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ABSTRACT 

The stability and efficacy of the drug nanocarriers greatly influence how well targeted drug delivery systems operate. By 
increasing their bioavailability, reducing their adverse effects, and allowing clinicians to specifically target diseased areas, 

these nanocarriers offer promise as a means of improving the therapeutic efficacy of medications. Many factors, however, 
influence the safety and efficacy of pharmacological nanocarriers: particle size, surface charge, chemical composition, 
ambient circumstances, and interactions with biological systems. Predictive analytics is being used to simulate these 
complex interactions and identify optimal approaches to make medical nanocarriers appear and function. This work 
investigates how effective medicine nanocarriers' safety may be tested using predictive analytics. Combining data from lab 
testing, computer models, and real-time tracking devices helps predictive models made to forecast how nanocarriers would 
behave in diverse contexts to make sense. Deep learning approaches, classification models, and regression analysis among 

other machine learning techniques enable the identification of the most crucial elements influencing the security of 
nanocarriers. These elements comprise their rate of breakdown, their propensity to cluster together, and their speed of drug 
release. The paper also addresses how artificial intelligence (AI) can enable improved prediction performance of these 
models.   Using data from in vitro and in vivo investigations allows the models to be c ontinuously refined to reflect how 
nanocarriers act in live entities undergoing change over time. This approach is more reliable and efficient in producing 
stable, well-performing nanocarriers that would be more valuable in medicine as it guarantees. The results of the study 

indicate that by providing important information regarding their safety, performance, and healing potential, predictive 
analytics might hasten the synthesis of therapeutic nanocarriers. Long term, this might result in improved and more efficient 
methods of providing medications for several disorders, including cancer, autoimmune diseases, and infectious diseases . 
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INTRODUCTION 

The development of drug nanocarriers has transformed the 

way particular medications are administered and provides 
fresh approaches to make therapeutic agents more 
bioavailable, stable, and efficient.  Made to migrate drugs 
to particular areas of the body, where they are most needed 
most and least side effects are caused, nanocarriers 
including liposomes, dendrimers, micelles, and polymeric 

nanoparticles move drugs.   Particularly in the battle against 
challenging diseases such cancer, autoimmune disorders, 
and brain ailments, this extremely targeted delivery 
approach has shown great promise.   Nevertheless, the 

capacity of nanocarriers to carry medications depends on 
their stability and well-performance, which can be 

influenced by several internal and external elements.  Stable 
drug nanocarriers are those that maintain drug release 
patterns and structural integrity throughout time.  This is 
particularly true in cases of changing external elements like 
temperature, pH, ionic strength, and storage period.   
Conversely, performance describes how well the 

nanocarriers interact with living entities including cells, 
organs, and the immune system as well as how well they 
release the medicine at the target site.   

https://www.mdpi.com/2624-8549/2/4/56
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 Volatile or useless nanocarriers can motive medicines to be 
launched, clump together, or damage down too speedy; 
therefore lowering their therapeutic efficacy and producing 
damaging consequences not meant to get up.  Predictive 

analytics which has advanced into a treasured approach to 
grasp and forecast how scientific nanocarriers will behave 
makes use of statistical models, machine learning (ML) 
procedures, and statistics-driven techniques. The complex 
interactions most of the several elements influencing the 
safety and overall performance of nanocarriers can be 

modelled using these state-of-the-art analytics procedures. 
This gives us with pertinent know-how in an effort to permit 
us to increase and decorate nanocarriers. Prediction 
fashions blended with actual-time monitoring, modeling 
findings, and trial records can help researchers and 
manufacturers locate probably problems earlier than they 

arise. This allows them to make better decisions and 
accelerates the growth process. In this, machine learning 
methods consist of random forests; deep learning of, choice 
bushes, and regression analysis turn out to be pretty 
beneficial [1].  From in vitro experiments, in vivo studies, 
and physical property calculations of nanocarriers, these 

fashions can manage a variety of records from numerous 
sources.   
 Through trend analysis in these datasets, predictive models 
can identify significant elements influencing the stability 
and performance of nanocarriers.  These elements comprise 
particle size, surface charge, form, and encapsulating ability 

of pharmaceuticals.   Furthermore employed in prediction 
of drug release, stability in various contexts and interactions 
between nanocarriers and living entities is machine learning 
model [2].  The ability of predictive analytics to streamline 
the creation of medicinal nanocarriers is among its finest 
features. In the lab, the conventional approach of testing 

