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ABSTRACT

Aim: The objective of the present study was to develop and evaluate cefixime

nanosuspension to enhance its oral bioavailability. Materials and Methods: The method

used was solvent/ antisolvent method in which methanol and Millipore water was

used as solvent and antisolvent respectively. The surfactants used for the preparation

were PVP K30 and HPMC K100 which was found to be compatible in the formulation.

Compatibility of the drug and drug with its excipients was found out by FTIR studies.

Characterization of the optimized Cefixime Nanosuspension was carried out by particle

size analysis, Differential Scanning Calorimetry, Zeta Potential, Drug content, in-vitro

drug release studies, Scanning Electron Microscopy (SEM) and Transmission Electron

Microscopy(TEM). The antimicrobial activity of cefixime nanosuspension was done by Disk

diffusion method against E. coli performed in nutrient agar with different concentrations

of the formulation. The Minimum Inhibitory Concentration (MIC) was determined by

calculating Zone of inhibition. A method was developed forcefixime nanosuspension

and validated by High Performance Thin Layer Chromatography (HPTLC). Results: The

optimizedcefixime nanosuspension was validated for Identification, Linearity, Specificity,

Precision and Recovery. The Recovery of cefixime nanosuspension was found to be
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suspended molecule is under lpm in size. They are
powerful in conveying the poor dissolvable prescription
to concentrate on tissues with their last expanded bio-
availability and higher restorative results. They are very
ready to focus on the medications to different indis-
pensable organs by excellence of their submicron size
ot surface adjustments.>’

Method of preparation of nanosuspension

Preparation of nanosuspension is simple and cost
saving used for less soluble drugs for a physically more
stable product. For manufacturing nanosuspensions,
there are two methods, “Top-down process technology”
and “Bottom-up process technology”. The method of
preparation of nanosuspension has been showed in Fig-
ure 1.

Oral Drug Delivery System

It is one of the easiest routes of delivery of drugs for
systemic and local effect as it is safer, the compliance of
the patient is better, simpler to ingest with no pain.
Liquid forms are better for ingestion than forms. Poorly
aqueous soluble drugs have low drug absorption and
in turn have insufficient and variable bioavailability. To
enhance the same, various techniques ate used that is
by nano sizing the less dissolving drugs. Nano suspen-
sions are occupied with varied good outcomes for drug
delivery. Nano suspension drug delivery system for oral
usage has increased dissolution rate and solubility of
pootly soluble drugs.*®

Cefixime

Cefixime fall during a low solubility and low porousness
bactericide. Bioavailability of drug is restricted due low
solubility and due low solubility i.e. 30%-40%. They
provide affordable formulations to improve the
bioavailability and drug delivery. The objective of

P 3
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Figure 1: Development of Nano suspension.

this study was to develop stable Nano suspension
formulation of cefixime, which will eventually improve
its solubility, stability and oral bioavailability. Cefixime
which falls into category of cephalosporin of third
generation antibiotics is used variedly for the diagnosis
of infections like pharyngitis, otitis media and gonorrhea,
bronchitis and urinary tract infections.*’

Antibiotics as Nano suspension

Antibiotics or antibacterial are a type of antimicrobials
used is the treatment of bacterial infections. They
kill or inhibit the expansion of micro-organisms.
Cephalosporin’s got a huge area of activity against
Gram positive and Gram-negative bacteria by inhibiting
bacterial cell wall synthesisand it been obtained semi-
synthetically from ocean fungi Cephalosporium acremoninm
with antibacterial activity. All the cephalosporins act

and are employed as good antibactetials or antibiotics.*

Method Development of cefiximeby High
Performance Thin Layer Chromatography (HPTLC)

High Performance Thin Layer Chromatography is an
analytical method for reliability in quantification of
analytes at micro and even in nanogram levels.
Furthermore, the pictures obtained ate so colourful of
HPTLC image which fetches excess parameters of
visible colour and fluorescence. A CAMAG HPTLC
was used for the estimation of cefixime in the nanosus-
pension (VISIONCATS HP-TLC SOFTWARE).*

