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Abstract 

Food allergies are becoming increasingly prevalent, leading to potentially fatal reactions. Allergic Rhinitis is a 

significant atopic disorder affecting all age groups, compromising quality of life. Treatment options include 

conventional methods, advanced technologies like immunotherapy, surgical methods, and nanoparticles. Current 

allergy immunotherapy has limitations due to potential anaphylaxis and local side effects. 

The nanoparticle approach is a promising and safe option. Nanoparticle-based therapies can address food allergy 

by disrupting disease-driving immune mechanisms and promoting sustained tolerogenic immune pathways. These 

therapies involve regulatory T cells, TH1 responses, and suppression of allergic effector cells, leading to beneficial 

outcomes.  

Nanotechnology-based approaches show potential for improving transdermal penetration and enhancing the 

effectiveness in penetration. Nanoparticles are designed to control particle size, surface properties, and release 

pharmacologically active agents for site-specific drug action.  

Liposomes offer advantages like protection, targeting, and reducing toxicity, but have limitations like low 

encapsulation efficiency and rapid drug leakage. Polymeric nanoparticles offer specific advantages.  

In this review, the ideal properties of polymeric nanoparticles for topical drug delivery is discussed in brief. Special 

mentions about the recent trends and applications of nanoparticles are also discussed. Further conclusive work 

needs to be done in treatment of allergic condition using polymeric nanoparticles as it makes its way into the 

mainstream clinical practice. 
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1. INTRODUCTION 

Systemic disorders induced by a weakened immune system include allergic rhinitis (AR), allergic asthma (AAS), 

atopic dermatitis (AD), food allergy (FA), and eczema. Their pathogenesis is complex and involves factors like 

maternal-fetal environment, living environment, genetics, epigenetics, and immune status. With advancements in 

immunology, molecular biology, and biotechnology, new drugs have been developed to treat these diseases
1
.   

The constantly rising incidence rates of these disorders, accompanied by high recurrence rates, are gaining 

increasing attention.
1 

Patients suffer greatly as a result of the increased prevalence of allergic illnesses. AR and AAS 

are believed to affect about 500 million and 300 million people worldwide, respectively.
2 

as the number of cases 

grows. The mortality rates for AAS in women and men are 90 and 170 per million people, respectively. Low- and 

middle-income nations account for around 96% of asthma deaths.
3
 FA presently affects 1-10% of the overall 

population, according to current estimates.
4
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The review focuses on NMs designed for topical administration to the skin for skin protection and healing. It 

examines the penetration of NPs through the skin as well as the factors that influence this process. Furthermore, the 

current review highlights the experimental models employed for in vivo and in vitro skin penetration research, as 

well as the potential environmental risks connected with NM synthesis. 

 

2. THE STRUCTURE OF THE SKIN. 

The epidermis and dermis of the skin are separated by a layer of subcutaneous fat. Basale to superficial stratum 

corneum (SC) via the stratum spinosum and stratum granulosum (SG). The SC is depicted as a "brick and mortar" 

construction. The epidermis has four histologically different layers, beginning with the deepest stratum.
5 

 
Corneocytes are immersed in an intercellular lipid matrix. Corneocytes are made up of insoluble keratins that are 

encased in cross-linked proteins and are stacked in parallel, overlapping multicellular stacks perpendicular to the 

skin surface.
6
 The inter-corneocyte gap is filled with lipids, which are typically in the crystalline phase.

7
 During 

differentiation, the majority of SC lipids are synthesized in the viable epidermis.
8
 

Lamellar bodies discharge them into the intercellular gaps at the SG-SC interface. Ceramides, fatty acids, and 

cholesterol are the most important SC lipids. Ceramides are classified into eight groups. Multiple bilayers of lipids 

with a periodicity of around 13 nm are formed. Unlike practically all other membranes in the body, the SC lacks 

phospholipids
9
 This "brick and mortar" structure is now recognized as the site of the skin's superior permeability 

barrier, and the SC is the rate-limiting barrier to the transcutaneous penetration and absorption of most substances 

after topical treatment.
10

 

There are three probable molecular penetration mechanisms across the SC: (i) intercellular via lipids between 

corneocytes; (ii) transcellular via corneocytes and surrounding lipids; and (iii) appendageal via follicles and sweat 

ducts.
11 

The primary pathway is widely assumed to be intercellular. The main route is thought to be intercellular, although 

the appendageal pathway, particularly that enclosing the hair follicle and related sebaceous gland, is also crucial in 

some cases.
12

 Some permeation enhancers (e.g., oleic acid) and vesicular carriers are hypothesized to disrupt the SC 

lipids and allow for easier transit over the skin.
13

 The viable epidermis lies beneath the SC and has a thickness of 

100 m, 4 differing from as little as 50 m to roughly 800 m on the load-bearing palms and soles of the feet.
6
 

Keratinocytes are the primary cells of the viable epidermis, although there are also melanocytes, Langerhans cells, 

migratory macrophages, and lymphocytes.
14

 The epidermis, on the other hand, lacks blood vessels. 

The dermis, a 3-5mm thick layer of human skin, is rich in blood vessels, lymphatic vessels, and nerve endings. It 

serves as a minimal barrier to drug transport, with hair follicles and sebaceous glands playing a role. The 

subcutaneous fat layer bridges the dermis to underlying tissue. 

