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Preparation and Characterization of Naproxen Loaded 
Niosomes by Ether Injection Method

Abstract
                         

The objective of the present research was to prepare and characterize naproxen loaded niosomes 
by ether injection method. A total of sixteen formulations were prepared by ether injection method 
by varying the type and concentration of surfactant. All the formulations were evaluated for drug 
content, entrapment efficiency, loading capacity and drug release profiles. Based on evaluation 
parameters, formulation E14 prepared by ether injection method showed entrapment efficiency of 
95.86%, drug content of 94.9% , zeta potential value of −31.9 mV, suggesting its higher stability and 
particle diameter of about 393.9 nm. In-vitro release studies also showed that of all the formulations, 
E14 released about 88.9% by the end of 12 hours, showing a sustained release pattern with high 
amount of drug release when compared to the other formulations. Drug release kinetic studies of 
optimized formulation (E14) followed zero order release with R2 value of 0.987 and showed super 
case 2 transport mechanism. Based on the results, tween 80 with 1:1 ratio of drug to surfactant was 
considered as the best formulation for the preparation of naproxen loaded niosomes by ether injection 
method.
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Introduction

Drug targeting is a phenomenon in which the 
distribution of drug in the body in such a manner that 
the major fraction of the drug interacts exclusively 
with the target tissue at a cellular or subcellular level. 
The objective of drug targeting is to achieve a desired 
pharmacological response at a selected site without 
undesirable interactions at other sites [1, 2].

This is especially important in cancer chemotherapy 
and enzyme replacement treatment. Drug targeting is 
the delivery of drugs to receptors or organs or any other 

specific part of the body to which one wishes to deliver 
the drug exclusively. The second approach utilizes 
carriers such as liposomes, niosomes, microspheres, 
nanoparticles, antibodies, cellular carriers (erythrocytes 
and lymphocytes) and macromolecules to direct the 
drug to its site of action [3, 4]. Recent advancements 
have led to the development of several novel drug 
delivery systems that could revolutionize the method 
of medication and provide a number of therapeutic 
benefits. 

The goal of any drug delivery system is to provide 
a therapeutic amount of drug to the proper site in 



175Nano Biomed. Eng., 2018, Vol. 10, Iss. 2

http://www.nanobe.org

the body to achieve promptly, and then maintain, the 
desired drug constant. The ideal drug delivery system 
delivers drug at a rate dictated by the need of the 
body over the period of treatment and it channels the 
active entity solely to the site of action. At present, 
no available drug delivery systems can achieve 
all these goals. The targeted drug delivery system 
achieves the site-specific delivery but is unable to 
control the release kinetics of drug in predictable 
manner [5, 6]. 

Paul  Ehr l ich  in  1906,  in i t ia ted  the  era  of 
deve lopment  fo r  t a rge ted  de l ive ry  when  he 
investigated a drug delivery mechanism that would 
target drugs directly to diseased cells. A number 
of carriers were utilised to carry drug at the target 
organ / tissue which included immunoglobulins, 
serum proteins, synthetic polymers, lipid vesicles 
(liposomes), microspheres, erythrocytes, reverse 
micelles, niosomes, pharmacosomes, etc. Amongst 
the various carriers, few drug carriers reached the 
stage of clinical trials where phospholipid vesicle 
showed strong potential for effective drug delivery 
to the site of action. These carriers (niosomes) are 
biologically inert in nature, devoid of any antigenic, 
pyrogenic or allergic reactions and their components 
can be utilised as the component of biological 
membrane.  Drugs incorporated in l iposomes, 
niosomes were not activated under physiological 
conditions and did not cause unfavourable side 
effects as well [7, 8].

