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ABSTRACT Different soil samples were collected for the isolation of PHB producing bacillus sp present in and around
Coimbatore area. As the preliminary analysis the screening, extraction

ary analysis the screening, extraction and estimation of PHB, Physical optimization of PHB production, chemical characterization of extracted
powder was done by FTIR analysis. Tetracycline is the drug of choice for per oral administration using nanoprecipitation technique. The production of
Poly-p-hydroxybutyrate (PHB) as nanoparticle containing Tetracycline, increase the stability of loaded drug. The extracted PHB created as nanoparticles
and the nano encapsulation was done by PCL immobilization method with presence and absence of drug. The resulting nanoparticle is characterized by

Scanning Electron Microscopy (SEM) analysis.
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INTRODUCTION

Nanotechnology is an upcoming and fast developing field with
potential application for human welfare. Recently many studies have
been conducted to explore the synthesis of nanoparticle by the use of
biodegradable polymers as a potential bio sources such as
polyethylene glycol (PEG), polylactic glycolic acid (PLGA) and
Poly-B-hydroxybutyrate (PHB) (Hans and Lowman, 2002). Materials
used in the preparation of nanoparticles are sterilizable, non toxic
and biodegradable like albumin, ethyl cellulose, gelatin polyesters etc.
Pharmaceutical companies focused their research on creating
nanoparticles formulations with high surface to volume ratios for
personal administration of hydrophobic compounds. Various methods
are used for the preparation of nanoparticles the salting-out
(Bindschaedler et al, 1988), emulsifica tiondiffusion and nano
precipitation (Fessi et al, 1989) methods. One of the important
methods for designing nanoparticle is the nanopreciptation.
Tetracycline is the drug of choice for per oral administration using
nanoprecipitation technique. The nano precipitation method is also
called solvent displacement or interfacial deposition where the drug
solution in a water miscible organic solvent is mixed with an aqueous
solution containing a surfactant. Upon mixing, the supersaturated
solution leads to nucleation and growth of drug particles, which may
be stabilized by surfactant (Barichello et al, 1999). The production
Polyf-hydroxybutyrate (PHB) nanoparticles containing tetracycline,
increase the stability of loaded drug. The resulting nanoparticle is
characterized by Fourier Transform Infrared Spectroscopy (FTIR),
scanning electron microscopy (SEM), various physicochemical
testing methods and the invitro release of drug is carried by dialysis
method.For the present study the PHB was selected for nanoparticle
formation. Polymer sciences  have been the backbone of
pharmaceutics  (Pillai  and Panchagnula, 2001). Poly-f-
hydroxybutyrate (PHB) has gained attention as a particulate carrier
containing chemotherapeutic drugs (Allemann et al, 1993) due to
their biodegradable, biocompatible and low toxicity properties, in
which the drug is dissolved, entrapped, encapsulated or attached to a
nanoparticle matrix.Tetracycline is prescribed for prevention and
cure and is internationally accepted that Tetracycline was the best
choice of treatment.

2. Materials and methods

The microbial isolates were screened for PHB production from soil
samples collected from different geographical zones.

2.1 Isolation, Qualitative and Quantitative screening of PHB

producing organisms from soil samples (Yilmaz et al, 2005).
The soil isolates were screened for PHB production. As a
preliminary step, screening of PHB producers was carried out
using viable colony staining technique. (Williamson and
Wilkinson,1958). The selected strains were grown on minimal broth
and incubated at 37°C and extracted using chloroform extraction
method.

2.2 Development of Nanoencapsulation with PHB

About 1gm of PHB powder was dissolved in 5 ml chloroform and
mix thoroughly to that suspension about 0.1% PCL was added and
the mixture was heated with magnetic stirrer. About 100ml of 1.2%
sodium alginate solution was added to the above mixture and stirred
with magnetic stirrer for about 15-30 minutes. The prepared solution
was loaded in a syringe and poured on to the beaker/plate containing
about 1 mol calcium chloride solution. The PHB nanoparticles are
developed without drug.

2.3 Development of Nanoencapsulation with Tetracycline

About 1 gm of PHB was dissolved in 5 ml of chloroform about
0.1gm of Tetracycline was added in to the mixture and mix
thoroughly. About 0.1% PCL solution was added to the mixture and
was mixed thoroughly using magnetic stirrer for about 15-30
minutes. About 100 ml of 1.2% sodium alginate solution was added
to the mixture and stirred with magnetic stirrer for about 15-30
minutes. The prepared solution was loaded in a syringe and poured
on to the beaker/plate containing about 1 mol calcium chloride
solution. PHB nanoparticles are encapsulated with Tetracycline.