 

Fig no 1: Structure of skin. 
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3. NANOPARTICLES 

Nanoparticles (NPs) are materials with dimensions smaller than 100 nm and diverse shapes, such as spheres, rods, 

dendritic shapes, and so on. The European Union (EU) Commission has agreed to this definition.
14,15 

The 

Environmental Protection Agency (EPA) emphasizes, in its judgement, the unique features of NPs that distinguish 

them from identical chemical substances.
16

 In turn, the US Food and Drug Administration (USFDA) specifies 

definitely that NPs must show dimension-dependent behaviours.
17 

The International Organization for Standardization (ISO) regards the nanoscale size of both the exterior dimension 

and the inside surface structure as the primary requirement.
18 

There are several nanostructures in the human body 

that are required for regular body function, including as enzymes, proteins, antibodies, or DNA. Human bone, a 

multidimensional composite of hierarchical inorganic nanohydroxyapatite and organic collagen, is likewise a 

nanomaterial.
19,20 

One of the first synthetic NMs was probably lead(II) sulphide NPs (5 nm) (PbS-NPs), which were 

used for colouring or the so-called "Egyptian blue," which was a mixture of cuprorivite CaCuSi4O10 and silicon 

dioxide (SiO2). Michael Faraday published the first scientific article reporting the synthesis of gold NPs (Au-NPs) 

in 1857. 

Carbon nanomaterials, inorganic, organic, and composite-based nanomaterials are the four broad groups of NMs. 

Nanotubes, fullerenes, quantum dots (QD), metals (silver Ag, gold Au), metal oxides (titanium dioxide TiO2, zinc 

oxide ZnO, iron (III) oxide Fe2O3, SiO2), and lipophilic NPs are finding increasing use in cosmetics. This is owing 

to the fact that NPs have a high surface-to-volume ratio.
21 

In addition to their usage as MRI contrast agents, Fe2O3-NPs, like other magnetic nanoparticles (MNPs), can be 

employed as vehicles in magnetic drug delivery systems (MDDS) when paired with superconductors. MDDS has 

shown promise in cancer therapy because to the ability to precisely guide MNPs to the necessary region using an 

external magnetic field. MNPs can not only carry and deliver medications in high concentrations in diseased tissues, 

but they can also generate heat via the oscillation of their magnetic pulse (44-47 C), allowing for the thermoablation 

of cancer cells (magnetic hyperthermia).
22

 

This review explores nanoparticles (NPs) in dermatological and cosmetic products, their use in treating skin diseases 

like acne, vitiligo, alopecia, and skin cancer, and their use in cosmetology as anti-aging and UV-protecting agents. It 

discusses skin penetration, experimental models, and potential environmental threats associated with NP production.  

 

3.1. Compositions of nanoparticles. 

3.1.1. Nano capsules 

Polymeric nano capsules are submicron colloidal particles with a polymeric shell surrounding a center. The core of 

nano capsules is often an organic (oil) solvent. Poly-(-caprolactone) (PCL) is one of the most commonly utilized 

polymers for the nanocapsule shell
35

. Polymers include poly-L-lactide, poly-(glycolic acid), poly-(lactide-co-

glycolide), poly-(butylcyanoacrylates), poly-(ethylcyanoacrylates), poly-(alkylene adipate), polyvinyl acetate, 

cellulose acetate phthalate, poly-(ε-caprolactone)-block-poly-(ethylene glycol), poly-(methyl methacrylate), and 

polystyrene are also used
23

.  

3.1.2. Nanosphere. 

Nanospheres are made up of a homogeneous polymer matrix with the medicine or active component scattered 

throughout. In general, processes used to prepare nanospheres can also be employed to create nanospheres, such as 

interfacial polymerization and emulsion formation.Solvent evaporation and polymerization.
24 

 



Vol-10 Issue-1 2024                IJARIIE-ISSN(O)-2395-4396 
     

22616  ijariie.com 1423 

 

Fig no 2: Major types of Nanoparticles. 

4. METHODS FOR IMPROVING NP PENETRATION THROUGH THE SKIN. 

NPs must pass through the superficial layer (SC) barrier for effective therapeutic effects, but the lipid layer hinders 

this. Technologies like microneedles, cavitation ultrasound, and electroporation are used. 

4.1. Microneedles  

Therapeutic advancements in molecular biology and biotechnology have led to the development of nanoparticle 

carrier systems to improve targeting, stability, and toxicity profiles. Effective delivery of nanoparticles across the 

skin barrier is crucial for their therapeutic benefits and health risks. Recent developments, such as the microneedle 

array, have the potential to enhance transdermal delivery of therapeutics. Surface charge and pore size significantly 

impact nanoparticle formulation permeation, but maximum dimensions must be limited for pain and safety reasons. 

