
INTRODUCTION
Diabetes mellitus is a prolonged metabolic ailment that 
has substantial social, health, in addition to financial 
consequences.1 However, the characterization is based on 
the glucose concentrations in blood, such as high blood 
glucose levels leading to the symptoms of hyperglycemia, 
which is considered one of the diabetes mellitus conditions.2 
While insulin resistance typically coexists with these 
metabolic disorders. Hyperglycemia is well-known as non-
insulin-dependent diabetes mellitus and it is a complex 
condition that primarily affects adults.3,4  Furthermore, oral 
antihyperglycemic drugs are utilized to treat this disease, 
such as the sulfonylurea class of insulin secretagogues 
gliclazide (second-generation drug of sulfonylureas), which 
stimulates the β-cell receptor.5,6 Even increased the release 
of basal and meal-stimulated insulin, enhanced peripheral 
glucose uptake, and decreased hepatic gluconeogenesis.7,8 The 
primary action of gliclazide is to connect with ATP-sensitive 
potassium channel receptors, lowering potassium conductance, 
and causing membrane depolarization.9 This action raises 
intracellular calcium ion concentration and triggers the release 
of insulin. Alongside there are a number of drawbacks that were 

visualized in conventional drugging delivery systems such as 
systemic side effects, and low bioactivity.10 In order to achieve 
these drawbacks, the nanoparticle system was introduced such 
as nanosuspensions, these are colloidal systems comprising 
stabilizers and pure drugs, either in their original form or 
as freeze-dried into a solid matrix. Nanosuspensions in 
both organic and aqueous phases are employed to improve 
the solubility of drugs.11-13 Nanosuspensions, often referred 
to as particles resembling fine dust, aid in the dissolution 
of a scheme and enhance absorption, promoting increased 
effectiveness.14 Moreover, it demonstrated the photostability, 
stability at room temperature in addition to humidity, and 
compatibility using the excipient and solvent.15 However, for 
chemicals with a higher log p-value, higher melting point, as 
well as higher dosages that are insoluble in water but soluble 
in oil; nanosuspension is favored.16 Additionally, API that 
are unsolvable in together water and organic solvents can 
also be employed with nanosuspension expertise including 
biopharmaceutical classification system (BCS) class-II or 
IV drugs such as gliclazide can be utilized to encapsulate in 
nanosuspension to enhance the solubility and side effects.17,18 
In this review, we discussed the sulfonylureas class gliclazide 
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for the management of diabetes mellitus to reduce its side 
effects and enhancement its solubility thus, loaded in the 
nanosuspension. 

MATERIALS AND METHOD

Materials
Gliclazide was acquired as a gifted specimen commencing 
Tiruvision Medicare, Baddi, Sodium lauryl sulphate (SLS) 
was procured from Lobagens, Kollicoat IR and Soluplus 
was gift sample from BASF, DMSO purchased from Blessed 
Organics. All supplementary chemicals and reagents were 
used of analytical grade.
Method

Formulation of nanosuspensions of gliclazide
Nanosuspensions of gliclazide were formulated through the 
precipitation-ultrasonication method. Briefly, gliclazide was 
dissolved using DMSO as the solvent. While Kolicoat IR, 
Soluplus and SLS were dissolved in water using a magnetic 
stirrer at 1500 rpm to act as an anti-solvent solution precooled 
to 4℃. After that, the drug’s solvent mixture was added 
dropwise into the antisolvent mixture comprising polymers and 
surfactants. The created suspension was then subjected to the 
ultrasonication probe’s treatment creating the ideal nano sizes, 
the formulated nanosuspensions were centrifugated at optimum 
rpm for a sufficient time. Moreover, after the centrifugation, the 
supernatant was discarded and the rest sediments or the solid 
residue was dehydrated in hot air oven at 40℃ for a sufficient 
time. The formulated nanosuspensions of gliclazide were 
evaluated on numerous process parameters including particle 
size, entrapment efficiency, and furthermore.19-21

