
ABSTRACT
Objective: This work was designed to prepare and characterize nanocrystals of poorly soluble class II drug tenoxicam (TNX) 
as an efficient, economical, and innovative technique for particle size reduction accompanied by optimized drug solubility 
dissolution while keeping the drug in crystalline form. 
Methods: A variety of stabilizing agents were screened for TNX nanocrystals stabilization. Acid-base neutralization and 
dimethyl sulfoxide (DMSO) antisolvent methods were used for TNX nanocrystal preparation. Characterization used includes 
particle size distribution (PSD) and Polydispersity Index (PDI) using Malvern instrument, zeta potential, fourier transform 
infrared (FTIR), suspended particulate matter (SPM), DSC, and in-vitro release evaluation. 
Results: Cremophor-EL selected as stabilizing agent due to smaller particle size obtained of 884 nm + 12, good PDI value at 
0.289 + 0.013. TNX/Cremophor-EL ratio was chosen at 10:6 with appropriate SI values concerning PSD and PDI at 0.94 and 
0.87, respectively. TNX nanocrystals were prepared successfully after both methods with more efficient PDS and PDI after the 
antisolvent method (74 nm + 11 and 0.159 + 0.010). FTIR and differential scanning calorimetry (DSC) reveal compatible use 
of cremophor-EL with TNX without any chemical interaction. SPM predict significant (p ≤ 0.05) size reduction from 1582 nm 
of coarse TNX into 103.5 nm + 7 and 364 nm + 11 for nanocrystals after both methods. In-vitro release profile demonstrates 
significant (p ≤ 0.05) faster dissolution than coarse TNX after the same duration with complete dissolution of TNX nanocrystals 
within 80, and 100 minutes. 
Conclusion: TNX nanocrystals were fabricated successfully using two different preparation methods with significant size 
reduction and optimized solubility.
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INTRODUCTION
Tenoxicam (TNX) is a potent non-steroidal anti-inflammatory 
(NSAID) drug that is widely used to treat inflammation-
associated conditions such as rheumatoid arthritis, inflammatory 
bowel disease, and ulcerative colitis, in addition to pain and 
fever relief.1 It inhibits cyclo-oxygenase enzymes that induce 
prostaglandins (PG) production, in which these mediators 
cause pain, swelling, and inflammation when triggered in 
response to injury or another diseased state; therefore, their 
inhibition will reduce pain and inflammation. However, among 
inhibited PGs is PGE2 that imparts a protective effect on the 
stomach and its inhibition can cause GI bleeding and worsen 
pre-existing GI ulcers.2,3 Chemically, TNX is a weakly acidic 
drug as shown in Figure 1 with pKa value equal 5.3 and 
pH-dependent solubilization; however, it is extensively bound 
to plasma proteins Figure 1.4 According to Biopharmaceutical 
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Classification System (BCS), TNX fits class II drugs with poor 
aqueous solubility (14 mg/L) and high permeability, hence a 
slow dissolution rate-limiting TNX absorption. It is marketed 
as an oral tablet with two doses, 10 or 20 mg.5 

