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Article Information  ABSTRACT 
Received: 19th August 2024  Background:  Solid lipids Nanoparticles (SLN) comprise physiological and biocompatible lipids. SLN 

is an alternative carrier system to polymeric nanoparticles or liposomes. It has been claimed that SLN 

offers combined advantages and avoids the disadvantages of other colloidal carrier systems. Aim: The 

research aims to fabricate and evaluate the carbocisteine solid lipid nanoparticles loaded in situ gel. 

Methodology:  SLN was prepared by using glycerol monostearate as a solid lipid and by high-pressure 

homogenization (Panda plus 2000) method using poloxamer 188 as a stabilizer to improve its 

bioavailability and reduce particle size. The quality-by-design concept was used to develop the SLN by 

optimizing process variables. Result and discussion: The drug and excipient compatibility study was 

checked using FTIR, and no interaction between both was found. Optimized SLN of carbocisteine were 

evaluated for zeta potential, particle size, and % drug release, found results as -19.67 mv, 50 to 200 nm, 

and up to 70.84%, respectively. Optimized gel batches were also evaluated for the stability study. 

Conclusion: All the batches were evaluated for various parameters. The F6 batch was optimized based 

on particle size, stability, Zeta potential, and release pattern. SLN could provide a better advantage of 

good penetration and targeting to treat pulmonary disease. 
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INTRODUCTION 
Novel drug delivery systems are developing exponentially due 
to the deep understanding obtained in various biotechnology, 
nanotechnology, and biomedical engineering domains. Many 
more modern formulation techniques use nanotechnology, 
which creates nanoscale structures that hold the API. The 
National Nanotechnology Initiative (NNI) defines 
nanotechnology as the study and application of structures 
generally between 1 and 100 nm in size [1-5]. Solid lipid 
nanoparticles introduced in 1991 offer an improved substitute 
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for conventional colloidal carriers like polymeric micro and 
nanoparticles, liposomes, and emulsions [1]. Solid lipid 
nanoparticles are colloidal carrier systems comprising an 
aqueous coating over a solid core of a high melting point lipid. 
Solid lipid replaces liquid lipid in solid lipid nanoparticles 
compared to other colloidal carriers [7-10]. Since lipid pellets 
are administered via the oral route (Mucosolvan®) to deliver the 
drug, solid lipids are usually used as a matrix material. All lipids 
are triglycerides, partial glycerides, fatty acids, hard fats, and 
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waxes. One clear advantage is that the lipid matrix of solid lipid 
nanoparticles comprises physiological lipids, which reduces the 
possibility of both acute and long-term toxicity [11]. It has been 
demonstrated that using solid lipids rather than liquid lipids 
improves the stability of integrated chemically-sensitive 
lipophilic components and increases control over the release 
kinetics of encapsulated substances. Numerous physicochemical 
traits connected to the lipid phase's physical state are responsible 
for these potentially advantageous impacts [12-13]. First, 
compared to a liquid matrix, a solid matrix has less reactive 
agent mobility, which could slow the rate of chemical 
degradation processes [14-16]. Second, it is possible to regulate 
the microphase separations between the carrier lipid and active 
components within individual liquid particles. This prevents the 
buildup of active compounds at the lipid particle surface, which 
is a common site for chemical degradation reactions. Thirdly, it 
has been demonstrated that incorporating poorly absorbed 
bioactive chemicals into solid lipid nanoparticles increases their 
absorption [15-20].  
 
The primary feature of chronic obstructive pulmonary disease 
(COPD), which is a significant cause of death and morbidity in 
both industrialized and developing nations, is a gradual airflow 
restriction that is not entirely reversible [21, 22]. Globally, there 
are significant differences in COPD prevalence [23]. COPD is a 
widespread condition in the elderly population, with a higher 
incidence rate among those over. The Burden of Obstructive 
Lung Disease (BOLD) study indicated that 10.1% of people had 
COPD overall, defined as GOLD stage II or higher. The 
prevalence was 11.8 percent for men and 8.5 percent for women. 
The most common sign of COPD is a progressive deterioration 
in lung function, often accompanied by respiratory symptoms 
such as coughing, sputum production, and dyspnoea [23-28]. 
 
