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ABSTRACT:

The matrix tablets of antibacterial agent Ciprofloxacin for colon targeting were prepared by direct
compression method using different natural gums like Sesbania gum, Locust bean gum, Pectin and Eudragit
RS100 as enteric polymer. Prepared formulations were evaluated for angle of repose, tapped density, bulk
density, compressibility index and hausner’s ratios show good flow properties. The compressed matrix
tablets were evaluated for hardness, uniformity weight, friability, drug content and in vitro dissolution
studies. All the formulations showed good compliance with the Pharmacopoeial standards. In in vitro studies
all the formulations showing greater than 12 hrs of drug release in 7.4 pH. The optimized formulation F2
dissolution studies was performed with Pectinase enzyme in 7.4 pH (Sesbania) have shown better release i.e
98.53 % in 36 hrs and following Zero order with drug release mechanism of Non-Fickian Diffusion (n=0.10).
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1. INTRODUCTION:

The colon drug delivery dosage forms are
valuable in the treatment of disease of colon
(ulcerative colitis, crohn’s disease,
carcinomas and infections). These drug
deliveries ensures the direct treatment at
diseased site with fewer systemic side effects,
minimizes drugs first pass metabolism and
prevents GI irritation which produced drug
administration by oral route. The Colon
specific formulation sould also be used to
prolong the release of drug. Transit time in
colon is more than stomach which improves
bioavailability of poorly absorbed drugs.

Colonic delivery preferably suitable for drugs
with polar, susceptible to enzymatic and
chemical degradation in upper GIT, affected
by hepatic metabolism highly, particularly for
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therapeutic proteins and peptides.
Conventional dosage forms upon oral
administration are normally dissolves in the
stomach, intestinal fluid and absorb from GIT
depending wupon the physiologica land
physicochemical properties of the drug, but
others are by oral administration, not readily
available which are incompatible with other
properties and or demonstrate as poor
uptake in the upper GIT. Due to the facility
lack with digestive enzymes, colon is
considered as good and suitable site for the
absorption of various drugs. The simplest and
easiest method for drugs targeting to the
colon is to obtain slower or longer release
periods by the preparation of thicker layers
by conventional enteric coatings and

extremely slow releasing matrices.
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2. MATERIALS AND METHOD

Active  Pharmaceutical ingredients and
Reagents: Ciprofloxacin was kindly supplied
by Nihar trader, Hyderabad, India. Natural
gums i.e Sesbania and locust bean gum
obtained from lobacamia Pvt. Ltd. Pectin and
RS 100 from Qualikem fine

chemicals Pvt. Ltd. Talc, starch, magnesium

Eudragit

stearate and microcrystalline cellulose was
obtained from Qualikem fine chemicals Pvt.
Ltd. All the chemicals were used in this study
were of LR grade. Pectinase was purchased
from Kaypeeyes Biotech Pvt. Ltd.

Formulation design of colon targeted
tablets containing Ciprofloxacin:

Preparation of Ciprofloxacin colon targeted
matrix tablets: Accurately weighed drug
(Ciprofloxacin), Pectin and gums such as

other
RS-100,

magnesium

Sesbania, locastbean gum with

excipients like Eudragit
microcrystalline cellulose,
stearate, starch and talc were taken in a
mortar and mixed properly then compressed
by direct compression method using 11mm

punch.

Evaluation of rheological characteristics of
Ciprofloxacin blend:

All formulations powder blend was evaluated
for Angle of repose, Bulk and density,
Compressibility index and, Hausner’s ratio.

i) Bulk density: 30 gms of blend was passed

through sieve no. 25 to break up
agglomerates then introduced into cleaned

and dried 100mL cylinder. The powder was
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carefully levelled and the unsettled apparent
volume read as vo. The bulk density (grams
per mL) calculated, using the formula.

M /VO0
Where M = weight of sample
V0 = apparent volume of powder.

ii) Tapped density: Tapped density determines
after carried out the procedure as given
above in the bulk density measurement the
cylinder containing powder sample was
operated with mechanical tapped density
apparatus which provides a fixed drop times
of 14-2 mm at a nominal rate of 300 drop
times per minute. The apparatus containing
cylinder was tapped for 500 times initially,
followed by an additional tap of 750 times
until difference between succeeding trials
was < 2% and then tapped volume vt was
measured. The tapped density (g per cc) was
calculated using below mentioned formula.

