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Abstract
This study was conducted to improve the dissolution of ketoprofen in nanosuspensions. Ketoprofen nanosuspensions were prepared 
by a solvent evaporation method using polyvinylpyrrolidone (PVP) and Tween 80 as stabilizers at varied ratios with ketoprofen. 
Ethanol was used as a solvent for ketoprofen. Physical stability and dissolution of the produced ketoprofen nanosuspensions and 
conventional suspension were analyzed and compared. The parameters evaluated for their stability for a three-month period were 
pH, appearance, odor, color, particle size, zeta potential, polydispersity index (PI), and dissolution compared with ketoprofen 
suspension. Ketoprofen and PVP ratios of 1:1 and 1:1.5 had nano-scale particle sizes of 78.47±0.61 and 156.9±1.55, respectively. 
These nanosuspensions had stable pH, appearance, odor, color, particle size, and PI at room temperature. The dissolution rates of 
ketoprofen nanosuspensions were higher compared to that of ketoprofen conventional suspension. PVP and Tween 80 improved 
ketoprofen nanosuspension dissolution and was stable at room temperature for three months.
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Introduction

The pharmacological activity of a drug is determined by its 
bioavailability and dissolution at the absorption site. Thus, 
any problems associated with dissolution will decrease the 
required pharmacological effect. Ketoprofen is classified into 
non-steroidal anti-inflammatory drugs (NSAIDs) that have 
a mechanism of action of inhibiting cyclooxygenase (COX) 
and lipo-oxygenase (LOX) enzymes. Ketoprofen’s therapeu-
tic dose is 150–300 mg/day. Few problems are associated 

with ketoprofen. It is included in class II of the Biophar-
maceutical Classification System (BCS) in which it has low 
solubility in water with high membrane permeability, thus 
only slightly absorbed in the digestive tract (Shohin et al. 
2012). In addition, other problems with ketoprofen are that 
it has a short half-life (about 1–3 hours), a low area under 
the plasma concentration-time curve, and a short duration 
of action, consequently requiring repeated administration 
to maintain its therapeutic effect. Its multiple dose adminis-
tration produces high plasma level fluctuations which tend 

Copyright Ismanelly Hanum T et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author 
and source are credited.

Pharmacia 70(1): 209–215
DOI 10.3897/pharmacia.70.e96593

Research Article

mailto:azizah@usu.ac.id
https://doi.org/10.3897/pharmacia.70.e96593
https://doi.org/10.3897/pharmacia.70.e96593


Ismanelly Hanum T et al.: Physical stability and dissolution of ketoprofen nanosuspension formulation210

to result in adverse effects, including irritation and gastric 
bleeding for patients. Therefore, efforts to improve ketopro-
fen dissolution and reduce its particle size should be sought.

Various strategies have been suggested to improve the 
dissolution of drugs with low solubility, including salt 
formation, surfactant use, and micronization. Microniza-
tion alone is not sufficient to increase the bioavailability 
of insoluble drugs. Therefore, this problem is a challenge 
to motivate researchers to develop nano-size pharmaceu-
tical preparations (< 1 µm) that could increase the dis-
solution rates of the drugs as well as their bioavailabili-
ties (Shid et al. 2013; Yadollahi et al. 2015; Gadhari et al. 
2022). Nanosuspension is a colloidal submicron disper-
sion of pure drug particles in a liquid phase stabilized by 
surfactants and polymers. Nanosuspensions can be man-
ufactured by applying bottom-up and top-down technol-
ogies. One of the bottom-up technologies is the dissolu-
tion of water-insoluble drugs in volatile organic solvents. 
While top-down technology includes ball milling with 
high-pressure homogenization, in which particles are 
fragmented into submicron units (Thakkar et al. 2011).

