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ABSTRACT

The present study was carried out to develop ooalrolled release tablets of Repaglinide with a
rationale of providing improved solubility and bettpatient compliance, will serve to provide

effective mode of treatment to elderly, impairedd amon-cooperative patient suffering from

diabetes. The Repaglinide-3-cyclodextrin complex prapared in order to increase the solubility

of drug. The inclusion efficiency of different cetiof Repaglinide-R-cyclodextrin complex was
calculated, that shows the inclusion efficiencyld molar ratio complex is highest. The oral

tablets of Repaglinide (F1 to F4) were prepared digect compression method using super
disintegrants, for optimization of the diluents.eTtalue of pre-compression of blends and post-
compression tablets exhibited satisfactorily resulfthe formulation F4 complied with all the

physical parameters such as hardness, friabilitgl ahsintegration time, and taken for further

studies. Solubility studies revealed that compigxdgents contribute to solubility enhancement of
the drug.

Keywords:Repaglinide,Beta-cyclodextrin,Simulated gastriedf]Eriability,Drug dispersion

INTRODUCTION

The conventional oral drug delivery has been knéwrlecades is the most widely utilized route of
administration among all the routes that have lmmployed for the systemic delivery of drug via
various pharmaceutical products of different dosé&mens. It remains the preferred route of
administration in the discovery and developmenne# drugs candidates and formulation. The
popularity of oral route is attributed to most \&ile, convenient, patient acceptance, ease of
administration, accurate dosing, cost effective ufi@acturing methods, generally improve shelf life
of the product and commonly employed route of ddadjvery for systemic action. In fact the
development of a pharmaceutical product for oralgddelivery, irrespective of its physical form
(solid, semisolid, or liquid dosage form) involwesrying contents of optimization of dosage form
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characteristics within the inherent constraintgGaistrointestinal physiology. The reasons that the
oral route achieved such popularity may be in ptributed to its ease of administration as well as
the traditional belief that by oral administratithre drug is as well absorbed as the food stuffs tha
are ingested daily. Oral solid dosage forms sudalalsts has been formulated and developed now-
a-days since they are most effective routes of adtnation of a new drug. Till date oral route
ismajor and safest route of administration for mjaf drugs. Although these new systems are in
fast progression, for many drugs and therapeutications, conventional oral solid release drug
delivery systems provided satisfactory clinicalfpenance with an appropriate balance of efficacy
and safety. Recent advances in novel drugdelivens do enhance safety and efficacy of drug
molecule by formulating a convenient dosage formefase of administration and to achieve better
patient compliancé.Oral drug delivery is still preferred way of adisimation for most of the
active drug molecules due to its several advantagels as greater flexibility in design, high patien
compliance, greater stability, accuracy in dosesyeaf production, formulation of tablets is
preferred oral dosage form. But the poor dissotutbwater insoluble drugs is the major problem
for pharmaceutical formulators to prepare in thenfof tablets The absorption rate of a poorly
water-soluble drug, formulated as an orally adnémed solid dosage form, is controlled by its
dissolution rate in the fluid at the absorptiore sithe dissolution rate is often the rate-detenngni
step in drug absorption. Since they exhibit pood @&mratic dissolution profiles, most water-
insoluble drugs are included by the FDA in the é6tdrugs having a high risk for therapeutic in
equivalence due to differences and inconsisteriniésoavailability. Therefore, the solubility and
dissolution behavior of a drug are the key deteamis of the oral bioavailability. A
biopharmaceutical Classification System (BCS) wasduced by Amidon et alas a basis for
predicting the likelihood of in vitro-in vivo cora@ions for immediate release dosage forms, based
on the recognition that drug solubility/dissolutiproperties and gastrointestinal permeability are
the fundamental parameters controlling the rate exi@nt of drug absorption. According to
Biopharmaceutical Classification System (BCS) whgmcorporated in the guidelines of the Food
and Drug Administration (FDA), Class Il drugs arethwhigh permeabilityand low solubility.
Regulatory agencies have utilized the BCS to allbw use of in-vitro dissolution data for
establishing the in-vivo bioequivalence of drugducts Recently, the concept of the BCS has been
used not onlyfor the bio waiver but also for foratidn design from early to clinical stages. The
bioavailability of a BCS class Il drug is rate-lted by its dissolution, so that even a small inseea
in dissolution rate sometimes results in a largergase in bioavailability. Therefore, an
enhancement of the dissolution rate of the druthaaight to be a key factor for improving the
bioavailability of BCS class Il drugs. Poor wateluble drugs are associated to slower rate of
absorption from oral route; therefore, it is regdirto enhance the dissolution of these drugs to
ensure maximum therapeutic utility of these dru@s. improve the dissolution rate various
techniques have been introduced to enhance theluliss rate and solubility of the drug.
Compounds with poor aqueous solubility are increglgiposing challenges in the development of
new drugs, since a large number of drugs cominectyr from synthesis or from high throughputs
screenings have a poor solubility. The abilityriorease aqueous solubility is thus a valuableaaid t
increase the efficacy for poorly water soluble druolubility is an important parameter for
absorption of drugs especially for those which waaer insoluble and poorly soluble drugs.
Dissolution of such drugslimits their absorptiomotigh oral route. Consideration of the modified
Noyes-Whitney equation provides some hints as o tiee dissolution rate of even very poorly
soluble compounds might be improved to minimizeliimiations to oral availability. According to
Noyes-Whitney equation, increase in saturation ksbily leads to an increase in dissolution
velocity in the lumen and blood, thus acceleratdrgg diffusion, promoting absorption and
therefore enhancing bioavailability of drugs. Dwepoor solubility and limited dissolution rate
Class Il drugs suffer less bioavailability theretigcreased therapeutic effect. Several techniques
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have been reported to improve the solubility argbalution properties of poorly soluble drugs,

