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Nanosponges are nanosized drug carriers having three dimensional structures that can 

entrap both hydrophilic and hydrophobic drugs. Lovastatin, a hypolipidemic drug 

encounters the major problem of poor oral bioavailability. Hence, the main aim of the 

study was to formulate and evaluate them by Emulsion solvent evaporation method 

using ethyl cellulose, PVA and β-Cyclodextrin and dichloromethane as a solvent. The 

FTIR test is conducted and it was concluded that the absence of drug polymer 

interactions. The nanosponges are evaluated for drug entrapment efficiency, particle 

size, surface morphology, Zeta potential. Average particle size of Lovastatin 

nanoparticles was found to be 84.29 to 191.58nm. The Nanosponge loaded capsules are 

tested for weight variation test, in vitro disintegration test, drug content, in vitro 

dissolution test and stability studies. In-vitro release of drug from capsule follows zero 

order and showed controlled release behaviour for a period of 24 h. The study indicates 

that nanosponges of Lovastatin are promising for controlled drug delivery. 
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INTRODUCTION 

Nanosponges are made of microscopic particles 

with few nanometers in which a large variety of 

substances can be encapsulated. These particles 

possess the ability to carry both lipophilic and 

hydrophilic substances and thereby improving the 

solubility. Drug release occurs by diffusion, 

degradation, Swelling and affinity-based 

mechanisms. Newer development of 

pharmaceutical compounds in the form of targeted 

drug delivery system, in which the drug is only 

active in the target area of the body (for example, 

in cancerous tissues, brain, colon), sustained 

release formulations in which the drug is released 

over a period of time in a controlled manner from 

a formulation.1,2 Nanosponges have many 

applications in the field of drug delivery which 

includes the Solubility Enhancement because 

presence of cross-linking agent and cavities in the 

nanosponge structure helps interaction with active 

molecules. The hydrophilic hydroxyl groups on 

the external surface remain exposed to the  

https://www.ijpsjournal.com/


Anusha , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 3, 58-68 | Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                   59 | P a g e  

environment, while the hydrophobic functionality 

of the complex hides in the interior cavity of the 

cyclodextrin the net effect is that a water-soluble 

complex is formed.3,4 Lovastatin is a lipid-

lowering medication part of the statin drug class 

used to treat and prevent coronary heart disease, 

hypercholesterolemia, and adolescent patients 

with heterozygous familial hypercholesterolemia. 

This activity will review the mechanism of action, 

adverse effects, and other key factors (e.g., off-

label uses, dosing, pharmacodynamics, 

pharmacokinetics, monitoring, relevant 

interactions) pertinent to the interprofessional 

team members in the treatment management of 

patients with hypercholesterolemia.5 

MATERIALS AND METHODS 

Lovastatin, Polyvinyl alcohol, Ethyl cellulose, β-

Cyclodextrin, Dichloromethane was received from 

Yarrow Chem Products, Mumbai. 

Compatibility Studies using FTIR 

Spectroscopy: 

FTIR spectral analysis of pure drug was carried out 

by using FTIR spectrometer, Jasco-FTIR- 4100 

using the KBr disk method. The peak obtained in 

the spectrum was compared with the standard 

spectrum of Lovastatin. 

METHOD OF PREPARATION OF 

LOVASTATIN LOADED 

NANOSPPONGES:6,7,8 

Preparation of Nanosponges by Emulsion solvent 

diffusion method. The disperse phase consist of 

drug (lovastatin) and specified quantity of ethyl 

cellulose dissolved in required quantity of 

dichloromethane was slowly added to a definite 

amount of PVA in 100 ml of aqueous continuous 

phase. The mixture was stirred at 1000 rpm on a 

magnetic stirrer for 2 hrs. The formed lovastatin 

nanosponges were collected by vacuum filtration 

and dried in an oven at 40°C for 24 hrs. 

Preparation lovastatin loaded Nanosponge 

capsule (Punch method or manual filling): Powder 

is placed on a sheet of clean paper or porcelain 

plate using spatula which is formed into a cake 

having depth approximately one-fourth to one-

third the length of capsule body. the base of the 

capsule is held vertically and the open end is 

repeatedly pushed into the powder until the 

capsule is filled; the cap is then replaced to close 

the capsule. 

Table No. 1: Formulation of lovastatin loaded nanosponge. 