A previous study undertaken to improve the dissolution 
of ketoprofen was the utilization of high-pressure homoge-
nization techniques with variations of hydrogenated phos-
phatidylcholine, poloxamer 188, and sodium lauryl sulphate. 
This study indicated that the nanosuspension produced had 
a particle size of 322.7 nm and was stable for more than one 
month (Amin et al. 2013). Another study also indicated that 
ketoprofen nanosuspension could be manufactured utiliz-
ing a solvent evaporation technique with few polymers as 
stabilizers (PVP, HPMC, poloxamer) and surfactant (Tween 
80). These stabilizers could increase the dissolution rate of 
ketoprofen (Wais et al. 2017). Additionally, a study argued 
that to enhance the solubility of ketoprofen by using Den-
aDM100 consisting of a soft polymeric fast rotating coni-
cal rotor sitting within a conical polymeric sleeve produced 
nanoparticles with a size of below 200 nm (Khan et al. 2019).

In the present study, the solvent evaporation method 
was chosen to prepare ketoprofen nanosuspension by a 
solvent evaporation technique since this technique is fast 
and easy to perform in a laboratory scale (Afifi et al. 2015; 
Ainurofiq et al. 2021).

Methods
Preparation of artificial gastric medium 
(pH 1.2)

Two grams of sodium chloride were added with 7 ml of con-
centrated hydrochloric acid and then added with distilled 
water to make up the final solution of 1000 mL (USP. 2019).

Preparation of ketoprofen standard 
stock solution and absorption curves

As much as 15 milligrams of ketoprofen were dissolved 
in a sufficient amount of 0.1 N HCl in a 50-ml volumetric 
flask. The solution was diluted with the solvent to make up 

the final solution of 50 ml. The concentration of this stock 
solution was 150 ppm (µg/ml). The standard stock solu-
tion (2.6 mL) was pipetted, then transferred into a 25-ml 
volumetric flask. Hydrochloric acid (0.1 N) was then add-
ed into the flask to make up the final solution volume of 
25 ml. The obtained ketoprofen concentration was 32 ppm 
(µg/mL) and was measured using a UV spectrophotome-
ter at a wavelength of 200–400 nm to obtain its maximum 
absorption wavelength, 260 nm. This wavelength was set 
to measure the dissolution of all samples.

Preparation of ketoprofen calibration 
curves

The standard stock solutions of 0.7, 1.7, 2.7, 3.7, 4.7, 5.7, 
6.7, and 7.7 milliliters were withdrawn, transferred into 
25-ml volumetric flasks, and added with 0.1 N HCl up to 
the marked lines to obtain ketoprofen with concentrations 
of 10, 20, 30, 40, 50, 60, 70, and 80 ppm, respectively. Each 
of these solutions was shaken to obtain homogeneous 
solutions. The absorption of each of these solutions was 
measured using a UV spectrophotometer at a wavelength 
of 260 nm.

Determination of ketoprofen saturation 
solubility

The saturation solubility of ketoprofen in various media 
was determined by using a shake flask method. An excess 
amount of ketoprofen was placed separately in three dif-
ferent closed Erlenmeyer flasks, each containing 10 mL of 
0.1 N HCl (pH 1.2), demineralized water, and phosphate 
buffer pH 7.2, respectively. Subsequently, each flask was 
shaken using a shaking water bath (Stuart SBS40) at a con-
trolled temperature of 37 °C for 24 hours until equilibrium 
was achieved. A visual inspection was performed to check 
for drug particle precipitation in the three flasks. The solu-
tions were filtered through a membrane filter (0.45 µm), 
and the dissolved ketoprofen in each flask was measured 
spectrophotometrically at a wavelength of 260 nm. Each 
sample was analyzed in triplicate (Wais et al. 2017).

Preparation of conventional and na-
no-size ketoprofen suspensions

The composition of conventional and nano-size keto-
profen suspensions is listed in Table 1. Ketoprofen na-
nosuspensions were prepared by applying the solvent 
evaporation technique. The ketoprofen powder (400 mg), 
equivalent to 100 mg/5 mL, was dissolved in 2 ml of 96% 
ethanol at room temperature. The obtained ketoprofen 
solution was then dripped through a plastic syringe po-
sitioned with a needle directly into the PVP solution and 
Tween 80 which was later added up with distilled water to 
obtain a final mixture of 20 ml in each formula as shown 
in Table 1. Next, the temperature of each mixture was 
maintained at 40 °C and then stirred at 650 revolutions 
per minute (rpm) on a magnetic stirrer for about one hour 
to allow the ethanol to evaporate (Wais et al. 2017).
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The composition of the conventional suspension 
(Formula 5) was referred to as those used in the previ-
ous studies (Jadhav et al. 2018). PVP was dissolved in 
distilled water, then added with Tween 80, mixed homo-
geneously, and subsequently added with distilled water to 
obtain 20 ml of suspension.

