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ABSTRACT

The aim of present investigation is to formulate thdayered tablet o&n Anti-Hyperglycaemidrug comprisingMetformin HClassustainedelease
layer andVildagliptin asanimmediaterelease layer in a fixedose combination along with a falissolvingintermediate layer or barrier layer
between the tweayersjust like asandwich Vildagliptin is well-known for its instabilityin presence dfletformin HCI. Hence, Vildagliptirdegrades

in formulation ofsingle unit dosage fornThe in vitroreleasdayerof Metformin HClwasprepared using combination of sustained release polymer
HPMC K100M & HPMC K4M and binder used formulation is Povidone K90 whiclvas prolonged up to 1012 hours The Invitro release of
Vildagliptin is rapid from taltet and showed highest drug releagenore than 90% in@Minutes Final formulationwas tested foaccelerated stability
study. Intermediate barrier layer was optimised udiagtose Monohydrate anditfocrystalline cellulose asdiluentsandCroscarmellossodium as

a disintegrant. The disintegration time of tablet into two hafeedinal formulationwas 51 seands Combination of lactose monohydrate and
microcrystalline celluloses well aghickness of the intermediate laywas foundmportant to achieve quick disintegration.

KEYWORDS: Metformin, Vildagliptin, TriLayer, Barrier Layer, IncompatibiliDC, Modified Release

INTRODUCTION secretion of insulin in the beta céll¥ildagliptin makes pancreas

to produce insulin which helps to improve the glycaemic control
Tablet dosage form is the most conventional dosage form.-Multh body and Metformin makes a better use of insulin in body. Both
layered tablet is the novel technology for the development difugs do not alter pharmacokinetisone another. A broad and
controlled releaséormulation. Today, the use of muldyered complementary spectrum of awliabetic actions is available
tablets has been increased as it provides various key advantaghen using the fixed dose combination of a Vildagliptin (BPP
and overcoming problems associated with conventional dosagphibitor) with MetformirY. Such fixed dose combination does
form. Multi-layered tablet is more suitable for gradual release afot increase the risk of hypoglycaemiagdmot promote weight
two active ingrediets in combination. Multlayered tablet gain, and does not cause adverse effects caused by various other
technology helps in separating the two incompatible substanamsal antidiabetic combinatiorfs Both the drugs have a
using a separating layer or an inert layer between layers of t@omplimentary and possibly synergistic effect on glycaemic
different drugs Metformin Hydrochloride is a Biguanide anti control and reduced glycosylated haemoglobin and hamnce
hyperglycaemic agent useimh the treatment of neimsulin  attempt was made to formulate multilayer tablet of these two
dependent diabetes mellitus (NIDDM). Metformin is the onlydrugs to improve patient compliance, bioavailability, reduce
antidiabetic drug that has been conclusively shown to prevent tdesing frequency and reduce Gl (Gastrointestinal) side effect of
cardiovascular complications of diabetes. Metformin has beavetformin. But, the challenge is to formulate Vildagliptin in a
used in humans for nearly fifty yedrlt is indicated for type 2 single dosage form. Vildagliptin is very wethown for its
diabetes mellitus. Type 2 diabetes mellitus used to be known iastability as it is sensitive and degrades in presence of Metformin
‘nonrinsulin-dependent diabetes mellitus (NIDDM)' or 'maturityHydrochloride shows degradation upon stability study on
onset diabetes'. In spite of its favourable clinical response andcelerated conditi@n For such combination therapy with
lack of significant draw backshronic therapy with Metformin chemical incorpatibility, multi-layered dosage form is
hydrochloride is associated with certain problems. The marketadvantageous in preparing a stable formulation and extend the
immediate release products need to be administei2diBies product shelf life. The current research is an attempt to design
daily. The current metformin therapy is associated with highustained release layer of Metformin and an immediate release
incident of GI side effects seen in aiho30% of patienfs layer of Vildagliptin in asingle tablet formulation. Bilayer tablets
Moreover inherent compressibility, very high solubility (i.e. >30thave only one inter phase between two drug layers so
mg/ml at 25° C), initial burst effect of drug from immediateincompatibility between two drugs may occur at this point. A
release tablets and less bioavailability (60%) due to saturalfasibility trail of Bilayered tablet has been prepared and stability
absorption process can lead to difficutlyproviding an optimum study has been evaluatedildyer tablets can solve this kind of
therapeutic effect from a single formulatfovildagliptin is a interphase incompatibility problem between two dtigs
dipeptidyl peptidasd (DPPR4) inhibitor class of drugs It Introduction of an intermediate or immediate release layer
inhibits the inactivation of GLR (Glucagorike peptidel) by  between drug layers will result into no direct contact of the drugs
DPR4 (Dipeptidyl peptidasd), allowing GLP-1 to potentiate the and will help us to achieve a stabformulation. Moreover,
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Metformin Hydrochloride and Vildagliptin is orally administered Quantification of Drugs and Compatibility Study by Assay
separately, two times a day. Patient compliance is moidethod

problematic with a regimen that requires administration of two

separate dosage fotn A need of once a day foulation is Assay of pure drugs, their mixture with excipients as well as
required to meet patient compliance. Hence, the sustained releasgture of both drugs was taken and wavelength rgasrded.
formulation is required for combination therapy of MetforminSamples were prepared by mixing individual drugs, both drugs
Hydrochloride and Vildagliptin. A muHiayered tablet dosage together and drugs along with excipients uniformly. Samples
form using various grades of hydrophilic and lipophiialymers  were scanned in the range of 200 to 400 nm for the determination
can be used to prepare a sustained release dosage form. In cuokmtavelength having maximum absorbance using avigible
research work, Metformin Hydrochloride part was optimizedpectrophotometer (Shimadzu). Scanned curve of pure drug was
using different hydrophilic polymer whereas Vildagliptin partcompared with standard range.

