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ABSTRACT

The objective of our study was to form a novel method of delivering drugs that would improve the effectiveness of valganciclovir,
an antiviral medication used to treat cytomegalovirus (CMV) infection in individuals with weakened immune systems. The
drug’s induction dosage has limited penetration and requires very high doses. The nanosponges were synthesized using the
emulsion solvent diffusion method, employing a 3? full factorial design to determine the combined impact of 2 independent
variables: Quantity of ethyl cellulose and stirring speed. The dependent variables assessed were zeta potential, polydispersity
index (PDI), and entrapment efficiency. Improved formulation exhibited an entrapment efficiency of 83.61%, a zeta potential.
of -17.6 mV, and a PDI of 0.51. The improved formulation exhibited a continuous and controlled release of the medication.
The produced nanosponges were characterized using fourier transform infrared (FTIR), differential scanning calorimetry

(DSC), and scanning electron microscopy (SEM).
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INTRODUCTION

Cytomegalovirus (CMV) is a herpesvirus that can infect
immunocompromised people. It is the most common and
prominent cause of death in people suffering from human
immunodeficiency virus (HIV)/ Acquired immunodeficiency
syndrome (AIDS). It can manifest clinically in several ways,
such as encephalitis, retinitis, colitis, pneumonitis, and
esophagitis. CMV infection treatment depends on the severity
of the condition and the specific population affected.'”

Valganciclovir (VGC) is a biopharmaceutics classification
system (BCS) class III drug that is freely soluble and poorly
permeable. The low permeability is the rate-limiting factor for
its bioavailability. Valganciclovir is often administered orally
as a prodrug that is converted to the active form, ganciclovir, in
the body to improve its bioavailability. Ganciclovir, the active
metabolite of valganciclovir, is also a BCS class III drug. It is
utilized for the treatment of certain viral infections, especially
those caused by CMV.? The induction dose of VGC is 900 mg
b.d. followed by a maintenance dose 900 mg, which is very
high and leads to a number of side effects like bone marrow
suppression, severe gastrointestinal symptoms (e.g., persistent
vomiting, severe diarrhea), etc.* The present study aimed to
develop nanosponges (NS) a nano-carrier that can decrease
the dosage and side effects related to dose by sustaining the
release of the drug.

Nanosponges (NS) are minuscule sponges, comparable
in size to a virus, that enclose cavities filled with various

medications. These sponges go throughout the body until
they locate where they need to attach, and then they slowly
release the medicine.’ They exhibit a five-fold increase in
efficiency compared to conventional methods in administering
medications for breast cancer while also being devoid of
irritant, mutagenic, allergenic, and poisonous properties.
Nanosponges (NS) have a solid structure and have the ability
to transport both lipophilic (fat-loving) and hydrophilic (water-
loving) compounds. Additionally, they aid in enhancing the
solubility of molecules that are less soluble or poorly soluble
in water.®” These substances have a porous structure, are not
harmful to health, do not dissolve in water or other organic
solvents, and remain stable at temperatures up to 300°C. The
research involved the development of VGC-loaded NS using
a 3?-complete factorial model and an improved formulation.

MATERIALS AND METHODS

Materials

VGC was acquired as a complimentary sample from Aurobindo
Pharma Limited in Hyderabad, India. Dichloromethane
(DCM), polyvinyl alcohol (PVA), and ethyl cellulose (EC),
were procured from Loba Chemie. All compounds utilized in
the investigation were of analytical grade.

