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RESUMEN

http://dx.doi.org/10.4321/S2340-98942016000300005

Objetivo: La investigación experimental en curso está dedicada a la preparación de microesferas de
pequeño tamaño y buena esfericidad mediante el método de separación de fases con isoniazida (INH)
como fármaco modélo. La fibroina de seda tiene cualidades intrínsecas únicas como la biodegradabilidad, biocompatibilidad o propiedades de liberación y su capacidad de carga de fármacos ajustable. La
aptitud de entrega de carga de las moléculas de fármaco en las esferas de seda estar supeditada a su
carga, y la hidrofobicidad o subsiguiente alteración en los perfiles de liberación de fármacos.
Métodos: En el presente trabajo la microesfera de fibroina de seda cargada de isoniazida fue preparada
utilizando el método de separación de fases. La microesfera fue evaluada por espectroscopia ultravioleta-visible, espectroscopia infrarroja con transformado de Fourier, se midió la eficiencia de atrapamiento
y se estudios mediante microscopia electrónica de barrido.
Resultados: Estudios con el microscopio de escaneo de electrones revelaron que las microesferas de
fibroina cargada de isoniazida eran esféricas. La eficacia de atrapamiento de las microesferas de formulación diferente de F1 a F5 estuvo en el rango de 53 a 68 %. F3 mostró un 68,47 % de eficiencia de
atrapamiento y tras optimizar la formulación de liberación de fármacos fue de 93,56 %, a las 24 horas.
Conclusión: Esta investigación reveló una nueva formulación de base acuosa para las esferas de seda
con forma controlable o la forma y el tamaño de la esfera. Las microesferas de seda cargadas de isoniazida pueden actuar como ideal formulación nano con estudios elaborados.
Palabras clave: fibroin de seda; nanoformulation; biodegradabilidad; isoniacida.
ABSTRACT
Aim: Current experimental investigation is dedicated to prepare microspheres with small size and good
sphericity by Phase Separation method using Isoniazid (INH) as model drug. Silk fibroin has unique
intrinsic qualities like biodegradability, biocompatibility or release properties and their tunable drug
loading capacity. The delivery loading proficiency of the drug molecules in silk spheres be contingent on
their charge, and hydrophobicity or subsequent in altered drug release profiles.
Methods: In the present work Isoniazid loaded silk fibroin microsphere was prepared by using phase
separation method. Microsphere was evaluated for Ultraviolet-visible spectroscopy, Fourier Transform
infrared spectroscopy, Entrapment efficiency, Scanning electron microscopy Studies.
Results: Scanning electron microscopy studies revealed that Isoniazid Loaded Silk Fibroin Microspheres
were spherical. Entrapment Efficiency of Isoniazid loaded Microspheres of different Formulation from
F1 to F5 was in range of 53 to 68 %. F3 showed 68.47 % entrapment Efficiency and the optimized formulation drug release was 93.56 % at 24 hours.
Conclusion: Experimental report disclosed a new aqueous based formulation method for silk spheres
with controllable shape or size and sphere. Isoniazid loaded silk microspheres may act as ideal nano
formulation with elaborated studies.
Keywords: silk fibroin; nanoformulation; biodegradability; isoniazid.
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INTRODUCTION

microspheres are most widely studied drug delivery sys-

Drug delivery research focused on micro and nano based

tems for the controlled release of drugs that is vaccines, an-

delivery have made strong presence in healthcare industry.
Microspheres based controlled delivery of antimycobacte-

tihypertensive agents, antibiotics, peptide drugs, anti-cancer agents and Proteins.27-30 The focus of the current study

rial agents might be proficient through employing a variety

was to prepare Silk fibroin microspheres by phase separa-

of polymeric drug carriers. Even though knowledge among

tion technique using polyvinyl alcohol (PVA).31-32 The inspi-

natural polymers is encouraging and extensive and may of-

rations of many particulate parameters stood investigated

fer lots of benefits. Tuberculosis is most health crisis dur-

in relation to Microsphere performance and in-vitro drug

ing the world or contaminate more than eight million per-

release characteristics. The aim was to prepare Silk fibroin/

sons every year. Oral therapy with the presently working

PVA microspheres loaded with Isoniazid as drug delivery

anti tubercular drugs is extremely effectual and still related

system which might enhance efficiency of Isoniazid aimed

amid a number of important problems.6-9 Further than 80%

to local anti-tubercular activity and reduced the toxicity.