Varieties of formulations techniques are available to 
improve the aqueous solubility of poorly soluble drugs, among 
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Figure 1: Chemical structure of tenoxicam.4
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which nanocrystal fabrication involves size reduction of drug 
crystals into nano range. Such technology offers a low-cost 
and efficient method for drug crystal production accompanied 
by solubility and bioavailability enhancement.6 In general, 
two main methods were constructed for nanocrystal 
production, including top-down and bottom-up processes.  
A mechanical shear is applied in a top-down method to break 
big drug particles into smaller nanosized crystals using simple 
mechanical millers or homogenizers.7 While bottom-up 
method includes precipitation of target drug as crystals, 
which is triggered by utilizing anti-solvent that demonstrate 
drug poor or insolubility. Otherwise, a combination of the 
two discussed methods can be used in certain instances.8 
Bottom-up method exhibit more efficient particle size 
reduction with less labor and energy required in the top-down 
method; however, attention is essential when using bottom-up 
way to circumvent possible toxicity of utilized organic solvent 
that may contain residue after nanocrystal formation.9,10 By 
size reduction into nano range, the effective surface area 
increased hugely, and thereby the number of exposed particles 
to dissolution medium or GI fluid increased significantly 
with enhanced absorption and bioavailability.6 From all 
previous, nanocrystal technology can improve pharmaceutical 
properties of drugs with a potential reduction in therapeutic 
dose and hence, minimum side effect, GI bleeding in case of 
TNX, and finally more patient compliance. The distinctive 
property of nanocrystallization from other nano-formulation 
techniques is size reduction into nano-scale while keeping 
the drug molecules in crystalline polymorph; this would 
increase the saturated solubility of the drug and thus, increase 
diffusional gradient, passive absorption, and dissolution 
tendency of targeted drug according to Noyes-Whitney 
equation of dissolution.11,12 For stable nanocrystal formulation, 
a stabilizing agent (SA) is usually used, which is, in most 
cases, polymers. These agents adsorbed to the surface of newly 
formed nano-scaled crystals and provide steric stabilization to 
prevent attraction between small particles and hence, hinder 
crystal growth and keep nanocrystals stabilized. The selection 
of appropriate SA plays a key role in nanocrystal formation 
and stable formulation.13

The following work was designed to prepare and 
characterize nanocrystals of poorly soluble class II drug 
TNX using two different fabrication methods, acid-base 
neutralization and antisolvent nanoprecipitation, as efficient, 
economical, and innovative techniques for particle size 
reduction into nano-scale with accompanied optimization 
in drug solubility and dissolution, while keeping the drug in 
crystalline form. 

MATERIALS AND METHODS
Materials
Tenoxicam (TNX) was received as a gift from The Middle East 
Pharmaceutical Manufacturing Company Ltd. The polymers 
hydroxypropyl methylcellulose E5 (HPMC E5), polyvinyl 
alcohol (PVA), and polyvinyl pyrrolidone K30 (PVP K30) 
were obtained from Zhejiang CP Chemical Co. Ltd, China.  

The surfactants tween 20, tween 80, polyethylene glycol 
400 (PEG 400), sodium lauryl sulfate (SLS), cremophor EL, 
cremophor RH, and glycerin were purchased from Sigma 
Aldrich, USA.

METHODS 
Stabilizing Agents Screening Study
A variety of stabilizing agents (S.A), including PVP K30, PVA, 
HPMC E5, tween 20, tween 80, PEG 400, SLS, cremophor 
EL, cremophor RH, and glycerin, were screened for their 
efficiency during the preparation of TNX nanocrystals. In 
which each stabilizing agent was mixed with the drug in a fixed 
TNX/S.A ratio of 5:1 under high shearing speed centrifuge 
(CENHBN-600M, Germany) at 10000 rpm for 5 minutes.14 
Then, the influence of SA on mean particle size distribution 
(PSD), polydispersity index (PDI), and stability index (SI) 
were validated.15 

Stability index (SI) is a mathematical value expressed as 
fraction or percent that indicates the stability state of TNX 
nanocrystals and is obtained as a ratio of TNX nanocrystals 
PSD or PDI at day 0 to values at day 7. As SI values approximate 
100%, it means more stable nanocrystals were prepared.16

Optimization of TNX Nanocrystals Preparation
After selecting the stabilizing agent, formulation optimization 
was achieved by testing five TNX/stabilizer ratios at 10:1, 10:2, 
10:4, 10:6, and 10:8, screened for PSD, PDI and SI.

Nanoprecipitation Methods for TNX Nanocrystals 
Preparation
Two nanoprecipitation methods were used for the preparation 
of TNX nanocrystals. 

