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ABSTRACT 

The subgingival microenvironment in periodontitis presents an 

aggressive physiological barrier due to the constant upward 

flow of gingival crevicular fluid (GCF). Establishing a 

prolonged, controlled retention system inside the periodontal 

pocket is essential for clinical success. This study aimed to 

develop a thermoreversible in situ nanoemulgel loaded with 

Doxycycline (DOX) and Tea Tree Oil (TTO) to achieve 

targeted, sustained anti-infective activity. O/W nanoemulsions 

were prepared via high-shear mechanical stirring and 

ultrasonication using TTO as the lipid core, Tween 20 as a 

surfactant, and Propylene Glycol (PG) as a co-surfactant. The 

optimized nanoemulsion (F3) was incorporated into a 

thermoreversible in situ gelling matrix composed of Poloxamer 

407 (15% w/v) and HPMC K100M (5% w/v). Optimized 

nanoemulsion droplets exhibited an average vesicle size within the ideal submicron range, 

satisfactory zeta potential, and narrow polydispersity. In situ gelation transitioned perfectly at 

simulated periodontal temperature (38.09 °C). Ex vivo permeation studies across goat oral 

mucosa demonstrated a highly controlled, non-Fickian anomalous diffusion pathway (99.46 ± 

0.04% release over 12 hours) compared to immediate exhaustion from plain gels (97.73 ± 

0.15% at 6 hours). The study concludes that the developed in-situ nanoemulgel offers a 

sustained, controlled drug release profile through the synergistic action of the nanoemulsion’s 

oil globules and the dense polymeric matrix of the in-situ gel minimizes total dose 

requirements, reduces dosing frequency, and enhances patient compliance. 
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1. INTRODUCTION 

Periodontitis is an immuno-inflammatory disease characterized by the destruction of 

supporting periodontal tissues surrounding teeth in the oral cavity. The subgingival pocket 

creates a favorable ecological niche for anaerobic microbial pathogens like Porphyromonas 

gingivalis.
[1-3] 

Traditional oral systemic antibiotic treatments often yield inadequate localized 

antibiotic flux in the gingival crevicular fluid (GCF) and trigger undesirable systemic 

tracking side effects such as gastrointestinal distress, photosensitivity, and microbiological 

resistance. 

 

Local drug delivery placed directly into the periodontal pocket provide distinct advantages by 

localized high drug concentration while lowering therapeutic indices elsewhere. 

Nanoemulsions constitute submicron isotropic dispersions of oil and water stabilized by 

surfactant systems.
[4-6]

 They represent an excellent lipid vehicle choice to facilitate the 

payload capacity of lipophilic molecules. However, low viscosity profile compromises local 

clearance behaviors under mechanical salivary rinsing pressures. To overcome early 

physiological clearance, formulation hybrids known as Insitu nanoemulgels
[7,8]

 have 

emerged. By incorporating nano-droplets into responsive hydrophilic polymer systems 

showing phase transition (sol-to-gel conversion) upon physical stimulus triggers like 

temperature alterations, optimized drug presentation profiles can be accomplished. 

Doxycycline (DOX) represents a second-generation tetracycline with well-established broad 

spectrum antimicrobial performance alongside sub-antimicrobial tissue protective 

characteristics.
[9,10]

 Tea Tree Oil (TTO), an essential oil from Melaleuca alternifolia, offers 

complementary multi-target anti-inflammatory, antibacterial, and tissue repair enhancements 

through active terpinen-4-ol components.
[11,12]

 This work outlines the rational fabrication, 

design of experiments (DoE) optimization, structural properties, and comparative mucosal 

permeation kinetics of a hybrid DOX-TTO nanoemulgel matrix targeting periodontitis 

therapy. The synergistic combination of TTO and DOX within a dual-barrier nanoemulgel 

matrix offers a compelling option to minimize systemic drug side effects, reduce dosing 

frequency, and enhance patient compliance in periodontitis clinical care. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

Doxycycline was used as the active pharmaceutical ingredient. Tea Tree Oil was procured 

from Mohan Oil Mills (Haryana). Tween 20 and Propylene Glycol (PG) were sourced from 
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Rolex Laboratory Reagent (Bombay) and Nice Chemicals (Cochin) respectively. Poloxamer 

407 and HPMC K100M were utilized as gelling polymers. 

 

2.2 Screening of Surfactants and cosurfactant
[13]

 

Different types of surfactants and cosurfactant were screened for nanoemulsion formulation, 

which included Span, Tween 20, Tween 60, Tween 80, PG, PEG and ethanol. In water 2.5 

mL of 15% w/w surfactant solution was prepared, and fixed volume of oil having highest 

solubilisation capacity of DOX was added with vigorous vortexing. The addition of the oil 

was repeated until the solution became cloudy. 

