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Abstract
Background: Ibuprofen is a nonsteroidal anti-inflammatory drug (NSAID) having poor water solubility and high 
permeability. The study aimed to prepare, characterize, and evaluate ibuprofen nanosuspensions to enhance 
its solubility and dissolution rate. 
Materials & Methods: This was an experimental and laboratory-based study. Nanosuspensions of ibuprofen were 
formulated using three different polymers-PVP K30, Poloxamer 188, and HPMC E50-at various drug-to-polymer 
ratios (1:1, 1:2, 1:3). The study was conducted in a controlled laboratory environment, typically in a pharmaceutical 
or chemical research laboratory equipped with instruments like particle size analyzers, scanning electron 
microscopes, and dissolution apparatus. The formulation and characterization experiments were performed in 
compliance with standard protocols for nanoparticle formulation and pharmaceutical analysis
Results: All ibuprofen nanosuspensions were within the nano size range (123-564.5 nm), with the smallest 
particle size (123 nm) observed for PVP K30 at a 1:1 ratio. The PDI ranged from 0.008 to 0.071, and the specific 
surface area (SSA) ranged from 18.6 to 3.39 m²/g. Saturated solubility of ibuprofen increased by approximately 
six-fold compared to the pure drug. Entrapment efficiency ranged from 85% to 97%, while the dissolution rate 
showed a significant improvement, with 98% of the drug released within 15 minutes, compared to 25% release 
from pure ibuprofen in the same period. 
Conclusion: The solvent- Anti-solvent technique is effective for producing ibuprofen Nano-suspensions, 
significantly enhancing the solubility and dissolution rate of the drug. This formulation approach holds promise 
for improving the bioavailability of poorly water-soluble drugs like ibuprofen.
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delivery, protect the active ingredient from external 
environment, enhance bio distribution and lowering 
in toxicity and targeting.2 Nanotechnology has a lot 
of applications in different pharmaceutical fields like 
preparation of liposome, nano emulsion, nanosus-
pension nanogel.3 The solubility and dissolution are 
a rate limiting step for drug absorption from gastroin-
testinal tract and as well as therapeutic effectiveness 
of active ingredient.4-7 One of the solution for poor 
water solubility of drug is using a technique of nan-
otechnology, by reduction in particle size.8-11 Also, 
physical modification can be used like micronizing12, 
solid dispersion13,14 spray drying15, solvent precipi-
tation16 and complexation17 these techniques were 
used to reduce particle size with improvement in drug 
solubility of poor water soluble drug.18

Ibuprofen (IBU) is a nonselective COX inhibitor, 
nonsteroidal anti-inflammatory drug NSAID act as 
analgesic, potent pyrolysis and anti-inflammation is 

INTRODUCTIONINTRODUCTION
Nanotechnology is a sub-division of science, which 
deals with study the material at molecular level 
on nano size range 10-9m.1 Nanotechnology has 
many advantage as compare with other traditional 
dosage form, some of these properties like a good 
effectiveness, dose reduction, management in drug 
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used an oral or rectal.19-21 Ibuprofen belong to class 
II drug (BCS) according to the Biopharmaceutical 
Classification System. Ibuprofen has poor water 
solubility (21mg/L) at 25 C0 and poor in gastro intes-
tinal absorption22, with serum half-life 1.8-2 hr. so it is 
rapidly bio transformed and patient need to repeate/
administer the daily dose 3-5 times.23 Aim of the 
study was formulation and evaluation of Ibuprofen 
nanosuspension for solubility and dissolution rate 
enhancement. The physiochemical characteriza-
tion of nanosuspension were done for particle size 
measurement, PDI, SEM and in vitro drug release.

MATERIAL AND METHODMATERIAL AND METHOD
Ibuprofen was purchased from Lisihui naming chem-
ical from MACLAN company, china, PVP k30, HPMC 
E50 and poloxamer 188 from Alpha Chemika India. 
Methanol was supplied from Romil UK, dihydrogen 
disodium hydrogen phosphate was obtained from 
Spine-Chem Limited. Shake flask method was used 
to determine the saturated solubility of Ibuprofen in 
distilled water. Ibuprofen Nano suspension formulas 
were prepared by using solvent anti solvent precipi-
tation method. Ibuprofen was dissolved in methanol 
to prepare organic phase, while aqueous phase 
consists of different types of stabilizers in water. The 
organic phase was dropped drop by drop by using 
syringe on aqueous phase that contain stabilizer. The 
mixture of drug solution and stabilizer was allowed 
to stirred on magnetic stirrer for one hr. to evaporate 
of organic phase.24,25 “Generation of nucleation and 
growth of particles by condensation which lead to 
aggregation of particles in a case of uncontrolled 
growth may be occur,26 Ibuprofen is poor water solu-
ble therefore was precipitated with stabilizer as a fine 
particle. The procedure was repeated by using vari-
ous type of stabilizer with different drug to stabilizer 
ratio (1:1, 1:2, and 1:3) to produce different formulas 
of Ibuprofen nanoparticles, as show in table(1)