Method Validation

“A part of validation process which establishes from
laboratory studies that the performance characteristics
of the method will meet the requirements for the
intended analytical application.” Method develop-
ment and method validation go hand in hand and can-
not be separated to detect the developed method and
its performance parameters that validation has carried
out. The need for validation in analytical laboratories
is obtained through International Conference on
Harmonization (ICH); Current Good Manufacturing
Practices (cGMP); Good Laboratory Practices (GLP);
and Good Clinical Practices (GCP). The Validation
Identification, Linearity,
Precision, Specificity and Recovery.™

parameters included are:

MATERIALS AND METHODS

Cefixime was a gift sample from Lupin Pharmaceuticals
Ltd. Mumbai, India and PVP K30 and HPMC K100
was purchased from Ozone Pharmaceuticals. The test
micro-organism used for the antimicrobial study was
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E. /i maintained on nutrient agar provided by Himedia
Lab Ltd. Mumbai.

Preformulation Study

The primary procedure in rational development of dos-
age forms of a drug substance is preformulation testing.
Preformulation testing or study is method of optimiza-
tion of drug delivery and determining physicochemical
properties of the new compound which affects drug
performance and development of a proper safe; stable
dosage form.

Identification
Determination of melting point

The melting point of cefixime drug was found by
Thiele’s tube apparatus.

Solubility

The solubility of cefixime was checked in solvents such
as methanol; distilled water; ethyl acetate; ethanol;
9,10

acetone; 6.8 and 7.2 phosphate buffer.

Determination of absorbance maximum of
Cefixime

100mg of cefixime was taken in 100mL of volumetric
flask and dissolved in 50mL of methanol and made up
to the mark with 0.1N HCL 10ml of the above stock
solution was taken in 100ml of volumetric flask and
was diluted with 0.1 N HCI to produce a concentration
of 100pg/ml which was used as standard stock solution.
The standard stock solution was scanned between

200-800nm to determine he maximum absorbance.®!

Compatibility studies
FTIR Spectroscopy

The compatibility of cefixime used to formulate
nanosuspension was established by IR spectroscopy
method. FT-IR spectral measurement of cefixime drug
and physical mixtures of cefixime+PVP K-30 and
cefixime+HPMCK 100M were taken at a proper

temperature.®"!

Differential Scanning Calorimetry (DSC)

DSC was done using Shimadzu-DSC — TA 60. The drug
samples were put in aluminum solid and liquid pans;
crimped and heated under nitrogen gas flow at a scan-
ning rate of 5°C/min from 30°C to 310°C. An empty
crimped pan was used as reference. As a function of
temperature, the heat flow was measured for both drug

and drug-polymer physical mixture.®!!

Table 1: Formulation table for cefixime
nanosuspension.
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F1 100 40 40 5 100
F2 200 5 5 5 100
F3 200 20 20 5 100
F4 100 35 35 5 100

Standard calibration curve of cefixime

100mg of cefixime was taken in 100mL of volumetric
flask and was dissolved in 50 mL of methanol and made
up the volume with 0.1 N HCL. 10ml of above primary
stock solution was pipetted in 100 ml volumetric flask
and diluted with 0.1 N HCI to produce concentration
100pg/ml. Dilutions were prepared out of secondaty
stock solution in the concentration range 2 to 12ug/mL.
The absorbance was measured by UV spectrophotometer.
A :287nm; Beer’s range: 2-20mg/mL.%"12

Preparation of cefixime nanosuspension

Cefixime nanosuspension was prepared by Solvent/
anti-solvent method. Four different types of formulations
were formulated. The above given cefixime (drug) from
the formulation was weighed and dissolved completely
in 5mL of methanol. In a 200mL beaker (kept in a ice
bath), 100mL of Millipore water was taken and both
the excipients each were added slowly to the beaker
and partially dissolved using probe sonicator. The drug
solution was then added slowly to the beaker containing
100 ml of Millipore water. The above formulation was
sonicated for 15 to 30 mins using probe sonicator ensuring
that the formulation did not become hot. Further, the
formulation was transferred in an amber coloured bottle
and stored in the refrigerator. The sizes of particle analy-
sis of the formulation were cartied out.'"'*Table 1 sum-
marizes the formulation of cefixime nano suspension