Carbocisteine is the most often administered mucoactive drug 
for long-term COPD patients. Mucolytic carbocisteine helps 
patients with bronchiectasis and chronic obstructive pulmonary 
disease (COPD) by reducing the viscosity of their sputum and 
making it easier for them to cough up secretions. Some of the 
issues with carbocisteine, such as its low oral bioavailability 
(around 10%), may make it difficult for patients to follow their 
treatment plans, which could result in therapeutic failure [26-
30]. Hence, to overcome such challenges of carbocisteine 
delivery, SLNs are preferred because of their properties such as 
[31] 

1. Possibility of controlled drug release and drug targeting.  
2. Increased drug stability  
3. High drug payload  
4. Incorporation of lipophilic and hydrophilic drugs  
5. No biotoxicity of the carrier  
6. Avoidance of organic solvents  
7. Increased Bioavailability of entrapped bioactive compounds 
 
This study aims to produce and optimize an intranasal 
formulation for nasal distribution by integrating carbocisteine 
solid lipid nanoparticles into the in-situ gel. The research seeks 
to create nasal gels filled with medication formulations poorly 
soluble in water for intranasal administration. The study's 
rationale was to increase the bioavailability and reduce the drug 
dose to minimize the side effects by targeting a specific site 
through intranasal drug delivery. 
 
MATERIALS AND METHODS 
Carbocisteine was received as a sample for work by MicroLabs 
Mumbai, India. Poloxamer 188, tween 80, glyceryl 
monostearate, tween 20, gellan gum, xanthan gum, propylene 
glycol, and triethanolamine were purchased from Research-Lab 
Fine Chem Industries, Mumbai. 
 
FTIR Analysis 
The FTIR instrument (Shimadzu, IR Affinity—IS CE) is used 
for FTIR investigations. The FTIR spectra and peak table were 
acquired after the sample was placed in the detecting area [32]. 
 
Preparation of SLN loaded with carbocisteine 
A high-pressure homogenization process (GEA Niro Soavi Italy, 
Panda Plus 2000 homogenizer) prepared carbocisteine-loaded 
solid lipid nanoparticles. A solid lipid nanoparticle was 
generated at 500–1500 bars following five to ten 
homogenization cycles. 5 min to 8 min are required per cycle. 
The formation of solid lipid nanoparticles loaded with 
carbocisteine involved varying concentrations of surfactant [33]. 
Compared to Tween 80 and Tween 20, poloxamer 188 can form 
smaller particles.  
 
Compared to Tween 80 and Tween 20, poloxamer 188 has a 
higher molecular weight and HLB value. Poloxamer 188 was 
utilized as a stabilizer, surfactant, and detergent, as shown in 
Table 1. The melting point of various amounts of glyceryl 
monostearate was raised by 5 to 10 0C. Multiple studies showed 
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that combining poloxamer 188 and glyceryl monostearate 
(GMS) can produce solid lipid nanoparticles (SLNs) with 
smaller particle sizes. As the lipid core, glyceryl monostearate 
was employed [34]. Carbocisteine was put into the liquefied fat. 
Separately, an aqueous phase containing surfactant was 
dissolved using distilled water. It was done to raise the 
temperature of the aqueous phase to that of the oil phase. 
Subsequently, the aqueous and oil phases were combined 
extensively [35].  
 
The resulting coarse emulsion was homogenized at a constant 
temperature of 75°C using a high-pressure homogenizer. 
Consequently, the nanoparticles are formed when the 
nanoemulsion is finally cooled to room temperature, which 
causes the lipids to recrystallize, as demonstrated in Figure 1. 

 
Figure 1: Schematic representation of preparation 
Carbocisteine solid lipid nanoparticle loaded in-situ nasal gel 
 
Table 1: Formulation table of Carbocisteine Solid lipid 
Nanoparticles 

Batch 
code 

Drug 
(mg) 

GMS 
(mg) 

Tween 
80 

Poloxamer 
188 

Tween 
20 

F1 100 100 1% - - 

F2 100 150 1.5% - - 

F3 100 200 2% - - 

F4 100 100 - 1% - 

F5 100 150 - 1.5% - 

F6 100 200 - 2% - 

F7 100 100 - - 1% 

F8 100 150 - - 1.5% 

F9 100 200 - - 2% 
 

Optimization of formulation 
Selection of formulation variables 
Solubility experiments were used to screen various lipids. The 
drug's solubility in various lipids was assessed. The amount of 
medication dissolved in a known quantity of each lipid at 5°C 
above the lipid's melting point was calculated. The chosen lipid 
was used to form nanoparticles using various surfactants, which 
were then assessed for entrapment effectiveness, PDI, and 
particle size. The Malvern Zetasizer Nanoseries Nano-ZS was 
used to measure the particle size and PDI. The surfactant was 
used to choose the minimal particle size and PDI with the highest 
entrapment efficiency. Two levels (+1 and −1) of the 
concentration of lipid, concentration of surfactant, and Pressure 
of homogenizer (independent variables) were selected as shown 
in Table 2. DOE software (Version 13.0.5.0) was used to design 
the experiments. Table 3 displays the design arrangement. The 
software created 13 formulas in total [35]. 
Table 2. Independent Variable   

