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Abstract

Purpose: To design parenteral in-situ gel of ceftriaxone using poloxamer as a thermosensitive agent,
Carbopol as a pH-sensitive polymer and hydroxypropyl methylcellulose as a viscosity enhancer.
Method: Lyophilized ceftriaxone was added in solution form to enhance its solubility and stability.
Several formulations were designed using poloxamer (P 188, F 127 and P 407) and Carbopol (934P
and 940) in varying concentrations, out of which an optimized formulation was chosen on the basis of its
gelling capacity and respective transit time. Drug content uniformity, sterility and stability were studied.
Drug-polymer and polymer-polymer interaction were determined by differential scanning calorimetry
(DSC). Characterization of optimized formulation was carried out by Fourier transform infrared
spectroscopy (FTIR). In-vitro release profile was determined by a modified Franz diffusion method.
Results: Optimized formulation Q2 was characterized for various physicochemical parameters and
found to be stable. In-vitro release study showed first order release pattern. DSC thermograms revealed
that the polymers were compatible with each other as no physicochemical interactions were observed.
The results were expressed as mean * standard deviation (SD, p < 0.05).

Conclusion: Optimized formulation Q2 provided sustained release up to 10 days following first order
release kinetics, and thus can be further developed for large-scale production.
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INTRODUCTION

Bacterial meningitis caused by Streptococcus
pneumoniae, enters the subarachnoid space
causing inflammation not restricting to meninges
only but also spreads into brain and spinal cord.
Treatment strategy for bacterial meningitis
include  ceftriaxone  monotherapy or in
combination with corticosteroids that might

continue up to 10-14 days or extending up to 3-4
weeks depending on severity of condition [1].
Frequent administration of antibiotics is painful
and could cause patient noncompliance. If a
regimen is not followed it leads to plasma
fluctuations and antibiotic resistance. Scientists
have long been trying to overcome the limitations
associated conventional parenteral therapy.
Novel parenteral treatment strategies include
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nano particles, solid lipid nano particles, non-

biodegradable parenteral gel and in-situ gel
forming  biodegradable  parenteral depot.
Polymers used in nano particles cause

cytotoxicity. Solid lipid nano particles cause a
burst effect and have limited loading capacity.
Implants need surgical insertion and removal at
completion of therapy. Injectable parenteral
formulation that undergoes phase change by
specific stimuli are called parenteral in-situ.
Polymers used in in-situ gels are capable of rapid
sol-gel transformation triggered by external
stimulus such as temperature and pH. In-situ gel
forming biodegradable parenteral depot carries
sufficient amount of drug, has good tolerability
and does not require surgical procedure for its
insertion and removal. The present research
work was designed to formulate parenteral gel
forming biodegradable depot system of
ceftriaxone using poloxamer P 407, P188 F 127
and Carbopol 940 and 934P. HPMC K-15M and
PVA were added as viscosity enhancers. Few
drops of lactic acid/NaHCOs were also added to
decrease gelation temperature. Five formulations
Q1, Q2, Q3, Qd4and Q5 were formed using
different concentrations of polymers and
optimized formulation Q2 was selected on the
basis of its gelling capacity and transit time and
was subjected to characterization parameters. In-
vitro release rate was determined by modified
Franz diffusion cell and fitted in various
pharmacokinetic models. Purity and polymer-
polymer/drug-polymer interaction was
determined using DSC and FTIR. Stability,
sterility and drug content uniformity were also
determined. pH of the optimized formulation Q2
was maintained at 6.0 throughout the procedure
to ensure solution form [2-5].

EXPERIMENTAL

Materials

Ceftriaxone was a gift by Welwrd
Pharmaceuticals, Islamabad, Pakistan. Carbopol
940 and 934P, HPMC K-15M, poloxamer P407,
P188, F127, benzyl alcohol, potassium
dihydrogen phosphate, lactic acid and sodium
bicarbonate were purchased from Sigma Aldrich,
USA. All the chemicals used were of analytical
grade and used without further purification. In-
vitro release profile was determined using
modified Franz diffusion cell (EMFDC 06) and
UV-Visible spectrophotometer (UV-1601).

