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ABSTRACT: Multiple anatomical and physiological obstacles have always made 

ocular drug administration difficult. Different novel drug delivery systems, including 

nanogels, nanoparticles, liposomes, dendrimers, implants, contact lenses, 

nanosuspensions, microneedles, and in situ thermosensitive gels, have been 

developed to get around the barriers to improve ocular Bioavailability. For the 

encapsulation of visitor molecules, nanogel has become a flexible drug delivery 

technology in this aspect. Numerous techniques for the creation of nanogels have 

been developed over time, such as Concomitant polymerization and crosslinking, 

Separate polymerization and crosslinking, Micro templating/crosslinking, etc. In this 

work, Ofloxacin-loaded Nanostructured Lipid Carrier has been prepared with the 

help of Design expert software (Version 7.1.5) taking amount of liquid lipid, and 

homogenization speed as independent variables and particle size, spreadability 

coefficient, % entrapment efficiency as responses. Dynamic Light Scattering (DLS) 

was used for studying the particle size. The results confirmed the size of the NLC 

within the nano range (78.79- 648.4 nm). From the experiment, optimized product 

was found to be 78.79 nm with 66.2% drug entrapment efficiency and 0.359 gm. 

cm/sec spreadability coefficient. From the optimized formulation drug diffused 

gradually in increasing order and maintained a constant rate after a few hours with a 

diffusion rate of 89.79% in 7 hours. In ex-vivo permeation study through goat skin, it 

has been found that the permeation of ofloxacin through goat ocular skin from the 

optimized product is around 71.33% in 7 hours. 

INTRODUCTION: Nanogels are crosslinked 

hydrogel materials that are water soluble and 

contain both hydrogel and nanoparticle qualities, as 

well as the potential to release drugs under 

regulated conditions. Thus, these carriers offer a 

polymeric nanotechnological approach with 

exceptional qualities like high drug loading 

capacity, high stability, responsiveness to a wide 

range of environmental stimuli, whereby they may 

contract or expand in response to a change in pH or 

temperature, resulting in the release of the drug 

under particular circumstances 
1
.  
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The rapid advancement of nanotechnology has 

necessitated the development of nanogel systems 

that have demonstrated their ability to deliver drugs 

in a controlled, sustained, and targetable manner. 

With the emergence of polymer sciences, it is now 

essential to build intelligent nanosystems that can 

be useful for both therapy and the advancement of 

clinical trials. 

Lipid-nanoparticles, specifically solid lipid 

nanoparticles (SLN) and nanostructured lipid 

carriers (NLC), have received a lot of attention 

recently as efficient, biodegradable, biocompatible, 

and non-toxic carriers with a variety of suitable 

properties for dermal application of cosmetics and 

pharmaceuticals 
2
. The "solid lipid" core of SLN 

emulsion spheres, which have an average diameter 

of 10–1000 nm, is stabilized by a number of 

surfactants 
3
.  
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In order to prevent the solid lipid matrix from 

forming into a perfect matrix of solid lipid crystals 

during storage and to improve the absorption of 

active ingredients, the liquid lipid component in 

NLC works to overcome the shortcomings of SLN 
4
. As a result of the mixture of solid and liquid 

lipids that make up NLC, it has an imperfect 

crystalline structure that leaves greater room 

between the lipid chains and the matrix 
5
. 

The eye can be the site of many diseases (some of 

which are sight-threatening), and treating these 

various diseases has always been a challenge for 

physicians and the pharmaceutical industry, 

especially when considering the route of drug 

administration. The delivery of medications to the 

eye, a difficult-to-treat region, has made significant 

strides recently. With numerous defences and 

processes preventing the ingestion of external 

substances, the eye is a relatively solitary organ 

within the body 
6
. In treating ocular disorders, 

polysaccharides such cellulose, hyaluronic acid, 

alginic acid, chitosan, and polysaccharide 

derivatives have been utilized successfully to 

enhance medication delivery 
7
. 

Topical eye drops are widely used and are usually 

the preferred type of medication administered 

regarding the anterior segment of the eye 
8
. 

However, these drugs typically do not reach the 

retina, vitreous, or choroid, for which other 

preferred routes of drug administration are being 

developed as novel technologies are developed. It 

has some challenges like Higher tear dilution, and 

turnover rate, Bioavailability <5% 
9
. These delivery 

systems can improve the solubility and stability, 

hide the flavour and odour, and raise the 

Bioavailability of nutrients and medications that are 

not well absorbed 
10

. 

Nanostructured lipid carriers (NLC) is a promising 

DDS able to prolong the delivery, improve the 

stability, and decrease the systemic toxicity of 

liposoluble drugs 
11

. NLC Surface can be modified 

with a suitable polymer to make it bio-adhesive and 

enhance its retention at the disease site. For Ocular 

Delivery, NLC was prepared using a blend of solid 

and liquid lipids, biocompatible and stable with the 

size of 50 to 1000 nm. NLC incorporated into 

Hydrogel is equal to Nanogel. Ofloxacin is a broad-

spectrum antibiotic, useful for the treatment of 

bacterial infections. Its molecular weight is 

361.3675 g/mol. Ofloxacin is bactericidal and 

prevents bacterial DNA replication by attaching to 

an enzyme called DNA gyrase 
12

. This enzyme is 

necessary for unwinding one DNA double helix 

into two, which is how ofloxacin blocks bacterial 

DNA replication. 

