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Poly(CnO) and Poly(CcO) Organo-Particles Produced 
from Coconut Oil (CnO) and Cocoa Oil (CcO): 

Synthesis, Characterization, Bio and   
Anticancer Activity 

Duygu Alpaslan1,*, Tuba Erşen Dudu1, Busra Moran Bozer2, Nahit Aktas1, 
Mustafa Turk3 

1Department of Chemical Engineering, Institute of Natural and Applied Science, Van 
Yüzüncü Yıl University, Turkey 

2In Vitro Biocompatibility Laboratory, Scientific Technical App. And Research 
Center, Hitit University, Turkey 

3Department of Bioengineering, Faculty of Engineering, Kirikkale University, Turkey 

With the increasing number of cancer cases in recent years, the solution methods suggested for these 

cases are also of great importance. Within the scope of the presented study, we aimed to develop an 

alternative material in cancer immunotherapy by synthesizing poly(coconut oil) (p(CnO)) and 

poly(cacao oil) (p(CcO)) organo-particles from coconut and cocoa oils. The structural features of these 

particles synthesized using the redox polymerization technique were elucidated by various 

characterization methods. The chemical structure and functional groups of p(CnO) and p(CcO) organo-

particles were determined by Fourier Transform Infrared Spectroscopy (FT-IR). Organo particle size and 

zeta potential values were determined by the dynamic light scattering (DLS) method using Zetasizer 

device. The morphological features of the particles were determined by Scanning Electron Microscopy 

(SEM). Bioactivity properties were determined by antioxidant, antimicrobial and biocompatibility 

analyses. In this study, the effects of p(CnO) and p(CcO) organo-particles on cytotoxicity and apoptotic 

processes against L-929 fibroblast and Capan-1 pancreatic cancer cell lines were also investigated. 

p(CnO) and p(CcO) organo-particles Capan-1 cell lines were 

determined to have significant cytotoxic activity at all doses studied. An increase in cell number was 

observed in L-929 fibroblast cells treated with p(CnO) and p(CcO) organo-particles. As a result, findings 

have been obtained that the p(CcO) organo particle triggers the apoptotic mechanism. On Capan-1 

pancreatic cancer cells, p(CcO) was found to have a fatal impact akin to that of doxorubicin. It is 

anticipated that combining p(CcO) with doxorubicin could potentially lead to better outcomes than using 

doxorubicin alone. 

Keywords  Capan-1, Cocco Oil, Coconut Oil, L-929, Organo-Particle

1. Introduction

 Herbal essential oils consist of a mixture of many compounds. Therefore, their chemical composition is 
quite complex. Essential oils are generally composed of hydrocarbons and their oxygenated derivatives. 
These derivatives include alcohols, acids, esters, aldehydes, ketones, phenol and phenol ethers, 
quinones, lactones, furan derivatives, oxides, amines, and sulfur compounds. Since essential oils have a 



wide range of uses, they have been the subject of many studies and research recently [1, 2]. 
Obtaining and assessing the pure, mainly the primary active ingredients of medicinal plants and their 
essential oils, are crucial today. According to research findings, these plants' essential oils offer 
antibacterial, antioxidant, and anticarcinogenic properties. It is stated that there may be benefits to 
employing essential oils in industrial, medicinal, and cosmetic settings by looking at their 
pharmacological characteristics and constituent parts [1, 2]. Essential oils are among the drugs used in 
treatment for a long time. Several herbal oils used in traditional medicine were determined by 
pharmacological research that has an explanation of their bioactive properties, including antibacterial, 
antioxidant, and anti-carcinogenic properties. These naturally occurring antioxidant components can 
scavenge free radicals and offer protection against degenerative diseases, cancer, and other illnesses [1, 
3]. 
Cancer, which has many different types, is an important disease that threatens human life. Healthy body 
cells can divide. They use these divisibility properties to repair injured tissues and regenerate dead cells. 
However, their divisibility is limited. Each cell has a certain number of divisions throughout its life. On 
the other hand, cancer cells multiply by dividing uncontrollably. Cancer cells can spread to other parts of 
the body through the blood or lymph circulation and continue to grow by forming colonies in the areas 
they go to. The spread of cancer cells to other parts of the body is called metastasis. In the therapy of 
cancer, controlling the malignant cell's ability to proliferate and die is crucial. The majority of current 
research on bioactive plants is focused on developing novel medications that are anticipated to be 
efficacious against various forms of cancer [4, 5]. 
This has had a significant impact on the development of drug systems, particularly the use of herbal and 
herbal oils in the treatment of cancer, in the search for new drugs. Herbal and herbal oils have many 
physical, psychological, and spiritual effects on individuals. These oils are concentrated droplets 
derived from plants that are hundreds of times more potent than the plants themselves. They are used to 
cure injured tissue, control growth, and prevent infection [6]. 
Herbal Oils constitute 30% of the factors affected by diet in cancer development. A relationship has been 
observed between high fat intake and increased cancer rates. Experimental studies conducted in later 
years have shown that the amount and type of fat intake are important in terms of cancer development. 
When the composition of cocoa beans is considered, the majority of the beans consist of fat. In general, 
cocoa beans contain 54% fat, 12% protein, 5% moisture, 1.46% ash, 1.09% theobromine, and 0.44% 
caffeine. In cocoa butter, more than 95% of the fatty acids are made up of three fatty acids, palmitic acid
(hexadecanoic, 16:0), stearic acid (octadecanoic, 18:0) and oleic (octadec-cis-9-enoic, 18:1) acid (18:1), 
and contain polar lipids, sterols, and 150-200 ppm tocopherol. The fact that approximately 90% of the 
triacylglycerols in cocoa butter are symmetrical triacylglycerols is an important factor in the 
functionality of this oil. There is no other natural oil that has the properties of cocoa butter [7]. Coconut 
oil is rich in medium-chain fatty acids, and these acids are in the form of Medium Chain Triglycerides, 
which are well digestible. The oil obtained from dried coconut fruit consists of 90% saturated 
triglycerides. Fatty acid groups include caproic acid, myristic acid, palmitic acid, caprylic acid, capric 
acid, and lauric acid. It is reported that coconut oil has the potential to protect/treat various chronic 
diseases and infectious diseases, including cardiovascular diseases, diabetes, and cancer [8-11]. 
Although cancer and cancer treatments are among the important problems of human life, increasing and 
developing technological systems play an important role in the solution of these diseases. Especially the 
fact that plantderived materials show positive results in these treatments and are promising both 
economically and in terms of treatment causes the increase of these studies. In this study, p(CnO) and 
p(CcO) based organo-particles were synthesized using coconut and cocoa butter, which have important 
bioactive properties, and the bioactive properties and cytotoxic effects of these particles on Capan-1 and     
L-929 cancer cells were focused on.

2. Material and Method 

Purchased Coccao Oil (CcO) and Coconut Oil (CnO) from regional vendors. Throughout the whole 
experiment, distilled water (Human II-UV) was utilized. N,N,N',N'tetra methyl ethylene diamine, 
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ammonium persulfate(APS), ethanol, acetone, Tween 80, and ethylene glycol dimethacrylate 
(EGDMA) were also acquired from SigmaAldrich. AP Institute and ATCC bought L-929 fibroblast cells 
and Capan-1 pancreatic cancer cells. The culture dishes were cleaned and washed using phosphate 
buffer, and the growth medium is DulbeccoModifiedMedium, FetalBovineSerum, 
Penicillin/Streptomycin, and TrypsinEDTA. Trypan blue was utilized to count the cells. Using the 
tetrazolium salt MTT (Serva, Israel), cell viability was assessed in the cytotoxicity assay. 2-
propanol(Sigma Aldrich) and MTT(Life Science). Serva(Israel) provided the PI, Hoechst 33342, and 
RNaseA needed for the double staining test. 

2.1. The Preparation of Organo-Particles 

As described by Alpaslan et al. in the literature, organo particles were synthesized [12-15]. 
Poly(Coconut Oil) (p(CnO)) and poly(Cocoa Butter) (p(CcO)) based organoparticles were synthesized 
using the redox polymerization technique in an emulsion environment. In summary, 8 milliliters of 
water, 2 milliliters of ethanol, and 1 milliliter of tween 80 were added to the reaction vessel and stirred 
continuously for 10 minutes at room temperature with a magnetical stirrer. Next, 0.5 milliliters of either 
cacao or coconut oil (CcO) were added. As a crosslinker, accelerator, and initiator, respectively, 
EGDMA (10% mol), TEMED (10 μL), and APS (3% mol) were employed. The entire reaction mixture 
was stirred thoroughly for three hours at a stirring speed of 1000 rpm at a temperature of 50°C. After the 
polymerization reaction was completed, the synthesized organo-particles were centrifuged with acetone 
at 9000 rpm for 30 minutes, and this process was repeated three times using acetone for complete 
cleaning. The particles obtained after centrifugation were dried in an oven at 40°C to a constant weight 
and stored in closed containers at 4°C for further research. SEM images of the synthesized organo-
particles are shown in Figure 1. Particles synthesized from coconut and cocoa oil were called p(CnO) 
and p(CcO) organo-particles. 

2.2. Characterization of Organo-Particles 

Using dynamic light scattering, the zeta potential and particle size of the organo-particles were 
determined. Using a thermo-gravimetric analyzer, the thermal behaviors of organo-particles were 
investigated. FTIR examination was performed using an Attenuated Total Reflection (ATR) integrated 
Fourier Transform Infrared Spectroscopy. X-ray SEM Ultra Field Emission-Dependent Spectroscopy 
was employed to track the morphological characteristics of the organo-particles [13]. Each oil sample 
was analyzed using a Shimadzu GCMS-branded gas chromatography device with an FID detector. In 
DB-23, a silica capillary column (30 m x 0.25 mm) was used as the column. Chromatographic data were 
analyzed on the computer. After waiting at 60°C for 5 minutes, the column temperature was adjusted to 
reach the final temperature of 230°C with an increase of 4°C/min and remained at this temperature for 10 
minutes. The injection mode was selected as split. The split ratio is 1:20. Injector and detector 
temperatures are 80 and 250°C, respectively. It was used as a carrier gas, and its flow rate was 1 mL/min. 
The injection volume was set at 1 μL. The oil sample was diluted 1/10 with methanol. Each essential oil 
component was identified by comparing the GCMS retention indices (RI) by determining the retention 
times of the homologous series of n-Alkanes (C8–C18) in the apolar column. These components were 
compared in the NIST and WILEY spectrum libraries. 
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2.3. Bioactivite Analysis 

The Folin technique described in the literature was used to study the antioxidant capabilities of the 
p(CnO) and p(CcO) organo-particles. The data were analyzed using the antimicrobial, blood clotting, 
and hemolysis analyses documented in the literature. The antibacterial properties of p(CnO) and p(CcO) 
organo-particles were evaluated against Gram-positive (Escherichia coli) and Gram- negative (Bacillus 
cereus, Staphylococcus aureus) bacteria [13, 14]. The data were analyzed using cell culture, cytotoxicity 
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assays, apoptosis, and necrosis by double staining analysis documented in the literature [13, 14]. 

2.4. Cell Culture 

For anticancer activities, mouse normal fibroblast cell lines (L929) and human pancreatic 
adenocarcinoma cell lines (Capan-1) were employed. L929 fibroblast cells can be used for various 
purposes in cancer testing. Although these cells are of mouse origin, they can be used as model systems 
in studies with human cancer cells or human tissue samples. The use of this cell line in biocompatibility 
tests for humans has been accepted in EN ISO 10993-5 due to its high similarity rate. This is why the 
L929 cell line was employed. The cells were incubated in flasks in a 37°C carbon dioxide oven with 
DMEM-F12 or RPMI culture media supplemented with 10% FCS and 1% antibiotic.
 Until the cells achieved a sufficient number, the media was changed every two days. Trypsin was used to 
extract the cultures once they attained a specific number (5.000 cells/well), and well plates were then 
injected with them. Media containing serum and antibiotics were switched out for new media containing 
serum and antibiotics once the cell count reached a predetermined level. Then, it was applied to ascertain 
the cytotoxic, apoptotic, and necrotic actions. 