Further research is needed to characterize physicochemical and biological barriers influencing permeation properties 

and distribution of nanoparticle therapeutics.
25 

4.2. Electroporation 

Electroporation, a technique extensively used to assist cell transfection, uses applied electric fields to break down 

the dielectric layer over cell membranes and create many temporary pores through which biomolecules and 

nanoparticles can enter. Electroporation is a popular method for transporting foreign or endogenous molecules 

across permeable cell membranes in a matter of microseconds to milliseconds. By producing persistent cell 

disruption in both prokaryotic and eukaryotic cells, irreversible electroporation has been utilised to extract cellular 

components such as lipids and genetic materials. The study involved electroporation of a mixture of media and 

target sample, with the Bio-Rad Gene Pulser II apparatus delivering 6 electric pulses. The most effective media was 

determined by mixing with Microcystis culture and subjecting to varying voltages. The impact of field strength on 

cell lysis was investigated using medium #5, with tests performed in duplicate.
26

 

5. METHOD OF PREPARATION 

5.1. Solvent evaporation method 

Using this procedure, an oil-in-water (o/w) emulsion must first be prepared
27

. leading to nanoospheres 

production
28,29 

First, an organic phase is made up of the active ingredient (such as a medication) dissolved or 

dispersed in a polar organic solvent in which the polymer is dissolved. Chloroform and dichloromethane have been 

employed extensively, but more frequently in the past.
30

 They have been replaced by ethyl acetate because of their 

toxicity; as a result, it has a superior toxicological profile and is more appropriate for use in biological applications. 

It has also been common practice to prepare an aqueous phase that contains a surfactant (such as polyvinyl acetate, 

or PVA).
31,32

After a surfactant is used to emulsify the organic solution in the aqueous phase, it is usually treated 

using ultrasonication or high-speed homogenization to produce a dispersion of nanodroplets.
33

 The polymer solvent 

evaporates and diffuses through the continuous phase of the emulsion to generate a suspension of nanoparticles. The 

solvent is evaporated either slowly at low pressure (as occurs when employing, for example, dichloromethane and 

chloroform) or continuously by magnetic stirring at normal temperature (in the case of more polar solvents). The 
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formed nanoparticles can be collected and cleaned by centrifugation once the solvent has evaporated. For long-term 

preservation, freeze-drying can then be done. It is possible to create nanospheres with this technique. 

 
Fig no 3: Solvent evaporation method 

5.2. Nanoprecipitation method 

Two miscible solvents are needed for this technique, which is also known as the solvent displacement method. An 

organic solvent that is miscible, like acetone or acetonitrile, dissolves a polymer to form the internal phase.
34

 

Evaporation is an easy way to get rid of them because they are immiscible in water. This method's basic idea is the 

interfacial deposition of a polymer following the organic solvent's displacement from a lipophilic solution into the 

aqueous phase. After dissolving the polymer in an intermediately polar water-miscible solvent, the solution is 

gradually added—dropwise or at a regulated addition rate—to an aqueous solution while being stirred. The polymer 

solution diffuses quickly into the aqueous phase, causing the nanoparticles to form instantly in an effort to evade the 

water molecules.
35

 The polymer precipitates as nanocapsules or nanospheres as the solvent diffuses out of the 

nanodroplets. The aqueous phase is usually supplemented with the organic phase; however, the procedure can be 

changed without affecting the creation of nanoparticles.
36

 While their presence is not necessary to assure the creation 

of nanoparticles, surfactants can typically be added to the process to maintain the stability of the colloidal 

suspension. The resulting nanoparticles are usually better than those made by the emulsification solvent evaporation 

process because they have a well-defined size and a restricted size distribution.
37

 A common technique for creating 

polymeric NPs with diameters of about 170 nm is nanoprecipitation.
38

 However, it also makes it possible to obtain 

nanospheres or nanocapsules. When the active ingredient is dissolved or distributed throughout the polymeric 

solution, nanospheres are produced. Before the internal phase of the emulsion is dispersed in the exterior phase, the 

medication is first dissolved in an oil and then the oil is emulsified in the organic polymeric selation to create 

nanocapsules.
35

 

 
Fig no 4: Nanoprecipitation method 

5.3. Solvent diffusion method 

With this technique, an aqueous solution containing a surfactant and a somewhat water-miscible solvent containing 

a polymer and drug combine to generate an o/w emulsion.
39

 To guarantee an initial thermodynamic equilibrium of 

both phases at room temperature, the internal phase of this emulsion is composed of a somewhat hydro-miscible 
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organic solvent, such as benzyl alcohol or ethyl acetate, which has been previously saturated with water.
40

 The 

process involves dilution with water, causing solvent diffusion, resulting in the formation of colloidal particles. This 

method is commonly used to produce nanospheres or nanocapsules, with the latter stage eliminated by evaporation 

or filtration. This method is commonly used for polymeric NPs production, despite the risk of hydrophilic drug 

diffusion.
41

 

 
Fig no 5: Solvent diffusion method 

 

5.4. Reverse salting out method 

One way to think about the emulsification/solvent diffusion method as a variant of the emulsification/reverse 

salting-out method is as follows. The salting-out process, which may lead to the production of nanospheres, is the 

basis for separating a hydro-miscible solvent from an aqueous solution.
42

 The primary distinction is in the makeup 

of the o/w emulsion, which is made from a water-miscible polymer solvent like ethanol or acetone. The aqueous 

phase comprises a gel, a colloidal stabilizer, and a salting-out agent.
43

 Electrolytes, such as magnesium chloride 

(MgCl2), calcium chloride (CaCl₂), or magnesium acetate [Mg(CH,COO)2), as well as non-electrolytes, include 

examples of appropriate salting-out agents. Sucrose
40

 Saturating the aqueous phase reduces the miscibility of 

acetone and water and permits the creation of a flow emulsion between the other miscible phases.
44