was optimized and stabilize in accelerated condition aed th

both the parts were combine with an intermediate layePREPARATION OF TRI-LAYER TABLETS

Intermediate layer was acted as a barrier layer which has

prevented direct contact between two drugs and hence overcoRreparation of Sustain release Metformin HCI Layer

the chemical incompatibility. Such formulation can offer longer

transit timein the stomach and can act as an in vivo reservoir thBifferent batches of Sustain release layer of Metformin HCI
releases drug at controlled rate continuously over a prolongéfrial No.1 to 22)were prepared by wet granulation technique

time for absorption in the stomach and the intetine using Povidone K90 as a binder as per the composition given in
Table 1, Table 2 & Table 3. Metformin HCI was milled through
MATERIALS AND METHOD 0.5mm Multimill screen. Milled Metformin Hydrochloride,

Microcrystalline cellulose (Aviel PH 101) and Methocel K100M
Metformin HCl was received as a gift sample from Granué®  was cesifted using 24# sieve. Sifted materials were loaded in the
Ltd., India. Vildagliptin was received as a gift sample from Ledluid Bed Processor (FBP) GPCG 1.1. Granulation is performed
Pharma Ltd., India. Microcrystalline Cellulose (Avicel PH 102)using PovidoneK30 solution as a binder. Granules were dried in
FMC Biopolymer, India. Lactose Monohydrate (Pharmatos€Eluid Bed Dried and LOD was kept NIM2.5%.Dried granules
200M), DFE Pharma, India. Hypromellose K4M (Methocelwere shifted from 20# sieve and loaded in double cone blender.
K4M), Hypronellose K15M (Methocel K15M) and Magnesium stearate sifted through 60# was added in above
Hypromellose K100M (Methocel K100M), Dow Polymer, India.blender & lubricated for 5 Minutes.
Povidone (Plasdone-B0& Plasdone K90), Ashland Inc, India,
Croscarmellose Sodium (Agi-Sol), FMC Biopolymer, India, Preparation of immediate release Vildagliptin Layer
Colloidal Silicon Dioxide (Aerosil 200), Evonik,India.
Magnesium Stearate (Ligamed MFV), Peter Greven, India. Different batches of imediate release layer of Vildagliptin
FD&C Blue #1/Brilliant Blue FCF Aluminum Lake, Roha, India. (Formulation No. 23 to 33) were prepared by wet granulation
All other excipients and chemicals used were of pharmaceuticaéchnique using Hydroxy Propyl Cellulose as a binder and

grade and analytical grade respectively. Sodium Starch Glycolate as a Disintegrant as per the composition
given in the Table 4, Table 5 & Tabl6. Vildagliptin,
Preformulation study of Drugs Microcrystalline cellulose (Avicel PH 101) and Lactose

Anhydrous was caifted using 24# sieve. Sifted material was
Preformulation studies were carried out to investigateaded inthe Rapid Mixer Granulator (RMG) and dry mixing was
physicochemical properties of drug substance alone and performed for 10 Minutes at ImpellérFast and Choppér Off.
combination with other drug as well as excipients. Followingsranulation is performed using Hydroxy Propyl Cellulose
studies were performed to characterize drugs and their interactgwiution. Granules were dried in Fluid Bed Dried and LOD was

with ard excipients. kept NMT 2.5%. Dried granules were shifted from 20# sieve.
Extra granular Sodium Starch Glycolate and Aerosil 200 were
Identification of drugs by Melting Point sifted through20# and blended with dried granules for 10

Minutes. Magnesium stearate was added in above step and
Melting point was determined by taking small amount of purtibricated for 5 Minutes.
drug in a different capillary tube closed at one end. The capillary
tube was placed in an electrically operated digital melting poiftreparation of Immediate release Intermediate layer /
appaatus and the temperature at which the drug melts waarrier Layer
recorded.

Different batches of immediate release intermediate layer
Identification of Drugs and Compatibility Study by HPLC  (Fornulation No.34 to 36) were prepared by direct compression
method technique as per the composition given in the Table 7.

Identification of pure drugs, their mixture with excipients as welMicrocrystalline cellulose, Lactose Monohydrate, Povidone K30
as mixture of both drugs was taken and spectrum was recordadd Croscarmellose Sodium weresified using 40# sieve. Co
The retention time of the principal peak obtained in samplgifted material of bove step is geometrically mixed with Brilliant
solution be concordant with that of the standard solution, &ue FCF aluminium lake (E133) manually and sifted through 40#
obtained in the assay. Samples were prepared by mixiagd loaded in above blender and blending was performed for 15
individual drugs, both drugs together and drugs along withlinutes at 10 rpm. Sift Magnesium Stearate through 60# and add
excipients uniforfty. Scanned graph of pure drug was comparetb above step. Blemay was performed for 5 Minutes at 10 rpm.
with standard range. Lubricated blend of Metformin HCI Part, Intermediate layer and
Vildagliptin part were filled in the die cavity and compressed into
Tablet using Karnavati 18 station Compression machine using
22.5 X 10.4 mm, OblongStandard Concave, Plain punches.
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Evaluation of the Powder Blend and Tablet Evaluation of Tablets