1. Acid-base Neutralization Technique
First, the specified amounts of TNX and selected stabilizing 
agent were solubilized in 20 mL of 0.1 M NaOH aqueous 
solution. Subsequently, 2 mL of 0.1 M HCl aqueous solution 
was added rapidly under continuous vigorous stirring to get 
uniform particle size distribution using a magnetic stirrer 
(SH-4, USA) at 1500 rpm for 10 minutes to obtain the 
precipitated TNX as uniformly distribution nanocrystals.17

2. Antisolvent Nanoprecipitation Method
Briefly, DMSO was used as solvent and water as antisolvent. 
TNX was dissolved in DMSO and then filtered via 0.45 μm 
filter membrane to remove possible impurities and let aside. 
A second solution was prepared by dissolving the selected 
stabilizing agent in 45 mL water to get an aqueous solution 
of stabilizer used as antisolvent for TNX precipitation out of 
solution. Afterward, five milliliters of TNX solution was added 
slowly in a dropwise manner to the stabilizing agent solution 
with vigorous stirring at 1500 rpm that was continued for  
2 hours during which nanocrystals of TNX were precipitated, 
and then it was centrifuged (CENHBN-600M, Germany) at 
5000 rpm for 20 minutes.18 After centrifugation is completed, 
the product was sonicated for 10 minutes, filtered through 0.2 μm  
filter membrane and washed exhaustively with double 



Solubility Enhancement of Class II Drug Tenoxicam Utilizing Nanocrystallization Technique Development, and Characterization

IJDDT, Volume 11 Issue 3, July 2021 - September 2021 Page 1020

deionized water. For drying, it was placed in an oven (Binder, 
ED 56, Germany) at 60°C for 24 hours, and then collected for 
further formulation and characterization.19

A coarse suspension containing the same TNX/stabilizer 
ratio of TNX nanocrystal was also prepared as a control during 
characterization and evaluation processes.

Characterization of TNX-nanocrystals

Fourier-transformed Infrared (FTIR) Spectroscopic Analysis
FTIR spectrophotometer (Shimadzu, Japan) applied to coarse 
powder of TNX and TNX nanocrystals to evaluate the purity 
and stability of the drug before and after its transformation 
into nanocrystal, in addition, to check the compatibility of 
stabilizer selected with TNX, by the analysis of the physical 
blend containing 1:1 (w/w) of TNX and stabilizer. The analysis 
was achieved using KBr disc by thorough trituration of each 
sample with KBr powder into the circular disc and then FTIR 
spectra recorded at the range 400 and 4000 cm-1.20

Mean Particle Size and Size Distribution Analysis 
The average particle size (PSD) and polydispersity index 
(PDI) of TNX nanocrystals and TNX suspension containing 
the same TNX/stabilizer ratio (as a control) were analyzed 
using Malvern Zeta-sizer by dynamic light scattering (DLS) 
technique at a fixed scattering angle of 90° and temperature 
25°C. Before analysis, the sample was prepared by dispersing 
a specified amount of TNX nanocrystals in double distilled 
water with sonication and then analyzed.21 

Zeta Potential
Brookhaven instrument (Zeta Plus, USA) was used to measure 
the electric charge on the surface of TNX nanocrystal based 
on electrophoretic light scattering and 1v electric field, this test 
reveals the physical stability of the prepared TNX nanocrystals 
in colloid dispersion. Values restricted between ≤ -30 to ≥ 
+30 mV indicate good stability, while values between +60 
mV manifest excellent stability.22 TNX suspension was also 
analyzed for a surface charge as a control for comparison 
purposes. 

