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Abstract  
Piroxicam (PIR) is a nonsteroidal anti-inflammatory drug of oxicam category, used in gout, arthritis, as 

well as other inflammatory conditions (topically and orally). PIR is practically insoluble in water, therefore the 

aim is preparing and evaluate piroxicam as liquid self-nanoemulsifying drug delivery system to enhance its 

dispersibility and stability. The dispersibilty and stability study have been conducted in Oil, Surfactant and Co-

surfactant for choosing the best materials to dissolve piroxicam. The pseudo ternary phase diagrams have been 

set at 1:1, 2:1, 3:1 as well as 4:1 ratio of surfactants and co-surfactants, also there are 4 formulations were prepared 

by using various concentrations of transcutol HP, cremophore EL and triacetin oil. All the constructed prepared 

formulas have been assessed for in vitro drug dissolution, thermodynamic stability, polydispersity index, 

robustness to dilution, particle size distribution, drug content, and the dispersibility and emulsification time. From 

the presented research concluded that the self-nanoemulsifying drug delivery system is the convenient method for 

improving dispersibilty and stability of piroxicam. 
 Keywords: Pseudo-ternary phase diagram, Dissolution rate, SNEDDS, Piroxicam. 

 

 اعداد وتقييم دواء البيروكسيكام كمستحلب سائل نانوي دقيق تلقائي التكوين
 **بنوال عيّاش رج و 1*،سالم فارس  فهد 

 ، بغداد ، العراق . وزارة الصحة والبيئة * 
 عة بغداد، العراقمفرع الصيدلانيات، كلية الصيدلة، جا *

 الخلاصة
 تثبيط طريق عن يعمل وهو ، أوكسيكام فئة إلى تنتمي التي الستيروئيدية الالتهابات الرثوية غير مضادات عن عبارة هوالبيروكسيكام 

 سواء الالتهابية الأمراض من وغيرها والنقرس المفاصل التهاب في المستخدمة للالتهابات المضادة الفعالة الأدوية هوأحد. البروستاجلاندينصنع 

 مستحلب إيصال نظام بشكل بيروكسيكام وتقييم إعداد هو الهدف فأن وبالتالي ، الماء في عمليا للذوبان قابل غير هو ، موضعيا عن طريق الفم أو

 لحل السواغات أفضل لتحديد مختلفة مركبات في الذوبان دراسة إجراء تم. والاستقرار الذوبان لتعزيز وتحسين سائل تلقائي التكوين نانوي ذاتي

 تحضير تم ، المشترك والسطح بالسطح الفاعل من 1: 4 و 1: 3 ، 1: 2 ، 1: 1 نسب في الثلاثية الزائفة الطور مخططات تصميم تم. البيروكسيكام

 حجم لتوزيع المعدة المستحضرات جميع تقييم تم. , كريموفور و ترانسكيوتل الأسيتامين ثلاثي زيت من مختلفة تركيزات باستخدام تركيبات أربع

 الدواء تفكك وفي للتخفيف المتانة ، الاستحلاب ووقت التشتت ، الحراري الديناميكي الاستقرار ، الدواء محتوى ، الانحراف تعدد مؤشر ، الجسيمات

  الدراسة نستخلص من. العادي الدواء مسحوق من (P <0.05) أعلى كان المحضرة المستحضرات جميع ومدى إطلاق  معدل أن وجد وقد. المختبري

 .للبيروكسيكام والاستقرار الذوبان قابلية لتحسين واعد نهج هو النانوي الذاتي الدواء إيصال نظام أن
 . ، البيروكسيكام SNEDDSالذوبان ، معدل ، الثلاثية الزائفة المرحلة مخطط: المفتاحية الكلمات

Introduction  
There is poor water solubility in about fifty 

percent of new drug compounds, also the oral 

delivery of this type of drugs has indicated the 

presence of low bioavailability. There are alot of 

formulation plans like using solid dispersions, 

cyclodextrin inclusion complex, micronization, 

lipids, surfactants, permeation enhancers, salt 

formulation and nano-particles which are currently 

applied for overcoming such challenges (1). Drug’s 

solubilizing in colloidal dispersion will enhance the 

availability and absorption of the drug (2). The  

 

 

physically stable formulations like emulsion pre-

concentrates, emulsions and the lipid solutions are 

widely applied to encapsulate the poorly soluble 

drugs (3). The (SNEDDS) is defined as anhydrous 

forms thermodynamically stable and transparent or 

translucent non-ionized dispersion or nanoemulsion 

pre-concentrates. Such systems are considered as 

anhydrous isotropic mix of co-surfactant, surfactant, 

oil and the drug, that spontaneously form O/W 

nanoemulsions when introduced into aqueous phase 

under conditions of gentle agitation, usually with 

globule size less than 200 nm. 
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Concerning the body, agitation that is 

needed to form nanoemulsions is made available via 

the gastrointestinal tract’s digestive motility (4). 