 

Table 1: Screening of Surfactant and Co-surfactant. 

Sl. No. Surfactants 
Solubility 

(mg/ml) 
Co surfactants 

Solubility 

(mg/ml) 

1 Tween 20 76.01 ± 3.48 PG 60.26 ± 2.10 

2 Tween 60 35.23 ± 3.32 PEG400 38.31 ± 0.81 

3 Tween 80 26.93 ± 1.13 Ethanol 38.14± 2.94 

4 Span 80 23.96 ± 1.50 Glycerine 14.09± 0.24 

 

2.3 Screening of Oil
[14]

 

The solubility of DOX in various oils was determined by adding an excess amount of drug in 

2 ml of the oils (virgin coconut oil, olive oil, flax seed oil, isopropyl myristate, tea tree oil, 

castor oil, oleic acid) along with selected surfactant and co-surfactant mixture separately in 5-

mL-capacity stopper vials., The equilibrated samples were removed from the shaker and 

centrifuged at 3,000 rpm for 15 min. The supernatant was taken and filtered. The amounts of 

drug in the filtrates were determined spectrophotometrically using Ultra Violet–Visible (UV–

Vis) spectrophotometer after appropriate dilution with absolute ethanol at 274 nm using the 

corresponding media as blank. 

 

Table 2: Screening of Oils for Nanoemulsion formulaion. 

Sl. No. Oils 
Solubility 

(mg/ml) 

1 Tea tree oil 201.95 ± 3.14 

2 Flaxseed oil 144.13 ± 1.16 

3 Oleic acid 111.5± 1.74 

4 Isopropyl Myristate 99.53 ± 2.84 

5 Olive oil 41.38± 0.11 

6 Castor oil 6.21± 0.71 

 

2.4 Preparation of DOX nano emulsion:
[15,16]

 Nano emulsion was prepared by 

ultrasonication method. Surfactant and co-surfactant was mixed in definite ratios, to this S 
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mix (surfactant mix) 10ml of water was added. The mixture was vortexed for 5 minutes. To 

this aqueous mixture, oil and drug was added, with stirring for 5 min to get coarse emulsion. 

The prepared coarse emulsion was stirred continuously with the help of mechanical stirrer for 

3 hours and sonicated for 20 minutes. 

 

Table 3: Formulations of Doxycycline Nanoemulsion. 

Formulation 

code 

Ingredients Used 
S mix 

ratio 

Total 

Weight 

(ml) 

API 

(mg) 

TTO 

(ml) 

TWEEN 

20(ml) 

Propylene      

Glycol(ml) 

WATER 

(ml) 

F1 100 0.1 0.96 0.24 8.7 4: 1 10 

F2 100 0.1 0.80 0.40 8.7 2: 1 10 

F3 100 0.1 0.60 0.60 8.7 1: 1 10 

F4 100 0.2 0.40 0.80 8.7 1: 2 10 

F5 100 0.2 0.30 0.90 8.7 1: 3 10 

 

2.5 Formulation of In-situ nanoemulgel using poloxamer 407 as gel forming 

polymer:
[18,19]

 Nanoemul gel is prepared by temperature dependent method. In 5ml of cold 

optimized nanoemulsion,(F1) 750mg of poloxamer 407 is added and it is dissolved. Then, 

250mg of HPMCK100M is added and mixed continuously to dissolve. Then the solution is 

kept at 4°C in refrigerator for 12 hrs. After 12 hrs the solution is in ice form it turns to 

solution form. Then the solution is kept in 37°C water to form gel. 

 

2.6 Evaluation of prepared NE
[20,21]

 

2.6.1 FTIR studies 

The FTIR spectra for MEB, and optimized core and compression coated tablets were 

recorded using BRUKER-FTIR spectrophotometer in the wave number region from 4000 

cm-1 to 500 cm-1. The KBr press was used to prepare potassium bromide pellets loaded with 

samples under the study. Samples and KBr were mixed in a ratio of 1: 100 and pellets were 

prepared by finely grinding the mixture in a mortar. Finely grinded mixture was introduced 

into a stainless steel die and pellets were prepared by pressing the die between polished steel 

anvils at a pressure of 10t/in2. 

