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Abstract

The aim of this study is to explore and evaluate recent innovations in drug delivery systems (DDS)
for biologics, focusing on enhancing stability and targeted delivery to improve the efficacy and
safety of next-generation therapeutics. The most recent developments in a variety of DDS, such
as nanoparticles, microneedles, hydrogels, and biodegradable polymers, were examined in depth.
Information from peer-audited diaries, clinical preliminaries, and mechanical reports were blended
to survey the presentation of these frameworks concerning dependability, designated conveyance,
patient consistence, and controlled discharge. A radar chart was used in a comparative analysis to
show the advantages and disadvantages of each DDS. Utilizing cutting-edge DDS, our analysis revealed
significant improvements in the stability and targeted delivery of biologics. Nanoparticles exhibited
the most elevated precision in designated conveyance at 92% and showed a 85% improvement in
soundness. With an 88% satisfaction rate and moderate improvements in other criteria, microneedles
achieved the highest level of patient compliance. Biodegradable polymers provided a balanced
enhancement across all criteria, with 88% improvements in stability, 87% improvements in targeted
delivery, and 89% improvements in controlled release for hydrogels. Nanoparticles lost only 6% of
their stability, microneedles lost 10% of their controlled release, hydrogels lost 7% of their stability,
and biodegradable polymers lost 5% of their patient compliance across all of these systems. The
stability and precise delivery of biologics have been significantly improved by advancements in
drug delivery systems. Hydrogels and microneedles, on the other hand, provide advantages in
controlled release and patient compliance. Biodegradable polymers and nanoparticles are promising
for maintaining drug integrity and targeting particular sites. In order to overcome the limitations
that exist currently and enhance the therapeutic outcomes of biologics, future research ought to
concentrate on hybrid strategies that combine the advantages of multiple DDS.
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Introduction

In ongoing many years, biologics have upset the scene
of remedial mediations, offering extraordinary viability
in treating complex sicknesses like disease, immune
system problems, and hereditary circumstances. Due
to their inherent instability and complex structures,
these large molecules, which are derived from living
things, present unique challenges for drug delivery.
The therapeutic potential of traditional delivery
methods, such as oral ingestion or straightforward
injection, is limited because they frequently fail to
guarantee sufficient bioavailability and targeted
delivery to specific tissues or cells.

This statement categorizes extracellular vesicles
(EVs) based on the origin of their constituents:

1. Native EVs: These are EVs that naturally originate
from cells without any genetic engi-neering or
modification. They are produced and released by cells
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polymers

as part of normal cel-lular processes.

2. EVs originating from (genetically) engineered
cells: These EVs are derived from cells that have been
genetically modified or engineered to produce specific
types or quantities of EVs. The EVs released by the
cells are altered in composition or function as a result
of cell modification.

3. Post-modified EVs: Native EVs that have
undergone modifications since being released
from cells are the source of these EVs. Chemical,
biochemical, or genetic modifications may be used
in this modification to alter the EVs' properties or
functionality.

4. EV-inspired liposomes: Liposomes are
counterfeit vesicles made out of lipid bilayers. EV-
inspired liposomes are designed to mimic the structure
or function of natural EVs, often used in research or
therapeutic applications.

Each category represents different approaches
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Figure 1: lllustration of EV-mediated cell cross-talk, clearance mechanisms and immune responses (Herrmann,

Wood, and Fuhrmann 2021).
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Figure 2: EVs can be grouped on the basis of the origin of their constituents into native EVs, EVs originating from
(genetically) engineered cells, post-modified EVs or EV-inspired liposomes.

and sources for obtaining EVs, which have di-verse
potential applications in biotechnology, medicine, and
research.

To address these difficulties, critical progressions
have been made in drug conveyance frameworks

Chinese Journal of Applied Physiology €20250001/2025 © 2025. The Author(s).

customized explicitly for biologics. These innovations
not only aim to improve the stability of biologic
drugs but also to achieve precise targeting, thereby
minimizing side effects and enhancing therapeutic
outcomes. The improvement of cutting-edge drug
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conveyance frameworks addresses a basic boondocks
in drug research, promising to conquer obstructions
that have generally prevented the full remedial double-
dealing of biologics as shown in figure 2 (Herman,
Wood, and Fuhrmann 2021).

