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Abstract:  
In this research, we have used polyethylene to 
characterise and produce nanosponges 
tolbutamide oral formulations (poly-
caprolactone). For decades, efficient targeted 
pharmaceutical distribution technologies have 
been a pipe dream. Nanosponges drug delivery 
technology has emerged as one of the most 
promising new medication delivery methods. 
Nanosponges drug delivery technology has 
recently become a significant advancement in 
overcoming various biopharmaceutical 
challenges. Before it reaches the precise target 
surface, the Nanosponges target the medicine in 
the body's systemic circulation and begin to 
release the drug in a controlled and consistent 
way. A broad range of drug molecules have been 
filled with hydrophilic and lipophilic drug 
material in Nanosponges medicine release 
devices. As a result, the Nanosponges are a 
suitable target carrier molecule. The medicine 
may be given at a specific place in the 
Nanosponges approach, preventing the drug from 
destroying proteins and extending drug release in 
a predictable manner. According to the FTIR and 
DSC investigations, there was no significant 
association between the medication and the 
excipients. In nanoscale ranges, prepared 
nanoparticles having spherical shape have been 
found to be resilient. The rubber's surface, which 
has an explosive effect and indicates that action 
is about to begin, exposes free material particles. 
Drug release studies indicate that drugs will 
continue to be released into the polymeric matrix. 
The tolbutamide-loaded nano-carrying unit was 
absorbed with continuous drug release patterns in 
this study, demonstrating the effectiveness of 
increased solubility. 
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Introduction: 
Tolbutamide is a hypoglycaemic drug that 
promotes insulin production by acting primarily 
on B cells. On the KATP channel in plasma B-
cell membranes, high-affinity tolbutamide 
receptors are present, and tolbutamide 
counterparts are attached to trigger insulin 
release. [1-2].The drugs work by inhibiting the 
KATP channel, which is responsible for 
polarisation, Ca2+ entry, and insulin production 
in B cells. It is a water-soluble medicine with a 6-
12 hour working duration. The medication's 
pharmacokinetic aspect is that part of the 
tolbutamide and carboxylate concentrations are 
converted to inactive molecules in the liver and 
are normally eliminated by the kidneys. The 
quantity and frequency with which each solid 
dosage form is taken is determined by the degree 
of dissolution and duration of the medicine. 
Dissolution is a limiting factor in the absorption 
process, especially for medications with an 
aqueous solubility of less than 0.1 mg/ml or for 
pharmaceuticals that are poorly or insoluble in 
water [10]. Insufficient or intermittent G.I.T. is 
used to take these somewhat insoluble 
medications. Micro-crystalline or molecular 
dispersion is used to create a stable dispersion of 
a low-water-solution medicinal ingredient in a 
solid transport matrix. Tolbutamide is a kind of 
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aryl sulfonylurea drug that is often used to treat 
type 2 diabetes [3]. It belongs to the first 
generation of anti-diabetic drugs and has a great 
hypoglycaemic effect [4]. Insulin is induced by 
tolbutamide stimulation of pancreatic -cells. The 
drug is a dissolution-limited oral hyperglycaemic 
and belongs to BCS class II. Traditional dose 
versions of this medicine are often encountered, 
and they have a variety of adverse effects and 
limits. Limited availability to conventional 
pharmaceutical formulations at the sought place 
of service, numerous medicating for chronic 
treatments, and so on are some of the connected 
difficulties. [5]. Nanodrug delivery is therefore a 
highly effective technique to boost the potency of 
tolbutamide and is meant to improve 
bioavailability by improving water solubility and 
absorption at the point of administration. 
Nanomedicine creates individualised treatment 
plans that protect the body by destroying 
dangerous substances. Advances in 
nanotechnology have resulted in the development 
of a variety of nano-specific materials, such as 
nanoparticles and nanosponges, among other 
things.[6]These nano formulations are a practical 
and typical technique to increase absorption by 
lowering the particle size of drugs, especially 
when bioavailability and potentially harmful side 
effects are low. [7] 

