groups. Serum biochemical markers associated with kidney function, including
blood urea nitrogen (BUN) (D) and creatinine (Cr) (E), as well as liver function markers, including aspartate
aminotransferase (AST) (F) and alanine aminotransferase (ALT) (G). No statistically significant differences were
observed among the groups, indicating that CPN administration did not induce overt toxicity. Data are

presented as mean * standard deviation. p-values were determined using one-way ANOVA.

At the end of the study (30 days), blood samples were collected for analysis. HTC levels
remained within physiological ranges across all treatment groups, with no statistically significant
differences observed (Figure 7C). Serum biochemical markers associated with kidney and liver
function were assessed to evaluate potential systemic toxicity. BUN (Figure 7D) and Cr (Figure 7E)
levels were measured as indicators of renal function, while AST (Figure 7F) and ALT (Figure 7G)
were analyzed as markers of hepatic function. No significant differences in BUN or Cr levels were
detected between treatment groups and the control, suggesting that repeated administration of CPNs
did not induce renal dysfunction. Similarly, AST and ALT levels remained within physiological
ranges across all groups, with no notable deviations from the control group. These findings indicate
that prolonged exposure to CPNs at the tested doses does not result in detectable hepatotoxicity or
nephrotoxicity under the study conditions.

Histopathological analysis of liver tissues from all experimental groups (control, 0.1, 0.5, and 1
mg/kg) revealed a well-preserved hepatic architecture, with hepatocytes arranged in characteristic
Remak trabeculae. The hepatocytes exhibited well-developed nuclei with appropriately distributed
chromatin, and the cytoplasm showed only mild hydropic degeneration across all groups, with no
significant differences. No signs of inflammatory cell infiltration or structural alterations indicative
of hepatic toxicity were observed (Figure 8, top row). Renal tissue evaluation demonstrated a well-
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maintained corticomedullary ratio and normal parenchymal organization across all groups. Tubular
epithelial cells in both the cortex and medulla exhibited normal nuclear and cytoplasmic morphology,
without signs of damage. A slight increase in Bowman's capsule filtration space was observed in the
1 mg/kg group; however, this change was not significant and was consistent with serum biochemical
markers of kidney function (BUN and Cr). No evidence of inflammatory cell infiltration or exudation
suggesting renal inflammation was detected (Figure 8, second row). The spleen exhibited normal
parenchymal development across all groups, with no pathological alterations. A clear distinction
between the white pulp (lymphoid cells) and red pulp (vascular structures) was observed. Reactive
germinal centers, characterized by increased size and proliferating lymphoid cells, were present in
both the highest-dose and control groups, suggesting normal immune activity (Figure 8, third row).
Lung tissue analysis showed occasional alveolar septal ruptures in most samples, including controls,
likely due to the euthanasia method used. Additionally, some in-stances of venous congestion,
characterized by increased erythrocytes in venous blood vessels, were noted (Figure 8, bottom row).
Overall, histopathological findings suggest that repeated administration of CPNs at the tested doses
does not induce significant structural or inflammatory alterations in the examined tissues.

0.5 mg/kg 1 mg/kg Control

s

Liver

Kidney

Spleen

Figure 8. Histopathological analysis of major organs following repeated administration of CPNs. Representative
hematoxylin and eosin (H&E)-stained sections of liver (top row), kidney (second row), spleen (third row), and
lung (bottom row) tissues from control and treated groups (0.1, 0.5, and 1 mg/kg). No signs of inflammation or

tissue damage attributable to CPN administration were observed across all groups.