 At room 

temperature, the o/w emulsion is formed while vigorously stirring. The emulsion is then diluted with a suitable 

volume of aqueous solution or deionized water to enable the precipitation of the polymer, the diffusion of the 

organic solvent to the exterior phase, and ultimately the creation of nanospheres. Cross-flow filtering removes the 

leftover solvent and salting-out agent. Although it makes things easier to do, total miscibility of the organic solvent 

with water is not necessary.
45

 The nanospheres produced with this technique range in size from 170-900 nm. By 

altering the polymer content of the internal phase volume of the external phase, the average size can be changed to 

values between 200 and 500 nm.
46

 

 
Fig no 6: Reverse salting out method 
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5.5. Ionotropic gelation method 

The foundation of ionotropic gelation is the polyelectrolyte's capacity to cross link to form beads when counterions 

are present. The ionotropic gelation technique has been widely employed for the encapsulation of drugs and even 

cells since the usage of alginates, gellan gum, chitosan, and carboxymethyl cellulose. Despite their ability to coat the 

drug core and act as release rate retardants, natural poly electrolytes contain some anions in their chemical 

composition. These anions combine with the polyvalent cations to form a meshwork structure, and they mostly bind 

to the anion blocks to cause gelation. Dropping a drug-loaded polymeric solution into an aqueous solution 

comprising polyvalent cations yields hydrogel beads.
47

 

 
Fig no 7: Ionotropic gelation method 

5.6. Interfacial polymerization 

This technique includes dispersing a semi polar solvent that is water miscible from a lipophilic solution, and then 

depositing biodegradable polymers at the o/w interface. Nanocapsules are prepared using this technique. The 

Marangoni effect explains how the characteristics of polymers can change the physicochemical properties at the 

interface.
48 

 

Fig no 8: Interfacial polymerization 
 

5.7. Emulsion Polymerization 

This process disperses the monomer in a liquid under agitation into a continuous phase that is immiscible. The 

reaction of the initiators with the monomer molecules dissolved in the emulsion's continuous phase often starts 

the polymerization process. Phase separation results from the developing polymer chain becoming insoluble at a 

given molecular weight. Until then, the chain is soluble.
49 
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Fig no 9: Emulsion polymerization. 
 

5.8. Desolvation method 

A solution of the natural macromolecule and an accompanying active component is made in order to prepare 

nanoparticles. After that, this system is desolvated by adding a solute that competes with the solvent, like alcohol or 

sodium sulfate. It is possible to produce colloidal size particles by managing the desolvation process. 

Pharmaceutically speaking, desolvation-prepared nanoparticles ought to be devoid of potentially harmful 

contaminants, simple to store and use, and sterile if parenteral administration is recommended. As a result, prior to 

releasing them for clinical trials, three crucial process parameters are completed. They've been cleaned, dehydrated, 

and sanitized.
50 

 

Fig no 10: Desolvation method. 

6. SPECIFIC APPLICATION AREAS OF NANOPARTICLES 

6.1. Tumor targeting 

Nano-carrier systems are colloidal, which makes them more effective than other drug carriers High drug loading 

capacity Capability of controlling the size and penetration of the carrier Prevention of encapsulated drug’s 

metabolism Long circulating “stealth” nanoparticles, such as PEG-NP, increase the drug’s therapeutic index Long 

circulating nanoparticles can accumulate in tumors due to their long circulation time However, having a long 

circulating time is not sufficient for nanoparticles Active tumor targeting There are two main methods for active 

tumor targeting: Direct targeting Covalently coupled nanoparticles are administered together with the drug molecule 

Pre-targeting In the direct targeting method, drug molecules are not coupled to the ligand The ligand is first 

administered The therapeutic molecule is then administered After a time lag, the ligand molecules are localized in 

the tumor
51 

6.2. Nanoparticles for Gene and Vaccine Delivery 

There are two types of nucleic acid delivery systems in gene therapy: viral and nonviral. The use of viral vectors is 

limited due to safety issues. However, nonviral vectors are better than viral vectors. Non-viral nanoparticles are 
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made from biodegradable and biocompatible polymers that are suitable for gene delivery. Nonviral nanoparticles 

can rapidly escape the degradative, lysosomal compartment and have a long intracellular retention time. The 

therapeutic effectiveness of the nanoparticles comes from their ability to protect the therapeutic molecule from 

lysosomal enzyme degradation. Once the nanoparticles enter the intracellular compartment and escape endo-

lyososomal escape, the encapsulated DNA is released at a sustained rate, resulting in sustained gene expression. 