Naproxen is a non-steroidal anti-inflammatory 
agent with potent analgesic used in the treatment 
of rheumatoid arthritis and ankylosing spondylitis 
to relieve pains and inflammation. It mainly acts by 
inhibiting cox-1 and cox-2 receptors. Cyclo-oxygenase 
is involved in the production of various chemicals in 
the body, some of which are known as prostaglandins. 
Prostaglandin is produced in response to injuries 
or certain diseases; by inhibiting cox-1 receptors, 
it causes severe gastric bleeding and peptic ulcers, 
while by inhibiting cox-2 receptors, it causes severe 
cardiovascular diseases [9, 10]. The delayed release 
or extended release tablets are slower acting forms 
of naproxen that are used only for chronic conditions 
such as arthritis or ankylosing spondylitis. But in the 
long term use of naproxen in auto immune diseases, it 
may cause gastric bleeding and can increase the risk 
of fatal heart attack or stroke. To overcome these side 
effects of naproxen, there is a need to employ novel 
drug delivery system like niosomes [11, 12].

Experimental
Materials

Naproxen was obtained from SD Fine Chemicals. 
Span 80, Tween 80, Tween 60 and Span 60 were 
purchased from SD Fine Chemicals. 

Methods

Weighed amount of non-ionic surfactant (Span 80, 
Tween 80, Tween 60 and Span 60) was taken along 
with cholesterol and dissolved in 6 mL of diethyl ether 
which was mixed with 2 mL of methanol previously 
containing weighed quantity of drug. Then resulting 
solution was slowly injected using micro syringe at 
the rate of 1 mL/min into 10 mL 7.4 pH phosphate 
buffer. Then, the solution was stirred continuously with 
magnetic stirrer and the temperature was maintained at 
60-65 °C. The difference in temperature between the 
phases caused vaporization, resulting in the formation 
of niosomes [13, 14].

Characterisation and evaluation of 
niosomes prepared by ether injection 
method

The characterisation and evaluation results of 
niosomes prepared by ether injection method are listed 
in Table 1.

Table 1 Characterisation and evaluation of niosomes prepared 
by ether injection method

Formulation code Surfactant Drug : surfactant 
ratio Drug (mg)

E1 Span 60 1 : 0.5 50

E2 Span 60 1 : 1 50

E3 Span 60 1 : 2 50

E4 Span 60 1 : 3 50

E5 Tween 60 1 : 0.5 50

E6 Tween 60 1 : 1 50

E7 Tween 60 1 : 2 50

E8 Tween 60 1 : 3 50

E9 Span 80 1 : 0.5 50

E10 Span 80 1 : 1 50

E11 Span 80 1 : 2 50

E12 Span 80 1 : 3 50

E13 Tween 80 1 : 0.5 50

E14 Tween 80 1 : 1 50

E15 Tween 80 1 : 2 50

E16 Tween 80 1 : 3 50
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Characterization and evaluation of 
naproxen loaded niosomes prepared by 
ether injection method
Microscopic evaluation of niosomes

Morphology was determined for all the sixteen 
formulations using projection microscope with 10× 
magnification. The photo micrographic picture of the 
preparation was obtained from the microscope by 
using a digital SLR camera [15, 16]; the image of multi 
and unilamellar vesicles of E14 formulation is shown 
in Fig. 1.

Mean vesicular diameter
The mean vesicular diameter of the optimized 

formulation was evaluated by using Malvern 
instrument. The mean vesicular diameter of the 
optimized formulation E14 containing the 1 : 1 ratio 
of drug : surfactant concentration was showing the 
minimum mean vesicular diameter of 393.9 nm.

Zeta potential
The optimized formulation was characterized for 

zeta potential value in order to reveal the stability 
of the formulation [17]. The zeta potential value for 
the optimized formulation was found to be −31.9 
mV. The zeta potential of the optimized formulation 
E14 containing the 1 : 1 ratio of drug : surfactant 
concentration was showing the highest zeta potential of 
−31.9 mV. A higher zeta potential was an indicator of a 
stable colloidal system.

Drug content 

The drug content for all the sixteen formulations 
were evaluated by using UV spectroscopy at 271 nm 
[18]. 

The percentage of drug content of each formulation 
was found to be E1 (89%), E2 (88.4%), E3 (87.6%), 
E4 (86.6%), E5 (93.62%), E6 (92.91%), E7 (91.9%), 
E8 (89%), E9 (91.1%), E10 (91.16%), E11 (87.08%), 
E12 (87%), E13 (90.58%), E14 (94.9%), E15 (89.3%) 
and E16 (92.18%), respectively (Fig. 2). Among all the 
formulations, the niosomes prepared by Tween 80 (E14) 
at 1 : 1 ratio was superior with highest drug content of 
94.9%.