SNEDDS works on improving the oral 

bioavailability related to drugs of poor water 

solubility via increasing colloidal dispersibilty and 

keeping the drug in dissolved form, in small oil 

globules, throughout its transit via gastrointestinal 

tract (2). 

Piroxicam can be defined as nonsteroidal 

anti-inflammatory drug of the oxicam. The majority 

of NSAIDs actions are inhibiting the prostaglandin 

synthesis. Piroxicam is effective anti-inflammatory 

drug used in gout, arthritis, in addition to the other 

inflammatory conditions (topically and orally) (5, 6).  

It is considered to be practically soluble in water, 

and soluble in anhydrous ethanol as well as 

methylene chloride. Thus, piroxicam belong to class 

II with low solubility and high permeability 

according to BCS parameters (7, 8), so this research 

aimed to formulate and evaluate piroxicam as liquid 

SNEDDS for increasing its stability, wettability, 

solubilty in oil and colloidal dispersibilty to have 

convenient delivery of PIR through oral cavity. 

Materials and Methods 
Materials 

Piroxicam,Transcutol HP, Cremophore 

EL, and Triacetin oil has been brought from 

Hyperchem (China). Methanol has been bought 

from Sigma-Aldrich (Germany). Hydrochloric Acid 

has been bought from Avantor Performance 

materials Ind. Netherlands.  

Methods 

 Solubility Studies 

The saturation solubility test was made to 

select the best solvents for dissolving PIR. PIR’s 

solubility has been evaluated in various co-

surfactants, oils and surfactants. Excessive amounts 

of the PIR powder was added for each vials 

consisting of (2mL) of chosen vehicle. Following 

the process of sealing, mixture have been sonicated 

for five minutes, after that they have been subjected 

for shaking through the use of water bath shaker at a 

temperature of (25±1 oC) for forty-eight hours. After 

that, they have been subjected for centrifuging at 

3000rpm for twenty minutes, followed by filtration 

through (0.45μm) membrane filter, and then 

subjected for dilution with methanol as solvent for 

dilution of oils, surfactant and co-surfactant, then 

assayed spectrophotometrically at their respective λ 

max for their drug contents. Solubility results were 

calculated as mean ± SD (9, 10).  

Construction of pseudo-ternary phase diagrams 

 With regard to hydrophilic-lipophilic 

balance value as well as the results related to 

solubility studies, transcutol HP, cremophore EL 

and triacetin oil have been selected as co-surfactant, 

surfactant and oil phase, respectively. Through the 

use of water titration approach, the pseudo-ternary 

phase diagram has been constructed for determining 

SNEDDS components’ ratios (11). Surfactant as well 

as the co-surfactant (Smix) have been subjected to 

mixing in various rations (1:1, 2:1, 3:1 and 4:1). 

Slow titration of distilled water was added into the 

Smix:oil mixture under gentle magnetic agitation 

until a stable, transparent system was created, 

observation of the transition from transparent to 

turbid point is noted down. The data gained was 

subjected to CHEMIX software for construction of 

ternary plot (12, 13). 

Preparing piroxicam liquid SNEDDS 

Series of liquid SNEDDS formulas were 

prepared by using triacetin as oil, cremophore EL as 

a surfactant in addition to using transcutol HP as a 

co-surfactant in ratios (1:1, 2:1, 3:1 and 4:1), also the 

oil:S mix ratio (2:8) keep constant as can be seen in 

(Table 1). PIR was dissolved in oil in screw-capped 

glass, after that it was mixed with other components 

at a concentration (10mg/0.4 mL) and heated in 

water bath for facilitating homogenization. Vortex 

mixer was used for mixing the ingredients for 5 

minutes to have uniform and clear mixture and again 

it was left to cool at room temperature, then the 

mixture was sonicated at room temperature for 10 

minutes, finally the formulations were stored under 

visual inspection for minimum forty-eight hours and 

inspected for the presence of turbidity or phase 

separation before droplet size distribution study (13-

15). 
 

Table 1. Composition of piroxicam liquid SNEDDS (% w/w) 
 

Formula – 

code 

Smix ratio Oil: Smix 

ratio 

Triacetin oil % Cremophore  

EL % 

Transcutal 

HP% 

SNEDDS-1 1:1 2:8 20 40 40 

SNEDDS-2 2:1 2:8 20 53.33 26.66 

SNEDDS-3 3:1 2:8 20 60 20 

SNEDDS-4 4:1 2:8 20 64 16 
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Evaluations of the prepared piroxicam liquid 

SNEDDS 

Thermodynamic stability studies 

 The prepared liquids SNEDDSs 

formulations have been subjected for various 

thermo-dynamic stability tests (centrifugation, 

heating-cooling cycle and freeze-thaw cycle). 