Before compression the lubricated blends were evaluated fdhe prepared tablets were cheterized for different parameters
di fferent parameters | i ke bsuthlas hdréness, friabifity, thitkrregs pdeameterd veeigtg vatiagion
index and Hausner 6s rat ioor. tand dmuig dorgentmwhitte aretsimenarifed o Wabld E2hFowall
Prepared tablets of both layers were evaluated for physidarmulations hardness, thickness and average weight of tablets
parameters like, hardness, thickness, weight variation amkre found within proper ranges mentioned in table. Friability
friability. For hardness testing, Electrolab hardness tester and fwas found to be less than 1.0%. The percentage drug content of
friability, Roche friabilator, Electrolab, were used. Weightthe prepared tablets was in the range of 98% to 100%. The
variation was performed as per the official method. Digitapercentage drug content of the tablets containing Vildagliptin
Vernier calliper was used to measure thickness and Electrolityer was in the range of 97% to 100Ritermediate layer plays
disintegration test apparatus was used to determine disintegratéom important role into disintegration of the two layers. Tablet

time for Metformin HCI layer. disintegrates into two halves. Each halves then acts as an
individual tablets or units. Vildagliptin layer disintegrate and get
Drug Content Estimation absorbed in the stomach immediatelile Metformin layer

release drugs for 12 hrs. The thickness of the inert intermediate
Ten tablets wre selected randomly; average weight watayer and combination of two diluents i.e. microcrystalline
calculated and finely powdered. Accurately weighed amount wagllulose and lactose monohydrate and different concentration of
taken from the crushed blend equal to tablet weight. The draisintegrant has a significant impact on ttisintegration time
content was estimated aft er imouwothaved as shawed i Table 18. Thet disistegi@tion tné O

Vil dagl i pt i 18nmofdetfamin HEma x 2 into two halves reduced to 51 seconds of optimized formulation.
All the trails were evaluated in trilayer formulation keeping other
Determination of Drug Release Kinetics two compositions constant.

To understand the rate and mechanism of drug release from thevitro Dru g Release Study

prepared formulation of Metformin Sustained Release Layer, the

dissolution data was fitted to Zero order, First order, Higuchin vitro drug release studies were carried out as mentioned in
Hixon-Crowell and Krosmeyer Peppas equations. Regressiomethodology for all formulations. In vitro drug release profiles
coefficient values were calculated and used to find the fitness &r Metformin HCI and Vildagliptin tablets are showed in Table

the data. 14 & Table 15 respectively & Figure 5 and Figure 6 respectively.
Dissolution of Formulation No. 3 & 11 containing Metformin
Stability Study HCI has 52% & 46% respectively at 4 hrs. Rest all formulation

showed out of the range of 45%65%. Both these trails have
Short term stability study was carried out for optimized trilayeHPMC as a sustained release polymer. Hence, HPMC is selected
tablets of batch No. 36. The study was carried out according & a sustairterelease polymer. Dissolution of Formulation No.
ICH guidelines by storing the samplesA@°C +2°C and 75% + 24 has highest F2 value of 86 but fails to get good flow properties.
5% RH for 3 month. The tablets were evaluated for hardness, didgnce, in order to improve the flow, we have increased the binder
content, and dissolution study and compared with tablets whicloncentration which will give good granules: fines ratio.

were evaluated immediately after manufacturing. Increasing Bader concentration (Trail No. 30) from 1.6%w/w to
3.0%w/w decreased F2 value from 86 to 56. To further improve

RESULTS AND DISCUSSION the drug release we have optimized the disintegrant concentration
and found drug release with F2 value of 89. Disintegrant

Identification of Drugs by Melting Point concentration of 5.5%fw (Formulation No. 32) is sufficient to

get required drug release with highest F2 values. Trilayer tablet
Melting point of Metformin HCI and Vildagliptin was found to formulation prepared using optimized layer of Metformin HCI
be 223°Ci 226°C and 148°C 150°C respectively. Both values and Vildagliptin, formulation no. 36 also showed identical release
were same as reported in literature. profile to that of indvidual layers and drug release was achieved
for prolonged period of time.
Identification of Drugs and Compatibility Study by HPLC
Method Drug Release Kinetics

The HPLC chromatgram of both drugs showed peaksTo determine the release model, which best describes the pattern
corresponding with standard solution as shown in Figure df drug release, in vitro drug release data of Metformin sustained
Figure 2, Figure 3 and Figure 4. The compatibility study data oélease layer from trilar tablet was fitted to zero order, first
the powdered drugs and their mixture with excipients showed moder, HixonCrowell, Krosmeyer Peppas and Higuchi models.
interaction between drugsxcipientsas well as mixture of both Regression coefficient values were found to be 0.9821, 0.812,
drugs showed clear interaction between both drugs as showr0i®504, 0.8716 and 0.9437 respectively as shown in Figure 7,
Table 8 and Table 9. Hence, it was concluded that, the studie@jure 8, Figure 9, Figure 10 @nFigure 11. The Highest
excipients and drugs were compatible whereas drugs combinatimgression coefficient R2 value was obtained for Zero order

is not compatible. model and was found to be 0.9821. Hence, Fickian diffusion was
considered as predominant release mechanism for tablet. Zero
Evaluation of Powde Blends order release kinetics systems are when thg dissolution is

constant over a period of time.

Powder and flow characteristics of the blend can affect the

formulation of tablets. The results shown in Table 10 and Tab2esign of Experiments

11 indicated that, the all blends possessed good flow properties.
This method is used to explain the effect of one factor on the other
factor. It is use to explain whether this effect is significant or not,
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if significant how it influence the respse. In this present work Final Equation of dissolution in Terms of Actual Factorsfor
the effect of one factor on other two factors is explained fdvletformin :

Metformin layer and Vildagliptin Layer. ANOVA for ResponseFlow propert e s ( Carr 6 s | nOD&6R4B *= + 52.
surface Model and Lack of fit test were evaluated. The responskethocel K4AM- 0.12519*

surface for Metformin and Vildagliptin dissdlon are shown in Methocel K100M - 2.39963 * Povidone K90 +
Figure 12, Figure 13, Figure 14, Figure 15, Figure 16, Figure 1750000

and Figure 18. 004* M ethocel K4M * Methocel K100M- 2.50000E- 004
The final equatiorof dissolutionin terms of coded factors and

actual factors are shown in * Methocel K4M * Povidone K90 + 3.25000ED03 *

Final Equation of dissolution in Terms of Coded Factors for Methocel K100M * Povidone K90 + 8.39466B05*
Metformin dissolution:

