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ABSTRACS

Gelatin microspheres with high entrapment efficiency were prepared by emulsification (using different
surfactants) and crosslinking by glutaraldehyde with a view to improve stability of the microspheres.
The microspheres were characterized for entrapment efficiency of ciprofloxacin, swelling, FT-IR,
scanning electron microscopy (SEM) and leakage properties.From the results obtained we inferred that
the gelatin microspheres entrapped with ciprofloxacin prepared by using three different surfactants
increased the shelf life of gelatin microspheres.
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INTRODUCCION

*To whom correspondence should be made

Microspheres gained a lot of attention among drug delivery systems. Colloidal carriers in
the form of microspheres and nanoparticles are being investigated as potential drug delivery
systems"?. These systems involve

microspheres in diameters ranging from below 1um to over 100um. Considerable interest
has been shown in the formation of biodegradable nanoparticles*™®. As they have the
advantage of obviating the need to surgically remove the drug- depleted device”’.
Gelatin microspheres are generally prepared by solvent evaporation method'®'"!?
and crosslinking method"*™'®.

In this article we have prepared gelatin microspheres by emulsification and
crosslinking method.

Gelatin microspheres were prepared with two different percentage of
glutaraldehyde as crosslinkers.

Cationic, anionic and neutral surfactants were used for emulsification as a external
adduct in the preparation of gelatin microspheres and their effect on leakage of the drug were
determined. Ciprofloxacin, an antibacterial drug'*?® was encapsulated in the microspheres.
These microspheres were characterized for entrapment efficiency, %swelling, SEM, FT-IR
and leakage properties.
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An attempt was made to improve the shelf life of gelatin microspheres using two
different percentages of glutaraldehyde and three different surfactants as external adduct.

MATERIALS AND METHODS
Materials

Gelatin (Bacteriological grade), glutaraldehyde (25%w/v aqueous solution), Toluene
rectified (LR), Acetone, Span-80(sorbitan monooleate), Cetyl trimethyl ammonium bromide,
Sodium dodecyl sulphate and Oil. All chemicals were purchased from S.d fine chemicals
limited Mumbai, The drug Ciprofloxacin (ciplox-500) was purchased from pharmacy.

Preparation of gelatin microspheres using three different surfactants:

Gelatin microspheres were prepared by emulsification and cross linking method.
Gelatin microspheres were prepared using an overhead stirrer with a five-blade paddle'®. Five
ml of gelatin solution (20%, m/V, in water) was preheated to 80 °C and added drop-wise to 70
ml of mustard oil containing 1% (m/m)of surfactants(Span 80 or cetyl trimethyl ammonium
bromide or sodium dodecyl sulphate) (with respect to the mass of the oil phase). The biphasic
system was stirred under turbulent flow conditions using an overhead stirrer to form a w/o
emulsion. A known amount of drug were dispersed in gelatin solution and stirred to obtain a
uniform dispersion.

Glutaraldehyde - Saturated toluene was prepared by mixing equal volumes of
glutaraldehyde and toluene in a decantation funnel. After shaking for 15 minutes, the mixture
was allowed to separate. The upper toluene layer saturated with glutaraldehyde was separated
and added to the w/o emulsion to stabilize the particles*'. Stirring was continued for 3 hrs.

Microspheres formed were separated by centrifugation at 1500 rpm for 10 minutes.
The microspheres were then washed and dehydrated with 20ml of acetone. Finally
microspheres were allowed to dry at room temperature (25° C). Upon drying a yellow to
yellowish orange coloured free flowing, fine powder was obtained.

The formation of gelatin microspheres using three different surfactants was observed
by scanning electron microscopy. (Figure 1-3)

Figure 1 SE Micrograph of glutaraldehyde crosslinked gelatin microspheres 1:1 [Gel: Glu]
using span-80 as surfactant Magnification (1000)
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Figure 2 SE Micrograph of glutaraldehyde crosslinked gelatin microspheres 2:1 [Gel: Glu]
using CTAB as surfactant Magnification (1000)
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Figure 3 SE Micrograph of glutaraldehyde crosslinked gelatin microspheres 2:1 [Gel: Glu]
using SDS as surfactant Magnification (1000)
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Entrapment efficiency

A known amount of drug was loaded in microspheres during preparation. It was
centrifuged and the supernatant was diluted suitably with distilled water and the absorbance
of the resulting solution was measured at 274.2nm on a SL-164 UV-VIS spectrophotometer to
determine the amount of Ciprofloxacin (CF) present in the supernatant.

Drug entrapment was calculated using the formula
(Total amount of drug added to the
system (initial)
— Drug present in the solution outside
Microspheres)

Entrapment efficiency = x 100

Total amount of drug added to the
system.
Scanning electron microscopy (SEM)

Scanning electron microscopy of the gelatin microspheres was carried out to
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examine the microsphere structure and surface morphology. The microspheres were mounted
on metal stubs and coated with a 150 A° layer of gold.

Photographs were taken using Joel Scanning Electron Microscope [Joel- JSM-
5610LV SEM]. The samples were given for analysis in Central Instrumentation Lab,
Annamalai University, Chidambaram, India.