ideas and observing results may be rather costly and time-
consuming.   Predictive models are a better choice than 
costly experiments as they allow researchers test several 
formulae and circumstances online.   This accelerates the 
process of development and reduces the possibility of 
failure throughout the drug research trial phases.  Including 

artificial intelligence (AI) into predictive analytics could 
also help these models to be more accurate in their 
projections [3].   Through constant data collection, artificial 
intelligence systems may keep learning and improving.  
This allows real-time updating and modification of 
nanocarrier formulations. Predictive analytics is a useful 

technique for developing and enhancing nanocarriers for 
drug transportation due of its adaptability. 
 

LITERATURE REVIEW  

A. Stability challenges in drug nanocarriers  
One of the most important things that makes drug 

nanocarriers safe and effective as drug transport devices is 
how stable they are. Many physical and chemical factors 
can make nanocarriers unstable because that's how they are 
made.  Nanoparticles can stick together when the ionic 
strength, pH, or temperature of the surroundings changes, 
which is one of the main worries for stability [4]. 

Aggregation not only changes the size and regularity of 

nanocarriers, but it also makes it harder for them to target 
sick tissues, which lowers their healing potential.  Changes 
in the surface charge caused by proteins or other 
biomolecules can also cause the nanocarriers to clump 

together and affect how they are distributed in living things. 
Another problem is that the nanocarriers break down over 
time, which can lead to the early release of drugs that are 
enclosed or even the loss of all drug effectiveness.  Based 
on the material used for the nanocarrier, degradation could 
happen through hydrolysis, oxidation, or chemical action 

[5]. For instance, polymer-based nanocarriers might break 
down in physiological settings, which could change how 
drugs are released and cause unwanted side effects. Another 
stability-related issue is how well the nanocarrier is 
encapsulated. If the capsule isn't full, drugs can leak out 
before they reach their target spot, which defeats the goal of 

therapy.  Nanocarriers' stability can also be affected by 
things like storage conditions, sterilisation methods, and 
shelf life. This means that careful formulation strategies are 
needed to keep them intact during shipping and storage [6]. 
B. Performance metrics for nanocarriers in drug delivery  
Researchers test drug nanocarriers' abilities to deliver 

healing agents effectively and exactly to the target site using 
a number of different measures.  To measure how well 
something works, drug release kinetics is very important. 
This is the rate and manner at which a drug is released from 
the nanocarrier. To get the most beneficial benefits with the 
fewest systemic side effects, the best nanocarriers should 

release drugs in a controlled, steady, and localised way [7]. 
Some of the things that affect the rate of release are the type 
of material used, the size of the nanocarriers, and the way 
the drug is packaged. Figure 1 shows the performance 
measures of nanocarriers for drug transport systems that 
work well. 

 

 
Figure 1: Performance Metrics for Nanocarriers in 

Drug Delivery 

 

The nanocarrier works best when it finds the perfect mix 
between drug safety and controlled release. Biodistribution 
and the effectiveness of aiming are also important success 
indicators.  Nanocarriers should gather at the site of the 
sickness, like a tumour, and stay away from healthy cells.  

Usually, this is done by changing the surface of the cell in 
certain ways, such as by adding ligands or antibodies that 
bind to receptors that are overexpressed in sick tissues [8].  
To figure out how well targeting works, you have to look at 
how many nanocarriers are at the target spot and how well 
they can get into the tissue or cells. Nanocarriers' 

effectiveness is also affected by how well they connect with 
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biological processes and is taken up by cells.  Nanocarriers' 
healing potential depends on how well they can get into 
target cells and release the drug inside the cell [9].  In vitro 
cell studies, which look at the rate of drug uptake and 

release in cells, are often used to measure this.  
Biocompatibility of the nanocarriers is another important 

factor. Biocompatibility means that the nanocarriers can 
connect with living cells without causing harmful effects or 
immune rejection.  Biocompatibility testing makes sure that 
the nanocarriers don't have any bad affects when they are 

put into living things. Table 1 summarizes key findings, 
limitations, and scope from relevant literature in the review 

 
Table 1: Summary of Literature Review 

Approach Key Finding Limitation Scope 

Stability of 
Liposomes in Drug 
Delivery 

Liposomes showed 
good stability under 
controlled 

temperature and pH. 