Ingredients (mg) F1 F2 F3 F4 F6 F7 

Lovastatin 100 100 100 100 100 100 

Ethyl cellulose 400 600 900 1000 800 600 

Polyvinyl alcohol 600 800 900 1000 1100 1200 

β-cyclodextrin 200 200 200 200 200 200 

Dichloromethane(ml) 30 30 30 30 30 30 

Distilled water QS 

(ml) 

100 100 100 100 100 100 

Characterization of Nanosponge:9,10. 

1. Particle size and Malvern zeta sizer: 

Average particle diameter = ∑ n*d/N 

When, n = total no. of particles in that size range. 

D = diameter of the particle of that size range. N = 

total no. of particle. 

2. Zeta potential: 

Zeta sizer can be used to measure zeta potential, 

which is the measure of surface charge of 

nanosponges. In the present work, the 

nanosponges was diluted to 10 times with distilled 

water and analysed by zetasizer using laser 

Doppler micro electrophoresis. More than 30mv 

zeta potential value in water indicates good 

stability of nanosponges. 

3. Percentage yield: 

The prepared and dried nanosponges of all batches 

were accurately weighed. The measured weight of 
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prepared nanosponges to the total amount of all the 

excipients and drug used in the preparation of 

nanosponges, gives the total percentage yield of 

nanosponges. It was calculated using the following 

equation. 

4. Drug entrapment efficiency: 

100 mg of omeprazole nanosponges of each batch 

were selected, powder in a mortar and placed in 

100 ml of methanolic HCl. Omeprazole was 

extracted by centrifuging at 1000 rpm for 30 min, 

filtered and analysed by UV spectroscopy. 

Percentage entrapment was calculated as follows, 

𝐄𝐧𝐭𝐫𝐚𝐩𝐦𝐞𝐧𝐭 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 (%) = 𝐀𝐜𝐭𝐮𝐚𝐥 𝐝𝐫𝐮𝐠 

𝐜𝐨𝐧𝐭𝐞𝐧𝐭/𝐓𝐡𝐞𝐨𝐫𝐞𝐭𝐢𝐜𝐚𝐥 𝐝𝐫𝐮𝐠 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 ×𝟏𝟎𝟎 

5. Shape and surface morphology: 

Scanning electron microscopy (SEM) is used to 

determine the shape and morphology of 

nanosponges. Sample was deposited on a glass 

slide, and was kept under vacuum. Then 

nanosponges were coated with a thin 

gold/palladium layer using a spulter coater unit. 

Finally, the morphology and size of the 

nanosponges observed under the scanning electron 

microscopy at an accelerated voltage of 15Kv. 

RESULT AND DISCUSSION 

Drug-Excipients compatibility studies 

 
Figure No.1: FTIR Spectra of Lovastatin

Figure No.2: FTIR Spectra of Lovastatin loaded Nanosponges 

Table No. 2: Interpretation of IR Spectra 

Functional Group Reported Frequency Pure Lovastatin 
Lovastatin 

Loaded Nano sponge 

CYCLIC-OH 1600-1400 1525.69 1531 

O-H STRETCHING 1400-1200 1398.39 1400 

C=O 1820-1600 1625 1629 
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The characteristic absorption peaks of Pure 

Lovastatin and Lovastatin loaded nanosponge 

were obtained at 1525.69cmˉ1, 1398.39 cmˉ1, and 

1625 cmˉ1 .  Compatibility studies were conducted 

to check possible interactions between drug and 

polymers and drug and all excipients. 

Compatibility study for drug –polymer and drug 

excipients compatibility by FTIR gave 

confirmation about the purity of the drug and 

showed no interaction between drug – polymers 

and drug-excipients. 

EVALUATION PARAMETER 

Evaluation of lovastatin nanosponges: 

Table No. 3: Average particle size of the lovastatin nanosponges. 

Sr. 

No 

Formulation 

code 

Particle 

Size (nm) 

Standard 

deviation* 

1. F1 191.58 ±0.013 

2. F2 104.15 ±0.016 

3. F3 84.29 ±0.011 

4. F4 115.80 ±0.016 

5. F5 136.22 ±0.018 

6. F6 173.16 ±0.017 

*Each value is an average of three determinations. 

Particle size of the lovastatin nanosponges ranges from 84.29nm to 191.58nm. 