Centrifugation was performed at 3500rpm for thirty 

minutes and inspected for cracking, creaming, phase 

separation, as well as precipitation, and the stable 

formulations have been selected for heating-cooling 

cycle. There are 6 cycles between the refrigerator 

temperatures 4o C and 45o C with storage at each one 

of the temperatures for at least forty-eight hours, 

formulations, which are stable at these temperatures, 

were subjected to freeze-thaw cycle. There are 

threefreeze-thaw cycles between temperatures of (-

21 and +25o C) with storage at each temperatures for 

at least forty-eight hours. The prepared 

formulations, that were passed thermodynamic 

stress tests, have been provided for further studies 
(11). 

Droplet size measurement and poly dispersity 

index (PDI) 

All the stable formulations subjected for 

mean droplet size and polydispersity index (PDI) 

test by applying 0.5mL of the liquid formula in 250 

ml distilled water and gently mixed using magnetic 

stirrer at 25o C. Droplet size and PDI were measured 

by using particle size analyzer instrument, a light 

scattering was monitored at a temperature of 25 oC 

at 90o angle (13, 16, 17). 

Robustness to dilution 

The prepared formulas of SNEDDS have 

been diluted to 50, 100, 1000 and 3000-fold with 

distilled water and 0.1N HCl in 2 separate glass 

vials. The resultant diluted nanoemulsion 

formulations have been subjected for shaking and 

after that visually observed following twenty-four 

hours for any form of phase separation, coalescence 

of droplets or drug precipitation (11, 13, 15). 

Dispersibility tests and self-nano emulsification 

time 
The effectiveness related to dispersibility 

and self-nano emulsification time has been 

evaluated through the use of USP dissolution 

apparatus II. Each one of the SNEDDS formulation 

in volume about (0.5mL) has been added to 500 

milliliters of the distilled water kept at 37 ± 0.5 oC, 

at 50 rpm for gentle agitation. In vitro efficiency has 

been visually observed when obtaining transparent 

homogenous system and for determining time in 

minutes to reach complete nano-emulsification with 

the use of grading system (11, 13), as seen in table 2. 
 

Table 2. Grading system of in vitro performance of the SNEDDS (Dispersibility and self-Nano 

emulsification time) 
 

   Grade Time needed for nano-emulsion formation Appearance 

A Quickly forming (within one minute) 

nanoemulsion, 

Have bluish or clear appearance 

B Quickly forming (within one minute) A little less clear emulsion, having bluish 

white appearance 

C Formed within 2min Fine milky emulsion 

D Slow to emulsify (longer than two min.). Dull, greyish white emulsion that has a little 

oily appearance 

E Slow to emulsify (> two min.). Showing poor or minimum emulsification 

with large oil globules on the surface. 

 

Determination of drug content 

SNEDDS formulation’s drug content has 

been detected with the use of UV Spectrophotometer 

assay, 0.4 milliliter (equal to 10 milligram PIR) from 

each prepared formulation has been diluted to 100 

milliliters with methanol and mixed thoroughly. The 

resultant solutions have been evaluated at estimated 

λ max (16, 18, 19). 

In vitro dissolution study 

The in vitro drug release regarding the pure 

PIR powder and the prepared SNEDDS 

formulations were assessed with the use of USP 

dissolution apparatus-II (paddle type). Paddle type 

using 0.1N HCl (900mL) as the dissolution media, 

at 37±0.5 oC and 50 rpm, with the use of dialysis bag 

approach (Molecular cut off 12000 Da) just for the 

formulas of SNEDDS, they have been washed with 

deionized water for the purpose of getting rid of 

preservatives and then soaked in a dissolution 

medium (0.1N HCl) overnight to achieve 

equilibration state (20, 21). Liquid SNEDDS formula 

that contain PIR equal to one dose was placed in a 

dialysis bag, and five milliliters of the dissolution 

medium has been withdrawn each ten minutes over 

sixty minutes (10, 20, 30, 40, 50 and 60) and 

replaced with fresh media (0.1N HCl) in each 

drawing. The dissolved drug’s amount was 

evaluated with the use of UV-Spectrophotometer 

approach at its λ max (18, 19). 

Selection of optimum piroxicam liquid self-

nanoemulsion formula 

According to the evaluation tests (droplet 

size measurement and polydispersity index (PDI), in 
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vitro dissolution study and drug content) the best 

PIR liquid SNEDDS formula was selected. 

Fourier transform infrared spectroscopy (FTIR) 

Infra-red spectra of piroxicam and selected 

liquid SSNEDDS formula were recorded by using 

KBr disc approach. The main goal of such study is 

determining the compatibility and the presence of 

interactions between components. Powder sample 

was mixed with KBr and grind into fine powder, 

after that compressed to KBr disc. All KBr discs has 

been scanned over wave number region of 400cm-1 

–4000cm-1 (22). 