which can also improve absorption and bioavailghilDver the years, various techniques have
been employed to formulate drug delivery systemghviwould enhance the dissolution profile

and, in turn, the absorption efficiency of watesatuble solid drugs such as digoxin, digitoxin,

prednisolone, hydrocortisone, prednisone, spiratofee, hydrochlorothiazide, polythiazide, and/or
liquid lipophilic medications such as clofibratehlarpheniramine, water-insoluble vitamins, fish

oil, etc. Different approaches have been attemfuadcrease aqueous solubility of poorly soluble
drugs, such as conversion of crystalline molecalés amorphous state, a particle size reduction
via micronization, solubilization in surfactant s&ms, co-solvency, hydrotropic solubilization,

cyclodextrin complexation.

The principles are generally based on the modiicabf the physicochemical properties of the
drug, these includes the conventional approach asdalt formation, pH solubility, micronization,
solubilization using co-solvents and micellar sdimbtion, solid dispersions, oily solutions,
complexation with beta-cyclodextrin, self-emulsifgi and liquisolid compacts. The methods are
not universal suffers from limitations such as éargmount of excipients and sophisticated
equipment. From the last few years, the pharmazadwgcientists were working to develop patient
compliance and safe dosage forms due to enhanaedndein the market for them .As a result
developing the new technologies has been increammmgally because the development of new
drug molecule requires high cost rather than nestrtelogy. So the current trend in most of
pharmaceutical industries is development of dogage with new formulation technology using
old drug molecules to improve safety, efficacy patlent compliance

Repaglinide is a meglitinide phenylalanine analegubkich is prescribed as an oral antidiabetic
drug for the treatment of type Il (non-insulin dedent) diabetes mellitus. It acts primarily by
decreasing insulin resistance. Repaglinide is gowdter soluble drug and it belongs to Class Il in
Biopharmaceutics Classification System. Due to poer solubility of drug, the dissolution is

reduced and hence, it suffers oral bioavailabilpblems. To overcome this disadvantage,
enhancement of solubility of Repaglinide was ddmweugh cyclodextrin inclusion complex.

Process of Solubilization
Step 1: Holes opens in the solvent
®©,00® o ,o%
... @ = @ ...
..... ... @

Step2: Molecules of the solid breaks away from the bulk
tee g ' A
Step 3:The freed solid molecule is intergrated into the hole in the solvent
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Figure 1: Process of solubilization
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MATERIALS AND METHODS

Repaglinidewas obtained as a gift sample from TwRearmaceuticals Ahmedabad. Beta
cyclodextrins from Gangwal Chemicals Private Lidjfdumbai, sodium hydroxide pellets from

Merck Limited, Colorcon,Goa,NaCMC,Qualigens Finee@licals,Mumbai,Talc fine powder,PEG

400 Otto, Chemicika-Biochemika reagents,Mumbai. RMR Enterprise,Jaipur,Magnesium

stearate,Lobachemie private limited,Mumbai,LacQs@ligens Fine Chemicals,Mumbai.