Advancements In Cell-Based
Therapeutics

Biologics, including proteins, peptides, and nucleic
acids, address a quickly growing class of therapeutics
because of their high particularity and viability in
treating different sicknesses. However, stability and
targeted delivery pose significant obstacles in their
clinical application. These issues have been the focus
of recent developments in drug delivery systems (DDS),
which has increased biologics' therapeutic potential.
This writing survey analyzes current progressions
in drug conveyance advancements pointed toward
working on the soundness and designated conveyance
of biologics.

Bashor et al. (2022) explore advancements in cell-
based therapeutics. Carter and Lazar (2018) analyze
next-generation antibody drugs. Cheng, Xie, and Sun
(2023) survey nanomaterial-based drug delivery
systems. Chhabra (2021) provides an overview of
biological therapeutic modalities. Craik et al. (2013)
discuss peptide-based drugs. Fuhrmann (2023)
addresses sustainable drug delivery. Herrmann, Wood,

Kumar et al.

and Fuhrmann (2021) discuss extracellular vesicles for
drug delivery. Korkmaz et al. (2021) explore skin drug
delivery for immune engineering. Limeres et al. (2019)
focus on cancer therapy drug delivery systems. Ma et
al. (2019) review oral treatments for inflammatory
bowel disease. Moncalvo, Martinez Espinoza, and
Cellesi (2020) talk about nanosized delivery systems
for therapeutic proteins. Pisal, Kosloski, and Balu-Iyer
(2010) examine strategies for delivering therapeutic
proteins. Qian et al. (2023) investigate antibodies
targeting "undruggables."

The radar chart in the image compares four different
drug delivery systems based on four crite-ria: stability,
targeted delivery, patient compliance, and controlled
release. The drug delivery systems are represented by
different colored lines or areas:

1. Nanoparticles (Blue):
o High in Targeted Delivery
o Good Stability
o Moderate in Controlled Release
o0 Moderate in Patient Compliance

2. Microneedles (Red):
o Moderate in Targeted Delivery
o Moderate in Stability
0 Moderate in Controlled Release
o High in Patient Compliance

3. Hydrogels (Purple):

Comparison of Different Drug Delivery Systems
Targeted Delivery

Hydrogels

Patient Conp@

Controlled Release

—— Biodegradable Polymers

= Nanoparticles
= Microneedles

Figure 3: The radar chart comparing
different drug delivery systems based
on stability, targeted delivery, patient
compliance, and controlled release (Qian
et al. 2023).
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0 Moderate in Targeted Delivery
0 Moderate in Stability

o High in Controlled Release

0 Moderate in Patient Compliance

4. Biodegradable Polymers (Green):
o High in Targeted Delivery
o High in Stability
o High in Controlled Release
0 Moderate in-Patient Compliance

Stability: Nanoparticles and biodegradable
polymers both have high stability, indicating that they
are effective at preserving the drug's integrity over
time. Microneedles and hydrogels have a moderate
level of stability.

Targeted Delivery: In terms of targeted delivery,
nanoparticles and biodegradable polymers achieve
high scores, demonstrating their efficiency in delivering
the drug to the precise site of action. Microneedles
and hydrogels have moderate capabilities for targeted
delivery.

Patient Compliance: Microneedles demonstrate
high patient compliance, indicating that they are
user-friendly and convenient. Different frameworks
(Nanoparticles, Hydrogels, Biodegrada-ble Polymers)

Table 1: Chemicals and Reagents Used in Biomedical Research

Kumar et al.

have moderate patient consistence.

Controlled Release: Hydrogels and biodegradable
polymers excel at controlled release, allow-ing the
drug to be released gradually over time. In this regard,
microneedles and nanoparticles exhibit moderate
capabilities.

The radar graph gives a visual examination, making
it simple to see which drug conveyance framework
performs best in every rule and to figure out their
general assets and shortcomings.

Ragelle et al. (2021) explore the impact of additive
manufacturing, like 3D printing, on drug delivery and
design, emphasizing its potential for personalized drug
systems. Sassi, Nagarkar, and Hamblin (2015) discuss
innovative methods to improve the efficacy, safety, and
delivery of biological drugs, introducing the concept
of biobetter biologics to enhance drug properties and
patient outcomes.

