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ABSTRACT 
Skin infections and wound-associated bacterial complications remain challenging therapeutic problems due to 
increasing antimicrobial resistance and limitations of conventional topical antibiotic delivery systems. The 
present study aimed to develop and evaluate Norfloxacin-loaded Polyvinyl alcohol (PVA)–Polyvinyl 
pyrrolidone (PVP) electrospun nanofibers as a localized and sustained antibacterial drug delivery system. 
Norfloxacin-loaded nanofibers were fabricated using the electrospinning technique and evaluated for 
physicochemical characteristics, drug loading efficiency, morphological properties, drug release behavior, 
stability, and antibacterial activity. The optimized formulation (F5) demonstrated a uniform, smooth, and bead-
free fibrous structure with an average fiber diameter of 172.50 ± 17.50 nm as confirmed by scanning electron 
microscopy. The formulation showed satisfactory physicochemical properties with high drug entrapment 
efficiency (88.4%) and drug content (87.32%). Fourier-transform infrared spectroscopy confirmed the 
compatibility between Norfloxacin and the polymeric matrix without significant chemical interaction. X-ray 
diffraction analysis revealed a reduction in drug crystallinity after incorporation into the PVA–PVP nanofiber 
matrix. The optimized nanofiber formulation exhibited prolonged drug release up to 12 h with 74.54% 
cumulative drug diffusion. Furthermore, the developed nanofibers exhibited promising antibacterial activity 
against Staphylococcus aureus and Escherichia coli. The findings suggest that Norfloxacin-loaded PVA–PVP 
electrospun nanofibers could serve as an effective topical antibacterial delivery platform for improved wound 
infection management. 
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INTRODUCTION 
Skin infections and wound-associated microbial 
complications remain significant healthcare 
challenges due to the increasing prevalence of 
antibiotic-resistant microorganisms and the 
limitations of conventional antimicrobial therapy.¹,² 
Effective management of infected wounds requires 
maintaining an adequate concentration of 
antimicrobial agents at the site of infection for a 
prolonged period.³ However, conventional topical 
dosage forms such as creams, ointments, and gels 
often exhibit poor site retention, rapid drug loss, 
and frequent application requirements, which may 
reduce therapeutic efficiency.⁴,⁵ 
Recent advances in nanotechnology have provided 
novel approaches for localized drug delivery and 
wound management.⁶ Among various nanocarrier 
systems, electrospun nanofibers have gained 
considerable attention due to their high surface-
area-to-volume ratio, interconnected porous 
structure, flexibility, and extracellular matrix-like 
morphology.⁷,⁸ These structural properties facilitate 
efficient drug incorporation, controlled release, 
enhanced wound coverage, and improved tissue 
regeneration.⁹ 

Norfloxacin, a fluoroquinolone antibiotic, 
possesses broad-spectrum antibacterial activity 
against several Gram-positive and Gram-negative 
microorganisms by inhibiting bacterial DNA gyrase 
and topoisomerase IV enzymes.¹⁰,¹¹ Despite its 
antibacterial potential, conventional delivery of 
Norfloxacin may be limited by insufficient 
localization at the infected site and short duration 
of therapeutic action.¹² Incorporation of 
Norfloxacin into electrospun polymeric nanofibers 
can enhance local retention and provide sustained 
antimicrobial activity by maintaining effective drug 
concentration at the wound surface.¹³ 