Field emission scanning electron microscope 

(FESEM) 
 Morphology of the selected liquid 

SNEDDS formula has been evaluated with the use 

of FESEM. Small amount of the nanoemulsion 

sample was assessed via FESEM (MIRA 3 

TESCAN, FRANCE FESEM). The samples were 

examined at various magnifications which are 

ranged with instant data capture regarding the 

images onto personal computers (23).  

Statistical analysis  

 The results of the experiments were given 

as a mean of triplicate samples ± standard deviation 

and were analyzed according to the one way analysis 

of variance (ANOVA) at the level of (P<0.05) to 

determine if the changes in the applied factors are 

statistically significant at level of (P ≤ 0.05) and non-

significant at level of (p > 0.05). 

Results and Discussion  
Determination of saturation solubility of 

piroxicam in different oils, surfactants and co- 

surfactants 

PIR solubility has been determined in 

various co-surfactants, surfactants and oils, amongst 

various oils that have been screened in (Table 3), 

PIR shows high solubility in triacetin oil. As can be 

seen in the (Table 4), surfactant cremophore EL and 

co-surfactant transcutol HP were shown a highest 

solubility for PIR and therefore, they were chosen 

for the study . 

 

Table 3. Saturation solubility values of piroxicam in different oil types 
 

Oil type Solubility value  

(mg/mL) mean ±SD* 

Oil type Solubility value 

(mg/mL) mean ±SD* 

Coconut oil 8.32 ± 0.066 Triacetin oil 48.10 ± 0.057 

Sunflower oil 2.35 ± 0.11 Corn oil  2.38 ± 0.14 

Peppermint oil 4.60 ± 0.047 Paraffin oil  0.41 ± 0.067 

Castor oil 0.79  ± 0.089 Linseed oil  1.15 ± 0.035 

Oleic acid oil 11.86 ± 0.093 Avocado oil  1.21 ± 0.027 

Olive oil  2.06 ±0.032 Almond oil  0.69 ± 0.041 

Sesame oil 2.33 ± o.o79 Jojoba oil  0.64 ± 0.023 

Cinnamon oil 8.64 ± 0.051 Aniseed oil  2.07 ± 0.072 
 

Table 4. Saturation solubility of piroxicam in surfactant type and co-surfactant type  
 

Surfactant type Solubility value 

(mg/mL) mean ±SD* 

Co-surfactant type Solubility value 

(mg/mL) mean ±SD* 

Span 20 2.018 ± 0.019 Transcutol HP 30.9 ± 0.062 

Span 80 1.88 ± 0.089 PEG 200 4.63 ± 0.048 

Tween 20 1.28 ± 0.13 PEG 400 10.59 ± 0.12 

Tween 40 0.91 ± 0.086 PEG 600 2.54 ± 0.023 

Tween 60 8.61 ± 0.11 Ethylene glycol 0.61 ± 0.038 

Tween 80 6.17 ± 0.093   

Cremophore EL 33.7 ± 0.054   

*SD standard deviation from mean, n=3 
 

Pseudo- ternary phase diagram construction 

Pseudo-ternary phase diagrams have been 

developed for identifying self- emulsifying regions 

and SNEDDS formulations, pseudo-ternary phase 

diagram plot for various Smix ratios (cremophore 

EL: transcutol HP 1:1, 2:1, 3:1 and 4:1 was shown 

in figures 1. In the pseudo-ternary phase plot, the 

shaded area performs the area of nanoemulsions 

while unshaded area performs the area of the 

emulsion. The plot with a larger shaded area 

indicates the presence of perfect nano-emulsifying 

activity of formulated nanoemulsions and beneficial 

interaction among the Smix, oil and aqueous phase 
(24).  

The oil:Smix 1:9 and 2:8 ratios for all Smix 

ratios remained as nanoemulsions even upon infinite 

water titration or dilution, this is possible as 

cremophore EL with transcutol HP mixture hardly 

localized on surface regarding nanoemulsion 

droplets, decreasing interfacial free energy as well 

as offering mechanical barrier to coalescence 

causing automatic dispersion. As the ratio of the 

cremophore EL increase showed best nano-

emulsification characteristics indicates the presence 
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of perfect nano-emulsifying activity of formulated 

nanoemulsions (25). 
 

 

 

 

 

Figure 1. The diagram plot for pseudo ternary 

phase for different S mix ratio (cremophore EL: 

transcutol HP 1:1, 2:1, 3:1 and 4:1) 

 

 

 

Preparation of piroxicam liquid SNEDDS 

All the liquid PIR SNEDD formulas that 

were visually noticed shows yellow and clear 

mixtures without phase separation or drug 

precipitation. 