Lyophilization of ceftriaxone
Lyophilization of ceftriaxone was done using a

Freeze dryer (Biobase 72S100). A Solution of
ceftriaxone sodium was prepared in distilled

water and stored in freezer for 10 h which was
then subjected to lyophilization, increasing the
temperature gradually from -180 to 1700°Cfor
drying. Pressure range was from 1000 to 5
pascals [6].

Fourier transform
(FTIR)

infrared spectroscopy

IR spectra were recorded on FTIR (Cary 630
FTIR). FTIR of ceftriaxone and polymers were
obtained at room temperature and pressured
over a wavelength of 500-4000 cm™ for
compatibility studies.

Optimization of formulation

Poloxamer P 407, P188 and F127 at a
concentration of 15 and 20%, Carbopol 940 and
934P 1%, PVA 15% and HPMC K—15M 5, 10,15
20% were used to make different formulations as
mentioned in Table 1. These formulations were

then tested for their compatibility with
ceftriaxone, gelling capacity and respective
transit time. Formulations that formed

precipitates with ceftriaxone or had poor gelling
capacity and transit time were not used for
further studies. Only formulation Q2 with PVA
15%, Carbopol 934P 1%, HPMC K-15M 20%
and poloxamer P407 15% formed optimized gel
with prolonged transit time. Only formulation Q2
(PVA 15%, Carbopol 934P 1%, HPMC K15-M
20% and Poloxamer P 407 15%) formed
optimized gel prolonged transit time. So,
formulation Q2 PVA 15%, Carbopol 934P 1%,
HPMCK-15M 15% and poloxamer P407 15%
were considered as optimized formulation, and
considered for further studies to explore its
potential. Composition of different formulation is
shown in Table 1.

Preparation of optimized gel Q2

A weighed amount of poloxamer P (407) was
dissolved in phosphate buffer and stored in a
refrigerator at 4°C for 24 h until the solution
became clear. Carbopol was separately
dissolved in phosphate buffer with the help of
magnetic stirrer, and stored at room temperature
for 24 hours for complete hydration. Same was
repeated for Hydroxy propyl methyl cellulose
(HPMC) and poly vinyl alcohol (PVA). All the
polymers were then mixed with continuous
stirring and few drops of benzyl alcohol were
added as a preservative. Lyophilized Ceftriaxone
was dissolved in distilled water and added with
continuous stirring into polymer solution. A few
drops of lactic acid and sodium bicarbonate were
added in the end to decrease gelling temperature
[6].
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Table 1: Composition of formulations

Ingredient Content Q1 Q2 Q3 Q4 Q5
(%) (ml) (ml) (ml) (ml) (ml)
PVA 15 1.0 1.0 20 0.5 1.0
Carbopol 934P 1 0.5 1.0 1.0 0.5 1.5
Carbopol 940P 1 0.5 1.0 1.0 0.5 1.5
HPMC K15M 5 0.5 0.5 0.5 1.0 0.5
10 0.5 0.5 0.5 1.0 0.5
15 0.5 0.5 0.5 1.0 0.5
20 0.5 0.5 0.5 1.0 1.5
P407 15 2.0 1.5 0.5 2.0 1.0
20 2.0 1.5 0.5 2.0 1.0
F 127 15 2.0 1.5 0.5 2.0 1.0
20 2.0 1.5 0.5 2.0 1.0
P 188 15 2.0 1.5 0.5 2.0 1.0
20 2.0 1.5 0.5 2.0 1.0
NaHCOs/lactic acid 0.1 0.1 0.1 0.1 0.1
Ceftriaxone 2g/5ml 1ml 1ml iml 1ml 1ml

Formulation code: Q1, Q2, Q3, Q4, Q5
Characterization of optimized in-situ gel
Appearance and pH

Clarity of parenteral preparations was measured
against dark and light background [7]. pH was
determined using pH meter probe [8].

Gel strength

Parenteral solution (50 ml) was taken and placed
in a 100 ml graduated cylinder. Solution was
gelled thermostatically in a water bath at 37°C.
Gel strength was determined by time in seconds
required by 35 g weight to penetrate up to 5 cm
into gel. All the readings were taken in triplicate
and mean + SD was recorded [9].

