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ABSTRACT

Considering the importance of drug release pattern from polymers, controlled release oral formulations of
Ciprofloxacin were prepared using two grades of Carbopol polymer such as C934 and C940. The objective of the
present study was to design and compare the release characteristics of those suspensions. The results indicated
that the dissolution of Ciprofloxacin was faster in acidic buffer of pH 1.2 than in phosphate buffer of pH 7.2. In
the acidic buffer, the values of the regression coefficient suggested that both the formulations followed Korsmeyer Peppas
modd release kinetics whereas those values, in the phosphate buffer, indicated that the release kinetics of the formulation
containing C934 (F1) were according to Korsmeyer Peppas model and the formulation containing C940 (F2) followed
first order release kinetics. Consdering the n values for Peppas modd, both the formulations showed Fickian diffusional
release pattern in acidic buffer suggesting usual molecular diffusion of the drug dueto a chemical potertial gradient indicating
diffusional controlled drug rdlease. However, release of Ciprofloxacin from F2 in phosphate buffer was attributed
mainly to polymer relaxation followed by diffusion of the drug, while the release of the drug from F1 was
probably controlled by the swelling and relaxation of the polymers indicating super case Il transport.

Keywords: Ciprofloxacin, C934, C940, Acidic buffer, Phosphhtdfer.

INTRODUCTION

Ciprofloxacin (Cipro) is a second generation fluprimolone antibacterial (Fig 1). It shows low salip in
aqueous solution and a high rate of absorption fiteenstomach. It is likely to be precipitated ofisolution upon
entry into the small intestine where the pH is lifiea The desire is for eontrolled release system to maintain drug
concentration in the blood as long as possible Wwhg able to exert a control on the drug release &md
duration. Generally, a controlled release systeitiily releases part of the dose rapidly in orderattain the
effective therapeutic concentration of the drBgbsequently, the drug release kinetics follawwell defined
behavior in order to supply the maintenadose, enabling the attainment of the desired dangentration [1,
2].

The benefits of administering Ciprofloxacin in cailied release system have been established andrdgrated by
different workers. Larger dose of Ciprofloxacintésbe administered to overcome poor bioavailabiltyich leads
to systemic side effects. Controlled release foatimhs of Ciprofloxacin would be effective in ovenging the
dissolution limitation by slowing the drug supphpiin the intact matrix base during its sojourn ia gjastrointestinal
tract and is thus expected to increase bioavatiabihd improve patient compliance with fewer sidiects [3-6]
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Taking into consideration of above factors, polyimesuspensions of Ciprofloxacin were prepared binguswo
grades of mucoadhesive biodegradable environmgmtdponsive carbopol polymers i.e., Carbopol932i34} and
Carbopol940 (C940) which are considered as smé&stge8]. Both C934 and C940 consist of chainpal/acrylic
acid differing by the cross linking agents likeyakthers of sucrose and pentaerythritol, respelti{d, 10]. They
have recently attracted considerable interest énfifld of drug delivery as a means of providingcamoff release
by shrinking and swelling in response to the chaimgeH [11, 12]. The polymer can protect the drug from the
physiological environment by improving its stablilitn vivo [13]. Carbopol polymers, being both gel forming
materials as well as acidic in nature, have theathge of acting as good matrix formers and albawcing release
of poorly soluble, weakly basic drugs in neutrabasic buffers. Generally, weakly basic drugs shosharp drop in
aqueous solubility with an increase in pH, thusilteg in high release in acidic media and lowaskein neutral or basic
media. The gel properties of Carbopol polymers,ciwhére largely defined by their crosslinker levelse very
important to drug release kinetics. The differenicethe hydrated macromolecular structure of Qawbpolymers
influence the macro- and microviscosities of thl@ger and, therefore, the drug release charatiesi[14].