Independent Variables 
Level 

+1 -1 

A: Conc. of lipid (mg) 100 200 

B: Conc. of poloxamer (%) 1 2 

C: Pressure of HPH (bar) 500 1000 

 
Statistical analysis 
Design Expert® software was utilized in conjunction with the 
analysis of variance (ANOVA) to analyze the variables 
statistically. The effects and interactions of the formulation 
factors on the results were examined [36]. Design Expert® 
program used sequential p-value, lack of fit p-value, modified 
R2, and predicted R2 to get the best-fitting model. P-values less 
than 0.05 and F-values higher than 0.05 signify a significant 
impact from every component. Counter and three-dimensional 
surface graphs can depict the relationship between causes and 
consequences. A decreasing effect on the response in a 
polynomial equation is denoted by a negative sign for the 
coefficient's magnitude and a rising effect by a positive sign 
[37]. 
 
Selection of optimized formulation 
Optimizing the carbocisteine-solid lipid nanoparticles allowed 
for the best feasible particle size and entrapment efficiency. An 
overlay plot produced by a graphical method and a numerical 
approach based on a desired function that ranges from 0 to 1 
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were used for optimization. The predicted values of the variables 
with the highest desire function were used to generate the best 
formulation. The actual outcomes were contrasted with the 
expectations [38]. 
 
Characterization of SLN 
Particle Size  
The Malvern Nano-ZS laser scattering technology subjected 
solid lipid nanoparticles to particle size measurement. The 
nanoparticles were dispersed in an aqueous solution to minimize 
particle contact and put in an agitated sample dispersion unit. 
The particle size analysis spectrum is the mean of three scans 
conducted at 25°C. The system gives the mean particle size and 
the polydispersity index [39]. 
 
Zeta Potential  
The zeta potential was determined using Malvern Nano-ZS. At 
25°C, the best signal intensity was obtained by diluting with 
water six to eight times before analysis. We noted and further 
evaluated the average value [39]. 

Transmission Electron Microscopy  
Transmission electron microscopy (TEM) was used to measure 
the size of the particles. Solid lipid nanoparticles were then 
optimized by their shape, and the pressure in the bar was 
adjusted. After placing them on a sheet covered in carbon, a 
sufficient sample was left over to allow the solid lipid 
nanoparticles to adhere to the carbon substrate. After that, the 
grid was dyed with phosphotungstate for 20 seconds. An infrared 
lamp was used to dry the produced sample before being 
examined using a TEM (Model: TEM-FEI, Tecnai G2 Spirit 
Biotwin). The Soft Imaging Viewer software captured the 
photos at different magnifications [40, 41]. 
 
Entrapment Efficiency 
The carbocisteine-loaded nanoparticles were separated from the 
aqueous suspension for 20 minutes at 10,000 rpm and 4 °C in a 
cooling centrifuge (Remi C24 Plus). Following the supernatant 
collection, the drug concentration was determined at the 
appropriate dilutions using the HPLC technique. [42].

Table 3. Variables and responses of Box Behnken Design-selected compositions of variables 

Run 
Factor 1 Factor 2 Factor 3 Response 1 Response 2 

A: Conc. of lipid (mg) B: Conc. of poloxamer (%) C: Pressure of HPH (bar) EE (%) Particle size (nm) 

1 200 1 750 60.31 130.76 

2 150 1 1000 56.91 110.2 

3 100 1 750 42.8 161.55 

4 150 1.5 750 47.84 139.62 

5 200 1.5 750 64.58 135.22 

6 200 2 1000 70.22 94.23 

7 100 2 750 50.23 167.95 

8 100 1.5 1000 44.33 160.43 

9 150 2 500 62.18 152.46 

10 100 1.5 500 45.61 158.9 

11 150 2 1000 66.69 102.33 

12 150 1 500 44.65 155.53 

13 200 1.5 500 63.61 142.56 

 
Preparation SLN loaded in situ nasal gel. 
Gellan gum was dissolved in distilled water at concentrations of 
0.25%, 0.5%, and 1% w/v. It was then heated to 90 °C with 

moderate stirring (Remi, Mumbai, India) and cooled. 
Concurrently, distilled water was mixed with xanthan gum 
0.15% [43]. After centrifuging the solid lipid nanoparticles, the 
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resulting pellet was gradually stirred into the xanthan gum 
solution. This resultant solution was assessed after being 
combined with gellan gum solution [44]. 
 
