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Abstract: The delivery of drugs by “vesicular drug delivery system” such as nano-niosomes provides several
important advantages over conventional drug therapy. Levofloxacin was selected as a suitable drug for the present
study because it is a potent second generation fluoroquinolone active against a broad range of gram positive and
gram-negative aerobic and anaerobic bacteria. Levofloxacin loaded nano-niosomal formulations were prepared by
using different ratio of surfactant (Span 60, span 80) and cholesterol by thin film hydration followed by sonication
method and was evaluated for entrapment efficiency, particle size, zeta potential, surface morphology and in-vitro
drug release. Particle size and zeta potential of the F3 and F6 formulation were found to be 303.5 and 305.8 nm
and -49.2 and -42.6 mV respectively. Highest entrapment efficiency was observed in F3 94% and F6 92%. The
percent drug release from F1-F6 was observed as follows F1- 86.89%, F2- 74.62%, F3- 59.44%, F4- 80.59%, F5-
72.46% , and F6- 55.8% which follows zero order drug release and Non- Fickian diffusion mechanism.
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1. INTRODUCTION

The field of nano chemistry research has shown a great progress in the developing of novel nanocarriers as potential drug
delivery systems. Rapid progress in the application of nanotechnology for therapy and diagnosis has made a new field

.. . . 1
called “nanomedicine” and related subfields such as “pharmaceutical nanocarriers”.

Reducing the size into nanoscale in drug carriers offer many advantages such as: improving pharmacokinetics and
biodistribution of therapeutic agents due to higher ratio of surface area to volume; diminishing toxicity by their
preferential accumulation at the target site, facilitating intracellular delivery and prolonging their retention time either
inside the cell which improves therapeutic potential of drugs or in blood circulation limitations.?

Tuberculosis (TB) is an important public health problem; about two billion people (one third of the world’s population)
were infected with TB. Multidrug-resistant (MDR) tuberculosis (TB) is a form of TB that is resistant to some of the first-
line drugs used for the treatment of the disease. It is associated both with a higher incidence of treatment failures and of
disease recurrence, as well as with higher mortality than forms of TB sensitive to first-line drugs.®

It is usually initiated by the entry of the Mycobacterium into the respiratory system as aerosol droplet. Bacteria are non-
specifically phagocytosed by alveolar macrophages that process the bacterial antigens and present them to lymphocytes.
Then, the number of pathogens increases exponentially by killing host cells and spreading locally to regional lymph nodes
in the lungs by lymphatic circulation 3-8 weeks after infection. Later on, spreading of the bacilli from the infected lungs
to distant highly irritated organs takes place within 3 months after infection. At this stage, acute TB meningitis or
disseminated TB can sometimes result in death.*

Fluoroquinolones are among the most promising antibiotic drugs used in the treatment of tuberculosis (TB) for drug-
sensitive patients who are intolerant to first-line antituberculous agents or who are infected with drug-resistant
organisms.>°
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Levofloxacin is one of newer fluoroquinolones with high bactericidal activity against M.Tuberculosis and is the pure (-)-
(S)- enantiomer of the racemic drug substance oflaxacin and it has recently become available for therapy. The mechanism
of action relies on the DNA-DNA-gyrase complex by inhibiting DNA gyrase (topoisomerase Il) mainly in Gram-negative
bacteria, and topoisomerase 1V mainly in Gram-positive bacteria.

Levofloxacin has low resistance, good activity levels and high respiratory penetration and it is well tolerated with good
adherence. In addition, it is particularly well suited for shorter courses of therapy at higher doses; it may reduce the
emergence of resistant strains, decrease the impact on endogenous flora, offer high cure rates and avoidance of adverse
effects, enhanced patient and healthcare convenience.”®

2. MATERIALS AND METHODS

Levofloxacin is a gift sample from the Micro Laboratories Itd., Bangalore. Span 60, span-80, cholesterol, chloroform and
methanol were purchased from SD fine chemicals Itd, (Mumbai, India). Phosphate Buffer Saline pH 7.4 (PBS pH 7.4)
were prepared as described in the Indian Pharmacopoeia (1996).

METHODS:
Preparation of nano-niosomes:
Thin film hydration method:

Accurately weighed quantity of cholesterol and surfactant were dissolved in chloroform — methanol mixture (1:1 v/v) in
100 ml round bottom flask. The weighed quantity of drug is added to the solvent mixture. The solvent mixture was
removed from liquid phase by flash evaporation at 60 °C to obtain a thin film on the wall of the flask at a rotation speed of
150 rpm. The complete removal of residual solvent can be ensured by applying vaccum. The dry lipid film was hydrated
with 5 ml phosphate buffer saline of pH 7.4 at a temperature of 60 °C for a period of 1 hr until the formation of niosomes
and was subjected to bath sonication, maintained the temperature at 60 °C for 3 min to produce small and uniform size
nano-niosomes.®

Tablel: composition of surfactant and cholesterol for preparation of niosomes.