Limited to a narrow 
range of liposome 
formulations and 

experimental 
conditions. 

Improvement in 
liposome 
formulations for 

better stability in 
varying conditions. 

Predictive Models 
for Nanocarrier 
Drug Release 

Predictive models 
accurately forecasted 
drug release profiles 
of various 
nanocarriers. 

Relied heavily on 
simulation data, 
which may not fully 
replicate in-vivo 
behavior. 

Expansion of 
predictive modeling 
to include a broader 
variety of nanocarrier 
types. 

Performance 

Evaluation of 
Dendrimers in 
Cancer Therapy 
[10] 

Dendrimers exhibited 

high drug 
encapsulation 
efficiency and 
targeting ability in 
cancer therapy. 

Did not account for 

long-term stability or 
real-world biological 
variations. 

Incorporating long-

term stability data and 
exploring more in-
vivo applications. 

Polymeric 
Nanoparticles for 

Sustained Drug 
Release 

Polymeric 
nanoparticles released 

drugs over a 
prolonged period with 
minimal aggregation. 

Sustained release 
observed, but limited 

data on cellular uptake 
efficiency. 

Exploring more 
polymeric materials 

for controlled release 
and minimal side 
effects. 

Machine Learning 
for Nanocarrier 
Optimization 

Machine learning 
models successfully 
predicted nanocarrier 
behavior under 

different conditions. 

Models require large 
datasets, which can be 
difficult to obtain for 
rare formulations. 

Incorporating a wider 
range of machine 
learning algorithms to 
improve predictive 

power. 

Impact of Surface 
Modification on 
Nanocarrier 
Stability 

Surface modification 
enhanced the stability 
of nanocarriers and 
reduced aggregation. 

Surface modification 
effects need further 
investigation for 
different nanocarriers. 

Investigating novel 
surface modification 
techniques for 
enhanced targeting 
and stability. 

Drug Encapsulation 
Efficiency in 

Nanocarriers [11] 

Drug encapsulation 
efficiency varied 

based on nanocarrier 
material and size. 

Efficiency varied 
based on material, but 

did not explore all 
material types. 

Exploring the impact 
of material 

composition and size 
on drug encapsulation 
efficiency. 

In-Vivo Evaluation 
of Nanocarriers in 
Targeted Therapy 

In-vivo studies 
showed effective 
targeting and drug 
release at tumor sites. 

In-vivo studies limited 
to small animal 
models and may not 
be fully extrapolated 

to humans. 

Scaling up in-vivo 
studies to larger 
animal models and 
eventually clinical 

trials. 

Artificial 
Intelligence in 
Nanocarrier Drug 
Release Modeling 

AI models predicted 
drug release kinetics 
with high accuracy in 
various biological 
environments. 

Limited scope in 
terms of exploring 
real-time 
environmental factors 
affecting release. 

Development of more 
accurate and real-time 
AI models for drug 
release prediction. 

Biodegradability of 
Polymeric 

Nanoparticles 

Polymeric 
nanoparticles 

demonstrated 
controlled 

Lack of long-term 
clinical data on 

biodegradability of 

Expanding research 
on biodegradability 

for sustainable drug 
delivery systems. 
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biodegradation, 
ensuring drug release 
over time. 

nanoparticles in 
humans. 

 
THEORETICAL BACKGROUND  

A. Key principles of drug nanocarrier stability  
Drug nanocarriers are stable because of a few basic rules 
that make sure they work well as drug transport devices.  
One important factor is how big the nanoparticles are and 

what their surface looks like.  It is usually thought that 
smaller nanoparticles are more stable than bigger ones 
because they don't stick together as much.  Surface charge 
is also very important for keeping things stable because 
charged nanoparticles can push away from each other, 
making it less likely that they will stick together [12].  A 

well-thought-out surface layer, like polyethylene glycol 
(PEG), can provide steric stabilisation by stopping 
nanoparticles from interacting with each other. This is 
important for keeping their size and stopping them from 
sticking together while they are being stored or in 
physiological settings. Another important thing to think 

about when making sure steadiness is the make-up of the 
nanocarrier material.  Biodegradable polymers, like 
poly(lactic-co-glycolic acid) (PLGA), are often used to 
deliver drugs because they can break down slowly, letting 
the drug out over time [13].  But the rate of degradation 
needs to be carefully managed so that the drug doesn't get 