 
Fig No.  1: Role of Nanofibers in Wound Healing 
Polyvinyl alcohol (PVA) and Polyvinyl pyrrolidone 
(PVP) are widely investigated biocompatible 
polymers for electrospinning applications because 
of their excellent fiber-forming ability, 
hydrophilicity, flexibility, and compatibility with 
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pharmaceutical molecules.¹⁴,¹⁵ The combination of 
PVA and PVP provides a suitable polymeric matrix 
for developing stable nanofibrous systems with 
improved drug loading, mechanical properties, and 
controlled release behaviour.¹⁶ 
Although several antibiotic-loaded nanofiber 
systems have been reported for wound healing 
applications, limited studies have investigated 
Norfloxacin-loaded PVA–PVP electrospun 
nanofibers with combined evaluation of 
physicochemical properties, sustained drug release, 
and antibacterial performance. Therefore, the 
present study aimed to develop and evaluate 
Norfloxacin-loaded PVA–PVP electrospun 
nanofibers as a localized topical antibacterial 
delivery system for improved infection control and 
wound management. 
Objective of the study  
1. To prepare norfloxacin containing electrospun 
nanofibers by using polyvinyl alcohol (PVA) and 
polyvinyl pyrrolidone (PVP) polymers.  
2. To optimize the formulation variables for the 
preparation of uniform and stable nanofibers.  
3. Physicochemical evaluation of prepared 
nanofibers for percentage yield, drug content, 
entrapment efficiency, folding endurance, moisture 
content and pH.  
4. To characterize the optimized formulation by 
FTIR, XRD and SEM studies.  
5. To study the in vitro drug release pattern of 
norfloxacin from the formulated nanofiber system.  
6. Antibacterial Activity of Optimized Formulation 
against Staphylococcus aureus and Escherichia 
coli.  
7. To test the stability of the optimized nanofiber 
formulation 
MATERIALS AND METHODS 
Materials 

Norfloxacin was selected as the model antibacterial 
drug for the preparation of electrospun nanofibers.¹⁷ 
Polyvinyl alcohol (PVA) and Polyvinyl pyrrolidone 
(PVP) were used as biodegradable and 
biocompatible polymeric carriers.¹⁸ All other 
chemicals and reagents used during the formulation 
and evaluation studies were of analytical grade.¹⁸ 

 Preparation of Norfloxacin-Loaded PVA–PVP 
Nanofibers 

Norfloxacin-loaded polymeric nanofibers were 
prepared using the electrospinning technique.¹⁹ 
Required quantities of PVA and PVP were 
dissolved separately in a suitable solvent system to 
obtain a clear polymeric solution.¹⁹ Norfloxacin 
was added to the polymer solution and mixed 
thoroughly to obtain a uniform drug–polymer 
dispersion.²⁰ 

The prepared solution was transferred into a 
syringe fitted with a metallic needle. 
Electrospinning was performed by applying a high 
voltage between the needle tip and collector 
surface.¹⁹ The polymer jet formed under 
electrostatic force underwent solvent evaporation 
during flight and was deposited as a continuous 
nanofibrous mat. Process parameters were 
optimized to obtain uniform, bead-free 
nanofibers.²¹ 

                         

 
Fig No. 2: S electrospinning setup 
 Optimization of Nanofiber Formulation 
The formulation variables including polymer 
concentration and electrospinning parameters were 
optimized to achieve desirable nanofiber 
characteristics.²² The prepared formulations were 
evaluated for fiber morphology, drug loading 
efficiency, and drug release behavior to identify the 
optimized formulation.²² 
 Evaluation of Prepared Nanofibers 
The developed nanofibers were evaluated for 
various physicochemical and functional 
characteristics. 
Morphological evaluation: 
Surface morphology and fiber structure were 
examined using scanning electron microscopy 
(SEM).²³ Fiber diameter and uniformity were 
analyzed to confirm the formation of nanosized 
fibers.²³ 

Percentage yield: 

To calculate percentage yield of formulated batch, 
theoretical yield and practical yield was calculated. 
Theoretical yield is sum of polymer and drug 
weight. To calculate practical yield, weight of 
formulated nanofiber calculated using weighing 
balance. Obtained value was placed in percentage 
yield formula.  