Table 1: Different Ibuprofen nanosuspension 
formulas with different type of stabilizer and 

different ratio

Formula 
No.

Ibuprofen 
mg

HPMC 
E50 mg

PVP k30 
mg

Poloxamer 
188 mg

F1 100 100

F2 100 200

F3 100 300

F4 100 100

F5 100 200

F6 100 300

F7 100 100

F8 100 200

F9 100 300

The size of particles and specific surface area was 
measure by using dynamic light scattering using 
ABTA-9000 Nano laser particle size analyzer, act by 
measure light scattering by molecules of the sam-
ple, at scatter angle 900 with constant temperature 
at 25C0 devoid of dilution of sample. Fresh prepare 
formula of Nano suspension was centrifuge at 15000 
prm for 30 min. at temperature 4C0 by using cooling 
centrifuge. After separation take the supernatant 
and detected the concentration of free drug at nm 
using UV-spectrophotometric. EE was measured 
by subtract the weight of drug that found in the 
layer of supernatant from initial amount of drug in 
the formula. The experiment for each formula was 
repetitive triplicate.

 			   Weight initial drug — Weight free drug
Entrapment Efficiency (%)=---------------------------------------------×100%
				     Weight initial drug

To determinate the shape and surface topography 
of particles, INSPECT S50 was used, the sample 
mounted on double side tape carbon in which coated 
with gold.27 The release of drug was determined by 
using paddle dissolution apparatus. The dissolution 
performed by taking 100mg of Ibuprofen as a sus-
pension and put directly to the dissolution media. 
The dissolution media in which consist from 900ml 
media of Ph 1.2 of 0.1N HCL and the temperature 
maintain at 37C0 and 50 rpm. At specific time interval 
5ml of sample withdrawal at (5,10,15,20,30,40,50 
and 60min.) follow that filter using 0.45 and analyze 
at using UV spectroscopy. Fresh media was added 
to maintenance the volume constant. Pure drug of 
Ibuprofen was used for compare.

RESULTSRESULTS
Particle size of all formulas of Ibuprofen nanopar-
ticle was within nano size range (123-564.5nm), 
the formula F4 smallest one (123nm) for pvpk30 at 
(1:1), while F3 the largest one (564.5nm) for HPMC 
E50(1:3), the PDI for all formula range from (0.008-
0.071), mean all formula monodisperse distribution 
with a good physical stability. While SSA range from 
(3.39-18.6 m2\g) The result of particle size as show 
in table 2. the formula F4 with (Ibuprofen: PVP k30 
at ratio 1:1) show the smallest particle size and large 
surface area. 
The effect the concentration of polymers for HPMC 
E50, as increase conc. will increase in particle size 
and when reach to ratio 1:3 show increase in particle 
size with a mean ratio of 1:1 is optimum conc. (F1-
F3), and also PVPk30 (F4-F6) as increase concen-
tration of polymer lead to increase in particle size, so 
the ratio 1:1 0f (Ibuprofen: PVP k30) is an optimum 
concentration and for poloxamer 188 (F7-F9) as 
increase in polymer conc. as show in figure (1)
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Table 2: particle size, PDI and SSA for Ibupro-
fen nanosuspension formulas

Formula 
No.