Calibration curve of Repaglinide

Calibration curve of Repaglinide was prepared byngisethanol. The drug was analyzed
spectrophotometrically (Elico Double beam UV-Vigil8pectrophotometer) at 275 nm.

Figure 2: U-V Double Beam Spectrophotometer

Solubility determination
The solubility of the drug was determined in sinbedbgastric fluid.
Melting Point:

A small quantity of drug or complexing agents widled in the capillary tube sealed at one end and
kept in melting point apparatus. The melting pewat recorded and compared with literature value.

Preparation of the inclusion complexes

1.5 mmol beta cyclodextrin were dissolved in distilwater. A 50% ethanolic solution containing

0.75 mmol Repaglinide was added stepwise to thee@gp solution of beta cyclodextrin. The

suspension was stirred for 6 hours in an ultrasdith and a temperature of about 30°C was
maintained.Different trials of the above solutionasw prepared by varying the ratios of

drug:complexing agent from 1:1 to 1:3 in orderitalfout the best ratio for solubility enhancement
of drug.Later,to the inclusion complex solutionRépaglinide added different ratio of co-polymer

sodium CMC to find out the highest Repaglinide bdity complex. Later the highest Repaglinide

solubility complex was formulated into an oral &l
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PREPARATION OF INCLUSION COMPLEX OF REPAGLINIDE

Sl.no Formulation Drug:complexing Repaglinide Beta
code agent cyclodextrin
1 F1 1.1 500mg 500mg
2 F2 1:1.5 500mg 750mg
3 F3 1:2 500mg 1.0gm
4 F4 1:25 500mg 1.25gm
5 F5 1:3 500mg 1.50gm

Table 1: Composition of inclusion complex of Repaglinidegiwibeta cyclodextrin

PREPARATION OF INCLUSION COMPLEX OF REPAGLINIDE BET A
CYCLODEXTRIN WITH NaCMC

Sl.no Formulation Repaglinide Beta Sodium CMC
code cyclodextrin
1 F6 500mg 1.0gm 300mg
2 F7 500mg 1.0gm 375mg
3 F8 500mg 1.0gm 450mg
4 F9 500mg 1.0gm 520mg

Table 2: composition of inclusion complex of Repaglinidegbeyclodextrin with sodium CMC

Preparation of Repaglinide tablets

Uniformly blended all the ingredients of the tabdeich as Repaglinide, Betacyclodextrin, sodium
CMC,ethyl cellulose, talc and lactose in a glasstanoAdded magnesium stearate after sufficient
mixing of the drug complex and compressed the tale5Smm punch.

FORMULATION OF INCLUSION COMPLEX REPAGLINIDE TABLE®
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INGREDIENTS F1 F2 F3 F4
Repaglinide 2 2 2 2
Beta 4 4 4 4

cyclodextrin

NaCMC 28 28 28 28
Ethyl cellulose 2.4 3.2 4 4.8
Magnesium
Stearate 4 4 4 4
Talc 4 4 4 4
lactose 35.6 34.8 34 32.2

Table 3: Formulating composition of Repaglinide tablets

Pre-compression studies

All the physical parameters namely, angle of repdsdk density, compressibility index and
Hausner’s ratio were performed .

Angle of Repose

It is the maximum angle possible between the sartda pile of powder and the horizontal plane.
Angle of Repose was determined by the funnel metAadurately weighed powder blend was
taken in the funnel. Height of the funnel was atdjdsin such a way the tip of the funnel just
touched the apex of the powder blend. Powder blealallowed to flow through the funnel freely
on to the surface. Diameter of the powder cone mwaasured and angle of repose was calculated
using the given formula.

0= tan-1(h/r)
Bulk density :

It is the ratio of total mass of powder to the butkume of powder. Required quantity of powder
blend was transferred in 50 ml graduated cylindher the bulk density was calculated by using the
formula given below.

Bulk density = weight of powder/ Bulk volume.
Tapped density:

It is the ratio of total mass of powder to the &gpolume of powder. Required quantity of powder
blend was transferred in 50 ml graduated cylindeictvwas operated for fixed number of taps until
the powder bed volume has reached a minimum Tapleedity using the wascalculated by
formulagiven below.
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Tapped density = Weigh of powder / Tapped volume .