Experimental Design

The present investigation utilized a 3> complete factorial
design. The design considered two factors, which were assessed
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Table 1: 32 Full factorial design and levels

Independent variables Levels

-1 0 1
X1 (VGC: EC, w/w) 1:2 1:4 1:6
X2 (Stirring speed, rpm) 1000 1500 2000

at 3 levels: high (1), medium (0), and low (-1). Independent
variables chosen were EC ratio (X1) and stirring speed (X2)
impacts of the VGC medication. The dependent variables
chosen were the polydispersity index (Y1), zeta potential (Y2),
as well as entrapment efficiency (Y3). Table 1 displays the levels
and factors of the factorial design.®

Formulation of VGC-loaded NS

VGC NS were prepared by the emulsion solvent diffusion
method. VGCV as well as EC were dissolved in DCM to
obtain phase 1. Phase 2 was prepared adding PVA to distilled
water. Both phases were kept separately on a magnetic stirrer
for 10 minutes. Phase 1 was added slowly to phase 2 with
continuous stirring at room temperature. The mixture was then
homogenized at different stirring speeds as given in Table 2
for two hours. After this step, the prepared nanosponges were
filtered and dried in a vacuum oven at 40°C for 12 hours.”"!?
All nine formulation batches are represented in Table 2.

Characterization of Valganciclovir-loaded Nanosponges

Percentage yield

The percentage yield of several batches of NS was determined
by applying the following formula, which involved utilizing
the weight of the finished product after drying [practical mass]
in relation to original total weight of medication as well as the
polymer that was utilized for the creation of NS [theoretical
mass|:

Percentage yield = (Practical mass/theoretical mass) x100

Particle size, polydispersity index, zeta potential

Polydispersity index (PDI) as well as mean particle size were
finded utilizing dynamic light scattering (Worcestershire,
Malvern Zetasizer Nano, UK) at a fixed scattering angle of 90°.
Following appropriate dilution with milli-Q water, all samples
underwent room temperature analysis. With an extra electrode
inserted inside the zeta sizer, the zeta potential of each sample

was determined using the same device. The measurements
were all made three times.'®

Entrapment efficiency

The weighed quantity of VGC-loaded NS (10 mg) was
dissolved in methanol and sonicated to break the complex. The
centrifuged, filtered supernatant was then appropriately diluted
and subjected to ultraviolet spectrophotometer analysis at
Amax 251 nm. The below-given formula calculated entrapment
efficiency:
Entrapment efficiency = (Entrapped drug concentration/
Theoretical drug concentration) x 100

Surface morphology

The scanning electron microscopy (SEM) technique
was utilized to investigate the VGC-loaded NS’s surface
morphology. Following the application of a concentrated
aqueous suspension to a slab, the slab was subsequently
subjected to vacuum drying. The sample was then placed
in a cathodic evaporator and covered with a coating of gold
twenty nanometers thick. An image processing program was
used to enhance the photographs, and the individual drug and
NS diameters were measured to get the mean particle size.'*

Fourier transform infrared spectroscopy

Fourier transform infrared (FTIR) spectra were recorded on
FTIR spectrophotometer to study any interaction between VGC
and excipients. FTIR of valganciclovir, their physical mixture
and NS were observed. A potassium bromide pellet method
was adopted for the detection of the functional group of the
drug by FTIR analysis. FTIR spectra of the VGC, excipients
and formulated NS were noted between 400 to 4000 cm™'.!>:16

Differential scanning calorimetry analysis

Shimadzu Corporation’s DSC-60 Plus was used to study the
thermal behavior of the formulation and drug. The weighed
amount of samples were sealed and heated from 0 to 300°C at
a rate of 10°C/min while being purged with nitrogen at a flow
rate of 10 mL/min and a thermogram was recorded.'’

In-vitro drug release

For the purpose of analyzing the patterns of drug release,
dissolution experiments were carried out with the assistance
of a dialysis membrane. The hydrophilic dialysis membrane
(110) performs the function of a divider between the two

Table 2: Valganciclovir loaded nanosponges formulations

Formulation VGCV: EC (w/w) PVA (Yow/v) DCM (mL) Stirring rate (rpm) Stirring time (H) Water (mL)
Fl1 1:2 1 10 1000 2 20
F2 1:2 1 10 1500 2 20
F3 1:2 1 10 2000 2 20
F4 1:4 1 10 1000 2 20
F5 1:4 1 10 1500 2 20
F6 1:4 1 10 2000 2 20
F7 1:6 1 10 1000 2 20
F8 1:6 1 10 1500 2 20
F9 1:6 1 10 2000 2 20
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Table 3: Percentage yield of valganciclovir-loaded formulations