Characterization of solid lipid nanoparticles loaded in-situ 
nasal gel.  
pH  
The pH of the gel formulation was ascertained by preparing a 
1% aqueous solution and storing it for an hour. The pH was 
measured using a digital pH meter (Hanna Italy, Probe type). 
The calculation was done three times to ensure accuracy, 
yielding an average value plus standard deviation [45, 46]. 
 
Clarity 
The clarity of the generated in-situ gels was evaluated visually 
against a black and white backdrop, and the results were scored 
as follows: turbid, +; clear, ++; and very clear (glassy), +++ [47]. 
 
Spreadability 
The area that the sol-gel formulation covers in a minute at a time 
(cm2/min) is known as spreadability. The spreadability of the 
formulations was evaluated using Whatmann's filter paper [48]. 
A 1 mL graduated pipette tip with a rubber bulb was attached 
vertically to the stand so the tip was 2 cm above the filter paper's 
rounded horizontal surface. A drop of 0.1 mL of the sol 
formulation was placed in the center of the filter paper. At 
predetermined intervals of 20 seconds, the surface area covered 
by the formulation was measured. [49, 50]. 
 
Gelling time 
By introducing in situ gel (1 mL) (n = 3) to a predetermined 
amount of simulated nasal fluid, the gelling time was 
ascertained, and the amount of time required for the gel to form 
was noted [51, 52]. 
 
Viscosity  
The viscosity of in situ gel was measured using a Brookfield 
viscometer (viscometer Model DV2T) both before and after 
gelation. Viscosity was measured at neutral pH before and after 
gelling (at SNF pH 5.5–6.5). [53-54]. 
 
Drug content   
The in-situ gel was spread out in 20 mL of water, and 1 gram gel 
was dissolved entirely by shaking the water continuously. HPLC 

was used to determine the drug concentration, and water was 
added to bring the volume down to 50 mL [54]. 
 
In vitro mucoadhesion studies 
The texture analyzer (Brookfield Engineering Laboratories, Inc., 
Massachusetts, USA) and a mucoadhesive holder were used to 
measure the in-situ gel's mucoadhesive strength. Measuring 
approximately 10 mm by 10 mm, the sheep nasal mucosa was 
immersed in 20 mL of the nasal fluid substitute and left to 
acclimate at 32±2°C for 10 minutes. Twenty milligrams of in 
situ gel were applied to the mucoadhesive holder. At a speed of 
0.5 mm/s, the probe was lowered until it made contact with the 
membrane. After maintaining a contact force of 1N for 30 
seconds, the probe was then withdrawn at a speed of 0.5 mm/s 
to a distance of 20 mm [55-57]. 
 
Using Texture Pro CTV1.3 Build 14 software, it is possible to 
immediately record the maximum force necessary to separate the 
probe from the tissue (also known as the maximum detachment 
force in grams, or Fmax [58-60]. The following formula is used 
to determine mucoadhesive strength: 
Mucoadhesive strength dyne / cm2 = m.g/A  Eq 1 
Where A is the exposed tissue area (cm2), g is the acceleration 
caused by gravity (980 cm/s2), and m is the weight needed for 
detachment (g). 
 
Critical ionic concentration for phase transition  
The critical ionic concentration was established through the 
mixing of one milliliter of formulation with varying amounts of 
simulated nasal fluid containing Sodium chloride-7.45 mg/mL, 
Potassium chloride-1.29 mg/mL, and Calcium chloride-0.32 
mg/mL at a pH of 6.5 in vials. After 20 seconds, the vials were 
inverted and monitored for gel formation. The minimum volume 
of nasal fluid necessary for the gel to adhere to the vial bottom 
without sliding was noted. This volume represented the critical 
ionic concentration, determined by assessing the concentrations 
of different ions within the required nasal fluid volume [60,61]. 
 