Compressibility Index: >°

It is a simple test to evaluate bulk and tappeditgof a powder .

Carr’s index:

The formula for Carr’s index is as below:

Percent compressibility or Carr’s index = [(tapid/tap] x 100

Where bulk is the bulk density (g/mL) and tap ise thtap density

Hausner’s Ratio
Hausner’s Ratio is a number that is correlatedhédfiow ability of a powder.
Hausner’s ratio = k=pipp

Wherep; - tapped density angl- bulk density

(g/mL)

Compressibility index(%) Hausner ratio Flow character
<10% 1.00-1.11 Excellent
11-15 1.12-1 Good
16-20 1.19-1.25 Fair
21-25 1.26-1.34 Passable
26-31 1.35-1.45 Poor
32-37 1.46-1.59 Very poor

38 >1.60 Very very poor

Table 4: Flow properties corresponding to compressibilityex and Hausner ratio

Friability test

Friability of tablets was determined using Rochebitator (Electolab, Mumbai). This device

subjects the tablets to the combined effect ofsabns and shock in a plastic chamber revolving at
25 rpm and dropping the tablets at a height ofraikes in each revolution. Preweighed sample of 6
tablets was placed in the friabilator and were actied to 100 revolutions. Tablets were dedusted

using a soft muslin cloth and reweighed. The flighis given by the formula:
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%F = (Loss in weight/initial weight) x 100

Hardness

Hardness or tablet crushing strength (Fc) (theefarquired to break a tablet in a diametric
compression was measured using Monsanto hardretes te

Drug content

20 tablets were powdered and the blend equivateatérage weight of Repaglinide was weighed
and dissolved in 10ml of simulated gastric fluitheTsolution was filtered, suitably diluted and the
drug content was analyzed spectrophotometricall2# nm. Each sample was analyzed in
triplicate.

Uniformity in weight:

20 tablets were randomly selected from each batdhiradividually weighed. The average weight
of 20 tablets was taken.

The batch passes the test for weight variatiorotf more than 2 of the individual tablet weights
deviate from the average weight and if no tabl#edi by more than 2 times the % limit as shown
in table and none deviate by more than twice thehégvn.

Average weight of tablets(mg) Maximum % deviation #owed
130 or less 10%
130-324 7.5%
More than 324 5%

Table 5: Weight variation tolerances for uncoated tabletpexr USP standards

In-vitro dissolution study

Thein-vitro dissolution studyas carried out in the USP dissolution test apparébDissolution
tester USP) type 2 (paddle). The dissolution medi@@® ml, simulated gastric fluid of pH1.2) was
taken in a covered vessel and the temperature \magamed at 37+0.5 °C. The speed of the paddle
was set at 50 rpm. Sampling was performed at hawnidyval for 10hours. For each sample, 5 ml of
the dissolution medium was withdrawn and immedyatels volume was replaced with the same
amount of fresh dissolution medium. The sample witsdrawn and diluted with simulated gastric
fluidand analyzed in the UV spectrophotometer (LP4Q Shimadzu Corporation) at 275 nm. The
% cumulative drug release was calculated. All #milts were performed in triplicat®**
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Figure 3: USP Dissolution Apparatus

RESULT AND DISCUSSION

Standard calibration graph of Repaglinide in simulaed gastric fluid

The standard calibration graph of repaglinide muated gastric fluid is depicted in graph.The data
of absorbance is shown in table.the data had a&lation coefficient of 0.993.

Calibration curve of Repaglinide

1.2
y=0.026x+0.016_g
R*=0.999

0.8 =

0.6

absorbance

0.4 o :
0.2

0o
0 5 10 15 20 25 30 35 20 45

concentration {(ppm})

Graph 1: standard calibration curve of Repaglinide in S.G.F
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Concentration(ppm) Absorbance

0 0

5 0.152

10 0.29

15 0.41

20 0.54

25 0.67

30 0.79

35 0.935

40 1.05

Table 6: Standard calibration curve of Repaglinide in S.&.B75nm

Solubility determination

Solubility of Repaglinide was found out to be 3@GB1/ml while solubility of drug in presence of
complexing agent beta cyclodextrin to be 0.6758rhgimd in the presence of betacyclodextrin and
NaCMC to be 0.8768mg/ml.This shows that the presesiccomplexing agents enhances the
solubility of drug in low pH and is therefore expett to improve the dissolution of drug.