 

2.6.2 Determination of emulsion type: The emulsion type either oil in water (o/w) or water 

in oil (w/o) was determined by Dilution test using by water soluble (methylene red) dye. If 

the emulsion becomes red, then it is (o/w) type of emulsion and vice-versa. The solution was 

turned red color which indicated that it is o/w type of emulsion. 
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2.6.3 Dispersibility test: The dispersibility time were evaluated by adding 1 ml of each NE 

to 200 ml of distilled water maintained at 34ºC using a hot plate with magnetic stirring at 50 

rpm. The homogeneity of formulations was visually assessed by recording the time needed 

for incidence of complete nanoemulsification according to the following grades;  

• Clear or slight blue emulsion obtained within 1 min. (classified as grade A) 

• Less clear or bluish white emulsion obtained within 1 min. (classified as grade B) 

• Milky white emulsion obtained within 2 min. (classified as grade C) 

• Dull and greyish white emulsion obtained after 2 min having oily appearance and slower 

emulsification. (classified as grade D) 

• Formulation having large oil globules on the surface and poor emulsification. (classified 

as grade E) 

 

2.6.4 THERMODYNAMIC STABILITY TESTING 

For thermodynamic stability testing, each NE was diluted to 50 times with distilled water and 

then following tests were performed on prepared nanoemulsion formulations. 

 

Centrifugation test: For centrifugation, all formulations were filled in separate centrifuge 

tubes and were centrifuged at 3500 rpm for 20 min. Then all formulations were visually 

observed for phase separation and creaming. 

 

Heating cooling cycle (H/C cycle) test: Formulations were subjected to heating cooling 

cycle. All formulations were stored at temperature 4
O 

C and 45
O 

C for 24hrs. After this, 

formulations were observed for any instability (phase separation, turbidity etc). 

 

pH: The pH values of the selected NE formulations were determined by dipping the glass 

electrode of a digital pH meter into a 50 ml beaker containing a sufficient quantity of each 

prepared formulation at room temperature. 

 

2.6.5 Size and morphology
[22,23] 

Spread a thin layer of formed nanoemulsion on a glass slide and observed the structure of 

vesicle under microscope, collected the images using digital camera. In each case vesicle size 

analysis was carried out using Malvern Zetasizer Nano ZS (Malvern Instruments, UK). 

Polydispersity Index (PDI) was also determined as a measure of homogeneity. Zeta potential 

of the nanoemulsion formulation was determined to estimate stability of the formulations. 
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2.6.6 Encapsulation efficiency (% EE): The separation of unencapsulated (free) drug from 

the Doxycycline loaded nanoemulsion globules was achieved via indirect centrifugation. 

Briefly, a 2 mL aliquot of the prepared DOX dispersion was transferred to centrifuge tubes 

and subjected to centrifugation at 15,000 rpm for 30 minutes. Following centrifugation, the 

supernatant containing the unentrapped drug was carefully isolated and quantitatively diluted 

with phosphate buffer solution (pH 6.8). The concentration of free DOX in the supernatant 

was determined spectrophotometrically by measuring the absorbance at a maximum 

wavelength of 274 nm utilizing a UV-Visible spectrophotometer. The mass of encapsulated 

DOX was calculated by subtracting the concentration of unencapsulated drug found in the 

supernatant from the total initial amount of drug added to the formulation. The percentage 

encapsulation efficiency (EE%) was computed using Equation:  

 

 

2.6.7 In vitro diffusion study of nanoemulsion
[24,25] 

In vitro release studies on DOX nanoemulsion were performed using Franz-diffusion cell. 

The dialysis cellophane membrane was mounted between the donor and receptor 

compartment. The receptor medium was phosphate saline buffer pH 6.8. A weighed amount 

of nanoemulsion preparation was placed on one side of the dialysis membrane. The receptor 

compartment was surrounded by a water jacket to maintain the temperature at 37 ±1 oC. A 

Teflon-coated magnetic bead operated to a magnetic stirrer stirred the receptor fluid. 

Periodically remove the samples and replaced immediately with an equal volume of receptor 

media, further drug content was determined spectrophotometrically at 274 nm. Compute the 

In vitro drug release data by using PCP Disso V3. 

 

2.7 Evaluation of prepared in-siu gel
[26]

 

2.7.1 Determination of Sol -Gel transition temperature 

The gelation temperature was evaluated via the test tube tilting method by placing 2 mL of 

the formulation into a sealed, 1 cm diameter test tube. The sample was equilibrated in a 4 °C 

water bath before undergoing stepwise heating. The temperature was increased by 3 °C 

initially, and then by 1 °C increments as it approached 30 °C, maintaining each temperature 

stage for 10 minutes. The sol-gel transition point was defined and recorded as the temperature 

at which the formulation ceased to flow when the tube was tilted by 90°C. 
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2.7.2 Ex-vivo permeation study: Ex-vivo permeation was carried out using Goat Oral 

Mucosal tissue.
[27]