Evaluation parameters for cefixime
nanosuspension

Particle size analysis: Particle size analysis of cefixime
nanosuspension is characterized by using the instru-
ment Micronanotrac A150. All the prepared cefixime
nanosuspension formulations were analysed for particle
sizes. The mean particle size (PS) for cefixime nanosus-
pension was measured.”
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Polydispersity Index

The mean polydispersity index (PDI) for cefiximenano-
suspension was measured using a “Micronanotrac A150”
instrument and the samples were measured directly.
PDI values of all nanosuspension formulations are less
than 0.8.'

Scanning Electron Microscopy (SEM)

SEM was used in to examine the particle surface
morphology and shape of cefixime nanoparticles. The
particle size; sphericity and surface morphology of
cefixime characterized by
Scanning Electron Microscope at IIT Delhi.'*"

nanosuspension wetre

Transmission Electron Microscopy (TEM)

TEM was used to test the surface morphology and
particle size. The images of TEM was found using
Transmission electron microscope; at IIT Delhi.!*™

Zeta Potential

For the measurement of the electric chargesat the sur-
face of the particles; Zeta Potential was used; indicating
the physical stability of colloidal systems and it’s
been shown in Table 4. The assessment was done by
determining the electrophoretic mobility of the
particles. It was found using a zetasizerano ZS
(Malvern Instruments; Malvern; UK)."

Drug content

100mg of cefixime was taken and dissolved completely
on 100ml of 0.1N HClin a volumetric flask. From above
solution; 10ml was withdrawn and diluted to 100ml in a
volumetric flask and then analysed in UV Spectropho-
tometer at a wavelength of 287nm.">"

In-vitro drug release studies

Drug release of cefixime nanosuspension was studied in
phosphate buffer (PBS); at a pH of 7.4 as the medium.
An amount of 2ml was taken in a 5ml measuring
cylinder and a dialysis membrane was tied to the
mouth of the measuring cylinder. The measuring
cylinder was then inverted over a 50ml beaker kept on
a magnetic stirrer containing PBS. A magnetic bead
was then added into the beaker by shaking at 50 rpm
at 3710.5°C. 1 ml of the dispersion was taken and
replaced by 1ml of PBS at a determined time interval
(1; 5; 10 and 15 min). Each sample was filtered and the
amount of cefixime dissolved was determined using a
UV Spectrophotometer at a wavelength of 287nm.'"* ¢

Antimicrobial studies

1.05 g of nutrient agar was dissolved in 50 ml of
distilled water. The above mixture was stirred and

heated to dissolve it completely and autoclaved at 121°C
for about 15 min. Once the autoclave is completed, it
was allowed to cool and poured in each plate and on
a sterile surface until it was solidified. The loop was
dipped in E. /i and removed. All the procedures were
performed in aseptic conditions. The agar plate was
opened and the loop was touched at the center of the
plate. Gently spread it on the surface of the plate. The
loop should be sterilized before and after use in the
flame. Put the top back onto the agar plate. The 10mm
disks were placed. Incubation at 35°C for about 24 hr
and the zone of inhibition was measured.'*"’

Method development and Validation by High
Performance Thin Layer Chromatography (HPTLC)
by VISIONCATS HP-TLC SOFTWARE (CAMAG)

An HPTLC method was developed for cefixime nano-
suspension. Evaluation of the same was carried out for
the performance of separating standard in the sample.
The method was finalized based on the criteria of
optimum separation using derivatization or without
derivatization. Method developed for cefixime nanosus-
pension and validated used TLC 10X10 plates with the
mobile phase Chloroform: Methanol: Water: Acetic acid
in the ratio 6: 1.5: 0.5: 2 v/v/v/v. Saturation time given
for the mobile phase was 20 min and dried at room
temperature. The validation for HPTLC method devel-
opment for optimized cefixime Nano suspension was
performed using parameters like identification, linearity,

precision, specificity and recovery.'®"”

RESULTS AND DISCUSSION
Preformulation studies

Melting point: The melting point of cefixime was
obtained at 220°C. cefiximeof melting point of the
drug is ranging from 218 - 225°C, indicating that the
drug which is obtained is pure.”*

Absorbance maximum (A__): The A of cefixime
was 287nm similar to that of literature review indicating
drug purity.'*?!