Percentage yield = practical  yield /therotical yield 
x 100 

Entrapment Efficiency  
A dried 2 x 2cm nanofiber sample was added to the 
phosphate buffer (pH 6.8) solution. The solution 
was left to rest at room temperature for 7 hrs. to 
ensure complete nanofiber dissolution. After 
filtration, the amount of material loaded in 
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nanofiber film was measured using UV 
spectrometry at 278 nm. 
Entrapment efficiency = actual entrapped drug 
amount /theoretical entrapped drug amount x 100 
Drug Content 
A dried 2 x 2 film dissolve in phosphate buffer 
solution (pH 6.8) sonicate until the drug is 
completely extracted.dilute the solution  1 m in 10 
ml volumetic flask which 
Containing 9ml pbs. After dilution nanofiber film 
was measured using UV spectrometry at 278 nm. 
Drug content =Actual drug content in film/ 
Therotical drug content X100 
Physicochemical compatibility studies: 
Fourier transform infrared spectroscopy (FTIR) 
was performed to investigate possible interactions 
between drug and polymers.²⁴ 
Mechanical properties: 
The prepared nanofiber mats were evaluated for 
thickness, tensile strength, and flexibility to 
determine their suitability for topical application.²⁵ 
In-vitro drug release study:   

The in vitro drug release profile of norfloxacin-
loaded nanofibers was evaluated using a modified 
Franz diffusion cell. A cellophane membrane, 
previously hydrated in phosphate buffer (pH 7.4) 
for 24 h, was mounted between the donor and 
receptor compartments. An accurately weighed 
nanofiber sample was placed on the donor side of 
the membrane. The receptor compartment 
contained 100 mL of phosphate buffer (pH 7.4), 
maintained at 37 ± 0.5°C and stirred continuously 
at 100 rpm using a magnetic stirrer. 

At predetermined time intervals, 1 mL samples 
were withdrawn from the receptor medium and 
replaced with an equal volume of fresh buffer to 
maintain sink conditions. The collected samples 
were analyzed using a UV–Visible 
spectrophotometer at 278 nm. The cumulative 
percentage drug release was calculated and plotted 
against time. 

Antibacterial study The inoculum of the 
microorganism was prepared from the bacterial 
cultures. 15ml of nutrient agar (Hi media) medium 
was poured in clean sterilized Petri plates and 
allowed to cool and solidify. 100 µl of broth of 
bacterial strain was pipette out and spread over the 
medium evenly with a spreading rod till it dried 
properly. Wells of 6mm in diameter were bored 
using a sterile cork borer. Solutions of the 
compounds (100µl/ml) were prepared in DMSO 
and 100µl of prepared test solutions (1mg/ml) and 
standard was added to the wells. The petri plates 
incubated at 370C for 24 h. Streptomycin (1mg/ml) 
was prepared as a positive control and DMSO was 
taken as negative control. Antibacterial activity was 
evaluated by measuring the diameters of the zone 

of inhibitions (ZI) all the determination were 
performed in triplicates  

Formulation of nanofibers film 

Table No.01: Formulation of nanofibers film 

Batch 
code F1 F2 F3 F4 F5 F6 

Drug 
0.25
%w/

v 

0.25
%w/

v 

0.25
%w/

v 

0.25
%w/

v 

0.25
%w/

v 

0.25
%w/

v 
Conce

ntrati

on in 

mg 

25 

mg 

25 

mg 

25 

mg 

25 

mg 

25 

mg 

25 

mg 

Polym

er 

PVA 

8% 

w/v 

10% 

w/v 

12% 

w/v 

12% 

w/v 

12% 

w/v 

12% 

w/v 

Conce

ntrati

on in 

mg 

0.8 

g 

1.0 

g 

1.2 

g 

1.2 

g 

1.2 

g 

1.2 

g 

PVP 

Conce

ntrati

on 

— — — 

0.5

% 

w/v 

1% 

w/v 

2% 

w/v 

PVP 

Conce

ntrati

on mg 

— — — 
0.05 

g 

0.1 

g 

0.2 

g 

Solven

t 

Syste

m 

10M

L 

10M

L 

10M

L 

10M

L 

10M

L 

10M

L 

Drum 

Speed 

450-

650 

450-

650 

450-

650 

450-

650 

450-

650 

450-

650 

Pump 

Flow 

Rate 

0.3µ

L/se

c 

0.3µ

L/se

c 

0.3µ

L/se

c 

0.3µ

L/se

c 

0.3µ

L/se

c 

0.3µ

L/se

c 

Pump 

Diame

ter 

8.9 

mm 

8.9 

mm 

8.9 

mm 

8.9 

mm 

8.9 

mm 

8.9 

mm 

Syring 2.5 2.5 2.5 2.5 2.5 2.5 
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e 