M/ Vt
Where M = total weight of the powder blend
Vt = tapped weight of the powder

iii) Measures of powder compressibility: The
compressibility index and hausner’s ration
are used to measure the powder property to
be compressed. They two are measure to the
relative importance of powder blend inter
particulate interactions. Powder particle
interactions are less significant in free-
the bulk and tapped

densities will be near in value. For poorer

flowing powder,

flowing powder materials, greater inter
particle interactions and difference in the

bulk and tapped densities will present. These

Table 1: Formulation of colon targeted matrix tablets of Ciprofloxacin
Drug |[Pectin [Sesbania [Locustbean Eudragit MCC Starch Magnesium  [Talc
Code RS 100
(mg) |(mg) |(mg) gum (mg) (mg) (mg) |(mg)  stearate (mg) |(mg)
F1 | 250 | 250 - - - 5 5 5 5
F2 | 250 - 250 - - 5 5 5 5
WYWWV. jamo urnal.com _ 250 _ 5 5 5 1 P%
F4 | 250 - - - 250 5 5 5 5
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differences would reflect in the hausner’s
ratio, and the compressibility index which are
calculated using formulae

Compressibility index = vi-vo*100 /v,
Where V.= Tapped density
Vo= Bulk density
iv) Hausner’s ratio: It is the ratio of bulk
density to tapped density
Vo /Vt

Where Vj = Bulk density

V.= Tapped density

Evaluation of compressional
characteristics of Ciprofloxacin colon

targeted matrix tablet

Weight variation: From each of formulation
20 tablets were selected and weighed
individually with an electronic balance. The
average weight determined and individual
tablet weight was compared with average
value then deviation was calculated using
below formulae.

% deviation = (Individual weight-average

weight)/ average weight *100

Tablet thickness: The thickness of 20 tablets
recorded by using screw guage. The core
tablet average thickness is calculated and
presented along with standard deviation. It is
expressed in mm.

Tablet hardness: From each formulation 6
tablets utilized for the hardness by Monsanto
hardness tester and its average is also
calculated and presented with standard
deviation

Friability test: Friability test measures
mechanical strength and to assess the
abrasion and shock effect that may often
cause chip, cap or break to tablet.

www.ijapbjournal.com
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In vitro release kinetics: The following
conditions were used to study in vitro drug
release to all the tablets by USP type-
1dissolution rate apparatus.

Dissolution test parameters: Medium: 900mL
of phosphate buffer (6.8, 7.4), 0.1 N HCI;
Rotation speed: 50 rpm; Temperature:
37+0.5 °C; Sampling volume: 5ML

5mL of samples were collected at
predetermined time intervals and replaced
with same volume of fresh medium. The
content of drug in samples determined by UV-
visible spectrophotometer at 271nm after
filtered them through whatman paper.

Analytical method used in the

determination of Ciprofloxacin

Standard stock solution:

5 mg of Ciprofloxacin used to prepare stock
solution by dissolving it in 100 mL of
phosphate buffer in volumetric flask for
50ug/mL
solution(stock 1). 10mL of this solution is
added to 90mL distilled water to get a
solution of 5pg/ml strength (stock 2). From

obtaining the strength

this secondary stock 1,2,3,4 and 5ml were
taken and added to make up to 10 mL with
buffer, to produce 1,2,3,4 and 5 pg/mL
strengths respectively. The absorbance of
samples was measured using a UV-visible
spectrophotometer. The standard graph of
Ciprofloxacin in 0.1 N HCI, phosphate buffers
of 6.8 and 7.4 were plotted.

Active  Pharmaceutical ingredients and
Reagents: Ciprofloxacin was kindly supplied
by Nihar trader, Hyderabad, India. Natural
gums i.e Sesbania and locust bean gum
obtained from lobacamia Pvt. Ltd. Pectin and
Eudragit RS 100 from Qualikem fine
chemicals Pvt. Ltd. Talc, starch, magnesium
stearate and microcrystalline cellulose was
obtained from Qualikem fine chemicals Pvt.
IJAPB
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Ltd. All the chemicals were used in this study
were of LR grade. Pectinase was purchased
from Kaypeeyes Biotech Pvt. Ltd.