Interestingly, the drug's affinity for bacterial DNA 

gyrase is 100 times greater than mammalian. A 

broad-spectrum antibiotic with activity against 

Gram-positive and Gram-negative bacteria is called 

ofloxacin. Ofloxacin affects the enzymes DNA 

gyrase and topoisomerase IV, which work similarly 

to human topoisomerase in preventing excessive 

DNA supercoiling during transcription or 

replication. The medication prevents normal cell 

division by preventing them from performing their 

role. Ofloxacin has around 98% bioavailability in 

tablet form. Ofloxacin is primarily removed by the 

kidneys, where between 65% and 80% of an oral 

dose is excreted unaltered through urine after 48 

hours of administration. Ofloxacin is excreted in 

the faeces in amounts ranging from 4–8% of 

dosage, while biliary excretion of the medication is 

modest 
13

. 

MATERIALS AND METHODS: 

Materials: Ofloxacin was received as a gift sample 

from Unichem Laboratories Ltd. (C-31 &32, 

Industrial Area, Meerut Road, Ghaziabad: 201003, 

U.P., India). Stearic acid & Carbopol 934 P were 

purchased from Loba Chemie Pvt. Ltd., Mumbai, 

Maharashtra 400005. Castor oil of Dabur was 

purchased locally. Tween 80 was procured from 

Merck Specialities Private Limited, Mumbai – 

400018). Double Distilled Water was prepared in 

the Guru Nanak Institute of Pharmaceutical Science 

& Technology Laboratory, Kolkata 700114; 

Triethanolamine and Methanol were procured from 

Merck Life Science Private Limited, Mumbai 

400079. 

Methodology: 

Compatibility Study of the Materials: In this 

work, FTIR has been chosen to study the 

compatibility between the drug and other materials 
14

. KBR pellets were prepared and scanned to get 

FTIR spectra of the drug (Ofloxacin), materials 

(Stearic acid, Castor oil, Carbopol 934 P, etc.) 

individually, and of the mixture (Nanostructured 
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Lipid Carrier). FTIR spectrophotometer (Perkin 

Elmer Spectrum Two) was used to obtain the 

spectra. Sample preparation involved mixing the 

sample with Potassium bromide, triturating it in a 

glass mortar, and placing it in the sample holder. 

The spectrum was scanned over a 4000 – 400 cm-1 

15 frequency range. 

Experimental Design for the Preparation of 

Nanostructured Lipid Carrier (NLC): Face-

Centered Central Composite Design (α = 1) was 

selected for the preparation of a Nanostructured 

Lipid Carrier (NLC) with the help of Design – 

Expert Software (Version 7.1.5) 
16

. Liquid Lipid 

(mL) and Homogenization Speed (RPM) were 

taken as independent variables and set at high and 

low levels 
17

. As a result, 13 runs have been found. 

The coded values of the independent variables have 

been mentioned in Table 1. 

TABLE 1: CODED VALUES (HIGH AND LOW VALUES) OF INDEPENDENT VARIABLES 

Independent Variables Unit Low Actual (- 1 Level) High Actual (+1 Level)  -alpha +alpha 

Liquid Lipid mL 2.00 5.00 2.00 5.00 

Homogenization Speed RPM 3000.00 7000.00 3000.00 7000.00 

According to the Face–Centered Central Composite Design, 13 runs have been found and mentioned in 

Table 2.  

TABLE 2: FACE–CENTERED CENTRAL COMPOSITE DESIGN 

Run Factor 1 (Liquid Lipid in mL) Factor 2 (Homogenization Speed in RPM) 

1 3.50 5000.00 

2 2.00 5000.00 

3 3.50 5000.00 

4 3.50 5000.00 

5 5.00 7000.00 

6 5.00 5000.00 

7 3.50 5000.00 

8 5.00 3000.00 

9 3.50 7000.00 

10 2.00 7000.00 

11 2.00 3000.00 

12 3.50 5000.00 

13 3.50 3000.00 
 

Among 13 runs, it has been found that 5 runs are 

repeated, hence the total number of runs has been 

considered to be 9. 

Method of Preparation of Nanostructured Lipid 

Carrier (NLC): The lipid mixture was prepared by 

mixing Stearic acid (Solid Lipid) and Castor oil 

(Liquid Lipid) by continuous stirring in a hot 

condition (60º-70ºC), with the help of a magnetic 

stirrer (REMI 1MLH) of Remi Elektrotechnik Ltd. 

(Vasai, India). An aqueous phase of ofloxacin was 

mixed with the lipid phase in a hot condition (60º-

70ºC) in the presence of a surfactant (Tween 80). 