Drug: Surfactant: Weight taken (mg)
SI-No Code Surfactant Cholesterol Drug Surfactant Cholesterol
1 F1 1:1:1 100 100 100
2 F2 Span 60 1:2:1 100 200 100
3 F3 1:1:2 100 100 200
4 F4 1:1:1 100 100 100
5 F5 Span 80 1:2:1 100 200 100
6 F6 1:1:2 100 100 200

EVALUATION PARAMETER FOR LEVOFLOXACIN NANO-NIOSOMES %

The evaluation parameters of Levofloxacin loaded nano-niosomes are; Drug-Excipient compatibility studies by FT-IR,
Surface morphology, Particle size analysis, Entrapment efficiency, Zeta potential, In-vitro drug release, Stability studies.

In-vitro drug release:

In vitro release pattern of niosomal suspension was carried out in dialysis bag method. Levofloxacin niosomal suspension
equivalent to 10 mg was taken in dialysis bag and the bag was placed in a beaker containing 100 ml of pH 7.4 Phosphate
buffer. The beaker was placed over magnetic stirrer having stirring speed of 100 rpm and the temperature was maintained
at 37+£0.5 °C. 1 ml sample were withdrawn periodically and were replaced by fresh buffer. The samples were assayed by
UV Spectrophotometer at 288 nm using phosphate buffer pH 7.4 as blank and cumulative % of drug released was
calculated and plotted against time.

Stability studies as per ICH guidelines:

To confirm the stability of nano-niosomal formulation, intermediate stability testing studies was performed for 6 months.
The optimized formulation was kept at 302 °C and 65+5% °C RH and 4+2 °C in stability chamber. Drug particle size,
entrapment and drug release were fixed as physical parameters for stability testing.
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3. RESULT AND DISCUSSION

Drug-excipients compatibility studies were carried out using FT-IR. The spectra of pure drug (Levofloxacin) were
compared with physical mixture of drug: span60: cholesterol and drug: span 80: cholesterol. Characteristic peaks of pure
drug are also found in physical mixture indicated that there was no interaction between drug and excipients. The results
are shown in Fig 1-3. The formulation F3 and F6 was studied by SEM analysis in which the nano-niosome was appeared
with irregular surface due to the presence of unentrapped drug. The result of SEM was shown in fig 4, 5. Particle size of
the nano-niosomes was analyzed by using Malvern particle size analyzer for the formulations F3 and F6. The mean
particle size of formulation F3 and F6 was found to be 303.5 nm and 305.8 nm with particle size distribution less than 600
nm. The results are shown in the fig 6, 7. The percentage entrapment efficiency of loaded drug in different nano-niosomal
formulations with different surfactant and cholesterol ratio was determined spectrophotometrically. The results were
shown in Table 1 and Figure 8, 9. Highest entrapment efficiency was observed in F3 94% for the formulation containing
span 60 and in F6 92 % for the formulation containing span 80 .The high drug entrapments may be observed due to
increase in the cholesterol ratio. On comparison for the different formulation the niosomes containing span 60 with higher
cholesterol ratio have higher entrapment efficiency than the niosomes containing span 80. Zeta potential is a key factor for
evaluation of the stability of colloidal dispersion. It was currently admitted that zeta potentials above -30 mV were
required for full electrostatic stabilization. The zeta potential was measured for the Formulations F3 and F6. The values of
zeta potential of Levofloxacin loaded niosomal formulation F3 and F6 were found to be -42.6mV and -49.2mV which are
shown in fig 10, 11. From the results it was observed that the formulation were stable sufficiently. In-vitro release study
of Levofloxacin from various formulations was conducted for 12 hrs by using dialysis membrane. Cumulative % drug
release was plotted against time (t). The percent drug release from F1-F3 was observed as follows F1- 86.89%, F2-
74.62%, F3- 59.44%, after 12 hrs and for the formulation F4-F6 it was observed as F4- 80.51%, F5- 72.46%, F6- 55.8%
at the end of 12 hrs. The increase in surfactant and cholesterol ratio causes decrease in the drug release. Compare to the
formulation containing span-60 (F1-F3), the span-80 containing formulation (F4-F6) shows higher drug release due to
lesser particle size. The percent drug release of F3 and F6 showed the decrease in the drug release due increasing the ratio
of cholesterol, the release was more controlled by increasing the cholesterol ratio. All the formulations released the drug
in a controlled manner. The in-vitro release data were shown in Table 2, 3 and fig 12, 13. The intermediate stability study
for F3 was performed for 6 months according to the ICH guide lines. Drug entrapment and drug release were fixed as
physical parameters for stability testing and stability studies of selected formulation F3 showed that negligible changes in
entrapment efficiency and drug release. This revealed that the formulation stable on storage at 4+2 °C, 30+2 °C and
65+5% °C RH and the result were given in the table 4 and 5.
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Fig 1-: FTIR spectrum of Levofloxacin
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Fig-: 2 FTIR spectra of physical mixture of Levofloxacin, cholesterol and span-60
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Fig-:3 FTIR spectra of physical mixture of Levofloxacin, cholesterol and span-80
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Fig- :4 SEM of the optimized formulation F3
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Fig- :5 SEM of the optimized formulation F6

