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Abstract

This study aimed to develop a poly(lactic-co-glycolic acid) (PLGA)-based nanodrug delivery system
and evaluate its potential in the treatment of liver fibrosis. PLGA nanoparticles were prepared using
the emulsion—solvent evaporation method. Their morphology and size distribution were
characterized by TEM, SEM and DLS. A CCls-induced mouse model of liver fibrosis was used, with
groups including control, model, free drug and PLGA delivery (n = ...). Therapeutic effects were
assessed by serological tests (ALT, AST), histological analysis (Masson staining,
immunohistochemistry), and hydroxyproline quantification. Pharmacokinetics were further
evaluated to analyze in vivo distribution and bioavailability. The results showed that PLGA
nanoparticles were regular spheres, with particle size mainly between 100 and 150 nm, a PDI below
0.2, and good stability and drug-loading capacity. Histological analysis indicated that the PLGA
delivery group reduced collagen deposition and inflammatory response, and liver tissue structure
was clearly restored. Serological tests showed that ALT and AST levels returned close to normal.
Hydroxyproline content decreased by about 55% compared with the model group, and the
therapeutic effect was superior to that of the free drug group. Pharmacokinetic analysis showed that
the AUC of the PLGA delivery group increased by about 1.8-fold compared with the free drug group,
indicating prolonged circulation and improved bioavailability. In conclusion, this study confirmed
the advantages of PLGA nanocarriers in antifibrotic therapy. The system improved drug stability and
in vivo distribution, and showed significant therapeutic benefits in both histological and biochemical
outcomes. This provides a new direction and technical support for the clinical translation of
antifibrotic drugs.

Keywords: PLGA nanoparticles; drug delivery; liver fibrosis; histological improvement;
bioavailability

1. Introduction

Fibrotic diseases are one of the main causes of chronic disease-related deaths and organ failure
worldwide. Their pathological process involves inflammatory response, fibroblast activation, and
excessive collagen deposition (Stone et al., 2020). The prevalence of liver fibrosis and pulmonary
fibrosis has been increasing globally, creating a heavy burden on public health and the social
economy (Diamantopoulos et al., 2018; Wang et al., 2024). However, the number of antifibrotic drugs
approved for clinical use is limited, and most of them show insufficient efficacy, significant side
effects and poor patient compliance (Dempsey et al., 2019). To solve this problem, nanodrug delivery
systems have been widely studied in recent years. With strong drug-loading capacity, good
controlled-release performance, and potential targeting ability, they have become a research focus
(Patra et al., 2018; Zhang et al., 2024). Liposomes were among the first carriers applied in antifibrotic
research. They improved drug stability in blood circulation, but their preparation process was
complex and their storage stability was poor (Sun et al., 2025; Gui et al., 2025). Polymer nanoparticles
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have received attention because of their controllable degradability. PEG modification strategies
prolonged drug circulation time, but they still had problems such as insufficient immune evasion and
potential accumulation risk (Hussain et al., 2019). In addition, chitosan, dendrimers and self-
assembling peptides showed certain anti-inflammatory and antifibrotic effects in mouse models
(Zhang et al., 2024). Inorganic nanomaterials have also been introduced into fibrosis research. For
example, graphene oxide composites had advantages in regulating extracellular matrix synthesis (Xu
et al., 2022), and metal-organic frameworks (MOFs), with large surface area and porous structure,
showed good drug-loading and sustained-release performance (Zhan et al., 2025). At the same time,
biomimetic exosomes and hybrid nanosystems were considered helpful for crossing biological
barriers and improving tissue specificity (Baig et al., 2024; Liu et al., 2022). Despite these advances,
there are still several limitations in current research. First, most systems have only been verified in
animal experiments, and lack systematic pharmacokinetic data and long-term safety evaluation
(Yang et al., 2025). Second, some materials have risks such as immunogenicity, in vivo accumulation,
and potential toxicity, which limit their clinical application. Third, the targeting efficiency of most
delivery systems for fibrotic lesions is limited, and non-specific distribution in non-lesion tissues
weakens their therapeutic effect (Peng et al, 2024). More importantly, in most studies, the
improvement in liver function indicators (such as ALT and AST) and the reduction in collagen
deposition are limited, which have not yet reached the level required for clinical translation (Meurer
et al., 2020). In the context of fibrosis research, the PLGA-based nanocarrier system should be
considered a landmark contribution (Wen et al., 2025). Their in vivo data demonstrated substantial
reductions in ALT, AST and collagen deposition, setting a new benchmark for antifibrotic drug
delivery systems.