 The ex-vivo permeation was conducted by using Franz diffusion cell, the 

Goat Oral Mucosal tissue was mounted between the donor and receptor compartment with 

the mucosal membrane facing upper side on the diffusion cell. The diffusion area of the cell 

was 1.41 cm
2
 and 25 ml phosphate buffer pH 6.8 taken in receptor compartment, temperature 

maintained at 37 ± 1°C. DOX loaded nanoemulgel equivalent to 20 mg was spread over the 

Goat Oral mucosal tissue. The receptor compartment content was stirred with the help of 

magnetic beads. The samples were collected at different time intervals and were immediately 

replaced with the fresh media. The samples were analyzed for drug content using UV 

spectrophotometer at 274 nm. The amount of drug permeated at different time intervals and 

relevant parameters was calculated.
[28]

 

 

2.8 Stability studies
[29,30] 

The short stability study was performed according to ICH guidelines. The optimized DOX 

loaded nanoemulgel were filled in tightly closed glass vials and subjected to stability testing. 

The formulations were kept at refrigerated conditions (4±1°C) and at room temperature 

(25±2°C) and were analyzed for vesicle size, drug content and entrapment efficiency after 3 

months. 

 

3. RESULTS AND DISCUSSION 

3.1 FTIR studies 

The FTIR spectrum recorded for DOXCY and optimized DOXCY gel were depicted in figure 

1. The characteristic      pea s of  oxcy were found at         cm-  corresponding to  r-

         stretching of    ,         cm-  corresponds to        ending vi ration of 

amide. Characteristic FTIR peaks of DOXCY were found in optimized DOXCY gel indicates 

no interaction. 
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Figure 1: FTIR spectra of DOX and nanoemulsion. 

 

3.2 Appearance 

Visual inspection of the formulated nanoemulsion-based gels revealed a highly 

homogeneous, translucent appearance with a smooth, viscous texture and no evidence of 

phase separation, precipitation, or flocculation. The pH values of the formulations, 

determined using a calibrated digital pH meter, ranged from 5.6 to 6.1 (Table 4), which falls 

within the biocompatible range for topical or mucosal application. The percentage of drug 

content across the formulations ranged between 67.9 ± 0.0023% and 94.0 ± 0.0015%. The 

remarkably low standard deviation values confirm excellent drug distribution uniformity and 

structural stability within the nanoemulsion network. 

 

Table 4: The physical appearance, pH, % entrapment efficiency percentage (% EE) 

and, particle size, DOX loaded nanoemulsion. 

Batches Physical appearance pH(n=3) 
Particle size 

(µm) 
% EE ± SD PDI 

B1 Translucent and homogenous 5.8 3.231 ± 0.0121 93.84±0.0131 0.547 

B2 Translucent and homogenous 5.6 3.613 ± 0.0211 83.53±0.1212 0.612 

B3 Translucent and homogenous 6.1 4.262 ± 0.0091 76.34±0.0112 0.307 

B4 Translucent and homogenous 5.9 5.633 ± 0.0131 72.76±0.0231 0.584 

B5 Translucent and homogenous 6.0 6.633 ± 0.0131 68.76±0.0231 0.389 

 

3.3 Particle size and Encapsulation efficiency 

Increasing the S mix concentration decreases the average particle size. The average particle 

diameter of the DOX-loaded nanoemulsion was found to be in the range of 3.2–6.6 μm 

(Figure 2), characterized by discrete, non-aggregated, and non-agglomerated vesicles. Higher 

concentrations of Smix provided rapid coverage of newly formed droplets during 

emulsification, reducing interfacial tension and preventing droplet coalescence. This 

successfully shrunk the mean particle diameter down to the low nanoscale.
[31,32] 

For the 

hydrophilic active compound, rising Smix levels directly expanded the capacity of the droplet 

interfacial layers. The increased surface area of the smaller droplets provided abundant 

hydrophilic/polar domains (via surfactant head groups) to securely lock in the water-soluble 

Optimized formulation 
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drug molecules, resulting in high encapsulation values.
[33] 

The effect of varying the 

surfactant-to-co-surfactant S mix ratio (from 4: 1 to 1: 3) on the particle size and 

encapsulation efficiency (EE) of the DOX-loaded nanoemulsions (hydrophyllic API) was 

systematically studied. It was observed that formulations containing higher proportions of the 

primary surfactant, Tween 20 (F1 with a 4: 1 ratio), yielded the smallest mean particle size 

and the highest encapsulation efficiency. Decreasing the Tween 20 concentration while 

increasing Propylene Glycol reduced the interfacial film's elasticity and mechanical strength. 