Formulation design of colon targeted

tablets containing Ciprofloxacin:

Preparation of Ciprofloxacin colon targeted
matrix tablets: Accurately weighed drug
(Ciprofloxacin), Pectin and gums such as
Sesbania, locastbean gum with other

RS-100,
magnesium

excipients like Eudragit

microcrystalline cellulose,
stearate, starch and talc were taken in a
mortar and mixed properly then compressed
by direct compression method using 11mm

punch.

Evaluation of rheological characteristics of
Ciprofloxacin blend: All formulations powder
blend was evaluated for Angle of repose, Bulk
and density, Compressibility index and,
Hausner’s ratio.

i) Bulk density: 30 gms of blend was passed
through sieve no. 25 to break wup
agglomerates then introduced into cleaned
and dried 100mL cylinder. The powder was
carefully levelled and the unsettled apparent
volume read as vo. The bulk density (grams
per mL) calculated, using the formula.

M/VO0
Where M = weight of sample
V0 = apparent volume of powder.

ii) Tapped density: Tapped density
determines after carried out the procedure as
given above in the bulk density measurement
the cylinder containing powder sample was
operated with mechanical tapped density
apparatus which provides a fixed drop times
of 14-2 mm at a nominal rate of 300 drop
times per minute. The apparatus containing
cylinder was tapped for 500 times initially,
followed by an additional tap of 750 times
www.ijapbjournal.com
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until difference between succeeding trials
was < 2% and then tapped volume vt was
measured. The tapped density (g per cc) was
calculated using below mentioned formula.

M/ Vt
Where M = total weight of the powder blend
Vt = tapped weight of the powder

iii) Measures of powder compressibility: The
compressibility index and hausner’s ration
are used to measure the powder property to
be compressed. They two are measure to the
relative importance of powder blend inter
particulate interactions. Powder particle
interactions are less significant in free-
the bulk and tapped
densities will be near in value. For poorer

flowing powder,

flowing powder materials, greater inter
particle interactions and difference in the
bulk and tapped densities will present. These
differences would reflect in the hausner’s
ratio, and the compressibility index which are
calculated using formulae

Compressibility index = vi-vo*100 /v,
Where V.= Tapped density
Vo= Bulk density

iv) Hausner’s ratio: It is the ratio of bulk
density to tapped density

Vo /Vt
Where V, = Bulk density
V= Tapped density

Evaluation of compressional
characteristics of Ciprofloxacin colon
targeted matrix tablet

Weight variation: From each of formulation
20 tablets were selected and weighed
individually with an electronic balance. The
average weight determined and individual
tablet weight was compared with average
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value then deviation was calculated using
below formulae.

% deviation = (Individual weight-average
weight)/ average weight 100

Tablet thickness: The thickness of 20 tablets
recorded by using screw guage. The core
tablet average thickness is calculated and
presented along with standard deviation. It is
expressed in mm.

Tablet hardness: From each formulation 6
tablets utilized for the hardness by Monsanto
hardness tester and its average is also
calculated and presented with standard
deviation

Friability test: Friability test measures
mechanical strength and to assess the
abrasion and shock effect that may often
cause chip, cap or break to tablet.

In vitro release Kinetics

The following conditions were used to study
in vitro drug release to all the tablets by USP
type-1dissolution rate apparatus.

Dissolution test parameters: Medium
: 900mL of phosphate buffer (6.8, 7.4), 0.1 N
HCI; Rotation speed : 50 rpm; Temperature
: 37%£0.5°C; Sampling volume: 5mL

5mL of samples were collected at
predetermined time intervals and replaced
with same volume of fresh medium. The
content of drug in samples determined by UV-
visible spectrophotometer at 271nm after
filtered them through whatman paper.

Analytical method wused in the

determination of Ciprofloxacin

Standard stock solution: 5 mg of Ciprofloxacin
used to prepare stock solution by dissolving
it in 100 mL of phosphate buffer in
volumetric flask for obtaining the 50pg/mL
strength solution(stock 1). 10mL of this
solution is added to 90mL distilled water to

www.ijapbjournal.com
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get a solution of 5pg/ml strength (stock 2).
From this secondary stock 1,2,3,4 and 5ml
were taken and added to make up to 10 mL
with buffer, to produce 1,2,3,4 and 5 pg/mL
strengths respectively. The absorbance of
samples was measured using a UV-visible
spectrophotometer. The standard graph of
Ciprofloxacin in 0.1 N HCI, phosphate buffers
of 6.8 and 7.4 were plotted.