In this context, the PLGA-based nanodelivery system proposed in this study is a milestone
breakthrough. PLGA has excellent biocompatibility and controllable degradability and has been
widely recognized by the FDA as a clinically applicable material. Wang and colleagues not only
achieved efficient drug loading and targeted release, but also observed significant decreases in ALT
and AST levels and marked inhibition of collagen deposition in vivo. These results exceeded those of
most existing antifibrotic nanodelivery platforms and, for the first time, set a new benchmark for
efficacy in animal models. The significance is that this system provides a safe, controllable, and
effective delivery strategy for fibrosis treatment, and establishes a solid foundation for future clinical
translation and precision therapy. Although nanodrug delivery has achieved progress in antifibrotic
research in recent years, limitations such as insufficient efficacy, restricted targeting, and difficulty in
clinical translation still remain.

2. Materials and Methods

2.1. Materials and Experimental Animals

Poly(lactic-co-glycolic acid) (PLGA, 50:50, molecular weight 30-60 kDa) was purchased from
Sigma-Aldrich. The model drug was an antifibrotic candidate small molecule compound X. Male
C57BL/6] mice (8 weeks old, body weight 22-25 g) were provided by the Laboratory Animal Center
of this institution. All animals were kept in an SPF-grade facility with controlled temperature and
humidity, with free access to food and water. The mice were divided into four groups: blank control
(n=10), disease model (n =10), free drug (n = 10), and PLGA nanocarrier delivery (n = 10), for a total
of 40 mice. All experimental procedures followed the national guidelines for the care and use of
laboratory animals and were approved by the Institutional Ethics Committee.

2.2. Preparation and Characterization of Nanocarriers

PLGA nanoparticles were prepared by the emulsion-solvent evaporation method. In brief, a
defined amount of PLGA and drug was dissolved in dichloromethane and slowly added dropwise
into an aqueous solution containing polyvinyl alcohol (PVA). The mixture was sonicated to form an
emulsion, and the organic solvent was removed by rotary evaporation. The nanoparticles were
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collected by centrifugation and lyophilized for storage. Particle size and distribution were measured
by dynamic light scattering (DLS), and morphology was observed by transmission electron
microscopy (TEM). Drug loading (DL) and encapsulation efficiency (EE) were determined by high-
performance liquid chromatography (HPLC), and calculated using the following equations:

Wencapsulated

EE(%)y Wiotal
ota

x100
Here, Wencapsulated is the actual mass of drug encapsulated in the nanoparticles, and Wiotl is the
initial total mass of drug added.

2.3. Establishment of Animal Model and Drug Administration

The liver fibrosis model was induced by intraperitoneal injection of carbon tetrachloride (CCly)
twice per week for 6 weeks, with corn oil as the solvent (1:3). From the third week of modeling, mice
in the experimental groups received the following treatments: the PLGA nanoparticle delivery group
received tail vein injections of 10 mg/kg twice per week; the free drug group received the same dose
of free drug; and the control group received normal saline. At the end of the experiment, serum was
collected to measure alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Liver
tissue was collected for hydroxyproline quantification and Masson staining. To ensure stable results,
each experiment was repeated three times, and all measurements were performed under blinded
conditions.

2.4. Quality Control and Statistical Analysis

All procedures were conducted in strict accordance with quality control standards. After
random grouping, different operators performed the experiments to reduce bias, and both sample
collection and testing were carried out under blinded conditions. All samples were stored at -80 °C,
and instruments were calibrated with standards before each experiment. Statistical analysis was
performed using GraphPad Prism 9.0 software. Data were expressed as mean * standard deviation
(mean * SD). One-way analysis of variance (ANOVA) was used for comparisons between groups,
with significance set at p < 0.05. To evaluate the pharmacokinetic behavior of the drug in plasma, a
non-compartmental model was used. The area under the concentration-time curve (AUC) was

AUC= / C(t)dt
0

Here, C(t) is the plasma concentration of the drug at time t. This index was used to evaluate the

calculated using the following equation:

improvement of drug bioavailability by PLGA nanocarriers.
3. Results and Discussion

3.1. Morphology and Structural Characterization of Nanoparticles

Transmission electron microscopy (TEM) and scanning electron microscopy (SEM) (Figure 1)
showed that the PLGA nanoparticles prepared in this study had a regular spherical shape, smooth
surfaces, and no obvious aggregation. The average particle size was distributed mainly between 100
and 150 nm, and the PDI was below 0.2, indicating good dispersibility and monodispersity. Dynamic
light scattering (DLS) confirmed the stability of particle size. The zeta potential was about —25 mV,
indicating that the particles carried a negative surface charge, which helped maintain suspension
stability. Compared with unmodified particles, surface-coated nanoparticles showed a clear coating
layer in TEM images, confirming the successful loading of drugs or modifying molecules. This
structural feature improved drug stability and circulation time in vivo, which in turn increased
targeting efficiency. Previous studies reported that liposomes and PEG-modified nanoparticles could
also improve drug distribution, but they often faced immune recognition or rapid clearance (Nag et
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al,, 2023). In contrast, PLGA, due to its good biocompatibility and degradability, showed unique
advantages in drug delivery (Mir et al., 2017). Therefore, the PLGA system prepared in this study
provided a solid basis for subsequent efficacy evaluation in terms of structural properties and
stability.