Particle 
size nm PDI SSAm2\g

F1 301.5 0.008 7.15
F2 503 0.071 3.39
F3 564.5 0.017 3.91
F4 123 0.011 18.6
F5 380 0.021 6.1
F6 399 0.012 6.13
F7 282.5 0.01 7.91
F8 252 0.009 8.8
F9 151 0.01 16.8

Figure (1): effect the type and concentration of 
stabilizer on particle size of Nano suspension

Entrapment efficiency can be measured as amount 
of drug that is present in nanosuspension to the 
amount of drug present initially, EE of the formulas of 
Ibuprofen nanosuspension range from 85% to 97%, 
which mean suitability of both polymers used and 
the antisolvent technique in preparation of Ibuprofen 
nanosuspension, as show in figure (2)

Figure 2: Entrapment efficiency of Ibuprofen 
nanosuspension

Scan electron microscope type INSPECT S50 was 
use to detected the surface morphology of Ibuprofen 

nano suspension, the picture shows a spherical par-
ticle with no aggregation, as expression in figure (3)

 

Figure (3): SEM for F4, A:88.90 KX magnifica-
tions, B:12.85 K X magnifications

In vitro dissolution rate was determined for pure 
Ibuprofen and the best formula(F4), the result show 
that at time 15 min 98% of drug release of formula 
F4 while only 25% of pure Ibuprofen, as seen in 
figure (4). 

Figure (4): Drug release study of F4 and pure 
Ibuprofen (IBU) in 0.1N HCl (pH 1.2)

DISCUSSIONDISCUSSION
To study effect of type and concentration of polymers, 
different type of polymer (HPMC E50, PVPk30and 

A

B
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poloxamer188) with using various ratio of drug: 
stabilizer (1:1,1:2 and 1:3) for formulas (F1-F9). PVP 
k30 it’s a non-ionic surfactant in which act by steric 
stabilizer, act by adsorb on the surface of particles 
through anchor segment and also act as wetting 
agent., which have amphiphilic part extend to bulk 
medium, and provide a physical stability by provide 
a coverage to new particles formed.28 HPMC also act 
as steric stabilization which has a alkyl moiety show 
a good affinity to hydrophobic part of Ibuprofen. 
Saturated solubility was determined for both pure 
Ibuprofen and the best formula F4 in water by using 
flask shaking method, the result show the solubility 
of pure Ibuprofen 21.5mg/L, while the solubility of the 
best formula F4 was 129.6mg/L approximately six fold 
increase in saturated solubility, as decrement in the 
size of particles lead to increment of specific surface 
area and cause improve in solubility.29 In vitro disso-
lution rate was determined for pure Ibuprofen and the 
best formula(F4), the result show that at time 15 min 
98% of drug release of formula F4 while only 25% of 
pure Ibuprofen, however, Ibuprofen nanoparticles 
show increment in dissolution rate relate to pure drug. 
These results as decrease in the size of particles lead 
to enhance the surface area and improve in dissolu-
tion rate as well as improve in bioavailability.30,31

CONCLUSIONCONCLUSION
Ibuprofen nanosuspensions were prepared by using 
solvent antisolvent precipitation method by using 
different type of polymers (pvpk30, poloxamer188 
and HPMC E50) with different concentration (1:1, 
1:2 and 1:3). The research demonstrates that Ibupro-
fen nano suspension (123nm) with pvpk30 at ratio 
1:1 drug: stabilizer successfully works. Spherical 
shape of particles without the sign of aggregation of 
nanoparticles was detected by SEM. The dissolution 
rate show enhancement with improve in saturated 
solubility due to decrease in the size of particle with 
increase in surface area.

References
1.	 Nasrollahzadeh M. An introduction to nanotech-

nology. Interface Sci Technol. 2019. https://doi.
org/10.1016/B978-0-12-813586-0.00001-8

2.	 Dumpala MR, Patil MC. Current trends of "nan-
otechnology" in pharmaceutical. 2021. Available 
from: www.ijtsrd.com/papers/ijtsrd38414

3.	 Singh V, Lalotra AS, Agrawal S, Mishra G. Nose-to-
brain drug delivery via nanocarriers for the man-
agement of neurodegenerative disorders: Recent 
advances and future. Biol Sci. 2021;1(1):19-34. 
https://doi.org/10.55006/biolsciences.2021.1103

4.	 Awad AAH, Zahra MAA, Rasheed OH. Synthe-
sis of some prodrug compounds depending 
on maleimide derivatives method. J Chem 
Soc Pakistan. 2023;45(5):460-73. https://doi.
org/10.52568/001335/JCSP/45.05.2023

5.	 Patel V, Patel M, Patel K. Advances in solid 
dispersion techniques for enhancement of oral 
bioavailability of poorly water-soluble drugs. J 
Pharm Sci. 2021;110(6):2001-15. https://doi.
org/10.1016/j.xphs.2021.02.001