Solubility studies: The solubility of cefixime was
found to be neatly same as that of the standard value.
From the solubility study, it was seen that the drug had

better solubility in 0.1N HCI and was completely solu-

Table 2: Solubility studies.

Solvents Solubility
Millipore water 55.1mg/L
0.1 N HCI 78mg/L
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Table 3: Absorbance data for standard calibration
curve.

Concentration (pg/mL) Absorbance (nm)
2 0.117+0.01
4 0.213+0.01
6 0.313+0.01
8 0.423+0.02
10 0.518+0.03
12 0.629+0.03

Results expressed as Mean+ SD (n=3).

STANDARD CALIBRATION

y=0.0518x+ 0.0054
08 R2=0.9995
E 0.6
o 0.4
o 4 Absorbance
=z 0.2
<
a0 .
g 0 5 10 15 Linear
2 CONCENTRATION (pg/mL) (Absorbance)
<
Figure 2: Standard calibration curve for cefixime.
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Figure 3: FTIR spectra for cefixime drug.

ble in methanol.?'** Table 2 summaries the solubility of
cefixime in Millipore water and 0.1 N HCI

Compatibility studies

Standard calibration curve: Absorbance maximum of
cefixime was observed at 287nm showing better
linearity (#=0.9995) over the concentration range of 2
to 12pg/ml passing from the origin following the Beer-
Lambert Law. The equation of linerity was found to be
y=0.0518x+0.0054.7*

Absorbance Data for Standard Calibration Curve of
Cefixime at 287 nm in 0.1N HCI (Table 3 and Figure 2).
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Figure 4: FTIR spectra for cefixime+PVP K30.

FTIR Spectroscopy

FTIR spectrum of cefixime pure drug along with
the physical mixtures containing the excipients was
observed. The spectra have similar peaks of functional
groups of drugs which indicate that the interaction was
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Figure 5: DSC curve for pure drug Cefixime.
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Figure 6: DSC curve for Cefixime + PVP K-30.
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Figure 7: DSC curve for cefixime + HPMC Figure K100M.

not found between the drug and the polymers. The
FTIR spectral data has been shown in Table 4, Figure
3 and 4.7

Differential Scanning Calorimery (DSC)

The melting point of the pure API cefixime was found
between 218-225°C. Pure cefixime showed a smooth,

Figure 8: DSC curve for formulated cefixime nanosuspension.

Table 5: Particle sizes and Polydispersity index of

four formulations.

Formulation Particle Size Polydispersity
(nm) Index
F1 284.9nm 0.831
F2 338.0nm 0.2670
F3 360.0nm 0.2238
F4(Optimised) 288.3nm 0.1422

blunt peak at 202.0°C. Similarly, Cefixime along with
its excipients, PVP K-30 showed peak at 122°C and
HPMC K 100M showed peak at 138.8°C which has
shown in Figure 5-7. Whereas DSC curve for liquid
formulation of cefixime nanosuspension has been
shown in Figure 5,6,7 and 8.*

Particle size analysis and Polydispersity Index

Particle sizes analysis and polydispersity index was
generated from Micronanotrac A150. The particle sizes
were consistent in the range 200 to 300nm with poly-
dispersity index or particle size distribution less than 0.8
indicating good results (Table 5 and Figure 9).*
Scanning Electron Microscopy: SEM image of cefixime
nanoparticles shown in Figure 10 concludes that
nanoparticles are found in nano size.

Transmission Electron Microscopy: TEM cefixime
nanoparticles in Figure 11; TEM image of optimized
cefixime nanosuspension shows spherical size of the
nanoparticles.

Zeta Potential: Zeta Potential of optimized cefixime
nanosuspension was found to be — 15.5 mV shown in
Figure 12; which indicates good stability and stabilizes
more on longer storage.