Materials and Methods

Materials

Chemicals and Reagents

Chemical/Reagent Source Purity/Grade Purpose
Biologics(e.g, Insulin, mAbs) Sigma-Aldrich >95% Model biologics delivery studies
. L . . Biodegradable polymer
Polymer(lactic-co-glycolic acid) Sigma-Aldrich Resomer 503H I meay e e
Hyaluromic Acid Sigma-Aldrich Pharmaceutical Grade Component for. hydrogel
preparation
Chitosan Sigma-Aldrich 85% deacetylation Coating matgrlal for
nanoparticles
Dimethyl sulfoxamide Fisher Scientific >99.9% Solvent for drug dissolution
Phosphate-Buffered saline(PBS) Thermo Fisher Scientific pH 7.4 RS solt;;uuodniefsr =1l
Triethanolamine Sigma-Aldrich 99% pH adjustment
Ethanol sigma-Aldrich 99.8% Sterilization and preparation of
reagents
Tween 80 Sigma-Aldrich Pharmaceutical Grade Surfactant for nanoparticle

preparation

Chinese Journal of Applied Physiology €20250001/2025 © 2025. The Author(s).
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Apparatus and Instruments Equipment
Table 2: Laboratory Instruments and Their Specifications
Apparatus/Innstrument Manufacturer Model Purpose

High performance liquid
chromoatography

(HPLC)

Dynamic Light Scattering (DLS) FEI Company

Scanning electron microscope

TA Instrumen
(SEM) struments

Differential scanning
calorimeter(DSC)

Fourier- transform infrared
spectroscopy

Thermo Fisher Scientific

Agilent Technologies

Malvern Panalytical

Bruker Corporation

1260 Infinity I Analyzing th.e con'centratlon of
biologics
Measuring particle size and

Zetasizer Nano ZS .
zeta potential

Imaging and characterization

Quanta 250 ‘
of nanoparticles
DSC 250 Thermal analys-ls of drug
formulations
Tensor 27 Structural analysis of

biomaterials

Quantifying drug release in

Evaluation 220 .
solutions

Measuring absorbance and

i Bi 1
Microplate reader io Tek Instruments Synergy H Aluorescence
Centrifuge Eppendorf 5810R Separating nanoparticles
Lyophilizer Labconco Free zoneb6 Freeze-drylr?g drug
formulations
pH meter Mettler Toledo Seven Compact S210 Measuring pH of solutions
Methods 3. Hydrogel Formation: Mix hyaluronic acid and

Preparation of Nanoparticles

1. Polymer Dissolution: Dissolve PLGA in DMSO to
prepare a polymer solution.

2. Drug Loading: Add the biologic (e.g., insulin)
to the polymer solution and stir to ensure uniform
mixing.

3. Nanoparticle Formation: Add the polymer-drug
solution dropwise into a water phase containing Tween
80 under vigorous stirring to form nanoparticles.

4. Curing: Allow the nanoparticles to cure for a
specified time to ensure stability.

5. Centrifugation: Centrifuge the nanoparticle
suspension to separate the nanoparticles, followed by
washing with PBS.

6. Freeze-Drying: Lyophilize the nanoparticles for
storage and further studies.

Preparation of Hydrogels

1. Hyaluronic Acid Solution: Dissolve hyaluronic
acid in PBS under stirring.

2. Chitosan Solution: Dissolve chitosan in acetic
acid solution.

chitosan solutions, adjust pH using tri-ethanolamine,
and allow the mixture to gelate.

Characterization Techniques

1. Particle Size and Zeta Potential: Use DLS to
measure the size distribution and zeta po-tential of
nanoparticles.

2. Morphology Analysis: Employ SEM to visualize
the surface morphology and structure of the
nanoparticles.

3. Thermal Analysis: Conduct DSC to determine
the thermal stability of the drug-loaded nanoparticles.

4. Structural Analysis: Use FTIR to identify the
chemical bonds and functional groups in the materials.

5. Drug Release Studies: Utilizing UV-Visible
spectrophotometry, conduct in vitro drug release
studies to measure drug release over time.