2.4 Development of PHB Nanoparticles

About 2 gm of PHB powder was mixed with 150 mg of propyl- ene
glycol and was dissolved in 5 ml chloroform and mixed sep- arately.
The dispersion was added to 10 ml of aqueous ethanol solution
(70%). After 5 minutes the mixture of organic solvents were
removed by evaporation at 35° C under normal pressure and
centrifuged at 10000 rpm for 20 min. The supernatant were removed
and pellet was washed with water and dried at room temperature.
The dried powder of PHB was taken for SEM image to observe the
nanoparticles.

2.5 Chemical Characterization of Developed PHB Nanopar-
ticles

About 1 mg of extracted PHB powder was mixed with 5 ml chlo-
roform in a screw cap tube. The samples were then subjected to
FTIR analysis.

2.6 Physical Characterization of Developed PHB Nanoparticles
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Scanning electron microscopy (SEM) was used for the physical e J;:tud
characterization of developed nanoparticles. P g
Wit
3-Results h
3.1 Isolation of PHB Producing Organisms from Soil Dru
All the eight isolates from soil samples were observed under the g-T
direct dilution and plating on minimal agar were observed on the etra
basis of their colony morphology and sub cultured on to appropriate cycl
medium and subjected to further study. The results are presented in ne
the table 1.
Table 1 Colony Type of the Isolates Peak 1 (292 338|Ass
Isolates Colony Morphology 4c 6.390cia
m-1/338|cm-| ted
Bl Dry, Small, feathery, flat, creamy colonies 3.39( 1 hydy
-28|cm- oxyl
B2 Mucoid, large, circular, creamy colonies S54cf 1 fabso
m-1 rpti
B3 Dry, irregular, medium- larger, flat colonies on
290 277
B4 Feathery, irregular, creamy-buff, flat colonies 04 7.96;
Peak 2 | cm |277 |cm-|CH,
B5 Mucoid, irregular, small, creamy, flat colonies -1|6¢| 1 |CH,
m-1 .CH
B6 Dull, Small, branchy, dry, flat colonies 242 3
6.0
B7 Dull, Creamy, branchy, large, flat colonies cm-
1
B8 Dull, moist , small, flat colonies 242
9.8
3.2 Screening of PHB Producing Organisms Using Sudan Peak 3 |cm-| - |236|=
Black Staining Technique 1 0.44/00
Different bacterial colonies appear on the Nutrient agar were cm-| H
subjected to screening of Poly-f- hydroxybutrate (PHB) producers 235 1
using Sudan black B staining solution. The blue black coloured 8.5
intracellular granules were observed within the cells by the uptake of cm-
Sudan black B stains. Mass cultivation of PHB and extracted PHB 1

was collected and stored.

3.3 Development of PHB Nano Encapsulation by Emulsification, Peak 4 {159|161|161|Car

Solvent displacement and interfacial deposition Method. 6.7 8 ¢ [7.02|bon

Polymer deposition occurs at the interface between water and cm-|m-1|cm-|yl a

chloroform nanodroplets, forming nanocapsules with a shellike wall. 1 1 |bsor|

PCL (Poly Capro Lactone) and PHB nanospheres were produced by ptio

Emulsion polymerization were shown in plate 1. 114 n
8.4

3.4 Nanoencapsulation with Tetracycline cm-

Porous microspheres were prepared by the emulsion solvent 1

diffusion method by Tetracycline (0.1mg/ml). The resulting solution
was poured into an aqueous solution of PCL. The encapsulated

particles are round in calcium chloride solution and the interfacial O11. Car
deposition of PHB and tetracycline were shown in Plate nol. 2¢ bon
Peak 5 |m--|145|145|yl a
Plate 1 Nanoencapsulation with Tetracycline 1 [2.1¢[5.99bsor
3.5 Characterization of Developed PHB Nanoparticles m-1|cm-|ptio
The Physical characterization of developed PHB nanoparticles were 138 1 |nof
done by SEM (Scanning Electron microscopy) and chemical 3.6 pept
characteristics of developed PHB nanoparticles were investigated by cm- ide
FTIR analysis. 1
Peak 6 |111|135|138|CH
3.5.1 Chemical Characterization of Developed PHB 1.7{8 ¢ 3.68|2.N
Nanoparticles with Tetracycline FTIR cm-{m-1|{cm-| H
3.5.1.1 Fig 1 FTIR Analysis of Tetracycline 1 1
Peak 7 |106|123|128|-C=
74144(05( 0
cm-{cm-|cm-
Peaks | sp | sp | pa 1|11
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Peak 8 [838./123(124|C-O
5¢|4.416.75
m-1|cm-|cm-
1|1