Since the qualitative and quantitative changes ifiorenulation may alter drug release ammdvivo performance,
several bio-studies are usually carried out. Ia thgard, the use & vitro drug dissolution data to predict vivo
bio-performance can be considered as the rationaldpment of controlled release formulatiofisere are several
kinetic models, which describe the overall releafalrug from the dosage forms. For this purpose, uke of
mathematical modeling turns out to be very usefuttdas approach enables, in the best case, thecpoedof
release kinetics [15, 16]. Considering the impar&arModel dependent methods (zero order, firstrondiguchi,
Korsmeyer-Peppas model, etc.) aiiddel independent methods [disimilarity factor)(fsimilarity factor (p)] have

been used, in the present study, for comparisatissblution profiles of both the formulatiorighe objective of this
study was to design and compare the release chastics of controlledrelease oral formulations of Cipro
containing polymers lik€934 and C940.

EXPERIMENTAL SECTION

Materials:

The following materials were use@iprofloxacin was obtaineffom Dr. Reddy’s Lab, Hyderabad, India, as a gift
sample. C934, C940, Pluronic F 68 and Soya lecitféne purchased from Himedia Laboratories Pvt.,Ldia.
Glycerol, Methyl praraben sodium, Propyl parabediwm, Sorbitol solution I.P. and Sucrose were sigppby
Cosmo Chem. Laboratory, Pune, India. Ultra pureewaias obtained from a Millipore Milli-Q UV wateiitfation
system.

M ethods:

Preparation of Formulation-

1.Preparation of Bulk A

In a beaker, 6 ml water was heated up to 80° CrdSec(10 gm) was added under continuous stirringe T
temperature was monitored in such a way so thslould not fall below 70° C, till the sucrose wasnpletely
dissolved. The prepared syrup was cooled propérgam temperature and kept overnight. Syrup wigesréid using
120 mesh nylon cloth.

2.Preparation of Bulk B

Five millilitre of Ultra pure water was taken inb&aker to which 1.8 ml of sorbitol solution and @ glycerin
were added. The mixture was stirred properly. Tie slolution, pluronic F 68 (5%), soya lecithin (1%)d C934 /
C940 (5%) in w/w of drug were added with continustiging.

3.Preparation of Mucoadhesive Suspension and Ultreation

Five millilitre of water was taken in another beako which 1.25 gm of Cipro was added. To the dugpension,
the bulk B and bulk A were added with continuousriaj. Methyl paraben sodium (0.015%w/v) and Pilopy
paraben sodium (0.08%w/v) were added as preseegatiThe volume was made up to 25 ml by Ultra pumeer.
The pH was adjusted to 5.5. Homogenization wasiathriout for at least 20 min by ULTRASONIC
HOMOZENIZER LABSONIC' M (SARTORIUS), having operating frequency 30 KHZddine voltage 230 V/50
HZ, using the probe made up of Titanium of diamétenm and length 80 mm. The setting knob “cycle”swa
adjusted to 0.8, indicating sound was emitted f8r9and paused for 0.2 s. In this manner, we cexfbse our
sample with 100% amplitude, while reducing the imgpeffect to 80%. This LABSONI®M generates longitudinal
mechanical vibrations with a frequency of 30,00@iltstions / s (30 KHZ). The probes bolted to theusd
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transducer were made of high-strength Titaniumyallbuilt ask /2 oscillators. It amplified the vertical osciilat,
and transferred the ultrasonic energy via its feunrface with extremely high power density into slaenple that was
to be subjected to ultrasonic waves. In our stglyess applied was sound wave and in addition, nislel in
temperature of the sample occurred during ultrasdioin which helped in the homogenization of thepsmsion.

Dissolution studies[17]

In vitro Drug release profile was evaluated using dissalutést apparatus (Harrison six stage dissolutita test
apparatus). The USP paddle method was selectecerformm the dissolution profiles of Ciprofloxacinom
mucoadhesive suspension. The same test for dbthmilations was carried out in 900ml 0.1M HCI gttbsphate
buffer, 7.2 maintained at 37 + (°6 at a paddle rotation speed of 50 rpm. The sanvpées withdrawn at regular
time intervals and the same volume was replacetl frésh dissolution medium. Samples were filteredig
Millipore filter) and then drug concentrations werdetermined using ELICO BL-198 UV-Visible
Biospectrophotometer at 276 nm.

Release Kinetics[16, 18, 19]

The dissolution data for each sample (suspensieng weated by converting observed drug conceatratt each
sampling time (30 minutes interval) and, in turp, percentage drug dissolved, based on the amount
incorporated as 100%.

