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ABSTRACT

Silica nanospheres containing isoniazid (INH) was synthesized based on a modified Stober process. Synthesis parameters
such as type of alcohol used as oil phase, tetra ethyl ortho silicate (TEOS) and ammonia (NHs) amounts, surfactant use and
mixing time were altered and their effect on the release of INH was investigated. Results indicated lower amount of INH
release when higher amount of TEOS was utilized in synthesis. Time of highest INH release was higher in the case of higher
TEOS amount. NHs had also a decreasing effect on INH release which had been due to the changes in pore structure.
Scanning electron microscope (SEM) results clearly showed the necessity of surfactant use with smooth surfaces obtained
with the samples where surfactant was utilized. Finally, mixing time was found to have a decreasing effect on the time of
highest INH release and the amount of INH released from the spheres was also higher in the case of higher mixing time

Keywords: Isoniazid, Nanosphere, Silica, Stober process

1. INTRODUCTION

Polymeric nanoparticles, due to various synthesis procedures developed so far, have a great variety of
applications in electronics, biotechnology, environmental technology and pollution control [1]. These
materials are favored in controlled release of various drugs for their ability to carry and deliver the
active material situated inside their structure [2]. Anti-cancer drugs [2,3], calcium channel blocker [4]
and antibiotics designed to cure tuberculosis [5] are among many examples.

Investigations on the potential of silica based mesoporous structures have increased since first
utilization of MCM-41 as drug career [6]. Biomedical applications require a precise control on
physical characteristics of the synthesized material. Silica based materials steps in with their
homogeneous pore size distribution, high pore volume and high surface area [6,7].

Tuberculosis infection is among the most important disease which tend to develop especially in
children [8,9]. Certain treatments are being developed for the disease, yet the drugs used in its cure
cause drug induced liver injury which is more likely to occur in people with an alcohol background
[10]. Liver injury is the result of the challenges in detoxification of the drug and the possibility of
injury increases with the amount of drug uptake [10]. In order to prevent drug induced liver injury
during treatment, perfect control of drug dosage taken by the liver must be maintained. Controlled
release of the drug to the body serve as an excellent solution for the problem. Isoniazid is known as
the most effective drug used in tuberculosis treatment [11] and since it is mostly detoxified in the liver
[10], controlled release of this material is very important to prevent liver injury and maintain an
effective treatment at the same time.

Microencapsulation is an effective method in controlled release of isoniazid. Silica based nanospheres
are popular among the researchers as this compound is chemically inert, has high mechanical and
thermal stability and it is easy to incorporate various groups to enhance release of the material inside
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[12]. Silica nanospheres are usually synthesized by a well-known Stober process. Particle size of the
nanospheres obtained during synthesis can be altered by simple modifications such as changing the
solvent ratio, silica source and the surfactant [13-15].

Silica based mesoporous materials had recently been synthesized in hollow, and solid type core
mesoporous shell form [16]. Applications include loading of carvedilol [17], ibuprofen [18],
felodipine [19] and avermectin [20]. Tetraethyl ortho silicate (TEOS) [17,19,20] and sodium silicate
[18] were utilized as silica sources and microspheres were synthesized in the presence of various
surface active materials such as cethyl tri methyl ammonium bromide (CTAB), Tween 20 and Span 80.

In the present study silica based isoniazid (INH) containing nanospheres were synthesized based on
Stober process [21,22]. Synthesis procedures used in the study have been modified by changing the
amount of TEOS and ammonia (NHs), the type of alcohol used as the oil phase and mixing time of the
synthesis solution in order to determine their effect on release characteristics of INH.

2. MATERIAL AND METHODS
2.1. Synthesis of Silica Nanospheres

Preparation of a water/oil emulsion to achieve sphere formation during consecutive hydrolysis and
condensation of TEOS was the first step in synthesis. Water phase was prepared by dissolving INH in
deionized water. Qil phase consisted of a short chain alcohol and 25% NH; solution, which was
emulsified in oil phase by homogenization for 5 minutes. Tween 80 was dispersed in oil phase along
with NH; by homogenization when utilized.

Samples were denoted as K1, K2, U1, U2, U3, U4, U5 and U6. K code was given for the spheres
synthesized in the presence of 48 ml of 2-propanol in the oil phase and U code was given for the
spheres synthesized in the presence of 50 ml of ethanol used in the oil phase. A typical procedure for
the synthesis of K1 is as follows:

e 0.5g INH was dissolved in 20 ml of deionized water by ultrasonification (water phase).

e Qil phase (O) was prepared by mixing 60 ml of NH; and 48 ml of 2-propanol in a
homogenizer (5000 rpm 5 minutes).

e Water phase was added to oil phase.

e The resulting solution was mixed in a propeller at 300 rpm for 6 hours and 5 ml of TEOS was
added dropwise to this solution.