Nanoparticles containing embedded or adsorbed antigen are effective vaccine antigens and offer sustained release of 

antigen. They are suitable carriers for oral immunizations to induce systemic or mucosal immunity.
52 

6.3. Oral Delivery of Nanoparticles
 

The oral bioavailability of therapeutic peptides and proteins is a major concern, and several approaches have been 

proposed to enhance the oral bioavailability of certain molecules, such as drugs or vaccines. One of these strategies 

is the delivery of these molecules by polymeric nano-structures. These nano-structures have special properties, such 

as their stability in the gastrointestinal tract, their ability to encapsulate drugs, their ability to modulate drug release 

properties, and their behavior under physiological conditions, making them suitable for the oral delivery of a variety 

of molecules. Due to their submicron sizes and large surface area, these nano-structures are better suited for oral 

delivery than larger carriers. By encapsulating these proteins and peptides, they can be protected from harsh 

conditions in the digestive tract.
53 

6.4. Nanoparticles for Brain Targeting 

The human brain is separated from blood circulation by the efficient blood brain barrier (BBB), which hinders the 

transport of water-soluble and lipid-soluble molecules. This poses a major problem for drug delivery to the central 

nervous system. Nanoparticles are used as drug delivery vehicles to infiltrate the BBB, protecting the drug 

molecule's original characteristics and reducing leaching. Interaction with specific receptor-mediated transport 

systems in the BBB is a strategy for targeting nanoparticles to the brain. These nanoparticle-based drug delivery 

systems are safe, effective, and cost-effective for treating brain diseases.
53

 

7. EVALUATION PARAMETERS FOR NANOPARTICLES. 

7.1. Percentage Yield Determination 

 

To determine the % yield of Nanoparticles, the weight of drug and polymers utilized and the weight of nanoparticles 

after drying was determined. The% yield of nanoparticles was calculated using the formula: 

% Yield = Weight of nanoparticles obtained / Total expected weight of drug +polymers*100 

 

7.2.Drug entrapment efficiency and Drug content 

 

The entrapment efficiency and drug content of Drug loaded nanoparticles were determined by centrifugation at 1500 

rpm for 2 hour using "Ultracentrifuge". Then, the sample supernatant was pipetted, appropriately diluted with 0.IN 

HCl, and then analyzed using a "UV spectrophotometer" at 277nm. All the experimental units were analyzed in 

triplicates", 

The entrapment efficiency was calculated using following equations: 

Entrapment efficiency (EE) %= (Amount of total drug-Amount of free drug)/Amount of total drug x 100 

Drug content (%) = (Amount of total drug - Amount of free drug)/Amount of dry nanoparticles × 100 

 

7.3. Scanning electron microscopy 

 

The powders were imaged by a scanning electron microscope (SEM) run at an accelerating voltage of 10kV using 

Hitachi SU 3500. The powder in few µg were fixed on to stub by a double-sided sticky carbon tape and kept inside 

the SEM chamber and analyzed at different magnification such as 60X, 200X, 500X, 1.10X and 2.50X respectively 

to obtain better clarity on the particle morphology/ topology. 
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7.4. FTIR (Fourier transform infrared Spectroscopy) 

 

Infrared spectra of samples were recorded in Bruker ATR alpha kept at an ambient temperature of 25.0 ± 0.5°C. The 

analytical procedure was simple and did not need any special sample preparation. The spectra were recorded by 

placing the samples on a zine solenoid crystal plate and screwing the anvel over the sample carefully and scanning 

the samples in region of 4000- 400 cm to determine various functional groups. The IR spectra of the samples was 

checked for any possible drug excipients interaction and confirm chemical integrity of given sample 

 

7.5. DSC (Differential Scanning Calorimetry) 

 

DSC (PerkinElmer-4000 series) experiments were carried out in order to characterize the physical state of the drugs. 

Sample were placed in aluminum pans and thermally sealed. The heating rate was 20°C per minute using nitrogen as 

the purge gas. The DSC instrument was calibrated for temperature using Indium. In addition, for enthalpy 

calibration Indium was sealed in aluminum pans with sealed empty pans as the reference 

 

7.6. Zeta potential  

 

Zeta potential was measured by photon correlation spectroscopy using Zeta sizer (Malvern Zeta sizer Nano ZS, UK; 

Malvern Instruments, Worcestershire, UK), which measures the potential range from 120 to +120 V. Zeta potential 

results of nanoparticle Optimized formulation 10 was taken after diluting 20 times with buffer pH 1. 

 

7.7. In-vitro diffusion study 

 

ln-vitro diffusion study was carried out by Franz diffusion cell using phosphate buffer pH 7.4 as diffusion media. 

The biological membrane was mounted on the Franz diffusion cell in between the donor and receptor compartment. 

The required quantity of nanoparticles was placed over the membrane and samples were withdrawn at different 

intervals and analyzed for the drug. Iml of the sample was withdrawn from the receptor compartment of the 

diffusion cell and an equal amount of fresh buffer solution was replaced to maintain the sink condition. Franz 

diffusion cell was continuously stirred using a magnetic stirrer to avoid the diffusion layer effect. The withdrawn 

sample was analyzed by UV spectrophotometer and the cumulative percentage of drug release was  

calculated. 

 

 

 

 

 

 

 

Table no 1:  Invitro diffusion study table 

 

8. KINETIC ANALYSIS OF IN-VITRO RELEASE RATES OF NANOPARTICLES. 

The results of in-vitro release profile obtained for all the nanoparticles were plotted in modes of data treatment as 

follows: 

8.1. Zero-order equation 

It describes the systems where the drug release rate is independent of the concentration of the 

dissolved substance. 