Physical stability studies

The ketoprofen nanosuspensions were stored at room 
temperature for 3 months and observed organoleptically 
for changes in odor, color, and sedimentation. Changes in 
appearance, pH, particle size, zeta potential, and PI were 
recorded over the three months.

Particle size, PI, and zeta potential

The particle size of each formula was determined using 
a Dynamic Light Scattering method (HORIBA SZ-100), 
with a mechanism of measuring the light intensity scat-
tered by the molecular sample as a function of time at a 
scattering angle of 90° and constant temperature of 25 °C 
without sample dilution. The sample was inserted into the 
sample cell (quartz cuvette) and placed into the sample 
holder. The particle size, PI, and zeta potential were deter-
mined using this instrument. The mean diameter and PI 
were measured for each formula (Wais et al. 2017).

Morphological Observations of Ketopro-
fen Nanosuspensions

The morphology and particle size of each of the nano-
suspensions were analyzed using Transmission Electron 
Microscopy (TEM). In a brief, double-distilled water was 
used to dilute the ketoprofen nanosuspension 20 times the 
nanosuspension volume before dying it with 0.01% (w/v) 
phosphotungstic acid. A drop of dyed ketoprofen nano-
suspension was placed on a Cu grid coated with carbon 
film and allowed to dry at room temperature. The treated 
nanosuspension was evaluated for morphology at TEM 
JEOL-1010, 80.0 KV (Eijkman Lab, Jakarta) at a magnifi-
cation of 40.000× (Malkani et al. 2014).

In vitro dissolution test

The dissolution test was performed using a rotating paddle 
method at 37 °C ± 0.5 °C with a rotating speed of 100 rpm 
in 900 mL of 0.1 N HCl (pH 1.2) as a dissolution medi-
um. A sample of each nanosuspensions (equivalent to 
100 mg of ketoprofen) was just added into the dissolution 

medium. One milliliter of the sample was taken from the 
dissolution medium at intervals of 5, 10, 15, 20, 30, 40, 50, 
and 60 minutes, then filtered with Whatman paper. The 
volume of dissolution medium must always be maintained 
by adding 1 ml of the dissolution medium to replace the 
withdrawn sample. Ketoprofen concentrations in the 
withdrawn samples were analyzed using UV spectroscopy 
at a wavelength of 260 nm. The same procedure was car-
ried out for ketoprofen suspension (Wais et al. 2017).

Statistical analysis

The dissolution data were analyzed applying a paramet-
ric technique at 95% confidence level in the program of 
Statistical Product and Service Solution (SPSS) version 19 
with analysis of variance followed by Tukey HSD to deter-
mine if the relationship between two sets of data statisti-
cally showed significant difference.

Results and discussion
Ketoprofen saturation solubility

The results of ketoprofen saturation solubility in 10 mL 
of 0.1 N HCl (pH 1.2), distilled water, and phosphate 
buffer pH 7.2 are shown in Table 2. As shown in Table 
2, the solubility of ketoprofen was higher in phosphate 
buffer compared to that in HCl 0.1N (pH 1.2) and dis-
tilled water.

Solubility determination of pure ketoprofen satura-
tion at pH 1.2 and pH 7.2 was required to maintain a 
sink condition, i.e the media volume was at least three 
times larger than the volume required to form a satu-
rated solution with the medicinal substance during the 
dissolution test. Based on the Biopharmaceutical Classi-
fication System (BCS), ketoprofen is classified as a Class 
II drug that has low water solubility and good absorption 
in the gastrointestinal tract due to its high permeability 
and lipophilicity. Ketoprofen is a weak acid that will ion-
ize at high pH.