Dissolutionat 4 Hrs = +51.50 -6.51 *A-9.13"B-3.41*  pethocel K4M+ 1.54657E 004* Methocel K100M +
C

Dissolutionat 8 Hrs = +87.63- 3.43 * A- 13.37 *B-1.89 * C

237 *A*B -087 *A*C 0.030383* Povidone K96

-1.37 *B*C-141*A°-353 *B’-159+C’ Stability Study

Dissolutionat 12 Hrs =+ 99.23- 1.44* A - 6.98 *B- 0.86 * C

-2.25 *A*B -1.50 *A ) ) Trilayer tablet was placed in the modified stabildllamber for
*C-1.25*B*C-1.00*A -454*B -1.00*C accelerated stability study at4D+ 2°C and 75+ 5 % RH fo3
Where, A = Methocel K4M, months After a period of one month, the samples were observed
B = Methocel K100M, C = Povidone K90 for any change in physical appearance. Tablets areabysed for

percentage drug content and in vithag releasstudies. It was
Final Equation of dissolution in Terms of Actual Factors for observed that surface was devaiflany change in colour or

Metformin dissolution: appearance ofrg kind ofodour in it. Results also revealed that,
Dissolutionat 4Hrs = + 91.87008 0.13027 * Methocel KAM  there were naignificant changes in percentage drug content or
0.18266 * Methocel K100M In vitro drug release.

- 0.34148 * Povidone K90
Dissolutionat 8Hrs = + 76.74052 + 0.18801 * Methocel KAM CONCLUSION
+0.18943 * Methocel
K100M + 0.98137 * Povidone K909.50000E 004 * Drug-excipients compatibility study of Vildagliptin was
Methocel performed and it was observed that there was no interaction
K4M  * Methocel K100M- 1.75000E- 003 * Methocel KAM *  between the drug and the excipients except with Metformin HCI
and Povidone K90. All other excipients are found compatible

Povidone K90 2.75000E- 003  * Methocel K100M with the dug. Bilayer tablet on stability study fails in 2 Month at
Povidone K90 40°C/75%RH, hence there was a need of intermediate or barrier
-5.63756E 004 * Methocel K4|\/F - 1.41228E - 003 * layer. Trilayer tablets with intermediate Layer / Barrier layer was
Methocel formulated and optimised in current research. Optimised

formulationwas placed for accelerated stability study at 40°C +
2°C and 75+ 5 % RH for gonths Stability study results were
found optimum and formulation was stable up to 3months.
Another aspect of T4iayer tablet is to get dual release profile so
) as to reduce dasj frequency and thereby increasing patient

K100M +0.93375 * Povidone K909.00000E 004 * compliance. Dissolution for Metformin with HPMC as an
Methocel extendeereleasepolymer showed F2 value greater than 50. F2
K4M  * Methocel K100M-3.00000E- 003 * Methocel KAM *\a1e5 in ratio of HPMC K100M and HPMC K4M (of 1:0.75) is

) ) 83. Dissolution of Vildagliptin immedta release layer with ratio
Povidone K90 2.50000E- 003 * Methocel K100M * Povidone 1.0 5 of Microcrystalline cellulose to Lactose monohydrate has
K90 highest F2 value of 89. Disintegration time of intermediate or
-4.01624E-004 * Methocel K4M - 1.81584E- 003 * barrier layer also play an important role in drug dissolution.
Methocel Disintegration of the tablet into twalves was found 51 seconds
K100M>- 0.010041 * Povidone K90 for the optimized trlayered tablet. Drug dissolution of Tleyer
tablet with final formulation of Metformin and Vildagliptin found

Final Equation of Flow pr opoer §qtiséa§tory.\§Tci;l%y@r rablgt of Mejfgrgip FICl sustain release

K100M*- 0.015862 * Povidone K90

Dissolutionat 12Hrs = + 66.85639 + 0.21602Methocel K4M
+ 0.39124 * Methocel

Metformin in Terms of Coded Eactors: layer and Vildagliptin immediateelease layer is useful to
Flow properties (Car6s | ndex) *=A-0.279%. B 2 improye payepteompliance towards the effective management of
6.95* C + 0.38* A * B+ type 2 diabetes mellitus ('nénsulin-dependent diabetes mellitus
. n - a2 . o2 »  (NIDDM)' or 'maturity onset diabetes’) with improved dosing
) 0.13*A*C+1.63*B*C +0.21*A +0.39*B +3.04 frequency, dual release profile anddiailability.
C
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Table 1 Formulation Details with different extended release Polymer