 
Figure No.3: Particle size of lovastatin loaded nanosponge 

Percentage yield 

Table No. 4: Percentage yield of lovastatin nanosponges 

Sr No. 
Formulation 

code 
Percentage yield 

1 F1 39.25±1.37 

2 F2 35.58±1.78 

3 F3 53.47±1.19 

4 F4 31.22±0.98 

5 F5 36.22±2.30 

6 F6 25.70±1.83 

The result of percentage yield is shown in Table 

No: 12 The percentage yield value of nanosponges 

was found to be best for F3. Further increasing the 

concentration of polymer the % yield was found to 

be decreased due to the sticky nature of the 

product. This cannot be filtered 
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Figure No.4: Photograph of the prepared 

lovastatin nanosponges. 

Drug Entrapment Efficiency: 

Table No. 5: Drug Entrapment Efficiency 

Sr. 

No 

Formulation 

Code 

Entrapment 

efficienct 

1 F1 51.81±0.83 

2 F2 80.83±0.75 

3 F3 87.57±1.01 

4 F4 79.04±1.72 

5 F5 71.21±0.98 

6 F6 70.37±1.30 

The drug entrapment efficiency was found to be in 

the range of 51.81±0.83 to 87.83±0.75. 

Shape and Surface morphology: 

 

 
Figure No.5: SEM images of lovastatin nanosponge F3 formulation 

The shape and surface morphology of the prepared 

nanosponges were observed by scanning electron 

microscopy. SEM photograph of the formulations 

F3 revealed that nanosponges were spherical, 

discrete with smooth surface. 

Zeta Potential: 

Sr.No 
Formulation 

code 
Zeta potential –mv 

1 F1 -16.5 
2 F2 -17.7 
3 F3 -15.2 
4 F4 -15.5 
5 F5 -16.1 
6 F6 -15.2 
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Figure No.6: Zeta potential of lovastatin nanosponges F3.

EVALUATION OF CAPSULES 

Table No. 7: weight variation test, In vitro disintegration test, drug content of Lovastatin loaded 

nanosponge capsule 

Sr. 

No. 

Formulation 

code 

Weight 

variation(mg) 

Disintegration 

time(min) 

Drug content 

(%) 

1 F1 286±1.5 36.2 96.93±1.16 

2 F2 290±1.3 37.4 95.18±1.81 

3 F3 287±1.5 39.5 99.47±1.81 

4 F4 279±1.6 37.1 94.97±1.97 

5 F5 285±1 38.3 92.01±2.13 

6 F6 287±1.2 37.8 95.43±1.73 

Table no.7 showed the weight variation, 

disintegration time and percentage drug content, in 

each formulation of Lovastatin loaded capsules. 

1. Weight variation test 

The formulation F4 showed lowest weight 

variation value 279±1.6mg,formulation F2 

showed highest weight variation value 290± 

1.3mg.The weight variation test of Lovastatin 

loaded capsule were found within the limits. 

2. Disintegration test 

The formulation F1 showed lowest disintegration 

time 36.2 mins and the formulation F3 showed 

highest disintegration time 39.5 mins. The 

disintegration time of Lovastatin loaded capsule 

were found within the limits. 

3. Drug content test 

Formulation F5 showed lowest drug content value 

92.01±2.13%, F3 showed highest drug content 

99.47±1.81%. Percentage drug content of 

lovastatin in all the formulated capsules were 

found within the limits. The results within the 

range 99.47±1.81% indicate uniform of mixing. 

4. In-vitro dissolution study 

In vitro drug release study was performed using 

USP dissolution- І test apparatus at 100 rpm using 

900 ml of 6.8 pH phosphate buffer maintained at 

37±0.5 ºC as the dissolution medium. 

Table No. 8: In-vitro drug release study of preliminary formulations of Lovastatin 

Nanosponge 

Time (Hrs) 
Percentage Cumulative Drug Release 

F1 F2 F3 F4 F5 F6 

00       
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-- -- -- -- -- -- 

0.5 14.76 14.69 16.75 18.60 19.16 8.54 

1.0 18.76 22.46 21.86 19.60 23.69 22.99 

2.0 21.48 33.68 28.68 24.95 38.12 28.90 

3.0 24.60 35.82 31.56 27.15 40.27 32.34 

4.0 37.63 38.93 34.26 38.86 42.07 34.84 

5.0 39.74 45.34 63.83 40.29 55.87 37.94 

6.0 40.16 58.06 68.35 42.01 58.14 39.52 

7.0 42.35 79.63 83.76 61.96 60.23 44.39 

 
Figure No. 7: In-vitro dissolution study of preliminary formulations 

Table no. 17: Dissolution studies for preliminary 

formulations were done keeping 7 hrs limits. 