3. Results and Discussion 

Determining the qualities of essential oils by the GC-MS technique is of great importance in terms of 
their saturated, unsaturated, or essential fatty acid contents. The composition of fatty acids shows 
characteristic differences specific to plant species. The specific fatty acid composition of each oil plant is 
not constant and varies depending on many factors. The qualities and quantities of fatty acids determine 
the way the oils are used, thus leading to the production of oils according to their intended use. GC-MS 
data for cocoa oil and coconut oil are given Table 1. The synthesis mechanism of organo-particles can be 
explained by the redox polymerization technique between fatty acids, flavonoids, and the EGDMA 
crosslinker. The polymerization reaction occurs with the formation of hydrogen or covalent bonds 
between many functional groups, such as OH, NH2, and COOH
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3.1. Characterization of P(CnO) and P(CcO) Organo Particles 

It can be possible to efficiently control the reaction rate, particle size, and morphology using the 
emulsion polymerization process. The one-step emulsion polymerization method was used to create the 
organoparticles p(CnO) and p(CcO), whose SEM images are shown in Figure 1. 
The Zeta potential occurs between the particle and the liquid in which the particle is located. It generates 
both attracting and repulsive forces among the particles. In a liquid, particles with opposite charges 
attract one another, while those with the same charge repel one another. The particle's zeta potential 
value determines the strength of this attractive and repulsive force. Conversely, low zeta potential 
particles lack the force necessary to resist one another, which causes them to group to form agglomerates 
[16, 17]. The zeta potentials of p(CnO) and p(CcO) were 169.77 mV and -120.02 mV, respectively. The 
hydrodynamic diameters of synthesized p(CnO), and p(CcO) organo-particles were between 20–520 
nm and 300–506 nm, respectively. The interactions of functional groups of organo-particles were 
examined by FTIR analysis, and related spectra are shown in Figure 2 and Table 2. The most 
fundamental bands in the FTIR spectra of coconut oil, cocoa oil, p(CnO), and p(CcO) organo-particles 
are summarized in Table 2. It was observed that some peaks seen in the FTIR of coconut oil and cocoa oil 
and p(CnO) and p(CcO) organo-particles decreased in intensity, and some peaks shifted to 
lowfrequency regions, and these peaks deepened. These changes indicate that the particles were 
successfully synthesized. In addition, these findings were found to be compatible with the findings of 
previous studies. 
A thermogravimetric analyzer was used to examine the changes in the masses of p(CnO) and p(CcO) 
organoparticles with increasing temperature. Thermogravimetric analysis is an instrumental analytical 
technique that enables us to investigate and comprehend how sample structure varies with temperature. 
As a result, it describes the gradual separation of free and bound water, somewhat volatile chemicals, and 
other compounds from the sample's structure. The decomposition temperatures of the p(CnO) and 
p(CcO) organo-particles were thermograms of the analysis made to determine them and are given in 
Figure 3. As seen in Figure 3, it was observed that p(CnO) and p(CcO) organo-particles reached constant 
weight after approximately 470°C, and there was a total mass loss of    85% and 91%, respectively. 
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Herbal oils, flavonoids, alkaloids, saponins, tannins, and resins produced in medicinal and aromatic 
plants are secondary metabolites. Research has demonstrated the effectiveness of flavonoids, phenolic 
compounds, essential oils, and their derivatives, as well as herbal remedies, in averting autoxidation. Its 
modes of action include scavenging free radicals, combining with metal ions to create compounds, and 
limiting or blocking the production of oxygen.
 As results in Table 3, the total-phenol values of coconut oils, cocoa oil, p(CnO) and p(CcO) organo-
particles were measured to be 929.6 mg g-1, 2014.0 mg g-1, 665.9 mg g-1, and 858.8 mg g-1, 
respectively. It has been determined that coconut oil and cocoa butter have antioxidant properties, and 
the organo-particles obtained from these oils exhibit similar antioxidant properties. Additionally, when 
the antioxidant properties of other materials in the literature are examined, it was found that as p(AG-m-
CnO)1 980 mg L-1, p(AG-m-CnO)2 is 997 mg L-1, p(AG-m-CnO)3  1032 mg L-1, p(AG-g -CnO)1 
1202 mg L-1, p(AG-g-CnO)2 1003 mg L-1, p(AG-g-CnO)3 1399 mg L-1, coconut oil     5818 mg L-1 
(gallic acid) [15]. It was determined that the organo-particles we synthesized showed weaker 
antioxidant activity than the particles examined in the literature. This is because the antioxidant value of 
commercially using vegetable oils varies in each production batch. Therefore, it is envisaged that a 
comparison should be made by taking. This is due to the fact that every production batch's antioxidant 
value for vegetable oils utilized in commerce differs. 
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After being implanted into the body, organo-particles come into direct touch with tissue and blood, 
which is why it's critical to assess their hemocompatibility. If the hemolysis rate was less than 5%, it was 
classified as very compliant, up to 10% compliant, and more than 20% discordant. As seen in Figure 4, 
upon examining the hemolysis and BCI, it was observed that the p(CnO) and p(CcO) organo-particles 
were hemocompatible. In this case, the synthesized p(CnO) and p(CcO) organo-particles can be used 
easily in the body. Hemolysis values of various quantities (1,2,3 mL) of coconut oil were 0.0005 % CnO, 
0.0007 % CnO, 0.0007 % CnO, and various quantities of p(CnO) organo-particles were found as 0.0017 
% p(CnO), 0.0029 % p(CnO), 0.0048 % p(CnO). The hemolysis of organo-particles and cacao oils was 
measured as follows:0.0031 % p(CcO), 0.0030 % p(CcO), 0.0025 % p(CcO), 0.0003 % CcO, 0.0007 % 
CcO, 0.0007 % CcO, respectively. The BCI of particles, coconut oil, and cacao oils was measured as 
follows and can be used easily in the body.
 BCI values of various quantities (1,2,3 mL) of coconut oil were 6.1 % CnO, 7.7 % CnO, 3.3 % CnO; 
various quantities of p(CnO) organo-particles were found as 7.8 % p(CnO), 7.6 % p(CnO), 8.1 % 
p(CnO). BCI values of various quantities of cacao oil were 4.2 % CcO, 2.5 % CcO, and 3.5 % CcO; 
various quantities of p(CcO) organoparticles were found as 6.7 % p(CcO), 7.5 % p(CcO), 6.9 % p(CcO). 
The very low percent hemolysis readings in this study's evaluation of the particle blood compatibility 
findings show blood compatibility. As the particle concentration rose, it was noted that blood 
coagulation levels (BCI) did not significantly alter. The hemolysis results indicate that the structural 
modifications that the coconut and cacao oils experienced to become organoparticles did not affect the 
biocompatibility qualities.
 The kind, concentration, and nature of herbal oils, as well as the microorganism they target, can all alter 
their antimicrobial efficacy. Figure 5 shows that, out of the test microorganisms, S. aureus most usually 
impacted the p(CnO) organo-particles, followed by B. cereus and E. coli. It was shown that the growth of 
B. cereus, S. aureus, and E. coli was less affected by different concentrations of p(CcO) organo-particles. 
The antifungal, antibacterial, and antioxidant properties of herbal oils were attentiongrabbing [18, 19]. 
The phenolic and terpenoid components in them are what give them their antibacterial properties (lauric 
acid, myristic, caprylic, capric acid oleic and palmitic acid, c-nonalactone,) coconut oil and cocoa oil 
structure [20, 21]. The phospholipid layer in the cell membrane becomes more sensitive due to the 
phenolic chemicals included in essential oils, which increases the permeability of the membrane. As a 
result, they inhibit microorganisms by either disrupting the enzyme systems or allowing internal 
components to seep out of the cell [22].  
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3.2. Cell Culture 

The % viability values for the L-929 and Capan-1 cell lines were calculated based on the absorbance 
values that were obtained following the cessation of the MTT treatment. During the computations, it was 
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determined that p(CnO) and p(CcO) organo-particles did not have a toxic effect on L-929 cells 
(158.9±1.24% and 113.45±4.33%). While 50.25±3.22% viability was measured in doxorubicin 
application, this rate increased to 114.15±1.95% and 100.05±2.96% with p(CnO) and p(CcO) organo-
particles as well as doxorubicin application (Figure 6). In Capan-1cells, the viability was 114.12±6.43% 
and 69.99±3.62% after p(CnO) and p(CcO) organo-particles treatments, while it was calculated as 
103.16±8.24% and 32.19±0.29% when they were administered together with doxorubicin. While the 
viability was 51.23±3.98% with the application of doxorubicin alone, it was found to be 32.19±0.29% 
when it was applied together with p(CcO) organo-particle (Table 4 and Figure 7). 

3.3. Double Staining Results

 Different characteristics of necrotic and apoptotic cells can be seen using dyes like Hoechst and 
propidium iodide (PI). Furthermore, ribonuclease A (RNase A) aids in emphasizing the traits of 
apoptotic cells. The fluorescent dye Hoechst illuminates the nucleus of cells because it binds to DNA. 
Chromatin condenses as the cell's nucleus shrinks during apoptosis. With Hoechst staining, this is seen 
as smaller, brighter nuclei. Apoptosis is a type of controlled cell death in which the nucleus is extracted 
from the surrounding medium by forming a 180 kB pocket at the time of cell death. Blue blips of the 
same size are seen in the DAPI filter during imaging. By gaining more access to DNA, ribonuclease A 
(RNase A) degrades ribonucleic acids in apoptotic cells and aids in their identification. Living cells' 
outer membranes prevent propidium iodide (PI) from passing through, but when the membrane is 
broken, particularly during necrosis, PI can pass through and enter the cell. PI staining is therefore used 
to detect damaged or dead cells. The integrity of the cell membrane is maintained during apoptosis, 
preventing PI from entering the cell. PI-stained cell nuclei produce erratic stains and show up more 
clearly on the FITC filter. Following the application, the cells were analyzed using the double staining 
procedure to calculate the apoptotic and necrotic indices of p(CnO) and p(CnO) combined with 
doxorubicin. There was no apoptotic or necrotic death in the L-929 cell line for all materials. For 
p(CnO), there were no deaths in the Capan-1 cell line. However, for p(CnO) and p(CnO)+dox, the 
apoptotic index was 14.3±2.1% and 42.6±2.3%, respectively, at a concentration of 1 mg mL-1. 
Apoptotic resuscitation was performed in p(CcO) +dox application. Observed necrotic values are deaths 
not higher than 5% (Figure 8). 
When the obtained MTT and double staining results were compared, it was seen that the results were 
consistent within themselves. It showed no toxic effect at any concentration in L-929 fibroblast cells, 
which were p(CcO) healthy. When co-administered with doxorubicin p(CcO), it also inhibits the toxic 
effect of doxorubicin on L-929 cells. It has been determined thatp(CcO) causes death in Capan-1 cells, 
which, at a concentration of 1 mg mL-1, were pancreatic cancer cells. The death rate increases from 
approximately 30 % to approximately 70 % when applied together with doxorubicin, which was used as 
a cancer drug. It is a common situation that drugs used in cancer cause many complications due to side 
effects, damage to healthy cells, and weakening of the immune system. For this reason, it was thought 
that the application of p(CcO) together with cancer drugs would eliminate or minimize these effects. 
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4. Conclusions 