Ingredients | 2 [ 2 | 3 1 4 1 5 | 66 | 7 1 8 1 9 | 10 ] 1
Metformin Layer
Metformin Hydrochloride 850 850 850 850 850 850 850 850 850 850 850
Avicel PH 101 12 12 12 12 12 12 12 12 12 12 12
Methocel K4M 210
Methocel K15M 210
Methocel K100M 210
Sodium Alginate 210
Ethyl Cellulose 210
(Ethocel 45)
Xanthan Gum 210
Carbopol 71G 210
Carbopol 940 --- --- 210 --- --- ---
Carbopol 980 --- --- --- 210 --- ---
Polyox WSR 303 210
Povidone K90 22 22 22 22 22 22 22 22 22 22 22
Purified Water g.s
Methocel K100M --- --- --- --- --- 210
Magnesium Stearate 11 11 11 11 11 11 11 11 11 11 11
Total weight (mg) 1105 1105 1105 1105 1105 1105 1105 1105 1105 1105 1105
Avicel PH 102 55 55 55 55 55 55 55 55 55 55 55
Pharmatose 200M 28.3 28.3 28.3 28.3 28.3 28.3 28.3 28.3 28.3 28.3 28.3
Povidone K30 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Croscarmellose Sodium 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50
Magnesium Stearate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Blue Colof 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Total weight (mg) 95 95 95 95 95 95 95 95 95 95 95
Vildagliptin 50 50 50 50 50 50 50 50 50 50 50
Avicel PH 101 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5
Lactose Anhy. 44 44 44 44 44 44 44 44 44 44 44
Supertab 21AN
Hydroxy Propyl Cellulose 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Isopropy! Alcohol g.s
Sodium Starch Glycolate 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Aerosil 200 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Magnesium Stearate 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Total weight (mg) 150 150 150 150 150 150 150 150 150 150 150

* Brilliant blue FCF aluminum lake (E133)

Table 2 Formulation Trials with combination of rate controlling polymers

Ingredients 12 13 14 15 16 17 18
Metformin HCI 850.00 850.00 850.00 850.00 850.00 850.00 850.00
Avicel PH 101 12.00 12.00 12.00 12.00 12.00 12.00 12.00
Methocel K15M 105.00 105.00

Methocel K100M 110.00 110.00 110.00 105.00 105.00
Cetostearyl Alcohol 100.00 --- ---
Compritol 888 100.00

Stearic Acid 100.00
Povidone K90 22.00 22.00 22.00 22.00 22.00 22.00 22.00
Purified Water g.s
Methocel K15M 105.00 105.00

Methocel K100M 105.00 105.00
Magnesium Stearate 11.00 11.00 11.00 11.00 11.00 11.00 11.00
Total weight (mg) 1105.0 1105.0 1105.0 1105.0 1105.0 1105.0 1105.0

Intermediate Layer / Barrier Layer / Inactive Layer
Avicel PH 102 55.00 55.00 55.00 55.00 55.00 55.00 55.00
Pharmatose 200M 28.30 28.30 28.30 28.30 28.30 28.30 28.30
Povidone K30 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Croscarmellose Sodium 7.50 7.50 7.50 7.50 7.50 7.50 7.50
Magnesium Stearate 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Brilliant blue FCF 0.20 0.20 0.20 0.20 0.20 0.20 0.20

aluminum lake (E133)

Total weight (mg) 95.00 95.00 95.00 95.00 95.00 95.00 95.00

Vildagliptin Layer

Vildagliptin 50.00 50.00 50.00 50.00 50.00 50.00 50.00

Avicel PH 101 45.50 45.50 45.50 45.50 45.50 45.50 45.50
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Lactose Anhydrous 44.00 44.00 44.00 44.00 44.00 44.00 44.00
(Supertab 21AN)
Hydroxy Propyl Cellulose| 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Isopropy! Alcohol g.s
Sodium Starch Glycolate| 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Aerosil 200 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Magnesium Stearate 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Total weight (mg) 150.00 150.00 150.00 150.00 150.00 150.00 150.00
Table 3 Formulation Trials with different ratio of HPMC K100M and HPMC K15M
Ingredients 19 20 21 22
(HPMC K100M : K15M) 1:1 1.0.75 1:0.50 1:0.25
Metformin Hydrochloride 850.00 850.00 850.00 850.00
Avicel PH 101 12.00 12.00 12.00 12.00
Methocel K15M 105.00 120.00 140.00 168.00
Methocel K100M 105.00 90.00 70.00 42.00
Povidone K90 22.00 22.00 22.00 22.00
Purified Water g.s
Magnesium Stearate 11.00 11.00 11.00 11.00
Total weight (mg) 1105.0 1105.0 1105.0 1105.0
Intermediate Layer / Barrier Layer / Inactive Layer
Avicel PH 102 55.00 55.00 55.00 55.00
Pharmatose 200M 28.30 28.30 28.30 28.30
Povidone K30 3.00 3.00 3.00 3.00
Croscarmellose Sodium 7.50 7.50 7.50 7.50
Magnesium Stearate 1.00 1.00 1.00 1.00
Brilliant blue FCF aluminum lake (E133) 0.20 0.20 0.20 0.20
Total weight (mg) 95.00 95.00 95.00 95.00
Vildagliptin Layer
Vildagliptin 50.00 50.00 50.00 50.00
Avicel PH 101 45.50 45.50 45.50 45.50
Lactose Anhydrous 44.00 44.00 44.00 44.00
(Supertab 21AN)
Hydroxy Propyl Cellulose 2.50 2.50 2.50 2.50
Isopropy! Alcohol g.s
Sodium Starch Glycolate 5.00 5.00 5.00 5.00
Aerosil 200 1.50 1.50 1.50 1.50
Magnesium Stearate 1.50 1.50 1.50 1.50
Total weight (mg) 150.00 150.00 150.00 150.00
Table 4 Formulation Details with different ratio of diluents
Ingredients | 23 | 24 | 25 | 26 [ 27 | 28 29
Vildagliptin Layer
Vildagliptin 50.00 50.00 50.00 50.00 50.00 50.00 50.00
Avicel PH 101 44.75 59.67 29.83 51.14 38.36 71.60 17.90
Lactose Anhydrous 44.75 29.83 59.67 38.36 51.14 17.90 71.60
(Supertab 21AN)
Hydroxy Propyl Cellulose 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Isopropy! Alcohol g.s
Sodium Starch Glycolate 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Aerosil 200 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Magnesium Stearate 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Total weight (mg) 150.00 150.00 150.00 150.00 | 150.00 | 150.00 150.00
Intermediate Layer / Barrier Layer / Inactive Layer
Avicel PH 102 55.00 55.00 55.00 55.00 55.00 55.00 55.00
Pharmatose 200M 28.30 28.30 28.30 28.30 28.30 28.30 28.30
Povidone K30 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Croscarmellose Sodium 7.50 7.50 7.50 7.50 7.50 7.50 7.50
Magnesium Stearate 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Brilliant blue FCF aluminum 0.20 0.20 0.20 0.20 0.20 0.20 0.20
lake (E133)
Total weight (mg) 95.00 95.00 95.00 95.00 95.00 95.00 95.00
Metformin Layer
Metformin HCI 850.00 850.00 | 850.00 | 850.00 850.00 850.00 850.00
Avicel PH 101 12.00 12.00 12.00 12.00 12.00 12.00 12.00
Methocel K15M 120.00 120.00 120.00 | 120.00 120.00 120.00 120.00
Methocel K100M 90.00 90.00 90.00 90.00 90.00 90.00 90.00
Povidone K90 22.00 22.00 22.00 22.00 22.00 22.00 22.00
Purified Water q.s
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Magnesium Stearate