Gel strength 
A 100 cm3 graduated cylinder containing 35 g of the formulation 
was used for measurement, A 20 g piston was carefully placed 
into the gelled solution and given a free region to penetrate 3 cm3 
of gel. The amount of time it took for the weight to sink 3 cm3 
was measured in seconds, and this number is directly related to 
the gel strength [61].  
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Nasal ciliotoxicity studies 
Studies on nasal ciliotoxicity were conducted using recently 
isolated sheep nasal membranes taken from the slaughterhouse. 
Following saline solution cleaning, the membrane section was 
treated with, optimized in situ gel, isopropyl alcohol (as a 
positive control), and phosphate buffer pH 6.4 (as a negative 
control). Following an 8-hour duration, distilled water was used 
to wash each sample, and hematoxylin and eosin were used for 
staining. Each segment was inspected using an optical 
microscope (Labline) to look for any signs of membrane damage 
[61]. 
 
Stability Study 
According to ICH recommendations, the optimized gel was 
stabilized at 40ºC and 75% RH for three months. For 1, 2, and 
3 months, the gel was kept in a dry, clean, airtight, moisture-
proof glass vial sealed with rubber covers and kept out of direct 
sunlight. The stability of the optimized solid lipid nanoparticle 
in-situ gel was assessed monthly to look for any changes based 
on measurements of the drug content percentage, PH, viscosity, 
and in vitro release [61].  
 
In vitro Release 
Franz diffusion cells were utilized for in vitro testing of 
produced formulations. The diffusion membrane kept the 
recipient and donor compartments apart. In the donor 
compartment, prepared formulations are stored, while in the 
recipient compartment, simulated nasal fluid (SNF) is 
maintained at 37 ± 0.5 °C. One mL sample was removed from 
the receptor compartment and replaced with fresh SNF at 
predefined intervals to keep the sink condition. After removing 
the samples, they were filtered, and the amount of medication 
that had entered was measured using a UV-visible 
spectrophotometer set to λ max 220 nm [62, 63]. A study 
compared the drug solution, optimized in situ gel, and solid lipid 
nanoparticles [63]. 
 
RESULTS AND DISCUSSION 
FTIR Analysis  
FTIR was used in the preformulation investigation to assess the 
optimized formulation's and carbocisteine compatibility. The C-
H stretching was detected at 1161.15 cm−1 in the Carbocisteine 
FTIR spectra. The measured C=O stretching was 1627.92 cm−1. 
At 1195.87, the O-H stretching was discovered. The C-S 
stretching-attributed peaks were detected at 1033.85 cm−1 and 

958.62 cm−1. The observed peaks confirm the drug's purity, 
aligning with the typical reported peaks. 
 
The peak at 1159.22 cm−1 in the Optimized formulation's FTIR 
spectrum is similar to the C–H stretching. The length of the C=O 
is 1631.78 cm−1. O-H stretching is responsible for the peaks 
seen at 1197.79, whereas C-S stretching is at 1031.92 and 889.18 
cm−1. The medication in the optimal formulation is validated 
similarly to all of the peaks shown above. Consequently, FTIR 
analysis shows that the medication is compatible with the 
formulation and does not interact with any excipients, as shown 
in Figure 3. 

 
Figure 3: FTIR analysis of a. Drug (Carbocisteine) b. 
Optimized formulation. 
 
Experimental design optimization and response surface 
approach statistical analysis  
Statistical analysis 
The experiment design results showed that the amount of lipid, 
surfactant, and homogenizer pressure significantly impacted this 
system, leading to high drug EE and small particle sizes during 
the solid lipid nanoparticle manufacturing process. The model 
for response analysis was chosen based on the evaluation of 
multiple statistical parameters, such as Sequentia p-values, 
projected R2, and adjusted R2. The selected model should have a 
lower predicted R2 value, adjusted R2 value, and sequential p-
values. Three independent variables were chosen for analysis, 
and a linear model was used. The polynomial equations (Linear) 
of each response generated from the software are given below; 
Entrapment efficiency (Y1) = 55.3815 + 9.46875 * A + 5.31905 
* B + 2.09762 * C 
Particle size (Y2) = 255.247 + -0.36515 * A + -5.91429 * B + -
0.0696514 * C 
P-values less than 0.0500 indicate model terms are significant. 
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Table 4. Statistics model summary of responses of Carbocisteine solid lipid nanoparticles 
Response (Y1) Sequential p-value Adjusted R² Predicted R² 

Linear 0.0002 0.8297 0.7621 

2FI 0.7276 0.7913 0.6575 

Quadratic 0.6450 0.7433 -1.4011 

Response (Y2)  

Linear 0.0038 0.6800 0.4812 

2FI 0.3929 0.6981 0.2272 

Quadratic 0.3563 0.7668 -1.2375 

 
Figure 4: Effect of independent variables on particle size and EE 

 
Effect of independent variables on particle size   
It was discovered that the particle size of solid lipid 
nanoparticles ranged from 94.23 nm to 167.95 nm. Figure 4's 
polynomial equation 3D plot and contour plot demonstrated how 
a variable affected particle size. The size of the solid lipid 
nanoparticles rose from 2 to 6% lipid content. Particle 
aggregation caused the size to increase. The size of the solid lipid 
nanoparticles reduced as the concentration rose from 1 to 4%. 
The size drop may result from decreased interfacial tension 
between two phases, slowing down particle agglomeration. 
 