The result of the solubility study, as shown in Table 2, 
proved that rank of the ketoprofen solubility in increasing 
order was 0.062, 0.081, and 0.141 in HCl 0.1 N (pH 1.2), 
distilled water, and phosphate buffer (pH 7.2), respective-
ly. Distilled water has a pH of 7. This finding supported a 
source of information in literature in which the solubility 
of ketoprofen increases with the increase in pH medium. 
However, the magnitude of ketoprofen solubility in the 
same dissolution media was higher as conducted in other 
study (Shohin et al. 2012). This difference may result from 
pH changes in the dissolution media during execution of 
the study.

Table 1. Compositions of conventional and nano-size ketopro-
fen suspension formulas.

Formula Ketoprofen (mg) PVP (mg) Tween 80 (mL) Ethanol (mL)
1 400 – 3 2
2 400 400 3 2
3 400 600 3 2
4 400 800 3 2
5 400 200 0.1 2

Table 2. Ketoprofen saturation solubility in various media.

No Medium Solubility (mg/mL)
1 HCl 0.1 N (pH 1.2) 0.062
2 Distilled water 0.081
3 Phosphate buffer (pH 7.2) 0.141
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Physical stability studies

Physical stability of the ketoprofen nanosuspensions for 
three-month storage at room temperature are shown in 
Fig. 1 and Table 3.

As demonstrated in Fig. 1 and Table 3, of the 4 nano-
suspension formulas, it was proved that F2 and F3 nano-
suspensions were stable for 3 months of storage in terms of 
odor and color. In addition, the present study revealed that 
there was no sedimentation detected for F2 and F3. These 
results indicated that F2 and F3 nanosuspensions were sta-
ble in storage for 3 months, while the F1 and F4 nanosus-
pensions changed in shape after three-month storage. Fur-
ther increase in the PVP amount, as seen in F4, reduced the 
nanosuspension stability. The higher the concentration of 
the polymer, the thicker the layer on the surface of the drug 
particles. This condition resulted in aggregation of the na-
nosuspension. The use of different polymer concentrations 
as suspension stabilizers greatly affects the nanosuspension 
stability produced. Therefore, it is necessary to optimize 
the concentration of stabilizers in a nanosuspension sys-
tem (Mansouri et al. 2011; Tehrani et al. 2019). Addition-
ally, according to pH testing conducted, all formulas did 
not experience significant changes in pH, they remained 
in the pH range of 4.0–4.53, which was in accordance with 
ketoprofen’s pH that is 4.6 (Shohin et al. 2012).

The nanosuspensions were prepared by utilizing the 
solvent evaporation method (Wais et al. 2017) and using 
PVP and Tween 80 as nanosuspension stabilizers, and 
ketoprofen was previously dissolved in ethanol. PVP and 
Tween 80 act as non-ionic stabilizers for nanosuspensions 
by forming a physical barrier on the surface and prevent-
ing from contact with the adjacent particles. Non-ionic 
stabilizers with amphiphilic groups will provide steric 
stabilization (stabilization caused by adsorbed polymer 
layer and hydrated on particle dispersion) dominated by 
the wetting effect (Wang et al. 2015). The advantages of 
steric stabilization are not affected by changes in pH or 
ionic strength, etc., like in the varying conditions of the 
GI tract. (Kallum et al. 2015; Tuomela et al. 2016), When 
a non-ionic stabilizer is added to nanosuspension, it will 
be adsorbed by the drug particle surface through the 
head and strongly interact with the suspended particles, 
while the tail mixes well between the solvent and solution 
that will spread to the dispersion medium. PVP is a good 

stabilizer, preventing particle aggregation through repul-
sive forces originating from hydrophobic carbon chains 
that spread into the solvent and interact with each other 
(steric hindrance effect) (Kallum et al. 2015).

Particle size, PI, and zeta potential

The particle size and zeta potential of these nanosuspen-
sions were compared with those of the ketoprofen conven-
tional suspension formula. Mean particle size, PI and zeta 
potential in initial (0 month) and three-month storage are 
presented in Table 4.