4. Discussion

Semiconducting polymers like FS8BT belong to a class of photoactive polymers characterized by
highly m-conjugated backbones. Their extended m-conjugation combined with intrinsic
conformational disorder results in the formation of varying size chromophoric units during CPN
synthesis which provide a broad tunability range for the HOMO-LUMO bandgap. This energy
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difference, referred to as the bandgap, governs fundamental properties such as optical absorption,
electrical conductivity, and the photoinduced physical and chemical reactivity of the material. The
platinum porphyrin units, when embedded in the CP matrix, can serve as efficient energy traps.
When the CP absorbs light, the energy can be transferred to the platinum porphyrin units and then
efficiently transfer the energy to molecular oxygen, converting it into ROS such as singlet oxygen.
This process is often more efficient than direct energy transfer from the CP alone [19,36]. However, a
drawback of these materials lies in their highly m-conjugated and hydrophobic backbones, which
impede biodegradation [41]. Although numerous studies highlight CPNs as promising diagnostic
probes and therapeutic agents, very few investigations have addressed the toxicological potential of
NPs fabricated from these CP [42]. While strategies such as modifying CPs to incorporate degradation
sites have yielded promising results [41], more comprehensive toxicological studies are critically
needed to advance these materials into biomedical applications.

The preclinical toxicological evaluation of platinum porphyrin-doped F8BT CPNs presented in
this study provides critical insights into their biocompatibility and safety profile, addressing key
concerns for their potential application in PDT. The findings demonstrate that CPNs exhibit minimal
acute and subacute toxicity in murine models, supporting their candidacy for further clinical
development. The colloidal stability of CPNs in clinically relevant isotonic solutions, particularly 5%
dextrose, underscores their suitability for parenteral administration. The excellent stability of CPN-
PSMA-PtOEP over time, with negligible aggregation, aligns with previous reports on PEGylated or
amphiphilic polymer-stabilized nanoparticles, which resist opsonization and prolong circulation in
vivo [43]. Importantly, the absence of hemolytic activity at CPNs concentrations up to 50 mg/L
suggests excellent blood compatibility, a critical advantage over some metal-based or inorganic
nanoparticles (e.g., silver or zinc oxide NPs) that exhibit dose-dependent hemolysis [44,45]. This
property reduces the risk of anemia or thrombotic complications, enhancing their translational
potential.

The lack of significant alterations in body weight, organ weights, hematological parameters, or
serum biochemistry (ALT, AST, BUN, Cr) following single or repeated administrations indicates
systemic biocompatibility. The transient elevation in fibrinogen levels at day 3 post-administration
likely reflects a mild, self-limiting inflammatory response, consistent with the innate immune
system’s recognition of foreign particles [46,47]. However, the return to normal values of this marker
by day 14 suggests adaptive tolerance, a phenomenon observed with stealth nanoparticles
engineered to evade immune detection. These findings contrast with reports on certain polymeric or
metal-oxide NPs, which induce persistent inflammation or organ dysfunction at comparable doses
[48,49].

Histopathological analyses further corroborated the safety profile, with no evidence of necrosis,
fibrosis, or inflammatory infiltrates in major organs. The mild hydropic degeneration observed in
hepatocytes at 30 days post-administration warrants attention, as it may signal early metabolic stress
due to CPN accumulation in the liver. While this finding did not correlate with elevated liver
enzymes or functional impairment, it highlights the need for chronic toxicity studies to exclude long-
term hepatotoxicity.

The biodistribution pattern of CPNs, marked by hepatic and splenic accumulation, is
characteristic of NPs cleared via the MPS [7,50]. The rapid blood clearance (within 24 hours) and
minimal renal retention suggest that CPNs are primarily metabolized through hepatobiliary
pathways, reducing the risk of nephrotoxicity. This aligns with studies on similarly sized polymeric
NPs, though surface modifications (e.g., PEGylation) could further modulate pharmacokinetics to
enhance tumor targeting and reduce MPS uptake [51,52].

While this study provides robust evidence of short-term safety, some limitations must be
acknowledged. First, although the tested doses (<1 mg/kg) were selected based on prior efficacy
studies demonstrating therapeutic activity at lower doses (e.g., 0.3 mg/kg) in tumor-bearing models
[33], dose escalation may still be necessary to achieve optimal therapeutic levels in complex clinical
scenarios. However, the repeated-dose regimen (every 48 hours over 28 days) enabled evaluation of
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significantly higher cumulative exposure (14 total doses), simulating a prolonged treatment schedule.
This approach reflects an effort to infer potential chronic effects from a subacute model, though long-
term studies remain critical. Second, the 30-day observation window precludes conclusions about
chronic toxicity, which is critical for nanomaterials with potential organ accumulation. Future work
should prioritize long-term studies, interspecies comparisons (e.g., in larger mammals). Additionally,
functionalizing CPNs with tumor-targeting ligands could mitigate off-target accumulation and
enhance therapeutic specificity. With continued interdisciplinary collaboration to refine
biocompatibility, optimize dosing regimens, and elucidate long-term biodynamics, these porphyrin-
doped CPNs hold immense promise to advance PDT into safer, more precise clinical paradigms,
ultimately improving outcomes for patients with refractory malignancies.