The mixture (kept in a beaker), was placed under a 

homogenizer (REMI Motor of Remi Elektrotechnik 

Ltd., Vasai, India) for 15-20 minutes at 3000-7000 

rpm 
18

. Throughout the process, the temperature 

was kept high. The mixture was transferred to the 

homogenizer tube for further homogenization 
19

. 

The mixture was sonicated for 30 minutes using 

Ultrasonic Sonicator (Labman Scientific 

Instruments Private Limited, Chennai – 600118, 

India) and kept for 48 hours at room temperature. 

Then the formulations were lyophilized using a 

lyophilizer (Optics Technology, Delhi – 34, India) 
20

. The composition of different formulations has 

given in Table 3. 

TABLE 3: COMPOSITION OF DIFFERENT NLC (NANOSTRUCTURED LIPID CARRIER) FORMULATIONS 

Formulation 

Number 

Amount of Stearic 

Acid (gm) 

Amount of 

Castor Oil 

(mL) 

Amount of 

Ofloxacin 

(gm) 

Amount of 

Double Distilled 

Water (mL) 

Amount of 

Tween 80 

(mL) 

Homogenization 

Speed (RPM) 

NLC_1 6.50 3.50 0.01 10.00 0.3 5000.00 

NLC_2 8.00 2.00 0.01 10.00 0.3 5000.00 
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NLC_5 5.00 5.00 0.01 10.00 0.3 7000.00 

NLC_6 5.00 5.00 0.01 10.00 0.3 5000.00 

NLC_8 5.00 5.00 0.01 10.00 0.3 3000.00 

NLC_9 6.50 3.50 0.01 10.00 0.3 7000.00 

NLC_10 8.00 2.00 0.01 10.00 0.3 7000.00 

NLC_11 8.00 2.00 0.01 10.00 0.3 3000.00 

NLC_13 6.50 3.50 0.01 10.00 0.3 3000.00 

 
FIG. 1: PREPARATION OF NANOSTRUCTURED LIPID CARRIER (NLC) 

Method of Preparation of Nanogel: The prepared 

NLC (Approx 10% W/V) was incorporated in 

Hydrogel formed by Carbopol 934 P dissolved in 

DDW in the concentration of 1.25% (W/V) 
21

. It 

was mixed by stirring keeping on a magnetic 

stirrer. Tween 80 (0.15 mL) was incorporated for 

the stabilization of the formulation. At the end, 1 – 

2 drops of Triethanolamine were added to the mass 

to get the proper consistency of the product. 

Evaluation of Ofloxacin-loaded Nanogel: 

Physical Appearance: The physical appearance 

and the homogeneity of the nanogel formulations 

were tested by visual observations 
19

.
 

pH Determination: The nanogel formulations' pH 

was determined using a pH meter. 

Determination of Particle Size: Dynamic light 

scattering (DLS) was used to measure the particle 

size of the NLC formulations at 25°C using a 

Zetasizer (Version 7.11) device (Malvern 

Instruments Ltd, UK) 
15

. The particle size and 

polydispersity index of the NLC formulations were 

measured after they had been dissolved in methanol 

and 100-fold diluted with it.
 

SEM Analysis: Scanning electron microscopy was 

performed to confirm the particle size and shape. 

The NLC-loaded hydrogel was lyophilized, and 

that material was analyzed in SEM (Zeiss Evo 18, 

Carl Zeiss Microscopy, Penta Fet X 3). The 

diameter of the particles present in the nanogel was 

found between 100 to 200 nm. 

Spreadability Coefficient: The spreadability 

Coefficient was determined by Spreadability 

determinant apparatus. It consists of a wooden 

block that gets attached to a pulley at one end. The 

Spreadability Coefficient was measured based on 

the slip and drag characteristics of nanogel. A glass 

side was fixed on the wooden block. Some pinch of 

nanogel was placed on the glass slide and 

sandwiched between two slides. A measured 

quantity of weight (20 gm) was placed in the pan 

attached to the pully. The time (in Seconds) 

required by the slide to cover a distance of 5 cm 

was noted. A shorter interval signifies a better 

spreadability coefficient 
22

.
 

Determination of % Entrapment Efficiency: 1 

gm of drug-loaded Nanostructured Lipid Carrier 

(NLC) was mixed with 5 mL of Methanol and it 

was cold centrifuged (5° - 8°C) at 12,000 RPM for 

30 minutes, using a cooling centrifuge of REMI 

ELEKTROTECHNIK LTD., Vasai, India. After 

centrifugation, the supernatant fluid was filtered 
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with filter paper (Mesh No.: 11 µm). The filtered 

material was poured into a petri dish and allowed to 

dry. After drying, 10 mL Phosphate Buffer of pH 

7.4 was poured into the petri dish and mixed with a 

glass rod.  

Then the material was again filtered and assayed 

spectrophotometrically at 294 nm using UV Visible 

Spectrophotometer (Jasco V – 630 

Spectrophotometer), to get the concentration of the 

entrapped drug. The same process was followed for 

blank NLC whose value was subtracted from the 

previous result. The formula below was used to 

compute the percentage of EE 
23

.
 