This study revealed that the particle size of the entire 
nanosuspension formulas was still at the nanoscale size 
ranging from 14.33 ± 0.06 to 345.6 ± 3.13 at the initial 
storage. Similarly, the particle sizes of the whole formulas 
were still at the nanoscale after three-month storage. How-
ever, the particle size of the ketoprofen suspension was at 
the micro-scale (15.11 µm) at the beginning of storage. 
This result was due to the insufficient use of Tween 80 as a 
wetting agent and the low duration of the stirring process 
in the suspension preparation. The particle size reduction 
process in the manufacturing of nanosuspension dosage 
form will increase surface area and the surface free energy 
or interfacial free energy (ΔG) of the particles. Theoretical-
ly, the lower the ΔG of a system, the higher its stability. The 
relationship is as follows: ΔG = γS/L ΔA, where γS/L is the 
interfacial tension between solid and liquid and ΔA is the 
increase in surface area. One of the strategies to produce 
a stable nanosuspension system is to lower its Δ G (Jacob 
et al. 2020). Therefore, the addition of stabilizers is often 
necessary to avoid particle agglomeration and reduce the 
possibility of Ostwald Ripening (Yadollahi et al. 2015).

In Ostwald ripening, small particles diffuse from higher 
concentrations with higher saturation solubility to the area 

Table 3. Physical stability of the ketoprofen nanosuspensions 
for three-month storage.

Formula Parameters Length of Observation (month)
0 1 2 3

F1 Color Clear 
yellowish

Clear 
yellowish

Clear 
yellowish

Milky 
white

Odor Specific Specific Specific Specific
Sedimentation No No No Yes

pH 4.27 ± 0.06 4.33 ± 0.15 4.33 ± 0.06 4.50 ± 0.10
F2 Color Clear Clear Clear Clear

Odor Specific Specific Specific Specific
Sedimentation No No No No

pH 4.30 ± 0.00 4.33 ± 0.15 4.33 ± 0.06 4.50 ± 0.10
F3 Color Clear Clear Clear Clear

Odor Specific Specific Specific Specific
Sedimentation No No No No

pH 4.47 ± 0.06 4.50 ± 0.10 4.77 ± 0.06 4.87 ± 0.06
F4 Color Clear Clear Clear Turbid

Odor Specific Specific Specific Specific
Sedimentation No No No Yes

pH 4.33 ± 0.06 4.43 ± 0.21 4.53 ± 0.38 4.00 ± 0.36
F5 Color Milky white Milky white Milky white Milky 

white
Odor Specific Specific Specific Specific

Sedimentation No Yes Yes Yes
pH 4.60 ± 0.00 4.50 ± 0.03 – –

Figure 1. Physical stability of ketoprofen nanosuspensions for 
three-month storage.
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around larger particles with a lower drug concentration. 
This results in the formation of a supersaturated solution 
throughout the large particles, which ultimately leads 
to crystallization of the drug and the growth of the large 
particles (Shariare et al. 2018). These are the reasons why 
we need stabilizers in the nanosuspension formulation. 
Stabilizers commonly used to produce nanosuspensions 
include polysorbate (Tween), polyvinylpyrrolidone, polox-
amer, lecithin, poly oleate, and cellulose polymers. Surfac-
tant and polymer mixture has been found to produce long-
term stable nanosuspensions (Yadollahi et al. 2015).

Tween 80 as a non-ionic surfactant and PVP as a 
non-ionic polymer played a significant role in the size re-
duction process as proved by the present study. Both of 
these stabilizers cause steric hindrance. One of the main 
mechanisms of stabilizer-induced inhibition of aggrega-
tion and agglomeration is the formation of a steric barrier 
around the particles. In fact, steric stabilizers reduce par-
ticle contact with the medium as well as particle attrac-
tion forces. As a result, polymer-coated drug nanoparticles 
have lower Brownian motions, which is another mecha-
nism for particle attraction and aggregation inhibition. 
Furthermore, polymer adsorption prevents the attach-
ment/detachment of molecules on the particle surface, in-
hibiting Ostwald ripening. In addition, polymers and non-
ionic surfactants tend to increase solution viscosity, which 
acts as a barrier against aggregation (Tehrani et al. 2019).