Qt=Q0+K0t 

where, Q0: initial amount of drug 

Apparatus Franz Diffusion cell 

Diffusion medium Buffer 

Temperature 37±0.5ºC 

Volume withdrawn and replaced 1ml 

RPM 100 

Duration of study 6 hours 

The volume of diffusion medium 200ml 
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Qt: cummulative amount of drug release at time t 

K0: zero order release constant 

t: time in hour. 

 

8.2. First order release equation 
It describes that drug release rate depends on its concentration 

Log Qt-Log Q0+Kt/2.303 

where, Q0: initial amount of drug 

Qi: cumulative amount of drug release at time t 

Kt: first order release constant 

t: time in hour 

 

8.3. Higuchi release equation 

 

The Higuchi equation suggests that the drug releases by a diffusion mechanism 

Q=KHt
1/2 

or Mt=Mo¼ Kt
1/2 

where, Q: cumulative amount of drug release at time t initial amount of drug 

KH: Higuchi constant 

t: time in hour 
 

8.4. Korsmeyer/Peppas equation 

 
It describes the drug release from a polymeric system. 

F= (Mt/M∞) =Kmt" 

Where, F: fraction of drug released at time t 

Mt: amount of drug released at time t 

M∞: total amount of drug in dosage form 

Km: kinetic constant 

n: diffusion or release exponent 

t: time in hour. 

 

8.5. Hixson-Crowell Cube Root model 

 

Hixson and Crowell recognized that the particles regular area is proportional to the cube root of its volume. The 

equation describes the release from systems where there is a change in surface area and diameter of particles. They 

derived the equation: 

Wo
l/
3-Wt

l/3 
= Κι 

where, Wo: initial amount of drug in pharmaceutical dosage form 

Wt: remaining amount of drug in pharmaceutical dosage form at time 

1K (kappa): constant incorporating the surface volume relation.
54 

 

9. CONCLUSION 

Nanotechnology has significantly advanced dermatology and cosmetology, benefiting both as standalone therapy 

and enhancing pharmacological effectiveness. The interaction of nanoparticles with human skin and their potential 

penetration are being studied from a toxicological standpoint, as well as a medication delivery route that minimizes 

systemic negative effects. 

There are numerous advantages to employing NP-enhanced dermal and transdermal medication delivery systems. 

Advantages include superior skin penetration and regulated medication release (depot effect) to skin and skin 

appendages. The Nanoparticles have been observed in many physiological and pathological conditions such as 
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wound healing, Anti-inflammatory action in humans and animals such as eyes, lungs, and liver inflammations, 

insulin resistance, and anticancer action 

 

10. REFERENCES 

1. Wang J, Zhou Y, Zhang H, et al Pathogenesis of allergic diseases and implications for therapeutic 

interventions. Signal Transduct Target Ther. 2023 Mar 24;8(1):138. 

2. Bousquet J, Van Cauwenberge P, Khaltaev N. Allergic rhinitis and its impact on asthma. J. Allergy 

Clin. Immunol. 2001 Nov 1;108(5): S147-334. 

3. Meghji J, Mortimer K, Jayasooriya S, Marks GB. Lung health in lmics: tackling challenges ahead–Authors' 

reply. The Lancet. 2021 Aug 7;398(10299):490. 

4. Kattan JD, Wang J. Allergen component testing for food allergy: ready for prime time?. Current allergy and 

asthma reports. 2013 Feb; 13:58-63. 

5. Williams A.C., Barry B.W. - Penetration Enhancers. - Adv Drug Deliv Rev, 56, 603-618, 2004.  

6. Barry b.w. - Mode of action of penetration enhancers in human skin. - J Control Release, 6, 29 85-97, 1987.  

7. Breathnach a.s. - Branched cells in the epidermis: an overview. - J Invest Dermatol, 75, 6-11, 1980.  

8. KALIA Y.N., ALBERTI I., SEKKAT N., et al- Normalization of stratum corneum barrier function and 

transepidermal water loss in vivo. - Pharm Res, 17, 1148-1150, 2000.  

9. Kalia Y.N., Alberti I., Naik A., Guy R.H. - Assessment of topical bioavailability in vivo: the importance of 

stratum corneum thickness. - Skin Pharmacol Appl Skin Physiol, 14 Suppl 1, 82-86, 2001.  

10. Alvarez-Roman R., Naik A., Kalia Y.N., Fessi H., Guy R.H. - Visualization of skin penetration using 

confocal laser scanning microscopy. - Eur J Pharm Biopharm, 58, 301-316, 2004.  

11. Shotton D.M. - Confocal scanning optical microscopy and its application for biological specimens. - J Cell 

Sci, 94, 175-206, 1989.  

12. Wu X., Biatry B., Cazeneuve C., Guy R.H. - Drug delivery to the skin from sub-micron polymeric particle 

formulations: influence of particle size and polymer hydrophobicity. - Pharm Res, 26, 1995-2001, 2009 

13. Dowling, A.; Cliff, R.; Grobert, N.;et al. Nanoscience and Nanotechnologies: Opportunities and 

Uncertainties; The Royal Society & The Royal Academy of Engineering: London, UK, 2004; Volume 44, 

pp. 7–10. Available online: http://sscottgraham.com/314/redesign4.pdf (accessed on 24 December 2021). 