Assessment of the prepared liquid SNEDDS 

Thermodynamic stability studies 

All the prepared formulations of the PIR 

SNEDDS were passed the thermodynamic stability 

tests, since there was no indications of drug 

precipitation or phase separation at end of each 

cycle. This indicated that formulations are persistent 

against storage in extreme conditions.  

Droplet size measurement and PDI 

Droplet size measurement and PDI results 

are shown in (Table 5). Droplet size of 

nanoemulsion is very important factor in the self-

emulsification performance since it affects the 

extent and rate of the drug release, in addition to its 

absorption (26). That in the small droplet size range, 

there will be high surface area provided for drug 

release and absorption (27). Droplet size related to 

prepared SNEDDS formulations have been (29.6 nm 

- 112.7nm), as PDI approximately 0.3 apart from 

SNEDDS-1 which has been 0.551, PDI lower than 

0.3 indicates the optimum uniformity in droplet size 

distribution following dilution with water (28). 
 

Table 5. Droplet size measurements and poly 

dispersity index (PDI) of piroxicam liquid self-

nano emulsifying systems drug delivery.  

F – code Mean droplet 

size (in nm) 

polydispersity 

index (PDI) 

SNEDDS-

1 

112.7 00.551 

SNEDDS-

2 

29.6 00.312 

SNEDDS-

3 

66.7 00.379 

SNEDDS-

4 

41.1 00.262 

 
 

Robustness to dilution 

 Dilution is caused by gastrointestinal 

fluids, also there is no possibility for properly 

corresponding amount of water for forming 

nanoemulsion with formulation, robustness to 

dilution has been carried out with excess of water 

and 0.1N HCl, also it has been stored for twenty-four 

hours. All the PIR SNEDDS formulations passed the 

test and visually observed as clear with no phase 

separation or precipitation. The capability of 

SNEDDS formulation for keeping aqueous dilution 

has been outstanding. It was attributed to the high 

solubilizing characteristics of excipients, also the 

ability of forming stable nanoemulsion with small 

droplet size. This indicate that such formulations 

have been stable at the infinite water dilution and 

had high robustness to high dilution (29, 30). 
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Dispersibility tests and self-nano emulsification 

time 

The emulsification studies have a high 

importance in estimating the self-emulsifying 

properties related to the prepared formulations. 

SNEDDS must be rapidly and completely dispersed 

as soon as submitted to the aqueous dilution within 

mild agitation (31). The emulsification’s rate is 

significant important index to determine the 

emulsification’s effectiveness (32, 33). All prepared 

PIR SNEDDS formulations created nanoemulsion 

in not more than one minute with grade A and the 

difference in the self-emulsification times of various 

formulas in bulk liquid SNEDDS has been 

extremely small and due to the fact that observation 

times have been fast (in seconds), it has been 

difficult to distinguish between the prepared 

formulas. 

Drug content 

          The drug content of all the prepared PIR 

SNEDDS has been more than 96% and there was no 

considerable difference between different 

formulations (p > 0.05), which meets the  USP 

requirements and were within an acceptable range 

(90%-110%) (5), drug content percent of PIR 

SNEDDS illustrated in table 6. 
 

 

Table 6. The drug content percent of piroxicam 

liquid self nanoemulsion (mean ±SD) n=3. 
 

F – code Drug content % 

SNEDDS-1 99.61 ± 0.078 

SNEDDS-2 96.82 ± 0.14 

SNEDDS-3 97.50 ± 0.084 

SNEDDS-4 98.24 ± 0.061 
 

 

In vitro dissolution study 

The in vitro drug release profiles regarding 

F1 to F4 and pure PIR have been assessed in 0.1 N 

HCl, 50 rpm and 37oC are shown in figure 2. 

Dialysis membranes were used in this test since it is 

less susceptible to blockage and the size of the pores 

are very small (34). The prepared PIR SNEDDS 

formulas showed more than 92 % drug release at end 

of sixty minutes, yet F4 have higher release 97 %. 

Since the drug is in dissolved state in SNEDDS, the 

release will be faster, the faster release which is due 

to fine particle size and high surfactant mixture 

concentrations, that could simply emulsify oil for 

finer globule (35).  

 

 
 

Figure 2. Dissolution profile of PIR SNEDDS 

(F1, F2, F3 and F4) and pure piroxicam 
 

The release profile of pure PIR is slower 

than prepared SNEDDS formulas and reach 85% at 

the end of 60 min without dialysis membrane. All 

the prepared SNEDDS formulas have no significant 

difference in extent and rate release profile as (p > 

0.05), but have significant difference with extent and 

rate release profile of plain PIR powder (p < 0.05). 