Advances in nanotechnology have brought many vital innovations in targeted drug delivery in cancer. 
This approach has the potential to reduce the harmful effects of medications on healthy cells while 
simultaneously increasing the intracellular concentrations of these chemicals in cancer cells. For the 
first time in the literature, p(CnO) and p(CcO) organo-particles from coconut oil and cocoa oil were 
synthesized in one step by free radical polymerization. p(CnO) and p(CcO) organo particle 
characterization and antioxidant, antimicrobial, and biocompatibility analyses were performed. In our 
study, the effect of p(CnO) and p(CcO) organo-particles on cancerous cells was examined. 
Nanotechnology, which is an interdisciplinary science, offers significant advantages in cancer.
 The study investigated whether newly synthesized p(CnO) and p(CcO) organo-particles have cytotoxic 
and anticancer effects on L-929 cells lines and Capan-1 pancreatic cancer cells. In our study to evaluate 
the effectiveness of p(CnO) and p(CcO) organo-particles in normal cells, L-929 fibroblast cells were 
treated with different concentrations of p(CnO) and p(CcO) organoparticles ranging from 1.56 mM to 
100 mM. It was determined that p(CnO) and p(CcO) organo-particles increased cell viability in 
fibroblast cells. The lethal effect of p(CcO) on Capan-1 pancreatic cancer cells was found to be similar to 
doxorubicin. In light of the findings obtained, it is predicted that the use of p(CnO) and p(CcO) 
organoparticles, which we have successfully synthesized, together with cancer drugs in cancer treatment 
will have positive effects. It is also thought that it will minimize the side effects of drugs used in cancer 
treatment. 
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1. Introduction

 Throughout the past three decades, there has been a notable rise in the chronicity and variety of invasive 
fungus-related illnesses due to modifications in laparoscopic and healthcare settings, particularly in 
emergency rooms that employ devices that are invading to observing, in conjunction with using more 
potent immune suppression added to antimicrobial agent [1]. Around 2025 percent of the human 
population is thought to be affected by superficial mycoses. Extensive contagions involving fungi also 
become a notable participant in fatalities and death in individuals receiving organ transplants, immune-
compromised those diagnosed with acquired immunodeficiency syndrome, myeloid & lymphatic 
tumors, severe bone marrow failure, acute myeloid leukemia, preterm neonates and the elderly [2]. 
Candidemia-related mortality has reduced annually since its peak, thanks to recent breakthroughs when 
managing invasive candidiasis. Despite this, systemic candidiasis continues to rank as the 4th most 

Throughout the past three decades, there has been a notable rise in the incidence and variety of invasive 

fungal infections due to modifications in medical and surgical care, especially in intensive care units that 

employ invasive catheters for observing, as well as the use of more potent immune suppression and 

antibiotic agents. The types, benefits, and limitations of various nanoformulations for the topical and 

intravenous delivery of antifungal medications are investigated in the current investigation. A couple of 

instances of NPs used in the delivery of medicines include solid lipid nanoparticles, nanostructured lipid 

carriers, polymeric NPs, polymeric micelles, phospholipid vesicles (liposomes, deformable liposomes, 

ethosomes, transferosomes, transethosomes, etc.), nonphospholipid vesicles (noisome and plastics) and 

dendrimers. Collectively with these features hepatic diseases persist to be a major global health concern 

and one of the greatest risks to the general population. Even with all of the excellent advances in modern 

medicine, there are currently no fully effective drugs that improve liver function, provide total organ 

protection, or promote liver cell regeneration. Therefore, pharmaceutical substitutes for the therapy of 

liver conditions need to be explored to make them more secure and successful. Focusing liver illnesses 

may benefit from the use of liposomes, metallic nanoparticles, ceramic nanomaterials, polysaccharides, 

Carbon-nanotubes, multifunctional NPs, and dendrimers can be made much more effective when these 

are paired with particular targeted agents. 

Keywords  NPs-nanoparticles, Solid Lipid Nanoparticles, Hepatic Diseases, Antifungal Medications, 

Metallic Nanoparticles 
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common nosocomial bloodstream infection in hospitals [3]. Major advancements in the identification of 
novel antifungal medications have led to the release of improved 
generations that provide superior therapeutic results for those individuals who are at threat [4]. An azole 
of the original class medicines, among these are itraconazole and fluconazole launched around the 
nineties after a more than 20-year hiatus. Azole of the following class medications, comprising 
voriconazole, posaconazole, and isavuconazole, as well as echinocandins (anidulafungin, caspofungin, 
and micafungin) became available during the decade of 2000 [5]. 
Particles with a diameter of 1–1000 nm are referred to as nanoparticles (Nps). However, items with a size 
between one and one hundred nanometres are referred to as "nanomaterials" or "nanoscale". For this 
review, particles utilized in drug delivery applications ranging in size from 1 to 1000 nm shall be referred 
to as NPs. When compared to their larger-scale counterparts, NPs have unique chemical, physical, and 
biological features, making them promising drug-delivery vehicles [6]. Keeping a closer eye on how 
nanotechnologies are used in biomedical research, those substances can be used for several applications 
including dressings for injuries, laser ablation treatment, drug delivery, therapy, modification of genes, 
immunizations fabricated devices heat exhaustion and medicinal automation. These include their large 
surface-to-volume ratio, their simplicity of functionalization through the incorporation of biologically 
compatible substances as a hat, and their distinct visual magnetic features [7].

Figure 1 illustrates how nanocarriers lessen adverse effects and increase tissue penetration while 
improving medication solubility, effectiveness, and pharmacokinetics. The current study examines the 
kinds, advantages and restrictions of several nanoformulations for the cutaneous and central 
administration of antifungal drugs. Additionally, it highlights how these NPs may be used to combat 
aggressive as well as peripheral fungal illnesses. The difficulties that this research faces, as well as the 
roadblocks to the clinical application of a few potential nanoformulations, were explored. 

2. Nanoparticles (NPs) as a Means of Dispensing Antifungal Agents 

Solid lipid nanoparticles, nanostructured lipid carriers, polymeric NPs, polymeric micelles, 
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 phosphoglyceride vesicles (liposomes, deformable liposomes, ethosomes, transferosomes, 
transethosomes, etc.), nonphosphoglyceride vesicles (niosomes and plastics) and dendrimers are a few 
examples of NPs used in drug delivery [8]. In accordance with Figure 2, dendrimers, polymeric 
nanoparticles, solid lipid nanoparticles, phospholipid vesicles, and non-phospholipid vesicles are the 
components of antifungal nanoformulations. 

3. Phospholipid-based Vesicles 

3.1. Liposomes 

Liposomes are a set of concentric phospholipid membranes encased in an aqueous shell operating as 
reliable drug-transporting vehicles for the pair of water loving and repelling medications due to their 
unique structure. Biocompatibility, minimum noxious effects, extended release of drugs, low 
pharmacological adverse effects, significant loading ability, enhanced bioavailability of drugs, and 
stability are some of the other appealing characteristics of liposomes as drug delivery vehicles. 
Cholesterol is generally integrated into the lipid bilayers of liposomes to increase membrane stiffness, 
stabilize vesicles and regulate the pace of drug release [9]. 

3.1.1. Amphotericin B 

The initial and most effective commercially available antifungal nanoformulation is liposomal AmB 
(AmBisome®) [10]. To address the nephrotoxicity and infusion-related adverse effects of AmB 
deoxycholate injection (Fungizone®) was created. Treatment for patients with endophthalmitis, 
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 Candida meningitis, or disseminated histoplasmosis with AIDS now involves liposomal AmB 
[11]. 

3.1.2. Nystatin 

Nystatin is a polyene antifungal medication with a broad spectrum of activity that has been 
effectively introduced into liposomal medications to treat systemic fungal infections. It comes from 
Streptomyces noursei and has a wider range of effects than AmB (Amphotericin B). Because of its 
limited oral absorption, nystatin is solely utilized topically. Furthermore, Parenteral dosing cannot 
occur in the presence of thrombophlebitis, high temperature, shivers or nausea. According to in vitro 
experiments liposomal nystatin exhibited an equivalent level of activity compared with that of the 
unbound drug [12]. The liposomal formulation allowed for intravenous nystatin administration. In 
Hale-Stoner rodents, the highest tolerated dosage was raised concerning 4-16 mg/kg of body mass 
per day. Mice diagnosed with Candida albicans displayed a substantial rise in their survival rates 
when liposomal nystatin was administered [13]. Figure 3 depicts the structural elements and drug 
encapsulation techniques of four different types of nanocarriers: liposomes, ethosomes, 
transferosomes, and transethosomes. 
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3.2. Transferosomes 

Transferosomes are ultra-deformable, self-optimized containing lipids and biocompatible softeners for 
transdermal administration. Liposomes' low penetration into cornified layers inspired the change of the 
makeup of their twin layer to get around this constraint, notwithstanding their advantages and 
achievements. Wetting agents with a great degree of transportation like edge-activating agents include 
dipotassium glycyrrhizinate, sodium cholate, polysorbate 20, polysorbate 60, polysorbate 80, and 
Sorbitan Tri stearate 65, Sorbitan monooleate 80, etc. The edge activator is in charge of deteriorating and 
increasing the deformability of vesicle lipid bilayers. In terms of medication penetration and skin 
contact, it was discovered that these pliable vesicles outperformed conventional liposomes [14]. 

3.3. Ethosomes 

Ethosomes are soft vesicles that are made up of phospholipids, ethanol, and water. Typically, these 
consist of 100 percent water, 20–45 percent ethanol, and 2-3% phospholipids Touitou et al., first 
proposed them in 2002 as a way to overcome the poor epidermal invasion of traditional liposomes [15]. 
Ethosomes had a higher penetration impact than ethanol by itself, grade alcohol phosphoglyceride 
solution, give direction to drinking alcohol, the vesicular configuration and moisture barrier work in 
concert. Ethanol's propensity to lubricate ethanolic triglycerides and interpersonal fats of stratum 
granulosum allows ethosomes to penetrate the skin more effectively than liposomes [16]. 

3.4. Transethosomes

 A novel class of vesicular carriers known as transethosomes merges the perks of ethosomes and 
collapsible liposomes. It accommodates an edge activator or permeability accelerator in addition to the 
typical ethosome makeup. Because transethosomes are a relatively novel drug carrier there is little 
research on their use for antifungal drug delivery, contrasted with the ethosomes, medicine flexible 
liposomes and typical liposomes, polyethylene glycol solution, voriconazole transethosomes exhibited 
considerably higher skin permeability. Furthermore, as compared to other vesicular carriers, the 
transethosomes improved voriconazole skin deposition in the dermis/epidermis layers both in vitro and 
in vivo [17].

3.5. Niosomes 

Niosomes and liposomes share characteristics in that they both have double layers formed up of non-
ionized single-alkyl chain detergents rather than amphiphilic lipids. The water-resistant tail of the 
surfactant is submerged within the bilayer and the hydrophilic head confronts both architecture of 
vesicles. Although water-repellent pharmaceuticals are implanted in the hydrophobic bilayers, 
hydrophilic drugs can be integrated into the watery core. To increase the rigidity of the bilayer and stop 
drugs from releasing too soon, cholesterol is introduced. Similar to liposomes, niosomes have several 
advantages over liposomes, including higher chemical stability, lower cost and the capacity to keep them 
in a controlled environment for storage [18]. 