% EE = (Experimental Drug Content) / (Theoritical Drug 

Content) × 100 

Optimization of the Formulation: The 

formulations were optimized concerning the 

response such as particle size, spreadability, and % 

EE with the help of Design - Expert Software 

(Version 7.1.5). At first, the model was analyzed by 

doing ANOVA and R squared test. Then the 3D 

response curve and the perturbation plot were 

obtained from the model graph. Then, the 

numerical and graphical optimization was done by 

the software 
16

.
 

In-vitro Drug Diffusion Study using Dialysis 

Membrane: It was performed through dialysis 

membrane 50 (Hi-Media) by using Franz Diffusion 

Cell apparatus with a receptor compartment 

capacity of 45 ml and cross-sectional area of 0.785 

cm
2
. The prepared Nanogel was spread over the 

membrane. It was then fixed in the donor 

compartment. So that the membrane faces toward 

the receiver compartment.  

The Phosphate Buffer pH 7.4 was filled in the 

receiver compartment. Magnetic beads were 

continually agitating the receptor solution while 

keeping the temperature at 32 ± 0.5 °C. The 

samples were withdrawn at different intervals, and 

the drug was analyzed 
24

.  

5 ml of receptor solution was withdrawn, and an 

equal volume of fresh buffer pH 7.4 was replaced 
25

. The samples were analyzed for drug content in 

UV Visible Spectrophotometer at 294 nm. The 

slope is obtained from the equation y = 0.032x and 

Regression Coefficient is 0.9987. 

Permeation Study using Goat Skin: 

Preparation of Goat Skin:  Fresh ocular skin of a 

goat was collected from a slaughterhouse and used 

in the permeation experiment. It was hydrated in 

Phosphate Buffer pH 7.4 for an hour.
 

Ex-vivo Permeation Study: The Franz Diffusion 

cell of 45 ml capacity was carried out for the ex 

vivo skin permeation study 
26

.  

1 gm of nanogel was spread on the goat ocular skin 

towards the donor compartment. Then the skin was 

placed on the receiver compartment of the diffusion 

cell containing Phosphate Buffer pH 7.4. Magnetic 

beads were continually agitating the receptor 

solution while keeping the temperature at 32 ± 0.5 

°C. The samples were withdrawn at different time 

intervals, and the drug was analyzed. 5 ml of 

receptor solution was withdrawn and an equal 

volume of fresh buffer pH 7.4 was replaced. The 

samples were analyzed for drug content in UV 

Visible Spectrophotometer at 294 nm 
27

.
 

RESULTS: 

Compatibility Study of the Materials: Drug 

Excipient interaction, one of the essential 

parameters, are studied before the development of 

the formulations. Ofloxacin, Excipients, and 

Excipients mixed with the drug were mixed 

separately with IR grade KBr in the ratio 1:100, 

and corresponding pellets were prepared by 

applying 5.5 metric ton pressure in a hydraulic 

press 
15

.  

Excipients were Stearic Acid, Castor oil, Tween 80, 

and Carbopol 934 P. The pellets were scanned over 

a wave number range of 4000 – 400 cm
-1

 in FTIR 

Spectroscope. The peaks in single compound 

spectra are also not of many deviations from the 

spectra of the mixture.  

The exclusive peaks of the drug, ofloxacin (1079 

cm
-1 

for R-F where C – F Stretch is present, 1758 

cm
-1 

for RCOOH where monomer C = O is present, 

2819 cm
-1 

for RCOOH where dimer OH is present, 

etc.) were observed in the spectra of the mixture 

(1065 cm
-1 

for R-F where C – F Stretch is present, 

2879 cm
-1 

for RCOOH where dimer OH is present, 

etc.). By properly analyzing the results, it can be 

interpreted that this combination can be used to 

proceed with nanogel formulations. 
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FIG. 2: COMPATIBILITY STUDY OF DRUG (OFLOXACIN) & DRUG WITH OTHER COMPONENTS 

Evaluation of Ofloxacin–loaded Nanogel: 

Physical Appearance:  After developing the 

products (Nanostructured Lipid Carriers), it has 

been shown that NLC_1, NLC_9, and NLC_13 are 

more suitable than the rest for preparing nanogel 

considering their homogeneity, texture, and state. 

pH Determination: pH of the nanogel 

formulations was found to be in the range of 6.98 

to 7.57. pH of Formulation 1(NLC_1) loaded gel 

was found to be 7.43, pH of Formulation 2(NLC_2) 

loaded gel was found to be 7.39, pH of Formulation 

5(NLC_5) loaded gel was found to be 7.57, pH of 

Formulation 6(NLC_6) loaded gel was found to be 

6.98, pH of Formulation 8(NLC_8) loaded gel was 

found to be 7.32, pH of Formulation 9(NLC_9) 

loaded gel was found to be 7.04, pH of Formulation 

10(NLC_10) loaded gel was found to be 7.05, pH 

of Formulation 11(NLC_11) loaded gel was found 

to be 7.25, and pH of Formulation 13(NLC_13) 

loaded gel was found to be 7.15. 