Scanning Probe Microscopy (SPM) 
Precise particle size and size distribution of the prepared TNX 
nanocrystals were evaluated using an SPM device (SPM AA 
3000, Angstrom Advanced Inc., USA). In addition to two- and 
three-dimensional surface images captured for morphological 
examination, the test was also performed to TNX/stabilizer 
coarse suspension for comparison to differentiate and confirm 
nanocrystal formation. Samples were dispersed in ethanol, and 
then a few drops were placed on a glass slide and let to dry at 
25˚C, afterward the microscope tip is held above it to scan.23

Differential Scanning Calorimetry (DSC)
Thermal analysis was achieved for TNX before (coarse powder) 
and after nanocrystallization to manifest thermal behavior and 
crystallinity of drug and potential chemical incompatibility of 
the selected surfactant or stabilizer with the TNX. About 2–5 mg  
of each sample placed separately within an aluminum pan 

of the device (STA PT-1000 linseis, Germany) and heated in 
the temperature range 25 to 300°C at 10°C/minute constant 
heating rate, dry nitrogen gas used as a carrier that provided 
at 10 mL/min.24

In-vitro Release Study
The in vitro release evaluation of TNX-nanocrystals was 
achieved using USP type II apparatus (paddle type) (Electrolab 
TDT-08L); the test also applied coarse pure TNX powder 
control. The samples were placed in a 900 mL jar containing 
phosphate buffer solution with pH 6.8 to simulate the pH of 
the small intestine (site of absorption) under a paddle rotation 
speed of 50 rpm and temperature 37 ± 0.5°C.25 Five milliliters 
of aliquots were withdrawn via 0.45 μm filter syringe at 
programmed time intervals and replaced by the same volume 
with a fresh dissolution medium. The amount of released 
TNX was quantified spectrophotometrically using UV-visible 
spectrophotometer (Shimadzu, Japan) at the maximum 
absorbance (λmax) of the drug, 360 nm. Then, to construct 
the release profile, the percent of cumulative TNX release was 
plotted versus the time of the collected sample. The experiment 
was performed in triplicate.26

RESULTS
Stabilizing Agents Screening 
Ten stabilizing agents were evaluated for stabilizing efficiency 
in TNX nanocrystal formation as a function of PSD, PDI and 
SI with results revealing variable values as displayed in Table 1 
and summarized in Figure 2 with the most efficient stabilization 
of TNX exhibited by cremophor-EL. This is due to the smaller 
particle size obtained of 884 nm + 12, good PDI value of less 
than 0.3 at 0.289 + 0.013, indicating uniform particle size 
distribution with homogenously sized TNX nanocrystals 
(Figure 2 a). In addition to the improved stability conferred 
by cremophor-EL as indicated by SI values of PSD and PDI of 
0.92 and 0.81, respectively, after seven days (Figure 2 b). The 
beneficial cremophor-EL stabilization effect is caused by its 
easer or superior efficiency in a sheath or mechanical barrier 
formation covering TNX nanocrystal for steric stabilization 

Table 1: Results of parameters evaluated for stabilizing agent screening

 Parameter

Stabilizer PSD PDI

SI %
PSD PDI

PVP K30 1790 + 21 0.462 + 0.02 0.7 0.66
PVA 1640 + 18 0.540 + 0.01 0.62 0.73
HPMC E5 1530 + 22 0.291 + 0.01 0.74 0.69
Tween 20 1750 + 23 0.395 + 0.03 0.77 0.61
Tween 80 1805 + 26 0.513 + 0.01 0.76 0.7
PEG 400 1761 + 29 0.344 + 0.02 0.69 0.62
SLS 1690 + 22 0.318 + 0.01 0.72 0.69
cremophor EL 884 + 12 0.289 + 0.013 0.92 0.81
Cremophor RH 1190 + 19 0.326 + 0.02 0.83 0.8
Glycerin 1864 + 24 0.487 + 0.03 0.65 0.74
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and hence, retard crystal growth and keeps them within nano-
scale size below 1000 nm.27,28