In order to understand the kinetic and mechanisndrafy release, the result fi vitro drug release study of
formulations was fitted with various kinetic eqoats like zero order (cumulative% release vs. tifirs},order (log% drug
remaining vs. time), Higuchi's model (cumulative%ugd release vs. square root of time), Peppas ot ¢f
cumulative% drug release vs. log time). Moreover (®efficient of correlation) values weoalculated for the
linear curve obtained by regressiamalysis of the above plots.

The equations of different release kinetics artbobews:

Zero order equation: Q =@ Kqt; First order equation: InQ = InQ- Kqt;

Higuchi equation:Q = K" Korsmeyer — Peppas equation: QXKt".

In the equations, Kto K, were release rate constants, Was fraction of drug released at time t, K wasstant
and n was diffusion constant that indicates germpratating release mechanism.

It is known that the Peppas model is widely usedotafirm whether the release mechanism is Ficki#osion and
non-Fickian diffusion. The ‘n’ (release exponenKafsmeyer-Peppas model) value could be used taatkéaze different
release mechanisms. The interpretation of n valgessdone in the following manner:

* n<0.5 (0.45) - quasi-Fickian Diffusion

* n=0.5 (0.45) - Diffusion mechanism

* 0.5<n<1 - Anomalous (non-Fickian) Diffusion - batiffusion and relaxation
(erosion)

* n=1(0.89) - Case 2 transport (zero order releas

* n>1(0.89) - Super Case 2 transport (relaxation)

Comparison of Dissolution Profiles[15, 16, 20]

To compare the dissolution data of the formulatioms statistical method was used which was
independent of the dissolution process. This methas$tablished two comparison factors:
the dissimilarity factor (f1) and the similarityfactor (f2). These factors are easily calculated
and provide a simple measure of similarity betwegairs of dissolution profile but do not
provide information on individual batches.

The dissimilarity factor (f1) and the similarifgctor (f2) are calculated using the following etijpres:
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fi =2 r|R-T,[ VX, "R T+ 100
f,=50+log 1-(1/MI_,n(R,-T)2]25-100}

Where R= amount of drug released from the reference featian
T;= amount of drug released from the tested formaati
n = number of experimental data

Generally, f1 values up to 15 (0-15) and f2 valgesater than 50 (50-100) ensure similarity or eglgrce of the two
dissolution profiles

RESULTS

The formulations F1 and F2 were subjectedrtovitro dissolution studies both in acidic buffer of pH &ad

phosphate buffer of pH 7.2. The results indicated tissolution of Ciprofloxacin was faster in aciduffer of pH

1.2. In the first and second hour, drug releasefaasd to be 82.46% and 90.17%, respectively, flfammulation F1,

and 90.17% and 91.12%, respectively, from formutek2 in acidic buffer. From the dissolution studlys clear that the
formulations had faster dissolution in that buff@rable 1, Figs. 1 and 2)

Table 1: In vitro drug release profile of Ciprofloxacin containing formulations

Time Cumulative percntage of drug releas
() Acidic Buffer of pH 1.. | Phosphate Buffer of pH 7
F1 F2 F1 F2
0.5 64.44 50.56 38.25 9.05
1 82.46 85.12 48.82 20.45
15 85.66 89.17 54.34 31.26
2 90.17 91.17 58.4¢ 42.01
2E 92.8¢ 93.1¢ 64.8: 47.0¢
3 93.12 93.82 67.85 52.89
5 93.75 94.25 72.84 63.08
7 93.82 94.74 78.14 72.56
9 94.10 94.82 82.79 81.01
12 94.71 95.25 86.21 90.25
120 +
100 -
3 —— i, ol
o
oY
T 80 A
2
5 60 -
© —4—F1
‘g 40 ——F2
-
£
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=
o
0 T T 1
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Fig. 1: Invitro drug release profile of both the formulations (F1 and F2) in acidic buffer
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Fig. 2: Invitro drug release profile of both the formulations (F1 and F2) in phosphate buffer

Table 2: Release Kinetics Profiles of Formulation containing C934 in acidic buffer