14. Potocnik, J. Commission recommendation of 18 October 2011 on the definition of nanomaterial 

(2011/696/EU). Off. J. Eur. Commun. Legis. 2011, L275, 3840. [CrossRef] 

15. United Nations. Questions About Nanotechnology. 2012. Available online: https://www.epa.gov/chemical-

research/researchnanomaterials (accessed on 21 August 2014). 

16. Federal Drug Administration. Considering Whether an FDA-Regulated Product Involves the Application of 

Nanotechnology; Federal Drug Administration: Silver Spring, MD, USA, 2011. Available online: 

https://www.fda.gov/RegulatoryInformation/Guidances/ ucm257698.htm (accessed on 25 January 2016).  

17. ISO/TS 80004-1:2010; Nanotechnology—Vocabulary—Part 1: Core Terms. International Organization for 

Standardization: Geneva, Switzerland, 2010. Available online: https://www.iso.org/standard/51240.html 

(accessed on 17 July 2017). 

18. Singh, H.; Du, J.; Singh, P.; Yi, T.H. Role of green silver nanoparticles synthesized from Symphytum 

officinale leaf extract in protec tion against UVB-induced photoaging. J. Nanostruct. Chem. 2018, 8, 359–

368. 

19. Gong, T.; Xie, J.; Liao, J.; Zhang, T.; Lin, S.; Lin, Y. Nanomaterials and bone regeneration. Bone Res. 

2015, 3, 15029.  

20. Nel, A.; Xia, T.; Mädler, L.; Li, N. Toxic potential of materials at the nano level. Science 2006, 311, 622–

627 

21. Flores-Rojas, G.G.; López-Saucedo, F.; Vera-Graziano, R.; Mendizabal, E.; Bucio, E. Magnetic 

Nanoparticles for Medical Applications: Updated Review. Macromol 2022, 2, 374–390. 

22. ALVAREZ-ROMAN R., BARRE G., GUY R.H., FESSI H. - Biodegradable polymer nanocapsules 

containing a sunscreen agent: preparation and photoprotection. - Eur J Pharm Biopharm, 52, 191-195, 

2001. 

23. Couvreur P., Barratt G., Fattal E., Legrand P., Vauthier C. - Nanocapsule technology: a review. - Crit Rev 

Ther Drug Carrier Syst, 19, 99-134, 2002 

24. Coulman SA, Anstey A, Gateley C, Morrissey A, McLoughlin P, Allender C, Birchall JC. Microneedle 

mediated delivery of nanoparticles into human skin. Int. J. Pharm. 2009 Jan 21;366(1-2):190-200. 



Vol-10 Issue-1 2024                IJARIIE-ISSN(O)-2395-4396 
     

22616  ijariie.com 1432 

25. Ai Y, Bertani P, Yang H, Lee S, Lu W, Lee J. A rapid and efficient method using electroporation for 

releasing intracellular microcystin toxins from cultured and naturally occurring cyanobacterial cells in lake 

water. Marine Pollution Bulletin. 2024 Jan 1; 198:115890 

26. Desgouilles S, Vauthier C. Bazile D. Vacus J, Grossiord JL, Veillard M, Couvreur P. The design of 

nanoparticles obtained by solvent evaporation: a comprehensive study. Langmuir. 2003 Oct 

28;19(22):9504-10. 

27. Vieira R, Souto SB, Sánchez-López E, López Machado A, Severino P, Jose S, Santini A. Fortuna A, García 

ML, Silva AM, Souto EB. Sugar-lowering drugs for type 2 diabetes mellitus and metabolic syndrome-

Review of classical and new compounds: Part-1. Pharmaceuticals. 2019 Oct 10:12(4):152. 

28. Jose S, Sowmya S, Cinu TA, Aleykutty NA, Thomas S, Souto EB. Surface modified PLGA nanoparticles 

for brain targeting of Bacoside-A. Eur. J. Pharm. Sci. 2014 Oct 15:63:29-35. 

29. Grumezescu AM, editor, Design and Development of New Nanocamiers. William Andrew: 2017 Nov 30. 

30. Bohrey S. Chourasiya V. Pandey A. Polymeric nanoparticles containing Diazepam preparation, 

optimization, characterization, in-vitro drug release and release kinetic study. Nano Convergence. 2016 

Dec:3(1):1-7. 

31. Christine V, Ponchel G. Polymer nanoparticles for nanomedicines. A guide for their design. Anticancer 

Rex 2017:37:1544 

32. Sharma N. Madan P. Lin S. Effect of process and formulation variables on the preparation of parenteral 

paclitaxel-loaded biodegradable polymeric nanoparticles: A co-surfactant study. AJPS. 2016 Jun 1;11(3): 

404 

33. Sánchez-Lopez E, Ettcheto M. Egca MA, Espina M. Cano A. Calpena AC, Camins A. Carniona N, Silva 

AM, Souto EB, Garcia ML. Memantine loaded PLGA PEGylated nanoparticles for Alzheimer's disease: In-

vitro and in-ve characterization. J. Nanobiotechnology. 2018 Dec;16(1):1-6 

34. Salatin S. Barar J. Barzegar-Jalalı M. Adibkia K, Kiafar F. Jelvehgari M. Development of a 

nanoprecipitation method for the entrapment of a very water-soluble drug into Eudragit RL nanoparticles. 