5. Conclusions

In summary, our study establishes a foundational safety profile for porphyrin-doped CPNs,
demonstrating their biocompatibility across multiple toxicological endpoints. The results position
these NPs as promising candidates for PDT, with negligible acute toxicity and favorable
pharmacokinetics. However, the translational pathway must include rigorous chronic toxicity
evaluations and mechanistic studies to elucidate the biological fate of CPNs. By addressing these
gaps, CPNs could advance as a versatile platform for image-guided therapies, bridging the divide
between nanomaterial innovation and clinical application.
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Author Contributions: M.D.C.: data curation, formal analysis, investigation, methodology, visualization,
writing — original draft. A.B.M.V.: investigation, data curation. L.C.: validation, writing — review & editing.
R.E.P/C.A.C.: Funding acquisition, resources, validation, writing — review & editing. L.E.L.: Conceptualization,
formal analysis, methodology, project administration, supervision, visualization, writing — original draft,

writing — review & editing.

Funding: Authors appreciate financial support from SECyT UNRC (PPI 2024), ANPCyT (PICT 2020/51;
2020/3803), CONICET (PIP 11220200102377CO01) and Join Bilateral agreement CNR/CONICET.

Institutional Review Board Statement: The animal study protocol was approved by the Comité de. Etica de la
Investigacion (COEDI) from Universidad Nacional de Rio Cuarto, Rio Cuarto, Argentina. (Cod. 300/21 approved
on 1 March 2021).

Informed Consent Statement: Not applicable.

Data Availability Statement: We encourage all authors of articles published in MDPI journals to share their
research data. In this section, please provide details regarding where data supporting reported results can be
found, including links to publicly archived datasets analyzed or generated during the study. Where no new data
were created, or where data is unavailable due to privacy or ethical restrictions, a statement is still required.
Suggested Data Availability Statements are available in section “MDPI Research Data Policies” at

https://www.mdpi.com/ethics.

Acknowledgments: Authors express their gratitude to the authorities of JLA Argentina SA (JLA.com.ar) for their
invaluable contribution in conducting IPC-MS analysis at no cost. In particular, we thank Ing. Naara Chiappero
(Head of Elemental Analysis Department) for sample handling and evaluation and Dr. Ivan Cabanillas

(Technical Director) for his instrumental role in facilitating the collaboration.

Conflicts of Interest: The authors declare no conflicts of interest.


https://doi.org/10.20944/preprints202504.0890.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2025 d0i:10.20944/preprints202504.0890.v1

17 of 20

References

1. Ibarra, L.E; Vilchez, M.L.; Caverzan, M.D.; Milla Sanabria, L.N. Understanding the glioblastoma tumor
biology to optimize photodynamic therapy: From molecular to cellular events. ]. Neurosci. Res. 2021, 99,
1024-1047, doi:10.1002/jnr.24776.

2. Foresto, E.; Gilardi, P.; Ibarra, L.E.; Cogno, LS. Light-activated green drugs: How we can use them in
photodynamic therapy and mass-produce them with biotechnological tools. Phytomedicine Plus 2021, 1,
100044, doi:10.1016/j.phyplu.2021.100044.

3. Cesca, B.A; Caverzan, M.D.; Lamberti, M.J.; Ibarra, L.E. Enhancing Therapeutic Approaches in
Glioblastoma with Pro-Oxidant Treatments and Synergistic Combinations: In Vitro Experience of
Doxorubicin and Photodynamic Therapy. Int. |. Mol. Sci. 2024, 25, 7525, d0i:10.3390/I]JMS25147525.