Volu

me 

mL mL mL mL mL mL 

RESULT AND OBSERVATION 
 Preformulation study  
 Organoleptic properties drug 
                   Table No.2 Organoleptic properties of 
drug 

Sr. 
No. 

Parameter Inference 

1 Nature Crystalline 

2 Colour White in light yellow 

3 Odour Odourless 

4 Taste Bitter taste 
 Solubility 
Norfloxacin exhibited maximum solubility in 
glacial acetic acid and limited solubility in water 
and ethanol. Therefore, glacial acetic acid was 
selected as co-solvent for formulation 
development. 
                                        Table No. 3: Solubility 
of drug 

Sr.No Solvent Result 

1 water 
Slightly 
soluble 

2 methanol Sparingly 
soluble 

3 ethanol Sparingly 
soluble 

4 Glacial acetic acid Soluble 
Melting point 

The melting point of Norfloxacin was found to be 
approximately 223°C by the capillary method, 
which corresponds to the reported literature value 

and indicates the purity of the drug sample 
 FT-IR study of drug  
                 

  
Fig No.3 FT-IR spectra of norfloxacin 
Table No. 4 Interpretation of Pure Drug 
FT-IR study of polymer 
FTIR analysis was performed to characterize the 
polymer by identifying its specific functional 
group peaks 
                      

 
Fig No. 4 FT-IR spectra of PVP-K90 
 

Table No.5 interpretation of PVP-K90 

 
                          

 
Fig No. .5  FT-IR spectra of PVA 
Table No.6 interpretation of PVA 

 
 
Drug and excipient compatibility study 
Table No.7 Physical observation 

PVPK90
Name

Sample 079 By FTIR Date Saturday, May 04 2024
Description

4000 4503500 3000 2500 2000 1500 1000 500

99.8

93.2
93.5

94.0

94.5

95.0

95.5

96.0

96.5

97.0

97.5

98.0

98.5

99.0

99.5

cm-1

%
T

1649.69cm-1, 93.40%T

1285.45cm-1, 94.94%T

1421.36cm-1, 95.34%T

 

Sr. No Functional group Standard IR range 
(cm⁻¹) 

Observed 
(cm⁻¹) 

1 C=O stretching 1640-1690 1648.18 

2 CH2 bending 1400-1450 1421.20 

3 C-N stretching 1250-1300 1286.38 

4 C-H bending 2850-2960 2950 

5 O-H stretching 3200-3600 3300 

Administrator 973
Name

Sample 973 By Administrator Date Sunday, June 19 2022
Description

4000 4503500 3000 2500 2000 1500 1000 500

100

91

92

93

94

95

96

97

98

99

100

cm-1

%
T

1738.36cm-1, 91.37%T

1217.09cm-1, 93.90%T

1365.85cm-1, 94.40%T

 
Sr. No Functional group Standard IR range (cm⁻¹) Observed (cm⁻¹) 

1 C=O stretching 1700–1750 1738.36 

2 CH₂ bending / 
C–H bending 

1350–1450 1365.85 

3 C–O stretching 1080–1250 1217.09 

Sr.no
. 