3.6. Polymeric Nanoparticles 

The subject of drug delivery, notably cancer chemotherapy, has been transformed by degradable and/or 
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bio-adaptable polymer-assembled nanoparticles (Nps). NPs have demonstrated a strong capacity to 
improve medication therapeutic qualities while reducing side effects and toxicity. Many cytotoxic 
medication formulations based on polymeric NPs have already entered clinical trials and many more are 
in the works. Based on their molecular makeup and production method polymeric, NPs are categorized 
into distinct categories i.e., three categories: polymeric micelles, nanospheres, and nanocapsules [19]. 
Figure 4 demonstrates a few polymeric nanocarrier structural compositions, namely nanospheres, and 
polymeric micelles. nanocapsules,

3.7. Lipid Nanoparticles in Solid State (SLNs) and Fat soluble Transporters with Nanostructure 
(NLCs) 

SLNs (Solid lipid nanoparticles) stand for therapeutically appropriate lipids suspended in an aqueous 
surfactant solution, forming dispersion nanostructured carriers for drugs. They were first made available 
as an alternative to polymeric NPs at the beginning of the nineties. Since the lipids in SLNs remain solid 
at human body temperature & ambient temperature release of drugs is facilitated with a prolonged 
process of medication dispersion via rigid fat. SLNs have some benefits to providing medication such as 
improved biological barrier permeability the Chemical endurance of lipids, the capacity to alter their 
outer layer, the space available for delivering several medications, and protection from integrated 
molecule breakdown. SLNs on the other hand have some drawbacks such as inadequate ability to load 
drugs and drug ejection upon preservation. Whenever the molecules of lipids rearrange to form an ideal 
crystal lattice through storage, drug evacuation happens because less space exists for therapeutic 
incorporation. Two-generation carrier lipids with nanostructured structures of SLNs were introduced to 
overcome these constraints. Better medication loading, controlled release of drugs, and stability over 
time are achieved by NLC's (Nanostructured lipid carriers) solid lipid matrix, which is made up of solid 
lipid and oil in specific ratios at ambient temperature and the temperature of the body [20]. The creation 
of crystallized phospholipid structures that are extremely organized is inhibited by the fluid lipid inside 
NLCs, which are the source of SLN's flaws. ITZ (Itraconazole) put into NLCs, for example, exhibited a 
99.98 percent encapsulation efficiency and stable circumstances for storage for more than six months. 
Additionally, it was discovered that SLNs comprised entirely of solid or fluid lipids achieved 
encapsulation efficiencies of 59 and 42 percent respectively for AmB (Amphotericin B). These 
formulations on the other hand had an AmB ejection rate of 80%. AmB encapsulation efficiency was 
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dropped to 12% as long as a combination of liquid and solid forms of fats was utilized suggesting 
improved formulation stability [21].

 3.8. Dendrimers

 Dendrimers are three-dimensional hyperbranching and spherical macromolecules with multiple arms 
extending from a distinct focal core, originating from the ancient Greek word dendron, meaning "tree." 
Dendrimers have a lot of possibility of delivering antifungal medication because of their distinctive 
properties such as structural plasticity, multivalency, and low polydispersity. Hydrophobic fissures 
formed by dendrimer branches are conceivably utilized to remediate the hydro-based solubility of 
water-repellent medications by encapsulating them. At pH 7.4 poly (propylene imine) dendrimers 
increased AmB aqueous solubility by a factor of 25. Furthermore, one can use ionized surfaces made up 
of dendrimers as focal areas for attaching targeting or imaging moieties or integrating ionized medicines 
via ionic interactions. Dendrimers' potential as antifungal medication delivery strategies is still lacking 
as indicated by the small number of studies in this field and AmBisome, to name a few. Peptide-
conjugated poly amidoamine dendrimers (PADRE-PAMAM) seemed additionally employed to 
improve AmB localization to epitope presentation cells (APC (Antigen presenting cells), macrophages, 
and dendritic cells) [22]. AmB effectiveness was increased by 83% with PADRE-PAMAM and its 
targeting to APC by tenfold in vivo experiments resulting in lower AmB dose and toxicity [23]. 

4. Difficulties in Clinically Translating Nps 

The results of the aforementioned study unequivocally show that different NPs compositions can 
function as efficient antifungal drug delivery vehicles. Flavonoids and phenols were found in the water-
based extract of Stephania japonica leaflets by botanical compounds examination. The medicinal 
qualities that this breed exhibits are mostly due to these types of chemicals. The antimicrobial, fungicide, 
and antioxidant properties of "SJ-Aq" (Aqueous extract of S. japonica) are probably attributed to its 
chemical components particularly to its flavonoids some of which are phenolic chemicals with notably 
significant amounts [24]. Despite decades of research and hundreds of articles published on this subject, 
AmB is the sole antifungal medication accessible economically in 
compositions that employ NPs. This wide disparity could be attributable to a variety of factors, the most 
significant of which include industry-related issues, NPs limits, and issues with clinical investigations & 
preclinical research. The majority of NPs research takes place in academia, with little backing from the 
pharmaceutical sector. In the pharmaceutical sector, two significant obstacles to Nps manufacturing are 
control of quality and elevated nanostructures having coverings on their surfaces or many elements 
necessitating complicated manufacturing and assessment stages, which might drastically elevate the 
production costs and render the scale-up process impossible [25].

5. Hepatoprotection 

As an integral component of the body, the liver is vital for several processes, such as the metabolic 
processes, secretion, detoxification, and storage of both internal and external chemicals. Hepatic 
illnesses remain one of the most serious hazards to public health as a result of these functions, and they 
continue to be a problem throughout the world. Nevertheless, despite tremendous breakthroughs within 
contemporary medicine, there exist zero effective medications that enhance the performance of the liver, 
offer complete organ defense, or assist in the regenerative process of liver cells. Therefore, 
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 pharmaceutical substitutes for the therapy of liver conditions need to be explored to make them more 
secure and successful. It is critical to shield the liver's tissues from the harmful consequences of ingested 
hepatotoxins or to reverse changes in antiradical defense mechanisms, medications capable of doing so 
are known as hepatoprotectives [26]. Hepatoprotective activity may be easily evaluated/screened in 
experimental animals using a variety of model systems of liver damage. Conditions for liver damage are 
implemented in all test model systems and using the material or preparation being tested, an effort is 
made to combat this poisoning [27].

 5.1. Hepatoprotective Medicaments

 Hepatoprotective properties are found in a significant range of plant-based medications, either directly 
or indirectly. Herbal medications for the treatment of liver problems have become increasingly popular 
in recent years all over the world [28]. The herb's hepatoprotective qualities could be linked to the 
phenolic compounds, flavonoids, and saponins [29]. Flavonoids' ability to scavenge free radicals is 
responsible for their hepatoprotective properties [30]. Many different plants and combinations have 
been shown to have liver-protective properties. In contemporary therapy, no meaningful reliable 
hepatoprotective medication is currently available, notwithstanding major advancements. This has led 
to a great deal of global emphasis being paid to the invention of plant-derived hepatoprotective drugs 
that are effective towards a range of liver-related conditions [31]. 

5.2. Hepatoprotective Molecules Used in Emergency Medicine

 When treating an acetaminophen/paracetamol overdose, N-acetylcysteine is the hepatoprotective 
medication of choice [32]. It is currently shown that a key factor in the liverprotective effects of plant-
based extracts and polyherbal compositions (PHF) is their capacity as antioxidants. When treating 
illnesses involving oxidative damage, NMAE (Natural Methylated Alkaloid Extract) could be 
beneficial [33]. Silymarin is used intravenously to treat Amanita mushroom toxicity. In Polycystic 
rodents, excessive amounts of allicin are found to provide significant liverprotective and antioxidant 
functions [34]. Rats with a combination of quercetin and curcumin showed no liver dysfunction and its 
cytoarchitecture did not alter, indicating preserving the liver [35].

5.3. Plants that May Have Liver-protective Constituents [36] 
� Mongolian milkvetch 
�Curcuma domestica 
� Cruciferous vegetables, cabbages, or mustard plants. 
� Marian thistle 
� Andrographis paniculata 

6. Conclusions 

Infections caused by fungi are becoming a global problem, causing major morbidity and death rates. 
Ostensibly, there is an assortment of efficient antifungal medicines on the market, but their therapeutic 
benefits are restricted due to excessive toxicity or unfavorable physicochemical features. Because their 
advantageous qualities, including the potential to surpass numerous limitations, stem from their 
compactness, numerous functions, and biological compatibility. Liposomal, solid lipid nanoparticle, 
and Phospholipid-based tiny carriers known as lipid carriers with nanostructured structures were studied 
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the most when it comes to the distribution of antifungal medication correlated with various nanocarrier 
types. Numerous such nanoparticles (such as liposomes) were been tested in clinical studies to treat 
invasive mycoses. Indeed, a major advancement in the medicinal application of this powerful antifungal 
medication with little or no side effects was made possible by the availability of liposomal amphotericin 
B. Nanocarriers have a lot of promise for delivering drugs to specific cells. To present, a vast number of 
formulations for liver targeting using polymeric nanocarriers as targeting ligands have been developed. 
Only a few delivery systems for liver-targeted drugs are currently on the market. The presence of 
flavonoids, alkaloids, terpenoids, glycosides, and steroids in plants is thought to be responsible for their 
hepatoprotective properties. Plant active extracts, fractions, or a combination of fractions/extracts could 
be very effective medications. 
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Microspheres, as versatile carriers for controlled drug delivery, have garnered significant attention in 

pharmaceutical research because they facilitate drug release kinetics and increase therapeutic efficacy. 

This abstract presents a comprehensive overview of the preparation of microspheres utilizing factorial 

design as an optimization strategy. Factorial design, a powerful statistical tool, offers a systematic 

approach to investigate multiple variables simultaneously, thereby efficiently identifying critical factors 

influencing the characteristics of microspheres. By systematically varying factors such as polymer type, 

solvent composition, stirring rate, and drugto-polymer ratio, factorial design enables the exploration of 

their individual and interactive effects on microsphere properties. This abstract highlights the key 

components of factorial design, including the selection of factors and levels, experimental design, data 

analysis using statistical techniques like analysis of variance (ANOVA), and interpretation of results. 

Moreover, it elucidates the advantages of factorial design over traditional onevariable-at-a-time 

methods, such as reduced experimentation time, improved understanding of interactions, and enhanced 

robustness of the optimization process. Furthermore, this abstract discusses the application of factorial 

design in optimizing various characteristics of microspheres, containing particle size, morphology, drug 

entrapment efficiency, and drug discharge profile. By systematically optimizing these parameters, 

factorial design facilitates the development of microspheres tailored to specific therapeutic requirements, 

thereby enhancing drug delivery efficacy while minimizing side effects. This abstract underscores the 

significance of factorial design as a methodical and efficient method for optimizing microspheres in 

pharmaceutical research. 

Keywords  Controlled Drug Delivery, Factorial Design, Microspheres, Optimization, Pharmaceutical 

Research

1. Introduction

 The idea behind microencapsulation technology originated as a different approach to medicine delivery 
in the 1940s and 1960s. The 1980s saw the breakthrough development of polymer/membrane 
technology as part of the ongoing search for a more sophisticated system. Additionally, bioactive 
molecules can be attached to liposomes, bioerodable polymers, implants, and a variety of particulate 
carters (such as nanoparticles and microspheres) to provide precise targeting and site-specific delivery 
[1]. A microsphere is a spherical particle with a core material that varies in size and has a diameter within 
the micrometer range, usually between 1 μm and 1000 μm (1 mm). They are characterized by their free-
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flowing powder. The potential of microspheres as drug delivery systems has been thoroughly 
investigated. It has been that these systems may shield delicate macromolecules from acidic and 
enzymatic destruction, while also enabling the formulated medication to be delivered to specific tissues 
and with regulated release. Drug carriers include soluble polymers, cells, cell ghosts, lipoproteins, 
liposomes, microcapsules, and microparticles composed of unsolvable or decomposable natural and 
synthetic polymers. The carriers can be conjugated with certain antibodies that specifically target certain 
distinctive components of the region of interest, making them pH or temperature-sensitive, slowly 
degradable, and uniformly targeted. Microspheres are rough sphere-shaped, solid particles with 1 to 
1000 μm diameters. They can also take the form of microcrystalline particles or pharmaceuticals 
disseminated in a particular solution. Microspheres and microcapules are frequently used 
interchangeably. Medications that go into the bloodstream from side to side of the gastrointestinal tract 
(GIT) and have a brief half-life are promptly eliminated by blood circulation. So that controlled or 
sustained-release drug delivery systems are discovered and formulated. These will steadily discharge 
the drug into the gastrointestinal tract and uphold a constant level of medication strength in the plasma 
for a prolonged amount of time.