4. Cesca, B.A.; Pellicer, K.; Martin, S.; Caverzan, M.D.; Oliveda, P.M.; Ibarra, L.E. State-of-the-art
photodynamic therapy for malignant gliomas: innovations in photosensitizers and combined therapeutic
approaches. Open Explor. 2019 6 2025, 6, 1002303-, doi:10.37349/ETAT.2025.1002303.

5. Abrahamse, H.; Hamblin, M.R. New photosensitizers for photodynamic therapy. Biochem. J. 2016, 473, 347—
364, doi:10.1042/BJ20150942.

6.  Salehpour, F.; Cassano, P.; Rouhi, N.; Hamblin, M.R.; De Taboada, L.; Farajdokht, F.; Mahmoudi, J.
Penetration Profiles of Visible and Near-Infrared Lasers and Light-Emitting Diode Light Through the Head
Tissues in Animal and Human Species: A Review of Literature. https://home.liebertpub.com/photob 2019, 37,
581-595, doi:10.1089/PHOTOB.2019.4676.

7. Du, B; Li, T; He, H; Xu, X,; Zhang, C,; Lu, X;; Wang, Y.; Cao, J.; Lu, Y,; Liu, Y,; et al. Analysis of
Biodistribution and in vivo Toxicity of Varying Sized Polystyrene Micro and Nanoplastics in Mice. Int. ].
Nanomedicine 2024, 19, 7617-7630, doi:10.2147/1JN.S466258.

8. Skotland, T.; Iversen, T.G.; Llorente, A.; Sandvig, K. Biodistribution, pharmacokinetics and excretion
studies of intravenously injected nanoparticles and extracellular vesicles: Possibilities and challenges. Adv.
Drug Deliv. Rev. 2022, 186, 114326, d0i:10.1016/]. ADDR.2022.114326.

9.  Algorri, J.F,; Ochoa, M.; Roldan-Varona, P.; Rodriguez-Cobo, L.; Lopez-Higuera, ].M. Light technology for
efficient and effective photodynamic therapy: A critical review. Cancers (Basel). 2021, 13,
d0i:10.3390/cancers13143484.

10. Kimura, S.; Kuroiwa, T.; Ikeda, N.; Nonoguchi, N.; Kawabata, S.; Kajimoto, Y.; Ishikawa, T. Assessment of
safety of 5-aminolevulinic acid—mediated photodynamic therapy in rat brain. Photodiagnosis Photodyn. Ther.
2018, 21, 367-374, d0i:10.1016/].PDPDT.2018.02.002.

11. Carew, A.C; Hoque, M.E.; Metcalfe, C.D.; Peyrot, C.; Wilkinson, K.J.; Helbing, C.C. Chronic sublethal
exposure to silver nanoparticles disrupts thyroid hormone signaling during Xenopus laevis
metamorphosis. Aquat. Toxicol. 2015, 159, 99-108, doi:10.1016/j.aquatox.2014.12.005.

12. Xuan, L.; Ju, Z; Skonieczna, M.; Zhou, P.K,; Huang, R. Nanoparticles-induced potential toxicity on human
health: Applications, toxicity mechanisms, and evaluation models. MedComm 2023, 4, e327,
doi:10.1002/MCO2.327.

13. Sharma, N.; Kurmi, B. Das; Singh, D.; Mehan, S.; Khanna, K.; Karwasra, R.; Kumar, S.; Chaudhary, A.;
Jakhmola, V.; Sharma, A.; et al. Nanoparticles toxicity: an overview of its mechanism and plausible
mitigation strategies. J. Drug Target. 2024, 32, 457-469, d0i:10.1080/1061186X.2024.2316785.

14. Jakic, K; Selc, M.; Razga, F.; Nemethova, V.; Mazancova, P.; Havel, F.; Sramek, M.; Zarska, M.; Proska, J.;
Masanova, V.; et al. Long-Term Accumulation, Biological Effects and Toxicity of BSA-Coated Gold
Nanoparticles in the Mouse Liver, Spleen, and Kidneys. Int. ]. Nanomedicine 2024, 19, 4103-4120,
doi:10.2147/1JN.S443168.