Finally, the formulations of SNEDDS led to 

spontaneous formation of nanoemulsion with small 

size of droplets, that allowed rapid rate of the drug 

release to aqueous phase, considerably faster in 

comparison to that of the pure drug powder. 
 

Selection of optimum piroxicam liquid self-

nanoemulsion 
 Liquid SNEDDS formula F4 was selected 

as optimum PIR liquid self-nanoemulsion due to the 

F4 has a higher drug content, higher in vitro release, 

small droplet size and lower value of PDI. 
 

Fourier transform infrared spectroscopy 

FTIR is an extremely powerful technique 

in discovering and evaluating chemical interactions 

between drug and any excipient and also to control 

chemical stability. The FTIR spectra of the 

piroxicam and the selected formula F4 are shown in 

figure 3, 4  respectively. The main characteristic 

peak of PIR FTIR was the secondary amine N-H 

stretching appeared at 3392.17 cm-1 (36).   
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Figure 3. FTIR spectrum of PIR. 

 

 
Figure 4. FTIR spectrum of selected PIR SNEDDS F4 formula 
 

   
It had been reported that PIR has two 

interconvertible crystalline forms, the needle and 

cubic forms. The IR absorption peaks at 1634 cm-1 

and 1629 cm-1 are assigned to stretching of amide 

carbonyl groups of the needle form and the cubic 

form of PIR respectively, peak at 1527.35 cm-1 is 

because of stretching of the second amide band for 

both crystalline forms of PIR. In this study, the peak 

at 1637.27 cm-1 was found in IR spectrum of PIR, 

suggesting that the needle form of PIR was used in 

the present study (37). The PIR spectra also exhibited 

other characteristic peaks like, C=C stretching of 

aromatic ring at 1434.78 cm-1, C-N stretching at 

1351.86 cm-1, C-O stretching at 1288.22 cm-1, 

S(=O)2 stretching at 1149.37cm-1, -SO2‐N 

stretching at 1033.66 cm-1, aromatic CH bending at 

825.38 cm-1, ortho-disubstituted phenyl at 771.39 

cm-1 and C-S stretching at 669.18 cm-1, which 

indicate purity of drug (38-40). From the FTIR results, 

it was found there was no changes in the peaks of 

PIR spectrum to that of the spectra of the selected 

formula F4, the results indicate that no chemical 

interactions have been happened between the PIR 

and excipients that utilized in the preparation.  
 

Field emission scanning electron microscopic  

The liquid SNEDDS F4 was observed 

under the (FESEM), the results are illustrated in 

figure 5 .The obtained result indicated 

approximately spherical shape of the droplet.
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Figure 5. FESEM image of PIR selected SNEDDS 

formula F4 
 

 

Conclusion 
From this study, a conclusion is made that 

SNEDDS has provided important dosage form for 

oral water insoluble drug. SNEDDS that was 

prepared from triacetin oil, cremophore EL and 

transcutol HP was important approach for 

improving stability, wettability, solubility and 

dissolution rate regarding piroxicam. SNEDDS of 

piroxicam has been effectively created and 

evaluated for its in vitro performance. The nano size 

of such formulations is the cause for improving the 

drug dissolution because of large surface area 

provided for drug release and absorption. 

 

Acknowledgements 
The authors want to thank  Hyperchem, 

china for providing piroxicam, also want to thank 

Dr. Nawal Ayash and Dr. Zainab Ali for their time 

being help and support throughout their research. 
 

References 
1. Tang, J.L. Self Emulsifying Drug Delivery 

Systems: Strategy for Improving Oral Delivery 

of Poorly Soluble Drugs. Curr. Drug Ther. 

2007; 2: 85–93. 

2. Pouton, C.W. Lipid Formulations for Oral 

Administration of Drugs: Nonemulsifying, 

Self-emulsifying and ‘Self-micro Emulsifying’ 

Drug Delivery Systems. Eur. J. Pharm. Sci. 

2000; 11 (2): S93–S98. 

3. Venkatesh, G. In vitro and In vivo Evaluation 

of Self-micro Emulsifying Drug Delivery 

System of  Buparvaquone. Drug Dev. Ind. 

Pharm. 2010; 36: 735–745. 

4. Date AA, Nagarsenker MS. Design and 

Evaluation of Self-Nanoemulsifying Drug 

Delivery Systems (SNEDDS) for Cefpodoxime 

Proxetil. Int. J. Pharm. 2007; 329, 166–172. 

5. United States Pharmacopeial Convention. The 

Official Compendia of Standards. United States 

Pharmacopeia 30/National Formulary 25. USA: 

Rockville; 2007. 

6. Florey, K. Analytical Profiles of Drug 

Substances, in: Analytical Profiles of Drug 

Substances, volume 15, 1 ed. Albadr, A.A., 

Brewer, G.A., Brenner, G.S., Deangelis, N.J., 

Mollica, J.A. (Eds.), Elsevier India private 

limited, New Delhi, 2008; pp.509-531. 

