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ABSTRACT

The goal in designing the bilayer tablets are shigafor the sequential release of two drugs in Wwhine layer is
immediate release as loading dose and second yenaintenance dose. The Fixed Dose CombinatioiCjFD
two or more drugs in single dosage form, which @mrensafe and effective for single or different dis#s. The
bimodal release of formulation is mainly used thiage rapid and extended release in a single do$agm. For
good quality bilayer tablet, the machinery shoutd donstructed as per GMP. The present study fodhsedual
release tablets on different types of press, teldyyoand the therapeutic benefits of bilayer tadlet
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INTRODUCTION

Bilayer tablets can be a primary option to avoidroital incompatibilities between, API by physicaparation, and
to enable the development of different drug relgaséile immediate release with extended reldase.

Bilayer tabletis a unit compressed solid dosage form intendeaifalr application. It contains two layers in which
one layer having conventional or immediate relgzem# of single or multiple actives; another lay®isustained or
controlled release part of single or multiple aetivThey are also called as Bilayer tablet.Forideatity of two
layers, different coloring agents are uded.

Bilayer tablets are novel approach in the modeanagrd the combination of drugs with different modésction
will often to be used to achieve control and mizienihe potential dose dependent side effects.Bildiyey delivery
systems in combination of drugs with a single uvaving different release profiles improve patieampliance,
prolongs t3h(43 drugs action, avoid saw tooth kinetissilting in effective therapy along with bettentrol of plasma
drug level”

Rationale in designing bilayer tablet:®

(1) To get synergistic effect

(2) Reduce the frequency of dosing

(3) To modify the surface area

(4) To separate incompatible

(5) To prepare novel drug delivery system eg. Buccstiesy, HDBS (hydrodynamically balanced System)
(6) The safety margin of high potency drug can be imed
(7) To inhibit drug interaction

(8) Theapeutic justification

(9) To control the delivery rate eg. Single or two eliéfint APIs
(10)Reduce pill burden
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Merits: °

(1) Flexible concept

(2) Lower cost

(3) Easiest & cheapest form to pack

(4) Greatest chemical and microbial stability

(5) Elegance to the product

(6) Used for different ailments in the same patienthwine pill eg. Co-morbid conditions

Demerits:

(2) Difficult to swallow for children

(2) Capping

(3)Hardness may occur

(4) Layer separation may occur

(5) Drugs owing amorphous, low density character asgegsacompression

Different types of approaches in Bilayer Tablef°

(1) Floating Drug Delivery System

Floating Drug Delivery System designed to have w ktensity and thus float on the gastric contenteraf
administration until the system either disintegsate the device absorbs fluid to the point whesed&nsity is such
that it loses buoyancy and can pass more easity flee stomach with a wave of motility responsilie gastric
emptying. The dual release of bilayer tablet isglesd in such way that, one layer gives the immedigsing of
the drug, gives quick or faster onset of action,dther layer is designed as a floating layer kterded release.

(2) Polymeric Bioadhesive System

This system designed to imbide fluid following adistration such that the outer layer becomes aouisctacky
material that adheres to the gastric mucosa/muytes.| This should encourage gastric retention timéiladhesive
forces are weakened. These are prepared as ay@ewdh immediate dosing and other layer with bilasive

property.

(3) Swelling System

These are designed to be sufficiently small on adstration on so as not to make ingestion of theade forms
difficult (eg. Less than approximately 23 mm longddess than 11mm wide for an oval or capsule shaplelet
where 10 — 12 mm in diameter for round tablets).if@estion they rapidly swell or disintegrate ofald to a size
that precludes passage through the pylorus untk afrug release has progressed to a required eleGradual
erosion of the system or its breakdown into smalkaticles enables it to leave stomach. The sirhjiégyer tablet
may contain an immediate release layer with theroldiyer as extended release or conventional eleaboth as
controlled release layer.

Various methods of fabrication of dual release Talgit: >°

OROS Push Pull Technology:

The OROS push pull technology consists of one arenteyer are essential of the drug and other lagesists of
push layer fig (1). The semipermeable membranesunds the tablet core and also consists of suspgrdjent and
osmotic agent.