Optimization of nanosuspensions of gliclazide
Using the Box-Behnken experimental methods, the 
nanosuspension formulation’s statistical optimization was 
completed. Particle size (Y1), entrapment efficiency (Y2), 
and drug release (Y3) were the dependent variables, whereas 
the amounts of the soluplus (X1), kolicoat (X2), as well 
as sonication time (X3) were the independent factors for 
optimization.22 In a multidimensional cube, the Box-Behnken 
design sets a point in triplicate at the center and at the middle 
of each edge. The Table 1 shows the lower (-1), middle (0), and 
higher (+1) levels of the independent variables, which were 
assessed and established on the results of the early experiments. 
The table also displays the response criteria (i.e., the dependent 
variables, Y1) for the optimization of the formulation. As 
indicated in the table, design matrices with 17 trial runs were 
produced using the Design Expert summarized in Table 1.23 
Evaluation of nanosuspensions of gliclazide

• Particle size, and %EE
The Malvern Zetasizer (Nano ZS 90, Malvern Instruments, 
UK) was utilized to measure the particle size (nm), as well as 
PDI at 25℃. Double-distilled water was used to adequately 
dilute the nanosuspension dispersion before measurement. 
Non-encapsulated drug was determined using the supernatant 

that was left behind after centrifugation. Using ultraviolet 
spectroscopy set at 226 nm, samples were examined. The 
following formulas were used to compute the NPs’ EE.24,25

• Fourier transform infrared spectrum
In order to investigate potential interactions between GLMP 
and the excipients used in the NP as well as the stability of the 
drug during this process, FTIR spectroscopy was conducted 19. 
The analysis was carried out using the potassium bromide disc 
method, whereby samples of approximately palletized under 
vacuum, 2 to 3 mg of the mixture were combined with KBr, 
and analyzed using an FTIR spectrophotometer (PerkinElmer, 
US) over a 4000 to 400 cm-1 range.26

• Differential scanning calorimetry
The DSC (TA Instruments US) was utilized to conduct a 
DSC analysis. Precisely weighed specimens were placed in 
aluminum pans and covered with lids.27

• X-ray diffractometry
The altered crystallinity of Gliclazide upon nanonization is 
revealed by X-ray powder diffraction measurements using 
Malvern Analytical, UK.28

• Scanning electron microscopy
Surface morphology and shape was investigated using 
scanning electron microscopy (Jeol Ltd Japan). At 15.0 kV of 
acceleration, the working distance was kept between 8.6 and 
8.8 mm. By applying a gold coating, the nanoparticles became 
electrically conductive. A brass tub was used to mount these 
gold-coated nanoparticles using double-sided adhesive tape. 
The ion sputter was kept at 5 pa vacuum throughout the entire 
process.29

• In-vitro drug release investigations
The drug dissolution investigations were conducted utilizing 
pH 7.4 phosphate buffer (900 mL) for both pure gliclazide 
and GLC nanosuspension. Each substance was separately 
dispersed into 3 mL of pH 7.4 phosphate buffer, and this 
dispersion was then filled into dialysis tubes, securely tied 
at both ends. These tubes were placed in a dissolution test 
apparatus with the release media, maintaining a temperature 
of 37 ± 0.5°C, and paddles working at 100 rpm. Sample 
aliquots (5 mL) were collected at intervals of 0, 5, 10, 15, 20, 

Table 1: Low, medium, and high stages of the independent variables

Independent variables
Levels
Low Medium High

X1 = Soluplus (mg) 95 105 115
X2 = Kollicoat (mg) 95 105 115
X3 = Sonication time (minutes) 10 15 20
Transformed Values -1 0 +1

Dependent Variables
Y1 = Particle size (nm)
Y2 = EE (%)
Y3 = The Drug release (%)
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25 and 30 minutes, sieved with a 0.45 μm membrane filter. 
After each collection, 5 mL of new media was introduced 
towards the dissolution media. The UV spectrophotometer 
at 226 nm was utilized to determine the amount of drug 
present.30

RESULT AND DISCUSSION

Statistical Analysis
In a multidimensional cube, the Box-Behnken design sets a 
point in triplicate at the center and at the middle of each edge. 
Thus, in order to investigate the factors systematically, the Box 
Behnken design was utilized. The 17 experimental runs for 
the nanosuspension formulation optimization, together with 
all the observed responses (dependent variables). The multiple 
regression analysis was fitted to the responses (Y1, Y2, and 
Y3) to provide the linear equations suggested by the Design 
expert software summarized in Table 2.31

Response Surface Analysis
With the assistance of Design Expert Software, the model 
equations were employed to create the (2D) 2-dimensional 
contour plots and (3D) 3-dimensional response surface plots.32