Percentage yield (%)
Formulation 7 p 3 Average + Standard deviation
F1 67.28 65.34 68.51 67.04 = 1.60
F2 58.9 61.67 55.96 58.84 £2.86
F3 65 62.73 60.45 62.73 £2.28
F4 52.5 49.58 47.33 49.80 £2.59
F5 68 64.62 67.91 66.84 + 1.93
F6 70.8 67.95 71.79 70.18 £ 1.99
F7 76 74.31 70.62 73.64 +£2.75
F8 78.2 76.62 73.61 76.14+£2.33
F9 41.76 38.24 41.39 40.46 +£1.93
Percentage Yield
100 Y=bytb; X, b, X, +b), X, X, b, 1X12'*'bsz22
£ w0
) The dependent variable, Y, is represented by an arithmetic
- . . .
8 4 mean of 9 runs, b,,. The estimated coefficient for factor X is
5 » denoted as b;. The primary impacts (X, as well as X,) indicate
= . the average outcome of altering one element individually
FI F F3 F4 F5 F§ F] F8 F9 from its minimum to maximum value. In statistical analysis,
Formulation

Figure 1: %yield of various batches of VGC-loaded NS

compartments. An experiment was conducted in 0.IN
hydrochloric acid and 7.4 phosphate buffer solution at 37°C,
stirring at 50 rpm. On a regular basis, the sample aliquots were
removed at intervals that had been previously set, and they
were thereafter replaced with an equivalent volume of new
medium. In addition, to ascertain the percentage of cumulative
drug release data recorded throughout the required time period,
the collected samples were filtered, correctly diluted, and
examined at a wavelength of 251 nm.'®!?

RESULTS AND DISCUSSIONS

Percentage Yield

The percentage yield is represented in Table 3. The %yield
of the prepared NS was found to be between 40 to 76%.
Formulation F8 exhibited the maximum percentage yield
(76.14% + 2.33), while F9 exhibited the minimum percentage
yield (40.46% =+ 1.93). The results of percentage yield studies
are shown below in the form of a graph, along with error bars
in Figure 1.

Statistical Analysis

The present investigation utilized a 3> complete factorial
design. The concept involved the evaluation of two elements
at three levels: high (1), medium (0), and low (-1). Independent
variables selected for analysis were the VGC (drug) : EC ratio
(X1) in addition to stirring speed (X2) effects. The dependent
variables chosen were the polydispersity index (Y1), zeta
potential (Y2), and entrapment efficiency (Y3). Table 4 displays
the levels and factors of the factorial design.®

the interaction terms, denoted as X;X,, quantify the effect of
changing 2 factors simultaneously on the response variable.
Variables X,? and X,? are employed for the analysis of
nonlinearity. The PDI, zeta potential, and entrapment efficiency
exhibited significant variability across all nine batches,
ranging from F1 to F9 as shown in Table 4. The analysis of
the data demonstrated a significant correlation between the
chosen independent variables and the PDI, zeta potential, and
entrapment efficiency values. The equations that have been
adjusted to represent the response factors can be found in Table 5.
Using polynomial equations, one can arrive at conclusions
by considering the coefficient’s magnitude and mathematical
sign of the coefficient, which can be either +ve or -ve.
Table 6 displays the outcome of ANOVA, or analysis of
variance, conducted to find relevant components.

The strong correlations between PDI, zeta potential, and
entrapment efficiency (Table 6) show an excellent fit. The
equation can be used to estimate the responses as a minor error
of variance was shown in replicates.

Polydispersity Index

A significance level of coefficient b,, and b,, was found to be
P =0.95362 and P = 0.6395, respectively, which was greater
than p <0.05and hence insignificant for determination of
polydispersity and particle size of NS formulation and therefore
omitted from the full model. Coefficient bl, b2, b11 were found
significant at p <0.05 and used for concluding contour plots.
The results of the model’s testing in sections are presented in
Table 6.