Entrapment efficiency: 

The entrapment efficiency for all the sixteen 
f o r m u l a t i o n s  w a s  e v a l u a t e d  u s i n g  c o o l i n g 
ultracentrifuge (Eltek, Mumbai, India). 

The percentage of entrapment efficiency of all the 
formulations were found to be E1: 85.2%, E2: 88.4%, 
E3: 88.12%, E4: 87%, E5: 85.5%, E6: 93.89%, E7: 
89.3%, E8: 87.8%, E9: 95.8%, E10: 91.7%, E11: 
91.25%, E12: 85.5%, E13: 92.2%, E14: 95.86%, 
E15: 90.3% and E16: 87.52%, respectively (Fig. 3). 

Fig. 1  Photo microscopic image of multi and unilamellar 
vesicles of E14 formulation of naproxen loaded niosomes 
prepared by ether injection method.

Fig. 2  Drug content profile of naproxen loaded niosomes for all 
sixteen formulations.
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Among all the formulations the niosomes prepared by 
Tween 80 (E14) at 1 : 1 ratio was superior with highest 
entrapment efficiency of 95.86%.

Comparison studies of naproxen loaded 
niosomes with Spans and Tweens by 
ether injection method

According to Fig. 4 and Table 2, the drug content 
values revealed that formulation trials of Span 80 were 
having higher amount of drug content values when 
compared with those of Span 60 and all the Spans 
containing formulations. E9 Formulation having Span 
80 wih an ratio of 1 : 0.5 showed the best drug content 
value of 91.9%.

From Fig. 5 and Table 3, it was observed that the 
entrapment efficiency values of Span 60 and Span 
80 results revealed that formulation trials of Span 80 
were having higher amount of entrapment efficiency 
values when compared with Span 60 and all the Spans 
containing formulations. Span 80 of formulation E9 
with the ratio of 1 : 0.5 showed the best entrapment 
efficiency value of 95.8%.

Fig. 6 shows the comparison of Tweens containing 
formulations. Tween 80 containing formulation E14 
at the ratio of 1 : 1 exhibited the best drug content 
value of 94.9%; it had higher amount of drug content 
than Tween 60 containing formulations. Hence, by 

the above comparison studies of Span and Tween, one 
could say that Tween containing formulations produced 
more drug content.

According to Fig. 7, Tweens containing formulation 
E14 at the ratio of 1 : 1 showed best entrapment 
efficiency value of 95.86%, having higher amount 
of entrapment efficiency than Tween 60 containing 
formulations. Hence, by the above comparison 
studies of Span and Tween, one could say that Tween 
containing formulations produced more entrapment 
efficiency.

In-vitro drug release studies 

The in-vitro drug release studies for all the sixteen 
formulations were conducted using Franz diffusion cell 

Table 2 Comparison studies of Spans by ether injection method
Span grade Drug content (%) Entrapment efficiency

Span 60 (E1) 89 85.2

Span 60 (E2) 88.4 88.4

Span 60 (E3) 87.6 88.12

Span 60 (E4) 86.6 87

Span 80 (E9) 91.9 95.8

Span 80 (E10) 91.16 91.7

Span 80 (E11) 87.08 91.25

Span 80 (E12) 87 85.5

Fig. 4  Percentage of drug content of naproxen loaded niosomes 
by ether injection method with Span series.
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Table 3 Comparison studies of Tweens by ether injection 
method

Tween grade Drug content (%) Entrapment efficiency

Tween 60 (E5) 93.62 85.5

Tween 60 (E6) 92.91 93.89

Tween 60 (E7) 91.9 89.3

Tween 60 (E8) 89 87.8

Tween 80 (E13) 90.58 92.2

Tween 80 (E14) 94.9 95.86

Tween 80 (E15) 89.3 90.3

Tween 80 (E16) 92.18 87.52
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for a time period of 12 hours.