Optimization of TNX Nanocrystals Preparation
To select the most appropriate proportion at which the 
chosen stabilizer cremophor-EL to be mixed with TNX, four 
different TNX/stabilizer ratios at 10:1, 10:2, 10:4, 10:6, and 
10:8 were evaluated for the preparation TNX nanocrystals 
with optimized properties in terms of particle size and hence, 
stable nanocrystal formulation. The results presented in 
table 2 and variation highlighted in Figure 3, which reveal 
a higher TNX crystal size reduction of 574 nm + 17 at 
10:6 TNX/stabilizer ratio (Figure 3a), indicating saturated 
covering of TNX nanocrystals with stabilizer cremophor-EL 
with maximum steric stabilization and thereby preventing 
agglomeration of TNX crystals.29 While higher cremophor-EL 
ratios demonstrate a slight increase in particle size, further 
stabilizer filming of TNX crystal is associated with increased 
size.14,30 Regarding PDI, its values were reduced with a further 
increase in cremophor-EL concentration that ranges from 0.523 
to 0.256 at tested TNX/cremophor-EL ratios. SIPSD and SIPDI 
values at 10:6 TNX/cremophor-EL reveal best stability (SIPSD 
= 0.94 and SIPDI = 0.87) than other tested stabilizer ratios at 
10:1, 10:2, 10:4 and 10:8 (Figure 3b), which exhibit lower SIPSD 
values of 0.67, 0.92, 0.83, and 0.76, respectively, as well as 
lower SIPDI values of 0.75, 0.81, 0.80, and 0.62, respectively. 
In the case of 10:8 TNX/cremophor-EL ratio, the reason 
could be attributed to the excess amount of cremophor-EL 
stabilizer that thickens TNX nanocrystals and may affect its 
stability.31 Thickening effect of cremophor-EL causes particles 
to approach each other and aggregate in clusters resulting 
in crystal growth and increasing particle size with time as 
indicated by SI. While for TNX/cremophor-EL ratios 10:1, 
10:2, 10:4, the lower SI values were caused by the inadequate 
stabilizer cremophor-EL present to stabilize the formed 
TNX nanocrystals against aggregation and crystal growth.32 
Consequently, a ratio of 10:6 TNX/cremophor-EL was selected 
for nanocrystals preparation of TNX as a consequence of these  
outcomes.
TNX Nanocrystals Preparation
A faint yellow fine powder of TNX nanocrystals was collected 
after both preparation methods, acid-base neutralization 

Table 2: Results of parameters evaluated for  
TNX/Stabilizer ratio screening

 Parameter
Stabilizer PSD PDI

SI %

PSD PDI

10:01 1218 + 27 0.523 + 0.016 0.67 0.75

10:02 884 + 12 0.289 + 0.013 0.92 0.81

10:04 736 + 28 0.277 + 0.013 0.83 0.80

10:06 574 + 17 0.268 + 0.012 0.94 0.87

10:08 796 + 26 0.256 + 0.014 0.76 0.62

Figure 2: The effect of the type of stabilizer on (A) PSD and PDI, and (B) SI / PSD and SI /PDI of TNX nanocrystal formation.

A A

Figure 3: The effect of the TNX/Cremophor-EL ratio on (A) PSD and 
PDI, and (B) SI / PSD and SI /PDI of TNX nanocrystal formation.

method, and antisolvent nanoprecipitation method, which were 
then subjected to various characterization techniques.
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Characterization of TNX-nanocrystals
Fourier-transformed Infrared (FTIR) Spectroscopic Analysis
The FTIR spectrum for pure TNX exhibit an absorbance 
peak at 1144 cm-1 assign to C-O stretching, and 1199 cm-1 
belong to -O-H bending, while peaks at 1388 cm-1, 1420 cm-1, 

and 1493 cm-1 refer to CH3 deformation, heterocyclic ring, 
and -C-H deformation, respectively. In addition to 3433.61 
cm-1 (stretching of –OH), 3119.76 cm-1 and 3091.33 cm-1 
(stretching of C-H and N-H groups), 1637.40 cm-1 (stretching 
of CONH).33 No significant changes were observed in main 
characteristic peaks of TNX after nanocrystal size reduction 
of TNX from both methods of preparation of antisolvent and 
and-base neutralization as shown in indicating compatible use 
of cremophor-EL stabilizer with the drug with no chemical 
interaction or functional group modification of pure drug.34