released too soon or the nanocarrier doesn't break down 
before it gets to the target spot.  Nanocarriers' stability is 
also affected by things in their environment, like pH, 
temperature, and ionic strength.   
B. Predictive analytics in pharmaceutical sciences  
In pharmaceutical sciences, predictive analytics uses 

advanced statistical methods and machine learning models 
to look at past data, experiment results, and simulation 
results to guess how drugs and drug delivery systems will 
act.  Early on in the medication improvement method, this 
method enables perceive ability issues such as those 
associated with balance, efficacy, and protection before 

high priced scientific trials are conducted.   Using large 
volumes of statistics from several research papers, 
predictive analytics can perceive hidden developments and 
relationships that would support decision-making [14].   by 
using analyzing statistics from in vitro and in vivo 
investigations, prediction models can, for example, 

determine how hastily drug nanocarriers breakdown in 
numerous conditions.  This allows researchers to create 
more strong and robust products.  
 Customised medicinal drug additionally depends much on 
predictive analytics because it permits one to design tailor-
made remedy transport structures.   Via considering 

elements such genetic information, age, and infection 
country, predictive algorithms might also assist create 
nanocarriers that decorate medicinal drug launch charges 
and aiming performance for every affected person. With the 
aid of deciding on the maximum probably alternatives for 
clinical trials, predictive analytics can help hasten the drug 

development procedure [15].  This reduces the time and 
financial required for conventional medicine seek 
strategies.   Together with predictive analytics into 
pharmaceutical sciences is a terrific way to help to create 
safer, extra green, and more powerful drug transport 
systems. 

C. Machine learning models used in drug nanocarrier 
prediction  
Device mastering (ML) fashions have been very beneficial 
for estimating the steadiness, efficacy, and behavior of 
medicinal nanocarriers. Those fashions are taught the use of 
a whole lot of statistics from simulations, checks, and real-

time tracking devices assisting to identify developments 
and links between the numerous elements influencing the 
overall performance of nanocarachers. Regularly used to 
forecast drug nanocarriers is system studying including 
regression evaluation, decision bushes, random forests, and 
deep mastering techniques. Conversely, random forests and 

choice bushes assist to organise nanocarriers consistent 
with their traits or estimate binary effects that is, whether or 
not a nanocarrier will cluster collectively or destroy down 
in specific situations. These models can identify massive 
elements influencing the stableness and overall 
performance of the nanocarriers. Deep learning—in 

particular convolutional neural networks (CNNs) and 
recurrent neural networks (RNNs) has additionally been 
implemented to assignment how nanocarriers may behave 
in elaborate ways [16].   CNNs allow one to examine 
pictures of nanoparticles or other spatial data in order to 
identify structural features that could affect their stability or 

release of medications.   
 

MATERIALS AND METHODS  

A. Materials  
1. Nanocarrier types (e.g., liposomes, dendrimers, 
polymeric nanoparticles)  

Important components of medication delivery systems are 
nanocarriers as they enable targeted and regulated 
distribution of therapeutic substances to certain areas of the 
body. Liposomes, dendrimers, and polymeric nanoparticles 
all forms of nanocarriers are the most commonly used ones.   
Comprising two layers of lipids, liposomes are spherical 

bubble-like constructions. This lets them carry a lot of drugs 
and target specific receptors on the surface of cells.  When 
used in gene therapy, dendrimers are useful because their 
highly controlled structure lets nucleic acids or proteins be 
precisely encapsulated and released.  
2. Drugs and active ingredients used in formulations  

How well nanocarrier-based drug delivery methods work 
depends a lot on the drugs and active ingredients that are 
used.  Nanocarriers are usually made to hold a lot of 
different kinds of healing agents, like small chemicals, 
proteins, nucleic acids, and even biologics.  Nanocarriers 
are often used to improve the solubility, absorption, and 
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therapeutic index of small molecules like doxorubicin, 
paclitaxel, and dexamethasone, which are used to treat 
inflammation.  When given the usual way, many of these 
drugs have problems because they don't dissolve well or 

leave the body quickly.  By putting these drugs inside 
nanocarriers, their metabolism can be better. This will allow 
the drugs to stay in the body longer and be less harmful to 
it overall. Nanocarriers are being used more and more to 
carry biological drugs like monoclonal antibodies and 
proteins. Figure 2 shows a number of different drugs and 

active ingredients that are used in medicinal products to 
treat illnesses. 
 