Material and methods: 
Materials: Chemicals and pharmaceuticals with 
quantum properties Tolbutamide is used to make 
Tamilnadu. Sigma-Aldrich has developed a 
polymer (tal-caprolactone). Nanosponges were 
prepared and identified using deionized water.  
Methods:  The stock solution of tolbutamide was 
generated using the correct solution of 100 mg 
Tolbutamide in 10 ml of filtered water, and the 
amount was then adjusted to 100 ml in the same 
solution.  
Working: With filtered water, the standard 
resolution of a prescription was decreased to 2 - 
10 g of drug per ml. With a dual U.V. beam and 
a white-water distillation max of 284 nm, the 
diluted solvent absorbance was estimated. After 
that, the spectrometer was employed. The 
average of three readings was calculated and a 
table was created. Solubility analysis. 
Tolbutamide solubility was determined in pure 
water using a variety of buffers, including pH 2.5, 

pH 7.5, pH 8.0, and pH 9.0. Readings in triplicate 
and average have been taken.[9] 
Solubility studies: Tolbutamide buffers have 
been detected in filtered water at pH 2.5, pH 7.5, 
pH 8.0, and pH 9.0. There have been average and 
quadruple readings obtained.  
Preparation of Nanosponges by solvent 
evaporation method: The solvent evaporation 
technique 11, 12 yielded five sets of 
Nanosponges with different ethyl cellulose and 
polyvinyl alcohol contents. The dispersion stage, 
consisting of tolbutamide and the required 
amount of ethyl cellulose liquified in 10 ml of 
solvent (dichloromethane or ethnol), was slowly 
added to a given volume of PVA 100 ml 
aquaculturally, using a microwave oven. Filter 
paper is used to collect established Nanosponges, 
which are then dried in a 50°C oven for 2 hours. 
The vaccine desiccator has been used to hold 
nanosponges to ensure that dissolution is 
prevented. [11] 
Solvent Evaporation Method: Different 
quantities of ethylcellulose were employed to 
make nanosponges, with solvent evaporation 
methods utilised to delay polymers and co-
polymers such polyvinyl alcohol and -
cyclodextrins. A dysphate phase consisted of 
tolbutamide (1 gm) or the appropriate amount of 
ethyl cellulose dissolved in 10 ml of solvent was 
slowly added to a dysphate phase made of 
tolbutamide (1 gm) or the required amount of 
ethyl cellulose dissolved in 10 ml of solvent. For 
three hours, the reaction mixture was stirred in a 
magnetic agitator at 1000 rpm. Whatman filter 
paper was used to purify the Nanosponges, which 
were then dried in a 50°C oven for 2 hours. Dry 
Nanosponges were placed in a vacuum drier to 
ensure that any remaining solvent was removed. 
[12] 
Drug - Excipient Compatibility Study: 
Potassium and polymer are combined and 
processed in a 1:1 ratio in glass bottles. At 40 
percent and 75 percent HR, the glass vials were 
screened and installed in the stabilisation 
chamber for one month. FT-IR, polymer, and 
physical drug combinations and polymers have 
all been used to produce and test tolbutamide 
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peaks. All samples' spectra were obtained on a 
scale of 4000- 4000 hundred cm-1. [13] 
Table 1: Formation of tolbutamide loaded 
nanosponges. 

Evaluation of nanosponges: 
The nanosponges made for the following tasks 
were assessed: 
a. Scan electron microscopy characterization 
b. Studies of in vitro dissolution 
c. Performance of drug Enrapping 
d. Size and form of particles (Zeta sizer) 
Drug Entrapment Efficiency: The 
spectrophotometric determination of the 
compound entanglement efficacy of the produced 
nanosponges. A modest quantity of ethyl acetate 
(10 mg/100 ml) was dissolved and deposited in 
tolbutamide nanoparticles for 12 hours (10 mg). 
The 1 ml beverage was drunk and diluted into 10 
ml using a phosphate buffer pH of 7, 4 and a UV-
Visible spectrophotometer calibrated at 258 nm. 
The medication Entrapment was tested using 
equation 1 to see how effective it was 
(percent).[15] 

 

Scanning electron microscopy: SEM was used 
to identify the moral properties of the produced 
Nanosponges at various magnifications. 
Particle size and shape: For the standard size of 
the particles and the shape of the created 
nanosponges, the Malvern Zeta sizer ZS was 
utilised as a dispersion medium. To determine the 
particle size, the sample was scanned 100 times. 
[18] 
Drug Percentage Studies using In-Vitro: 
Triplicate in vitro release studies were carried out 
using a USP Paddle at 100 rpm and 900 ml 

phosphate buffer at 370.2oC. (pH 6.8). Each 
experiment utilises 100 mg of nanoparticles that 
have been manufactured. Samples were taken 
every five minutes for the first hour and a half 
hour for the following three hours, up to six hours 
in an hour, and finally for the twelfth hour at 
normal intervals. Calculated 
spectrophotometrically at 284nm. A new 
dissolving medium has been replenished to 
compensate for the quantity of sample 
removed.[8] 
Solubility studies:  
Distilled water, acidic and alkaline pH buffers 
have all been tested for tolbutamide solubility. 
Purified water (100 mg/10 ml), gasoline (0.395 
mg/ml), and dichloromethane (100 mg/10 ml).  
 