1.1. Advantages 

The merits of microspheres are as follows: 
� They offer protection for unstable medicine both before and after delivery. 
� 
They decrease the drug's concentration at a location other than the target organ or tissue. 
� Lower toxicity and dosage. 
� Reduce the size of particles to increase poorly soluble medication solubility. 
� Offer a prolonged and consanguineous therapeutic impact. 
� A decrease in stomach discomfort. 
� Boost bioavailability. 
� Extended half-life in biology. 

1.2. Disadvantages 

The demerits of microspheres are as follows [2]: 
� These dosage forms shouldn't be eaten or crushed.
� Low drug loading (up to 50%) for parents with controlled release. 
� If the carrier has a harmful impact, it might be challenging to fully eliminate it from the body after 
injection.
� Microspheres delivered by parents may interact or combine to create complexes with the blood 
component. 
� Variations in the frequency of release between doses. 
� Because controlled-release preparations often have greater drug loads, any compromise in the dosage 
form's discharge properties might result in dosage dumping, treatment failure, and even toxicity. 

2. Types of Microspheres 

2.1. Bio Adhesive Microsphere
Bio adhesion is the adherence of medication to mucosal membrane, for example, the nasal, rectal, 
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 ophthalmic, or buccal. This type of microsphere that is bioadhesive in nature has the ability to keep 
the medicament for a long duration of time and have superior therapeutic effects.

 2.2. Magnetic Microsphere 

This particular delivery method, which localizes the medication to the illness location, is crucial. In 
this case, a lesser quantity of a drug that is magnetically targeted or directed can substitute the 
greater quantity of a drug that is freely flowing in this situation. Therapeutic magnetic microspheres 
and diagnostic magnetic microspheres are the types of magnetic microspheres.  
a) Therapeutic magnetic microspheres are used commonly to deliver chemotherapeutic agents to 
treat liver tumours and it is also used to deliver proteins and peptides. 
b) Diagnostic microspheres are the nanoparticles of supra-magnetic iron oxides that can be used to 
identify intestinal loops from other abdominal structures and to image liver metastases

2.3. Floating Microsphere 

Floating microspheres are mainly used in gastroretentive drug delivery systems. Floating 
microspheres are also called hollow microspheres, microballoons, or floating microparticles. 
Floating microspheres are essentially tiny, hollow particles without a core. These cells flow freely 
and have a size ranging from 1 to 1000 μm.

 2.4. Radioactive Microsphere 

The subset of microspheres that interact radioactively is usually handled similarly to non-radioactive 
microspheres. Nonetheless, the radioactive microsphere in question always contains one or more 
radionuclides in addition to the matrix material that characterizes the microsphere and confers upon 
its targeting characteristics within a certain tissue or organ. Radioactive microspheres can provide 
high radiation doses to a particular area in small quantities without harming the surrounding natural 
tissue.

2.5. Polymeric Microspheres 

Polymeric microspheres are mainly two types: 
a) Biodegradable polymeric microspheres. 
b) Synthetic polymeric microspheres. 
The residence duration of biodegradable polymers when in contact with mucosal membranes is 
extended. The degree and extent of drug discharge are regulated by the polymer concentration and 
the sustained discharge pattern. The main drawback is the complexity and difficulty in controlling 
drug release associated with the drugentrapping efficiency of biodegradable microspheres in clinical 
settings. They do, however, provide a broad variety 
applications in microsphere-based therapy. The main benefit of utilizing biodegradable polymers is 
that, once they've completed their duties, they break down in a way that is conducive to biology. 
Synthetic polymeric 
microspheres are shown to be harmless, non-toxic, and biocompatible when utilized as bulking 
agents, fillers, embolic particles, drug transport vehicles, and other therapeutic applications. 
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3. Drug Delivery Mechanism of Microspheres 

3.1. Diffusion Controlled Release 

Under this process, drug molecules move from higher concentration areas within the microsphere to 
lower concentration areas outside the microsphere via diffusing through the polymer matrix. The size of 
the medication and the permeability of the polymer are two examples of parameters that affect the rate of 
diffusion. 

3.2. Erosion-controlled Release
 
Certain microspheres are engineered to deteriorate or dissolve over time as a result of physiological 
fluids or enzymes. The medicine that is enclosed is released when the microspheres disintegrate. The 
composition of the polymer may be changed to regulate the rate of erosion. 3.3. Swelling Controlled 
Release When the microspheres absorb body fluids or water, they enlarge and release the medicine under 
the control of swelling. Drug release may result from the swelling process' disruption of the 
microsphere's structure. 

3.4. Mechanical Disruption 

It is possible to design microspheres so that they will release medication in response to mechanical 
deformation, such as shearing or compression pressures. Drug delivery systems that are transversal 
frequently use this method. The particular medication, the preferred release profile, and the 
microspheres' characteristics all influence the mechanism selection. 
A major problem in the creation of pharmaceutical formulations is creating microspheres with precise 
control over release kinetics, because a complex interaction of various processes results from the release 
of drug from microspheres (Figure 1).
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4. Methods of Preparation 

4.1. Single Emulsion Technique 

The natural polymers are first dispersed or dissolved in an aqueous medium. Subsequently, the mixture 
is put into a non-aqueous, oil-based medium. The next step of preparation involves cross-linking the 
broken globule. Materials can be crossed over using two different techniques: heat or chemicals (Figure 
2), linking chemicals like formaldehyde, chloride, glutaraldehyde acid, etc. [3].

 4.2. Double Emulsion Technique 

This technique of microsphere synthesis is a great fit for water-soluble medications. It entails producing 
a double w/o/w emulsion or several emulsions. Both synthetic and natural polymers can be employed 
with this technique. Initially, the aqueous protein solution is dissolved within the lipophilic organic 
continuous phase. The active ingredients may be present in this protein solution [4]. Protein present in 
the continuous phase is eventually wrapped by the solution of the polymer that is composed of the 
interspersed aqueous phase. The aqueous polyvinyl alcohol solution (PVA) is then mixed with the 
primary emulsion and homogenized, or sonicated. This will give rise to double emulsion. By solvent 
evaporation or solvent extraction, the remaining solvent evaporated (Figure 3).

 4.3. Solvent Evaporation Technique 

The process of making microparticles with this technique involves extracting the organic phase with an 
organic solvent. Water is a miscible organic solvent used in the process, and water extraction gets rid of 
the organic phase. This will decrease the expansion time of the microspheres. Other methods include 
directly adding the appropriate medicament. Elimination affects several factors which include the 
volume of the emulsion, the solubility profile of a polymer in water, the amount of solvent, the 
temperature of the water, and others [5]. 

4.4. Method of Phase Separation and Coacervation 

The purpose of this process is to reduce the solubility of the polymer in the early phases of the natural 
phase to influence the creation of a phase known as the coacervates, which is rich in polymers. Using this 
technique, an incompatible polymer is mixed with the drug-containing polymer solution. The first 
polymer absorbs the drug particles, which causes phase separation. A polymer solidifies as a result of 
non-solvent addition. The technique is used to produce the polylactic acid (PLA) microspheres. It's a 
polymer that doesn't work with butadiene. The dispersion of the particle size, polymer coating, and 
cluster of the generated particles are all influenced by the rate of coacervate synthesis. The process 
variables are crucial as a result (Figure 4). Agglomeration must be avoided by vigorously churning 
suspended material with a stirrer running at the right speed because agglomerates of polymerized 
globules are formed as a result of the formation of microspheres [6].
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4.5. Spray Drying 

 It is a closed, single-step system approach that works well with a range of materials, containing heat-
sensitive materials. Components of the polymer coating and medication are either suspended. It can also 
dissolve or be suspended within a coacervate or emulsion system. The drug and polymer are dissolved 
using methylene chloride. For example, polylactide microspheres can be made in a polymer solution or 
dispersed in an appropriate solvent. In this method of preparation, the size of the microspheres is 
influenced by several factors, including the nozzle's size, the temperature in the drying and gathering 
chambers, the polymer supply rate, and dimensions within two chambers. 

4.6. Hot Melt and Wax Coating Method 

Melted wax is used to dissolve or disperse the product, encasing the main ingredients. By blending the 
waxy paste or mixture like frozen liquid paraffin intensely with cold water, the mixture is released. It 
takes at least an hour to heat the water. The material is agitated for a minimum of sixty minutes. 
Subsequently, the external layer is decanted, and the microspheres are submerged in an insoluble solvent 
being allowed to air dry. Commonly used surface ingredients are Beeswax and carnauba wax and it is 
best to combine the two to achieve the desired effects (Figure 5). 

4.7. Ionic Gelation Technique 

Ionic gelation is a technique that relies on the susceptibility of polyelectrolytes to form hydrogel beads, 
also known as gel spheres, through cross-linking when counter ions are present. Hydrophilic circular 
cross-linked polymeric agents that are known as gel spheres exhibit significant gelation and thickening 
in simulated biological fluids, as well as drug release controlled by polymer relaxation. In the first step, 
the drug-filled polymeric solution is transferred into an aqueous solution containing polyvalent cations 
to form hydrogel beads. Ionically crosslinking the moiety, then cations move through drugloaded 
hydrophilic compounds, which will form a 3D structure. Under mild circumstances, biomolecules can 
also be added to these gel spheres to preserve their three dimensional shapes (Figure 6).
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5. Evaluation

 5.1. Percentage Yield 

Microspheres were dried completely and weighed accurately. % yield of the microsphere was performed 
by using the provided formula eq.1. 

5.2. Optical Microscopy 

The particle size was ascertained using this technique in conjunction with an optical microscope. 
Measurement is to be done under 450x (10x eyepiece and 45x objective), for which 100 particles were 
computed.

5.3. Scanning Electron Microscopy (SEM) 

SEM analysis was done to examine the particles. X-ray diffraction analysis (EDXA) is used for the 
examination of elemental structure of samples, for identifying specific elements. Using a focused 
electron beam, the sample was scanned in parallel lines in this method. After that, microspheres were put 
on a sample holder for SEM characterization. Before that, coat the microspheres with a conductive 
metal, such as Pt or Zr. A fine-tuned electron beam was then directed toward the sample for scanning. 
The surface properties of the material were determined by using the secondary electrons that escaped 
from the surface of the sample. 
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5.4. Flow Characteristics 

To analyze the flow properties of particulate materials such as microspheres, three key metrics are 
commonly used: Carr's compressibility index, Hausner’s ratio, and the resting angle of repose. Each of 
these measures provides insight into how well the particles can move and settle under different 
conditions, which is crucial for applications like drug delivery [7]. 
Hausner's ratio is a critical metric for evaluating the flow characteristics of microspheres. Tapped 
density divided by bulk density is called Hausner’s ratio. The density of the particles is compacted by 
tapping or vibrating the container until no further volume change occurs. It reflects how the particles 
pack together under external forces. The density of the particles when loosely packed in a container 
without any compaction is called bulk density. It represents the initial packing state of the material [8]. 
Hausner’s ratio provides valuable information about the compressibility and cohesiveness of particles. 
The lowest Hausner’s ratio implies better flow properties. A value around 1 suggests that the particles 
have minimal friction and resistance to movement, implying good flowability. Conversely, a higher 
Hausner’s ratio indicates poorer flow properties, with values significantly above 1 suggesting higher 
friction and interparticle forces, leading to poor flow characteristics [9]. 
The flow qualities of the particles can be interpreted based on the value of Hausner’s ratio. If the ratio is 
less than 1.11, the flow qualities are excellent, meaning the particles are likely to move freely and easily, 
making them ideal for processes requiring good flow. A ratio between 1.12 and 1.18 indicates favorable 
flow qualities, suitable for most practical applications. A ratio greater than 1.18 suggests poor flow 
qualities, with particles likely to be cohesive and resist movement, which can pose challenges in 
handling and processing [10]. 
For microspheres, those in mucoadhesive drug delivery systems, flowability is a crucial factor. Good 
flow properties ensure uniform filling and dosing, which is essential for consistent medication 
administration. Hausner’s ratio is thus a vital parameter to determine if the microspheres have the 
necessary flow characteristics for effective drug delivery [11]. 
To measure Hausner’s ratio, the following steps are typically followed. First, the bulk density is 
measured by filling a volumetric cylinder with the sample without compacting and measuring the 
volume and weight to calculate the bulk density. Tapped density is measured by tapping the cylinder with 
the sample until the volume stabilizes (no further volume reduction), then measuring the final volume 
and weight. By using these values, Hausner’s ratio is calculated [12].
Hausner’s ratio serves as a reliable indicator of microsphere flow properties. A lower ratio signifies 
better flowability, which is essential for applications like drug delivery, where consistent and predictable 
behavior of the particles is crucial. Ensuring that microspheres exhibit good flow characteristics can 
significantly enhance the efficiency and effectiveness of drug administration (eq.2). 