Drug Content: The drug content of cefixime nano-
suspension resulted more than 80% which determines
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Figure 9: Particle size and polydispersity index of
Cefiximenanosuspension (Formulation-4).
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Figure 10: TEM image of cefixime nanosuspension of
optimized formulation.

minimum drug loss. The drug content for all the four
formulations are shown in the Table 6.

In-vitro drug release studies: The 7 vitro release studies
were carried by diffusion method with phosphate
buffer 7.4. And the results of all the optimized formula-
tion are shown in Table 7 and graph Figure 13.

Antimicrobial Studies

The antimicrobial activity of cefixime nanosuspension
was determined by E. co/i. Using disk diffusion method.
The average values of zone of inhibition of F1; F2; F3
and F4 are given in Table 8. And the images of the zone
of inhibition of the optimized formulation are shown
in Figure 14.
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Figure 11: SEM image of cefixime nanosuspension.
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Figure 12: Zeta Potential data for cefixime nanosuspension.

Table 6: Drug content of cefixime nanosuspension.

Formulation Absorbance (nm) %Drug Content
F1 0.458 87.37
F2 0.429 81.77
F3 0.468 89.3
F4(Optimised) 0.473 90.2

Table 7: Drug release study ofoptimised Cefiximena-

nosuspension Formulation 4 (F4).

§ e =
o ® = x 4
£ g £ E 2 | & | 8
= ] s ) =2 © X
-1 £ £
<
1min | 0.012 | 0.127 | 0.00127 | 0.635 | 0.635 | 63
5min | 0.016 | 0.204 | 0.00204 | 0.102 | 0.73 | 73
10 min | 0.018 | 0.243 | 0.00243 | 0.121 | 0.85 | 85
15min | 0.018 | 0.243 | 0.00243 | 0.121 | 0.971 | 97.1
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In-vitro Drug Release Study

120
100
80

b

40 ——F3

20 = F 4
0

0 5 15 20

Figure 13: In-vitro Drug Release Study.

Table 8: Antimicrobial zone of inhibition data.

Formulation MIC (Zone of Inhibition)
(mm)
F1 7.2
F2 71
F3 6.9
F4(Optimised) 7.6

Figure 14: Antimicrobial activity of the optimized cefiximena-
nosuspension of formulation 4 (F4).

Method development of cefixime nanosuspension
by High Performance Thin Layer Chromatography
(HPTLC) Method.

The method was developed for cefixime Nano suspension
using TLC 10X10 plates was Chloroform: Methanol:
Water: Acetic acid in the ratio 6:1.5:0.5: 2 v/v/v/v. The

Speciium scan riws

Figure 15: Spectral overlay of cefixime standard and Cefixime
in Nano suspension.

Figure 16: R 256.

results obtained from the validation of the same is given

below.?>%

Identification of cefixime

The spectral ofcefixime standard and formulation are
shown in Figure 15 and the scanning data of cefixime
at 254nm and 366 nm is shown in Figure 16 and 17

respectively.®?

Data Acquisition

Linearity: The calibration graph for linearity of cefixime
scanned at 366nm is shown in Figure 18 and the 3D
image of evaluation has been shown in Figure 19.
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Figure 17: R 366.
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Figure 18: Calibration graph of linearity for cefixime at 366nm.

3D image of Evaluation 1 i.e Developed 1f:
-

Figure 19: 3D image of quantification.

Figure 20: 3D image of evaluation.

Figure 21: Scanning At R 254.

Calibration results

Precision: The 3D image for the evaluation for preci-
sion is shown in Figure 20 and it shows that the method
developed was precise.

Specificity: Specificity was done by examining the
sample solution in relation to interference from
formulation ingredients. The scanning results are given
below in Figure 21 and 22 and the 3D image for evalu-
ation in Figure 23.

Data acquisition

Recovery of cefixime: The results for recovery deter-
mine 95.57% of recovery of cefixime are shown in

Table 9.
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Figure 22: Scanning At R 366.

Figure 23: 3D image of scanned data.

R 254 Developed, Remission254

Figure 24: Scanning data at R 254nm.

R 366 Developed, Remission366

Figure 25: Scanning data at R 366nm.

Scanning data

The Scanning data in at 254 nm and at 366 nm has been
shown in Figure 24 and 25 respectively.