Determination of Particle Size: Face Centered 

Central Composite Design (α = 1) was used for the 

preparation of NLC Formulations with the help of 

Design–Expert Software (Version 7.1.5) 
15

. In this 

design, Liquid Lipid (mL) and Homogenization 

Speed (RPM) were selected as independent 

variables and set at high and low levels. The low 

level for Liquid Lipid (mL) was 2.00 and the high 

level for Liquid Lipid (mL) was 5.00 
17

. On the 

other hand, the low level for Homogenization 

Speed (RPM) was 3000.00 and the high level for 

Homogenization Speed (RPM) was 7000.00.
16

 In 

this way, 13 formulations have been found. The 

particle size of the formulations was found to be 

78.79 nm to 648.4 nm. In case of Formulation 

1(NLC_1), the particle size was found to be 78.79 

nm. In case of Formulation 6(NLC_6), the particle 

size was found to be 648.4 nm. Out of 9 

formulations obtained from Face Centered Central 

Composite Design, it has been observed that 

NLC_1, NLC_9, and NLC_13 showed a particle 

size of less than 200 nm whereas the rest showed a 

particle size in the range of 259.5 to 648.4 nm. 

Figure 3 shows the DLS curve of the formulated 

NLC preparation. 

 
FIG. 3: DLS CURVE OF THE FORMULATED NLC 

PREPARATION 



Biswas et al., IJPSR, 2023; Vol. 14(12): 5619-5632.                                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5625 

SEM Analysis: Fig. 4 shows the SEM pictures of 

the nanogel formulations. The picture shows large 

number of particles indicating the distribution of 

NLC in the hydrogel to get proper nanogel. It 

clearly shows that the particulates are within the 

nano range (67.69 to 170.9 nm).  

  
FIG. 4: SEM IMAGES OF NANOGEL FORMULATIONS

Spreadability Coefficient: The Spreadability 

Coefficient (gm. cm/sec) of different NLC-loaded 

Gel formulations has been measured. The 

spreadability coefficient of the nanogel 

formulations was found to be in the range of 0.259 

to 0.359 gm. cm/sec. In Formulation 1(NLC_1) 

loaded gel formulation, the spreadability coefficient 

was found to be 0.359 gm. cm/sec. In Formulation 

6(NLC_6) loadedgel formulation, the spreadability 

coefficient was found to be 0.259 gm. cm/sec. It 

has been found that particle size is inversely 

proportional to the spreadability coefficient of 

nanogel formulation. The more the particle size, 

less the spreadability coefficient. 

Determination of % Entrapment Efficiency: % 

Entrapment Efficiency of the NLC formulations 

was found to be in the range of 48.7% to 93.05%. 

In Formulation 8(NLC_8), the entrapment 

efficiency was found to be 48.7%. In Formulation 

10(NLC_10), the entrapment efficiency was found 

to be 93.05%. It has been found that particle size is 

directly proportional to the % Entrapment 

Efficiency (% EE) of nanogel formulation. The 

more the particle size, the more the % Entrapment 

Efficiency. Table 4 shows the particle size, 

spreadability coefficient, and % Entrapment 

Efficiency of the NLC Formulations. 

TABLE 4: PARTICLE SIZE, SPREADABILITY COEFFICIENT, AND % ENTRAPMENT EFFICIENCY OF NLC 

FORMULATIONS 

Formulation Number Particle Size (nm) Spreadability (gm. cm/sec) % Entrapment Efficiency 

NLC_1 78.79 0.359 66.2% 

NLC_2 389.4 0.302 86.2% 

NLC_5 323.8 0.306 64% 

NLC_6 648.4 0.259 57.65% 

NLC_8 319.4 0.309 48.7% 

NLC_9 148.1 0.344 69.7% 

NLC_10 288.5 0.311 93.05% 

NLC_11 259.5 0.316 73.57% 

NLC_13 196.9 0.325 53.52% 

 

Optimization of the Formulation: Face–Centered 

Central Composite design approach was used to 

optimize ofloxacin loaded nanogel formulations. 

The design displayed 13 formulation compositions 



Biswas et al., IJPSR, 2023; Vol. 14(12): 5619-5632.                                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5626 

with five common compositions to check for errors 

in the results. The software was modified to 

incorporate the data of particle size, spreadability, 

and % Entrapment Efficiency to interpret the 

findings. The software generated predicted values, 

polynomial equations, contour graphs, and 3D 

response surface graphs to assess the effects of 

independent factors on dependent components. 

