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Abstract 

 

Nanofibrous meshes refer to the structures made of ultra-fine polymeric fibers. Because of nanometer measure size with an 

excessive strength/weight ratio, they are actual suitable as a nanosystem for delivering drug molecules. Drug molecules which 

mixed in nanofibers, can be released from the surrounding environment by means of various mechanisms in different manners 

(burst release, sustainable release and tunable release). Nanofibers can be used by way of release rate controlling strategies as 

proper delivery structures for drug molecules. The objective of this review is to highpoint the capacity of nanofibers as novel 

releasing substances for profens (Propionic acid derivative drugs including Carprofen; Naproxen; Fenoprofen; Flurbiprofen; 
Ibuprofen; Ketoprofen and Tiaprofenic acid). The profens are a class of nonselective, nonsteroidal anti-inflammatory drugs 

(NSAIDs). These drug molecules are derivatives of 2-phenylpropanoic acid. All contain a chiral center resulting in the formation 

of two enantiomers (R and S) of each profen. In this review, full information will be reported about the new progresses for release 

behaviors of profen molecules form the novel nanofibrous delivery systems. The drug releasing kinetics of profen molecules from 

nanofibers will be described briefly. The authors use more than 90 articles, books and thesis published in the case of nanofibrous 

profens delivery and releasing systems. 
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1. Introduction 

The releasing of the drug molecules from nanofibers is 

principally via two mechanisms which are displayed in Figure 

1(1,2) 
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Figure 1: Mechanisms of controlling the drug release from nanofibers. 

 

Figure 2: Propionic Acid Derivative Drugs (Profens) : General 

structures of R- and S-profens ( The chiral centers are shown*). 
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There are three chief styles for the releasing trends of drug 

molecules from nanofibers that will be displayed briefly: 

I. Sustained drug release: means gradual releasing of drug 

molecules and active agents over a period of time, allowing 

for a sustained effect. Also means timed release. Slow release. 
Long-active, prolonged action(3). 

II. Burst drug release: means sudden releasing of drug molecules 

permitting a rapid appearance of active molecules(4). 

III. Tunable drug release: means a particular compositional or 

structural parameter is tuned to give a desired release 

profile(5). 

For the delivery of antibiotic drugs, a great initial burst is 

reflected a benefit since it is essential for eliminating the 

interfering bacteria previously they implore to proliferate. (6, 7).  

1.1. Drug related factors affecting drug releasing  

Nanofibers can be used by way of release rate controlling 

strategies. Drug release from nanofibers could be because of 

desorption of drug from the surface layer, diffusion from pores 

and or matrix degradation (8, 9). Drug associated factors affecting 

its releasing form nanofibers are listed in next paragraphs(10). 

a) Drug loading content : Generally, higher drug loading is 

connected with the faster release (11).  

b) Molecular weight of drug: Low molecular weight drugs are 

recognized for their fast release rate (12). 

c) Physical state of drug: The crystalline arrangement of the 

drug becomes deposited on nanofiber surface and offers burst 

release, whereas amorphous arrangement gets deposited 
deeper inside and get released in a sustained style (13, 14).  

d) Solubility of drug in the polymer matrix: The higher the 

solubility of the drug molecules in polymer matrix, the slower 

the release (15). 

e) Drug―Polymer interactions (Chemical interactions like 

chemically bond drug or physical interactions like physically 

entrapped drug and physically adsorbed drug): Almost 

physical interactions between the drug molecules and polymer 

matrix lead to a slower release. Furthermore, direct 

incorporation of drug molecules in nanofibers might possibly 

cause undesired burst releasing (16). 

 

1.2. Nanofibers related factors affecting drug releasing  

All procedures of drug release are possible to get affected by 

select of inactive (polymer or other material), porosity, 

morphology, and geometry of nanofibers(17, 18). Nanofibers 

related parameters affecting drug releasing form them are 

reported in next section(19). 

A. Randomization of nanofibers aligment: Nanofiber alignment 
is a various factor recognized to mark drug release and 

generally randomized design is associated with quicker drug 

release owing to improved affinity of water uptake(20). 

B. Thickness of nanofibers: The releasing of drug molecules are 

in reverse associated with the fiber diameters. Higher fiber 

diameter enhances the space that drug molecules placed in 

the central of fibers which must diffuse from side to side for 

reaching the edge of the fiber . This mechanism extends 

release times(21, 22). Usually smaller the diameter of 

nanofiber quicker the release rate is reflected from it based 

on the statement that reduced diameter fiber has advanced 
surface layer area and dissolution rate (23, 24).  