After analyzing the contour plot and surface response plot
given in Figures 2 and 3, it was concluded that the PDI of VGC-
loaded NS ranges between 0.06 to 0.604, which is less than 1.0
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Table 4: Factorial layout and responses of valganciclovir loaded nanosponges

Variable levels in coded form

Batch code Y,(PDI) Y, (Zeta Potential) Y; (Entrapment efficiency)
X; (mg) X, (rpm)

F1 -1 -1 0.06 -10.9 54.02

F2 -1 0 0.16 -11.1 59.88

F3 -1 0.162 -12.1 63.99

F4 0 -1 0.202 -12.6 64.01

F5 0 0 0.225 -13 69.45

F6 0 1 0.299 -15.9 71.01

F7 1 -1 0.471 -15.4 77.51

F8 1 0 0.51 -17.6 83.61

F9 1 1 0.604 -20.8 82.32

Table 5: Summary of outcomes of regression analysis

For polydispersity index

Response (PDI) b, b, b, by, by, b,
0.24111 0.2005 0.0553 0.08583 0.00133 0.0077

For zeta potential

response (Zeta) b, b, b2 by, by, b,
-13.3556 -3.28333 -1.65 -0.81667 -0.71667 -1.05

For entrapment efficiency

response (Entrapment efficiency) b, b, b, by, b,, by,
69.60333 10.925 3.63 2.065 -2.17 -1.29

Table 6: Calculations for testing models in portions

For polydispersity index

DF SS
Regression 5 0.2745
For zeta potential

DF SS
Regression 5 87.7877
For entrapment
efficiency

DF SS
Regression 5 819.7978

MS
0.05491

MS
17.5575

MS
163.9596

F
61.5846

F
183.0324

F
178.5792

0.9903

0.9967

0.9966

Figure 2: Valganciclovir: Ethyl cellulose (X1) and stirring speed
(X2) effects on prepared nanosponges and polydispersity index (Y1)
response surface plot
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Figure 3: Valganciclovir: Ethyl cellulose (X1) and stirring speed (X2)
effects on prepared nanosponges and polydispersity index (Y1) contour
surface plot

and represents a narrower and uniform size distribution of the
prepared formulation.

Zeta Potential

Table 5 displays the outcomes of the statistical analysis. Based
on the provided data, coefficients b0, bl, b2, bl1, b22, and b12
were determined to be statistically substantial at a significance
level of p <0.05. The outcomes of conducting the model testing
in segments are depicted in Table 6.

An increase in ethyl cellulose concentration and stirring
rate increases the colloidal stability of nanosponges
formulation. It’s important to note that the specific effects of
zeta potential can depend on the composition of the particles,
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Zeta potential

Figure 4: Valganciclovir: Ethyl cellulose (X1) as well as stirring speed
(X2) effects on zeta potential (Y2) response surface plot

the surrounding medium, and the intended application. While
anegative zeta potential often contributes to colloidal stability,
the ideal zeta potential can vary based on the nanosponges’
particular characteristics and the intended use requirements. A
slightly negative zeta potential (between -10—30 mV) may be
preferable. This is because a negative zeta potential can help
minimize non-specific interactions with positively charged
cell membranes.

Analyzing the contour plot shown in Figures 4 and 5 reveals
that the whole contour plot has acceptable zeta values ranging
between -10 and -21 mV.

Entrapment Efficiency

The coefficients bll and bl2 were determined to have
significance levels of p = 0.0555 and p = 0.0742, respectively,
indicating that they are not statistically significant and were
therefore excluded from the model. Table 5 displays the
outcomes of the statistical analysis. Coefficients bl, b2, and b22
were determined to be statistically substantial at a significance
level of p < 0.05, hence were included in the model. The
outcomes of evaluating the model in segments are illustrated
in Table 6. The variables X1 (drug-to-polymer ratio) and X2
(stirring speed) are simultaneously manipulated to investigate
potential interactions between the variables and their collective
influence on entrapment efficiency. The contour plot analysis
depicted in Figures 6 and 7 indicates that the entrapment
efficiency of the manufactured nanosponges of VGCV varies
between 54.02 and 83.61%.