Functional 
group 

Standar
d IR 
range 
(cm⁻¹) 

Observe
d 

(cm⁻¹) 

1 

Carboxylic 
acid 

(C=Ostretching
) 

1700–
1720 1712.36 

2 

Pyridone 
carbonyl 

(C=O 
stretching) 

1600–
1650 1614.74 

3 Aromatic C=C 
stretching 

1450–
1550 1481.95 

4 C–N stretching 1200–
1350 1251.49 

5 C–F stretching 1000–
1100 1022.81 

%
T  
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Sample Color Odor Appearance Observation 

Pure 

Norfloxaci

n 

Pale 

yello

w 

Odorles

s 

Crystalline 

powder 

No change 

PVA White Odorles

s 

Fine powder No change 

PVP White Odorles

s 

Fine 

hygroscopic 

powder 

No change 

Drug + 

PVA 

Off-

white 

Odorles

s 

Uniform 

mixture 

No 

incompatibili

ty 

observed 

Drug + 

PVP 

Off-

white 

Odorles

s 

Uniform 

mixture 

No 

incompatibili

ty 

observed 

Drug + 

PVA + 

PVP 

Off-

white 

Odorles

s 

Homogeneo

us 

mixture 

No visible 

interaction 

observed 

FT-IR study of drug and excipient 
FTIR analysis was performed to identify functional 
groups and confirm drug-excipient compatibility 
through characteristic peak observation 
             

 
                                 Fig No. 6 FT-IR spectra of 
drug & excipient 
                        Table No .8 Interpretation of 
mixture of drug and polymer 

Sr 
.no 

Functional 
group 

Standard 
IR Range 

(cm⁻¹) 

Observed 
(cm⁻¹) 

1 C–H 
stretching 

2800–3000 2842.62 

2 C=O 
stretching 

1600–1700 1617.04 

3 C=C 
stretching 

1500–1600 1582.86 

4 
C–N 

stretching / 

O–H 
bending 

1300–1450 1381.28 

5 C–O 
stretching 

1200–1300 1268.61 

6 C–F 
stretching 

900–1000               932.59 

7 C–H 
bending 

800–850               827.82 

       Calibration curve 
The observation value of the drug at different 
concentration was obtained by using UV 
spectrometry .the slope of equation 
y=0.057x+0.003 with R² = 0.999 was obtained by 
plotting absorbance vs concentration graph .the 
graph of concentration vs absorbance is plotted 
below 
                             Table No.9 absorbance value of 
norfloxacin on UV 
Sr. No 

. 
Conc (µg/mL) Absorbance (nm) 

1 5 0.286 

2 10 0.579 

3 15 0.861 

4 20 1.148 

5 25 1.431 

                             

 
                                             Fig No. 7 .calibration 
curve of norfloxacin 
Evaluation of nanofiber 
Physical appearance 
Drug loaded nanofiber film using combination of 
PVA and PVP –K90 showed white to off white 
,smooth ,consistent ,rectangular in shape 
                             Fig No. 8 formulation of 
nanofiber film using PVA and PVP-
K90Percentage yield 
Table No. 10 Percentage yield 

Batc
h 

NO. 

Theoretical Weight 

(mg) 

Practical Weight 

(mg) 

Percentage Yield 

(%) 

1 412 280 68% 

SHUBHAM PHYSICAL MIXTURE
Name

Sample 000 By QA DEPT Date Friday, May 15 2026
Description

4000 4503500 3000 2500 2000 1500 1000 500

99

90
90

91

92

93

94

95

96

97

98

99

cm-1

%
T

3320.32cm-1, 97.02%T

1617.04cm-1, 90.06%T

1268.61cm-1, 90.40%T

623.71cm-1, 90.94%T

1381.28cm-1, 91.72%T

827.82cm-1, 92.30%T

1582.86cm-1, 92.69%T

932.59cm-1, 93.42%T

2842.62cm-1, 96.31%T

0.286
0.579

0.861
1.148

1.431

0

0.5

1

1.5

2

5 10 15 20 25A
bs

or
ba

nc
e 

(n
m

)