C. Cristalinity of nanofibers : Crystalline domains of polymers 

are associated with slower release of drug molecules as 

compared to amorphous regions (25).  

D. Molecular weight: The higher the molecular weight of the 

polymer, the slower the release of the drug molecules from 

the nanofibers (26). 

E. Porosity ratio of nanofibers: The porosity of nanofibers 

appears to affect the releasing process. A greater porosity 

might increase the amount of fluid that absorbs to the 

nanofibers and therefore quicken the releasing. Nonetheless 
this result might have been repressed with other parameters 

like the amount of hydrophilicity of nanofibers. Also the size 

of pores and total volume of pores meaningfully influences 

the diffusion of the liquid which are absorbed on the 

nanofibers (27). Advanced conclusions recommended that 

drug release cannot be only run by means of diameter and 

simultaneously influence of porosity is to be considered. It is 

repeatedly revealed that thicker nanofibers with very high 

porosity releasing drug quicker as compared to thinner fibers 

with low porosity (28, 29). 

F. Specific surface area of nanofibers: Upper specific surface 

area delivers a greater space for communication with the 
nearby fluid and resulting quicker releasing of drug 

molecules (30, 31).  

G. Fabrication method of the nanofibers (like co-electro 

spinning, side by side electro spinning, multi- jet electro 

spinning, co-axial electro spinning, emulsion electro 

spinning and surface immobilization): Drug molecules can 

be encapsulated in the different layers of nanofibers in the 

different fabrication techniques, so this parameter plays an 

important character in manipulation of the location of drug 

molecules in the nanofibers, which can represent a promising 

controlled drug release system (32). 

1.3. Analyzing of the drug releasing kinetics 

Drug molecules mixed in nanofibers can be released from the 

surrounding environment by means of a blend of various 

mechanisms (33). Drug molecules on the nanofibre surfaces can 

be dissolved and spread out of the nanofibers sheath as it is 

entered with body fluids. Elimination of molecule drugs on fiber 

surface regularly matches to the burst phase of drug releasing. 

The amount of burst releasing might increase with the surface 
area on the nanofiber, so fibers with smaller fiber diameter or 

upper ratio of holes can have rapider burst release (34). The drug 

release kinetics can be modified by means of the selecting of 

polymer and controlling over the nanofiber diameter, porosity, 

geometry, and morphology with regulating the numerous 

processing variables during nanofibers production. For the 

assessment of the drug releasing kinetics and the determining of 

the mechanism in nanofibers, generally some equations are used 

like: 

I. Peppas-korsmeyer equation (35),  

II. Semi empirical releasing(srikar) model (36),  

III. Crank model, siepmann model (37),  

IV. Higuchi equation (38),  

V. Siepmann and peppas model (39),  

VI. Hopfenberg model (40, 41). 
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2. Propionic Acid Derivative Drugs (Profens) 

The profens are a group of anti-inflammatory drugs. They 

reduce pain, body temperature in fever, signs of inflammation, 

and, in mice, slow the development of cancers. The profens are 

derivatives of 2-phenylpropanoic acid. All contain a chiral 

center resulting in the formation of two enantiomers (R and S) 

of each profen (Figure 2). The profens are accessible regularly 
as their racemates, viz.,  equal mixtures of the R and S 

stereoisomers (42) 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

There are a large number of profens available commercially 

including: Carprofen; Naproxen; Fenoprofen; Flurbiprofen; 

Ibuprofen; Ketoprofen; Tiaprofenic acid. In this review paper 

only some of them are investigated which are seen in Table 

1(43). 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Table 1. Chemical structures and physical/chemical properties of the studied profens(43). 

Drug Structure IUPAC Name Mol. 

Mass, 

g/mol 

Tm, 

˚C 

pKa logP 

Ibuprofen 

 

 

 

Iso-butylphenylpropionic acid 206 78 4.9 4.0 

Ketoprofen 

 

 

2-(3-benzoylphenyl)- propanoic 

acid 

254 94 3.9 3.1 

Flurbiprofen 

 

2-(3-fluoro-4-phenylphenyl)-

propanoic acid 

244 111 4.4 4.2 

Naproxen 

 

(2S)-2-                          (6-

methoxynaphthalen-2-yl)-

propanoic acid 

230 155 4.2 3.3 

Chamazulene 

carboxylic acid 

(1) 

― A natural profen with anti-

inflammatory activity and a 

degradation product of 

proazulenic sesquiterpene 

lactones, e.g., matricin. 