PVP used in this study has a quite low molecular 
weight, thus it forms small particles faster (Tuomela, 
2016). The hydrophobicity of the polymer chain is respon-
sible for polymer adsorption on hydrophobic surfaces. On 
the other hand, the hydrophilic moiety of the polymer in-
teracts with the medium. As a result, chain morphology 
is critical in polymer adsorption and steric stabilization. 
Long-swinging hydrophilic chains, in particular, appear 
to provide better steric stability and protection against ag-
gregation (Tehrani et al. 2019). This study found that an 
increase in polymer concentration in the nanosuspension 
formula leads to the enlargement of the drug particle size. 
This finding may be due to the formation of thick layers 
that coated the drug particles as a consequence of adding 
too much polymer which subsequently led to aggregation 
of the drug particles (Wang et al. 2013).

Nanosuspensions will not be formed without the addi-
tion of Tween 80. Tween 80 functions as a wetting agent 
at low concentrations or below its critical micelle concen-
tration (CMC) and as a solvent at concentrations above 
CMC, because surfactant is adsorbed to the solid-liquid 
interface leading to decrease in interfacial tension, in-
crease in the nucleation rate, and lead to a decrease parti-
cle size (Mansouri et al. 2011).

A PI is a parameter used to determine particle size dis-
tribution (PSD) obtained from analyzing particle size. PSD 
is a critical and integral evaluation parameter for nanosus-
pension. By reduction of particle size into the submicron 
range, then drug solubility, dissolution, and bioavailability 
will increase. Therefore, it has become an essential quality 
attribute of nanodispersion. Furthermore, the particle size 
distribution in the formulation was evaluated as PI, which 

gave a degree of PSD. The PI is an important evaluation 
parameter that controls the physical stability of nanosus-
pensions and should be kept as low as possible to achieve 
the long-term stability of a nanosuspension (Ubgade et 
al. 2021). The present study indicated that the PIs of the 
produced ketoprofen nanosuspensions after three-month 
storage at room temperature were varied ranging from 
0.374 ± 0.003 to 0.504 ± 0.035 depending on formulation 
compositions as shown in Table 4. Formula 1 had the low-
est IP value (0.374 ± 0.003). The particle size uniformi-
ty was determined by the PI value, where the low value 
exhibited the best uniformity. A PI of a nano-dispersion 
between 0.1 and 0.25 indicates a narrow size distribution, 
while a PI of greater than 0.5 indicates a broad distribu-
tion. A narrow size distribution is suggested to avoid par-
ticle growth due to Ostwald ripening while also maintain-
ing nanosuspension stability (Kavitha et al. 2014).

As shown in Table 4, the present study revealed that 
the zeta potential values of the entire formulas were in the 
range of -11.2 ± 0.265 to -0.97 ± 0.25. The zeta potential 
value was calculated by determining the particles’ elec-
trophoretic mobility and converting it into zeta potential. 
The zeta potential is the value of the electrostatic potential 
on the imaginary slipping plane (also termed the surface 
of hydrodynamic shear), which is the surface where par-
ticles interact with one another or with other surfaces. 
As shown in Table 4, the present study revealed that the 
zeta potential value of F1 was the highest, however, it had 
the lowest zeta potential after storage for three months. 
F4 had the lowest zeta potential out of all formulas. This 
study proved that the zeta potential values of all formulas 
after three-month storage were near zero. Theoretically, if 
the zeta potential value of a dispersion system achieves a 
value near zero, it becomes unstable and shows agglomer-
ation. In contrast, F2 and F3, based on organoleptic obser-
vation, showed clear nanosuspension during three-month 
storage. The zeta potential property is not only affected by 
particle size or molecular weight but also influenced by 
its environment, e.g., pH, ionic strength, changes in the 
concentration of a formulation component (e.g polymer, 
surfactant), coating, and the presence of organic matter 
(Lowry, 2016). The present study indicated that the media 
had low pHs ranging from 4.00 to 4.87. These low pHs 
lead to the aggregation of PVP-coated particles. A Previ-
ous study found that surfactant choice and the physical 
stability of nanosuspensions were affected by pH. This 

Table 4. Mean particle size, PI, and zeta potential of the nano-
suspensions for three-month storage.