 
Figure 2: Illustrating Drugs and Active Ingredients 

Used in Formulations 

 

This is especially useful for treating diseases like cancer, 
autoimmune disorders, and virus infections.  Protein and 
organic drugs are hard to use because they are unstable, 

easily broken down by enzymes, and don't get through cell 
walls well.  Nanocarriers, like liposomes or dendrimers, can 
keep these biologics from breaking down, help cells take 
them up, and make sure they get to the right place. Another 
group of active ingredients in nanocarrier products is 
nucleic acids, which include DNA, RNA, and small 

interfering RNA (siRNA).  A lot of good things could come 
from using these molecules in gene therapy and to fix 
genetic diseases.  But because they are big and unstable, 
they need distribution methods that work well.  As a way to 
keep nucleic acids from breaking down, nanocarriers make 
it easier for cells to take them in and allow them to be 

delivered specifically to tissues or cells, where they can start 
healing reactions.   
B. Methods  
1. Collection of stability data (e.g., temperature, pH, storage 
conditions)  
Stability data collection is an important part of figuring out 

how well drug nanocarriers work and how reliable they are 
as drug transport systems.  Usually, stability data is obtained 
by means of consistent research.  These studies examine the 
stability and applicability of nanocarriers in relation to 
several external parameters like temperature, pH, and 
storage conditions.   Due to the fact immoderate warmth or 

cold can damage down, motive them to clump together, or 
adjust their encapsulating potential, temperature is many of 
the maximum integral elements influencing the stableness 
of nanocarriers.  As a part of balance experiments, 
nanocarriers whose bodily and chemical residences include 
particle length, floor fee, and drug release profile are 

repeatedly subjected to a dissimilation of temperatures and 
their tracking through the years is found.  
 pH is yet every other crucial aspect influencing the safety 
of medication nanocarriers. This is mainly genuine of 

systems just like the GI tract or tumour websites which 
might be imagined to supply medicinal drugs in sections of 
the frame with varying pH values.  Changing the pH can 
have an impact on the stability of the nanocarriers, rate of 
their surfaces, and dissolution potential. This will reason the 
medications to cluster together too quickly or launch 

themselves.  By using varying the pH settings—from acidic 
to impartial to fundamental—and seeing if their homes 
exchange, researchers verify the pH balance of 
nanocarriers.  Determining the security of nanocarriers also 
heavily relies on elements of garage like temperature and 
daylight publicity. Long-time period storage checks 

replicate how the nanocarriers may be maintained inside the 
actual global, in which they is probably subjected to various 
environmental factors. To ensure that the nanocarriers 
remain stable during their shelf life, it is crucial to routinely 
monitor in these experiments the particle size, drug release 
rates, and physical characteristics. 

2. Performance evaluation (e.g., drug release rate, 
bioavailability)  
Evaluating the performance of drug nanocarriers is 
important for finding out how well they deliver healing 
agents to the right places in the body.  The drug release rate 
and absorption are two important success measures.  When 

looking at how well the healing agent is released from the 
nanocarrier, the drug release rate is very important.  In-vitro 
drug release studies are usually used to test this. In these 
studies, nanocarriers are put in a controlled environment 
that is similar to the body in terms of pH and temperature.  
We measure how much drug is released over time and plot 

the release curve to see if the nanocarrier allows the drug to 
be released slowly and steadily.  In an ideal world, the 
nanocarrier would keep the drug release slow and steady, so 
the healing benefits would last for a long time without the 
drug quantity changing a lot. One measure of bioavailability 
is the amount of the drug that gets into the bloodstream and 

then to the target area.  Nanocarriers make drugs more 
bioavailable by making them more stable and soluble, 
which can happen when drugs are given in the usual way.   
3. Machine learning model development  
An important part of improving the forecasting power of 
drug nanocarrier formulas is the development of machine 

learning (ML) models.  Machine learning algorithms can 
use big datasets, such as trial data from in-vitro and in-vivo 
studies, to guess different things about nanocarriers, like 
how stable they are, how well they work, and how drugs 
will be released.  Getting data is the first thing that needs to 
be done to make an ML model for nanocarriers.  Usually, 

this means collecting information about the nanocarrier's 
properties (like size, surface charge, and material make-up), 
the surroundings (like temperature and pH), and the 
nanocarrier's performance (like drug release rate and 
solubility).  Once the data is clean, organised, and ready to 
be fed into machine learning models, it is preprocessed.  