― ― ― ― 
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3. Release characteristics of propionic acid derivative drugs 

(profens) from nanofibers 

In a novel work, PLGA/ibuprofen nanofibers were electrospun 

into sandwich scaffolds. Ibuprofen molecules have a tendency for 

aggregating on the surface layer of nanofibres, so initial burst 
releasing is occurred throughout implantation. But the 

sandwiched scaffolds were expected to delay the diffusion of 

ibuprofen into liquids and reduce the initial burst release. These 

scaffolds displayed meaningfully a reduced initial burst of 

ibuprofen releasing in the first hour (44).  

Hyaluronic acid/ibuprofen nanofibers were fabricated with 

electrospinning method. Sustained release of drug molecules 

from all nanofbers was detected throughout the initial day by 40–

60% of ibuprofen molecule releasing after first day (45).  

Gliadin/ibuprofen nanofibers were produced. In vitro 

experiments confirmed that the gliadin nanofibers with 

heterogeneous drug dispersal had less preliminary burst 
ibuprofen release and an extended time period releasing of 16 

hours, signifying an improved sustained drug release profile than 

those nanofibers having a homogeneous drug dispersal that had 

plain initial burst release and a shorter release time period of 8 

hour. The various ibuprofen dispersals have operated the 

different release performances of the loaded ibuprofen 

molecules, and therefore caused the dissimilar drug sustained 

release profiles (46).  

PLA/ibuprofen nanofibers holding 10, 20, or 30 wt % drug were 

made. Two styles were seen while studying the release profiles. 

First, an increased temperature (37˚C) produced a superior 

release of ibuprofen from the nanofibers as compared to room 
temperature. Second, the 30 wt % ibuprofen overloaded 

nanofibers at 37˚C manufactured the highest ibuprofen 

release(~0.25 mg at 336 hours). At both room temperature and 

37 ˚C, the results showed that a direct correlation occurred 

between ibuprofen concentration in the nanofibers and the 

quantity of ibuprofen released. PLGA/ibuprofen nanofibrous 

were designed. The ibuprofen releasing mechanism is combined 

of degradation and diffusion. Practically 30% of loaded ibuprofen 

released in around 8 hours without any initial burst release and 

then 50% of entire ibuprofen has been released throughout only 

4 hours (47).  

Polyvinylpyrrolidone/ibuprofen nanofibrous mats were 
constructed by means of an electrospinning method. The results 

specified that the ibuprofen molecules had respectable 

compatibility with the polymer and that ibuprofen was well 

dispersed in the nanofibers as an amorphous physical form (48).  

Cellulose acetate/poly(vinyl pyrrolidone)/ibuprofen nanofibers 

were produced. These nanofibers showed a 3 phase releasing 

profile, an initial burst release, a succulents decelerating release 

and a constant release. Throughout the burst release phase, over 

28 wt% of ibuprofen molecules were diffused from nanofibers 

that were owing to the distribution of ibuprofen molecules on the 

great surface of the nanofibers. At the succedent decelerating 
release phase, ibuprofen molecules in the internal of nanofibers 

diffused onto nanofibers surfaces. Through this procedure, 

ibuprofen molecules needed to overcome the Van der Waals’ 

force (or dispersion forces) produced between ibuprofen 

molecules and polymer matrix that reduced ibuprofen diffuse 

rate. In the latest release phase, the small concentration difference 

of ibuprofen between receptor solution and nanofibers made the 

releasing of ibuprofen became more problematic (49). 

PLLA/ibuprofen nanofibers which have small amount of Ag 

nanoparticles were fabricated. The in vitro drug releasing 

analysis indicated a sustained release of Ag ions and ibuprofen 
molecules from the nanofibers. Throughout the first 2 days, burst 