7. Moffat A, Osselton M, Widdop B. Clarke's 

analysis of drugs and poisons. 12th ed. London. 

The pharmaceutical press; 2005. 

8. British Pharmacopea. Electronic version 11. 

Crown Inc. London; 2007.  

9. United States Pharmacopeial Convention. The 

Official Compendia of Standards. United States 

Pharmacopeia 30/National Formulary 25. USA: 

Rockville; 2007.Monographs.p.1191-1193. 

10. Pund S, Borade G, Rasve G. Improvement of 

Anti-Inflammatory and Anti-Angiogenic 

Activity of Berberine by Novel Rapid 

Dissolving Nanoemulsifying Technique . 

Phytomedicine 2014; 21; 307–14. 

11. S Damineni , S Penjuri ,B Chandra and N 

Ravoru . Formulation and Evaluation of Self-

Nanoemulsifying Drug Delivery System of 

Naproxen. International journal of 

Pharmaceutical science and nanotechnology 

2015 ; 8(1) . 

12. Gupta AK et al. Preparation and In Vitro 

Evaluation of Self-Emulsifying Drug Delivery 

System of Antihypertensive Drug Valsartan. 

Intr J Pharma and Life Sciences  2011; 2(3): 633 

– 639. 



Iraqi J Pharm Sci, Vol.29(1) 2020                                                                             Piroxicam liquid self-nano emulsion 

                                                

182 
 

13. Zainab AH, & Nawal RA. Formulation and 

Characterization of Bromocriptine Mesylate as 

Liquid Self-Nano Emulsifying Drug Delivery 

System. Iraqi Journal of Pharmaceutical 

Sciences,2018; 27(2), 93-101. 

14. Dash RN, Mohammed H, Humaira T, Reddy 

AV. Solid Supersaturatable 

Selfnanoemulsifying Drug Delivery Systems 

for Improved Dissolution, Absorption and 

Pharmacodynamic Effects of Glipizide. J Drug 

Deliv Sci Technol 2015;28:28–36. 

15. Selvam PR, Kulkarni PK, Dixit M. Preparation 

and Evaluation of Self-nanoemulsifying 

Formulation of Efavirenz. Ind J of Pharm Edu 

and Res  2013; 47(1):47-54. 

16. Reddy, M. S., & Sowjanya, N. Formulation and 

In-Vitro Characterization of Solid Self 

Nanoemulsifying Drug Delivery System (S-

SNEDDS) of Simvastatin. Journal of 

pharmaceutical sciences and research, 2015; 

7(1), 40. 

17. Jeevana Jyothi B, Sreelakshmi K. Design and 

Evaluation of Self-Nanoemulsifying Drug 

Delivery System of Flutamide. Journal of 

Young Pharmacists  2011 ; 3( 1) : 4-8. 

18. Motawea A, Borg T, Tarshoby M, & Abd El-

Gawad A. Nanoemulsifying Drug Delivery 

System to Improve the Bioavailability of 

Piroxicam. Pharmaceutical development and 

technology, 2017 ; 22(3), 445-456. 

19. Pattewar, S., Kasture, S. B., Patil, D. N., & 

Sharma, S. K. Development and Optimization 

of Piroxicam-loaded Solid Self-micro 

emulsifying Drug Delivery System. Indian 

Journal of Pharmaceutical Sciences, 2018; 

80(2), 350-358. 

20. Panwar P, Pandey B, Lakhera PC, Singh KP. 

Preparation, Characterization, and In Vitro 

Release Study of Albendazole Encapsulated 

Nano Size Liposomes. Inter J of 

Nanomedicine.2010; 5:101-108. 

21. D’Souza S. A review of In Vitro Drug Release 

Test Methods for Nano Sized Dosage Forms. 

Advances in Pharmaceutics. 2014; 1-12. 

22. Zainab RA, & Mwafaq GM. Preparation and 

Evaluation of Rebamipide Film using Casting 

Technique for Local Action. Iraqi Journal of 

Pharmaceutical Sciences 2019 (P-ISSN: 1683-

3597, E-ISSN: 2521-3512), 28(1), 24-36. 

23. Alwadei M, Kazi M, Alanazi FK. Novel Oral 

Dosage Regimen Based on Self-

nanoemulsifying Drug Delivery Systems for 

Codelivery of Phytochemicals-curcumin and 

Thymoquinone. Saudi Pharmaceutical 

Journal, 2019. 

24. Ke, Z., Zhu, Z., Xu, Z., Fang, C., & Hu, S. 

Formulation Design and In Vitro Evaluation of 

Berberine-Loaded Self-Nanoemulsifying Drug 

Delivery System. Tropical Journal of 

Pharmaceutical Research, 2015; 14(5), 747-

752. 