Time Square Log o Log of Log Cu %

(h) Root of time | time CDR CDR %CDR of d_ru_g
remaining

0.5 0.707 -0.30) 178.9b 64.44 1.8091 1.5510
1 1 0 228.99| 82.46| 19162 1.2440
15 1.224 0.176| 237.88 85.66  1.9328 1.1565
2 1.414 0.301| 250.4 90.17 1.9551 0.9926
25 1.581 0.397| 257.82 9284 1967 0.8548
3 1.732 0.477| 25859 93.17 1.9690 0.8377
5 2.236 0.698| 260.34  93.7% 1.9720 0.7956
7 2.645 0.845| 260.54  93.87 1.9723 0.7909
9 3 0.954 | 26132 9410 19736 0.7707
12 3.464 1.079| 263.01 9471 1.9764 0.7235

Table 3: Release Kinetics Profiles of Formulation containing C940 in acidic buffer

Time Square Log Log of Log Cu %
(h) Root of time | time CDR | %CDR %CDR of d_ru_g
remaining
0.5 0.707 -0.301 14056 50.56 1.7088 1.6936
1 1 0 236.63] 85.12| 1.930p 1.1699
15 1.224 0.176| 247.90 89.17  1.9502 1.0306
2 1.414 0.301| 253.31 91.1% 1.9596 0.9436
25 1.581 0.397| 258.98 93.16  1.9692 0.8287
3 1.73¢ 0.477 | 260.8: | 93.8: | 1.972: 0.783¢
5 2.236 0.698| 262.02 94.2% 1.9743 0.7518
7 2.645 0.845| 163.38 94.74 1.9765 0.7124
9 3 0.954 | 263.60 94.82 1.9749 0.7056
12 3.464 1.079| 264.80 95.2% 1.9789 0.6670
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Table 4: Release Kinetics Profiles of Formulation containing C934 in phosphate buffer

. Log Cu %
i | oottt | tng | COR | woDR| 4085 | ofaug
remaining
0.5 0.707 -0.304 106.22 38.25  1.58P6 1.7906
1 1 0 135.57 | 48.82 | 1.688¢ 1.709:
1kt 1.22¢ 0.17¢ 150.¢ 54.3¢ | 1.735: 1.659¢
2 1414 0.301 162.4 58.48 1.7670 1.6188
25 1.581 0.397| 180.01 64.82 1.8117 1.5463
3 1.732 0.477| 188.42 67.8% 1.8315 1.5072
5 2.236 0.698| 202.2 7284 1.8624 1.4339
7 2.64¢ 0.84f | 216.9¢ | 78.1¢ | 1.892¢ 1339
9 3 0.95¢ 229.¢ 82.7¢ | 1.918( 1.235¢
12 3.464 1.079| 23941 86.21 1.9356 1.1395

Table5: Release Kinetics Profiles of Formulation containing C940 in phosphate buffer

Time Square Log o Log of Log Cu %

(h) | Rootof time | time COR CDR %CDR of d_rug

remaining

0.5 0.707 -0.301 25.16 9.05 0.95%7 1.9588
1 1 0 56.85 20.45 1.310y 1.9005

15 1.224 0.176 86.90 31.2¢ 1.4950 1.8370
2 1.41¢ 0.301 | 116.7¢ | 42.01 | 1.623¢ 1.763(

25 1.581 0.397| 130.88 47.06  1.6727 1.7234
3 1.732 0.477| 147.08 52.84 1.7234 1.6726
5 2.236 0.698| 175.3¢ 63.0¢ 1.7999 1.5665
7 2.645 0.845 201.72 72.54 1.8607 1.4371
9 3 0.954 | 22521 81.01 1.9085 1.2765
12 3.464 1.079| 250.90 90.25 1.95H4 0.9846

Table 6: Mathematical Model used to describethe drug release

. Zero order kinetics|  First order kinetids  Higuchideb| Korsmeyer — Peppas model Type of Transport
Formulations - — >
Regression c-efficient (F) n
F1 in Acidic Buffe 0.24¢ 0.53¢ 0.501 0.671 0.330¢ Fickian diffusior
F2 in Acidic Buffer 0.249 0.472 0.516 0.525 0.1508 Fickian diffusion
F1 in Phosphate Buffe 0.826 0.952 0.928 0.978 4599 Super case |l transpoyrt
F2 in Phosphate Buffef 0.876 0.988 0.960 0.920 1856 Fickian diffusion