Viscosity

Viscosity of optimized formulation was
determined by Brookfield viscometer using
spindle no. 62 at 100 rpm and lowered

perpendicularly into the formulation. Viscosity of
solution was measured and then solution was
heated to 37 °C and increase in viscosity of gel
was determined. The pH of the formulation was
also increased along with temperature because
of the pH dependent polymer, Carbopol [10].
Viscosity changes were also measured at 40 °C
to determine the effect of hyperthermia on
viscosity. All the readings were taken in triplets
and average was recorded [11].

Sterility

Formulation was poured on to soybean casein
medium and fluid thioglycolate media placed in
petri dishes, pre autoclaved at 121 °C for 15 - 20
min at 15 pascal pressure, and incubated at 28 +

1 °C for fungal growth and37 + 2 °C for bacterial
growth for a period of 14 days. Incubated media
was observed visually for bacterial and fungal
growth [12].

Drug content uniformity

A weighed amount of formulation having amount
of drug equivalent to 2mg was taken and added
in @ 100ml volumetric flask. 20 ml of phosphate
buffer pH 6.0 was added in it and placed over a
magnetic stirrer for 1 h to get complete
dissolution. The volume was made up to 100 ml
by phosphate buffer and filtered through a 0.45
um filter paper. 10ml of the above solution was
taken and diluted up to 100 ml with phosphate
buffer, shaken over magnetic stirrer for
homogenous mixing and absorbance was
determined at 241 nm. Readings were taken in
triplets and mean * SD was calculated [13].

In-vitro release studies

In vitro release study was determined using
modified Franz diffusion cell (EMFDC 06) and
UV-visible spectrophotometer (UV-1601) Donor
compartment was filled with gel formulation, and
recipient compartment with immersed magnetic
stirrer was filled with phosphate buffer pH 6.
Donor and recipient compartment were
separated by 0.22 pm pore size dialysis
membrane, soaked 30 mins prior to use. Care
was taken to avoid formation of air bubbles at the
interface of gel and membrane. Outer jacket was
filled with water. Whole assembly was placed on
hot plates magnetic stirrer maintained at 37 °'C
and 50 rpm. Aliquots were removed and refilled
by phosphate buffer pH 6.0 and samples that
were drawn at time interval 0, 24, 48, 72, 96,
120, 144, 168, 192, 216 and 240 h were
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subjected to UV analysis at 241 nm. Data
obtained was fitted into different pharmacokinetic
models to determine release profile of
formulation Q2 [14].

Differential scanning calorimetry (DSC)

Calorimetric studies of prepared in-situ gel were
performed by taking 4-5 mg sample and placing
it in hermetically sealed aluminium pans and
scanning at 50°C/min under nitrogen gas flow at
20ml/min [15].

Stability studies

Stability study were performed by placing sample
in stability chamber at 40+2°C and 75+5 RH, and
at 25 + 2°C and 60 £ 5 RH for 6 months as per
ICH guidelines, and their appearance, pH and
clarity were assessed [16].

Statistical analysis

All mean values were presented with their
standard deviation mean + SD (n=5). Statistically
significant differences were determined using
one-way ANOVA with p < 0.05 considered
statistically significant.

RESULTS

Infra-red spectra

Polymers were pure and their spectra was
almost similar to literature. For ceftriaxone
absorption peaks at 3422.6 cm” exhibited
stretching vibration of N-H and O-H groups.
1735.1 cm™ peak showed presence of carbonyl
group, while the peaks at 1366.1 and smaller
peaks at 1287.8 and 1103.3 cm™ showed
stretching movement of C-N, C-O and =C-H
respectively. FTIR peaks of in-situ gel of
ceftriaxone  were comparable to active
pharmaceutical ingredient (Figure 1 A). Sharp
peaks at 1718.3 cm™” in Carbopol showed
vibrational stretching of C= O group, whereas
3451.0 cm’ band was attributed to C-H
stretching vibration. Bands in range of 1053.6
cm™ show C-O-C stretching, while stretching of
O-H was demonstrated by bands present at
1371.7 cm™ (Figure 1 C) [13].

For HPMC broad spectrum bands seen at 3600-
3100 cm™" with maximum peak at 3451.5 cm™,
were attributed to O-H group vibration. Peak at
2898.0 cm'showed asymmetric and symmetric
stretching of CH2 groups. Smaller peaks at
1499.0 cm™ show propyl stretching vibration.
Asymmetric C-O-C for allylic ethers showed
stretching bands at 1053.1 c¢cm™ while, C-OH

band was observed at 941.2 cm™ (Figure 1 D)
[14].