Deliwery Onfice
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Figure 1: Bilayer / trilayer OROS push pull Technobgy:

220



C. Rubina Reichalet al J. Chem. Pharm. Res,, 2014, 6(9):219-229

L-OROS Technology:

This system used for the solubility concern Alzavedoped the L-OROS system Lipid soft gel produmitaing
drug in a dissolved state is initially manufactyréten coated with a barrier membrane, next osnmigh layer,
after that a semipermable membrane which drilletth an exit orifice.

Delrvery Cmfice

Oermotic push layer
Serm penneable meambmne

Bamier inmer Manbrane Soft —gelatin capaila
Liguid drag fomrailation
Figure 2: L-OROS TM Technology

DUROS Technology’

DUROS Technology based on implant technology, wipicdvides an alternative for the delivery of a widage of
therapeutic compounds, mostly peptidies, proteimsather bioactive macromolecules. The system sts1fiom an
outer cylindrical titanium alloy reservior (fig 37he DUROS technology is the miniature drug dispensystem
that opposes like a miniature syringe and religimiisute quantity of concentrated form in contineesl consistent
form over months or year.

Membrane
Drug Reservoir
L
/ N
Exit Port
Osmotic Engine Piston
Figure 3: DUROS Technology
DUREDAS TECHNOLOGY

Duredas technology can provide immediate or susthirlease of two drugs or different release tatdéthe same
drug in one dosage form.
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The tableting process can provide an immediateaseleand a modified release hydrophilic matrix cex@s
separate layers within one tablet. The modifiedasé properties of the dosage form are proceedgiegibination
of hydrophilic polymers.

Steps of compression in dual release tablets
Filling of first layer

Compression of first layer

Ejection of upper punch

Filling of second layer

Compression of both layer together

Ejection of dual release tablets

gl e rr pmpErney Ejtreon ol npgr punck Srerad Ly Bl lisg Comprrution of hiloer sl

Figure 4: Bilayer tabet compression cycle

Problems occur in developing bilayer tablets:
(1) Layer separation

(2) Order of layer sequence

(3) Layer weight ratio

(4) Elastic mismatch of the adjacent layers
(5) Cross contamination between layer

GMP & Quality of Bilayer Tablets °

To prepare a quality bilayer tablet, in a validatetd GMP way. It is imporatnt to select a bilayablét press
capable of:

(1) Prevent layer separation

(2) Maximum yield

(3) Prevent capping

(4) Provide sufficient tablet hardness for disintegnatand dissolution specification

(5) Produce a clear visual separation between twodayer

(6) Prevent cross contamination between two layers

Types of bilayer tablet press:

(1) Single sided tablet press

It is simple with both chambers of the double feesieparation from each other. The each chambezdsaith

diffeent drug powder, to form the two individuayéas. When theail passes under the feeder, thddirsr provides
powder (drug), followed by the second layer powiiug). After compression, the bilayer is produéeene or
two steps.

Single sided press has certain limit

» Weight control of each layer not monitored

« Distinct visual separation of two layers visualised

« Difficult first layer tablet sampling and samplarsport in quality control, (weight and recaliboab
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Figure 5: Single Sided Bilayer Press

(2) Double sided tablet press

Precompression and main compression for each layeffered in double sided tablet press it will fgo four
compression stages before ejection. It has morarddges than single side press.

* Weight control for accurate and control indepemtd# the individual layers

* Low compression force showed on first layer toidvwcapping & layer separation

* Maximum yield and prevention of cross contamioatof two layers.

Figure 6: ADEPT Double Sided Tablet Press

(3) Bilayer press with displacement monitoring®

Weight control of tablet using ‘displacemnet’ is @onstant force and is measure that precompresSaparation of
the two individual layers is the consequence ofufiiGent bonding between the two layers duringafin
compression. The basic problem, inherent to theptession force monitoring is overcome by usingedéht
weight monitoring system based upon ‘displacemand is shown in Fig.4.