When the anticipated value produced by the 

program was compared to the actual particle size 

and entrapment efficiency, the result was found to 

be closer to the predicted value. Table 5 shows a 

summary of the regression analysis for particle size 

and entrapment effectiveness. All responses fit best 

with a quadratic model with the highest correlation 

coefficient (R
2
). The chosen independent variable 

had an individual as well as a combined impact on 

the dependent variables, making the quadratic 

response optimal for optimization. For both replies, 

it was discovered that the expected R
2
 and the 

adjusted R
2
 were in good agreement. The F value 

displayed a value larger than 4, and the ANOVA 

result was determined to be significant. The 

ANOVA of the quadratic model for responses of 

developed ofloxacin-loaded nanogel has been 

mentioned in Table 6. To assess the software's 

accuracy, a percentage prediction calculation was 

made. The polynomial equation's positive sign 

encourages the interaction of independent variables 

with the dependent variables, whereas its negative 

value denotes the opposite relationship. The tested 

independent variable was deemed suitable for the 

optimization since the total combined desirability 

was closer to unity 
25

. 

TABLE 5: STATISTICAL MODEL SUMMARY OF REGRESSION ANALYSIS RESULTS FOR RESPONSE 

PARTICLE SIZE, SPREADABILITY, AND % ENTRAPMENT EFFICIENCY 

Model R
2 

Adjusted R
2 

Predicted R
2 

SD % CV Remark 

Particle Size 

Linear 0.0610 - 0.1268 - 0.5362 179.64 78.68  

2FI 0.0614 - 0.2515 - 0.9520 189.31 82.92 

Quadratic 0.7536 0.5776 - 0.8394 109.98 48.17 Suggested 

Spreadability 

Linear 0.0445 - 0.1466 - 0.5800 0.034 10.22  

2FI 0.0446 - 0.2739 - 1.3010 0.035 10.78 

Quadratic 0.7725 0.6100 - 0.7314 0.020 5.96 Suggested 

% Entrapment Efficiency 

Linear 0.9156 0.8987 0.8377 3.80 5.63  

2FI 0.9181 0.8909 0.7695 3.94 5.84 

Quadratic 0.9967 0.9944 0.9750 0.90 1.33 Suggested 

TABLE 6: ANOVA OF QUADRATIC MODEL FOR RESPONSES OF DEVELOPED OFLOXACIN-LOADED 

NANOGEL 

ANOVA Results Particle Size (nm) Spreadability (gm. cm/sec) % Entrapment Efficiency 

Regression 

Some of square 2.590E+005 9.103E-003 1705.16 

Degree of Freedom 5 5 5 

Mean Square 51792.62 1.821E-003 341.03 

F – Value 4.28 4.75 424.48 

P 0.0419 0.0326 < 0.001 

Influence Significant Significant Significant 

Lack of fit–test 

Some of square 84675.24 2.681E-003 5.62 

Degree of Freedom 3 3 3 

Mean Square 28225.08 8.937E-004 1.87 

Residual 

Some of square 84675.24 2.681E-003 5.62 

Degree of Freedom 7 7 7 

Mean Square 12096.46 3.830E-004 0.80 

 

Effect of Independent Variables on Particle 

Size: The range of particle sizes for several batches 

was discovered to be between 78.79 (NLC_1) to 

648.4 nm (NLC_6). Due to the variation in the 

composition of the Liquid Lipid, Homogenization 
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Speed, a considerable difference in particle size 

was seen. 

The following independent variables impact 

particle size as shown by the polynomial equation 

(1), 3D response plot Fig. 5. 

Particle Size = +1159.56183 – 846.80747*A + 0.15156*B – 

2.05000E–003*AB+128.05900*A
2
–1.45668E–005*B

2
... (1) 

Where, A = Liquid Lipid, and B = Homogenization 

Speed. 

Particle Size was negatively impacted by liquid 

lipid. Hence, the ideal lipid content is required to 

achieve the minimal size. Due to the availability of 

higher concentration liquid lipid, the particle size 

decreases with an increase in liquid lipid 

concentration. Homogenization Speed displayed a 

positive impact on particle size. The particle size 

increases as the homogenization cycle increases. 

Equation (1) also showed the combined effect of 

Liquid Lipid and Homogenization speed on particle 

size. This combination displayed a negative effect 

on particle size. So, from equation (1), it can be 

concluded that liquid lipids had a more prominent 

effect on particle size than homogenization speed. 

 
FIG. 5: 3D RESPONSE SURFACE PLOT SHOWING THE EFFECT OF INDIVIDUAL VARIABLES ON PARTICLE 

SIZE 

Effect of Independent Variables on 

Spreadability Coefficient: The range of 

spreadability coefficient for several batches was 

discovered to be between 0.259 (NLC_6 based gel) 

to 0.359 gm. cm/sec (NLC_1 based gel).  

Due to the variation in the composition of the 

Liquid Lipid, Homogenization Speed, a 

considerable difference in spreadability was seen. 

The following independent variables impact the 

spreadability coefficient as shown by the 

polynomial equation (2), 3D response plot Fig. 6. 

Spreadability = + 0.098376 + 0.15542*A – 4.19253E-006*B 

+1.66667E–007*AB–0.023195*A
2
+4.52586E–010*B

2
 …(2) 

Where, A = Liquid Lipid, B = Homogenization 

Speed. 