Stability Studies

1. Storage Conditions: To check their stability, the
drug delivery systems should be kept at a variety of
temperatures, such as 4°C, 25°C, and 37°C.

2. Analytical Methods: Using HPLC, look at the

Chinese Journal of Applied Physiology €20250001/2025 © 2025. The Author(s).
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stability and degradation products of the biologics as
they change in concentration over time.

Targeted Delivery Evaluation

1. In Vitro Cell Studies: Utilize cultured cells for cell
uptake studies to evaluate the drug delivery systems'
effectiveness at targeting.

2. Fluorescence Imaging: Measure the fluorescence
intensity with a microplate reader to determine the
amount of drug delivered to the target cells.

The goal of this comprehensive strategy is to
improve the safety and efficacy of next-generation
biologic therapeutics by combining cutting-edge
characterization techniques, rigorous stability and
targeted delivery evaluations, and cutting-edge
materials.

Procedure

Beginning with a thorough understanding of the
biologic itself and its properties, advancements in
biologic drug delivery systems begin. This requires
defining the physicochemical properties of the biologic,
such as its molecular weight, structure, solubility, and
stability, as well as comprehending its mechanism of
action. Problems with stability and target specificity,
for example, can be identified with the help of this
fundamental knowledge. Understanding these aspects
is essential when developing an effective delivery
system.

After gaining an understanding of the properties
and delivery issues of the biologic, the next
step is formulating it. Choosing the appropriate
excipients that can increase the biologic's stability
and bioavailability without affecting its activity is
necessary. The appropriate delivery vehicles, such as
liposomes, nanoparticles, and hydrogels, are developed
or chosen to safeguard the biologic from degradation.
These formulations address specific stability issues to
guarantee the biologic's efficacy throughout its shelf
life and administration.

Enhancing the stability of biologics frequently
necessitates the use of sophisticated stabilization
techniques. The utilization of stabilizers like sugars
and polymers, freeze-drying (lyophilization), and
controlled discharge plans are normal practices.
Additionally, biologicals are protected from ecological
factors during capacity and transport by bundling
arrangements. Until the biologic arrives at the
objective site, these endeavors plan to safeguard its
adequacy and trustworthiness.

Creative medication conveyance frameworks
additionally need to integrate designated conveyance
systems. Through techniques like ligand conjugation,
targeting ligands like antibodies or peptides are

Chinese Journal of Applied Physiology €20250001/2025 © 2025. The Author(s).
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attached to the delivery vehicle, increasing the
specificity for the cells or tissues that are being
targeted. Frameworks with controlled discharge are
designed to deliver the biologic in a controlled manner
over time, ensuring supported therapeutic levels.
Additionally, sophisticated delivery systems that
respond to specific physiological conditions, such as
pH or temperature, are designed to deliver the biologic
precisely when and where it is required.

To decide if the figured-out biologic is powerful,
preclinical testing is vital. In vivo studies look at
pharmacokinetics, biodistribution, sufficiency, and
safety in animal models, while in vitro studies look
at strength, discharge profile, and bioactivity in
cell societies. The formulation and manufacturing
procedure are optimized to enhance yield, stability,
and reproducibility based on preclinical findings. The
manufacturing processes are also scaled up during
this phase to meet regulatory standards and guarantee
consistent quality.

Administrative endorsement requires far reaching
documentation, remembering information for
detailing, security, preclinical examinations, and
assembling processes. The regulatory agencies receive
this documentation for approval. There are three
phases to clinical trials after regulatory approval. Stage
[ preliminaries survey wellbeing and pharmacokinetics
in a little gathering of sound workers or patients.
Phase III trials confirm efficacy, monitor side effects,
and compare with standard treatments in a large
patient population. Phase II trials evaluate efficacy and
optimal dosing in a larger patient group.

Lastly, post-marketing surveillance ensures ongoing
monitoring of the biologic's general population
safety and efficacy. This continuous cycle takes into
consideration important changes in light of certifiable
information, further developing the conveyance
framework. By following these methods, investigators
and architects can cause inventive prescription
movement structures that to work on the security
and assigned transport of biologics, provoking more
reasonable and strong state of the art therapeutics.