This compromised the system's ability to maintain ultra-small nanodroplets, resulting in a 

progressive increase in particle size from F1 to F5.
[34] 

The encapsulation efficiency for the 

hydrophilic API was optimal at higher surfactant fractions. As the ratio transitioned toward 1: 

3 (F5), the reduction in Tween 20 head groups diminished the available interfacial binding 

sites for the water-soluble drug. Furthermore, excess Propylene Glycol alters the polarity of 

the external water phase, driving the hydrophilic API out of the nanodroplet boundary and 

into the continuous phase, lowering total encapsulation.
[35,36] 

 

 

Figure 2: Microphotographs of DOX loaded Nanoemulsion formulations. 
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3.4 Polydispersity Index and Zeta Potential Analysis 

The polydispersity index (PDI) defines the particle size distribution heterogeneity, where 

values below 0.05 represent highly monodisperse standards and values up to 0.7 indicate a 

narrow, uniform distribution compliant with ISO standards. The optimized formulation 

exhibited a PDI of 0.650, confirming a narrow particle size distribution suitable for 

transdermal drug delivery. Concurrently, the formulation demonstrated a zeta potential of -

40.4 mV. Colloidal systems with zeta potentials exceeding ±30 mV possess strong 

electrostatic repulsive forces that prevent particle aggregation. The highly negative zeta 

potential achieved here, driven by the high surface energy of the nanostructures, confirms 

excellent physical stability for the optimized formulation. 

 

 

Figure 3: Average diameter and Zeta potential optimized formulation. 

 

3.5Determination of emulsion type 

The emulsion type either oil in water (o/w) or water in oil (w/o) was determined by Dilution 

test using by water soluble (methylene red) dye. The solution was turned red color which 

indicated that it is o/w type of emulsion. 

 

3.6 Thermodynamic stability studies 

NE formulations possess thermodynamic stability compare to conventional emulsion and this 

is ascribed not only to the favorable adsorption of surfactant and cosurfactant existing at the 

o/w interface, but also the avoided coalescence due to reduction of interfacial energy. In order 

to exclude the possibility of metastable formulations, stress testing was performed for the 

optimized formulation. The result (Table 5) revealed that all formulation passed the test 
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without DOX precipitation, phase separation, creaming or even cracking, which justified the 

stability of the prepared NE. 

 

Table 5: Thermodynamic stability testing. 

Formulation H/C CENT. DT Grade Inference 

F1 Stable 
No 

Separation 

A (Clear or slight brown emulsion obtained 

within 1 min) 
Passed 

F2 Stable 
No 

Separation 

A(Clear or slight brown e emulsion obtained 

within 1 min) 
Passed 

F3 Stable 
No 

Separation 

A(Clear or slight brown emulsion obtained 

within 1 min) 
Passed 

F4 Stable 
No 

Separation 

A(Clear or slight brown emulsion obtained 

within 1 min) 
Passed 

F5 Stable 
No 

Separation 

A(Clear or slight brown emulsion obtained 

within 1 min) 
Passed 

 

3.7 Invitro release of dox from insitu gel 

The drug release from nanoemulsion was indicative of influence of Smix concentration, and 

was shown in figure 4.The in vitro cumulative drug release profiles of DOXCY from 

formulations F1 to F5 demonstrated a controlled, composition-dependent release pattern over 

12 hours. All formulations exhibited a characteristic biphasic profile, characterized by an 

initial minor burst release within the first hour followed by a sustained release phase. The 

cumulative release rate followed the distinct order of F5 > F4 > F3 > F2 > F1. Formulation 

F5 achieved near-complete drug release (~98%) within 8 hours, while F4 and F3 reached 

maximum release between 10 and 11 hours. Conversely, formulations F2 and F1 exhibited 

more prolonged release kinetics, yielding 94% and 70% release at 12 hours, respectively. 

 

Formulation F1 (𝑺𝒎𝒊𝒙4: 1) exhibited the slowest, most sustained drug release rate. This 

controlled release profile is attributed to two complementary factors: its ultra-small 

nanometric droplet size—which results in highly dense packing—and the maximum presence 

of Tween 20. The abundant surfactant molecules create a rigid, highly condensed interfacial 

barrier layer that prevents the rapid diffusion of the hydrophilic drug out of the droplet 

matrix.
[37]

 As the 𝑆𝑚𝑖𝑥 ratio shifted systematically from surfactant-rich to co-surfactant-rich 

states (F2 2: 1 to F5 1: 3), a progressive and significant acceleration in the cumulative 

drug release rate was recorded. Formulation F5 (1: 3) demonstrated the maximum 

cumulative drug release over the shortest time interval. This rapid drug release profile 

occurs because decreasing the primary surfactant concentration reduces the interfacial layer's 

viscosity and density, creating a more porous and fluid droplet boundary.
[38]

 The kinetic 
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studies showed that the release profile followed the zero order, by using Korsmeyer-Peppas 

equation, the n values obtained <1 for optimized formulation which is characteristic of 

anomalous kinetics (non-Fickian) and super case-II transport, suggesting that more than one 

mechanism may be involved in release kinetics, referring to the combination of diffusion and 

erosion based drug release mechanism. 
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Figure 4: Comparative In vitro diffusion profiles of DOX loaded nanoemulsion. 