The entrapment efficiency of nanosponges refers to
the percentage of the encapsulated substance within the
nanosponge formulation relative to the total amount of that
substance used in the formulation. It is an important parameter
that reflects the effectiveness of the nanosponge in ensnaring
the desired payload.

Surface Morphology

The SEM image of F8 formulation of VGC-loaded NS is given
in Figure 8. The image reveals the porous, spherical nature of
prepared NS. SEM images also confirm the nanoscopic range
of the optimized formulation.

1.0

Stirring speed (rpm)

-1.0 -0.5 0.0 0.5 1.0

Ethyl cellulose (mg)

Figure 5: Valganciclovir: Ethyl cellulose (X1) as well as stirring speed
(X2) effects on prepared nanosponges and zeta potential (Y2) contour
surface plot

80

Entrapment efficiency

Figure 6: Valganciclovir: Ethyl cellulose (X1) and stirring speed (X2)
effects on entrapment efficiency (Y3) response surface plot

05 1
(mg)

Ethyl cellulose (mg

1.0

&\
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o
°

@

0

Figure 7: Valganciclovir: Ethyl cellulose (X1) and stirring speed
(X2) effects on prepared nanosponges and entrapment efficiency (Y3)
contour surface plot

FTIR Spectroscopy

The spectra of optimized formulation F8 depict the
characteristic peaks of valganciclovir at 2977.03 and
2877.23 cm™! for aromatic C-H stretching, a new peak occurred
at 1982.73 cm™ which might be due of C=C stretching, as
shown in Figures 9 (a) and (b). The other peaks when compared
with the FTIR spectra of valganciclovir, showed no changes
in peaks of aldehyde and aromatic groups at 1748.57 cm™ and
1695.95 cm’!, respectively.
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Table 7: Dissolution study of pure drug (Valganciclovir)

Percentage drug release (%)

Medium Time (hours) 7 P 3 Average £ SD
pH 1.2 HCI 0.5 13.95 13.32 14.55 13.94+0.614
pH 1.2 HC1 1 15.14 14.68 16.84 15.55+1.137
pH 1.2 HC1 1.5 16.80 16.56 22.63 18.67 +3.437
pH 1.2 HC1 2 18.87 18.31 19.26 18.81 +0.479
pH 7.4 Phosphate Buffer 3 11.59 12.48 12.12 12.06 +0.451
pH 7.4 Phosphate Buffer 4 12.20 13.65 13.04 12.96 +0.731
pH 7.4 Phosphate Buffer 6 13.42 15.65 14.80 14.62 +1.122
pH 7.4 Phosphate Buffer 8 14.43 17.05 16.43 15.97 + 1.367
pH 7.4 Phosphate Buffer 10 16.27 18.81 17.89 17.66 +1.290
pH 7.4 Phosphate Buffer 12 18.04 20.21 19.97 19.41 +1.187
pH 7.4 Phosphate Buffer 14 20.04 21.90 21.90 21.28 £1.071
pH 7.4 Phosphate Buffer 16 23.34 23.14 23.67 23.39+0.268
pH 7.4 Phosphate Buffer 18 25.29 26.04 26.21 25.85+0.488
pH 7.4 Phosphate Buffer 20 28.43 27.92 27.92 28.09 +0.296
pH 7.4 Phosphate Buffer 22 31.90 29.99 30.22 30.70 + 1.039
pH 7.4 Phosphate Buffer 24 34.08 32.53 32.84 33.15+0.821
pH 7.4 Phosphate Buffer 26 37.68 33.87 35.39 35.64 +1.920
pH 7.4 Phosphate Buffer 28 38.20 36.01 36.57 36.93 +£1.139
pH 7.4 Phosphate Buffer 30 38.74 37.87 38.11 38.24 £0.452