FTIR spectra of poloxamer P407 showed C-H
stretching peak at 2875.6 cm™ while 1086.5 cm-"
peak was for O-H bending and 1343.7 cm™ was
attributed to C-O stretching (Figure 1 E) [15].

FTIR spectra of PVA showed stretching band of
2937.1 cm™ for alkyl stretching, 3250cm™' and
broad peaks for hydrogen bonding. Peaks
observed at 1645.6 cm™ showed stretching of
C=0 from acetate groups. Figure 1 F. The
formulation showed no extra peaks supporting
the fact that polymers and ceftriaxone were
compatible with each other (Figure 1).

FTIR CEFTRIAXONE IN-SITU DEPOT FORMULATION
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b i | A Ceftriaxane API

y
/| B ceftriaxone
/ Formulation

Absorbance
[

s | CCarbopol 934P

15003 D HPMC K15M

3.3

IRITTE E Polaxamer P407
504 :oi‘n 10136 nl:Ti us.ls‘ sa7.0

R 7 o e e e s e e e e e e

Wavenumber (cm-1)

Figure 1: FTIR spectra ceftriaxone and polymers
Appearance and pH

The formulation was light yellow in colour, which
was attributed to colour of ceftriaxone. pH of
formulation was maintained at 6.0 by using
phosphate buffer, determined by pH meter and
found to be in the range of 5.8 to 6.2 at room
temperature.

Gel strength

Gel strength increased with increase in
temperature for thermally sensitive polymer i. e
poloxamer and with increase in pH for pH
dependent polymer i.e. Carbopol [1718].

Table 2: Gel strength of formulation

Temperature pH Gel strength (s)
(‘C) (mean * SD)
25 6.0 70+ 0.02

28 6.3 91+ 0.05

31 6.7 107+0.05

34 6.9 112+ 0.04

37 7.2 117+ 0.03

40 7.2 119+ 0.04

(Values are expressed as mean + S. D(n=5), p< 0.05)
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Viscosity

Viscosity of formulation increased by increase in
temperature and pH, increasing gradually from
25 to 30°C and then increased dramatically at
37°C. Viscosity was also measured at 40°C to
determine effects of physiological conditions on
viscosity. There was no significant change in
viscosity at 40°C.

Table 3: Viscosity of formulation (meant SD)

Temperature ('C) Viscosity (cPs)
25 266.67 £ 0.04
29 701.66 + 0.01
34 1109.33 £ 0.02
37 2279.25 +0.05
40 2346.19 + 0.02

Values are expressed as mean £ S.D (n=5),; p< 0.05)
Sterility

The formulation was sterile even after incubation
up to 14 days in fluid thioglycolate medium (FT)
at 37°C and soybean casein medium at 28°C.
There was no evidence of microbial or fungal
growth as no turbidity appeared.

Drug content uniformity

The percentage of drug content of formulation
was in the range of 95.5 to 98.9% which was
within the official limits, 1005 %. Drug was
uniformly distributed in formulation.

In-vitro drug release

Table 5 explains the release pattern of
formulation Q2 determined by using modified
Franz diffusion cell. Data suggests that
formulation Q2 released the drug constantly over
the period of time and no burst effect occurred.

Thermal properties

Five milligrams of sample was weighed and
heated in aluminium plates at a scan rate of
50°C/min under nitrogen gas flow at 20ml/min.
Two endothermic peaks at 75 and 145°C showed
the dehydration process of ceftriaxone and large
exothermic peak at 270°C showed melting/
decomposition of ceftriaxone, which were close

Table 4: Physical properties of formulation

to literature 240-265°C. Data illustrates
ceftriaxone melted before decomposition [19,20].

Table 5: Cumulative release profile of the optimized
formulation (mean + SD)

Time (h) Drug release (%)
0 0+ 0.022
24 5.5 +0.04
48 20.2+0.010
72 43.5+0.042
96 47.6 £ 0.01
120 52.9 + 0.020
144 61.1+0.01
168 71.1 £0.045
192 81.2+0.051
216 90.5 + 0.045
240 97.6 + 0.023

Values are expressed as mean + S.D (n=5)]; p< 0.05

The release data obtained were fitted in
pharmacokinetic models and the outcome
indicate sustained first order release kinetics for
10 days.