1-5

of TB cases were of pulmonary TB unaided and soaring
drug dose has essential to be managed since merely little
slice of the entire dose reaches the lungs. Anti Tubercular
drugs delivery system which could be delivered using the
respiratory route alongside with canister evade the daily
dosing since they can help out in: (i) Express drug delivery to the unhealthy person; (ii) The targeting of alveolar
macrophages which have uses via the mycobacteria while
a secure place for their extended survival; (iii) reduced systemic toxicity of the drugs; and (iv) improved patient compliance .Furthermore in distinction the oral route of administration and inhaled drugs were not subjected to first pass
metabolism.It is not gratified for the reason that could not
steadily reside in the lung.10-12 Silk fibroin show advanced
mechanical properties and tunable degradation rates ranging from weeks to months in vivo due to control of excellent
biocompatibility, crystallinity with low inflammatory and
immunogenic response, and all aqueous material process-

MATERIALS AND METHODS
The following materials were used: Isoniazid obtained
from Balaji Drugs, Polyvinyl alcohol obtained from Fisher
Scientific, Ethanol (Changshuyangyuan chemicals, China),
Calcium chloride obtained from Avarice and Silk Cocoons
collected from Himachal Pradesh. All reagents used were
of analytical grade.
Silk fibroin purification
Silk fibroin aqueous stock solutions have been prepared
from cocoons of Bombyxmoriouter.Silk cocoons was boiled
for 30 min in 0.02 M sodium carbonate and after that rinsed
meticulously with distilled water. The Silk Fibroin extracted was dissolved in ternary solvent mixture comprises of
CaCl2: Ethanol: Water in the ratio of 1:2:8 respectively and
boiled for 4 hour at 70 °C to form aqueous stock solution.33
Synthesis of Silk fibroin purification shown in figure 1

ing alternative to form films, gels, fibers, microspheres and
sponges . For drug delivery, particularly protein drugs, silk
materials exhibit controllable drug release kinetics and high
encapsulation efficiency due to the crystalline beta-sheet
formation.13-16 There are several techniques available for the
preparation of drug loaded microspheres, such as evaporation or extraction methods, self-assembly, solvent displacement, emulsion-solvent phase separation, and spray
drying. A new approach has preferred to fabricate silk microspheres through convenient sphere size, size and avoid
with organic solvents along with a few extra insensitive circumstances during processing.17-21 Phase separation among

Figure 1. Synthesis of Silk Fibroin

polyvinyl alcohol and silk take place impulsively while the
two polymer solutions are assorted and afterward casted
into films. The influence of blending of PVA and silk on top

Preparation of Poly Vinyl alcohol Solution:

of silk secondary arrangement changes also film mechani-

A 5% (wt/vol) PVA solution by adding 0.25 g of PVA to 4 ml

cal and swelling properties was studied. The present study

of deionized water and heated at 60 °C to dissolve the PVA.

has to develop the phase separation of silk or PVA blends
to produce silk spheres with controlled microspheres, size

Preparation of Isoniazid loaded Silk Fibroin Microspheres:

Nearly

Microspheres were prepared using Phase separation meth-

numeral of recompenses to evolving sustained release for-

od .The Microspheres were prepared by using different

mulation using silk fibroin for targeted drug delivery. PVA

parts of Silk Aqueous Solution: Poly Vinyl alcohol Solution

intended for efficacy in drug loading and release.

22-26
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and Isoniazid drug were selected as independent variables.
Initially Parts of Silk aqueous solution was kept in beaker
under stirring at room temperature. Consequently, Poly Vinyl alcohol Solution was dissolved in Silk aqueous solution
to obtain a known concentration according to the formulation design magnetic stirring at room temperature for 45 to
60 mins and sonicate the solution for 30 s at 25% amplitude.
Pour the solution into a Petri dish and allow it to cover the
bottommost of the dish consistently. Dry the Liquid solution over-night in a fume hood. The film be able to kept for
a insufficient weeks. Seal and cover the dish with Parafilm
and store. Peel off the film from the dish and place one film
in a 50-ml conical flask or tube. Add 20 ml of deionized
water to the flask or tube and shake for 30 min at room temperature to dissolve the film. Centrifuge at 13,000 r.p.m. for
25 min at 4 °C and discard the supernatant. Resuspend the
pellet in 5 ml of deionized water and used the suspension
for Microspheres.34
Determination of Partition Coefficient:
An estimated partition coefficient was determined by
shake flask method from the ratio (1:1, 1:2, 2:1) of solubility of isoniazid in n-octanol/chloroform to that in water.

A stock solution of isoniazid was prepared in n-octanol/
chloroform and water such that the maximum concentration of the test substance, in each phase, always remains
below 1.2 absorbance during the experiment. The organic
and aqueous phase was separate and aqueous phase was
analyzed by UV spectrophotometric method at 262 nm and
the partition coefficient was calculated as follows:35
Partition Coefficient; Log10 P n-octanol or chloroform/water =
%B: -BG4?4@BHAGB97EH:X,4GHE4G<BA6BA68AGE4G<BAB97EH:<AJ4G8EK



,4GHE4G<BA6BA68AGE4G<BAB97EH:<AJ4G8E

Saturation concentration of drug in water
Saturation solubility study:
In this saturation solubility study, an excess quantity of Isoniazid was placed in the vial containing 10 ml and fill with
deionized water. The vial was kept for 24 hours and the
amount of the drug dissolved was analyzed after 24 hours
using UV spectrophotometrically at 262 nm.36
Formulation Design: Shown in Table 1