Formulation F1 showed least percentage 

cumulative drug release value 42.35% at 7 hrs. and 

formulation F3 showed highest percentage of drug 

release value 83.76% in 7 hrs. Percentage 

cumulative drug release value of all formulations 

ranges from 42.35% to 83.76% at 7h. 

In-Vitro Dissolution Study 

Table No. 9: in vitro drug release profile of lovastatin loaded nanosponge capsules 

Sr. No. Time ( min) % CDR 
1 0 0 
2 15 1.45±0.16 
3 30 2.05±0.26 
4 60 3.68±0.22 
5 120 12.13±0.36 
6 180 21.62±1.02 
7 240 38.59±1.22 
8 300 55.61±1.07 
9 360 80.42±1.33 
10 420 90.31±1.36 
11 480 98.88±1.21 

  

%CDR v/s TIME 

90 

80 

70 

60 

50 

40 

30 

20 

F1 

F

2 

F

3 

F

0 1 2
 3 

4 

TIME(hrs) 

5 6 7 8 



Anusha , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 3, 58-68 | Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                   65 | P a g e  

Figure No. 8: In-vitro dissolution study of lovastatin loaded nanosponge capsule 

In vitro drug release study was performed using 

USP Type І dissolution test apparatus at 100rpm 

using 900 ml of 6.8 pH phosphate buffer 

maintained at 37±0.5 ºC as the dissolution 

medium. 

5. Kinetic studies: 

Table No. 10: Release kinetics of optimized formulation. 

Formulation Zero 

order 

First 

order 

Higuchi Korsmeyer 

Peppa’s 

FC1 0.9844 0.9641 0.9807 0.9767 

FC2 0.9874 0.9851 0.9701 0.9937 

FC3 0.9882 0.9394 0.9956 0.9854 

Figure No. 9: Zero Order Plot for Optimized Formulation 
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Figure No. 10: First order plot for optimized formulation. 

Figure No. 11: Higuchi Plot of Optimized Formulation. 

Figure No. 12: Korsmeyer Peppa’s Plot of Optimized Formulations. 
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The In vitro drug release data was subjected to 

goodness of fit test by linear regression analysis 

according to zero order, first order kinetic 

equation, Higuchi’s and Nordmeyer’s and Peppa’s 

models in order to determine the mechanism of 

drug release. When the regression coefficient 

values of zero order and first order plots were 

compared, it was observed that ‘r’ values of zero 

order plots were in range of 0.9844 to 0.9882 

indicating drug release from most of the 

formulations was found to follows zero order 

kinetics. It is not able that the ‘r’ values of the 

linear regression for Higuchi’s plot were found to 

be in range of 0.97 to 0.99 indicating that the data 

fits the Higuchi’s model well and the drug release 

was found to be predominantly controlled by 

diffusion process. When the In-vitro dissolution 

data was fitted to Korsmeyer’s and Peppa’s model, 

the ‘r’ values were found to be in range of 0.97 to 

0.99 in most of the formulations, indicating the 

data fits the Korsmeyer’s and Peppa’s model well. 

The slopes (n) values of Korsmeyer’s and Peppa’s 

equation were found to be > 0.45 and < 0.89 i.e. 

0.59 indicating the drug release is governed by 

non-fickian diffusion mechanism. The in-vitro 

release profile of F3 could be best expressed by 

zero order kinetic model. The release exponent 

indicates that the release from nanosponges 

followed non-fickian release.i.e., by swelling and 

erosion is always associated with diffusion and 

dissolution mechanism. The in vitro release profile 

of lovastatin loaded nanosponge capsules could be 

best expressed by zero order kinetic model. It 

indicates that the release from capsules followed 

fickian release, that is release Always associated 

with diffusion mechanism. 

1. Stability Studies: 

Table No. 11: In-Vitro drug release of formulated F3 lovastatin loaded nanosponge capsule 

A *:25±2 ˚C and 60±5%RH, B**:40±2 ˚C and 75±5%RH Short-term accelerated stability 

Formulation Drug release(%)at time 7 hours 

 At 0 day At 30 day After 60 days 

 - A * B** A * B ** 

F3 83.74 83.30 83.21 83.21 83.01 

study was performed on the optimized 

formulations by storing the samples at 60 °C±20 

℃RH with 38 ℃±2%/5% RH for 60 days. The 

samples were tested for any changes in drug 

content and in vitro drug release studies at monthly 

intervals. The results of stability studies did not 

show any significant change in the drug content 

and in-vitro dissolution studies of above three 

formulations. 
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