Concentration 

y=0.057
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2 512 380 75% 

3 600 500 83% 

4 640 540 84% 

5 670 580 87% 

6 700 590 86% 

Fig No. 9 Percentage yield 
The percentage yield of norfloxacin-loaded 
nanofiber formulations (F1–F6) ranged from 68% 
to 87%. Among all batches, F5 showed the highest 
yield (87%), while F1 showed the lowest yield 
(68%). The increase in percentage yield from F1 to 
F5 indicates improved fiber formation and reduced 
material loss during electrospinning. The results 
suggest that polymer concentration and processing 
conditions influenced the production yield of the 
nanofibers. 
PH test 
Table No. 11 PH test observation 
 
    

                   

 
                                                     Fig 
No. 10 PH test observation 
Folding Endurance 
Table No.12 Folding endurance and % moisture 
content 
Sr .No Batch 

code 
Folding 
endurance 

%Moisture 
content 

1 F1 64 4.6% 

2 F2 77 4.1% 

3 F3 82 5.7% 

4 F4 97 6.1% 

5 F5 114 6.6% 

6 F6 105 7.5% 

The folding endurance of the prepared nanofiber 
formulations ranged from 64 to 114 folds, while the 
moisture content ranged from 4.1% to 7.5%. 
Among all batches, F5 showed the highest folding 

endurance (114 folds), indicating good flexibility 
and strength, whereas F1 showed the lowest value 
(64 folds). The highest moisture content was 
observed in F6 (7.5%), while F2 showed the lowest 
moisture content (4.1%). The results indicate that 
the formulations possessed satisfactory mechanical 
properties and moisture retention capacity. 
 FT-IR of nanofiber film 
                           

 
                                          Fig No .11 FT-IR 
spectra of drug loaded nanofiber 
 Table No.13 Interpretation of drug 
loaded nanofiber 

Sr 
No. 

Functional 
group 

Standard 
IR range 
(cm⁻¹ 

Observed 
(cm⁻¹) 

1 O–H 
stretching 

3200–3500 3331.35 

2 C–H 
stretching 

2850–3000 2918.75 

3 C=O 
stretching 

1600–1700 1652.21 

4 C–N 
stretching / 
O–H 
bending 

1400–1500 1428.47 

5 C–O 
stretching 

1000–1200 1102.58 

Microscopic images of nanofiber film 
                          Fig No.12 Microscopic 
images 
 

 
 
Optical microscopy confirmed the successful 
formation of a uniform and interconnected 
nanofibrous structure, indicating efficient 

 
Sr. no Batch code PH 

1 F1 6.3 

2 F2 6.5 

3 F3 6.6 

4 F4 6.6 

5 F5 6.8 

6 F5 6.9 

67
F1 F2 F3 F4 F5 F6

pH
 v

al
ue

 

Batch 

pH

F5_002
Name

Date Saturday, May 02 2026
Description

4000 4503500 3000 2500 2000 1500 1000 500

99

89

90

91

92

93

94

95

96

97

98

99

cm-1

%
T

1092.89cm-1, 90.59%T

844.69cm-1, 94.06%T

1424.17cm-1, 94.41%T
3301.13cm-1, 94.66%T

1658.21cm-1, 95.04%T

2916.75cm-1, 95.76%T
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electrospinning and suitability of the formulation 
for topical drug delivery.  
SEM 
Scanning Electron Microscopy was performed to 
evaluate the surface morphology and fiber 
architecture of the optimized Norfloxacin-loaded 
PVA–PVP electrospun nanofibers. The SEM 
micrographs at different magnifications revealed 
the successful formation of a three-dimensional 
fibrous network consisting of continuous and 
randomly oriented nanofibers.The nanofibers 
exhibited a smooth surface with no evidence of 
major bead formation, indicating proper 
optimization of electrospinning parameters. The 
fibers were found to be interconnected, forming a 
porous structure favorable for drug loading and 
diffusion. Measurement of fiber diameter from 
SEM images showed nanofiber diameters ranging 
from approximately 149.58 nm to 192.36 nm, 
with an average fiber diameter of approximately 
172.50 ± 17.50 nm.No visible drug crystals were 
observed on the fiber surface, suggesting uniform 
distribution and successful encapsulation of 
Norfloxacin within the polymeric matrix. The 
porous fibrous architecture obtained is expected 
to provide a large surface area, facilitating 
efficient drug release and enhanced antibacterial 
activity. 
 