The percentage of drug release of each formulation 
by the end of 12 hours was found to be E1: 60.8 ± 
0.74%, E2: 57.14 ± 0.75%, E3: 59.87 ± 0.62%, E4: 
62.56 ± 0.40%, E5: 56.67 ± 0.70%, E6: 55.58 ± 0.41%, 
E7: 60.11 ± 0.98%, E8: 58.45 ± 0.42%, E9: 66.9 
± 0.42%, E10: 58.89 ± 0.42%, E11: 61.2 ± 0.86%, 
E12: 65.54 ± 0.36%, E13: 62.2 ± 0.55%, E14: 88.9 ± 
0.71%, E15: 57.81 ± 0.05% and E16: 60.15 ± 0.99%, 
respectively (Fig. 9). Among all the formulations, 
niosomes prepared by Tween 80 (E14) at 1 : 1 ratio 
was showing drug release of 88.9%, indicating that by 
comparison of both surfactants, Tweens were showing 
the highest drug release than Spans in the ether 
injection method. The in-vitro dissolution data was 
depicted in Fig. 8 and 9.

Comparison studies of naproxen loaded 
niosomes formulations prepared using 
Spans and Tweens by ether injection 
method of dissolution studies

Formulations prepared by using Span 60 with 
different ratios showed drug release pattern in a time 
period of 12 hours as described above, i.e. formulation 
E1 containing Span 60 (1 : 0.5) showed drug release of 
60.8 ± 0.74%; formulation E2 containing Span 60 (1 : 
1) showed drug release of 57.14 ± 0.75%; formulation 
E3 containing Span 60 (1 : 2) showed drug release of 
59.87 ± 0.62%; formulation E4 containing Span 60 
(1 : 3) showed drug release of 62.56 ± 0.40%. Now 
when we compared Tween formulations, formulation 
E5 containing Tween 60 (1 : 0.5) showed drug release 
of 56.67 ± 0.70%; formulation E6 containing Tween 
60 (1 : 1) showed drug release of 55.58%; formulation 
E7 containing Tween 60 (1 : 2) showed drug release of 
60.11 ± 0.98%; formulation E8 containing Tween 60 (1 
: 3) showed drug release of 58.45 ± 0.42%. When we 
compared the results obtained from Span 60 and Tween 
60 formulations, Span 60 containing formulations 

showed better drug release than Tween 60 containing 
formulations.

Formulations prepared by using Span 80 with 
different ratios showed drug release pattern as 
described above, i.e. formulation E9 containing Span 
80 (1 : 0.5) showed drug release of 66.9 ± 0.42%; 
formulation E10 containing Span 80 (1 : 1) showed 
drug release of 58.89 ± 0.42%; formulation E11 
containing Span 80 (1 : 2) showed drug release of 
61.2 ± 0.86%; formulation E12 containing Span 80 
(1 : 3) showed drug release of 65.54 ± 0.36%. Now 
when we compared Tween 80 containing formulations, 
formulation E13 containing Tween 80 (1 : 0.5) showed 
drug release of 62.2%; formulation E14 containing 
Tween 80 (1 : 1) showed drug release of 88.9 ± 
0.71%; formulation E15 containing Tween 80 (1 : 2) 
showed drug release of 57.81 ± 0.05%; formulation 
E16 containing Tween 80 (1 : 3) showed drug release 
of 60.15 ± 0.99%. When we compared the results 
obtained from Span 80 and Tween 80 formulations. 

Fig. 7  Entrapment efficiency of naproxen loaded niosomes by 
ether injection method with Tween series.
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Tween 80 containing formulations showed better 
drug release than Span 80 containing formulations. 
Finally, of all the formulations, Tween 80 containing 
formulation E14 at 1 : 1 ratio showed best drug release 
pattern with sustained release of 88.9 ± 0.71% by the 
end of 12 hours, and was selected as the optimized 
formulation for ether injection method.

Kinetics of drug release

Different plots (zero order, first order, Higuchi and 
Korsmeyer-Peppas plots) were drawn for the optimized 
formulation (E14), in order to show the release 
kinetics of the drug. According to the kinetic plots, 
the optimized formulation E14 was following the zero 
order release with super case II transport mechanism 
(Fig. 10; Table 4).