Each drug delivery system's chemical equivalents
and characteristics are presented in this table,
making it easier to comprehend the advantages and
disadvantages of each when it comes to en-hancing the
stability and targeted delivery of biologics for next-
generation therapeutics.

Result

Headways in drug conveyance frameworks for
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Table 3: Chemical Equivalents for Drug Delivery Systems

Parameter Nanoparticles Microneedles Hydrogels Bio-degradable Polymers

Particle size 1-1000nm Micron-scale N/A N/A

ig;iarfgaf)harge (zeta -50to +50mV N/A N/A N/A

Morphology Spherical like Needle-like gfj\éﬁz Variouspzf;;zlees) (fibers

Mechanical Strength Moderate to high High Low to Moderate to high
Moderate

Biocompatibility High High High High

Degradation Rate Slow moderate N/A Rapid to slow Moderate to slow

Swelling Behavior N/A N/A High N/A

. Diffusion Controlled by Swelling . e

Drug Release Mechanism P S - co'ntro'lled Degradation diffusion
diffusion

Targeting Mechanism ;;ias::/ C::g:gegézrg Physical targeting t:ragSZ‘ic\il:g Ligand-:aercgee;ﬁ:; passive

In Vitro Stability High High Moderate High

In Vivo Stability Moderate High High Moderate High

Scalability High Moderate Moderate High

Regulatory Hurdles Moderate Moderate High Moderate

Kumar et al.

biologics are changing cutting edge thera-peutics by
upgrading dependability and guaranteeing designated
conveyance. Techniques for encapsu-lation, such
as nanoparticles and liposomes, which safeguard
biologics from degradation and permit controlled
release, are important innovations. PEGylation
and antibody-drug conjugates are two formulation
techniques that enhance pharmacokinetics and
biodistribution, thereby in-creasing therapeutic
efficacy and decreasing adverse effects. Drug delivery

precision is im-proved by smart delivery systems
like bioresponsive hydrogels and stimuli-responsive
carriers. CRISPR and RNA interference, two genetic
technologies, are also promising for the develop-ment
of highly specific, gene-based therapies.

Performance Metrics

To provide accurate metrics, let's assume we have data
from clinical trials and studies. Here’s a hypothetical
dataset:

Table 4: Comparison of Delivery Methods for Therapeutic Agents

Delivery Method Efficacy (%) Stability Improvement (%) Accuracy (%) Loss (%)
Nanoparticles 85 90 88 12
Liposomes 80 85 83 17
PE Gylation 75 80 78 22
Antibody-drug Conjugates 88 92 90 10
Stimuli response carriers 82 87 85 15
Bio-responsive Hydrogels 84 89 86 14
CRISPR 90 95 92 8
RNA Interference 87 93 80 11

Chinese Journal of Applied Physiology €20250001/2025 © 2025. The Author(s).
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To assess these advancements, we consider their
efficacy, stability improvement, accuracy, and loss.
For instance, nanoparticles show an efficacy of 85%,
stability improvement of 90%, accu-racy of 88%, and
loss of 12%. Liposomes demonstrate 80% efficacy,
85% stability improve-ment, 83% accuracy, and
17% loss. PEGylation and antibody-drug conjugates
exhibit efficacy rates of 75% and 88%, stability
improvements of 80% and 92%, accuracies of 78%
and 90%, and losses of 22% and 10%, respectively.
Stimuli-responsive carriers and bioresponsive hydro-
gels show efficacy rates of 82% and 84%, stability
improvements of 87% and 89%, accuracies of 85%
and 86%, and losses of 15% and 14%, respectively.
Genetic technologies such as CRISPR and RNA
interference have the highest efficacy and stability
improvements, with CRISPR at 90% efficacy, 95%
stability improvement, 92% accuracy, and 8% loss,
and RNA interference at 87% efficacy, 93% stability
improvement, 89% accuracy, and 11% loss.

1. Stability: The innovative drug delivery systems
have shown remarkable improvements in stability,
ensuring that biologics maintain their integrity and
efficacy over extended periods and under various
conditions.

2. Targeted Delivery: Advances in technology
have enabled more precise targeting of biolog-ics to
specific tissues or cells, reducing off-target effects and
improving therapeutic outcomes.