11.00

11.00

11.00

11.00

11.00

11.00

11.00

Total weight (mg)

1105.0

1105.0

1105.0

1105.0

1105.0

1105.0

1105.0

Table 5 Formulation trails with different concentration of binder in Vildagliptin layer

Ingredients | 24 30 | 31
Vildagliptin Layer
Vildagliptin 50.00 50.00 50.00
Avicel PH 101 59.67 58.33 56.33
Lactose Anhydrous 29.83 29.17 28.17
(Supertab 21AN)
Hydroxy Propyl Cellulose 2.50 4.50 7.50
Isopropy! Alcohol q.s
Sodium Starch Glycolate 5.00 5.00 5.00
Aerosil 200 1.50 1.50 1.50
Magnesium Stearate 1.50 1.50 1.50
Total weight (mg) 150.00 150.00 150.00
Intermediate Layer / Barrier Layer / Inactive Layer
Avicel PH 102 55.00 55.00 55.00
Pharmatose 200M 28.30 28.30 28.30
Povidone K30 3.00 3.00 3.00
Croscarmellose Sodium 7.50 7.50 7.50
Magnesium Stearate 1.00 1.00 1.00
Brilliant blue FCF aluminum 0.20 0.20 0.20
lake (E133)
Total weight (mg) 95.00 95.00 95.00
Metformin Layer
Metformin Hydrochloride 850.00 850.00 850.00
Avicel PH 101 12.00 12.00 12.00
Methocel K15M 120.00 120.00 120.00
Methocel K100M 90.00 90.00 90.00
Povidone K90 22.00 22.00 22.00
Purified Water
Magnesium Stearate 11.00 11.00 11.00
Total weight (mg) 1105.0 1105.0 1105.0
Table 6 Formulation Trials with different concentration of disintegrant in Vildagliptin layer
Ingredients | 30 | 32 | 33
Vildagliptin Layer
Vildagliptin 50.00 50.00 50.00
Avicel PH 101 59.67 56.17 51.67
Lactose Anhydrous 29.83 28.08 25.83
(Supertab 21AN)
Hydroxy Propyl Cellulose 2.50 4.50 7.50
Isopropy! Alcohol g.s
Sodium Starch Glycolate 5.00 8.25 12.00
Aerosil 200 1.50 1.50 1.50
Magnesium Stearate 1.50 1.50 1.50
Total weight (mg) 150.00 150.00 150.00
Intermediate Layer / Barrier Layer / Inactive Layer
Avicel PH 102 55.00 55.00 55.00
Pharmatose 200M 28.30 28.30 28.30
Povidone K30 3.00 3.00 3.00
Croscarmellose Sodium 7.50 7.50 7.50
Magnesium Stearate 1.00 1.00 1.00
Brilliant blue FCF aluminum lake 0.20 0.20 0.20
(E133)
Total weight (mg) 95.00 95.00 95.00
Metformin Layer
Metformin Hydrochloride 850.00 850.00 850.00
Avicel PH 101 12.00 12.00 12.00
Methocel K15M 120.00 120.00 120.00
Methocel K100M 90.00 90.00 90.00
Povidone K90 22.00 22.00 22.00
Purified Water
Magnesium Stearate 11.00 11.00 11.00
Total weight (mg) 1105.0 1105.0 1105.0
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Table 7 Formulation Trials with intermediate layer or separating layer