Y1 (Particle Size)
The linear equations of Y1 predicted that the sequential p-value 
is <0.0001 which is less than 0.05 and predicts the strong 
evidence against the null hypothesis summarized in Table 3. 
The R2 value is 0.9710, and the adjusted and predicted R2 value 
is 0.9643 and 0.9619 which had a difference of less than 0.2 
summarized in Figure 1 and Table 3. The ANOVA equation 
predicts the interaction between the consistent outcome of 
the independent variables and the dependent variables. Thus, 
this equation demonstrated that the X1, X2, and X3 depict the 
synergistic effect on Y1. The values of X1, X2, and X3 are 
equally responsible for Y1. Commencing the given equation, 
it was summarized that increase in % concentration of X1, X2, 
and X3 leads to increase in particle size. Similarly, the factors 
that were equally responsible were visualized in contour plots 
and response surface plots.
Y2 (Entrapment Efficiency)
The linear equations of Y2 predicted that the sequential p-value 
is <0.0001 which is less than 0.05 and predicts the strong 
evidence against the null hypothesis summarized in the Table 4. 
The R2 value is 0.8609, and the adjusted and predicted R2 value 
is 0.8288 and 0.7740 which had a difference of less than 0.2 
summarized in Figure 2 and Table 4. The ANOVA equation 
predicts the interaction between the consistent outcome of 
the independent variables and the dependent variables. Thus, 
this equation demonstrated that the X1, X2, and X3 depict the 
antagonistic effect on Y2. The values of X1, X2, and X3 are 
equally responsible for Y2. From the given equation, could 
predict the closest response of Y2. The X1, X2, and X3 factor 
are decreased which lead to the highest Y2 response thus, 
through this equation we can assume that the decrease in the 
amount of X1, X2, and X3 factor could lead to the ameliorated 
enclosed of the drug. Similarly, the factors that were equally 

Table 2: Box behnken design

Run X1 (mg) X2 (mg) X3 (minutes) Y1 (nm) Y2 (%) Y3 (%)
F1 105 115 20 273 88.23 91.1
F2 105 105 15 293 83.98 84.34
F3 115 115 15 353 79.98 79.67
F4 95 115 15 296 83.12 84.98
F5 105 105 15 312 81.98 82.12
F6 105 105 15 324 82.56 83.12
F7 95 105 10 313 83.56 84.67
F8 115 105 20 285 89.86 92.9
F9 105 115 10 378 78.67 78.34
F10 105 95 20 228 93.89 96.5
F11 95 105 20 224 95.65 97.8
F12 115 95 15 304 83.76 85.12
F13 105 105 15 297 86.98 89.12
F14 105 95 10 327 84.63 85.78
F15 105 105 15 297 84.98 86.13
F16 115 105 10 374 80.12 81.09
F17 95 95 15 239 91.98 94.9

Y1 = -141.14493 +3.05025*X1 +2.52500*X2 -9.55050*X3
Y2 = +129.14717 – 0.257375*X1 -0.303250*X2 +1.01625*X3 
Y3 = +136.72610 -0.94625*X1 -0.352625*X2 +1.21050*X3

Table 3: Summary of regression analysis of response Y1

Source Sum of Squares DF Mean Square F-value p-value
Model 30786.13 3 10262.04 144.86 <0.0001
A-X1 7443.22 1 7443.22 105.07 <0.0001
B-X2 5100.50 1 5100.50 72.00 <0.0001
C-X3 18242.41 1 18242.41 257.51 <0.0001
Residual 920.95 13 70.84

Figure 1: Response and contour plot of response Y1

Table 4: Summary of regression analysis of response Y2

Source Sum of squares DF Mean square F-value p-value
Model 333.11 3 111.04 26.82 <0.0001
A-X1 52.99 1 52.99 12.80 0.0034
B-X2 73.57 1 73.57 17.77 0.0010
C-X3 206.55 1 206.55 49.89 <0.0001
Residual 53.82 13 4.14
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responsible were visualized in contour plots and response 
surface plots.
Y3 (in-vitro Drug Release)
The linear equations of Y3 predicted that the sequential p-value is 
<0.0001 which is less than 0.05 and predicts the strong evidence 
against the null hypothesis summarized in the Table 5. The R2 