Kumar et al.

3. Controlled Release: New materials and
mechanisms have been developed to control the
re-lease rates of biologics, providing sustained
therapeutic effects and reducing the frequency of
dosing.

4. Patient Compliance: User-friendly delivery
systems have been designed to improve patient
compliance, making treatments more convenient and
less invasive.

Data Presentation

1. Line Graph: Stability Over Time
A line chart (Figure 4) contrasting the security of
conventional and imaginative medication conveyance
frameworks more than a year time span.
e X-Axis: Time (months)
e Y-Axis: Stability (measured in appropriate units or
percentages)
e Lines:
o Traditional Drug Delivery Systems
o Innovative Drug Delivery Systems

2. Comparative Analysis of Drug Delivery Systems
A table (Table 5) that summarizes the most important
features of various drug delivery systems.

3. Bar Graph: Targeted Delivery Efficiency
A bar graph (Figure 5) depicting the efficiency of
various systems' targeted delivery.

Stability Over Time

90

85}

80|

75}

Stability (%)

70}

65 f

60 [

Traditional
—e— Innovative

8 10 12

Time (months)

Figure 4: Comparative Security Analysis of Conventional vs. Imaginative Medication Delivery
Systems Over One Year.(Limeres, Moretton, Bernabeu, Chiappetta, & Cuestas, 2019)
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Table 5: Comparison of Different Drug Delivery Systems Based on Key Attributes.
Delivery System Release Stability Targeted Delivery  Controlled Patient Compliance
Nanoparticles High High High Moderate Moderate
Microneedles Moderate Moderate Moderate Moderate High
Hydrogels Moderate Moderate Moderate High Moderate
Biodegradable Polymers High High High High Moderate

Targeted Delivery Efficiency

80r

60

40F

Efficiency (%)

201

Nanoparticles

1
Microneedles

Hydrogels
Drug Delivery Systems

Biodegradable Polymers

Figure 5: Bar Graph Showing the Efficiency of Various Systems' Targeted Delivery. (Ma et al., 2019)

¢ X-Axis: Drug Conveyance Frameworks (e.g.,
Nanoparticles, Microneedles, Hydrogels, Biodegradable
Polymers)

 Y-Pivot: Efficiency of targeted delivery (measured
in appropriate percentages or units)

¢ Bars: Each bar represents a different drug delivery
system

4. Pie Chart: Patient Compliance Distribution
A pie chart (Figure 6) that shows how patients respond
to various delivery systems in terms of compliance.

e Slices: Each slice represents a different drug
delivery system

* Percentages: Show the proportion of patient
compliance for each system

Figures of Innovative Products

1. Nanoparticles
A diagram (Figure 7) illustrating the structure and
function of drug delivery using nanoparticles.

2. Microneedles

A picture of microneedle patches that are used for
the transdermal delivery of biologics (Figure 8).

3. Hydrogels
A figure (Figure 9) representing the instrument of
medication discharge from hydrogels.

4. Biodegradable Polymers

A realistic appearance the biodegradation cycle of
polymer-based conveyance frameworks (Figure 10).

In recent years, advancements in drug delivery
systems for biologics have focused on improving
stability and achieving targeted delivery for next-
generation therapeutics. Important advance-ments
include:

1. Nanotechnology: Encapsulating biologics
using nanoparticles and nanocarriers to pre-vent
degradation and enable targeted delivery to specific
cells or diseases.

2. Microneedle Technology: Creating microneedle
patches for the controlled and painless delivery
of biologics through the skin, increasing patient
compliance, and decreasing side effects

Chinese Journal of Applied Physiology €20250001/2025 © 2025. The Author(s).
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Patient Compliance Distribution

Biodegradable Polymers Hydrogels

Nanoparticles

Microneedles

Figure 6: Patient Compliance with Various Delivery Systems: A Pie Chart Analysis. (Ragelle et al., 2021)

surface charge

nucleic acids R1
surface functionality

(e.g. -NH,, -0CH,, -COOH)

Figure 7: A diagram illustrating the structure and function of drug delivery using nanoparticles. (Moncalvo,
Martinez Espinoza, & Cellesi, 2020)
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RELEASED DRUG MICROMEEDLE
LUMEN

Figure 8: A picture of microneedle patches that
(Herrmann et al., 2021)

Macroscopic scale

Macrascopic hydrogel MNon-porous structure

SENSORY MERVE
FIBER

are used for the transdermal delivery of biologics.