 

4 Evaluation of in-situ nanoemulgel 

4.1 Evaluation of Visual appearance, Clarity, pH, and Gelling capacity 

All the prepared in-situ gelling systems were evaluated for preliminary steps such as visual 

appearance, clarity, pH, and gelling capacity. These formulations were light yellow in color 

and clear. The prepared insitugel formulation gelled instantaneously (less than a minute) on 

contact with Simulated saliva and remained as gel for extended period of time. The pH of the 

formulations was found to be 6.1 to 6.5 which does not causes irritation when applied on oral 

mucosa. 

  

Figure 5: Conversion of sol to gel. 
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4.2 Ex vivo permeation studies 

Ex vivo permeation of DOX insitu gel was studied in diffusion test apparatus containing 6.8 

pH was used as diffusion medium, where prepared goat buccal mucosa used as a semi-

permeable membrane to measure release rates. The cumulative amount of drug permeated 

across the oral mucosa was found to be 97.73±0.15% at the end of 6 hour in case of plain 

insitu gel. While the release of drug from nanoemulgel was found to be 99.46±0.04% at the 

end of 12 hour. In case of plain gel the drug is dissolved directly within the hydrophilic 

matrix and diffuses directly through water-swollen polymer channels, leading to rapid, early 

exhaustion where as nanoemulgel acts as a two-step hybrid barrier. The drug must first 

partition across the internal lipid core of the nano-droplets into the aqueous phase before 

diffusing through the crosslinked polymer grid. This dual-phase architecture acts as a 

structural brake to prolong permeation. 

 

 

Figure 6: Comparative Graph of Cumulative percent drug permeated data of DOX 

Plain Gel and DOX nanoemulsion in-situ gel across the Goat Oral Mucosa. 

 

5. Physical stability studies 

In the present study, stability studies were performed on DOX loaded insitu nanogel 

formulation (B1). It was stored at 4°C ± 1°C for 3 months and observed for the change in % 

EE, average PS of the vesicles. It was observed that there was no change in the physical 

appearance as there was neither change in the formulation consistency nor aggregation of 

vesicles. Furthermore, there was no significant change in EE%, PS of DOX Nanoemul gel 

after the storage for 3 months. similarly Hwang J et al.
[39]

 demonstrated that oil-in-water lipid 

nanoemulsions loaded with doxorubicin retain their encapsulation efficiency and structural 

integrity without significant vesicle aggregation over a 3-month room temperature storage 

window. These results demonstrate that the nanoemulgel framework successfully preserves 
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the nano-architecture of the carrier under storage conditions." The same phenomenon was 

well documented in recent polymeric nanogel delivery frameworks by Radeva L et al.
[40]

 

 

CONCLUSION 

DOX-loaded nanoemulsion was prepared by high shear sonication method which is 

successfully incorporated into temperature sensitive insitu gel. The prepared nanoemulsion 

exhibited desired entrapment efficiency and Particle size. It was found that F1 which chosen 

as a best formula according to entrapment efficiency, PS, and In vitro release study. In vitro 

diffusion studies conducted on DOX nanoemulsion incorporated insitu gel proved that the 

prepared formulation considered to be a successful site specific drug delivery system and 

provide a sustained release of encapsulated drug. Furthermore, there was no significant 

change in EE% and PS of DOX nanoemulgel after storage for 3 months. 

 

ACKNOWLEDGMENT 

We are thankful to the Principal and Management of V. L. College of Pharmacy, Raichur for 

providing necessary facilities to carry out the work. 

 

REFERENCE 

1. Nair SC and Anoop KR. Intraperiodontal pocket: An ideal route for local antimicrobial 

drug delivery. J. Adv. Pharm. technol. Res, 2012; 3: 9-12. 

2. Natalie J, Al-Sayed SM, Johnston GI. Delivery systems for the administration of drugs to 

the periodontal pocket. Adv Drug Deliv Rev, 1994; 13(1): 181-203. 

3. Jain N, Jain GK, Javed S, Iqbal Z, Talegaonkar S, Ahmad FJ, et al. Recent approaches for 

the treatment of periodontitis. Drug Discov Today, 2008; 13(21-22): 932-943. 