Table 7: Comparison of dissolution Profiles of both formulationsin acidic buffer

Time | %released R % released T
0bs | 1y of F1 of F2 RT (RTY
1 0.5 64.44 50.56 0.66 0.4356
2 1 82.46 85.12 -2.66 7.0756
3 1t 85.6¢ 89.17 -3.51 12.320:
4 2 90.17 91.1Z -0.9¢ 0.902¢
5 2.5 92.84 93.16 -0.32 0.1024
6 3 93.12 93.82 -0.70 0.49
7 5 93.75 94.25 -0.50 0.25
8 7 93.82 94.74 -0.92 0.8464
9 9 94.1( 94.8: -0.72 0.518¢
10 12 94.71 95.25 -0.540 0.2916
_ YR-T)=| Y(R-Tf =
2R =885.07 -10.16 | 23.2326
f1 (Disimilarity factor) = 1.15
f2 (Similarity factor) = 88.30

The release kinetics of both the formulations iidie@nd phosphate buffers have been indicatecabies 2, 3, and 4, 5,
respectively. The highest values of regressionficeft suggested that both formulations, in thiliacbuffer, followed
Korsmeyer Peppas model release kinetics. The valuegyression coefficient were found to be 0.66F @525 for F1
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and F2, respectively. Moreover, the n values forsikeeyer Peppas model were 0.3306 and 0.1508 faanélF2,
respectively, indicating Fickian release (Tables32,6 and Figs. 3-10)The release patterns of both the
formulations in acidic buffer were compared accogdio the dissimilarity factor (f1) and the simitgrfactor
(f2). The valuefl (1.15) was less than 15 and f2 (88.30) was ntbam 50, ensured the release profile of the
formulation containing C934 (F1) was similar to fbemulation containing C940 (F2) (Table 7).

Zero Order Equation
120 -
b —
$ 100 -
7 X . ® .
w 8 - ¢
5 e y=3.632x+ 66.09
2 60 R?=10.249
g
= 40
o
=
E 20
=
(=
0 ‘ T T T T T T 1
0 2 4 6 8 10 12 14
Time (h)

Fig. 3: Zero Order Release Kinetics of Formulation F1in acidic buffer

1.8
1.6 - First Order Equation

1.4 -
y=-0.050x + 1.193

1.2 1 \’x RZ=0.535
1

L
i e \0\
0.8 » \.
0.6 -

0.4 -

LogCu % Drug remaining

0.2

Time (h)

Fig. 4: First Order Release Kinetics of Formulation F1in acidic buffer
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Higuchi Equation
120 -
&
S 100 -
e ot o *
% 80 - —
o y=7.305x+ 74.68
° | * Y
X 60 R? = 0.501
@
2
S 40
=
E o
()
0 T T T 1
0 1 2 3 4
Square root of time

Fig. 5: Higuchi Model Release Kinetics of Formulation F1 in acidic buffer

Korsmeyer Peppas Equation

2.05 + y = 0.096x+ 1.89S
RZ=0.677

- 4
[
o
>
2 1.9/!/
‘s
oo
o 185 -
]
. 18 -
1 70
) L T T 1
0.5 0 0.5 1 15

Log tme

Fig. 6: Korsmeyer Peppas M odel Release Kinetics of Formulation F1in acidic buffer
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Zero Order Equation
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- 100 -
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Fig. 7: Zero Order Release Kinetics of Formulation F2in acidic buffer

First Order Equation

1.8 +

o 1.6 - ¢

% 1.4 7 y =-0.056x +1.172

£ 121 R2=0.472
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Fig. 8: First Order Release Kinetics of Formulation F2in acidic buffer
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Higuchi Equation
v 140 -
® y = 20.53x + 44.85
s 07 R?=0.516 —
B 100 -
B e o * *
S 80 ¢ /
0g 60 | /
ki a0
E 20 -
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Fig. 9: Higuchi Model Release Kinetics of Formulation F2 in acidic buffer