Table 8: Drug release of optimised F8 formulation

Percentage drug release (%)

Medium Time (hours) ] 2 3 Average + SD
pH 1.2 HC1 0.5 11.23 10.95 11.50 11.23+0.273

pH 1.2 HC1 1 12.50 12.22 12.73 12.48 £ 0.256

pH 1.2 HCI 1.5 15.04 14.71 15.46 15.07 £0.377

pH 1.2 HCI 2 17.82 17.44 18.10 17.79 £ 0.333

pH 7.4 Phosphate Buffer 3 21.02 20.56 21.48 21.02 + 0.460
pH 7.4 Phosphate Buffer 4 26.16 25.69 26.47 26.10 + 0.390
pH 7.4 Phosphate Buffer 6 32.31 32.00 32.84 32.38 +£0.428

pH 7.4 Phosphate Buffer 8 40.52 39.99 40.91 40.47 = 0.464
pH 7.4 Phosphate Buffer 10 45.37 45.06 46.21 45.55+0.596

pH 7.4 Phosphate Buffer 12 53.33 52.95 54.03 53.44 +£0.548
pH 7.4 Phosphate Buffer 14 5591 55.45 56.68 56.01 +0.622
pH 7.4 Phosphate Buffer 16 57.02 56.40 57.86 57.09 +0.734
pH 7.4 Phosphate Buffer 18 63.02 62.17 63.79 62.99 +0.809
pH 7.4 Phosphate Buffer 20 69.72 69.17 70.18 69.69 + 0.508
pH 7.4 Phosphate Buffer 22 70.75 70.36 71.75 70.95+0.712
pH 7.4 Phosphate Buffer 24 72.06 71.67 72.45 72.06 +0.392
pH 7.4 Phosphate Buffer 26 72.61 72.30 72.92 72.61 £0.310
pH 7.4 Phosphate Buffer 28 73.15 72.84 73.39 73.13+£0.272
pH 7.4 Phosphate Buffer 30 73.62 73.16 73.92 73.57+0.386
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Figure 9: (a) FTIR spectra of pure drug (b) FTIR spectra of optimized
formulation
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Figure 10: (a) Differential scanning calorimetry thermograms of the
pure medication (b) Valganciclovir loaded nanosponges
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Figure 11: Cumulative drug release

Differential Scanning Calorimetry Analysis

A DSC thermogram of pure medication VGC and an optimized
formulation are shown in Figures 10 (a) and (b). The prominent
endothermic peak of VGC is present at 171°C in Figure 10 (a),
indicating the melting point of the drug. In Figure 10 (b), the
peak is not visible which might be due to encapsulation of
VGC in NS.

In-vitro Drug Release

Drug release in a controlled laboratory environment for both
pure drug and optimized formulation is presented in Tables 7
and 8, respectively. The total amount of drug released over time
is illustrated in Figure 11. The dissolution investigation of the
pure medication and formulation F8 was conducted in 0.IN
hydrochloric acid for a period of 2 hours, trailed by testing in
a 7.4 phosphate buffer solution.

From Figure 11 it can be clearly explained that the drug-
loaded NS showed a better drug release when compared with
the pure drug VGC (38.24 + 0.452), thereby it can be concluded
that VGC shows a better drug release that is 73.57% =+ 0.386
when entrapped in the form of NS.

CONCLUSION

The claims made in the present research work are based on
the various in-vitro trials of the formulations. The current
studies conclude that the bioavailability and permeability of
BCS class I1I drugs can be improved by using NS as a suitable
carrier, decreasing dosage, and reducing side effects related
to dose after in-vivo studies. In the present studies, NS was
formulated using the solvent diffusion method by utilizing 3°
full factorial designs for optimization of the formulation. The
optimized formulation displayed a particle size of 119.1 nm,
83.61% entrapment efficiency, and -17.6 mV zeta potential. The
F8 formulation showed 73.57% drug release up to 30 hours,
which shows the sustained effect of the drug and proved to be
a better treatment for cytomegalovirus infections.
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