Mean Particle Size and Size Distribution Analysis 
The measured values of PSD and PDI of TNX-nanocrystals 
summarized in Table 3 indicate more effective and significant 
(p ≤ 0.05) particle size reduction with higher homogeneity in 
size distribution utilizing the DMSO antisolvent nanocrystals 
prepared by acid-base neutralization method. Additionally, 
both methods display significant (p ≤ 0.05) lower PSD and 
PDI values than TNX suspension containing the same TNX/
stabilizer ratio that demonstrates PSD and PDI values of 574 
nm + 17 and 0.268 + 0.012, respectively, as mentioned earlier. 
The mean particle size of TNX nanocrystals found 74 nm + 
11 prepared by DMSO antisolvent method, while the obtained 
nanocrystals from the acid-base neutralization technique 
showed a mean size of 217 nm + 13. Two factors could explain 
this variation. Firstly, the solvent DMSO has robust solvency 
that can solubilize TNX to a high degree due to its high 
polarity and ability for accepting hydrogen bonds from the 
weakly acidic drug TNX.35,36 Secondly, the nanoprecipitation 
method via acid-base neutralization may reach equilibrium 
before complete neutralization, or the formed salt during 
neutralization may slowdown precipitation and hence, larger 
particles of TNX precipitated.37 

Regarding PDI, significant (p ≤ 0.05) differing results were 
obtained from both methods of preparation, which are 0.159 
+ 0.010 and 0.221 + 0.012 prepared by antisolvent and acid-
base neutralization respectively, with more homogeneity of 
TNX-nanocrystals particle size distribution displayed after 
preparation using antisolvent method indicating uniform 
size distribution or monodisperse system. The reason for 
such homogeneity could be attributed to the fast formation of 
TNX-nanocrystals by the effect of antisolvent added with no 
influence of any precipitation rate-limiting factors that may 
slow the process and hence, may cause diversity in size of 
precipitated nanocrystals.38,39 
Zeta Potential
Surface charge or zeta potential measurement after TNX-
nanocrystal suspension can indicate their stability when 
colloid. Results presented in Table 3 and indicate good stability 
of TNX-nanocrystals after both methods of preparation with 
values -48.33 mV and -43.78 mV from DMSO antisolvent and 

acid-base neutralization methods, respectively (as shown in 
Figure 4b and c), while TNX coarse suspension containing 
the same TNX/stabilizer ratio demonstrate short-term stability 
value of -23.59 mV (Figure 4a). This increase in surface charge 
of TNX after size reduction could be attributed to the increased 
number of TNX particle bearing surface negative charge, as 
TNX is a weak acid that may ionize in a basic suspension 
medium of phosphate buffer with pH 7.4 and pair negative 
charge.40,41 Hence, the net charge of assembling suspended 
particles increased according to the degree of size reduction 
and increased number about the increased area to volume ratio.

Table 3: Summary of characterization techniques results of  
prepared TNX-nanocrystals

Characterization 
technique

TNX-nanocrystals Coarse TNX/
cremophor-EL 
mixture

Antisolvent 
nanoprecipitation

Acid-base 
neutralization

PSD (nm) 74 + 11 217 + 13 574 + 17

PDI 0.159 + 0.010 0.221 + 
0.012 0.268 + 0.012

Zeta potential 
(mV) -48.33 -43.78 -23.59

Figure 4: Mean zeta potential value for (A) Coarse pure TNX,  
and TNX nanocrystals prepared by (B) antisolvent, and  

(C) acid-base neutralization.