value is 0.8397, and the adjusted and predicted R2 value is 0.8027 
and 0.7514 which had a difference of less than 0.2 summarized 
in Figure 3 and Table 5. The ANOVA equation predicts the 
interaction between the consistent outcome of the independent 
variables and the dependent variables. Thus, this equation 
demonstrated that the X1, X2, and X3 depict the antagonistic 
effect on Y3. The values of X1, X2, and X3 are equally 
responsible for Y3. The given equation demonstrated that the X1, 
X2, and X3 factors are decreased which leads to an increase in 
the release of the drug. Thus, we can assume that the decrease in 
the quantity of aspects tends towards increase the release of the 
drug. Similarly, the factors that were equally responsible were 
visualized in contour plots and response surface plots.
Validation of Optimized Condition for formulation
Numerical optimization was utilized towards determining 
the best values for formulation variables, resulting in a 
maximum desirability score of 1.000. The model demonstrated 
its reliability and validity as the experimental and predicted 
values exhibited minimal percentage bias, confirming its 
trustworthiness summarized in Table 6.33

Particle size, and %EE
The size of particles and PDI were assessed utilizing the 
Nano ZS 90, Malvern Instruments, UK. Gliclazide-loaded 
nanosuspensions were found to range between 223.98 ± 1.23 
nm to 378 ± 0.56 nm summarized in Figure 4. The particle size 
of F1 to F17 batches described in Table 6. The polydispersity 
index was found to be 0.198 ± 0.1 to 0.246 ± 0.02. Zeta potential 
of -17 mV was observed that lies within acceptable range of 
-30 to + 30 mV indicating excellent stability of nanosuspension 

Figure 2: Response and contour plot of response Y2

Table 5: Summary of regression analysis of response Y3

Source Sum of Squares DF Mean Square F-value p-value
Model 461.98 3 153.99 22.69 <0.0001
A-X1 69.44 1 69.44 10.23 0.0070
B-X2 99.48 1 99.48 14.66 0.0021
C-X3 293.06 1 293.06 43.19 <0.0001
Residual 88.22 13 6.79

Figure 3: Response and contour plot of response Y3

Table 6: Optimization results
S. No. X1 X2 X3 Desirability
1. 95.037 95.048 19.928 1.000

Sr. No. Response Variables Predicted 
value

Actual 
Value

Percentage 
bias

1. Particle Size (nm) 222.74 221 0.0078
2. Entrapment Efficiency (%) 93.18 90 0.0341
3. In-vitro Drug Release 97.8 95.6 0.0224

Figure 5: Zeta potential graph

Figure 4: Particle size graph
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(Figure 5). Moreover, the %EE was carried out through the 
concentration of both free and entrapped drugs assessed at the 
range between 78.67 ± 0.63 to 95.65 ± 0.12%.34

Fourier transform infrared spectrum
Utilizing the FTIR for the verification of compatibility of 
gliclazide with numerous polymers utilized to formulate 
the nanosuspension of gliclazide. The FTIR spectrum of 
gliclazide pure drug, and nanosuspensions were represented 
in Figure. However, the peaks of FTIR of pure drug gliclazide 
were visualized at 1704 cm-1 with a significant concave curve 
of the C=O sulfonylurea group, furthermore, at 3369 cm-1 
represented a clear peak of the amino group, additionally, the 
sulfonyl group bands were observed symmetric stretching peak 
at 1344 and 1151.96 cm-1, Moreover, the similar peaks were 
described in the physical mixture and in the nanosuspension. 
Include in the physical mixture the peak perceived at 1704 cm-1 
(C=O sulfonylurea group), 3369.18 cm-1 (Amino group), and 
1394.79 and 1152.15 cm-1 (Sulfonyl group bands). Whereas, in 
the nanosuspension, the peak perceived at 1704.26 cm-1 (C=O 
sulfonylurea group), 3368.71 cm-1 (Amino group), and 1344.25 
and 1151.03 cm-1 (Sulfonyl group bands) summarized in Figures 6 
and 7. Thus, there is no new peak was seen in the spectrum 
in the nanosuspensions indicating that they are constant and 
unaffected, and no polymphoric changes in the gliclazide 
during the nanosuspension creation by the numerous polymers 
(Kolicoat/Soluplus/SLS). In addition, the lack of changes in the 
peak wave number of the nanosuspensions relative to the pure 
drug suggest that there is no molecular interaction between 
the polymer and drug in nanosuspension.35-37