Fourier transform infra-red {FT-IR} measurements

FTIR spectral measurements were performed using a Perkin Elmer FTIR
spectrometer. Microspheres were ground with KBr and FTIR spectra were taken in the range
4000 — 400 cm™ The samples were given for analysis in IIT, Madras- 36, India. (Figure 4- 6)

Figure 4 FT- IR spectrum of (a) 1:1 [Gel: Glu], (b) 2:1[Gel: Glu]

(Drugs Using Span 80 as Surfactant)
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Figure 5 FT- IR spectrum of (a) 1:1 [Gel: Glu], (b) 2:1[Gel: Glu]
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( Drugs Using CTAB as Surfactant)
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Figure 6 FT — IR spectrum of (a) 1:1 [Gel: Glu], (b) 2:1 [Gel: Glu]

(Drugs Using SDS as Surfactant)
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Swelling tests
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Gelatin microspheres were placed in water at 25°C for 24 hr to swell. The swelling
ratio®* “q” was calculated according to the Equation [1] by measuring the diameter of gelatin

microsphere, assuming a spherical geometry for particles.
q=Vs\Vd -1

Where, Vs and Vd are the volume of the swollen microspheres and dried microspheres
respectively.

Drug release

Drug release from the gelatin microspheres prepared with three different
surfactants was determined wusing three different buffers, Acidic buffer (citrate
buffer,0.1M,pH-5.8),alkaline buffer (phosphate buffer,0.2M, pH-9.2),Neutral
buffer(phosphate buffer, 0.1M, pH-6.8).Drug ciprofloxacin was scanned UV - VIS
Spectrophotometrically and it was found to absorb light at 274.2nm.10mg of buffered sample
were immersed in 10ml of respective buffer kept for one week at room temperature.
Periodically buffer samples were analyzed for the presence of released drug in UV — VIS
Spectrophotometer.

RESULTS AND DISCUSSION
Entrapment efficiency

All the types of microspheres were found to have an entrapment efficiency ranging
between 96% — 98%. The results are shown in Table 1.

Table 1 Total entrapment efficiency of crosslinked gelatin microspheres

Total entrapment %
Cationic
Sample No surfactant Anionic surfactant Neutral surfactant
1:1(Gel:Glu) 97.23% 97.4% 97.97%
2:1(Gel:Glu) 96.82% 97.94% 97.97%

Swelling tests

The microspheres were characterized by equilibrium swelling experiments and
percentage of swelling is calculated by the formula.

q=Vs\Vd
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Where,
Vs — Volume of the swollen microspheres
Vd- Volume of dried microspheres
The results are shown in the Table 2.

Table 2 Swelling properties of crosslinked gelatin microspheres.

Cationic surfactant Anionic surfactant Neutral surfactant

Sample No
1:1(Gel:Glu) 80% 300% 300%
2:1(Gel:Glu) 400% 300% 300%

Microspheres prepared in anionic surfactant

1:1(Gel: Glu) and 2:1(Gel: Glu) gave a swelling percentage of 300. This meant
crosslinking concentration did not affect the percentage swelling of the microspheres in the
case of anionic surfactant.

Microspheres prepared in cationic surfactant

Expect 1:1(Gel: Glu) microspheres which gave a value of 80% swelling other
microspheres gave a value of 400% swelling. This low value of 1:1 (Gel: Glu) is may be due
to the presence of higher concentration of glutaraldehyde which shows an increased number
of crosslinks and a reduced solvent absorption capacity of the microspheres.

Microspheres prepared in neutral surfactant

Microspheres prepared with neutral surfactant, showed a maximum percentage
swelling of 300.

Scanning electron microscopy (SEM)

The formation of microspheres and their particle size were analyzed by
scanning electron microscopy. The Figure 1-3 shows the scanning electron micrographs of
various microspheres. The range of particl e size of various microspheres is tabulated Table 3.
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Table 3 Particle size distribution of crosslinked gelatin microspheres as per SEM studies.

1:1(Gel:Glu) 1000

_ 2:1 CTAB 1000 25
_ 2:1 SDS 1000 5

»  The surface of microspheres of sample 2:1(Gel: Glu) microspheres prepared in
anionic and cationic surfactant were found to be smooth and well defined.

*  Microspheres prepared in anionic surfactant showed more or less uniform size
distribution, while cetyl trimethyl ammonium bromide showed a larger size range.

=  Microspheres prepared in span-80 showed a less smooth surface with larger
distribution of particle size.

FT-IR spectroscopy

Glutaraldehyde is one of the most popular crosslinking agent, especially for
proteins"’. Because it reacts easily at room temperature with obvious color change
characteristic of Schiff base linkages, it is well established that the aldehyde group of the
lysine residues of the protein chain to form a Schiff base® Crosslinking was observed
as the color changed from the pale yellow to deep orange within a few minutes on treatment
with glutaraldehyde.

The color change is due to the establishment of aldimine linkages (CH=N),
between the free amino groups of gelatin and glutaraldehyde.