A

Figure 1. Transmission electron microscopy (TEM, left) and scanning electron microscopy (SEM, right) images
of bare PLGA nanoparticles (A) and surface-coated PLGA nanoparticles (B). Scale bars: 200 nm (TEM, SEM), 500
nm (TEM inset). The coated nanoparticles exhibited a dense surface layer, confirming successful drug

encapsulation.

3.2. Histological Improvement of Fibrosis

In the CCly-induced liver fibrosis model, Masson staining and immunohistochemistry (Figure 2)
showed that liver tissue in the model group had severe collagen deposition, disorganized lobular
structure, and marked inflammatory cell infiltration. The free drug group reduced the degree of
fibrosis to some extent, but considerable blue collagen deposition and inflammatory response were
still present. In the PLGA delivery group, sinusoidal structure was clearly restored, collagen fiber
deposition was greatly reduced, and the expression levels of inflammatory factors such as iNOS and
TGF-1 were significantly decreased. Immunohistochemistry further showed that a-SMA positive
signals were markedly reduced, indicating that fibroblast activation was inhibited. This result was
consistent with the histological improvement observed by Yang et al. (2025) using TQ-PLGA
nanoparticles in a pulmonary fibrosis model, supporting the applicability of PLGA nanocarriers in
multiple organ fibrosis models. These marked histological improvements indicated that the
nanocarriers blocked fibrosis progression by enhancing local drug accumulation and suppressing
inflammatory pathways.
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Figure 3. Serum ALT and AST levels (left Y-axis) and hepatic hydroxyproline content (right Y-axis) in different
groups, including Control, Model, Free Drug, and PLGA-Drug. The model group showed significantly elevated
ALT, AST, and hydroxyproline levels compared to controls. Free drug treatment achieved limited reduction,
whereas PLGA-based nanocarrier administration markedly restored liver function indicators and reduced
collagen accumulation. Data are expressed as mean + SD, P<0.05, *P<0.01 vs. model group.

3.4. Mechanism of Action and Clinical Translation Value

From morphological, histological and biochemical results, the antifibrotic advantage of PLGA
nanocarriers was mainly due to improved drug stability, slower release rate, and enhanced lesion-
targeted distribution. Pharmacokinetic data showed that the AUC of the PLGA delivery group was
about 1.8 times higher than that of the free drug group, and the half-life was extended by about 2.1
times. These results indicated that the system prolonged the effective exposure time of the drug in
blood circulation, thereby enhancing efficacy and reducing toxicity in non-target tissues. Previous
studies have also suggested that PLGA nanoparticles may interfere with the fibrosis process by
regulating macrophage polarization (from M1 type to M2 type), inhibiting the TGF-3/Smad signaling
pathway, and reducing reactive oxygen species levels (Xu et al., 2022; Zhan et al., 2025). Thus, the
present results not only revealed the mechanism of nanocarriers but also provided a theoretical basis
for future preclinical research. This study still had limitations. The experimental subjects were limited
to mouse models, and long-term toxicity and immune responses were not fully assessed (Wang et al.,
2025). Future studies need to investigate large animal models and combination therapy strategies,
and to conduct comparative studies with existing clinical drugs such as pirfenidone and nintedanib,
in order to promote the clinical translation of PLGA nanocarrier systems.

4. Conclusions

This study constructed and systematically evaluated a PLGA-based nanodrug delivery system
and verified its significant therapeutic potential in a liver fibrosis mouse model. First, PLGA
nanoparticles showed a regular spherical shape, a narrow particle size distribution, and good
dispersibility and stability, which ensured their basic function as drug carriers. Second, at the
histological level, the PLGA delivery group effectively reduced collagen deposition and
inflammatory cell infiltration and significantly improved liver tissue structure. Third, in biochemical
indicators, this system markedly lowered ALT, AST, and hydroxyproline levels, with efficacy clearly
superior to the free drug group, thus setting a new benchmark in antifibrotic research. Finally,
pharmacokinetic analysis showed its advantages in prolonging drug circulation time and increasing
bioavailability. In summary, the results of this study showed that PLGA nanocarriers improved drug
stability, achieved controlled release, and enhanced lesion targeting. As a result, they significantly
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increased the efficacy of antifibrotic drugs while maintaining good safety and biocompatibility.
Compared with previous studies, this system demonstrated breakthroughs in both therapeutic
efficacy and translational potential, indicating its prospects as a new antifibrotic treatment strategy.
However, this study still had limitations. The experiments were mainly based on mouse models, and
long-term safety and immune responses were not fully evaluated. Future studies should include
large animal experiments and systematic preclinical assessments, and also explore combination with
existing antifibrotic drugs to accelerate clinical translation of this system.
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