5.5. Thermodynamic Evaluation 

Thermal analysis techniques regularly apply scheduled temperature variations for heating and cooling, 
along with predetermined specimen atmospheres and pressures, to analyze these changes. Small 
variations in gas evolution, thermal increase or shrinkage, weight gain or loss, Young's modulus, heat, 
and enthalpy are a few of the most commonly observed characteristics. 

5.6. Drug Content 
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The mixture was filtrated. Take it in a volumetric flask, and the volume is then adjusted. The medication 
was assessed employing spectrophotometry following the appropriate dilution. 

5.7. Entrapment Efficiency

 The drug-loaded microspheres were mixed with distilled water using a stirrer, filtered, and examined 
spectroscopically. The ratio of actual drug content to theoretical drug content establishes the entrapment 
effectiveness. 

6. Quality-by-Design (QbD)

 Understanding the link between product performances, attributes, and processes is essential to QbD. 
Formulations are often produced by-product specifications' quality control testing requirements. The 
product must pass quality control testing if it is approved for use in commerce. The batch that fails these 
tests, creates regulatory issues and a clear financial impact so that it is either reprocessed or rejected.
 QbD starts through predetermined goals and necessitates knowledge of by what means process and 
formulation factors affect the final product's quality. The quality of the product can be verified by final 
product testing, but it cannot be a component of process control or consistency [13]. 
Product design and development, manufacturing process development, CQA identification, risk 
assessment and management, design space establishment, and control strategy definition are crucial 
elements of QbD-based manufacturing process factors are managed to produce consistently high-
quality products known as the control strategies. For continuous product monitoring and improvement, 
information about the lifecycle management of products is used [14].
 The target product profile provides an overview of a dosage form's therapeutic goals. Key elements of 
innovator product labeling establish TPP for a generic product. A product must have TPQP, or 
performance-based quality characteristics, to fulfill TPP. TPP is translated into quantitative testing by 
TPQP, including assay, impurities, content homogeneity, dissolution, stability, and bioequivalence. This 
section contains tests that are essential to the dosage form's success in terms of achieving therapeutic 
objectives [15]. 

6.1. Product Design and Development 

For pharmaceutical development, physicochemical and pharmacological characteristics of the active 
pharmaceutical ingredient (API) are the essential characteristics. Achieving desirable patient needs and 
identifying characteristics that a pharmacological product should have to employ the anticipated 
therapeutic reaction are the goals of the QbD-based product development program. To achieve these 
predetermined goals, product development must always be methodical, scientific, and risk-based. The 
experience component adds value to this comprehensive approach at different phases. It is easier to 
identify CQA, which has to be managed to consistently deliver the intended output when one has a solid 
grasp of the product and its production process [16]. Knowledgebased product development may be 
achieved with the effective use of statistical techniques like experiment design, appropriate RA, and 
management tools. Additionally, creating flexible and relevant regulatory product standards is made 
easier with an understanding of CQA. QbD is facilitated and enhanced manufacturing capabilities may 
be achieved using development expertise. 
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6.2. Design of Experiments 

While experiment design is a useful implement for selecting experiments effectively and methodically 
to provide accurate and clear information, it is not a replacement for experience, competence, or 
intellect. A structured method that determines the relationship between factors affecting a process and 
the output of that process is called experimental design [17]. Regression modelling, response surface 
modelling, screening experiments, comparing experiments may all be done with experiment design.

6.3. Common Experimental Designs 

A certain amount of reasoning or experience-based knowledge should be used to determine which 
aspects are dependent and independent. Incorporating all pertinent variables is crucial. Instead of 
choosing reasonable high and low values for selected factors, unworkable and unattainable levels should 
not be incorporated into the design [18]. 
Completely randomized designs: In this case, the response variable derived only from the various 
values of a primary component, without accounting for any additional factors.
 Randomized block design: The design in which there is only one main component, and blocking is 
utilized which reduces the effect of uncontrollable but unimportant elements. 
Full factorial designs: All levels of each element appear alongside every level of every other factor. The 
variables are set at their higher or lower levels. For “n” number of independent factors containing two 
levels, then the number of experimental runs needed is equal to 2n. 
Fractional factorial designs: Rather than doing every run as in full factorial design, a carefully selected 
subset of the runs is chosen. As the number of components rises, full factorial design can easily grow to a 
very larger design. 
Plackett–Burman designs: These designs are considered highly efficient when the variable's primary 
impacts are the only ones that matter. Their number for the trial run is a multiple of four. A minimum 
number of runs is sufficient to examine a very large number of variables. 
Response surface designs: Process behavior can be fully described by a quadratic or cubic model. The 
curvature in the response surface is caused due to the existence of quadratic and perhaps cubic 
components in the response. The pharmaceutical sector always finds that quadratic models are adequate. 
When more than four components are present, sometimes threelevel factorial designs fit a quadratic 
equation but need a significant number of runs. In contrast, twolevel factorial designs are not suitable for 
a quadratic equation. A second-order model is typically utilized to calculate the response when a first-
order model is insufficient and the experiment is near the optimal response zone. Some special designs 
fit the second
order model to the response with a minimum number of runs to analyze response surfaces. Box-Wilson 
central composite designs (CCD) and Box-Behenken designs (BBD) are the two types of classical 
quadratic designs. CCD is used to create a second-order 
(quadratic) model for the response variable. Linear regression of the design is used to obtain the 
findings. Aimed at the design, the factor levels are often coded. These are fractional factorial or two-
level complete factorial designs. Several center points and other selected runs enhance the designs. They 
make it possible to find every regression parameter required to match a response to a second-order 
model. The axial points, also known as star points, are separated from the center point by a symbol, "α." 
In a CCD, there will be twice as many axial points as independent variables. A CCD can be face-centered 
(requiring three levels of each factor), circumscribed (requiring five levels of each factor and having 
circular, spherical, or hyperspherical symmetry), or inscribed (a scaled-down circumscribed CCD with 
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each factor level of the design divided by α to generate this design). Any design should aim for 
rotatability, which provides equivalent estimating precision in all directions. If a CCD provides 
consistent variance of the calculated factors corresponding to every new observation point at the same 
distance from the center point, then the CCD is said to be rotatable. Extensively BBD is used to fit 
second-order models to the response. These designs are for three-level variables. Also, two-level 
factorial designs and unfinished block designs are used to create the design. These patterns are almost 
rotatable. One benefit of BBD is that they only need three tiers. In this design, there are no runs at the 
corner points and no runs when all factors are at the +1 or −1 levels. Corner point runs 
can occasionally be costly or difficult. However, this design's capacity to block orthogonally is restricted 
when compared to CCD. A graphical method for displaying a 3D surface in a two-dimensional format is 
called a contour plot. Contours are the plotted constant z-slices, represented in a two-dimensional 
format. A contour plot is a substitute or alternative for the 3D surface plot. The lines show the iso-
response values, while the vertical and horizontal axes show the independent components. In the part 
that describes design space, figures are used to demonstrate the response surface and contour plots. 

� Three-level full factorial designs: For every aspect, three tiers are taken into account here. Three 
times the number of independent elements under consideration, n, equals the number of experimental 
runs. Level codes in this case are -1, 0, and +1. In contrast to the two-level designs, a third level facilitates 
the investigation of the quadratic connection between each element and the answer [19].

6.4. Multivariate Tools for Design, Data Acquisition, and Analysis 

A scientific knowledge of the relevant multifactorial interactions is obtained via the application of 
information management systems and multivariate mathematical approaches. Response surface 
methods, process modeling, pattern recognition tools, and experiment design are examples of 
multivariate mathematical approaches. Statistical analysis may be used to assess the reliability and 
applicability of model predictions. When these strategies are applied properly, variables about the 
process and product are recognized and evaluated [20]. 

7. Application of Microspheres 

7.1. Microspheres in Vaccine Delivery 

Using microspheres to administer vaccines offers a promising approach to enhancing immunity against 
microbes and their hazardous components. An ideal vaccine must meet stringent criteria for protection, 
efficacy, and cost-effectiveness. Traditional vaccine delivery methods often face challenges in 
maintaining these standards, particularly regarding the application mode and the level of antibody 
response generated. One innovative solution is to employ biodegradable microspheres for intravenous 
vaccine delivery. This approach addresses many shortcomings of traditional vaccines, such as stability 
and targeted delivery, by ensuring controlled release and enhanced immune response. Microspheres are 
particularly advantageous in chemotherapy, especially for delivering anti-tumor drugs. Their potential 
as drug delivery systems stems from their ability to target tumor cells more effectively. Injecting 
microspheres into leaky vasculature associated with tumors can enhance endocytic activity, allowing for 
more efficient drug uptake by cancer cells. This targeted approach minimizes the adverse effects 
typically associated with chemotherapy, as the drug is concentrated at the tumor site rather than affecting 
the entire body. To further improve the efficacy of microsphere-based chemotherapy, "stealth" 
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microspheres are developed by coating them with soluble polyoxyethylene. This coating helps evade the 
immune system, allowing the microspheres to circulate longer in the bloodstream and increase their 
chances of reaching the tumor cells. Stealth microspheres offer a significant advantage over non-stealth 
microspheres, as they reduce the likelihood of being recognized and cleared by the immune system. 
However, non-stealth microspheres can still be beneficial in certain chemotherapy contexts, depending 
on the specific requirements of the treatment regimen [21]. 

7.2. Microsphere in Chemotherapy 

Microspheres have significant potential as drug delivery systems for anti-tumor drugs. Their ability to 
target and deliver drugs efficiently makes them a valuable tool in cancer therapy. One of the key 
advantages of using microspheres in this context is their ability to exploit the leaky vasculature 
commonly found in tumors. When microspheres are injected into this leaky vasculature, they can 
enhance endocytic activity, leading to increased uptake of the drug by tumor cells. To further improve 
their efficacy, microspheres can be modified to become "stealth" microspheres by coating them with 
soluble the polyoxyethylene. This coating helps the microspheres evade immune system, specifically 
the reticuloendothelial system (RES), allowing them to remain in circulation longer and increasing the 
likelihood of reaching and penetrating the tumor cells. Stealth microspheres are designed to avoid 
detection and clearance by the body's immune defenses, thereby enhancing the delivery and 
effectiveness of the encapsulated drug. The non-stealth microspheres can accumulate within the RES 
and can also be advantageous for cancer chemotherapy. While stealth microspheres are designed to 
evade the RES, non-stealth microspheres are more readily taken up by the RES, which includes organs 
such as the liver, spleen, and lymph nodes. This characteristic can be exploited to target certain types of 
cancers that metastasize to these organs or to modulate the immune response in a way that supports anti-
tumor activity [22]

7.3. Ophthalmic Drug Delivery 

Microspheres composed of polymers exhibit a range of favorable biological features, making them 
excellent candidates for various drug delivery applications. These features include bio-adhesion, 
permeation-enhancing qualities, and interesting physicochemical properties, all of which contribute to 
their effectiveness as drug carriers. One of the key advantages of polymer-based microspheres is their 
bio-adhesive properties, which ensure that the drug remains in close contact with the target tissue, 
enhancing the duration of drug action and improving therapeutic outcomes. Additionally, these 
polymers possess permeation-enhancing qualities that facilitate the movement of drugs across 
biological barriers, such as the corneal epithelium in the eye, which is crucial for effective ophthalmic 
drug delivery. The physicochemical properties of polymer-based microspheres, such as particle size, 
surface charge, and hydrophilicity, can be tailored to optimize drug delivery, influencing the stability, 
release profile, and bioavailability of the encapsulated drug [23]. 