 
Result and Discussion:- 
A) Particle size examination of nanosponges: 
The particle size of the nanosponges was 
estimated using optical microscopy, and the 
nanosponges were confirmed to be normal. The 
particle sizes of both preparations range from 
265.9 to 522.8 nm on average. However, it was 
discovered that the particle size reduced when the 
drug to polymer ratio was improved by 
increasing the polymer concentration, but only 
after a specific concentration. This might be 
because the amount of polymer available per 
nanosponge was somewhat restricted with a high 
drug-to-polymer ratio. In big drug/polymer 
ratios, maybe less polymer is present across the 
drug, and the thickness of the wall and smaller 
nanosponges has been lowered. The particle size 
formulations vary with the polymer drug ratio 
concentration, as determined by particle size 
evaluation. 
Table 2: Particle size of nanosponges: 

S.No. Formulation 
code Particle size (nm) 

1 TF1 522.8 
2 TF2 419.7 
3 TF3 388.7 
4 TF4 345.8 
5 TF5 265.9 

 
 
B) Morphology determination by scanning 
electron microscopy (SEM): 

Sr
. 
N
o. 

Materials TF1 TF
2 

TF
3 

TF
4 

TF
5 

1 Tolbutamide 
(gm) 0.25 0.2

5 
0.2
5 

0.2
5 

0.2
5 

2 Ethylcellulo
se (gm) 0.5 0.7

5 1 1.2
5 1.5 

3 Dichloromet
hane (ml) 20 20 20 20 20 

4 
β-
cyclodextrin 
(gm) 

0.5 0.5 0.5 0.5 0.5 

5 Water 50 50 50 50 50 
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The nanosponges were found to be spherical and 
homogeneous, with no visible pharmaceutical 
crystals on the surface.  
Figure 2: SEM Analysis photographs of 
Nanosponges: 

 
The surface and surface of the spherical 
nanosponges per unit weight are affected by the 
form of the nanosponges. The dissolving rate 
may be influenced by the unique shape of 
particles in the dissolution environment. 
Figure. 3: FTIR spectra of tolbutamide: 

 
 
Figure. 4: FTIR spectra of ethyl cellulose: 

 
 
Figure. 5: FTIR spectra of β cyclodextrin: 

 
 
Figure 6: Representation of Zeta Sizer: 

 
Figure 7: Graph of Zeta sizer of TF3 

 
 
 
 
Table 3: Drug content of Formulated 
nanosponges: 
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Formulation code Mean % drug 
content 

TF1 92.2 
TF2 94.2 
TF3 92.5 
TF4 92.8 
TF5 95.2 

Table4: Entrapment efficiency of batches 
TF1 TF5: 

Formulation code Entrapment 
efficiency % 

TF1 91.5 
TF2 92.5 
TF3 81.3 
TF4 93.5 
TF5 95.8 

Figure 8: % drug entrapment efficiency: 

 
 
Table 5: Percentage of drug release of 
nanosponges: 
TIME 
(HRS)  TF1 TF2 TF3 TF4 TF5 

0 0 0 0 0 0 
1 16.5 15.5 27.8 13.65 15.5 
2 28.5 26.5 38.5 25.5 32.5 
3 39.9 38.5 47.5 30.6 40.5 
4 52.6 50.5 56.5 42.6 51.5 
5 63 57.5 65.2 56.5 59.57 
6 68 69.5 77.6 67.9 68.09 
7 75.6 73.9 82.6 70.5 76.89 
8 82.6 79.5 90.5 78.5 85.06 
9 87.4 85.6 92.5 84.5 89.06 

10 92.5 90.5 94.6 86.9 90.80 
11 95.7 94.9 96.6 88.5 93.7 
12 97.5 96.1 99.8 98.5 96.8 

Figure 9: In vitro drug Release percentage 

 
 
Conclusion 
Nanosponges were produced and evaluated 
utilising a solvent evaporation approach, 
providing a number of key outcomes for the 
effective creation of nanosponges. TF3 
outperforms eight other formulations in terms of 
production. Both are within an optimised range 
for the production of a continuous release dose 
sort, and are considered an optimised formulation 
in this project. TF3 has a particle size of 388.7 nm 
and a trapping quality of 82.30. The drug content 
of 93.5 percent represents 99.8% of the 
medication that was supplied. This research 
resulted in the long-term release of primed 
nanosponges containing anti-diabetic 
tolbutamide. The final load (TF3) is thought to 
have the finest stuck nanosponges (99.8%) of all 
the formulations tested (TF1 through TF5). The 
nanosponges were created once the SEM 
characterization was completed. 
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