Res Pharm Sci. 2017 Feb;12(1):1. 

35. Rivas CJ. Tarhini M. Badri W, Miladi K. Greige-Gerges H, Nazari QA, Rodriguez SA, Román RÁ, Fessi 

H, Elaissari A. Nanoprecipitation process: From encapsulation to drug delivery. Int. J. Pharm. 2017 Oct 

30:532(1):66-81. 

36. Bilati U. Allemann E, Doelker E. Nanoprecipitation versus emulsion-based techniques for the 

encapsulation of proteins into biodegradable nanoparticles and process-related stability issues. Aaps 

Pharmscitech. 2005 Dec;6(4):E594-604. 

37. Chidambaram M, Krishnasamy K. Modifications to the conventional nanoprecipitation technique an 

approach to fabricate narrow sized polymeric nanoparticles. Advanced pharmaceutical bulletin, 2014 Jun, 

4(2):205. 

38. Souto EB, Souto SB, Campos JR, Severino P. Pashirova TN, Zakharova LY, Silva AM, Durazzo A, 

Lucarini M, Izzo AA. Santini A. Nanoparticle delivery systems in the treatment of diabetes complications, 

Molecules. 2019 Nov 20:24(23):4209 

39. Souto EB, Severino P, Santana MIH. Preparação de nanoparticulas poliméricas a partir da polimerização de 

monómeros: parte 1. Polimeros. 2012:22:96-100. 

40. Quintanar-Guerrero D. Allémann E, Doelker E, Fessi H. Preparation and characterization of nanocapsules 

from preformed polymers by a new process based on emulsification-diffusion technique. Pharmaceutical 

research. 1998 Jul;15(7): 1056-62. 

41. Wang Y, Li P. Truong Dinh Tran T. Zhang J, Kong L. Manufacturing techniques and surface engineering 

of polymer-based nanoparticles for targeted drug delivery to cancer. Nanomaterials. 2016 Feb 1:6(2):26. 

42. Lim K, Hamid ZA. Polymer nanoparticle carriers in drug delivery systems: Research trend. InApplications 

of Nanocomposite Materials in Drug Delivery 2018 Jan 1 (pp. 217-237). Woodhead Publishing 

43. Pal SL, Jana U, Manna PK, Mohanta GP, Manavalan R. Nanoparticle: An overview of preparation and 

characterization. Journal of applied pharmaceutical science. 2011 Aug 30(Issuc):228-34. 

44. Vauthier C, Bouchemal K. Methods for the preparation and manufacture of polymeric nanoparticles. 

Pharmaceutical research. 2009 May:26(5):1025-58. 

45. Krishnamoorthy K, Mahalingam M. Selection of a suitable method for the preparation of polymeric 

nanoparticles: multi-criteria decision-making approach. Advanced pharmaceutical bulletin. 2015 

Mar;5(1):57. 

46. Crucho Cl, Barros MT. Polymeric nanoparticles: A study on the preparation variables and characterization 

methods. Materials Science and Engineering: C. 2017 Nov 1:80:771-84. 



Vol-10 Issue-1 2024                IJARIIE-ISSN(O)-2395-4396 
     

22616  ijariie.com 1433 

47. Rajput N. Methods of preparation of nanoparticles-a review. International Journal of Advances in 

Engineering & Technology. 2015;7(6):1806. 

48. Kumar SS. Suriyaprakash TK. Ravi R. Kingsley RB, Kottaimuthu A, Deepa G, Indranidhi R, Manju PT, 

Rajkumar S. Formulation and Physico-Chemical Evaluation Of Polystryrene Nanoparticles Containing 

Cefotaxime Sodium. Indian journal of pharmaceutical sciences. 2004;66(6):839. 

49. Ramteke S. Jain NK. Clarithromycin-and omeprazole-containing gliadin nanoparticles for the treatment of 

Helicobacter pylori. Journal of drug targeting. 2008 Jan 1;16(1):65-72. 

50. Nobs L, Buchegger F, Gurny R, Allémann E. Biodegradable nanoparticles for direct or two-step tumor 

immunotargeting. Bioconjugate chemistry. 2006 Jan 18;17(1):139- 45. 

51. Panyam J. Labhasetwar V. Biodegradable nanoparticles for drug and gene delivery to cells and tissue. 

Advanced drug delivery reviews. 2003 Feb 24;55(3):329-47. 

52. Gültekin HE, Değim Z. Biodegradable polymeric nanoparticles are effective systems for controlled drug 

delivery. FABAD J Pharm Sci. 2013;38(2):107-18. 

53. Chakraborty C. Sarkar B. Hsu CH, Wen ZH, Lin CS, Shich PC. Future prospects of nanoparticles on brain 

targeted drug delivery. Journal of Neuro-oncology. 2009 Jun:93(2):285-6. 

54. Hussain M, Sarma A, Rahman SS. Siddique AM, Eeswari TP. Formulation and evaluation of Ethambutol 

polymeric nanoparticles. International Journal of Applied Pharmaceutics. 2020 Jul 7:207-17. 

 

 

 