The Courtoy R292F Tablet Press

The double sided tablet press mainly developeth®production of quality dual release tbalets provides

» Displacement weight monitoring / control for acerand independent weight control of the two indigidlayers
» To avoid tapping and layer separation low compogsRirce extended on first layer

» Pre compression of increased dwell time on bot éind second layer provide sufficient hardness

» High prevention of cross contamination

» High yield
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Figure 7: Bilayer tablet press with displacement

Clinical outcome of Bilayer Tablet:'°
(1) Drugs may produces additive / synergestic effectAugti Asthmatic Drugs
(2) Drugs may have opposite action (reduce the sigeefff each) eg.: Antacids + NSAIDS

(3) Incompatible drugs

(4) Drugs may have low biological half life (for modifl release)
(5) Drugs may be unstable at intestinal pH (Gastratate bilayer floating Drug Delivery System)

The various combinations and marketed availabkeybil tablets are given in table 1&2

Table 1: Combination of drugs and clinical outcomeof bilayer tablets

1112

Drug(s)

clinical outcome

Glimepride, Metformin HCI

Improve oral therapeugitficacy with optimal control of plasma drug level

Ranitidine, Ranitidine

Improve patient compliance @rovide additional effect

Valsartan, Metformin HCL

Improve patient compliaraze synergistic effect

Glibenclamide, Metformin HCL

Reduce frequency ofriistration and improve patient compliance

Losartan Potossium, Metformin HCL

Enhance patiembpliance and better disease management

Gliclazide, Metformin HCL

Prolong release upto 12hnd improve patient compliance

Diclofenac, Cyclobenza-prine

To produce Synergistiect in pain

Metformin HCL, atorvastatin Calcium

To develop yibkrapy for the treatment of diabetes and hypiddipia

Cefixime Trihydrate Dicloxacillin Sodium

To produsgnergistic effect in bacterial infections

Piracetam, Vinpocetin

To produce synergistic effiealzheimer disease

Metformin HCL, Pioglitazone

To produce synergigftect in diabetes mellitus

Atenolol

To overcome bioavailability problem andluee the frequency of administration and side effec

Cefuroxime Axetil Potassium Clavulanat

e

To prodsyeergistic effect against microbial infections aniciimize dose dependent side effe

pts

Amlodipine Besilate Metoprolol Succinat

e

To prodsgeergistic effect in hypertension

Diclofenac Sodium, Paracetamol

To produce synécgiiect in pain

Ibuprofen, Methocarbamol

To produce synergistieaffn backpain

Losartan

To produce dual release profile

Guaifenesin

Biphasic release profile

Tramadol, Acetaminophen

To produce synergisticceffepain

Montelukast, Levocertrizine

To improve the stapibf drugs in combination and improve the patierhpliance

Salbutamol, Theophylline

To produce synergistieefin asthma

Glipzide, Metformin HCL

To avoid interaction betwemcompatible drugs and produce synergistic effediabetes

Amlodipine, Atenolol

To produce synergistic effatthypertension

Rifampicin, Isoniazid

To improve the patient comaplie

Misorostol, Diclofenac

To minimize contact betwekngs

Aspirin, Isosorbide 5-mono nitrate

Use in the tngaxtt of pain fever and inflammatory conditions angrove the patient complianc

Granisetron HCL

To overcome bioavailability probkeand reducing side effects
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Table 2: Marketed Bilayer Tablet in India >®

Brand Name Name of the Drug Manufacturer

Clarinex — D Desloratadine / Pseudoephedrine StéphaMerck & Co.

Ditropan XL Oxybytynin Chloride Alza Corporation
Augmentin Amoxicillin / Clavulanate Janssen Phareuticals
Zyrtec — D Cetrizine HCL / Pseudoephedrine HCL Reddy’'s Labs

Cipro Ciprofloxacin Pfizer Laboratories

Istamet Sitagliptin, Metformin Hydrochloride Ranlyababoratories Ltd.
Volise — M Voglibose, Metformin Hydrochloride RantyaLaboratories Ltd.
Gluconorm Glimepride, Metformin Hydrochloride Lupitharmaceuticals
Pioglu Pioglitazone, Metformin Hydrochloride Emciearmaceutical Ltd.
Alprax Plus Sertraline, Alprazolam Torrent Pharaeuwdicals Ltd.
Diamicron XRMEX500| Gliclazide, Metformin hydrocide Sedia Pharmaceuticals (India) Pvt. Lid.