 
FIG. 6: 3D RESPONSE SURFACE PLOT SHOWING THE EFFECT OF INDIVIDUAL VARIABLES ON THE 

SPREADABILITY COEFFICIENT 
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Spreadability was positively impacted by liquid 

lipid. Hence, the ideal lipid content is required to 

achieve better spreadability. Due to the availability 

of higher concentration liquid lipid, the 

spreadability coefficient increases with an increase 

in liquid lipid concentration. Homogenization 

Speed displayed a negative impact on the 

spreadability coefficient. The spreadability 

coefficient increases as the homogenization cycle 

decreases. Equation (2) also showed the combined 

effect of Liquid Lipid and Homogenization speed 

on spreadability coefficient. This combination 

displayed a positive effect on particle size. 

Effect of Independent Variables on % 

Entrapment Efficiency (% EE): The range of % 

Entrapment Efficiency for several batches were 

discovered to be between 48.7 (NLC_8) to 93.05 

nm (NLC_10). Due to the variation in the 

composition of the Liquid Lipid, and 

Homogenization Speed, a considerable difference 

in % Entrapment Efficiency was seen. 

The following independent variables have an 

impact on % Entrapment Efficiency as shown by 

the polynomial equation (3), 3D response plot Fig. 

7. 

% EE = + 87.16606 – 28.98806*A + 0.013930*B – 

3.48333E–004*AB + 3.07977*A
2
– 8.46379E–007*B

2
..(3) 

Where, A = Liquid Lipid, and B = Homogenization 

Speed. 

% EE was negatively impacted by liquid lipid. Due 

to higher concentration liquid lipid availability, the 

% EE decreases with an increase in liquid lipid 

concentration. Homogenization Speed displayed a 

positive impact on particle size. The % EE 

increases as the homogenization speed increases. 

Equation (3) also showed the combined effect of 

Liquid Lipid and Homogenization speed on % EE. 

This combination displayed a negative effect on % 

EE. So, from equation (3), it can be concluded that 

liquid lipids had a more prominent effect on % EE 

than homogenization speed. 

 
FIG. 7: 3D RESPONSE SURFACE PLOT SHOWING THE EFFECT OF INDIVIDUAL VARIABLES ON THE % 

ENTRAPMENT EFFICIENCY 

By doing the “Numerical Optimization”, 39 

solutions have been found. In every solution, 

desirability is 1.000.  

Table 7 represents the “Solutions obtained from 

Numerical Optimization”.  

TABLE 7: SOLUTIONS OBTAINED FROM NUMERICAL OPTIMIZATION 

Solution Number Liquid Lipid (mL) Homogenization Speed (RPM) Desirability 

1 3.5 7000 1.000 

2 3.5 5000 1.000 

3 3.5 3000 1.000 

4 2.3 3400 1.000 

5 5 3000 1.000 

6 2.3 5400 1.000 

7 2.3 6600 1.000 

8 5 7000 1.000 

9 5 5000 1.000 

10 4.9958 3366 1.000 

11 4.1621 6548.4 1.000 



Biswas et al., IJPSR, 2023; Vol. 14(12): 5619-5632.                                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5629 

12 3.1709 6530.8 1.000 

13 4.6154 5360.8 1.000 

14 3.8807 5766.8 1.000 

15 2.6552 3950.8 1.000 

16 3.7718 3675.2 1.000 

17 3.2552 5136.4 1.000 

18 3.92 4298.8 1.000 

19 4.0421 5518.4 1.000 

20 3.47 3060.8 1.000 

21 4.8083 5944.8 1.000 

22 4.9766 5902.4 1.000 

23 2.3321 4724 1.000 

24 4.5398 5233.6 1.000 

25 4.3541 6228.4 1.000 

26 4.3313 6342.4 1.000 

27 2.0468 3498.4 1.000 

28 2.5997 3856 1.000 

29 3.8339 3488 1.000 

30 4.7573 5917.6 1.000 

31 3.8864 5560 1.000 

32 4.6277 5663.2 1.000 

33 3.1544 5865.6 1.000 

34 3.4685 5661.6 1.000 

35 4.271 6238.4 1.000 

36 3.8429 6912.8 1.000 

37 2.1683 4212.8 1.000 

38 3.9455 4045.2 1.000 

39 2.7617 6806.8 1.000 
 

The Design – Expert Software (Version 7.1.5) 

provided 39 optimized formulations. Among them, 

it has been found that the formulations where liquid 

lipid quantity was equal to 2.00 mL, were not in the 

optimization list. Hence those formulations have 

been discarded. The Design – Expert Software 

provided 13 runs by Face–Centered Central 

Composite Design model where 5 formulations 

were repeated.  

Hence 9 formulations were taken into 

consideration. Among these 39 formulations, 6 

formulations have been included by the software in 

the optimization list. Among them, depending on 

the particle size, Formulation 1(NLC_1) (repeated 

in the Numerical Optimization list) has been 

considered as an optimized product, and further 

studies have been performed on this product. 