15. Fujihara, J.; Nishimoto, N. Review of Zinc Oxide Nanoparticles: Toxicokinetics, Tissue Distribution for
Various Exposure Routes, Toxicological Effects, Toxicity Mechanism in Mammals, and an Approach for
Toxicity Reduction. Biol. Trace Elem. Res. 2024, 202, 9-23, doi:10.1007/512011-023-03644-W/METRICS.

16. Ibarra, L.E.; Porcal, G.; Macor, L.P.; Ponzio, R.A.; Spada, RM.; Lorente, C.; Chesta, C.A.; Rivarola, V.A,;
Palacios, R.. Metallated porphyrin doped conjugated polymer nanoparticles for efficient PDT of brain and
colorectal tumor cells. Nanomedicine (Lond). 2018, 13, 605-624, d0i:10.2217/nnm-2017-0292.


https://doi.org/10.20944/preprints202504.0890.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2025 d0i:10.20944/preprints202504.0890.v1

18 of 20

17.  Abalos, R.N.; Aziz, I.A,; Caverzan, M.; Lochedino, A.S.; Ibarra, L.E.; Gallastegui, A.; Chesta, C.A.; Gomez,
M.L.; Mecerreyes, D.; Palacios, R.E.; et al. Poly(3-hexylthiophene) nanoparticles as visible-light
photoinitiators and photosensitizers in 3D printable acrylic hydrogels for photodynamic therapies. Mater.
Horizons 2025, do0i:10.1039/D4MH01802H.

18. Ibarra, L.E.; Camorani, S.; Agnello, L.; Pedone, E.; Pirone, L.; Chesta, C.A.; Palacios, R.E.; Fedele, M;
Cerchia, L. Selective Photo-Assisted Eradication of Triple-Negative Breast Cancer Cells through Aptamer
Decoration of Doped Conjugated Polymer Nanoparticles. Pharmaceutics 2022, 14, 626,
doi:10.3390/pharmaceutics14030626.

19. Chang, K; Tang, Y.; Fang, X.; Yin, S.; Xu, H.; Wu, C. Incorporation of Porphyrin to m-Conjugated Backbone
for Polymer-Dot-Sensitized Photodynamic Therapy. Biomacromolecules 2016, 17, 2128-2136,
doi:10.1021/acs.biomac.6b00356.

20. Li, L; Zhang, X.; Ren, Y.,; Yuan, Q.; Wang, Y.; Bao, B.; Li, M.; Tang, Y. Chemiluminescent Conjugated
Polymer Nanoparticles for Deep-Tissue Inflammation Imaging and Photodynamic Therapy of Cancer. J.
Am. Chem. Soc. 2024, 146, 5927-5939,
doi:10.1021/JACS.3C12132/ASSET/IMAGES/LARGE/JA3C12132_0006.JPEG.

21. Jiang, L.; Bai, H,; Liu, L.; Lv, F.; Ren, X.; Wang, S. Luminescent, Oxygen-Supplying, Hemoglobin-Linked
Conjugated Polymer Nanoparticles for Photodynamic Therapy. Angew. Chemie - Int. Ed. 2019, 58, 10660—
10665, d0i:10.1002/anie.201905884.

22. Creamer, A.; Fiego, A. Lo, Agliano, A.; Prados-Martin, L.; Hogset, H.; Najer, A.; Richards, D.A.;
Wojciechowski, J.P.; Foote, J.E.].; Kim, N.; et al. Modular Synthesis of Semiconducting Graft Copolymers to
Achieve “Clickable” Fluorescent Nanoparticles with Long Circulation and Specific Cancer Targeting. Adv.
Mater. 2024, 36, 2300413, doi:10.1002/ADMA.202300413.

23. Sultan Erkan Theoretical and Experimental Spectroscopic Properties and Molecular Docking of F8BT p-
Type  Semiconducting  Polymer.  Russ. ] Phys. Chem. A 2020, 94, 445-452,
doi:10.1134/S0036024420020314/TABLES/4.

24. Lix, K; Tran, M. V.; Massey, M., Rees, K; Sauvé, ER,; Hudson, ZM. Russ Algar, W. Dextran
Functionalization of Semiconducting Polymer Dots and Conjugation with Tetrameric Antibody Complexes
for Bioanalysis and Imaging. ACS Appl. Bio  Mater. 2020, 3, 432-440,
doi:10.1021/ACSABM.9B00899/ASSET/IMAGES/LARGE/MT9B00899_0007.JPEG.