FLOW PROPERTIES:

CODE | ANGLEOF | BULK TAPPED | HAUSNER CARR
REPOSE®) | DENSITY | DENSITY RATIO INDEX
(gm/cnt) (gm/cnt) (Hr) (Ic)
F1 29.758 0.523 0.670 1.080 3.82
F2 30.052 0.515 0.678 1.094 3.97
F3 29.944 0.505 0.656 1.091 4.04
F4 29.991 0.522 0.657 1.104 4.09

Table 7: Flow property parameters of different formulatadiusion complexes of Repaglinide
Beta Cyclodextrin-NaCMC

The above data revealed that the formed compléresflowing.

POST COMPRESSION PARAMETERS:

A)Hardness:

The hardness of all formulations were kept betw&and 5 kg/crh

B)Uniformity of weight:

All the prepared batches comply with the USP stedgla

FORMULATION AVERAGE WEIGHT %WEIGHT VARIATION
F1 78.5 +1.87
F2 80.2 +0.25
F3 79.2 +1
F4 80.4 +0.5

Table 8: weight variation of different batches of tabletrfaration
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C)Drug content:

CODE DRUG CONTENT
I Il Il | AVERAGE S.D

F1 50.45 43.85 50.51 50.60 0.226

F2 49.34 49.57 49.72 49.20 0.438

F3 50.51 50.64 50.85 50.46 0.429

F4 51.61 60.65 50.25 40.77 0.451

D)Friability

The percentage friability of different batchesalflets was found to be less than 1%.All the batches

Table 9: drug content of different batches of tablet forniolas

of tablets were found to pass the friability test.

E)Dissolution study

The invitro release data of different batches bfgaformulations are shown in table.The plots of %

cumulative drug release Vs time for tablets ofet#ht batches are depicted in graphs.

TIME(HR) FORMULATION CODE
F1 F2 F3 F4

%CR SD %CR SD %CR SD %CR SD
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 15.63 0.26 17.31 0.30 19.28 0.59 21.18 0.24
2 29 1.86 | 31.34 0.90 33.13 0.88 35.43 0.68
3 40.06 0.69 42.88 0.32 44.81 1.17 47.51 0.70
4 51.63 1.27 53.13 1.30 55.31 1.30 58.74 0.60
5 61.31 1.12 62.5 0.78 65.75 0.83 69.55 0.64
6 68.75 0.96 69.79 1.30 73.69 0.62 76.23 0.44
7 73.38 1.95 74.68 1.28 78.23 0.31 80.61 0.71
8 76.89 1.58 79.06 1.08 82.12 1.02 84.23 0.69
9 79.51 0.94 81.79 1.60 84.25 0.95 86.64 0.76
10 80.71 1.23 83.43 1.42 86.34 1.04 88.23 0.65

TABLE 10: Percentage cumulative drug release from the ftations F1-F4.
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DISSOLUTION STUDY OF F1 & F2

]

[ e T s s BN ]
e B o N o T o T

%CUMMULATIVE DRUG RELEASE
r_.'l

0 2 - 6 8 10 12
TIME(HRS)

Graph 2: Comparitiveinvitro release of Repaglinide from&F2

Dissolution study of F3 & F4

100
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Graph 3: Compatritiveinvitro release of Repaglinide from&¥4

The formulation F4 gives maximum cumulative drudease.So it is selected to make oral

controlled release tablet of Repaglinide.

CONCLUSION

The major problem of Repaglinide is poor bioavaligband its limited aqueous solubility, which
may hinder dissolution. Results revealed that ppassible to enhance the dissolution rate and the
bioavailability by preparing complex with- cyclodextrin and sodium CMC.Different ratios of
repaglinideB- cyclodextrin and repaglinid@- cyclodextrin:sodium CMC were prepared inorder to
find out the better solubility enhancement of diige prepared complexex were formulated in
tablet forms.Tablet evaluation parameters wereopadd and finally these were subjected to
dissolution study to find out the maximum drug aske which was ultimately shown by formulation
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F4 containing maximum ethyl cellulose for oral colied release of repaglinide.
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