3. RESULTS AND DISCUSSION

Pectolytic enzyme (Pectinase) hydrolyses the
pectin, which is a component of cell wall and
catalyses the random hydrolysis of a —(1-4)-
D-galactosiduronic linkages in pectin and
other galacturonics. It produced from a
selected strain of Asperagillus Niger.
Pectinase mainly contains polygalacturonase,
pectintransaminase and pectinesterase and
small amounts of  cellulose and
hemicelluloses. Sesbania and locust bean
gums were selected to the colon drug delivery
since they are having the similar pH to the
colon and these gums are having high
viscosity. Due to the higher residence time in
the colon, the drug absorption may increase.

The optimized formulation (F2) was
evaluated using Pectinase enzyme in the
dissolution medium, before the addition of
enzyme the formulation done for dissolution
and the drug release was found to be 99.61%
for 48 hrs, the mechanism involved is Fickian
diffusion. After the addition of Pectinase
enzyme the linkages within the pectin was
broke down. It undergoes erosion, follows the
mechanism of Non-Fickian diffusion and the
drug release was found to be 98.53% for 36
hrs.

4. CONCLUSION

Ciprofloxacin matrix tablets was successfully

designed and  evaluated. Optimized
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formulation F2 which include Sesbania has by Brookfield viscometer
best control drug release for 36 hrs. Gums Viscosity (cPs)
Further studies were required to confirm the Pectin 1100
o s Sesbania 4100
results in vivo conditions.
Table 2: Evaluation of rheological characteristics of Ciprofloxacin blend
Formulation code | Angle of repose Bu(lgncll;?:)lty ’gzﬁgﬁg Carr’s index (%) Ha:asgsr >
F1 31.02+0.02 0.57+0.1 0.68+0.02 13.28+0.07 1.85+0.01
F2 33.8+0.07 0.53+0.05 0.61+0.02 13.37+£0.03 1.86+0.06
F3 31.47+0.01 0.57+0.3 0.66+0.05 13.63+0.05 1.86+0.21
F4 35.32+0.03 0.56+0.07 0.65+0.01 15.31+0.2 1.84+0.16
| Locust bean gum | 3500

Table 3: Evaluation of compression characteristics of Ciprofloxacin colon targeted matrix tablet
Formulation code Weight Hardness Friability Thickness Drug
variation(mg) (kg/cm?) (% loss) (mm) content(%)
F1 486.5+2.71 6.5+0.13 0.43+0.3 5.5+0.04 98%
F2 490.2+2.04 5.9+0.21 0.52+0.12 5.8£0.06 97%
F3 489.6+2.12 6.620.13 0.49+0.65 5.6£0.02 97%
F4 493.8+1.25 6.8+0.35 0.49+0.72 5.9+0.08 98%

Table 4: In-vitro drug release of Ciprofloxacin colon targeted matrix tablet in Phosphate buffer (7.4 pH)

Time (hrs) F1 (%) F2 (%) F3 (%) F4 (%)
0 0 0 0 0
1 12.13+1.09 8.30+0.19 4.15+1.42 6.31+0.23
3 13.80+0.86 11.18+0.77 5.53+1.40 7.53+0.52
5 15.47+0.78 15.39+0.96 6.86+1.39 11.07+0.64
9 16.98+0.92 22.70+1.45 9.13+£2.01 15.95+0.73
12 19.82+0.21 22.92+0.95 14.73+1.54 19.93+1.21
24 70.27+1.72 61.97+1.95 18.38+2.71 41.31+0.59
36 88.48+1.59 90.41+1.37 20.82+0.98 60.81+0.47
48 95.55+1.02 99.61+0.92 42.75%¥1.74 97.86+1.57
120
100
é £Q —o—F1
é" 60 ——F2
S a0 F3
& Fa
20
0 ¢
(4] 20 40 60
Time (hrs)
Fig 1 : Percentage drug release of colon
targeted Ciprofloxacin F1-F4
| Table 7: Viscosity studies of natural gums |
www.ijapbjournal.com IJAPB
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TABLE 5 : In Vitro Optimised Formulation