4. Rai VK, Yadav NP. Nanoemulsion as pharmaceutical carrier for dermal and transdermal 

drug delivery: Formulation development, stability issues, basic considerations and 

applications. J Control Release, 2018; 270: 203-225. 

5. Solans C et al. Nano-emulsions. Curr Opin Colloid Interface Sci, 2005; 10(3-4): 102-110. 

6. Tadros T et al. Formation and stability of nano- emulsions. Adv Colloid Interface Sci, 

2004; 108-109: 303-318. 

7. Rossi S. Thermally sensitive gels based on chitosan derivatives for the treatment of oral 

mucositis. Eur J Pharm, 2010; 74: 248-254. 

8. A Garg et al. In-situ gel: A smart carrier for drug delivery. Int J Pharmaceutics, 2024; 

652: 123819. 



Mohammedi et al.                                                              World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 20, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

852 

9. Smith K, Leyden J. Safety of doxycycline and minocycline: A systematic review. Clinical 

Therapeutics, 2005; 27(9): 1329-42. 

10. Deka D, Dash S. Formulation Development and Evaluation of Thermosensitive Oral Gel 

Containing Doxycycline Hyclate. World J Pharmacy and Pharmaceutical Sciences, 2016; 

5(6): 1346-57. 

11. Elgendy E, Moulaali S. Effect of local application of tea tree (Melaleucaalternifolia) oil 

gel on pentraxin level used as an adjunctive treatment of chronic periodontitis: A 

randomized controlled clinical study. J of Indian Society of Periodontology, 2013; 17(4): 

444-8. 

12. Wei et al. Tea Tree Oil Nanoemulsion Potentiates Antibiotics against Multidrug-Resistant 

Escherichia coli. ACS Infectious Diseases, 2022; 8: 47-50. 

13. Shafiq S, Shakeel F, Talegaonkar S, Ahmad FJ, Khar RK, Ali M. Development and 

bioavailability assessment of ramipril nanoemulsion formulation. Eur J Pharm Biopharm, 

2007 Mar; 65(3): 304-12. 

14. Azeem A, Khan ZI, Aqil M, Ahmad FJ, Khar RK, Talegaonkar S. Microemulsions as a 

surrogate carrier for dermal delivery of ketoprofen: preparation and evaluation. Drug Dev 

Ind Pharm, 2009 May; 35(5): 525-34. 

15. Schultz S, Ulrich J. High-pressure homogenization as a process for emulsion formation. 

Chem Eng Technol, 2004; 27(4): 361-368. 

16. Jafari SM, He Y, Bhandari B. Production of sub-micron emulsions by ultrasound and 

microfluidization techniques. J Food Eng, 2007; 82(4): 478-488. 

17. Lotfi M, Nakhlband A, Doustmihan A, Omidi Y et al. Formulation and evaluation of in-

situ forming poloxamer-based hydrogel containing thiolated chitosan nanoparticles as 

intranasal galantamine delivery system. Int J Biol Macromol, 2025; 320(1): 145647. 

18. Mendonsa NS, Murthy SN, Hashemnejad SM, Kundu S, Zhang F, Repka MA. 

Development of poloxamer gel formulations via hot-melt extrusion technology. Int J 

Pharm, 2018 Feb 15; 537(1-2): 122-131. 

19. Dorraj G, Moghimi HR. Preparation of SLN-containing Thermoresponsive In-situ 

Forming Gel as a Controlled Nanoparticle Delivery System and Investigating its 

Rheological, Thermal and Erosion Behavior. Iran J Pharm Res, 2015 Spring; 14(2):           

347-58. 

20. Amin, nurul & das, biswajit. A review on formulation and characterization of 

nanoemulsion. Int j current pharma research 2019: 1-5. 

21. Debnath S, Satayanarayana and Kumar G V. Nanoemulsion A method to improve the 



Mohammedi et al.                                                              World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 20, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

853 

solubility of lipophilic drugs. Inter J Advances Pharma Sci, 2011; 2(2-3): 72-82. 

22. Sudhamani T, Priyadarisini N, Radhakrishnan M. Proniosomes- a promising drug carrier. 

Int J Pharm Tech Res, 2010; 2: 1446-1454. 

23. Mahmoud M, Ahmed I, Omaima SA, Mohamed HA, Nagia MA. Effect of some 

formulation parameters on flurbiprofen encapsulation and release rates of niosomes 

prepared from proniosomes. Int J Pharm, 2008; 361: 104-111. 

24. El-Maghraby GM, Ahmed AA, Osman MA. Penetration enhancers in proniosomes as a 

new strategy for enhanced transdermal drug delivery. Saudi Pharm J., 2015; 23: 67-74. 