A

B

C
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Scanning Probe Microscopy (SPM) 
Two and three-dimensional images reveal spherical shaped 
nanocrystals of TNX from both preparation methods with 
smooth surfaces (Figure 5 a and b), during laminar irregularly 
arranged particles with rough wavy appearance for coarse 
TNX suspension. The measured values of mean particle size 
demonstrate significant (p  ≤ 0.05) size reduction to 103.5 nm + 7  
and 364 nm + 11 prepared by antisolvent and neutralization 
methods, respectively, compared to coarse TNX suspension 
with a mean particle size of 1582 nm + 28. These results 
almost coincide with values measured using Malvern zeta-
sizer instrument. Particle size distribution was also evaluated 
for tested samples using SPM device, revealing uniform size 
distribution of prepared TNX nanocrystals with pyramidal 
manifestation (as indicated in Figures 6 b and c) from two 
preparation methods. While non-pyramidal with side topped 
diagram for average particle size distribution exhibited by 
coarse TNX suspension (Figure 6 a) indicating huge variation 
and diversity in measured mean values of TNX particles, this 
heterogeneity could be attributed to the prevalence of large 
particles of TNX within ordinary suspension leading to the 
extended domain of TNX particle sizes.42,43

Differential Scanning Calorimetry (DSC)
Thermogram of coarse TNX powder shown in Figure 7c  
and exhibit a shar p, intense endothermic peak at  

214.58°C that appoint to the melting point of the drug, while 
an exothermic peak appeared at 226.33ºC, indicating the high 
purity and crystalline nature of the drug. The obtained TNX-
nanocrystals demonstrate thermograms (Figure 7a and b)  
that exhibit the same thermal peaks with small shifting to 
lower melting temperatures at 207.41°C and 211.62°C, and the 
exothermic peak at 220.16°C and 224.03°C after preparation 
by antisolvent nanoprecipitation and acid-base neutralization, 
respectively. These outcomes indicate compatible mixing of 
TNX with cremophor-EL without any chemical interaction 
or modification of drug, in addition to non-influence of 
nanosizing procedures on TNX crystallinity. Despite non-
essential influence on TNX crystallinity, the small shifting 
in the melting temperature of TNX after fabrication into 
nanocrystal may be caused by stabilizer cremophor-EL and/
or size reduction of drug particles.44

In-vitro Release Study
Results were summarized in Figure 8 and reveal almost 
complete dissolution of nanosized TNX crystals within 80 min 
and 100 min prepared by antisolvent nanoprecipitation and 
acid-base neutralization, respectively, which were significantly 
(p ≤ 0.05) faster than that of coarse pure TNX powder that 
demonstrates only 21.5% and 25.7% cumulative drug dissolved 
after 80 and 100 minutes, respectively. Although no significant 
change was noticed in crystallinity in TNX from the crystal 

Figure 5: SPM two- and three-dimensional images of TNX nanocrystals after preparation by (A) Antisolvent and  
(B) Acid-base neutralization techniques. 

A

B
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Figure 6: Mean particle size distribution of (A) Coarse pure TNX, and TNX nanocrystals prepared by  
(B) antisolvent, and (C) acid-base neutralization.

A

B

C
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into more soluble amorphous form, as indicated by DSC, 
the improved solubility and dissolution could be a result of 
particle size reduction into nano-scale with huge enhancement 
in effective surface area or area to volume ratio of TNX 
particles exposed to dissolution medium.6,45 Thus, optimized 
pharmaceutical properties of TNX were attained concerning 
solubility and dissolution after fabrication into nanocrystals. 

CONCLUSION
Tenoxicam (TNX) crystals within a nanosized scale were 
prepared successfully with improved physical and pharma-
ceutical properties regarding particle size and solubility using 
two preparation techniques. DMSO antisolvent method reveals 
more efficient optimization of prepared TNX nanocrystals 
than acid-base neutralization method and significant (P ≤ 
0.05) improvement in dissolution profile of TNX nanocrystal 
compared to coarse pure TNX powder. 
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