With Pectinase

Time Optimized

(hrs) F2 formulation

with Pectinase
0 0 0

1 8.30+0.19 14.31+0.13
3 11.18+0.77 17.21+0.22
5 15.39+£0.96 21.04+0.14
9 22.70+1.45 28.62+0.57
12 22.92+0.95 37.29+0.73
24 61.97+1.95 76.09+0.37
36 90.41+1.37 98.53+0.62
48 99.61+0.92 -

Table 6: kinetics of drug release and mechanism of drug release from the dosage form of
Ciprofloxacin colon targeted drug delivery

CODE | ZERO ORDER |FIRST ORDER HIGUCHI KORSMEYER PEPPAS “n”
F1 0.83 0.81 0.94 0.99 0.17
F2 0.97 0.90 0.92 0.99 0.50
F3 0.97 0.86 0.92 0.44 0.09
F4 0.99 0.88 0.92 0.98 0.34

Table 8: kinetics of drug release and mechanism of drug release from the dosage form of
Ciprofloxacin with Pectinase colon targeted drug delivery

Optimised Zero First order |Higuchi [Korsmayer-peppas| ‘n’
Formulation with Pectinase |order
F2 0.9956 |0.9872 0.9632 0.9818 0.1036

6. CONFLICT OF INTEREST

The author(s) confirm that this article

content has no conflict of interest.

7. REFERENCES

[1]

[2]

Singh, A., Sharma, A., & Kaur, S. (2014). A
REVIEW: MICRO CARRIER AS COLON
DRUG DELIVERY SYSTEM. Int | Pharm
Chem Bio Sci, 4(4).

Amrita Ch, Mainak Ch, Biswanath S., 2016.
Factors Influencing Delayed Release
Followed By Rapid Pulse Release of Drug
From Compression Coated Tablets For
Colon Targeting, Int | Pharm Res Sch;

8(8), 330-336.

Philip, A. K., & Philip, B. (2010). Colon
targeted drug delivery systems: a review
on primary and novel approaches. Oman
med J, 25(2), 79.

www.ijapbjournal.com

[4]

Chandramohan K & Rajkapoor B., (2011).
Development And In Vitro Evaluation of
Colon Specific Delivery System of

Tinidazole, ] Neuro Phys Ther, 2(4), 111-
121.

Reddy, R. D., Malleswari, K., Prasad, G., &
Pavani, G. (2013). Colon targeted drug
delivery system: a review. Int | Pharm Sci
Res, 4(1), 42.

Gadhave M.V, Trupti S. B, Takale Avinash
A, Jadhav S L, Gaikwad D D. (2017).
Formulation and evaluation of colon
targeted drug delivery of mesalamine, Int
J Pharm Clin Res,; 9(1): 26-34.

Patel, G. N., Patel, R. B.,, & Patel, H. R.

(2015). Formulation and in-vitro

IJAPB




Shravani E et al.

[10]

[11]

[12]

[13]

[14]

[15]

evaluation of microbially triggered colon
specific drug delivery using sesbania gum.

Jain, A., Gupta, Y., & Jain, S. K. (2007).
Perspectives of biodegradable natural
polysaccharides for site-specific drug
delivery to the colon.]/ Pharm Sci, 10(1),
86-128.

Krishnaiah, Y. S. R, Reddy, P. B,
Satyanarayana, V. & Karthikeyan, R. S.
(2002). Studies on the development of
oral colon targeted drug delivery systems
for metronidazole in the treatment of
amoebiasis. Int ] Pharm, 236(1-2), 43-55.

Krishnaiah, Y. S. R,, Raju, P. V., Kumar, B.
D., Bhaskar,
(2001). Development of colon targeted

P, & Satyanarayana, V.

drug delivery systems for mebendazole.
cont Rel, 77(1-2), 87-95.

Ramteke, K. H., & Nath, L. (2014).
Formulation, evaluation and optimization
of pectin-bora rice beads for colon
targeted drug delivery system. Adv Pharm

bull, 4(2), 167.

Madhusudan Rao Y, Jithan A V, 2014,
Advances in drug delivery, Published by
Pharmamed Press, vol.3, 196-243.

Gouda, M. M., Shyale, S., Kumar, P. R, &
Shanta Kumar, S. M. (2011). Design and

evaluation studies on colon specific
ciprofloxacin matrix  tablets for
inflammatory bowel disease

treatment. Pharm Lett, 3, 383-95.