25. Papahadjopoulos D, Jacobson K, Nir S, Isac T. Phase transition in phospholipid vesicles: 

fluorescence polarization and permeability measurements concerning the effect of 

temperature and cholesterol. Biochim Biophys Acta, 1973; 311: 330-348. 

26. Zheng P, Liu X, Jiao Y, Mao X. Preparation and Evaluation of Poloxamer/Carbopol In-

Situ Gel Loaded with Quercetin: In-Vitro Drug Release and Cell Viability Study. Tissue 

Eng Regen Med, 2024; 21(8): 1153-1171. 

27. Shinde S, Tadavi S. A comparative ex vivo permeation evaluation of a novel 

nanoemulsion-gel by topically applied in the different excised rat, goat, and cow skin. 

Open Pharm Sci J, 2020; 7(1): 42-53. 

28. Nandi S, Mondal S. Fabrication and evaluation of matrix type novel transdermal patch 

loaded with tramadol hydrochloride. Turk J Pharm Sci, 2022; 19(5): 572-582. 

29. l-Mahallawi AM, Abdelbary AA, Aburahma MH. Investigating the stability profile of 

ultra-deformable nanovesicles: application of ICH guidelines for short-term storage 

evaluations. Drug Dev Ind Pharm, 2021; 47(6): 912-921. 

30. Fahmy AM, El-Setouhy DA, Ibrahim AB. Formulation and evaluation of naringenin-

loaded spanlastics topical gel: optimization and short-term stability testing. J Drug Deliv 

Sci Technol, 2026; 82: 104312. 

31. Ravi Smitha A, Mohanan J, Kuzhiyil Chalil A, Karakkunnummal FN .Advances in Self-

Nanoemulsifying Drug Delivery Systems: Mechanistic Insights and Formulation 

Strategies. J Drug Del and Thera, 2025; 15(8): 217-236. 

32. Tsai MJ, Fu YS, Lin YH, Huang YB, Wu PC. The effect of nanoemulsion as a carrier of 

hydrophilic compound for transdermal delivery. PLoS One, 2014 Jul 28; 9(7): 28-31. 

33. Jacob S, Kather FS, Boddu SHS, Shah J, Nair AB. Innovations in Nanoemulsion 

Technology: Enhancing Drug Delivery for Oral, Parenteral, and Ophthalmic 

Applications. Pharmaceutics, 2024 Oct 16; 16(10): 1333-36. 



Mohammedi et al.                                                              World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 20, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

854 

34. Shafiq S, Shakeel F, Talegaonkar S, Ahmad FJ, Khar RK, Ali M. Development and 

bioavailability assessment of ramipril nanoemulsion formulation. Eur J Pharm Biopharm, 

2007; 66(2): 227-243. 

35. Azeem A, Khan ZI, Aqil M, Ahmad FJ, Khar RK, Talegaonkar S. Microemulsions as a 

surrogate carrier for dermal delivery of ketoprofen: Evaluation of criteria for selection of 

oils, surfactants, and co-surfactants. Drug Dev Ind Pharm, 2009; 35(5): 525-535. 

36. Kazi MG, Al-Amoudi A, Al-Swairi M, et al. Formulation and thermodynamic stability 

considerations of nanoemulsion systems containing hydrophilic and lipophilic blends. 

AAPS PharmSciTech, 2019; 20(4): 145-156. 

37. Mwangi AN, Njogu PM, Maru SM, Njuguna NM, Njaria PM, Kiriiri GK, et al. 

Meloxicam emulgels for topical management of rheumatism: Formulation development, 

in vitro and in vivo characterization. Saudi Pharm J, 2021 Apr; 29(4): 351-360. 

38. Mostafa D, Abd El-Alim S, Asfour M, Al-Okbi S. Transdermal nanoemulsions of 

Foeniculum vulgare Mill. essential oil: Preparation, characterization and evaluation of 

antidiabetic potential. J Drug Deliv Sci Technol, 2015; 29: 99-106. 

39. Hwang J, Park JY, Kang J, Oh N, Li C, Yoo CY, Um W, Kwak M. Enhanced Drug 

Delivery with Oil-in-Water Nanoemulsions: Stability and Sustained Release of 

Doxorubicin. Macromol Rapid Commun, 2024 Dec; 45(24): e2400480 

40. Radeva L, Zaharieva MM, Spassova I, Kovacheva D, Pencheva-El Tibi I, Najdenski H, 

Yoncheva K. Biopolymeric Nanogel as a Drug Delivery System for Doxorubicin—

Improved Drug Stability and Enhanced Antineoplastic Activity in Skin Cancer Cells. 

Pharmaceuticals, 2024; 17(2): 186. 

 

 

 