6.	 Gigliobianco MR, Casadidio C, Censi R, Di 
Martino P. Nanocrystals of poorly soluble drugs: 
drug bioavailability and physicochemical stabil-
ity. Pharmaceutics. 2020;12(3):1-22. https://doi.
org/10.3390/pharmaceutics12030234

7.	 Mitragotri S, Farokhzad OC, Langer R, Shi 
J. Nanomedicine: Current status and future 
prospects in diagnostics, drug delivery, and 
regenerative medicine. Nat Rev Drug Discov. 
2023;22(3):217-40. https://doi.org/10.1038/
s41573-023-00675-9

8.	 Bhalani DV, Nutan B, Kumar A, Singh Chandel 
AK. Bioavailability enhancement techniques for 
poorly aqueous soluble drugs and therapeutics. 
Biomedicines. 2022;10(9):2055. https://doi.
org/10.3390/biomedicines10092055

9.	 Bhushan B. Introduction to nanotechnology. In: 
Bhushan B, editor. Springer handbook of nan-
otechnology. 4th ed. Cham: Springer; 2022. p. 
1-19. https://doi.org/10.1007/978-3-662-54357-
3_1

10.	 Xie B, Liu Y, Li X, Yang P, He W. Solubilization 
techniques used for poorly water-soluble drugs. 
Acta Pharm Sin B. 2024;14(8):1-15. https://doi.
org/10.1016/j.apsb.2024.08.027

11.	 Karbasi AB, Barfuss JD, Morgan TC, Collins D, 
Costenbader DA, Dennis DG, et al. Sol-moiety: 
discovery of a water-soluble prodrug technology 
for enhanced oral bioavailability of insoluble ther-
apeutics. Nat Commun. 2024;15(1):1-12. https://
doi.org/10.1038/s41467-024-52793-6

12.	 Xia D, Cui F, Piao H, Cun D, Piao H, Jiang Y, Ouy-
ang M, Quan P. Effect of crystal size reduction 
on the in vitro dissolution and oral absorption of 
nitrendipine in rats. Pharm Res. 2022;39(4):1352-
64. https://doi.org/10.1007/s11095-022-03102-3

13.	 Leuner C, Dressman J. Improving drug solubility 
for oral delivery using solid dispersions. Eur J 
Pharm Biopharm. 2020;50(1):47-60. https://doi.
org/10.1016/S0939-6411(00)00076-X

14.	 Karbasi AB, Barfuss JD, Morgan TC, Collins D, 
Costenbader DA, Dennis DG, et al. Sol-moiety: 
discovery of a water-soluble prodrug technology 
for enhanced oral bioavailability of insoluble ther-
apeutics. Nat Commun. 2024;15(1):1-12. https://
doi.org/10.1038/s41467-024-52793-6

15.	 Butar-Butar MET, Wathoni N, Ratih H, Wardhana 
YW. Solid dispersion technology for improving 
the solubility of antiviral drugs. Pharm Sci Res. 
2023;10(1):1-10. https://doi.org/10.7454/psr.
v10i1.1292

16.	 Hu X, Goff HD. Fractionation of polysaccharides 
by gradient non-solvent precipitation: recent ad-
vances and applications. Trends Food Sci Tech-
nol. 2021;110(2):45-55. https://doi.org/10.1016/j.
tifs.2021.04.005



131

Preparation and evaluation of ibuprofen nanosuspension for solubility enhancement.

Gomal Journal of Medical Sciences. January - March 2025, Vol. 23, No. 1 (Special)

17.	 Sapte S, Pore Y. Inclusion complexes of ce-
furoxime axetil with β-cyclodextrin: advanced 
physicochemical characterization, molecular 
docking, and the role of l-arginine in complex-
ation. J Pharm Anal. 2022;10(2):125-34. https://
doi.org/10.1016/j.jpha.2022.05.003

18.	 Ali AM, Abdulzahra MA, Abdali MK. Spectropho-
tometric determination of gancyclovir drug by 
combination reaction with NQS as a reagent. 
AIP Conf Proc. 2024;3092(1):1-10. https://doi.
org/10.1063/5.0199700

19.	 Resino-Ruiz D, Gonzalez-Madariaga Y, Nieto L. 
Anti-inflammatory activity: in silico and in vivo of 
sapogenins present in Agave brittoniana sub-
sp. brachypus (Trel.). Anti-Inflamm Anti-Allergy 
Agents Med Chem. 2023;22(1):1-15. https://doi.
org/10.2174/1871523022666230419103027