Ingredients | 34 | 35 | 36
Metformin Layer
Metformin Hydrochloride 850.00 850.00 850.00
Avicel PH 101 12.00 12.00 12.00
Methocel K15M 120.00 120.00 120.00
Methocel K100M 90.00 90.00 90.00
Povidone K90 22.00 22.00 22.00
Purified Water g.s g.s q.s
Magnesium Stearate 11.00 11.00 11.00
Total weight (mg) 1105.0 1105.0 1105.0
Intermediate Layer / Barrier Layer / Inactive Layer
Avicel PH 102 58.30 56.65 55.00
Pharmatose 200M 30.00 29.15 28.30
Povidone K30 3.00 3.00 3.00
Croscarmellose Sodium 2.50 5.00 7.50
Magnesium Stearate 1.00 1.00 1.00
Brilliant blue FCF aluminum lake (E133) 0.20 0.20 0.20
Total weight (mg) 95.00 95.00 95.00
Vildagliptin Layer
Vildagliptin 50.00 50.00 50.00
Avicel PH 101 56.17 56.17 56.17
Lactose Anhydrous(Supertab 21AN) 28.08 28.08 28.08
Hydroxy Propyl Cellulose 4.50 4.50 4.50
Isopropy! Alcohol g.s g.s q.s
Sodium Starch Glycolate 8.25 8.25 8.2
Aerosil 200 1.50 1.50 1.50
MagnesiunfStearate 1.50 1.50 1.50
Total weight (mg) 150.00 150.00 150.00
Table 8 Initial Results of Drug-Excipients Compatibility Studies
Material Ratio Initial
- RRT- Amide Acid RRT-0.94 | RRT-1.54 Single Total
o 0.60 (RRT- (RRT- max impurity
=3 0.85) 0.91)
@
a
API [Vildagliptin] - ND 0.00 0.00 ND 0.01 ND 0.01
API + Metformin HCI 15 ND 0.00 0.07 ND 0.02 0.01 0.11
API + Cellulose 1:2 0.03 0.01 0.00 ND 0.01 0.03 0.05
Microcrystalline
API + Lactose 1:2 ND 0.01 0.01 ND 0.02 ND 0.04
Anhydrous 9
API + Hydroxy Propyl 1:0.2 g ND 0.02 0.00 ND 0.00 ND 0.02
Cellulose =
API + Povidone K90 1:.0.2 2 ND 0.02 0.05 ND 0.01 0.01 0.09
API + HPMC K100 1:.0.5 g ND 0.01 0.01 ND 0.00 0.01 0.04
Premium
APl + SodiumStarch 1:0.2 ND 0.01 0.01 0.01 0.01 0.00 0.01
Glycolate
API + Aerosil 200 1:0.2 ND 0.02 0.01 ND 0.00 ND 0.05
API + Magnesium 1:0.2 ND 0.02 0.02 ND 0.00 ND 0.04
Stearate
ND- Not detected
Table 9 Results ofDrug-Excipients Compatibility Studiesafter 1 Month
Material Ratio 1M —40°C/75%RH
RRT-0.60 Amide Acid RRT- RRT- Single Total
5 (RRT- (RRT- 0.94 154 max impurity
_‘g. 0.85) 0.91)
?
a
API [Vildagliptin] - g ND 0.00 0.00 ND 0.01 ND 0.02
API + Metformin 1.5 S ND 0.05 0.89 ND 0.05 0.03 112
HCI S
API + Cellulose 1:2 2 0.00 0.03 0.01 ND 0.01 ND 0.05
Microcrystalline
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APl + Lactose 1:2 ND 0.02 0.01 ND 0.01 ND 0.04
Anhydrous
API + Hydroxy 1:0.2 ND 0.03 0.01 ND 0.01 0.01 0.05
Propyl Cellulose
API + Povidone 1:0.2 ND 0.05 0.51 ND 0.04 0.04 0.77
K90
AP| + HPMC 1:05 ND 0.02 0.02 ND 0.01 0.01 0.09
K100 Premium
API + Sodium 1:0.2 ND 0.01 0.01 ND 0.01 ND 0.03
Starch Glycolate
API + Aerosil 200 1:0.2 ND 0.02 0.01 ND 0.00 ND 0.05
API + Magnesium 1:0.2 ND 0.09 0.02 ND 0.01 ND 0.12
Stearate
ND- Not detected
Table 10 Blend properties of Metformin HCI layer and Vildagliptin Layer
Formulation Bulk Density (g/ml) Tapped Density (g/ml) Ca r indes (%) Hausner's
(Trial No.)
Blend Properties of Metformin HCI IR Layer
1 0.59 0.68 13.24 1.15
2 0.63 67.00 5.97 1.06
3 0.61 0.69 11.59 1.13
4 0.57 0.67 14.93 1.18
5 0.64 0.74 1351 1.16
6 0.60 0.68 11.76 1.13
7 0.61 0.67 8.96 1.10
8 0.59 0.64 7.81 1.08
9 0.63 0.69 8.70 1.10
10 0.58 0.67 13.43 1.16
11 0.58 0.71 18.31 1.22
12 0.61 0.68 10.29 1.11
13 0.63 0.67 5.97 1.06
14 0.59 0.69 14.49 1.17
15 0.61 0.67 8.96 1.10
16 0.64 0.71 9.86 1.11
17 0.60 0.68 11.76 1.13
18 0.61 0.72 15.28 1.18
19 0.61 0.72 15.28 1.18
20 0.63 0.71 11.27 1.13
21 0.59 0.73 19.18 1.24
22 0.64 0.75 14.67 117
Blend Properties of Vildagliptin SR Layer
23 0.51 0.62 22.73 1.29
24 0.55 0.68 19.12 1.24
25 0.50 0.63 20.63 1.26
26 0.57 0.69 17.39 121
27 0.54 0.66 18.18 1.22
28 0.53 0.68 22.06 1.28
29 0.51 0.62 17.74 1.22
30 0.58 0.67 13.43 1.16
31 0.60 0.69 13.04 1.15
32 0.55 0.64 14.06 1.16
33 0.61 0.72 15.28 1.18
Table 11 Blend properties of Metformin HCI layer and Vildagliptin Layer
Formulation % Cumulative Retention on
(Trial No.) 30# | 40# [ 60# [ Pan
Blend Properties of Metformin HCI Layer
1 15 39 66 100
2 24 45 75 100
3 28 49 79 100
4 19 41 71 100
5 32 51 82 100
6 24 41 69 100
7 20 45 71 100
8 25 50 73 100
9 27 54 76 100
10 22 49 73 100
11 18 41 69 100
12 22 43 76 100
13 26 48 71 100
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14 20 44 74 100
15 21 48 78 100
16 29 53 82 100
17 19 40 74 100
18 22 45 78 100
19 24 41 70 100
20 21 47 64 100
21 27 51 77 100
22 19 46 71 100
Blend Properties of Vildagliptin Layer
23 8 24 36 100
24 3 22 37 100
25 9 23 32 100
26 6 21 34 100
27 8 23 32 100
28 4 21 38 100
29 7 30 41 100
30 12 35 54 100
31 19 45 68 100
32 14 33 51 100
33 15 31 52 100