Peak 9 417.123[122|C-O
Scm| 4.4 |7.47;
-1 |cm-|cm-
1|1

Peak 10, - |117|117|C-N
8 c[7.33)/C-
m-1|cm-||H

Peak 11| - |113|113|C-C
7c¢/5.87
m-1|cm-

Peak 12| - |103|103|C-C
7¢6.55
m-1|cm-

Peak 13| - |100/100(C-O
2c|1.84
m-1|cm-

Peak 14| - |950/947|C-H
cm-|842

Peak 15| - | - |861./N-H
06 ¢
m-1
Peak 16| - |771(780.C-C
cm-|065
1 |cm-

Peak 17 C-C

- |744(741,
cm-|496

1 |ben
ling

of plane

3.5.1.4 The FTIR spectra of PHB revealed the presence of PHB
and Tetracycline

Peak 1 revealed the presence of functional group associated with
hydroxyl absorption band, the similar peak were observed from the
FTIR spectra of drug (3383.39 cm-1) and drug with PHB (3386.39
cm-1). On comparison with the absorption spectra of peak 2
revealed the presence of CH, CH3 group the similar peak were
observed from the FTIR analysis of drug (2776 cm-1) and drug with
PHB (2777.96 cm-1). On comparison with the absorp- tion spectra of
peak 4 and 5 revealed the presence of Carbonyl absorption of peptide
group, the similar peak were observed from the FTIR spectra of drug
(1618 cm-1, 1452.1cm-1) and drug with PHB (1617.02 cm-1 ,
1455.99 cm-1) respectively. Peak 6 obtained revealed the presence
of CH2.NH group and similar peak obtained from the FTIR
spectra of drug (1358 c¢cm-1) and drug with PHB (1383.68 cm-1).
Peak 7, 8 and 9 obtained revealed the presence of C-O, the similar
peak were obtained from the FTIR spectra of drug and drug with
PHB.On Comparison of the absorption spectra obtained from the
peak 10 to peak 17 revealed the presence of C-O, C-H, N-H
functional groups are considered to be the weak bands and such type
of weak bands were observed from the FTIR analysis of drug and
drug with PHB.

VOL- (3) ISSUE 211 ISSN 2364/2018

3.6 Physical Characterization of Developed PHB Nanoparti- cles
SEM used to investigate the morphology of developed PHB
nanoparticles as a discreate spherical structure with aggregation on
30,000 X and 40,000 X magnification revealed the property as
smooth, moderate uniformity in shape. The size and increased
number of spherical structure influences the impact strength of the
developed PHB nanoparticle as shown plate 2.

Plate no 2 Discussion

New methods have recently developed in the controlled release of
drug. PHB as biomaterial from natural sources play an important role
for control release, supported by YuCuiXiong et al, (2010). PHBs
are totally biosynthetic, biodegradability, biocompatibility and good
thermo mechanical properties. The discussion of the Research work
describes the eight effective PHB producing soil isolates. The
developed Nano capsules with shell like spherical porous
microspheres structure formed between water and chloroform and
nanodroplets. As one of the first methods for production of
nanoparticles, surfactants or protective soluble polymers were used
to prevent aggregation in the early stages of polymerization reported
by Exman and Sjfholm (1978). Comparative FTIR analysis of
developed nanospheres with Tetracycline ( fig 2) revealed two anti-
symmetric stretching vibrations of CH are observed at 2969 cm-1
and 2916 cm-1 is due symmetric stretching of methyl group. The
carbonyl group in the four membered ring have a strong absorption at
around 1775 cm-1 ( fig 2). Hence, the similar band was observed
1774 cm-1 as signed to carbonyl vibrations by Johan (1978). Two
strong bands at 1688 cm-1 and 1607 cm-1 are assigned to carbonyl
vibrations of carboxylic group (COO-) ( fig 2), the similar absorption
spectrum was obtained in fig 1. In the synthetic heterocyclic
compound, Tetracycline, S-C stretching vibrations are observed in
the region of 650-750 cm-1. The bands of medium to weak intensity
at 646,697, 711 and 736 cm-1 are assigned to heterocyclic S-C
streching vibration supported by Hill and Rendell (1975). On
comparison of FTIR analysis of developed nanospheres revealed the
presence of functional groups of PHB and tetracycline.

Conclusion

PHB and PHB with drug were prepared and the studies showed that
the nano encapsulation of PHB. The FTIR Spectrum of PHB and
tetracycline of encapsulated nanoparticle revealed the presence of
similar peaks as in extracted dry powder (PHB and Tetracycline).
PHB with drug can be used more effectively to achieve longer
intercellular controlled drug release.