releasing of ibuprofen from the nanofibers was 49.5%, followed 

by a sustained releasing in the following 10 days. Briefly, 

ibuprofen releasing performance depends chiefly on polymer 

matrix degradation, drug diffusion and Ag releasing (50). 
In another work, the Poly(N-isopropylacrylamide)/Poly(ε-
caprolactone)/ibuprofen nanofibers  were constructed with Tran 
et al. These nanofibers confirmed a variable and controlled 
releasing at both room and higher temperature. The rate at 22°C 
is 75% faster compared to that at 34°C. The results showed that 
1 μmol of ibuprofen was rapidly released from these nanofibers 
in the first hour at 22°C, and then the rest drug was released at a 
considerable slower rate, 0.05 μmol hr−1. Completely, 24% 
ibuprofen was released in four hours. In compare, ibuprofen was 
released at a more manageable style while the temperature was 
improved to 34°C. The average release rate was ~0.2 μmol hr−1 
and ~ 0.4 μmol ibuprofen was released in the first one hour. Only 
17% ibuprofen was released in 4 hours. This occurrence can be 
described with the great water solubility of Poly(N-
isopropylacrylamide) when the temperature was below its LCST 
(32°C), leading to the rapid ibuprofen releasing from the 
polymeric matrix. Though, Poly(N-isopropylacrylamide) 
converts greatly hydrophobic after temperature was above its 
LCST. Therefore Poly(N-isopropylacrylamide) functions similar 
a drug depot to forbid the rapid release of hydrophobic ibuprofen 
molecules, resulting in the comparatively more manageable 
release style (51).  
In a different investigation, the PLLA/PLGA/ibuprofen 
nanofibers were prepared. The outcomes of an in vitro ibuprofen 
releasing displayed a burst release throughout the first 2 days 
with high initial ibuprofen amount. This initial phase was 
followed by a sustained release stage from nanfibres during the 
subsequent 10 days (52).  
PLA/ibuprofen nanofibers were created. Two tendencies were 
detected while examining the ibuprofen release profiles. In the 
first stage, an increased temperature (37˚C) produced a superior 
releasing of drug from the nanofibers as compared to room 
temperature. In the second stage, PLA/ibuprofen(30%) 
nanofibers at 37˚C produced the maximum drug releasing. In 
both room temperature and 37˚C, the statistics recommended that 
a direct association be presented between ibuprofen amount in 
the nanofibers and the quantity of drug molecules released (53).  
Cellulose acetate/Poly(vinylpyrrolidone)/ibuprofen nanofibers 
were manufactured. These structures samples showed continued 
and steadily increasing release profiles (54). 
Polycaprolactone/ibuprofen nanofibers were prepared with 
Potrcˇ et al (55).  
The releasing of ibuprofen from the PCL nanofibers was fast, 
reaching about 96% of the overall ibuprofen release in the first 4 
hours from the nanofibers. The drug release rates from the PCL 
nanofibers loaded with various quantities of ibuprofen were not 
meaningfully different, representing that the changes in the 
nanofiber diameters and the surface morphology did not affect 
the release of the ibuprofen(55). A drug release test in vitro 
showed that the release rate of ibuprofen and ketoprofen was 
slow in PCL nanofibers loaded with drug–layered double 
hydroxide nanoparticles. After 5 days, only 44–48% of ibuprofen 
was released, whereas the release of ketoprofen was 20–25%. All 
nanofibers could release the drug after 5 days (56).  
Release behavior of profens from nanofibrous drug delivery 
systems will be described in Table 2. 
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Table 2:  Drug release behaviors of profens from nanofibrous mats. 

 



 
J. Adv. Biomed. & Pharm. Sci . 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fattahi et al . 

 

 

200 



 
 

 

Fattahi et al . 

 

 

J. Adv. Biomed. & Pharm. Sci . 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

201 



 
 

 
J. Adv. Biomed. & Pharm. Sci . 

Fattahi et al . 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

202 



 
 

 

Fattahi et al . 

 

 

J. Adv. Biomed. & Pharm. Sci . 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

203 



 
 

 
J. Adv. Biomed. & Pharm. Sci . 

Fattahi et al . 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

204 



 
 

 

Fattahi et al . 

 

 

J. Adv. Biomed. & Pharm. Sci . 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

4. Physical aspects of profen loaded nanofibrous mats 

Phisycal properties of profen loaded nanofibrous mats will be reported in Table 3. 

 
                                                           Table 3: Physical characteristics of profen loaded nanofibrous mats. 
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5. Structural characteristics of profen loaded nanofibrous meshes 

Structural properties of profen loaded nanofibrous mats will be reported in Table 4. 

Table 4: Structural characteristics of profen loaded nanofibrous mats. 
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6. Kinetics of profen releasing from the nanofibrous webs 

 

Table 5 represented the regression coefficients of mathematical models fitted to the releasing of profens from the 

nanofibrous mats. 

 

Table 5: Suitable mathematical models fitted to the releasing of profen drugs from the nanofibrous webs. 
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7. Conclusions and future perspectives 

This review has widely presented releasing approaches of the 

propionic acid derivative drugs (profens) from nanofibrous drug 
delivery systems. Nanofibers can be used to deliver drugs, so as 

these ultra-fine structures are the novel materials that are capable 

as profen carriers in human body for numerous usages, for 

instance wound dressings. Moreover, they are appropriate for 

using in surgical sutures for pain reducing. 
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