Results
Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 303.5 Peak 1: 355.8 98.9 140.3
Pdil: 0.243 Peak 2: 5260 1.1 434.4
Intercept: 0.915 Peak 3: 0.000 0.0 0.000
Result quality : Good
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Fig -:6 Particle size distribution analysis of formulation F3
Results
Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 305.8 Peak 1: 366.6 97.5 165.1
Pdi: 0.260 Peak 2: 4948 25 639.1
Intercept: 0.927 Peak 3: 0.000 0.0 0.000

Result quality : Good
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Fig -:7 Particle size distribution analysis of formulation F6
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Table: 1 entrapment efficiency

. % Entrapment
SI. No. Formulation code o P
Efficiency
1 F1 87
2 F2 90
3 F3 94
4 F4 85
5 F5 89
6 F6 92
94
B % Entrapment efficiency
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Fig- :8 Entrapment efficiency of formulations F1-F3
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Fig- :9 Entrapment efficiency of formulations F4- F6
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -49.2 Peak 1: -49.2 100.0 6.73
Zeta Deviation (mV): 6.73 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.365 Peak 3: 0.00 0.0 0.00
Result quality : Good
Zeta Potential Distribution
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Fig-:10 Zeta potential analysis of formulation F3
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -42.6 Peak 1: -42.6 100.0 6.96
Zeta Deviation (mV): 6.96 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.679 Peak 3: 0.00 0.0 0.00
Result quality : Good
Zeta Potential Distribution
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Fig-:11 Zeta potential analysis of formulation F5

Table: 2 In-vitro drug release profile of F1-F3

Time % Cumulative Drug Release

(hrs) F1 F2 F3

0 0 0 0

1 8.34 6.1 4.25
2 16.18 13.27 9.11
4 32.84 26.59 18.23
6 48.02 41,51 29.69
8 64.16 52.84 40.53
12 86.89 74.62 59.44
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Table: 3 In-vitro drug release profile of F4-F6

Time % Cumulative Drug Release
(hrs) F4 F5 F6
0 0 0 0
1 7.07 5.34 3.05
2 14.58 12.83 7.76
4 30.96 25.89 15.41
6 44,15 39.34 27.67
8 58.98 50.9 39.22
12 80.51 72.46 55.8
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Fig-:12 In-vitro release profile of F1-F3 formulation
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Fig-:13 In-vitro release profile of F4-F6 formulation
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Table 4: Effect of storage condition on the stability of the optimized formulation F3 at 30+2 °C and 65+5% °C RH

Duration in Months

P t

arameters 0 1 3 5
Entrapment efficiency (%0) 94% 93.04% 91.75% 89.84%
% Drug release 59% 58.21% 56.53% 55.05%

Table 5: Effect of storage condition on the stability of the optimized formulation F3 at 4+2 °C RH

Duration in Months

Parameters

0 1 3 6
Entrapment efficiency (%) 94% 93.88% 92.53% 91.02%
% Drug release 59% 58.92% 57.67 56.55%

4. CONCLUSION

In the recent years, attentions have been attracted toward vesicular drug delivery systems such as nano-niosomes. It is
obvious that, nano-niosomes appears to be a well preferred drug delivery and present a convenient, prolonged, targeted
and effective drug delivery system with the ability of loading both hydrophilic and lipophillic drugs. The increase in
surfactant and cholesterol ratio causes decrease in the drug release. Compare to the formulation containing span-60, the
span-80 containing formulation shows higher drug release due to lesser particle size. The percent drug release of F3 and
F6 showed the decrease in the drug release due increasing the ratio of cholesterol, the release was more controlled by
increasing the cholesterol ratio.
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