Characterization in Manufacturing Process

Manufacturing process of tablet such as wet graiouland roller compaction and presence of bindeneases the
level of complexing in understanding the criticattors governing compression and tablet breakingefduring
macufacture and storage, tablet breaking force ldhbe observed. The critical material attribtesimadividual
components final blend and the tablet press hge leffect on manufacturing of tablets. The tabtecpmpression
force, velocity of punch, dwell time, consolidatiime relaxation time etc. effect quality of tableut tailored
release profile of active pharmaceutical in grati@layer tablet have increasing interest.

In manufacturing aspects

Skipping first layer compression

Number of compression manufacturing of multilayeoedilayered tablet is equal to the number of tay# first

layer is not compress adequate, it will lead toingpof granulate of both layer migration of grarsuel periphery of
die which may lead to cross contamination. A cl@amarcation between the two layer is desirableesinis not
only visual appealing but also assures that theen® icross contamination.

Tablet breaking force

According to the current USP, tablet breaking facéhe force required to cause the tablets tokoiea specific
plane. The tablets are generally placed betweenptai@ns, one of which moves to apply sufficientcéoto the
tablet to cause fracture. For conventional, rowiitiflar cross section) tablets, loading occuresstheir diameter
(sometimes referred to as diametrical loading), fradture occurs in that plane. Tensile strengthvigies a more
fundamental measure of the mechanical strengththeftablet and it considers geometry of the tablemnsile
strength is calculated by the following. Tensileesgth = 2RiDh where, F is the load required to break the table
diametrically (as opposed to delaminating or cagpitD” and “h” are tablet diameter and thicknessspectively.
Thus, tensile strength estimates force per und aféhe tablet at breakage. This equation is egple only for the
tablets that have flat surface. For tablets thatndb have flat surface, curvature needs to be densd while
calculating the surface area. It is well documentieat the mechanical strength of a tablet can beemgdy
characterized by measureing the tensile stengtigube compression test introduced by Fell and oe\#970). In
case of a matrix tablet, the impact of componemtpgrties, such as particle size and shape, eféeectdntact
surface area and tablet porosity on the tensilength is well documented. To simplify the processernate
approaches of determining adhesion strength asasufe of binary tablet performance have been dpeeland
reported in the literature. An apparatus to meashieeshear forces needed to separate the layetseimadial
direction and relate these forces as a measurdhafsion strength was reported. Although measurenfeteinsile
strength is appropriate for assessing the tabtehgth; pharmaceutical firms tend to measure thietdreaking
force, which is essentially the load to break thieldt. Another measure for mechanical strengtthésdrushing
strength-friability ratio (CSFR). Regardless of htve tablet is evaluated for its strength, a measorassess this
critical attribute must be fully evaluated and thmice of the test method must be supported byottmeulation and
the manufacturing process. The integrity of théetabeeds to be assessed during the stabilityetudiconfirm that
aging and environment have not negatively influerite adhesion of the layers.

Effect of Lubrication

First layer is mostly uniform smooth and less rodgiricant affects the interfacial interaction betm the first
layer and the second layer. The tablet surface #mess increases the concentraion of lubricantrilegnesium
steate. In orfer to achieve a better interfacitdriaction between the layers, relatively low lubnt concentration
and low compression forces are required. Addingid¢aint punches and dies helps in manufacturingityuablets.
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Coating

Often multilayer tablets are coated to increasgagiee, protect core tablet and to control drugassle For avoiding
layer separation during the coating process itriprotant to know co-efficients of thermal expanssmif layer

separation occurs it is recommended that layeefiomulated in such a way having same thermal wiefit of

expansion.