¢ Nanospheres were removed from the solution by centrifuging for 5 minutes at 4000 rpm.
Removed samples were then washed with ethanol and centrifuged again. A total of 3
washing/centrifuging cycles were applied to remove impurities.

The amount of TEOS added to the solution was determined based on weight ratio of TEOS/INH
which was determined as 10 in the course of studies. A summary of the applied procedures and the
changes conducted in synthesis conditions were illustrated in Table 1, to avoid confusion and provide
a better follow-up.
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Table 1. Summary of applied procedures in the present study

Code Water phase* Qil phase** Tween 80 Mixing time (h)
(9) (ml) @)
K1 0.5 60 - 6
K2 0.5 60 0.25 6
Ul 0.3 10 - 4
u2 0.3 10 0.25 4
u3 0.3 20 0.25 4
U4 0.3 60 0.25 4
us 0.5 10 0.25 4
uUé 0.5 10 0.25 6

* Water phase was prepared by dissolving designated amounts of INH in 20 ml deionized water.
**Amount of NHs added to 48 ml of 2-propanol (K1 and K2) and 50 ml of ethanol

2.2. Characterization Studies

Scanning Electron Microscope (SEM) and Nitrogen (N») physisorption analyses were conducted on
nanospheres to determine the effect of applied synthesis procedure on sphere formation and pore size
distribution.

2.3. In Vitro Release Studies

Controlled release of INH from silica nanospheres was conducted in a Phosphate-buffared saline
(PBS) solution prepared by dissolving PBS in 200 ml pure water and the pH of the solution was held
constant at 7.4 to imitate the conditions of human blood. Release medium was prepared by placing 50
mg of nanosphere in 20 ml of PBS solution. Samples were kept in a shaking incubator at 37°C with a
constant agitation of 100 rpm. In vitro release studies were conducted with samples taken and
analyzed hourly for the first 8 hours and then 12 hours interval for 3 days. A total of 9 solutions with
identical release medium were utilized in analyses. The samples were centrifuged at 4000 rpm for 5
minutes to remove nanospheres and the remaining fluid was poured in a test tube and absorbance
values of the fluid were obtained via ultra violet (UV) spectrophotometer at the wavelength of 262
nm.

3. RESULTS AND DISCUSSION

SEM analyses of the samples (Figure 1 and 2) indicated cracks on the surface and deformation on
sphere formation of K1 and Ul samples implying the necessity of surfactant utilization to obtain
smooth surfaces. Deformation of sphere formation and surface morphology are among the most
important problems in drug release since deviations from sphere formation increase the friability of
the structure resulting in uncontrolled release of the drug inside the structure [23]. Another
morphology related problem in nanospheres is the surface roughness which revealed itself as cracks in
K1 and U1 samples. Smooth surfaces are needed to prevent fast release of the drug which was also
identified as burst release in the work of Huang et.al. [24]. Rough surfaces accelerate burst release of
the drug and most of the drug is released uncontrollably during the process [24]. Consequently,
obtaining smooth surfaces is a necessity which make utilization of surfactant mandatory. Effect of
INH and NHs; amount and mixing time of synthesis solution had no significant effect on sphere
formation (Figure 1 and 2).
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a) b)

Figure 1. SEM images of a) K1 b) K2 ¢) U1 d) U2 e) U3 f) U4 g) U5 and h) U6 nanospheres
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Figure 2. SEM images of a) K1 b) U1 nanospheres