Effect of independent variables on EE  
Each experimental run of solid lipid nanoparticles was subjected 
to centrifugation to evaluate its EE; the results are presented in 
Table 3. The range of EE was found to be 42.8% to 70.22%. The 
effects of variables on the EE were shown using polynomial 
equations, 3D plots, and contour plots, as shown in Figure 4. 
Increasing the surfactant content from 1% to 3% causes a rise in 
EE. The rise in EE results from an increase in the amount of 
space available to entrap the carbocisteine into the lipid matrix. 

Characterization of solid lipid nanoparticles loaded with 
carbocisteine.  
Particle Size 
The optimal particle size range for efficient pulmonary delivery 
is between 1 and 5 micrometers. This size of particle can 
successfully enter the lungs' deep chambers without becoming 
stuck in the upper respiratory system. The smaller particles have 
a higher surface area-to-volume ratio, which can improve drug 
absorption and solubility. When the medication enters the 
pulmonary tissue, this may result in increased bioavailability. 
The particle size of all prepared formulations was measured. The 
optimized batch of SLN created had a particle size of 97.23 nm. 
While raising the concentration of Poloxamer 188 has an impact, 
increasing the lipid content (GMS) does not affect particle size. 
Figure 5 shows the particle size of dispersion. 
 
Polydispersibility index 
The Polydispersibility index of prepared SLN was 0.212, 
indicating that the prepared solid lipid nanoparticles are 
homogeneous. 
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Zeta Potential 
Strong electrostatic repulsion between particles is indicated by a 
high absolute zeta potential, which can be either positive or 
negative. This helps to avoid sedimentation and aggregation. For 
medication compositions to remain consistent, this stability is 
essential. The way nanoparticles interact with the nasal mucosa 
is influenced by zeta potential. Formulations with the ideal zeta 

potential can improve drug absorption by improving adherence 
to the mucosal surface. For example, negatively charged 
mucosal surfaces may interact with positively charged 
nanoparticles more efficiently, lengthening retention time. 
Figure 6 shows the zeta potential of the batch ranging from -19 
mV, meaning that the formulation is stable based on the zeta 
value and its standard deviation. 

 

 

 
Figure 7: TEM image of optimized solid lipid nanoparticle formulation 

Figure 5: Zeta Size image of optimized 
Formulation 

Figure 6: Zeta Potential image of 
Optimized Formulation 
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Transmission Electron Microscopy 
The shape of SLN influences absorption and bioavailability by 
affecting the residence period and the interaction with the nasal 
mucosa. Spherical particles typically have lower clearance rates 
and more predictable diffusion through mucus, but smaller 
particles' greater surface area may improve drug absorption and 
release rates. Because they can better permeate the mucosal 
membrane and increase bioavailability, particles typically in the 
50-200 nm range are preferred for intranasal delivery. The size 
of solid lipid nanoparticles was measured using Transmission 
Electron Microscopy (TEM) (Jeol/JEM 2100), and the photos 
below depict its structure. We can infer from Figure 7 that the 
improved formulation includes nanoparticles smaller than 200 
nm. 
 
Entrapment Efficiency 
An increase in surfactant concentration was shown to result in 
an increase in entrapment efficiency during the trials. Figure 8 
presents the entrapment efficiency values for each formulation 
that was prepared. In summary, Optimized formulation exhibits 
the highest entrapment rate of 68.28%, leading us to this 
conclusion. Studies have shown that poloxamer 188 has high 
conc. Batch produces the best outcomes. Many formulations in 
the literature report EE values ranging from 30% to 60%. 
Highlighting that the formulation achieves up to 68.28% EE 
demonstrates a significant improvement. Therefore, F6 is being 
considered for the in-situ nasal gel formulation of Solid lipid 
nanoparticle loaded. 