Stability

The stability studies are performed after and durmanufacturing process to check integrity of tabhkeoughout
sheef life of formulation. This study must be pemfed under condintions as per ICH guidelines. laliso
recommended to perform drug-drug, drug-excipiemtsggbolymer interaction, humidity and effect of hem
bilayer tablet.

Invitro Dissolution Performance

The invitro dissolution testing requirement of the bilayerdesbwill vary based on the intended dosage desigh
the physico-chemical characteristics of the drugeath layer. This variability poses special chag&nin the
development of a meaningful dissolution procedorebiflayer drug product, especially if drugs witiffetent water
solubility are incorporated in the bilayer tabldis.general, attributes such as rate of swellind eate of awater
uptake need to be assessed for the bilayer taBbletsexample, if the foal of bilayer immediate &this to deliver
two incompatible API, then the separation of thiesers in the dissolution media may be of no sigaifce as this
would not have any impact on the product perforregiirt vivo). However, if the bilayer tablet is a difted release
product, with the design feature to control theeask rate of the API layer by compacting with pghackyer, the
integrity of the layers in the dissolution mediaigical to the performance of the drug produnt\ivo). In the case
of bilayer drug products, a biorelevant dissolutiest conditions would be more meaningful in eviihgaproduct
quality and product performance. For exampie,vitro dissolution testing of bilayer tablet made withteva
insoluble APIs need extensive use of simulateddflubn both fresh tablets and the long-term stgbdamples.
Having a sensitive, reliable and discriminatingvitro dissolution procedure to determine the productityuand to

predict biavailability is of primary interest to eéhagency. It is recommended that all studies damettie

development of the dissolution method must be betuin the filing to support the final method thall be used

for release and stability of the drug product. émeral, development of a meaningful dissolutiorcpdure for APIs
with limited water solubility is more challenginigan for the drug product with a high water soltpiAPl. Having

both classes of drugs in the same unit presentiiatd challenges to both the pharmaceutical itguand the
regulatory agency. To measure ihgitro drug release performance of the bilayer drug pehduell established
techniques can be used to achieve adequate dissabyt understanding the solubility difference loé tAPIs (where
applicable), use of relevant and appropriate amafirdurfactants, composition and volume of dissotuttest

medium, pH, type of apparatus and rate of agitation

Challenges involved in manufacturing of Bilayer talets

Delamination

Both layers do not adhere adequently with eachrpthay be due to increase concentration of lubtiche two
granulations should adhere when compressed.

Cross Contamination
Cross contamination occurs, when the granulatiathefirst layer intermingles with second layeware versa. For
the prevention of cross contamination proper dakéction is important.

Product Yield
Losses occur by collection of dust. Due to thitgymr tablets have lower yields than single lapbidts.

Cost and Time Consumption
Bilayer tablet press is costly, and the press nmuse slowly. More time spent on formulation devefamnt,
validation and process development.

Evaluation of Bilayer Tablet
Particle size distribution °
Particle size distribution will be measured by gs8ieving Method

Angle of Repose:

The angle of repose of API powder will be carried loy funnel method. Accurately weighed powder tlentaken
in a funnel. Height of the funnel is adjusted iclswvays that tip of the funnel just touches thexagiethe powder
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blend. The powder blend is allowed to flow througa funnel freely onto the surface. The diametethefpowder
cone is measured and angle of repose will be @tdlusing the following equation;

tan@=h/r
where@ - is the angle of repode; height of the powder corre;radius of the powder cone

Bulk Density

Accurately weigh 20 gm of the powder, which is poegly passed through 20# sieve and transferretDfml
graduated cylinder. Carefully level the powder with compacting, and read the unsettled apparentmal
Calculate the apparent bulk density in gm/ml byfthlewing formula.

Bulk Density = Weight of powder/ Bulk volume

Tapped bulk density

Accurately weigh 20 gm of the drug, which is pressty passed through 20# sieve and transferred @D
graduated cylinder. Initial volume is observed. Tdyinder will be tapped initially 100 times and aserre the
tapped volume to the nearest graduated units. @ppirtg can be repeated additional 750 times. Atfaéntap
volume is measured to the nearest graduated unit.