Korsmeyer Peppas Equation
2.05 +
2 PR M’
« 1954 @ ’/
a
< 19 1 — .
2 y=0.138x+ 1875
s =85 R?=0.525
& 18 -
1.75 +
+ 1.7 A
-0.5 0] 0.5 1 1.5
Log time

Fig. 10: Korsmeyer Peppas

M odel Release Kinetics of Formulation F2 in acidic buffer

2277



Subhashree Sahooet al J. Chem. Pharm. Res., 2012, 4(4):2268-2284

In the first and second hour, the drug releasefowasd to be 48.82% and 20.45%, respectively, ffmmulation F1 and
58.48% and 42.01%, respectively, from formulati@wien phosphate buffer of pH 7.2 was used (TaleledLFig. 2)
The release kinetics of both the formulations fesbindicated in Tables 4 and 5. The highest vallesgression coefficient
suggested that formulation F1 followed Korsmeyesge model release kinetics whereas F2 showedfilst release
kinetics. The values of regression coefficient vieuad to be 0.973 and 0.988 for F1 and F2, reispgct Moreover, the n
values for Korsmeyer Peppas model were 3.9459 ariB56 for F1 and F2, respectively, indicatismgelling-
controlled super case Il transport, and Fickiapase, respectively (Table 6 and Figs. 11-18) [Phig release patterns of
both the formulations in phosphate buffer were cared according to the dissimilarity factor (f1) atic
similarity factor (f2) The valuefl (33.56) was more than 15, while f2 (27.85) vales less than 50, ensured that
the release profile of the formulation containing3@ (F1) was different from that of formulation taiming C940
(F2) (Table 8).

Table 8: Comparison of dissolution Profiles of both formulationsin phosphate buffer

Time | % released R| % released T|
0bs | 1y of F1 of F2 RT (RTY
1 0.5 60.80 40.16 20.64 426.01
2 1 90.34 46.93 43.41 1884.4241
3 1.5 90.40 53.85 36.55 1335.9025
4 2 90.5¢ 56.1¢ 34.4¢ 1186.802
5 2.t 90.7] 57.2¢ 33.4¢ 1118.902
6 3 90.85 60.20 30.65 939.4225
7 5 91.20 64.90 26.3 691.69
8 7 91.30 66.90 24.4 595.36
9 9 91.40 68.00 23.4 547.56
10 12 91.5¢ 69.8( 21.7¢ 474.368:
_ Y(R-T)=| X(R-Tf=
2R =879.17 295.03 | 9200.4465
f1 (Disimilarity factor) = 33.56
f2 (Similarity factor) = 27.8
Zero Order Equation
100
90 —

- / .
80 -

70 - . /

60 - / y=3.654x+ 49.35
50 1 @ RZ=0.826
40 o

30 -

20 -
10

Cumulative % Drug release

Time (h)

Fig. 11: Zero Order Kinetics of Formulation F1 in phosphate buffer
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First Order Equation
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Fig. 12: First Order Kinetics of Formulation F1in phosphate buffer
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Fig. 13: Higuchi Mode Release Kinetics of Formulation F1in phosphate buffer
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Korsmeyer Peppas Equation
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Fig. 14. Korsmeyer Peppas Model Release Kinetics of Formulation F1 in phosphate buffer

Zero Order Equation
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Fig. 15: Zero Order Release Kinetics of Formulation F2 in phosphate buffer
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First Order Equation
2.5 4
y=-0.078x+ 1954
o 2 Q"..' R’=0.988
E 15 - \
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=
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Fig. 16: First Order Release Kinetics of Formulation F2 in phosphate buffer

Higuchi Equation
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Fig. 17: Higuchi M odel Release Kinetics of Formulation F2 in phosphate buffer
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Korsmeyer Peppas Equation
2.5
2 @
c rey *
o 1.5 - y=0.667x+1.320
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Fig. 18: Korsmeyer Peppas Model Release Kinetics of Formulation F2 in phosphate buffer
DISCUSSION