Table 1. Formulation design based on factorial design
Formulation Code

Silk Aqueous Solution
used in Parts

Poly Vinyl alcohol Solution Used in Parts

Isoniazid Drug (mg)

F1

1

1

10

F2

1

2.5

10

F3

1

4

10

F4

1.5

5.5

10

F5

2

3

10

Evaluation of prepared Silk Fibroin of Microspheres.
Scanning electron microscopy
The samples were used for SEM solid as well liquid up to
50 mg or 0.5 ml liquid can be analyzed The morphologies of
silk spheres were imaged using a SEM model No JEOL 5400
made by japan.Gold Ions Coating Is done 5-6 Mins. Images
were taken with the installed software.
Entrapment efficiency (EE) of Microspheres
The entrapment efficiency of Microsphere was calculated
using an indirect entrapment method. The prepared Microspheres suspension was centrifuged for 30 minutes at
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40000 rpm. Then the supernatant is analyzed for the free
drug content. The concentration of RIF in the supernatant
was determined by UV–Visible spectrophotometry at 262
nm. The calculation was done to determine the amount
of drug unentrapped in the supernatant. The amount of
drug entrapped was calculated by subtracting amount of
free unentrapped drug from the total amount of Isoniazid
taken. The drug entrapment efficiency (EE) of microspheres
was determined by using following formula:
AGE4C@8AG899<6<8A6L-BG4?DH4AG<GLB97EH: 9E88HA8AGE4CC877EH:










-BG4?DH4AG<GLB97EH:

Total quantity of drug
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In-vitro drug release study using dialysis membrane
Preparation of dialysis membrane
The dialysis membrane (Mol wt 12000 KD) was soaked
overnight in a buffer in order to open the pores of the membrane. After period of 24 hours dialysis membrane was
taken out and was used for the in-vitro drug release.
In-vitro drug release of Isoniazid Loaded Microspheres
A dialysis membrane was used to monitor Isoniazid release
from the Microspheres. Dialysis membrane with molecular weight cut off 12,000 KD was used to determine the release of isoniazid from Microspheres. For determining the
in-vitro drug release the 7.4 phosphate buffer solution was
prepared. The dialysis membrane was soaked overnight in
a buffer in order to open the pores of the membrane. The
dialysis membrane was taken out from the buffer and was
tied at one end. The Prepared Isoniazid Microspheres was
introduced into the membrane and the other end was also
tied with thread so that the sample should remain in the
membrane. The membrane was introduced in the buffer

Saturation solubility study
Isoniazid, showed a solubility of 210mg/ml, in deionized
water, falling in the category of very soluble drug as per
I.P. 2007
Partition Coefficient
A negative log P (-0.420) confirms the hydrophilic nature of
isoniazid. The experimental solubility and partition coefficient values substantiate the suitable candidature of isoniazid for the presently proposed study on hydrophilic drugs.
Evaluation of prepared Silk Fibroin drug loaded Microspheres.
Scanning electron microscopy (SEM)
The morphologies of silk spheres were imaged using a SEM
model No JEOL 5400 shown in Figure: 2

medium. At frequent time intervals 1 ml aliquot was withdrawn and after sufficient dilution was analyzed spectrophotometrically at 262 nm. The sample Withdrawn stayed
replaced via an equal quantity of fresh 7.4 phosphate Buffer
saline. The drug release profile is presented graphically.
RESULT AND DISCUSSION
UV Spectroscopy (λ max determination):
The Standard Solution of Isoniazid deionized water and
pH 7.4 Phosphate buffer ( 10µg/ml) was Scanned ( 200-400)
nm by using Double Beam UV-Visible Spectrophotometer
(UV-1800) manufacturer by Shimadzu Corporation .The λ
max was found to be 262 nm.
Melting point of Drug
Melting point was determined by thiele tube method and
was found to be in the range of 170° - 172° C which is in accordance with reference value

Figure 2. SEM Photomicrograph of silk microsphere

Entrapment efficiency (EE) of Isoniazid Loaded Microspheres.
The Entrapment Efficiency of Isoniazid loaded Microspheres were performed in triplicate different Formulation
from F1 to F5 exposed in Table: 2 and Figure: 3

Table 2. Entrapment efficiency (EE) of Isoniazid Microspheres
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Formulation Code

Silk Aq. Solution : PVA Parts

Drug Entrapment efficiency

F1

1:1

65.78 %

F2

1:2.5

59.44 %

F3

1:4

68.47 %

F4

1.5:5.5

63.93 %

F5

2:3

61.33 %
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Isoniazid Loaded Silk Fibroin Microspheres were spherical.
Entrapment Efficiency of Isoniazid loaded Microspheres of
different Formulation from F1 to F5 was in range of 53 to 68
%. F3 showed 68.47 % Entrapment Efficiency and the optimized formulation drug release was 93.56 % at 24 hours.
Stability Studies was Shows in 3 Months and no appreciable changes was noticed in drug release and Entrapment
efficiency.
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