Formula Mean particle size (nm) PI Zeta Potential (mV)
0 month 3 months 0 month 3 months 0 month 3 months

1 14.33 ± 
0.06

19.3 ± 0.5 0.407 ± 
0.009

0.374 ± 
0.003

-11.2 ± 
0.265

-0.97 ± 
0.25

2 78.87 ± 
7.92

78.47 ± 
0.61

0.419 ± 
0.061

0.496 ± 
0.033

-5.4 ± 
0.3

-1.33 ± 
0.4

3 179.9 ± 
4.79

156.9 ± 
1.55

0.438 ± 
0.032

0.446 ± 
0.031

-8.2 ± 
0.2

-1.1 ± 
0.21

4 345.6 ± 
3.13

223.17 ± 
1.11

0.312 ± 
0.053

0.504 ± 
0.035

-2.2 ± 0 -1.13 ± 
0.32

5 15,110 – – – – –
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study proved that a low pH of the media promoted ag-
gregation of the nanosuspensions (Donoso et al. 2012). 
Relying on the nature of PVP, it could decrease the zeta 
potential by pushing the shear plane outward, thereby 
decreasing the overall magnitude of the zeta potential 
even though the particles are more stable against aggrega-
tion. Consequently while interpreting the zeta potential, 
researchers must also think about the effect of adsorbed 
polymer (Louie, 2015). This indicates that the zeta poten-
tial measurement for nanosuspension stability is not an 
absolute measure.

Morphological observations of ketopro-
fen nanosuspension

Fig. 2 shows that the nanosuspension particles are spheri-
cal and amorphous with a particle size of 100 nm, follow-
ing the determination of particle size with the particle size 
analyzer or a dynamic light scattering method. PVP and 
Tween 80 used as stabilizers cause no crystal growth so 
they can maintain the stability of the nanosuspension in 
long-term storage.

In vitro dissolution test

A comparison of in vitro dissolution among nanosuspen-
sion dosage forms (F2, F3, and F4) and F suspension in 
the artificial gastric medium (pH 1.2) at 37⁰C is shown in 
Table 5.

Fig. 3 exhibited that ketoprofen dissolution was higher 
in the nanosuspension dosage form. Rank of the amount 
of ketoprofen dissolved in decreasing order was: nanosus-
pension of F2 > F3 > F4 > F5. This finding was caused by 
the increase in the particle size and polymer concentra-
tion which could affect the dissolution rates of the nano-
suspensions (Shid et al. 2013). The high concentration of 
stabilizers in the formulation is most likely due to the for-
mation of micelles that solubilizes the drug, resulting in 
Ostwald ripening and further destabilizing nanosuspen-
sions (Shariare et al. 2018). While the cumulative percent-
age of ketoprofen suspension at the 60th minute was only 
5.39%, this finding caused ketoprofen to have a low disso-
lution in the dissolution medium of pH 1.2 (acid medium). 

Similarly, the ketoprofen suspension had a larger particle 
size compared to the three nanosuspension formulas. The 
drug particle size reduction leads to an increase in surface 
area, and consequently, increased nanoparticle contact 
with the dissolution medium. The results obtained were 
coordinated with the Noyes–Whitney equation:

dc
dt

D A
h

Cs Cx  (1)

Based on equation 1, the particle dissolution velocity 
(dc/dt) was inversely proportional to the diffusion dis-
tance (h) and was directly proportional to the particle sur-
face area (A) and the saturation solubility (Cs). Therefore, 
the increase in saturation solubility and decrease in par-
ticle size could lead to an increase in the dissolution rate 
(Tehrani et al. 2019).

Conclusion

The present study confirmed that ketoprofen nanosuspen-
sion with PVP and Tween 80 as stabilizers was stable for 
three-month storage at room temperature and had a higher 
dissolution rate compared to that of ketoprofen suspension.
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Table 5. In vitro dissolution test nanosuspension dosage form 
and ketoprofen suspension.

Formula Cumulative % (in the 60th minute)
2 82.47 ± 0.04
3 81.18 ± 0.09
4 80.09 ± 0.01
5  5.39 ± 0.34*

Data were presented as mean ± SD with n=3; * indicated a significant difference 
between the formulas.

Figure 2. Transmission electron microscopy of ketoprofen na-
nosuspension.

Figure 3. Comparison of in vitro dissolution between nanosus-
pension dosage forms (F2, F3, and F4) and F5 in artificial gastric 
medium (pH 1.2) at 37 °C.
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