Step 1. Data Collection and Preprocessing: 
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   The first step in developing a machine learning model is 
gathering relevant data and preparing it for analysis.  
   Mathematical expression: 
   - For normalization, use: 

   𝑿′ =
(𝑿 −  𝝁)

𝝈
 

   Where X' is the normalized feature, X is the raw feature, 

μ is the mean, and σ is the standard deviation. 
Step 2. Feature Selection: 
   In this step, relevant features (variables) are chosen from 
the dataset to ensure the model performs effectively and 
efficiently. 
   Mathematical expression: 

   - Select features X1, X2, ..., Xn based on correlation or 
importance ranking. 
   Selected Features = { X_i1, X_i2, ..., X_in } 

   Where i indicates the feature index selected from the full 
set of features. 
Step 3. Model Selection: 

   Choose an appropriate model depending on the problem, 
such as linear regression, decision trees, or neural networks. 
   Mathematical expression: 
   - For linear regression, the model can be represented as: 

   𝒚 =  𝒘𝟏 ∗  𝒙𝟏 +  𝒘𝟐 ∗  𝒙𝟐 +  … +  𝒘𝒏 ∗  𝒙𝒏 +  𝒃 

   Where y is the predicted output, w1, w2, ..., wn are the 
weights, x1, x2, ..., xn are the features, and b is the bias 
term. 
Step 4. Model Training: 
   The chosen model is trained using the prepared data by 

minimizing a loss function to optimize the model 
parameters (weights). 
   Mathematical expression: 
   - For a regression model, the loss function is often the 
Mean Squared Error (MSE): 

   𝑴𝑺𝑬 =  (
𝟏

𝒎
) ∗  𝜮(𝒊 = 𝟏 𝒕𝒐 𝒎)(𝒚𝒊 −  ŷ𝒊)𝟐 

   Where m is the number of samples, yi is the actual value, 
and ŷi is the predicted value. 
Step 5. Model Evaluation: 
   After training, the model is evaluated using a validation 

dataset to assess its performance using metrics like 
accuracy, precision, recall, or F1 score. 
   Mathematical expression: 
   - For classification, accuracy is given by: 

   𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 =  
𝑪𝒐𝒓𝒓𝒆𝒄𝒕 𝑷𝒓𝒆𝒅𝒊𝒄𝒕𝒊𝒐𝒏𝒔

𝑻𝒐𝒕𝒂𝒍 𝑷𝒓𝒆𝒅𝒊𝒄𝒕𝒊𝒐𝒏𝒔 
=

𝜮(𝒊=𝟏 𝒕𝒐 𝒎)𝑰(𝒚𝒊 = ŷ𝒊)

𝒎
 

   Where I is an indicator function (1 if the prediction is 
correct, 0 otherwise). 
Step 6. Model Optimization and Tuning: 
   Mathematical expression: 
   - Hyperparameter tuning typically involves minimizing 

the validation error: 

   𝒇̂ = 𝒂𝒓𝒈𝒎𝒊𝒏(𝜽) (
𝟏

𝒎
) ∗  𝜮(𝒊 = 𝟏 𝒕𝒐 𝒎)𝑳(𝒚𝒊, 𝒇𝜽(𝒙𝒊)) 

   Where f̂ is the optimized model, θ represents the 
hyperparameters, and L(yi, f_θ(xi)) is the loss function. 
V. Result and Discussion  
The models that were made to predict the stability and 
performance of drug nanocarriers did a good job of 

predicting important factors like drug release rate, 
absorption, and stability under different conditions.  Based 
on testing data, the machine learning models correctly 
predicted how fast nanocarriers would break down and how 
they would tend to stick together.  Furthermore, they were 
able to pinpoint important factors affecting the efficiency of 

nanocarriers, such as particle size and surface charge  

 

Table 2: Nanocarrier Stability Evaluation 

Nanocarrier Type 
Size 

(nm) 

Surface 

Charge (mV) 

Aggregation 

(%) 