CONCLUSION

The present research work has been satisfactory and
efficient success and attempt to formulate cefixime
Nano suspension by solvent/antisolvent method using
probe sonication. The use of surfactants like PVP K30
as well as HPMC K100 has been compatible with the
drug and its formulation as determined by compatibility
studies like FTIR and DSC. Enhancementin the concen-
tration in the surfactant enhances the particle size and
enhancement in the polymer concentration enhances
the drug content and particle size. Cefixime Nano sus-
pension along with PVP K30 and HPMC K100 was
found to be stable and showed particle sizes in range
and a good percentage yield than formulating alone
with PVP K30 and HPMC K100. Solubility and zz-vitro
studies determined that the diffusion rates were phe-
nomenally increased by formulating as a Nano suspen-
sion dosage form. In-vitro drug release pattern resulted
that the drug released in a sustained manner and upto
15 min which showed fast release. Therefore, it can be
concluded that solvent/antisolvent method using probe
sonication technique offer an easy, time saving and effi-
cient method than other conventional methods. It can
be also concluded that cefixime formulated as a Nano
suspension dosage form is orally active with increased
bioavailability than the drug alone. Furthermore, it has
been determined that the method development and its
validation which was done by High Performance Thin
Layer Chromatography with cefixime Nano suspension
were found to be suitable.
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Table 9: The result for recovery of cefixime.

Track No. Area x 10° Average Expected Value Percentage Mean Percentage
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6 0.01396682 0.014862086 95.83528725
7 0.01682123
8 0.01667609 0.016776 0.017817241 94.15356159 95.57665234
9 0.01682938
10 0.01942537 0.020047652 96.74110818
11 0.01956179 0.019394
12 0.01919581
13 0.01032149
14 0.01036825 0.010345
15 0.0131819
16 0.01341815 0.0133
17 0.01573217
18 0.0153287 0.01553
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ABBREVIATIONS

ICH: International Council for Harmonization;
HPTLC: High Performance Thin Layer Chromatog-
raphy; CFX: Cefixime; CFX NP: Cefixime Nanopart-
ticles; CFX NS: Cefixime Nanosuspension; DDS:
Drug delivery system; OF: Optimized Formulation; 1%
Correlation Coefficient; PS: paricle Size; PDI: Poly-
dispersity Index; SEM: Scanning Electron Micros-
copy; TEM: Transmission Electron Microscopy; UV:
Ultra violet; UV /VIS: Ultra-violet/Visible; IR: Infrared;
FTIR: Fourier Transform Infrared; DSC: Differential
Scanning Calorimetry; ZP: Zeta Potential; Abs: Absor-
bance; v/v/v: Volume/ Volume/ Volume; w/v:
Weight/ Volume; w/w: Weight/ Weight; E.coli

Escherichia coliy RPM: Rotations per minute; PVP: Poly-
vinyl pyrolidone/ Povidone; HPMC: Hydroxy propyl
methyl cellulose; FFT: Fast Fourier Transform; CDR:
Cumulative Drug Release; F: Formulation; IP: Indian
Pharmacopoeia; USP: United States Pharmacopoeia;

A_.: Absorbance maximum; B-L: Beta-Lactum; pg:
Micro gram; nm: Nano meter; mg: Milligram; ml: Mil-
liliter; min: Minutes; g: Gram; ng: Nano gram: °C:
Degree Centigrade.

REFERENCES

1. Ghasemian E, Rezaeian B, Alaei S, Vatanara A, Ramezani V. Optimization
of cefixime nanosuspension to improve drug dissolution. Pharmaceutical
Sciences. 2015;21(3):136.

2. Genvresse |, Carbon C. Cefixime. International Journal of Antimicrobial
Agents. 1993;3(1):1-6.

3. Khan FA, Zahoor M, Islam NU, Hameed R. Synthesis of Cefixime and
Azithromycin Nanoparticles: An Attempt to Enhance Their Antimicrobial
Activity and Dissolution Rate. Journal of Nanomaterials. 2016;2016(4):1-9.