Differential scanning calorimetry
According to DSC thermograms (Figures 8 and 9), the 
gliclazide demonstrated a solitary endothermic peak at 
214.36°C, whereas the other excipients that were utilized 
for the formation of nanosuspension include, Soluplus, SLS, 
and Kolicoat demonstrated the abrupt melting endotherms 
responses at 62.32, 197.28, 213.11°C which clearly state that 
the drug and excipient was in their crystalline state. However, 
the optimised formulation which contains gliclazide and 
other excipients demonstrated a solitary endothermic peak 
at 199.83°C. It represents that the gliclazide solubilizes or 
melts with the excipients and demonstrates the absence 
of crystalline form. Moreover, it is reported by numerous 
scientific groups that there is no visualization of gliclazide 
endothermic peak in the final formulation including Biswal et 
al formulated the gliclazide solid dispersions and in the result 
of DSC thermograms the endothermic peak of gliclazide is not 
visualized in the final formulation.38-40

X-ray diffractometry
XRD investigation was conducted towards determining 
the nature of a compound formed during a precipitation 
process, which could be either amorphous or crystalline. 
The analysis revealed that the XRD pattern of the pure drug 
closely resembled that of the crystalline form, exhibiting 
distinct peaks at specific diffraction angles (e.g., 14.5–15.5, 

Figure 6: FTIR spectrum of drug

Figure 7: FTIR spectra of nanosupension

Figure 8: DSC graph of pure drug

Figure 9: DSC graph of Nano-formulation

Figure 10: XRD graph of pure drug
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in the amorphous form and it demonstrated that the polymer 
surfactant and the drug were embedded and made the proper 
matrix.41,42

Scanning electron microscopy
The addition of polymers, surfactants, and variations in 
drug concentration during the process can lead to changes in 
the morphology of the resulting nanosuspension. The SEM 
imaging was employed towards examining these morphological 
differences summarized in Figures 12 and 13. The obtained 
images revealed that the nanosuspensions exhibited irregular 
shapes with consistent sizes and the polymer and surfactant 
with the drug are embedded in each other, whereas the pure 
gliclazide were in crystalline form, but they had non-uniform 
dimensions.43-48

In-vitro drug release study
Gliclazide-nanosuspension formulation exhibited rapid 
or immediate drug release during the first few minutes 
which visualized that more than 85% drug was released in 
15 minutes. These studies were performed in dialysis bags of 
all 17 formulations and were found to be to 78.34 ± 0.87% to 
97.8 ± 0.90% summarized in Figure 14 and 15. F11 formulation 
shows the significant cumulative release of the drug 97.8% 
release was recorded in 30 minutes. The ratio of polymer 
was less and surfactant as well which demonstrates the high 
entrapment and leads to the drug release rapidly. On the other 
hand, the pure drug solution released the drug, reaching nearly 
30.453 ± 0.90% release within 15 minutes which is much 
lower than the nanosuspension formulation. In contrast, the 
gliclazide-nanosuspension formulation exhibited immediate 
release behaviour, with approximately more than 85% of the 
drug released within 15 minutes.45-51 

CONCLUSION
Gliclazide nanosuspensions formulated by the anti-solvent 
precipitation technique and the optimization of preparation 
were validated through the calculation of percentage bias 
which is less than 5. FTIR, DSC, and XRD visualized that 
the pure drug is in a crystalline system after the incorporation 
in nanosuspensions. The drug comes under the amorphous 
state. The gliclazide nanosuspensions classified the immediate 
release pattern which was better than the pure drug solution.

Figure 11: XRD graph of nano-formulation

Figure 12: SEM image of pure drug

Figure 13: SEM image of nanosuspension

Figure 14: In-vitro release data of F1-F17

Figure 15: In-vitro release data of F11 and pure drug solution

18.5–19, 21.5–22.5, 25–26, 26.5–27.5) summarized in Figures 
10 and 11. While there is no similarity visualized in XRD 
patterns in nanosuspension formulation strongly suggests 
that the nanosuspension can’t able to maintain the same 
crystalline structure as the pure-gliclazide thus, it changed 
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