From the study it was found that both F1 and F2didic buffer showed faster dissolution rate thhat tof
phosphate buffeiSince Carbopol polymers have a pKa of 6, at pHthie¥ are virtually un-ionised and they will
start to ionize at pH 4.5. At lower pH values th@ymer is not fully swollen, and there are largegions of
microviscosity. The solvent can penetrate first dedp into the glassy core and the drug is reletestdr before
complete swelling. As the pH increases, the ioipabf carboxylic acid groups causes maximum swelli
resulting in fewer and smaller regions of microewsity. The rapid gel formation acts as a barriertffie release of
drug prolonging the release. The release tende tmdre diffusion controlled at lower pH region ¢atich), while
at higher pH (intestine), the drug release mechamnssmore polymer relaxation controlled. This isda reduction
in regions of low microviscosity and the closingnoitropores in the swollen polymers at higher p#é[1

As has been mentioned earlier, the highest valtiesgession coefficient indicated that both foratiohs in acidic buffer
followed Korsmeyer Peppas model release kineticsedler,it was found that the drug release from both thadtations in
that buffer showed Fickian diffusional release.clStelease occurs by the usual molecular diffusiotihe drug due to a
chemical potential gradient indicating diffusiooahtrolled drug release.

On the other hand, the highest values of regressiefficient indicated that formulation F1 in thBgsphate buffer
followed Korsmeyer Peppas model release kinetitslewr2 showed first order release kinetics. Comsidy the n
values for the Peppas modslyelling-controlled super case Il transport wasifbin case of F1, suggesting swelling and
relaxation of the polymersvhereas Fickian release was possible in F2, imicgtolymer relaxation followed by
diffusion of the drug. This may lead to reductiorfiequency of dosing and minimize the blood les®tillations,
dose related adverse effects, cost, ultimately awpithe patient compliance and drug efficiency.

In the case of highly crosslinked Carbopol polyméxsch as Carbopol 934), the releasdaister as the drug
diffuses out through the water-filled interstitgpaces between the microgels. comparison, Carbop&40
polymer is lightly crosslinked, thus the microgédem a more uniform and continuous structure résglin a
slower drug release (Tablg. IThe possible explanation for such a release ctetiatics of C940 is probably due to
high concentration of Carbopol upon exposure tostsurfaces and the pH of the microenvironment ineso
acidic which causes an increase in mucoadhesiomedter, Carbopol forms secondasyadhesion bonds with
mucin and interpenetration pblymer chains occur in the interstitial region.eTimcrease in viscosity of swollen
polymercontributes more hindrance to drug diffas andconsequent reduction in the release rate. As
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the carboxyl groups of Carbopol dissociate higttlpld above their pKa, electrostatic repulsionstween the
negatively chargedarboxyl groups cause uncoiling and expansioin the molecules, resulting in
swelling and consequent defmation.

Earlier it has been mentioned that the release f@arbopol polymer gel is generally slower for drugth low
water solubility. Drugs exhibiting poor solubilitgnd to partition into the more hydrophobic domaihshe system
(such as the acrylic backbone of the Carbppbimer) from where they would be released in edimor almost linear
fashion.

From our result it is clear that release profiletled formulation containing C934 was similar to foemulation
containing C940 in the acidic buffer. On the othand, the release profile of the formulation camite C934 was
different from that of formulation containing C940the phosphate buffegince the degree of gel formation and
characteristics of gel depends on the change irampd respective crosslinkers present in both thgnpals, the
release pattern of both the polymers differs ingpthate buffer (at higher pH). However, in caseaidia buffer (at
lower pH), no gellation occurs and the releasenlg oontrolled by molecular diffusion indicatingsamilarity in the
release pattern.

CONCLUSION

The controlled release drug delivery systems dg@ezloas Ciprofloxacin mucoadhesive formulations reffegel
forming matrix for poorly soluble drug, served aslepot in GIT for controlled drug release and pied a rate
limiting gel forming barrier for modulation of drugelease. From the results obtained in this warlcan be
concluded that a significant variation exists ire flm vitro release pattern of Ciprofloxacin from the tested
formulations in relation to change in pH and polyrgeades. In addition, the formulation containing3@ (in both
the buffers) showed slower release profile withpees to time than the formulation containing CO#&orther
investigation usingx vivo models are being carried out to substantiatértivéiro results.
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