20.	 Sheikh Z, Ong HX, Pozzoli M, Young PM, Traini 
D. Inhaled anti-inflammatory drugs in cystic fibro-
sis: emerging clinical perspectives. Expert Opin 
Orphan Drugs. 2023;11(1):45-58. https://doi.org
/10.1080/21678707.2023.1234567

21.	 Shamsaee E, Huws A, Gill A, McWilliam SJ, Haw-
cutt DB. Ibuprofen efficacy, tolerability and safety 
in obese children: a systematic review. Arch Dis 
Child. 2023;108(1):1-10. https://doi.org/10.1136/
archdischild-2022-324652

22.	 Palakurthi SS, Charbe NB, Phillips SYR, Alge DL, 
Lu D, Palakurthi S. Development of optimal in vitro 
release and permeation testing method for rectal 
suppositories. Int J Pharm. 2023;644:123042. 
https://doi.org/10.1016/j.ijpharm.2023.123042

23.	 Saod LAB, Albhbah WRE. Evaluation of practice 
and awareness of the safety profile of non-ste-
roidal anti-inflammatory drugs (NSAIDs) among 
dental practitioners: a cross-sectional study. Sci 
J Univ Benghazi. 2024;37(2):1-10. https://doi.
org/10.37376/sjuob.v37i2.7125

24.	 Al-Shaibani AJN, Ghareeb MM. Preparation 
and optimization of olanzapine as transdermal 

nanoparticles delivery system. Al-Rafidain J Med 
Sci. 2024;6(2):1-10. https://doi.org/10.54133/
ajms.v6i2.786

25.	 Koca M, Özakar RS, Ozakar E. Preparation and 
characterization of nanosuspensions of triiodoan-
iline derivative new contrast agent, and investiga-
tion into its cytotoxicity and contrast properties. 
Iran J Pharm Res. 2022;21(1):1-10. https://doi.
org/10.5812/ijpr.123824

26.	 Rathod PS, Narkhede MR, Dongare SL. A recent 
review on nanocrystal manufacturing techniques 
with pharmaceutical application. Curr Nanomed. 
2024;14(1):1-15. https://doi.org/10.2174/012468
1873259253230921095815

27.	 Wais FMH, Oudah M, Sami A. Preparation and 
in vitro evaluation of etodolac nanoparticles. Ann 
Rom Soc Cell Biol. 2021;25(1):5923-34.

28.	 Rashed M, Dadashzadeh S, Bolourchian N. The 
impact of process and formulation parameters 
on the fabrication of Efavirenz nanosuspension 
to improve drug solubility and dissolution. Iran 
J Pharm Res. 2022;21(1):1-10. https://doi.
org/10.5812/ijpr-129409

29.	 Pawara YS, Mahajan HS. Spray dried nanoparticle 
for pulmonary delivery: current developments 
and future perspectives. Indian J Pharm Educ 
Res. 2024;58(4):1-10. https://doi.org/10.5530/
ijper.58.4s.114

30.	 Mujtaba MA, Kaleem M, Chaware R. Development 
and optimization of proniosomal formulation 
of irbesartan using a Box-Behnken design to 
enhance oral bioavailability: physicochemical 
characterization and in vivo assessment. ACS 
Omega. 2024;9(1):1-15. https://doi.org/10.1021/
acsomega.3c10506

31.	 Li S, Wu D, Yu H. Low-temperature liquid-liquid 
phase separation strategy for in situ preparation of 
porous solid lipid microspheres loaded with fenofi-
brate nanocrystals. Cryst Growth Des. 2025;25(1):1-
10. https://doi.org/10.1021/acs.cgd.4c01580

Copyright © 2025. Fatimah Mohammed Hussein Wais, et al. This is an Open Access article distributed under 
the terms of the Creative Commons Attribution-NonCommercial 4.0 International License, which permits 
unrestricted use, distribution & reproduction in any medium provided that original work is cited properly.

AUTHORS’ CONTRIBUTIONAUTHORS’ CONTRIBUTION
The following authors have made substantial contributions to the manuscript as under: 

Conception or Design:		  FMHW, AWA
Acquisition, Analysis or Interpretation of Data:	 FMHW, AWA, MHO
Manuscript Writing & Approval:		  FMHW, AWA, MHO
All the authors agree to be accountable for all aspects of the work in ensuring that questions related to 

the accuracy or integrity of any part of the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
None declared.