25. Gupta, R;; Wang, Y.; Darwish, G.H.; Poisson, J.; Szwarczewski, A.; Kim, S.; Traaseth, C.; Hudson, Z.M.;
Algar, W.R. Semiconducting Polymer Dots Directly Stabilized with Serum Albumin: Preparation,
Characterization, and Cellular Immunolabeling. ACS Appl. Mater. Interfaces 2023, 15, 55456-55465,
doi:10.1021/ACSAMI.3C13430/ASSET/IMAGES/LARGE/AM3C13430_0006.JPEG.

26. Chen, X,; Chen, F.Y,; Lu, Y.; Li, Q; Li, S; Zheng, C.; Zheng, Y.; Dang, L.; Li, RY.; Liu, Y,; et al
Supramolecular Nano-Tracker for Real-Time Tracking of Drug Release and Efficient Combination Therapy.
Adv. Sci. 2024, 11, 2404731, doi:10.1002/ADVS.202404731.

27. Modicano, P.; Trutschel, M.L.; Phan-Xuan, T.; Matarese, B.F.E.; Urbano, L.; Green, M.; Méader, K.; Dailey,
L.A. Does Encapsulation of m-Conjugated Polymer Nanoparticles within Biodegradable PEG-PLGA
Matrices Mitigate Photoinduced Free Radical Production and Phototoxicity? Adv. Ther. 2025, 8, 2400190,
doi:10.1002/ADTP.202400190.

28. Zhou, D; Yang, Y.D,; Jin, L.Y,; Yang, Y.; Wang, S.H.; Cai, Q.; Guan, W. Bin; Ma, F.; Xiong, L. Near-Infrared
Polymer Dots in the Portal-Hepatic Circulation Achieve Localization of Hepatic Carcinoma in Vivo. ACS
Appl. Bio Mater. 2020, 3, 6177-6186,
doi:10.1021/ACSABM.0C00729/ASSET/IMAGES/LARGE/MT0C00729_0009.JPEG.

29. Arias-Ramos, N.; Ibarra, L.E.; Serrano-Torres, M.; Yagiie, B.; Caverzan, M.D.; Chesta, C.A ; Palacios, R.E.;
Lopez-Larrubia, P. Iron Oxide Incorporated Conjugated Polymer Nanoparticles for Simultaneous Use in
Magnetic Resonance and Fluorescent Imaging of Brain Tumors. Pharmaceutics 2021, 13, 1258,
doi:10.3390/pharmaceutics13081258.

30. Li, X;Zhang, C.; Haggerty, A.E.; Yan, J.; Lan, M.; Seu, M.; Yang, M.; Marlow, M.M.; Maldonado-Lasuncién,
I; Cho, B.; et al. The effect of a nanofiber-hydrogel composite on neural tissue repair and regeneration in
the contused spinal cord. Biomaterials 2020, 245, 119978, d0i:10.1016/]. BIOMATERIALS.2020.119978.


https://doi.org/10.20944/preprints202504.0890.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2025 d0i:10.20944/preprints202504.0890.v1

19 of 20

31. Martinez, S.R.; Odella, E.; Ibarra, L.E.; Sosa Lochedino, A.; Wendel, A.B.; Durantini, A.M.; Chesta, C.A.;
Palacios, R.E. Conjugated polymer nanoparticles as sonosensitizers in sono-inactivation of a broad
spectrum of pathogens. Ultrasonics 2024, 137, 107180, doi:10.1016/]. ULTRAS.2023.107180.

32. Caverzan, M.D.; Beaugg, L.; Chesta, C.A ; Palacios, R.E.; Ibarra, L.E. Photodynamic therapy of Glioblastoma
cells using doped conjugated polymer nanoparticles: An in vitro comparative study based on redox status.
J. Photochem. Photobiol. B Biol. 2020, 212, 112045, d0i:10.1016/j.jphotobiol.2020.112045.