Table 12 Postcompression parameters of Metformin HCI and Vildagliptin Tri-layer Tablet

Trail No. | Weight Variation | Hardness (N) | Thickness (mm) Friability Drug Content (%)
(mg) (%) Metformin Vildagliptin
1 1350 + 15 27071 350 7.80i 8.10 0.24 98.5 99.5
2 1350 + 15 2707 350 7.801 8.10 0.44 99.4 97.9
3 1350 + 15 2701 350 7.801 8.10 0.31 98.7 98.6
4 1350 £ 15 27071 350 7.80i 8.10 0.22 99.1 99.2
5 1350 + 15 2701 350 7.801 8.10 0.41 99.1 99.1
6 1350 + 15 27071 350 7.80i 8.10 0.39 99.8 99.9
7 1350 + 15 2707 350 7.801 8.10 0.35 101.1 100.8
8 1350 + 15 27071 350 7.80i1 8.10 0.31 100.4 1014
9 1350 + 15 27071 350 7.80i 8.10 0.27 100.7 99.8
10 1350 + 15 2707 350 7.801 8.10 0.44 99.8 102.1
11 1350 + 15 27071 350 7.80i 8.10 0.41 98.7 98.7
12 1350 + 15 270i 350 7.801 8.10 0.55 99.6 99.4
13 1350 £ 15 27071 350 7.80i 8.10 0.61 99.1 99.7
14 1350 + 15 270i 350 7.801 8.10 0.49 99.9 98.6
15 1350 + 15 2707 350 7.801 8.10 0.54 98.6 99.1
16 1350 £ 15 2707 350 7.80i 8.10 0.45 98.1 99.8
17 1350 + 15 2707 350 7.801 8.10 0.51 97.9 97.5
18 1350 £ 15 27071 350 7.80i 8.10 0.55 99.6 98.3
19 1350 + 15 2707 350 7.801 8.10 0.42 99.1 99.9
20 1350 + 15 2701 350 7.801 8.10 0.38 99.8 100.7
21 1350 £15 27071 350 7.80i 8.10 0.47 99.2 99.3
22 1350 + 15 2701 350 7.801 8.10 0.51 99.7 100.0
23 1350 £ 15 27071 350 7.80i 8.10 0.28 99.3 100.7
24 1350 + 15 2707 350 7.801 8.10 0.45 98.8 99.9
25 1350 £ 15 27071 350 7.80i 8.10 0.19 98.9 98.4
26 1350 £ 15 27071 350 7.80i 8.10 0.34 99.1 99.1
27 1350 + 15 270i 350 7.801 8.10 0.51 99.5 97.6
28 1350 £ 15 27071 350 7.80i 8.10 0.29 100.3 994
29 1350 + 15 270i 350 7.801 8.10 0.37 100.1 100.2
30 1350 £ 15 27071 350 7.80i 8.10 0.31 99.8 97.1
31 1350 + 15 2707 350 7.801 8.10 0.28 99.1 98.6
32 1350 + 15 2707 350 7.801 8.10 0.37 98.9 99.1
33 1350 + 15 27071 350 7.80i 8.10 0.21 98.5 100.2

Table 13 Postcompression parameters of Trilayer Tablet with different concentration of disintegrant in Intermediate Layer / Barrier Layer

Trail No. Weight Variation Hardness (N) Thickness (mm) Friability (%) Drug Content (%) DT"
(mg) Met Vilda (Secs)

34 1350 + 15 2707 350 7.801 8.10 0.31 98.5 99.5 190

35 1350 + 15 27071 350 7.80i 8.10 0.41 994 97.9 110

36 1350 + 15 27071 350 7.80i 8.10 0.28 98.7 98.6 51

*Disintegration Time (DT)
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Table 14 Dissolution profile of Metformin HCI SR layer

Time Glumetza 1 2 3 4 5 6 7 8 9 10
(Hrs.)
2 30 49 43 35 48 49 47 55 48 47 49
4 55 75 70 52 71 70 68 78 72 68 75
6 72 92 85 62 85 84 84 92 85 79 92
8 82 98 94 71 98 91 94 99 92 89 96
10 90 99 98 81 99 95 99 98 97 95 98
12 96 99 98 90 98 99 101 99 99 99 98
F, - 40 47 54 42 44 45 36 44 47 40
Time 11 12 13 14 15 16 17 18 19 20 21 22
(Hrs.)
2 28 41 45 50 36 35 43 38 34 28 22 18
4 46 64 68 70 61 59 64 61 60 54 45 40
6 64 79 83 84 79 75 79 79 77 71 65 72
8 76 89 92 94 91 89 88 90 88 83 88 91
10 89 94 98 98 96 96 96 97 94 92 96 98
12 98 98 99 98 98 99 99 99 98 99 98 98
F, 62 55 47 43 60 65 53 59 67 83 57 49
Table 15 Dissolution profile of Vildagliptin layer
Time Galvus 23 24 25 26 27 28 29 30 31 32 33
(Mins.)
5 35 25 36 19 27 21 44 16 29 26 36 42
10 62 48 64 40 51 44 74 37 58 54 64 73
15 85 66 84 59 75 62 94 55 77 71 84 89
20 96 83 94 75 89 80 99 72 86 82 95 98
30 99 95 99 90 95 94 99 95 95 93 99 99
45 101 100 100 929 99 929 99 101 99 99 99 99
F, 42 86 33 52 37 52 30 56 47 89 58
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