Calculate the tapped bulk density in gm/ml by thiéofving formula:

Tapped density = weight of the powder/ Tapped volum

Compressibility index and Hausner's ratio

The Compressibility Index of the powder blend isedmined by Carr's compressibility index. It isienple test to
evaluate the LBD and TBD of a powder and the ratghach it packed down. The Hausner's ratio is anhar that
is correlated to the flowability of a powder or gudar material.

Carr's Index (%) = [(TBD — LBD) x 100])/TBD

Hausner’s ratio = TD / BD

where, TD — Tapped Density; BD — Bulked Density

Moisture Sorption Capacity
Disintegrates may have capacity to absorb moistdngh affects the ... moisture sensitive drugs.

The Moisture Sorption Capacity test was performgd(b g of disintegrate uniformly distributed in pedish)
stability chamber at 37+ 1° C and 100% far 2 days and measure the amount of moisturekapta

General appearance®*?
The general appearance of tablets is visual ideatitl overall elegance is essential for consumezmiance for the
production process.

Size and Shape
The shape and diamensions of compressed tabledeteemined by the type of tooling during the coegsion
process.

Thickness and Diameter
The diameter of the tablets is determined with en€e Caliper (or) Screw Gauage

Weight Variation Test
For Weight Variation Test, twenty tablets are sildadandomly and the average weight is calculatedetfter the
weight variation is calculated and weight variatiswompared with IP standard.

Friability

Friability will be measured by taking randomly 1dbkets which is weighed and placed in a Friabul§Roche
Friabilator) and rotated at 25rpm for a period ahidhutes. After resolution, the tablets can be ellistnd wieghed.
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Friability is calculated by the following formula.

Wy -Ws
wy

X 1wo

Friability =
where W = Weight of the tablets before test, WWeight of the tablet after test

Hardness
The hardness of the tablet will be carved out usimgnsanto type hardness tester. The hardness dhlbtet
Kg/Cnt is measured.

Assay
The assay can be evaluated using validated arallygichniques to ensure the quality of the fornoitat

In-vitro Dissolution Studies

The bilayer formulations are subjecteditevitro durg release studies in simulated gastric andstint@ fluids to
asses their ability in providing the desired colidbdrug delivery. Thén-vitro drug release studies are carried out
using USP dissolution apparatus type-Il at spetiffam (or) the procedure mentioned in official mgraph.

Stability Studies®
Stability study of the bilayer tablet can be evéddaas per ICH guidelines Q1C.

Table 3: Recommended Long Term and Accelerated Stage Conditions

Study Storage Condition Minimum Time Period
25°C+2°C / 60% RH = 5% RH
Long M | 350c49°C / 65% RH + 5% RH 12 months
Intermediate| 30°C+2°C/65% RH + 5% RH 6 months
Accelerated | 40°C+2°C/75% RH + 5% RH 6 months

Drug Release Kinetic&’

The bilayer tablet formulation, drug release peofib be assessed for release kinetics Zero ordiest, drder,
Higuchi, Kore’smeyer, etc and is used to obtaingdrelease mechanism. All the release kinetics lidezhout by
appropriate statistical analysis.

Zero Order
Cumulative amount of drug released Vs time

First Order
Log cumulative percentage of drug remaining Vs time

Higucchi's
Cumulative percentage of drug released Vs Squatsofdime

Korsmeyer's
Log cumulative percentage of drug released Vditog

CONCLUSION

This article explains the novel approach of duddase of bilayer tablet and technology which giwesre clinical
outcomes than conventional tablets. It concludes, tthe Fixed Dose Combination Therapy is imporianthe
modern era for various disease and disorders su¢ty@ertension, diabetes, inflammatory and astlemaiilayer
tablet has been done with different or various comtion, which is useful for different ailments. (ghbilayer
formulation is safe, convenience dosage form amatgr advantages to both patient and clinician ithaiay be
administered as a single tablet in once a dayy8iltablet is quality and GMP requirements can weidely.
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