Gouda, M. M,, Shabaraya, A. R., & Kumar, S.
S. (2012). Formulation and evaluation of
colon specific microbial degradable
matrix tablet using sterculia gum as

carrier. Int Cur Pharm J, 1(11), 376-383.

P. K, Murthy, P. N.,, Tripathy, N. K, &
SANUJA, B. (2012). Formulation design
and development of enteric coated matrix

www.ijapbjournal.com

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Int. J. Adv. Pharm. Biotech., 2015; 1(3): 1-9
doi.org/10.38111/ijapb.20150103001

tablets of ornidazole for colonic
delivery. Asi | Pharm Clin Res, 5, 86-9.

Praveen Singh M, Manjula BP., 2013.

Development  and evaluation of
compression coated metronidazole for
colon targeted drug delivery, Int ] Pharm

Res dev, 5(5), (070- 078).

Singh, R.
Evaluation of

(2013). Formulation &

Ionically Cross-linked
Carboxymethyl Guar Gum Matrix Tablets
of Metronidazole for Colon Delivery.

Prathap, M., Gulshan, M. D., & Rao, N. R.
Pharmaceutical and Nano Sciences.

Pawar, P. S, & Saleem, M. A. (2013).
Formulation and evaluation of oral colon
targeted tablet of budesonide. Pharm
Lett, 5(3), 1-12.

Allena, R. T., Gowda, D. V., & Teja, R.
(2012). Formulation and evaluation of
pectin-HPMC mesalamine tablets coated
with Eudragit L 100 for ulcerative
colitis. Der Pharm Lett, 4, 1093-102.

Sowmaya, C., Reddy, G. S., & Neelaboina,
V. P. (2012). Colon specific drug delivery
systems: A review on pharmaceutical
approaches with current trends. Int Res |
Pharm, 3(7), 45-57.

Danda, S., & Brahma Chandan, K. (2013).
Colon targeted drug delivery-A review on
primary and novel approaches.]/ Glob
Trends in Pharm Sci, 4(3), 1179-83.

Sirisha, V. N. L., Eswariah, M. C., & Rao, A.
S. (2018). A Novel Approach of Locust
Bean Gum Microspheres for Colonic
Delivery of
Pharm,10.

Mesalamine. Int | App

Rangari, N. T., & Puranik, P. K. (2017).
Development of multiparticulate
formulation and evaluation of colon

targeted drug delivery system of

IJAPB



Shravani E et al.

[25]

[26]

[27]

ciprofloxacin: in-vivo study with induced
colitis model in rats. Development, 10(1).

Uma Devi, S. K, Thiruganesh, R., & Suresh,
S. (2010).
characterization of pectin pellets of

Preparation and
aceclofenac for colon targeted drug
delivery.] Chem Pharma Res, 2, 361-74.

Reddy, V., Syed, M., & Rao, D. S. (2015).
Formulation and Evaluation of Colon
Targeted Oral Drug Delivery System for
Meloxicam. Sch Acad | Pharm, 4(1), 1-9.

Varshosaz, ]., Emami, ], Tavakoli, N,
Fassihi, A., Minaiyan, M., Ahmadi, F., &
Dorkoosh, F. (2009).

Synthesis and

[28]

[29]

Int. J. Adv. Pharm. Biotech., 2015; 1(3): 1-9
doi.org/10.38111/ijapb.20150103001

evaluation of dextran-budesonide
conjugates as colon specific prodrugs for
treatment of ulcerative colitis.Int |

pharm, 365(1-2), 69-76.

S.P,Roop K, (2002), Gastro
Retentive Systems, Control Drug Delivery

Concepts And Advances, 218-253.

Vyas

Samak, Y. O., Santhanes, D., El-Massik, M.
A., & Coombes, A. G. (2019). Formulation
strategies for achieving high delivery
efficiency of thymoquinone-containing
Nigella sativa extract to the colon based
on oral

alginate microcapsules for

treatment of inflammatory bowel

disease. ] microen, 1-11.

How to cite this article:

Shravani E, Adukondalu D Design And Development Of Ciprofloxacin Colon Specific Drug Delivery System. Int. ]J. Adv.
Pharm. Biotech., 2015; 1(3): 1-9.

www.ijapbjournal.com

IJAPB