 
Figure 8: Entrapment efficiency of Solid lipid nanoparticle 
batches 
 
Characterization of SLN Loaded In-situ Nasal Gel  
pH 
The drug's ability to penetrate the nasal mucosa can be 
influenced by the formulation's pH and its pKa. The gel's pH 

might impact the interactions between polymers necessary for 
gel formation. As seen in Table 5, the pH range of the created 
formulations is 5.9 to 5.5, which is within the nasal pH range. 
This suggests that all in-situ gels can accommodate nasal pH to 
reduce irritation during administration. 
 
Spreadability 
The in-situ gel must have the right spreadability to be applied 
smoothly and adhere to the nasal mucosa without leaking after 
application. Compared to SLNG2 and SLNG3, SLNG1 exhibits 
better spreadability from prepared in-situ gel, as per Table 5. 
 
Clarity 
Visual inspection assessed the clarity of the created in-situ gels, 
and SLNG1 had significantly more clarity than SLNG2 and 
SLNG3, as per Table 5.  
 
Drug Content 
Every dosage form is thought to need to have uniform 
medication content. As shown in Table 5, the drug content of 
each batch varied from 97.27 ± 1.5% to 98.29 ± 1.2%. It was 
discovered that SLNG1 had higher drug content. 
 
In Vitro Gelation Study 
Gelation tests were conducted using an adequately prepared 
synthetic nasal fluid. For each generated formulation displayed 
in Table 4, gelation takes place in 50 seconds. Compared to 
SLNG2 and SLNG3, SLNG1 is quicker to finish. It states, thus, 
that in-situ generated gel retains its integrity without dissolving 
or degrading to localize the medication to the absorption site for 
an extended period or to resist mucociliary clearance. The 
research above makes it evident that SLNG1 was shown to be a 
superior formulation. Thus, SLNG1 is considering the viscosity 
and in vitro release tests.  
 
Mucoadhesive strength 
Mucoadhesive polymers prolong the duration of the drug's 
presence in the nasal cavity by facilitating its interaction with the 
nasal mucosa, which can improve the drug's bioavailability and 
therapeutic activity. This is because the drug can bypass the 
first-pass metabolism and the gastrointestinal tract. For 
formulations, mucoadhesive strength testing was done; the 
results are shown in Table 5. Stronger mucoadhesive forces can 
potentially hinder drug absorption by preventing gelled solutions 
from draining into the nasopharynx and out of the nasal cavity.  



Journal of Applied Pharmaceutical Research 12 (6); 2024: 122 – 136  Jain et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| November – December 2024 | Volume 12 Issue 6 | 131 

Viscosity 
The developed formulations demonstrate that viscosity rises as 
gelling agent concentration does. Because of ionic interaction, 
viscosity needs to be at its peak and quickly transition from a 
sol-gel state to introduce the formulation into the nasal cavity. 
Therefore, unlike the others, the SLNG1 satiated the viscosity 
requirements. All the results are shown in Table 5. 
 
Critical ionic concentration for phase transition 
The simulated nasal fluid's constituents interact ionically with 
the gellan gum to form a gel. Therefore, determining the critical 
ionic concentration needed for gel formation is crucial. As 
shown in Table 5. the critical ionic concentration for each batch 

ranged from 0.30 ± 0.05 to 0.40 ± 0.02%. At 0.30 ± 0.03 mL, the 
optimized batch (SLNG1) had a critical ionic concentration. 
 
Gel strength 
The in-situ gel formulae SLNG1, SLNG2, and SLNG3 had gel 
strength values that roughly dropped between 10 and 34 seconds, 
as shown in Table 5. This range is suitable for intranasal 
instillation because values higher than 50 seconds are too stiff 
and could harm or cause discomfort to the mucosal surfaces. 
Conversely, values less than 25 seconds would not be able to 
retain their integrity and could erode quickly. The rise in in-situ 
gel strength may be due to the creation of hydrogen bonds 
between Poloxamer and the bioadhesive polymers employed in 
the formulation.