7.4. Gene Delivery 

Due to their GI tract adhesion and transport properties, microspheres may function as an efficient oral 
gene carrier. It is also useful in the administration of vaccines meanwhile resistance to the bacterium or 
virus is a prerequisite for getting one. The product poses a risk. The shortcomings of traditional 
vaccinations might be made up for by biodegradable intravenous vaccine delivery systems. 
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Biodegradable polymer microspheres have been utilized to encapsulate various parenteral vaccines, 
such as tetanus and diphtheria vaccinations [24]. 

7.5. Oral Delivery 

Polymer-containing microspheres can form films, making them a viable alternative to traditional 
drug tablets in the form of film shapes. Due to sensitivity to pH and the reactivity of primary amines, 
these microspheres are well suited for oral delivery which allow for targeted and controlled release 
of the drug. Polymers such as chitosan and gelatin are commonly used in these microspheres, 
enhancing their effectiveness in the gastrointestinal tract. Chitosan, for instance, has excellent 
mucoadhesive properties and can react with the acidic environment of the stomach to provide a 
controlled release, while gelatin offers biocompatibility and the ability to form gels that protect the 
drug and improve its stability. Bioavailability and patient compliance of a drug can be improved by 
developing polymer-containing microspheres as oral drug delivery systems [25]. 

7.6. Nasal Drug Delivery

 Bioadhesive capabilities and the ability to spread quickly upon contact with the nasal mucosa 
microspheres have applications in nasal drug delivery. Microspheres can enhance the residence time 
of the drug's remains in the nose and improve its bioavailability. When microspheres, liposomes, and 
gels connect with the nasal mucosa, their bioadhesive properties enable them to adhere to the 
mucosal surface effectively. This adherence ensures that the drug remains in close contact with the 
absorption site for an extended period, facilitating sustained release and absorption. The polymers 
used in these delivery systems, such as starch, dextran, albumin, gelatin, and chitosan, contribute to 
their bioadhesive properties and overall effectiveness. Starch, dextran, and albumin are commonly 
used polymers in these drug delivery systems. They provide structural integrity and enhance the 
bioadhesive properties of the microspheres, liposomes, and gels. Gelatin and chitosan are    
particularly effective due to their excellent biocompatibility and biodegradability. Gelatin, derived 
from collagen, offers a versatile platform for drug delivery, while chitosan, derived from chitin, is 
wellknown for its mucoadhesive properties, which are particularly beneficial for nasal drug delivery 
[26]. 

7.7. Buccal Drug Delivery 

Chitosan and sodium alginate are the commonly used polymers for buccal drug delivery. These 
polymers possess mucosal or bioadhesive properties that can enhance drug absorption through the 
buccal mucosa. Chitosan is known for its excellent mucoadhesive properties. Mucoadhesive ability 
prolongs the residence time between the drug and the mucosa, facilitating enhanced drug absorption. 
Chitosan's positive charge can also interact with negatively charged mucosal surfaces, further 
enhancing its bioadhesive properties. Sodium alginates can form viscous gels in the presence of 
divalent cations, such as calcium ions, which are abundant in saliva. These gels can adhere to the 
buccal mucosa, providing sustained drug release and enhancing drug absorption. Additionally, 
sodium alginate's mucoadhesive properties contribute to its ability to prolong residence time in the 
buccal cavity, allowing for improved drug delivery [27]. The earlier attempts made on microspheres 
using the QbD approach are listed in Table 1.
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8. Conclusions 

In conclusion, the application of factorial design in the preparation of microspheres for controlled drug 
delivery represents a significant advancement in pharmaceutical research. By systematically exploring 
the effects of multiple formulation variables on microsphere properties, the factorial design enables the 
optimization of key parameters such as the size of the particle, morphology, drug entrapment efficiency, 
and drug delivery profile. Through its systematic and efficient approach, factorial design not only 
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 reduces experimentation time but also enhances the understanding of interactions between factors, 
leading to the formation of extra robust and efficient drug release systems. Overall, the incorporation of 
factorial design methodology offers a promising avenue for the rational design and optimization of 
microsphere-based drug release systems, which can improve therapeutic outcomes and patient care. 
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The formulation and evaluation of diclofenac sodium from liposomes, niosomes and nanoemulsion are 

analyzed. The release profiles of diclofenac sodium were almost similar in all the formulations. It is found 

that 85% of diclofenac sodium diffused out from the colloidal systems within 8hrs and practically all the 

drug was released within 12hrs. In addition to this controlled release, the similarity of the release profiles 

obtained for liposomes, niosomes and nanoemulsion signifies that the internal structure has little role in 

the release process. The drug released fast and completely from the carriers upon high dilution, but it is 

slowed down a little when they are not diluted. The maximium amount of diclofenac sodium was released 

from nano emulsion as well as liposomes after 12 hrs at 1 in 200 dilution where as in niosomes, it was 

found at 1 in 100 dilution. But surprisingly, the release was decreased upon further dilution. The higher 

the surfactant content, the higher the globule size of the nanoemulsion. The mean size of the  systems was 

decreased upon increasing dilution. Among all the systems, the mean size of niosomes was decreased 

upon increasing the dilution up to 1:200. It was finally depicted that the dilution effect on the zeta 

potential of the systems shifted from negative to positive by adding polysorbate 80. The zeta potential of 

all the systems was significantly good indicating stable systems.  
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1. Introduction 

Of the various nanosystems available, synthetic carriers such as liposomes have been used 
extensively1,2. Liposomes are biodegradable, nontoxic, uni or multilamellar vesicles, formed from 
naturally occurring phospholipids which have the ability to entrap and retain a wide range of drugs either 
in the aqueous or lipid phase3-6. Liposomes can be administered by oral7, parenteral and transdermal 
routes8,9. Their pharmacokinetic properties depend upon their size, surface charge, lipid composition, 
fluidity of the membrane, dose and route of administration 10-11. When administered intravenously, the 
multilamellar (MLV) liposomes have an elimination half life of 30 to 120 minutes, whereas small 
unilamellar (SUV) liposomes are eliminated exponentially with a half life of 80 minutes to 2 days. In the 
liver, irrespective of surface charge, MLV liposomes are predominantly internalized by kupffer cells, 
while cationic SUV liposomes are taken up by the hepatocytes, neutral and anionic SUV liposomes are 
distributed equally between kupffer cells and hepatocytes.  Niosomes have been largely proposed as 
drug delivery systems12. This class of vesicles appear are similar in terms of their physical properties to 
liposomes, being prepared in the same way and under a variety of conditions, forming unilamellar or 
multilamellar structures13. They may be regarded either as inexpensive alternatives of non-biological 
origin to liposomes. Particularly, these vesicles were introduced in reason of the higher chemical 
stability of the nonionic surfactants compared to that of phospholipids. Phospholipids are in fact 
subjected to stability problems due to the easy hydrolysis of esters bonds or to the possible peroxidation 
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 of unsaturated bonds. Moreover, another disadvantage related to the nature of liposomes is referred to 
the unreliable reproducibility. This series of problems in the use of liposomes as drug carriers thought 
provoked the researchers the utilization of alternative sources to make vesicles and among them the use 
of non-ionic surfactants. An increasing number of non-ionic surfactants have been found to form 
vesicles able to entrap hydrophobic and hydrophilic solutes. Particularly, niosomes are prepared from 
glucosyl dialkyl ethers14, crown ethers, spans15 and polyoxyethylene alkyl ethers16. Nanoemulsion17 
is preferred because of nanoscale size range of the dispersed droplets with a mean droplet size of about 
250 nm. The physical stability of nanoemulsion can substantially be improved with the help of suitable. 
In addition, some studies have compared the performance of different nanoemulsified systems prepared 
with similar oils and surfactants for applications such as controlled drug release18 and or drug 
incorporation for protection19. The possible usefulness of NEs as nanocarriers is their ability to 
solubilize substantial amounts of hydrophilic/hydrophobic drug either at the innermost (oil or water) 
phase or at the o/w or w/o interfaces. They are biocompatible, biodegradable, physically stable, and 
relatively easy to produce on a large scale using proven technology20. This allows efficient delivery of 
therapeutic agents to target sites in the body. Nanocarriers, in their various forms, have the possibility of 
providing endless opportunities in the area of drug delivery and therefore are increasingly being 
investigated to harness their potential21. The pharmaceutical colloidal carriers such as liposomes, 
niosomes and nanoemulsions are normally used to control the drug release in a desirable fashion. They 
improve the solubility of hydrophobic and hydrophilic compounds and render them suitable for different 
routes of administration22. Several reports prove that most of the NSAIDS are potential candidates for 
delivering through nanocarriers by various routes of administration. The following Table 1.0 lists some 
of the NSAIDS incorporated in nanocarriers.  Diclofenac sodium (DS) is an analgesic and non-steroidal 
anti-inflammatory drug (NSAID). Its use is associated with fatal gastrointestinal side effects. It is 
documented that the solubility and bioavailability of DS has been attributed to the higher affinity of the 
drug molecules towards the lipids, oil and nonionic surfactants32,33. Studies have shown that 
nanoemulsion, liposome or noisome can enhance transmembrane passage across the digestive tract and 
transdermal drug permeability, thus improving the bioavailability of the guest molecules34-36. The 
following Table 2.0 lists various nanocarriers developed for diclofenac sodium and thus demonstrates 
the versatile suitability for DS. 
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Therefore, the rational design of formulations takes advantage of any interactions taking place within 
the system. The main aim of the work is to explore the influence of nanosystems (Liposome, Niosome 
and Nanoemulsion) on the release characteristics and performance of DS and thereby to analyze the 
change in behavior of nanosystems in the presence of DS and thus to develop and compare 
nanoformulations as drug carriers for oral, parenteral and topical application and to demonstrate the 
release features of the formulations. In the present study, detailed physicochemical properties of selected 
nanoemulsion, liposome and niosome in the presence of DS for size, zeta potential and release studies 
were examined. 

2. Materials and Methods 

2.1. Preparation of Diclofenac Sodium Nanosystems 

The composition of the tested liposomes, niosomes, and nanoemulsions formulae are reported in Table 
3.0. Nanosystems containing diclofenac sodium were prepared by flash evaporation method45,46. 
Briefly, diclofenac sodium, surfactants, cholesterol and lipids were accurately weighed into a long 
necked quick fit round bottom flask and dissolved in 10 ml dichloromethane and added to with 10 ml of 
phosphate buffered saline (PBS, pH 7.4). The organic solvent was slowly evaporated at 60°C under 
reduced pressure, using a rotary evaporator (Buchi R-110 Rotavapor, Switzerland) at 150 rpm. The 
nanosystems were left to mature overnight at 4°C. For sterility, all the above mentioned steps were done 
under aseptic conditions. All glassware was sterilized by autoclaving, phosphate buffered saline was 
passed through a 0.22 μm membrane filter, and the entire procedure was carried out in a laminar flow 
hood (Esco, Singapore).

2.2. Size and Zeta Potential Measurements 

The size and surface charge were determined by light scattering based on laser diffraction47 using the 
Malvern Zeta sizer Nano ZS (Malvern Instruments Ltd., Worcestershire, UK). The measurements were 
performed using a 45 mm focus objective and a beam length of 2.4 mm. All the nanosystems were 
diluted 1:200, 1:100, 1:50, 1:25 and 1:10 with phosphate buffer for size and zeta potential 

Advances in Pharmacology and Pharmacy                                                                           Page No. 51(Volume - 13, Issue - 2 , May- August 2025)



measurements, respectively to observe the dilution effect. For this purpose, the samples were diluted to 
appropriate concentration. The ZP characterizes the surface charge of dispersed phase and thus gives 
information about repulsive forces between vesicles and droplets. Absolute higher values than 30mV 
usually indicate good stability of the system. Also, the size and ZP values were measured with time over 
5 weeks during storage at room temperature. 