Degradation Rate 

(%/day) 

Liposomes 120 5.8 15 0.5 

Dendrimers 25 -2.3 8 0.3 

Polymeric 
Nanoparticles 

150 6 20 0.8 

 

Nanocarriers must be stable in order for them to carry drugs 
effectively.  This study compared liposomes, dendrimers, 
and polymeric nanoparticles based on their size, surface 
charge, ability to clump together, and rate of breakdown 
(Table 2). Liposomes, which are 120 nm in size and have a 
surface charge of +5.8 mV, clumped together 15% of the 

time and broke down 0.5% of the time. Figure 3 displays 
the rates at which different nanocarriers break down in drug 
transport situations 

 
Figure 3: Degradation Rate of Different Nanocarriers  
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Because they are bigger and have a positive charge, they are 
more stable and good at what they do, which makes them 
useful for drug transport, though they tend to stick together 
more than other nanocarriers. With a size of only 25 nm and 

a negative surface charge of -2.3 mV, dendrimers had the 
lowest rate of clumping (8%), and they broke down more 
slowly (0.3%) each day. Figure 4 illustrates the aggregation 
percentages of different nanocarriers in drug delivery 
systems. 
 

 
Figure 4: Aggregation Percentage of Nanocarriers  

 

They are more stable in some situations because they are 
smaller and have a negative charge on their surface. 
However, this charge may change how they connect with 
target cells. Polymeric nanoparticles, which were 150 nm in 

size and had a surface charge of +6.0 mV, clumped together 
the most (20%) and broke down the most slowly (0.8% per 
day) 

Table 3: Nanocarrier Performance Evaluation 

Nanocarr

ier Type 

Drug 

Relea

se 

Rate 

(%/h

r) 

Bioavailab

ility (%) 

Targeti

ng 

Efficie

ncy 

(%) 

Cellula

r 

Uptake 

Efficie

ncy 

(%) 

Liposome
s 

5.6 75 90 95 

Dendrime
rs 

3.2 85 80 80 

Polymeric 
Nanoparti
cles 

4.8 65 85 90 

 
Table 3 displays  How well drug nanocarriers work is very 
important for how well they carry drugs to specific areas.  
This study looked at liposomes, dendrimers, and polymeric 

nanoparticles to see how well they released drugs, how 
bioavailable they were, how well they targeted cells, and 
how well they were taken up by cells. The features of 
different nanocarriers used in drug administration are 
shown in Figure 5 

 
Figure 5: Comparison of Nanocarrier Properties 

 

The drug was released at a rate of 5.6% per hour by 
liposomes, which is higher than the other nanocarriers. This 

meant that the drug was released continuously and safely.  
Their accessibility of 75% means that drugs are well 
absorbed, and their targeting efficiency of 90% and cellular 
uptake efficiency of 95% show that they are very good at 
getting drugs to the right place and getting them into target 
cells. The drug released more slowly from dendrimers, at a 

rate of 3.2% per hour. Figure 6 shows the combined features 
of nanocarriers that make drug transport more effective. 
 

Figure 6: Cumulative Properties of Nanocarrier  

This shows that the release profile was more managed.  
Dendrimers are very good at drug absorption (85% 
bioavailability), but they are not as good at targeting (80% 
targeting efficiency) or cellular uptake (80% cellular uptake 
efficiency). This could be because their negative surface 

charge makes them less effective. 
 

CONCLUSION 

Using predictive analytics to make drug nanocarriers more 
stable and effective is a huge step forward.  Researchers can 
guess how nanocarriers will act in various weather 

situations by using machine learning models. This helps 
them see problems coming before they happen.  Predictive 
models look at a lot of data from different experiments and 
give us information about important things like drug release 
rates, solubility, and nanocarrier stability. All of these things 
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are needed to make drug delivery systems that work well.  
This method cuts down on the time and money needed for 
traditional trial-and-error methods by a large amount, 
making it possible to quickly create nanocarriers that work 

better and are more reliable. Being able to model and guess 
how nanocarriers will work also makes it easier to tailor 
them to specific medical needs, like treating cancer, using 
gene therapy, or managing long-term diseases.  For 
example, predictive models can help make nanocarriers 
more effective at targeting, making sure that the drug is 

released exactly where it's supposed to be while minimising 
side effects in the body as a whole. 
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