Table 5. Different parameters studies of prepared in situ gel  

Parameters Evaluated  
Formulation code 

SLNG1 SLNG2 SLNG3 

Clarity +++ ++ ++ 

Drug Content (%) 98.29 ± 1.2% 97.13 ± 1.3% 97.27 ± 1.5% 

pH 5.5 5.7 5.8 

Gelation Time (s) 46 ± 1.5 47 ± 1.4 50 ± 1.3 

Spreadability (cm2) 1.607 ± 0.5 1.450 ± 0.4 1.320 ± 0.3 

Mucoadhesive strength (Dyne/cm2) 4430 4018 4214 

Viscosity (cp) 
Before Gelation 72.0 ± 1.2 64.0 ± 1.4 53.0 ± 1.3 

After Gelation 274.0 ± 4.8 178.0 ± 5.9 133.0 ± 5.3 

Critical ionic concentration (%) 0.30 ± 0.05 0.39 ± 0.06 0.40 ± 0.02 

Gel Strength (sec) 34.6 ±1.53 27.3 ±0.57 10.3 ±1.15 

 
Figure 9 A. The nasal tissue was treated with PBS at pH 6.4 B. The nasal tissue treated with IPA C. The nasal tissue 

treated with SLN-based in situ gel 
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Nasal ciliotoxicity study  
These investigations evaluate the potential toxicity of the 
formulation's components to the nasal mucosa. As shown in 
Figure 9A, PBS pH 6.4-treated nasal tissue displayed an intact 
basement membrane with glandular cells and a neuroepithelial 
layer. The positive control, IPA, caused substantial damage to 
the nasal tissue, as seen in Figure 9B.  
This damage included the loss of the epithelial layer, the 
detachment of glandular cells from the basement membrane, and 
the loss of the glandular cells' nucleus. The nasal tissue exposed 
to the carbocisteine SLN-based in-situ gel shown in Figure 9C 
did not show damage to the basement membrane, epithelial 
layer, or glandular cell nucleus, further confirming the safety of 

making in-situ gel. It follows that using SLN-based in situ gel 
via the nasal route is safe. 
 
Stability study 
A stability study was performed as per ICH guidelines. The 
optimized formulation was subjected to a three-month stability 
testing at a temp of 40ºC & 75% RH. The results are shown in 
Table 6. The pH of the gel formulations chosen for the 
accelerated stability analysis was consistent with the initial 
observations made at the start of the investigation. Throughout 
and after the accelerated research period, these formulations 
showed acceptable in vitro release and viscosity. The 
formulation was stable after storage at temp 40ºC & 75% RH.  

Table 6. Stability studies of optimized formulation 

Time 
(Months) 

(Temp. 40ºC & 75% RH) 

PH 
Viscosity (cp) 

In vitro release (%) 
Before Gelation After Gelation 

Initial 5.5± 0.23 72.0 ± 1.2 274.0 ± 4.8 85.97 ± 2.34% 

1 5.5± 0.26 72.0 ± 1.5 275.0 ± 5.6 83.72 ± 3.04 % 

2 5.5± 0.32 73.0± 1.5 275.0 ± 4.9 82.43 ± 2.17% 

3 5.5± 0.37 74.0± 1.3 276.0± 5.8 82.11 ± 2.12% 

In Vitro Release 
The results indicate that the drug solution released was 50.32 ± 
2.05% in 6 hrs, while the solid lipid nanoparticle release was 
around 70.80 ± 2.55% in 10 hrs. The final formulation 
demonstrates a maximum release of 85.97 ± 2.34% in 12 hrs. 
According to this comparison of drug release, producing a 
nanoform increases drug penetration while decreasing drug 
particle size.  
 
CONCLUSION 
The current research work explored the development of 
carbocisteine solid lipid nanoparticle loaded in-situ gel for nasal 
delivery using gellan gum, an anionic natural polymer., 
optimized by the systematic approach of design of experiments 
(DoE), and assessed for their effectiveness in pulmonary 
targeting. The response surface methodology's selected 
experimental design, such as the Box-Behnken design, is a 
mathematical model that generates an optimal formulation. 
Optimized formulation was prepared, and particle size for the 
optimized batch was less than 100 nm, EE 68.28%, and Drug 
release at 60 min70.84 ± 2.12% respectively; this approach can 
be used in the future to improve therapeutic efficacy and 

bioavailability, demonstrating better results for intranasal 
distribution. The sol-gel transformation took less than 50 
seconds. This implies that the medicine can be delivered directly 
to the pulmonary system through the nose using carbocisteine-
loaded SLN-based in-situ gel. The current study is anticipated to 
aid researchers in forming an in-situ gelling system for 
pulmonary distribution, which will increase the effectiveness of 
therapies for lung-related illnesses and improve the 
bioavailability of oral medications. Future steps to ensure the 
effectiveness of these treatments include in vivo Studies. Once 
in vivo studies demonstrate promising results, the next step 
would be to initiate clinical trials and mechanistic studies. The 
potential of SLN-loaded in situ gels for treating pulmonary 
diseases can be better understood and confirmed by addressing 
these next steps, opening the door for beneficial clinical 
applications. 
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