4. Thadkala K, Nanam PK, Rambabu B, Sailu C, Aukunuru J. Preparation and
characterization of amorphous ezetimibenanosuspensions intended for
enhancement of oral bioavailability. International Journal of Pharmaceutical
Investigation. 2014;4(3):131.

5. Karakucuk A, Teksin ZS, Eroglu H, Celebi N. Evaluation of improved
oral bioavailability of ritonavir nanosuspension. European Journal of
Pharmaceutical Sciences. 2019;131:153-8.

6. Fera MT, Carbone M, Foca A. Activity of cefixime against Helicobacter pylori.
International Journal of Antimicrobial Agents. 1993;3(2):105-8.

7. Dey S, Pradhan PK, Upadhayay UM, Shah S, Goswami K. UV
spectrophotometric determination of cefixime in bulk and its dosage Form.
Journal of Pharmacy Research. 2012;5(12):5419-22.

8. Miller RH, Peters K. Nanosuspensions for the formulation of poorly soluble
drugs: |. Preparation by a size-reduction technique. International Journal of
Pharmaceutics. 1998;160(2):229-37.

9. Mansouri M, Pouretedal HR, Vosoughi V. Preparation and characterization
of Ibuprofen nanoparticles by using solvent/antisolvent precipitation. In The
Open Conference Proceedings Journal. 2011;2(1):88-94.

Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 1 | Jan-Mar, 2020 65



66

Mastiholimath, et al.: Enhancement of Oral Bioavailability of Cefixime

Marin RR, Babick F, Stintz M. Ultrasonic dispersion of nanostructured
materials with probe sonication-practical aspects of sample preparation.
Powder Technology. 2017;318:451-8.

Zhang X, Zhang T, Lan Y, Wu B, Shi Z. Nanosuspensions containing
oridonin/HP-B-cyclodextrin oral

inclusion complexes for bioavailability

enhancement via improved dissolution and permeability. Aaps Pharmscitech.

20.

Samal SS, Manohara SR. Nanoscience and Nanotechnology in India: A broad
perspective. Materials Today: Proceedings. 2019;10:151-8.

Singhvi G, Shukla VK, Ukawala R, Gampa G, Saha RN. Development of
a new, rapid and sensitive HPTLC method for estimation of Milnacipran in
bulk, formulation and compatibility study. Arabian Journal of Chemistry.
2017;10(Suppl 2):S2417-23