33. Caverzan, M.D.; Oliveda, P.M.; Beaugé, L.; Palacios, REE.; Chesta, C.A.; Ibarra, L.E. Metronomic
Photodynamic Therapy with Conjugated Polymer Nanoparticles in Glioblastoma Tumor
Microenvironment. Cells 2023, 12, 1541, doi:10.3390/CELLS12111541/S1.

34. Cagnetta, G.E.; Martinez, S.R.; Ibarra, L.E.; Wendel, A.; Palacios, R.E.; Chesta, C.A.; G, M.L. Photoactive
broad-spectrum dressings with antimicrobial and antitumoral properties. Biomater. Adv. 2025, 169, 214158,
doi:10.1016/j.bioadv.2024.214158.

35. Martinez, S.R; Ibarra, L.E.; Ponzio, R.A.; Forcone, M.V.; Wendel, A B.; Chesta, C.A.; Spesia, M.B.; Palacios,
R.E. Photodynamic Inactivation of ESKAPE Group Bacterial Pathogens in Planktonic and Biofilm Cultures
Using Metallated Porphyrin-Doped Conjugated Polymer Nanoparticles. ACS Infect. Dis. 2020, 6, 2202-2213,
doi:10.1021/acsinfecdis.0c00268.

36. Spada, RM.; Macor, L.P.; Hernandez, L.I; Ponzio, R.A.; Ibarra, L.E.; Lorente, C.; Chesta, C.A_; Palacios,
R.E. Amplified singlet oxygen generation in metallated-porphyrin doped conjugated polymer
nanoparticles. Dye. Pigment. 2018, 149, 212-223, doi:10.1016/j.dyepig.2017.09.044.

37. Neun BW, Cedrone E, D.M. NCL Method ITA-1: Analysis of Hemolytic Properties of Nanoparticles.
Nanotechnol. Charact. Lab. 2009, 21702, 1-15, d0i:10.17917/V9AP-D(094.

38. Mukherjee, S.; Bollu, V.S.; Roy, A.; Nethi, S.K.; Madhusudana, K.; Kumar, ].M,; Sistla, R.; Patra, C.R. Acute
Toxicity, Biodistribution, and Pharmacokinetics Studies of Pegylated Platinum Nanoparticles in Mouse
Model. Adv. NanoBiomed Res. 2021, 1, 2000082, doi:10.1002/ANBR.202000082.

39. Mohammadpour, R.; Cheney, D.L.; Grunberger, ].W.; Yazdimamaghani, M.; Jedrzkiewicz, J.; Isaacson, K.J.;
Dobrovolskaia, M.A.; Ghandehari, H. One-year chronic toxicity evaluation of single dose intravenously
administered silica nanoparticles in mice and their Ex vivo human hemocompatibility. ]. Control. Release
2020, 324, 471-481, doi:10.1016/].JCONREL.2020.05.027.

40. He, ].; Zhang, X,; Liu, L.; Wang, Y.; Liu, R; Li, M.; Gao, F. Acute and Subacute Toxicity Evaluation of
Erythrocyte Membrane-Coated Boron Nitride Nanoparticles. J. Funct. Biomater. 2023, Vol. 14, Page 181 2023,
14, 181, doi:10.3390/JFB14040181.

41. Zhou, W.; Li, Q. Liu, M,; Gu, X; He, X,; Xie, C.; Fan, Q. Biodegradable semiconducting polymer
nanoparticles for phototheranostics. J. Mater. Chem. B 2024, 2242-2253, doi:10.1039/d4tb02437k.

42. Guo, W,; Chen,M,; Yang, Y.; Ge, G.; Tang, L.; He, S.; Zeng, Z.; Li, X.; Li, G.; Xiong, W.; et al. Biocompatibility
and Biological Effects of Surface-Modified Conjugated Polymer Nanoparticles. Molecules 2023, 28, 2034,
doi:10.3390/MOLECULES28052034/S1.

43. Zhao, M.; Uzunoff, A.; Green, M.; Rakovich, A. The Role of Stabilizing Copolymer in Determining the
Physicochemical Properties of Conjugated Polymer Nanoparticles and Their Nanomedical Applications.
Nanomater. 2023, Vol. 13, Page 1543 2023, 13, 1543, doi:10.3390/NANO13091543.