Physisorption analyses were conducted to determine N adsorption-desorption isotherms of K2, U2,
U3, U4, U5 and U6 samples. Since the isotherms of U2, U3, U4, U5 and U6 were similar, only the
isotherms of K2 and U2 were illustrated in Figure 3 to maintain easy follow up of the results.
Physisorption analysis report of the nanospheres were given in the supplementary file. N, adsorption-
desorption isotherms of K2 and U2 nanospheres indicated a type 1V isotherm with H3 hystresis loop
indicating a mesoporous structure. This type of isotherm is observed when a monolayer of adsorbate
is initially formed on the pore surface followed by multilayer formation. The obtained isotherm also
implied distribution of isoniazid throughout the sphere. However, a negligible increase of volume has
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been observed for both nanospheres with relative pressure values between 0.3-0.8. This result implied
low quality of the mesopores inside the spheres [25]. Adsorption-desorption isotherms and pore size
distribution of K2 and U2 revealed identical structures (Figure 3). Overall, physisorption results
showed formation of similar mesoporous structures and that the type of oil phase utilized in syntheses
had not been effective in pore structure. Physical properties of the samples obtained from
physisorption analyses were illustrated in Table 2. Amount of NH; added to synthesis solution
resulted in formation of smaller nanospheres with larger pore volumes and surface area. As mentioned
in Table 1, 2-propanol was utilized in the oil phase in the synthesis of K2 nanospheres. Other than the
type of the alcohol used in the oil phase, the synthesis conditions of K2 and U4 were similar. Hence
the results obtained with the nanospheres must be evaluated based on the type of alcohol used in the
oil phase for K2 and U4 and the amount of NHs used as the catalyst for the consecutive hydrolysis
and condensation of TEOS in the case of U2- U6 nanospheres. The surface area and pore volume of
U4 was higher than K2 and nanoparticle size of U4 was lower than K2 sample. This result indicated
that ethanol was a better choice as a solvent than 2-propanol in synthesis. Amount of NH; was another
parameter to be evaluated in synthesis and results indicated formation of a smaller nanosphere with
higher surface area and larger pores when NHs; amount was increased in synthesis solution.
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Figure 3. a) N, adsorption-desorption isotherms b) Pore size distribution of K2, U2 nanospheres
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Table 2. Physical properties of silica nanospheres

Sample BET surface area (m?/g) Pore volume (cm3/g)  Pore size (nm) Nanoparticle  size
(nm)
K2 8.0 0.008 5.34 743
U2 6.2 0.008 6.22 968
u3 8.9 0.012 6.47 677
U4 12.1 0.017 6.65 495
us 10.6 0.012 5.74 566
U6 6.7 0.009 6.70 892

In vitro release studies obtained with K2, U2, U3, U4, U5 and U6 nanospheres were illustrated in
Figures 4 and 5, respectively. Results indicated a rapid release of INH from nanosphere for U2 sample
with release % reaching to 100. Release of INH was higher than 90% at the 8" hour with U2
nanospheres. Comparison of U2, U3 and U4 nanospheres indicated a decrease of INH release which
was thought to be due to the amount of NH; used in syntheses. Increase in NH3; amount resulted in the
decrease of release %. Effect of NH; was mainly on surface area, pore volume and pore size of
nanospheres which had elevated with NHs surplus in synthesis solution. It was interesting to observe a
decrease in released amount of INH although surface area and pore volume of nanospheres had risen.
This decrease was thought to be due to the equilibrium between diffused amounts of PBS inside the
pores of nanosphere and INH to PBS solution. It was thought that increase of pore volume had
enhanced the amount of PBS diffused inside the nanosphere causing a decrease in released amount of
INH (Figure 4). Similar conclusion could be reached with nanospheres with higher INH amounts (K2,
U5 and U6) in which highest release rate had been obtained with K2 nanosphere (Figure 5). On the
other hand, released amount of INH was lower in the case of high INH loading.

0.8

[=]
[=3%

Concentration (mg/ml)
<o (=]
] =

1 2 8 12 24 36 48 60 72
Time (h)

BU2 EU3 OU4

100

80

60

Release %

40

20

1 2 8 12 24 36 48 60 72
Time (h)

BU2 mU3 OU4
Figure 4. The change of a) INH concentration and b) release % in PBS solution for nanospheres

loaded with 0.3g INH
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Figure 5. The change of a) INH concentration and b) release % in PBS solution for nanospheres
loaded with 0.5g INH

It is well known that hydrophilic polymers had the tendency to swell when immersed in water. Thus
swelling of the nanosphere might increase with the amount of water introduced to the pores with PBS
solution. Since higher pore volumes will contain higher amounts of PBS, higher swelling of the
nanospheres with higher pore volumes must be expected. A diffusion layer formed as a result of
swelling will restrict diffusion from the pores and maintain a controlled release environment. Results
obtained with varying NHs revealed that released amount of INH could have been controlled by
simply adjusting the amount of NHs utilized in synthesis [26].

4. CONCLUSION

Evaluation of release studies and physisorption analyses revealed the effect of varying synthesis
parameters on INH release. Increase in NH3z amount resulted in the increase of surface area, pore
volume and pore size; yet these changes reflected as a decrease in INH amount. This result was
thought to be due to the equilibrium of PBS diffusion inside and outside the pores of the spheres.
Swelling of silica structure is due to the PBS solution migrated inside the pores, the amount of which
had increased with the surplus of pore volume. Hence a diffusion layer formed as a result of swelling
resulted in controlled release of INH. Results obtained from release studies and physisorption
analyses indicated the possibility of control on release time of INH by simply changing NH3 amount
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utilized in synthesis. Highest release rate was observed with U2 samples where lowest surface area,
pore volume and pore size had been determined with lowest NHz amount.
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