2016;17(2):400-8. 21. Jamal M, Amir M, Ali Z, Mujeeb M. A comparative study for the extraction
Wang Y, Wang C, Zhao J, Ding Y, Li L. A cost-effective method to prepare methods and solvent selection for isolation, quantitative estimation and
curcuminnanosuspensions with enhanced oral bioavailability. Journal of validation of ursolic acid in the leaves of Lantana camara by HPTLC method.
Colloid and Interface Smfence. 2017;485:91-8. ) o Future Journal of Pharmaceutical Sciences. 2018;4(2):229-33.
Zaheer F, Usman S, Fatima S, HasanM M. Comparative study of antibiotics 55 gpaa1an RA, Belal TS, ElYazbi FA, Elonsy SM. Validated HPTLC methods
for their antimicrobial susceptibility in clinical isolates. International Journal of L . . . . X
. ) for determination of some selected antihypertensive mixtures in their
'\P/lr;:::;Zc:;lzsgg:;zso;;]?;;zzzz:_'5 ngfr;z(rzl\;ﬁs:t-thast A Akramov DK combined dosage forms. Bulletin of Faculty of Pharmacy, Cairo University.
’ ’ ’ ’ ’ ’ 2014;52(2):225-37.
et al. Phytochemical and biological activities of Sileneviridi flora extractives. @) L
L . . 23. Sankaranarayana PM, Pushpa LS. Designing of some novel metallo
Development and validation of a HPTLC method for quantification of L i . i . X .
20-hydroxyecdysone. Industrial Crops and Products. 2019:129:542-8 antibiotics tuning biochemical behaviour towards therapeutics: Synthesis,
Ibrahim AE, Saraya I-RE Saleh H. Ehenawee M De\-/elopn’\ent -and vélidation characterisation and pharmacological studies of metal complexes of cefixime.
of eco-friendly micellar-HPLC and HPTLC-densitometry methods for the Journal of Saudi Chemical Society. 2016;20(Supp! 1):560-6.
. S~ . S . . . 24. Carannante A, Prignano G, Cusini M, Matteelli A, DalConte |, Ghisetti V, et al.
simultaneous determination of paritaprevir, ritonavir and ombitasvir in
pharmaceutical dosage forms. Heliyon. 2019:5(4):¢01518 Cefixime and ceftriaxone susceptibility of Neisseria gonorrhoeae in Italy from
Zhang T, Liu Q, Xie Z, Song X, Gong J. Determination and correlation of 2006 to 2010. Clinical Microbiology and Infection. 2012;18(6):558-64.
solubility data and dissolution thermodynamic data of cefixime trihydrate ~ 29-  Kohl PK, Tu'Y, Hostalek U, Petzoldt D. Activity of cefixime against Neisseria
in seven pure solvents. Journal of Chemical and Engineering Data. gonorrhoeae. Journal of the European Academy of Dermatology and
2014;59(6):1915-21. Venereology. 1995;4(2):155-9.
Ronak KP, Rajesh RP, Vishnu MP, Dushyant AShah. Method Development ~ 26. Agbaba D, Eri¢-Jovanovi¢ S, Zivanov-Staki¢ D, Vladimirov S. HPTLC
and Validation of Cefixime and Moxifloxacin In Pharmaceutical Dosage Form determination of ceftriaxone, cefixime and cefotaxime in dosage forms.
by UV spectrophotometric method. IJPRBS. 2012:1(2):81-93. Journal de Pharmacie De Belgique. 1998;53(3):150.
Kharat S, Namdeo A, Mehta P. Development and validation of HPTLC method 27. Maestrelli F, Jug M, Cirri M, Kosalec I, Mura P. Characterization and
for simultaneous estimation of curcumin and galangin in polyherbal capsule microbiological evaluation of chitosan-alginate microspheres for cefixime
dosage form. Journal of Taibah University for Science. 2017;11(5):775-81. vaginal administration. Carbohydrate Polymers. 2018;192:176-83.
SUMMARY

Cefixime is the only antibiotic drug belonging to third generation cephalosporin’s of BCS classification
IV. It is an orally active drug used in the treatment of UTI; Upper and Lower Respiratory Tract Infec-
tions; Acute Otitis media; and Gonococcal urethritis. It is of both low solubility and permeability anti-
bacterial having bioavailability of 30-50% oral drug absorbed. Therefore, in the present study; an effort
has been done to formulate such a dosage form so as to enhance its oral bioavailability. This is why;
an oral cefixime nanosuspension was formulated to increase its bioavailability. Cefixime nanosuspension
was successfully developed by probe sonication with the solvent/anti-solvent method, using PVP K30
and HPMC K100 as surfactants and using methanol as a solvent and Millipore water as an antisolvent.
The formulation was examined for varied preformulation and evaluation tests such as sizes of the pat-
ticles; polydispersity index, drug content, i vitro drug release, surface morphology and antimicrobial studies
which determined that the prepared formulation showed acceptable results. Surface morphology studies
determined that the nanoparticles have a spherical shape and sizes of about 200nm whereas the nanopar-
ticle sizes varied from 200 to 300nm with PDI less than 0.8. Ditferential scanning calorimetry suggested
that cefixime was moleculatly dispersed and was compatible with its physical mixtures. The zz-vitro drug
release results generated that a total of 97.1% and drug content of 90.2% for the optimized Cefixime
formulation (F4). The surface charge of the nanoparticles (zeta potential) -15.5mV indicating good stability.
The zone diameter of the optimized formulation of cefixime nanosuspension (F4) detected 8mm by using
E. coli bacterial strain. The method developed for cefixime Chloroform: Methanol: Water: Acetic acid in the
ratio 6: 1.5: 0.5: 2 v/v/v/v and validated according to the ICH Guidelines. The validation parameters used
were Linearity, Specificity, Precision and Recovery of Cefixime. The recovery of Cefixime was detected to
be 95.57%.
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