Results and Discussion

The mean vesicular diameter of the optimized 
formulation E14 containing the 1 : 1 ratio of drug : 
surfactant concentration showed the minimum mean 
vesicular diameter of 393.9 nm. The zeta potential 
of the optimized formulation E14 containing the 1 
: 1 ratio of drug : surfactant concentration showed 
the highest zeta potential of −31.9 mV. A higher zeta 
potential is an indicative of a stable colloidal system 
[14].

By observing the drug content values of Span 60 
and Span 80 results in Fig. 4 and 6, we could say that 
formulation trials of Span 80 had higher amount of 
drug content values when compared with those of Span 
60 and all the Spans containing formulation E9 at the 

ratio of 1 : 0.5; Span 80 showed the best drug content 
value of 91.9%.

Fig. 5 and 7 showed the entrapment efficiency 
values of Span 60 and Span 80, the results revealed 
that formulation trials of Span 80 had higher values 
of entrapment efficiency when compared to Span 60 
and all the Spans containing formulation E9; Span 
80 showed the best entrapment efficiency value as of 
95.8% [16].

By  compar i son  o f  the  Tweens  con ta in ing 
formulations, Tween 80 containing formulation E14 
at the ratio of 1 : 1 showed the best drug content value 
of 94.9%, presenting a higher amount of drug content 
than Tween 60 containing formulations. Hence, by 
the above comparison studies of Span and Tween, we 
could say that Tween containing formulations produced 
more drug content. 

By comparison studies, E14 at the ratio of 1 : 1 
showed the best entrapment efficiency value as of 
95.86%. Tween 80 had higher value of entrapment 
efficiency than Tween 60 containing formulations. 
Hence, Tween containing formulations produced 
higher entrapment efficiency.

Drug release patterns of formulations prepared 
by using Span 60 at different ratios were described. 
By comparing the results obtained from Span 60 
and Tween 60 formulations, we found that Span 60 
containing formulations showed better drug release 
than Tween 60 containing formulations.

By comparing the results obtained from Span 80 
and Tween 80 formulations, Tween 80 containing 
formulations was found to show better drug release 
than Span 80 containing formulations. Finally, of all 
the formulations, E14 at the ratio of 1 : 1 showed the 
best drug release pattern with sustained release of 88.9 
± 0.71% by the end of 12 hours, and was thus selected 
as the optimized formulation for ether injection 
method.

Out of the sixteen formulations,  Tween 80 
containing E14 at 1 : 1 ratio was found to be the best 
formulation because of its good entrapment efficiency 
(95.86%), drug content (94.9%) and sustained drug 
release (88.9%) in the time period of 12 hours. 

Conclusions

Naproxen is an anti-inflammatory agent with 
analgesic and antipyretic properties. Both the acid and 

Fig. 10  Zero order release data for optimized formulation E14.
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Table 4  Kinetic release data for optimized formulation E14

Formulation Zero
order (R²)

First
order (R²)

Higuchi
plot (R²)

Peppas
plot (n)

E14 0.987 0.926 0.895 0.985
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its sodium salt are used in the treatment of rheumatoid 
arthritis and other rheumatic or musculoskeletal 
disorders, dysmenorrhea, and acute gout. And the 
terminal elimination half-life is approximately 15 
hours. A total of sixteen formulations were prepared by 
ether injection method. Based on evaluation parameters, 
formulation E14 prepared by ether injection method 
showed entrapment efficiency of 95.86%, drug content 
of 94.9%, and zeta potential value of −31.9 mV, 
which suggested it was more stable, and its particle 
diameter was about 393.9 nm. In-vitro release studies 
also showed that of all the formulations, E14 released 
about 88.9% by the end of 12 hours, showing sustained 
release pattern with high amount of drug release when 
compared to all the other formulations. Drug release 
kinetic studies of the optimized formulation E14 
followed zero order release with R2 value of 0.987 and 
showed super case II transport mechanism. 
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