2.3. Entrapment Efficiency 

The entrapped diclofenac sodium in the nanosystems was separated from the unentrapped by 
centrifugation. At predetermined time intervals 0.25 mL of the dispersion was withdrawn and the aliquot 
was centrifuged (Eppendorf centrifuge, Eppendorf, Germany) at 14,000 × g for 30 min, and the 
supernatant was analysed using UV spectrophotometer. All experiments were conducted in triplicate. 
The entrapment efficiency was calculated according to the following equation48: 

2.4. In-vitro Release of DFS from nanosystems 

The release of DFS from nanosystems was determined using the membrane diffusion technique49-51. 
An accurately measured amount of DFS nanosystems, equivalent to 1 mg drug or a volume of 0.5 mL of 
preparation was placed in a dialysis bag (3.8 cm in length). Dialysis tubing consisted of regenerated 
cellulose, a material chemically and physically treated to increase its resistance (MWCO 12,000-14,000 
Da, 25-Å pore diameter, Himedia, India). Both ends were tied. The dialysis bag was suspended in 25 mL 
PBS at pH 7.4 and maintained at 37 ± 0.5°C. The dispersion was rotated at 200 rpm on a magnetic stirrer 
(REMI, India). At predetermined time intervals of 0.5, 1, 2, 3, 4, 6, 8 and 12hrs, 1mL aliquots were 
sampled and replaced with 1 mL fresh pH 7.4 PBS, which was maintained at 37 ± 0.5°C. Drug 
concentrations were quantified using UV spectrophotometer at 276nm, and all experiments were 
conducted in triplicate.

3. Results and Discussion 

Size Analysis of nanosystems Table 4.0 shows the results of size measurement. As evident from table 1, 
the size of nanosystems was not much significantly different with negative zetapotential. The formation 
of stable liposomes can be attributed to the inclusion of charge inducer which increases the spacing 
between the adjacent layers due to repulsion forces, resulting in the formation of stable liposomes52. 
Furthermore, the charged lecithin electrostatically attracts the DS counterion, which may be expected to 
push phospholipids lead groups apart, hence increasing the size53. The mechanism of niosome 
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formation54 is from splicing of two monolayers of inverted micelles collapsing to each other and hence 
more easily curved, which lead to a decrease in the size. In most typical processes nanoemulsions are 
formed from an aqueous surfactant solution aggregating into micelles. In the course of the water dilution 
process of the condensed reverse micelles (concentrates), a bicontinuous phase, consisting of long 
domains, inverts into O/W droplets and eventually the structures turn into oil nano-droplets dispersed in 
a water continuous phase. The two major processes of nucleation and growth are inverted. The large 
domains of the O/W droplets (obtained from the bicontinuous phase) slowly shrink (by a chopping 
process and edge termination) but in parallel, many of the reformed droplets re-assemble (coalesce) into 
larger droplets above 60 wt% water content. These results are well correlated to the results obtained by 
de Campo et al., 200455. Our results are in good agreement with the results of Ko et al., 200356, who 
studied a nonionic O/W microemulsion system containing C18:1E10 as surfactant, MCT and retinyl 
palmitate (1:1 w/w) as the oil phase and water. They calculated the O/W droplet size from the diffusion 
coefficients obtained from PGSE-NMR measurements. They found that upon increasing the oil phase 
concentration at the expense of the water concentration (from 1 to 7 wt.%) while keeping the surfactant 
concentration fixed, the droplet size increased which correlates with our hypothesis that oil increases the 
size of the droplet. The average droplet size is not affected by the presence of PC molecules in the 
surfactant mixture Araya et al., 200557. The droplets in the empty system are larger than in the loaded 
ones, but the trend is similar. Thus, the presence of diclofenac sodium increases the restructuring effect 
of the droplets upon dilution, thus smaller droplets are detected. The results also suggest that diclofenac 
sodium is solubilized at the interface of the O/W droplets. The mean globule size depended on the 
concentration of polysorbate 80 and was strongly influenced by the presence of lecithin. The addition of 
PS increased the globule size. The higher the PS content, the higher the globule size of the 
nanoemulsion. As shown in Fig 1, the mean size of the systems was decreased upon increasing dilution. 
Among all the systems, the mean size of niosomes was least which was decreased to 204 nm upon 
increasing the dilution upto 1:200.  Fig 2 depicts the dilution effect on the impact of charge i.e; negative 
zeta potential of the nanosystems. On similar lines with size, the zeta potantial also decreased with 
increasing dilution as shown in Fig 2. The ZP changes followed the same pattern in all the nanosystems 
at higher dilutions. The stability assessments of the formulations were tested as change in results with 
respect to time. Zeta potential reduction was observed in all carrier systems with increase in dilution. 
Among these, niosomes had shown a significant decrease in negative zeta potential. The reduction in 
zeta potential of niosomes was possibly due to the change surfactant adsorption. 
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Entrapment efficiency

By inspection of Table 4.0, it is shown that diclofenac sodium encapsulation efficiency varied with the 
composition and type of nanosystems. The entrapment efficiencies for niosomes prepared were superior 
to those of nanoemulsion and liposomes. This may be explained by the fact that the vesicles obtained 
from Span 60 produce higher entrapment efficiencies as the length of alkyl chain is a crucial factor of 
permeability. Thus, long chain surfactants produce high entrapment58. Additionally, the alkyl chain 
length influences the HLB value of the surfactant which in turn directly influences the drug entrapment 
efficiency59. The lower the HLB of the surfactant the higher will be the drug entrapment efficiency and 
stability as in the case of niosomes prepared using Span 60 (HLB=4.6). Cholesterol is one of the 
common additives included in the formulation in order to prepare stable niosomes. Cholesterol is known 
to abolish the gel to lipid phase transition of niosome systems60, which could be able to effectively 
prevent leakage of drug from niosomes61, notably the membrane permeability, encapsulation efficiency 
and bilayer rigidity62. Charged oil is often used to prevent globule aggregation and increase the stability 
of nnanoemulsion thus was found to have more entrapment than liposomes63. Also, the concerning the 
effect of nanosystem on the encapsulation efficiency of diclofenac sodium, results showed that the  EE% 
had higher values in the case of niosomes than in liposomes. This finding may be because niosomes were 
prepared at pH 7.4 and DFS has pH dependent solubility and it has minimum solubility at this pH. This 
will increase the unionized fraction of DFS, which is lipophilic in nature64. Due to the fact that MLVs 
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contain multiple lamellae capable of loading a higher mass of lipophilic drug than ULVs65, EE% had 
higher values in the case of niosomes than liposomes. Concerning the effect of type of surfactants on 
EE%, results showed that the EE% had higher values in the case of nanoemulsion than liposomes. This 
result may be because the encapsulation of DFS depends on the fluidity of the phospholipids bilayer66. 
The increase in EE% by increasing P2 content occur because by increasing the P2 concentration, 
resulting in higher stability and reduced permeability of the oil67 and hence greater drug retention68. 
Decreasing EE% with increasing CH ratio above a certain limit may be due to the fact that increasing CH 
above certain concentration can disrupt the regular linear structure of liposomal membrane69. 
Concerning the effect of dilution and effect of time on the entrapment of DFS in nanosystems, results 
showed increase in dilution decreased entrapment proportionately in all the nanosystems (Fig 3, 4 and 5) 
and with time decrease in entrapment (Fig 6, 7 and 8). This behavior could be due to increase in size of 
nanosystems, thus causing leakage of the drug. 
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In Vitro Release Studies 

Results of in-vitro studies on the release of diclofenac sodium nanosystems prepared using lipids, 
surfactants and cosolvents are shown in Figs. 9 respectively. The percentage of drug released with the 
effect of dilution and time from the nanosystems are shown in Fig 10 to 15 respectively. Nano 
formulations showed slower release rate than diclofenac sodium solution. Significant changes in release 
were observed upon changing the composition used in the nanosystems. By inspection of the data, it 
could be concluded and can be explained by the fact that niosomes exhibit an alkyl chain length-
dependent release and the higher the chain length, the lower the release rate70. It is clear that the release 
is retarded in presence of lecithin in liposome, span 60 in niosome and oil in nanoemulsion. This 
confirms that the components stabilize the structure of outer membrane and renders them less 
permeable71. From the results, it is obvious that the increase of cholesterol markedly reduced the efflux 
of the drug from vesicular preparations (Fig 9), which is in accordance with its membrane stabilizing 
ability72. Cholesterol is known to abolish the gel to liquid phase transition of niosome systems73, 
resulting in vesicular that are less leaky74. Therefore, the diffusion of DFS entrapped in the hydrophobic 
regions of the vesicles would be expected to occur over a prolonged period of time. On the contrary to 
previous results, the increase of cholesterol time slightly increased the efflux of the drug from 
nanosystems. The release profiles of DFS from nanosystems reveal that the presence of structured 
components in the nanosystems stabilizes the bilayers and decreases their permeability. However, 
contrary to previous results, increase in time gradually reduces the permeability. Therefore, it is to be 
noted that the in vitro release results are consistent with those of the entrapment efficiency. Thus, the 
comparitive release data indicate that, by encapsulation of drug into nanosystems, it is possible to sustain 
and control the release of the drug for a longer duration75. The invitro release of the systems was also 
affected with increase in time. Fig 13, 14 and 15 shows the changes in release profile with time. In Fig 13, 
75% release was observed from niosomes after 1 week. But it was decreased to 59% after 5 weeks of 
time period.  Similarly as shown in Fig 14 and 15 from liposomes and nano emulsion, the release was 
decreased from 65% to 60% and 75% to 70% respectively. Thus, he release profiles obtained were 
almost similar in all the formulations as shown in Fig 9. It is found that 85% of diclofenac sodium 
diffused out from the colloidal systems within 8hrs and practically all the drug was released within 
12hrs. In addition to this controlled release, the similarity of the release profiles obtained for liposomes, 
niosomes and nanoemulsion evidences that the internal structure has little role in the release process. 
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 Consequently, it can be established that the release of diclofenac sodium from the colloidal carriers is 
solely affected by the partition of the drug between the oily droplets/vesicles and the external aqueous 
medium. This release mechanism was also corroborated by the fact that the main factor controlling the 
release of diclofenac sodium is the volume of the aqueous medium. This was explained by the dilution 
effect as shown in Fig 10, 11 and 12. The drug releases fast and completely from the nanocarriers upon 
high dilution, but it is slowed down a little when they are not diluted. In Fig 10 and Fig 12, maximum 
amount of diclofenac sodium was released from nanoemulsion as well as liposome after 12 hrs at 1 in 
200 dilution where as in niosomes (Fig 11) it was found at 1 in 100 dilution. But surprisingly, the release 
was decreased upon further dilution. The major mechanism for drug release was partitioning of drug 
from carrier as a result of changes in phase volume ratio. Fig 13, 14 and 15 states the effect of time on 
release profiles of diclofenac sodium with respect to size. 
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4. Conclusions 

This work describes the development of nanosystems of diclofenac sodium. The interest of these 
diclofenac sodium loaded nanosystems was evidenced by the fact that they significantly controlled the 
release of diclofenac sodium. These nanosystems released their drug content rapidly upon dilution. The 
similar behavior of the three systems indicates that the colloidal nature of the systems is the key factor 
responsible for their positive behavior. In conclusion, the results of this study emphasize the potential of 
liposomes, niosomes and nanoemulsions as promising future nanosystems for diclofenac sodium. The 
results of this study show that cholesterol content, type of surfactant and the presence of charge altered 
the entrapment efficiency and release rate of DFS from nanosystems. 
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