CONCLUSION

PHB and PHB with drug were prepared and the studies
showed that the nano encapsulation of PHB. The FTIR
Spectrum of PHB and tetracycline of encapsulated
nanoparticle revealed the presence of similar peaks as in
extracted dry powder (PHB and Tetracycline). PHB with drug
can be used more effectively to achieve longer intercellular
controlled drug release.

ref_str

1. Allemann, E., Leroux, J.C and Gurny, R. (1998). Polymeric nano-
micro particles for the oral delivery of peptides and peptidomimetics.
Adv. Drug. Deliv. Rev.,34:171- 89.

2.Barichello, J.M., Morishita, M., Takayama, K and Nagai, T. (1999).
Encapsulation of

3. hydrophilic and lipophilic drugs in PLGA nano particles by the nano
precipitation method. Drug Dev. Ind. Pharm., 25:471- 6.

INTERNATIONAL JOURNAL OF SCIENTIFIC AND UNIVERSITY RESEARCH PUBLICATION Page 4/6



IF : 4.176 | IC Value : 78.46 VOL- (3) ISSUE 211 ISSN 2364/2018

4.Bindschaedler, C. and Toyomi, S. (1988). Microencapsulation process
and products. 35: 755-774.

5.Burdon, K.L., Stokes, J.C. and Kimbrough, C.E. (1942). Studies of the
common aerobic sporeforming Bacilli. Journal of bacteriology, 44
(2):163-168.

6. Catarina, P. R., Ronald, J. and Neufeld, A. (2006) Methods for
preparation of drugloaded polymeric nano particles 8-21.

7.Ekman, B. and Sjfholm, I. (1978). Improved stability of proteins
immobilized in micro particles prepared by modified emulsion
polymerization technique. J Pharm Sci., 67:693 - 6.

8. Fessi, H., Puisieux, F., Devissaguet, J.P., Ammoury, N. and Benita, S.
(1989) Nano capsule formation by interfacial deposition following
solvent displacement. Int. J. Pharm., 55: R1- R4.

9.Hill, R. R. and Rendell, D. A. E. (1972). Interpretation of Infrared
Spectra Heyden New York.

10.Hans, M.L. and Lowman, A.M. (2002). Biodegradable nano particles
for drug delivery and targeting. Current Opinion Solid State Mater
Sci., 6: 319-27.

11.Hartman, T.L. (1940). The use of Sudan black B as a bacterial fat
stain. Stain technology, 15:23-28.

12.Ishizaki, A. and Tanaka, K. (1991). Production of poly-f-
hydroxybutyric acid from carbon dioxide by Alcaligenes
eutrophus ATCC 17697. Journal of fermentation and bioengineering.,
71:254-257.

13.John, R.D. (1987). Applications of Absorption spectroscopy of
Organic Compounds. Prentice Hall of India Pvt Ltd, New Delhi.

14.Li XQ, Tan, A., Voegtline, M., Bekele, S., Chen, C.S. and Aroian,
R.V. 2008.Expression of Cry5B protein from Bacillus thuringiensis in
plant roots confers resistance to root-knot nematode. Biol. Control.,
47:97-102.

15. Pillai, O. and Panchagnula, R. (2001). Polymers in drug delivery.
Curr. Opin.Chem. Biol., 34: 447451.

16.Reis, C.P., Neufeld, R.J., Ribeiro, A.J and Viega, F. (2005).
Insulinalginate nanospheres: influence of calcium on polymer matrix
properties. Proceedings of the 13th International Workshop on Bio
encapsulation. Kingston, Ontario, Canada:QueenTs University.

17. Williamson, D.H. and Wilkinson, J.F. (1958). The isolation and
estimation of PHB inclusions of Bacillus species. Journal of General
Microbiology., 19: 198-209.

18.Xiong Y.C, Yao Y.C, Zhan X.C and Chen, G.Q. (2010). Application
of polyhydroxyalkanoates Nanoparticles as Intracellular Sustained
Drug Release Vectors. Journal of Biomedicals Science., 21:127-140.

19.Yilmaz, M., Soran, H. and Beyatli, Y. (2005). Determination of Poly-
- hydroxybutyrate (PHB) production by some Bacillus spp. World
Journal of Microbiology and Biotechnology., 21: 565-566.



IJSURP  Publishing Academy
International Journal Of Scientiic And University Research Publication
Multi-Sub ject Journal

Editor.
international Journal Of Scientific And University Research Publication

R +965 9954851 * +90 5374545296

BEN 061 03236496 {% +44 (D)203 197 6676

WW]]SUI’FJ.CDFH


http://www.tcpdf.org