In-vitro Drug Diffusion Study using Dialysis 

Membrane: The in-vitro drug diffusion profile of 

Ofloxacin from Formulation 1(NLC_1) was 

reported in Fig. 8. The in vitro drug diffusion study 

was performed for 7 hours. It has been observed 

that the drug diffusion from the optimized 

formulation gradually increased and maintained a 

constant rate after 5 hours. The diffusion rate of 

ofloxacin was 89.79 % in 7 hours 
28

. 

 
FIG. 8: CUMULATIVE % RELEASE OF OFLOXACIN 

FROM OPTIMIZED FORMULATION (NLC_1) IN 

PHOSPHATE BUFFER PH 7.4 

Ex-vivo Permeation Study using Goat Skin: 

After an in-vitro drug diffusion study using a 

dialysis membrane, an ex-vivo experiment was 

conducted to check the correlations between the 

experiments. The results found were satisfactory to 

proceed 
29

. For this investigation (drug permeation 

kinetics), healthy adult goat ocular skin has been 

selected 
30

. According to skin permeability, the 

order reported is mouse > rat > guinea pig > rabbit 

> monkey > dog > goat>ship>pig>human being 
26

. 

It has been found that the permeation of ofloxacin 



Biswas et al., IJPSR, 2023; Vol. 14(12): 5619-5632.                                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5630 

through goat ocular skin from the optimized 

product is around 71.33 % in 7 hours. The drug 

permeation might be described by zero-order 

kinetics. The permeability coefficient was 

calculated using P = K. Vr/S, where S is the 

effective surface area of the goat ocular skin, Vr is 

the volume of the receiver chamber, K is the Zero 

order constant, and P is the Permeability 

Coefficient 
26

. It was found to be 1.141 cm/min. 

 
FIG. 9: CUMULATIVE % OF OFLOXACIN 

PERMEATED, RELEASED FROM OPTIMIZED 

FORMULATION (NLC_1) BASED GEL 

DISCUSSION: As previously noted, this study 

was conducted using Ofloxacin-loaded NLC. The 

study aimed to evaluate the efficacy of Ofloxacin-

loaded Nanogel for optical administration. First, the 

compatibility between the drug and excipients was 

examined using an FTIR analysis. By interpreting 

the FTIR spectra, it can be concluded that this 

combination can be used to proceed with nanogel 

formulations. In order to optimize the formulation 

based on particle size, spreadability coefficient, and 

% entrapment efficiency, the formulations were 

created using Design-Expert software (Version 

7.1.5) utilizing a face-centered Central Composite 

Design. The software provided 13 formulations 

with 5 repetitions to check and analyze the error. 

The % entrapment efficiency of the Ofloxacin-

loaded NLC formulations was found to be in the 

range of 48.7% to 93.05%, while the particle size 

of Ofloxacin-loaded NLC formulations was 

measured to be in the range of 78.79 nm to 648.4 

nm. The spreadability of Ofloxacin-loadednanogel 

formulations was found to be in the range of 0.259 

to 0.359 gm. cm/sec. The ANOVA was used to 

analyze the results. Polynomial equations and the 

software's generated 3D response surface graphs 

were used to describe the impact of Independent 

Variables (Factor) on the response parameter 

particle size, spreadability coefficient, and % 

entrapment efficiency. The software predicted 39 

optimum formulations based on the values of the 

response parameter. A formulation with a low 

particle size was chosen from the formulations to 

carry out the additional research. By looking at the 

formulation's SEM picture, it was possible to verify 

the surface morphology and particle size 

distribution. By doing an SEM examination on the 

optimized formulation, it was discovered that the 

particle size was between 67.69 and 170.9 nm.  

Using a Franz diffusion cell, it was possible to 

analyze the in-vitro drug diffusion using a dialysis 

membrane and the ex-vivo permeation of the 

optimized formulation through goat optical skin. 

The in vitro drug diffusion study was performed for 

7 hours. It has been observed that the drug 

diffusion from the optimized formulation gradually 

increased and maintained a constant rate after 5 

hours. The diffusion rate of ofloxacin was 89.79 % 

in 7 hours. 

After in-vitro drug diffusion study using a dialysis 

membrane, an ex-vivo experiment was conducted to 

check the correlations between the experiments. 

The results found were satisfactory to proceed. It 

has been found that the permeation of ofloxacin 

through goat ocular skin from the optimized 

product is around 71.33 % in 7 hours. The drug 

permeation might be described by zero-order 

kinetics. The permeability coefficient was 

calculated using P = K. Vr/S, where S is the 

effective surface area of the goat ocular skin, Vr is 

the volume of the receiver chamber, K is the Zero 

order constant, and P is the Permeability 

Coefficient. It was found to be 1.141 cm/min. 

Therefore, based on the outcome of the study 

performed here we can state that the NLC 

formulations have effective action on the delivery 

of ofloxacin through the ocular membrane. In the 

future, by performing these studies the formulation 

can be more optimized for use in case of ocular 

drug delivery. 
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