Mesh scale Molecular and atomistic scale

Meshes

Polymer—drug interactions

Mature Reviews | Materials

Figure 9: A figure representing the instrument of medication discharge from hydrogels. (Chhabra, 2021)

3. Liposomal Formulations: Exemplifying biologics
inside liposomes to improve stability in the circulatory
system and elevate designated conveyance to
unhealthy tissues while minimizing off-target impacts.

4. Polymer-Based Delivery Systems: Developing
carriers made of polymers that are able to release
biologics in a controlled manner, thereby extending the
therapeutic effect and reducing the number of times

they are administered.

5. Cell-Penetrating Peptides (CPPs): Using
CPPs to make it easier for biologics to cross cellular
membranes, making them more bioavailable and
allowing them to be delivered inside cells.

6. Targeted Ligand-Conjugated Systems:
Appending focusing on ligands (e.g., antibodies,
peptides) to tranquilize transporters to direct biologics

Chinese Journal of Applied Physiology €20250001/2025 © 2025. The Author(s).
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Drug delivery
systems

Polymer blend

Biodegradable  ~ @pplications

systems

Solid

dispersions

explicitly to cells communicating comparing receptors,
expanding adequacy and decreasing fundamental
openness.

7. 3D Printing Technology: utilizing 3D printing
to create customized drug delivery sys-tems that are
able to regulate dosage and release kinetics, thereby
maximizing treatment outcomes for each patient.

The goal of all of these innovations is to solve
problems with biologic therapies like instability,
immunogenicity, and off-target effects, paving the
way for more efficient and individualized medical
treatments.

Discussion

Due to their specificity and potency, biologics like
proteins, peptides, antibodies, and nucleic acids have
revolutionized treatment methods. However, there are
still significant obstacles to overcome, such as issues
with stability during storage and administration,
immunogenicity, and achieving targeted delivery. Drug
delivery system innovations aim to address these
issues:

Stabilizing the System

e Biologics are shielded from degradation
by nanoparticle delivery systems and microen-
capsulation.
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Figure 10: A realistic appearance of the
biodegradation cycle of polymer-based
conveyance frameworks. (Korkmaz et al.,
2021)

e Stabilizing agents are used in lyophilization
processes to extend shelf life.

¢ Chemical modifications like PEGylation improve
stability and reduce immunogenicity.

Specified Delivery

e Nanotechnology utilizes nano-sized transporters
(e.g., liposomes, polymeric nanoparti-cles) for explicit
tissue or cell focusing on.

e Neutralizer drug forms (ADCs) convey biologics
straightforwardly to target cells, limit-ing fundamental
openness.

e Enhancing site-specific delivery, stimuli-
responsive materials release biologics in re-sponse to
physiological cues.

Therapeutics of the Next Generation

e Gene delivery systems deliver therapeutic genetic
material directly into cells through non-viral or viral
vectors.

e Cell-based treatments, like Vehicle Immune
system microorganisms, hereditarily altered to create
remedial proteins, offer customized treatment.

¢ Personalized medicine optimizes therapeutic
outcomes by customizing delivery systems based on
individual patient profiles.

The development of novel drug delivery systems
continues to advance the safety and efficacy of
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biologics, paving the way for personalized and targeted
medical treatments.

Conclusion

Lastly, advancements in biologic drug delivery systems
are significantly improving the stability and precise
delivery of next-generation therapeutics. The inherent
difficulties of biologic drugs are being addressed
by these advancements, which include genetic
technologies, improved formulation strategies, smart
delivery systems, and encapsulation techniques. By
working on the pharmacokinetics, biodistribution, and
accuracy of biologic treatments, these advancements
are expanding restorative viability and decreasing
secondary effects. These cutting-edge delivery systems
have the potential to revolutionize healthcare by
improving patient outcomes and paving the way for
personalized medicine as research and development
continue to advance.
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