 
Fig No. 13 SEM Images of Nanofibre 

Entrapment efficiency 
           Table No. 14 entrapment efficiency 

 
The entrapment efficiency of norfloxacin-loaded 
nanofiber formulations (F1–F6) ranged from 77.8% 
to 88.4%. Among all formulations, F5 exhibited the 
highest entrapment efficiency (88.4%), whereas F1 
showed the lowest value (77.8%). The gradual 
increase in entrapment efficiency from F1 to F5 
indicates improved drug incorporation within the 
polymeric matrix. The results demonstrate that the 
formulation variables significantly influenced the 
drug entrapment capacity of the nanofibers. 
            Drug content 
Table No 15 Drug Content 

Sr 
.no . 

Batch % Drug 
content 

1 
F1 78.70% 

2 
F2 80.54% 

3 
F3 82.64% 

4 
F4 84.34% 

5 
F5 87.32% 

6 
F6 87.00% 

The drug content of norfloxacin-loaded nanofiber 
formulations (F1–F6) ranged from 78.70% to 
87.32%. Among all formulations, F5 showed the 
highest drug content (87.32%), while F1 exhibited 
the lowest value (78.70%). The increase in drug 
content from F1 to F5 indicates uniform drug 
distribution and effective incorporation of 
norfloxacin within the nanofiber matrix. The results 
suggest that formulation composition influenced 
the drug loading capacity of the prepared 
nanofibers. 
  XRD 
The XRD diffractogram of pure norfloxacin 
exhibited characteristic sharp peaks at 2θ values 
of approximately 14.8°, 19.2°, 25.6°, and 28.4°, 
confirming its crystalline nature. In the optimized 
nanofiber formulation (F5), these characteristic 
peaks were markedly reduced in intensity and 
appeared broadened. The decrease in peak 
intensity indicates a reduction in drug crystallinity 
due to its incorporation within the PVA/PVP 
polymer matrix. The absence of any additional 
peaks further suggests that no chemical 
interaction occurred between the drug and 
polymers. These findings confirm the successful 
entrapment of norfloxacin in the nanofibers and 
its conversion into a partially amorphous state, 
which may contribute to improved drug release.  

 
Fig .No. 14 XRD of Norfloxacin 

 
Fig No.15 XRD of drug loaded nanofiber 

In–vitro drug release: 

 
Sr .no        BATCH %Entrapment efficiency 

1 F1 77.8 % 

2 F2 79.4% 

3 F3 81.5% 

4 F4 83.2% 

5 F5 88.4% 

     6  
F6 86.1% 
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                                              Table No. 16 In-vitro 
Drug release Study 
Ti
me 
(hr
) 