25. Souto EB, Nayak AP, Murthy RS. Lipid 

Nanoemulsions for Anti-Cancer Drug Therapy. 

Die Pharmazie-An Inter J of Pharm Sci. 2011; 

66(7):473-478. 

26. Qi X, Wang L, Zhu J, Hu Z, Zhang J . Self-

Double-Emulsifying Drug Delivery System 

(SDEDDS): a New Way for Oral Delivery of 

Drugs with High Solubility and Low 

Permeability. Int J Pharm 2011; 409: 245-251. 

27. Elgart A, Cherniakov I, Aldouby Y, et al. 

Improved Oral Bioavailability of BCS Class 2 

Compounds by Self Nano-Emulsifying Drug 

Delivery Systems (SNEDDS): The Underlying 

Mechanisms for Amiodarone and Talinolol. 

Pharm Res 2013;30:3029-44. 

28. P. D. Chaudhari, Pravin U, Pranjal M and Divya 

Sh. Formulation and Evaluation of Self-

emulsifying Drug Delivery System for BCS 

Class - II Drug. Der Pharmacia Lettre  2016 ; 8 

(9):226-236 . 

29. PS Rajinikanth, Neo Woei K, Sanjay G. Self-

nanoemulsifying Drug Delivery Systems of 

Valsartan: Preparation and In-Vitro 

Characterization. International Journal of Drug 

Delivery 2012; 4: 153-163. 

30. Nastasa V, Samaras K, Andrei IR, Pascu ML 

and Karapantsios T. Study of the Formation of 

Micro and Nano-Droplets Containing 

Immiscible Solutions. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects. 

2011 ; 382(1-3): 246-250. 

31. Khan, F.; Islam, M.S.; Roni, M.A.; Jalil, R.U. 

Systematic Development of Self-emulsifying 

Drug Delivery Systems of Atorvastatin with 

Improved Bioavailability Potential. Sci. Pharm. 

2012 ; 80: 1027–1043. 

32. Bhikshapathi D, Madhukar P, Kumar BP and 

Kumar GA. Formulation and Characterization 

of Pioglitazone HCl Self Emulsifying Drug 

Delivery System. Der Pharmacia Lettre. 2013; 

5(2): 292-305. 

33. Balakrishnan P, Lee BJ, Oh DH, Kim JO, Lee 

YI and Kim DD. Enhanced Oral Bioavailability 

of Coenzyme Q10 by Self- Emulsifying Drug 

Delivery Systems. Int J Pharm. 2009; 374(1-2): 

66-72. 

34. Desai SA, Mohite A, Hajare AA. Screening of 

Safflower Oil Microemulsion for Enhancing 

Bioavailability of Lovastatin. Inter J of Pharm 

Sci and Res.2015; 6(1):29-49. 

35. Deshmukh A and Kulkarni S. Novel Self 

Micro-Emulsifying Drug Delivery Systems 

(SMEDDS) of Efavirenz. J Chem Pharma Res. 

2012; 4(8): 3914-3919. 

36. Wu K Li J, Wang W, Winstead D. Formation 

and Characterization of Solid Dispersions of 

Piroxicam and Polyvinyl Pyrrolidone Using 

Spray Drying and Precipitation With 



Iraqi J Pharm Sci, Vol.29(1) 2020                                                                             Piroxicam liquid self-nano emulsion 

                                                

183 
 

Compressed Antisolvent. J Pharm Sci. 2009 ; 

98 (7) : 2422-31. 

37. Sayed H, Auda S, Ahmed M, Abd El-Rasoul S, 

Saleh K. Formulation and Physicochemical 

Characterization of Piroxicam Containing 

Polymer Films Bull. Pharm Sci. 2010; 33 (1): 

33-42. 

38. Zayed M, Nour El-Dien F, Mohamed G, El-

Gamel N. Structure Investigation, Spectral, 

Thermal, X-Ray And Mass Characterization of 

Piroxicam and Its Metal Complexes. 

Spectrochimica Acta Part A. 2004; 60: 2843– 

52. 

39. Manohara C, Sanganal J, Prem Kumar P. 

Improved Dissolution Rate of Piroxicam by 

Fusion Solid Dispersion Technique. Sci 

Technol Arts Res J. 2014; 3(1) : 44- 7. 

40. Lambert J, Gronert S, Shurvell H, Lightner D, 

Cooks R. Organic Structural Spectroscopy. 2nd 

ed. United States of America. Prentice Hall; 

1998. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Baghdad Iraqi Journal Pharmaceutical Sciences by bijps is licensed under a Creative Commons Attribution 

4.0 International License.  Copyrights© 2015 College of Pharmacy - University of Baghdad.  

http://bijps.uobaghdad.edu.iq/index.php/bijps.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