FIRST ORDER MODEL

LOG CUMULATIVE

PERCETAGE RELEASE
P
! -
: /

Figure 2: First order release profile of formulation Q2

1IGUCLI MODEL

CUMULATIVE PERCENTAGE
RELEASE

SOQOUARE ROOT OF TIME

Figure 3: Higuchi release profile of formulation Q2

Formulation Colour Homogeneity Grittiness pH Drug content
(%, mean % SD)
Q2 Opaque yellow +++ - 6.0 96.3 £ 0.03%
Q2 Opagque yellow ++++ - 6.0 98.9 + 0.03%
Q2 Opaque yellow +++ - 6.0 95.5 + 0.02%

++++ very good; ++ good; - grittiness absent; + grittiness present
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Figure 4: Hixon Crowell release profile of formulation
Q2
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Figure 5: Krosmeyer Peppas release profile of
formulation Q2

Peaks were seen at 75°C for P407 and Carbopol
and were close to literature peaks of 61°C for
P407 and 76°C for Carbopol [21]. No
incompatibility was seen among the polymers
and with the drug (ceftriaxone) as there was no
change in peak values as that of literature.
(Figure 6).

Poak = 7602 °C
gk Hesght = 24699 i

Area = 579 3256 mJ
Delta H = 85 8006 Jig

Heat Flow Endo Up (mW) ___

0
Temperature (C}

Figure 6: DSC thermogram of formulation Q2
Stability

All the samples were stable and remained clear
throughout the storage period.

DISCUSSION

In-situ parenteral preparations undergo a phase
change when they meet a specific stimulus like

temperature, pH or some physical stimuli.
Parenteral in-situ gel formation provides a
prolonged release mechanism, and require

significantly smaller doses to obtain desired
therapeutic effect. Injectable in-situ polymers
have compatibility with a wide range of
pharmaceutical products. The present work was
designed to make ceftriaxone in-situ gel forming
biodegradable parenteral system using Carbopol
934P and poloxamer P407.

The viscosity and gel strength defines the
release pattern of formulation. A phosphate
solution of polymers showed low viscosity at
room temperature and a sharp rise in viscosity by
increase in temperature. Viscosity was also
determined at 40°C to determine the effects of
hyperthermia on the formulation. Increasing the
temperature did not cause any significant
increase in viscosity. Gel strength was directly
proportional to viscosity [11]

Thioglycolate and soybean casein medium were
used for sterility determination as per the British
Pharmacopoeia defined method. After an
incubation period of 14 days, petri dishes were
clear showing the formulation was sterile.

Franz diffusion cell helps to determine the
amount of drug diffused from formulation and
amount of drug washed away. In present study,
modified Franz diffusion cell with a dialysis
membrane of 0.22 um pore size was used for
determination of in-vitro release pattern. In-situ
depot of ceftriaxone provided a constant release,
following first order over a period of 10 days. The
data supports the fact that in-situ gel is a
promising mechanism for providing effective
therapeutic effects over an extended period of
time [14].

Thermal analysis is used to determine interaction
between active pharmaceutical ingredient and
polymers. Any changes in endothermic or
exothermic peaks or appearance of new peaks
determine the interaction between polymers, or
of the polymers with active pharmaceutical
ingredient. No change in peaks shows that
components are compatible with each other. A
Phase transition or conformational changes in a
system can be determined by DSC. The Sample
was heated on aluminium plates at 50°C/min
under nitrogen gas flow rate of 20ml/min. Results
showed that polymers were well compatible with
the API as there were no new peaks [15].
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Freeze drying/lyophilization is the process of
removing water from components by first
freezing them and then subjecting them to
sublimation under a high vacuum. Water vapours
are caught on the surface of the condenser, and
this provides a porous product that can easily be
reconstituted by adding a suitable diluent.
Keeping in view the benefits of lyophilization
active pharmaceutical ingredient was lyophilized
and stored in a glass syringe.

CONCLUSION

The optimized formulation Q2 provided in-vitro
release over a period of 10 days, following 1%t
order release pattern. A sustained release profile
of up to 10 days will improve patient compliance
and minimize plasma fluctuations of the drug.
Biodegradable polymers used in the formulation
of the in-situ gel will not require surgical insertion
and removal.
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