F1 F2 F3 F4 F5 F6 

0 0% 0% 0% 0% 0% 0% 

1 
12.5

4% 

11.4

3% 

10.3

2% 

15.4

3% 

17.1

% 

16.6

5% 

2 
20.5

4% 

22.5

4% 

19.5

4% 

24.3

2% 

28.5

4% 

26.5

4% 

3 
26.8

9% 

27.5

4% 

25.5

4% 

31.4

5% 

33.4

8% 

30.4

5% 

4 
30.5

4% 

31.5

6% 

29.6

5% 

34.8

5% 
37% 

35.3

4% 

5 
33.4

3% 

35.3

2% 
32% 

41.3

4% 

43.5

4% 

39.4

3% 

6 
37.5

4% 

39.9

4% 

35.8

9% 

47.4

3% 

51.4

7% 
46% 

7 
42.3

4% 

44.6

5% 

40.6

7% 

52.3

4% 

57.8

7% 

52.5

4% 

8 
47.5

4% 

48.8

7% 

45.5

4% 

57.5

4% 

61.5

4% 

57.2

1% 

9 
51.3

2% 
52% 

49.2

1% 
60% 

63.7

6% 

61.5

4% 

10 
53.6

% 

54.4

5% 

55.5

4% 

65.6

7% 
68% 

64.5

7% 

11 
55.1

2% 

58.5

4% 

59.6

5% 

67.5

4% 

70.3

4% 

68.6

4% 

12 
57.4

8% 

60.5

3% 

65.8

7% 

69.8

5% 

74.5

4% 

71.2

4% 

 
Fig No. 16 In-vitro Drug release Study 
In Vitro Drug Release Study 

The in vitro drug release study of norfloxacin-
loaded nanofiber formulations (F1–F6) was carried 
out for 12 h. All formulations showed a gradual 
increase in drug release over time. At the end of 12 

h, the cumulative drug release ranged from 57.48% 
to 74.54%. Among all formulations, F5 exhibited 
the highest drug release (74.54%), followed by F6 
(71.24%) and F4 (69.85%), whereas F1 showed the 
lowest release (57.48%). The results indicate that 
formulation F5 provided the most efficient and 
sustained release profile and was selected as the 
optimized formulation. 

Stability Study 
Table No. 17 observation at room temperature 
and accelerated temperature during stability 
study 

Sr 
.N
o 

Numbe
r of 

month 

Physical 
appearan

ce 

P
H 

In vitro 
drug 

release 
% 

25°C 40°C 
1 Initial Smooth, white 

nanofiber mat 
6.8 74.54

% 
74.54

% 

2 1 No significant 
change 

6.7 74.40
% 

73.76
% 

3 2 Slight softness 
observed 

6.7 73.25
% 

71.52
% 

4 3 Stable 
appearance 
maintained 

6.7 72.00
% 

70.50
% 

The optimized formulation was found to be 
physically stable with no significant change in 
appearance, pH and drug release profile during 
storage for three months. The results showed that 
the stability of Norfloxacin loaded PVA-PVP 
electrospun nanofibers was sufficient at both room 
temperature (25°C) and accelerated temperature 
(40°C) conditions. 
         Antibacterial study 
The antibacterial profile of F5 was evaluated by 
measuring the zone of inhibition against S.aureus( 
ATCC 29213), E. coli (ATCC 25922) bacterial 
strains via well diffusion method. The compound 
F5 exhibited good antibacterial activity as 
compared to the standard streptomycin. 
                     Table No. 18 Antibacterial Activity 
of Test Compound Against S. aureus 

 
SR.N

O 

 
SAMPLES 

ZONE IN 
DIAMETE

R 

(mm) 
1 Control 00 

2 Standard 
(Streptomyci

n) 

26 

0

100

0 2 4 6 8 10 12

%
 d

ru
g 

di
ff

us
io

n 

Time in hr 

In-vitro Drug release 
Study

F1

F2

F3

F4
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3 F5 24 

                         Table No. 17 Antibacterial 
Activity of Test Compound Against E. Coli 

SR.NO SAMPLES ZONE IN 
DIAMETER 

(mm) 
1 Control 00 

2 Standard 
(Streptomycin) 

27 

3 F5 23 

    CONCLUSION 
Norfloxacin-loaded PVA/PVP nanofibers were 
successfully prepared by electrospinning technique 
and evaluated for their physicochemical and 
antibacterial properties. Among the developed 
formulations, F5 showed the highest percentage 
yield, drug content, entrapment efficiency, folding 
endurance and cumulative drug release. SEM 
analysis confirmed the formation of uniform 
nanofibers while FTIR, DSC and XRD studies 
revealed the successful incorporation of 
norfloxacin within the polymer matrix. The 
optimized formulation exhibited sustained drug 
release and effective antibacterial activity against 
Staphylococcus aureus and Escherichia coli. The 
present investigation revealed that the developed 
nanofiber system is a promising carrier for the 
topical delivery of norfloxacin in wound 
management. 
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