The FT-IR spectrum of gelatin microspheres is shown in figure 4-6. It have two
distinct absorption band the C=0 stretching at 1646 cm™ and the N-H stretching at 3435 cm’
!.The characteristic absorptions of the back bone occurring at 1540 and 1646 cm™ are the only
distinguishing features of the gelatin®**> 2" 26

The crosslinked gelatin microspheres show, in addition to the previously mentioned
peaks, the aldimine absorption peak at 1450 cm™.

Leakage properties of gelatin microspheres encapsulated with ciprofloxacin
At alkaline pH

Retention ratio between 1:1(Gel: Glu) and 2:1(Gel: Glu) gelatin microspheres
crosslinked with glutaraldehyde and prepared using three different surfactants is shown in the
figure 7 and 8.
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Figure 7 Release studies of drug encapsulated in gelatin microspheres

At Alkaline pH {1:1 [Gel: Glu]}

120 -
=‘I[I]— L]
% a0 | - — o+ SPAN B0
i 60 | —=—CETYL
= A0 - —— SDS
2']_
n T T T T T T T 1

o1 2 3 4 56 7
Tuwwe [ILAY)

Figure 8 Release studies of drug encapsulated in gelatin microspheres
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From the result it was found that microspheres prepared with span-80 showed a
boost release of about 20% drug CF after the nd day. Till 5t day there is a release of about
30% and after five days the release of CF is constant upto 7" day.

Microspheres prepared by using cationic and anionic surfactant

CTAB and SDS though showed no release initially from Ist day onwards there
is a gradual increase in CF release. When compared to the span-80 the release rate by CTAB
and SDS was more. This may be due to the interaction between gelatin microspheres and the
existing ionic forces of surfactants.

The increase in concentration of the crosslinking agent showed a better retention
time as shown in the Figure 7 and 8

From the results obtained it was found that with span-80 and SDS; the
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microspheres showed increased stability, showing no release upto 4 days. After 4 days there is
a 20% release of the drug by SDS and after that a constant release upto 7 days. However
microspheres prepared in span-80 showed no release, offering better retention time. When
compared to span-80, SDS and CTAB showed less stability with respect to alkaline medium.

At acidic pH:

Retention rates between 1:1(Gel: Glu) and 2:1(Gel: Glu) gelatin microspheres
crosslinked with glutaraldehyde and prepared using three different surfactants is shown in the

figure 9 and 10.

Figure 9 Release studies of drug encapsulated in gelatin microspheres
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Figure 10 Release studies of drug encapsulated in gelatin microspheres
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From the results obtained CTAB and SDS microspheres retained the drug upto 7
days while there is a gradual increase in drug release after 2 days from span-80. After 3 day
upto 7 days there was a constant release of the drug. Drug ciprofloxacin has a functional —
COOH group which may interact with the acidic medium and this may be the reason for more
stability of microspheres of CTAB and SDS.

At neutral pH

Retention rates between 1:1(Gel: Glu) and 2:1(Gel: Glu) gelatin microspheres
crosslinked with glutaraldehyde and prepared using three different surfactants is shown in the
figure 11 and 12

Figure 11 Release studies of drug encapsulated in gelatin microspheres
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Figure 12 Release studies of drug encapsulated in gelatin microspheres
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All the three types of microspheres showed same type of release rate (i.e.) CTAB and
span-80 showed increased rate of release of CF compared to SDS. SDS showed no release
(i.e.) the microspheres prepared out of SDS showed stability upto 7 days irrespective of the

medium used.

SUMMARY

Gelatin microspheres were prepared by using emulsification and cross linking
method. These microspheres were characterized for % swelling, efficiency of entrapment,
FT-IR, SEM studies & leakage property.

1:1(Gel: Glu) & 2:1(Gel: Glu) gelatin microspheres gave a maximum swelling
percentage of 300%-600%. This means that the crosslinking didn’t affect the percentage
swelling of the microspheres.

But in the case of cationic surfactant 1:1 gelatin microspheres increased
concentration of glutaraldehyde than 2: 1 Gel: Glu showed a low value of percentage swelling
inferring increased number of crosslinks & reduced solvent absorption capacity of
microspheres.

All the types of microspheres were found to have fairly good entrapment efficiency
ranging between 96%-98% as shown by (Table 1).

The appearance of characteristic absorption bands of carbonyl, amine, aldimine &
ester groups confirms the formation of the microspheres & the effect of crosslinking.

The formation of microspheres & their particle size were analyzed by scanning
electron microscopy. From the micrograph it is inferred that

» Microspheres with anionic surfactant show more or less uniform size.
» Cationic surfactant microspheres showed a larger size range
» Neutral surfactant showed a less smooth surface with larger distribution.

The leakage property studies showed that in case of ionic surfactants, the rate of
release of the drug ciprofloxacin was more, which may be due to the presence of existing
ionic forces between gelatin microspheres and presence of —COOH group in drug
ciprofloxacin.

In case of neutral surfactant, there was a constant release rate upto 7 days.

From the results obtained it was found that gelatin microspheres entrapped with
CIPRO prepared with ionic surfactants showed improved shelf life.
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