44. Feng, Y.; Wu,]; Lu, H.; Lao, W.; Zhan, H,; Lin, L.; Liu, G.; Deng, Y. Cytotoxicity and hemolysis of rare earth
ions and nanoscale/bulk oxides (La, Gd, and Yb): Interaction with lipid membranes and protein corona
formation. Sci. Total Environ. 2023, 879, 163259, doi:10.1016/].SCITOTENV.2023.163259.

45. Babu, E.P.; Subastri, A.; Suyavaran, A.; Premkumar, K.; Sujatha, V.; Aristatile, B.; Alshammari, G.M.;
Dharuman, V.; Thirunavukkarasu, C. Size Dependent Uptake and Hemolytic Effect of Zinc Oxide
Nanoparticles on Erythrocytes and Biomedical Potential of ZnO-Ferulic acid Conjugates. Sci. Reports 2017
712017, 7, 1-12, doi:10.1038/s41598-017-04440-y.

46. Martens, U.; Janke, U.; Moller, S.; Talbot, D.; Abou-Hassan, A.; Delcea, M. Interaction of fibrinogen-—
magnetic nanoparticle bioconjugates with integrin reconstituted into artificial membranes. Nanoscale 2020,
12, 19918-19930, doi:10.1039/DONRO0O4181E.

47. Mina, N.; Guido, V.S.; Lima, A.F.; Oliva, M.L. V.; Sousa, A.A. Ultrasmall Nanoparticles Bind to Fibrinogen
and Impair Normal Clot Formation. Part. Part. Syst. Charact. 2024, 41, 2300107, doi:10.1002/PPSC.202300107.


https://doi.org/10.20944/preprints202504.0890.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2025 d0i:10.20944/preprints202504.0890.v1

20 of 20

48. Bartucci, R.; van der Meer, A.Z.; Boersma, Y.L.; Olinga, P.; Salvati, A. Nanoparticle-induced inflammation
and fibrosis in ex vivo murine precision-cut liver slices and effects of nanoparticle exposure conditions.
Arch. Toxicol. 2021, 95, 1267-1285, d0i:10.1007/S00204-021-02992-7/FIGURES/9.

49. Chen, T.Y,; Chen, M.R;; Liu, SW.; Lin, J.Y.; Yang, Y.T.; Huang, H.Y.; Chen, ] K,; Yang, C.S.; Lin, KM.C.
Assessment of Polyethylene Glycol-Coated Gold Nanoparticle Toxicity and Inflammation In Vivo Using
NF-?B Reporter Mice. Int. |. Mol. Sci. 2020, Vol. 21, Page 8158 2020, 21, 8158, doi:10.3390/]JMS21218158.

50. Aslund, A.K.O.; Vandebriel, R.].; Caputo, F.; de Jong, W.H.; Delmaar, C.; Hyldbakk, A.; Rustique, E.;
Schmid, R.; Snipstad, S.; Texier, L; et al. A comparative biodistribution study of polymeric and lipid-based
nanoparticles. Drug Deliv. Transl. Res. 2022, 12, 2114-2131, doi:10.1007/513346-022-01157-Y/FIGURES/5.

51. Jackman, M.J.; Li, W.; Smith, A.; Workman, D.; Treacher, K.E.; Corrigan, A.; Abdulrazzagq, F.; Sonzini, S.;
Nazir, Z.; Lawrence, M.J.; et al. Impact of the physical-chemical properties of poly(lactic acid)-
poly(ethylene glycol) polymeric nanoparticles on biodistribution. ]. Control. Release 2024, 365, 491-506,
doi:10.1016/].JCONREL.2023.11.043.

52. Kim, T.; Han, H.S,; Yang, K.; Kim, Y.M.; Nam, K.; Park, K.H.; Choi, S.Y.; Park, HW.; Choi, K.Y.; Roh, Y.H.
Nanoengineered Polymeric RNA Nanoparticles for Controlled Biodistribution and Efficient Targeted
Cancer Therapy. ACS Nano 2024, 18, 7972-7988,
doi:10.1021/ACSNANO.3C10732/SUPPL_FILE/NN3C10732_SI_001.PDF.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.


https://doi.org/10.20944/preprints202504.0890.v1

