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ABSTRACT

The present study was to develop a bilayer floating tablet for Atenelol and Carvedilol using direct compression
method. Bilayer floating tablets were designed to prolong gastric retention time and increase the bioavailability of
the drug. Bilayer floating tablets made up of two layers, immediate release layer and controlled release layer.
Immediate release layer contains sodium starch glycolate as a super disintegrating agent and controlled layer
contains carbapol934p grade polymers and Ethyl cellulose as controlled release polymers .Sodium bicarbonate is
used as a gas generating agent. The tablets were evaluated for physico-chemical properties such as bulk density, tap
density, hausners ratio, hardness, thickness, friability, drug content, floating lag time, floating duration in vitro
drug release by dissolution studies and stability studies . FT-IR studies revealed that there was no interaction
between the drug and polymer used in the study. The optimized tablets B12 showed controlled and complete drug
released 99.95% over a period of 24 hrs. And it follows zero order release and non-Fickian diffusion.

Key words: Atenelol and Carvedilol, carbapol934p, Ethyl celke, sodium starch glycolate, bilayer floating
tablets, Buoyancyin vitro drug release.

INTRODUCTION

Oral drug delivery has been known for decades agrtbst widely utilized route of administration argoall the
routes that has been explored for the systemiwetgliof drugs via various pharmaceutical produdtslifierent
dosage fornts

Gastro retentive system can remain in the gastgon for several hours and hence significantlyqrg the gastric
residence time of therapeutic agents. Prolongettigastention improves bioavailability, reducesigrwaste and
improves solubility for drugs that are less solubl@a high pH environment .gastro retention hetpprovide better
availability of new products with new therapeutispibilities and strong substantial benefits fdiguas’.

Floating drug delivery system have a bulk dengitydr than gastric fluids thus remain buoyant ingteemach for a
prolonged period of time ,without affecting the @semptying rate .while the system is floating the gastric

contents, the drug is released slowly and almasipbetely at a desired rate form the system. Atterrelease of the
drug, the residual system becomes liable to be iethfitom the stomach .this results in an increasthé gastro
retentive time, bioavailability and a better cohwb fluctuations in the plasma drug concentratiofisus floating

drug delivery system is a safe and efficient tetbgypfor drug delivery.
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Bilayer floating tablets are composed of two layefrgranulation compressed together. They haveappee of a
sandwich because the edges of each layer are ekpBsayer tablets are prepared with one layer afgdfor
immediate release with second layer design to selekug later, either as second dose or in a sestaelease
maner.

To get sustained release of the drug is aimed twedse the dose dumping frequency and so its $idetse
Sustained —release formulations may be administaned or twice daily. The multilayered tablet cept has been
long utilized to develop sustained release fornmtat Such a tablet has a fast releasing layemn@adcontain bi or
triple layers to sustain the drug release. Themhaokinetic advantage relies on the fact that delepse from fast
releasing granules leads to a sudden rise in taltoncentration .However; the blood level is rteired at steady
state as the drug is released from the sustainiaguges. Among the different polymers, Ethyl celké and
Carbapol934p have been used successfully to oapgiropriate sustained release matrix formulafions

Atenelol is an antihypertensive agent, atenelol macts with sympathomimetic neurotransmitters sush a
catecholamine’s for binding at beta (1)-adrenergiceptors in the heart and vascular smooth musdgiting
sympathetic stimulation. This results in a reduttiio resting heart rate, cardiac output, systatid diastolic blood
pressure, and reflex orthostatic hypotension. Trag dlso has relatively half life of 6-7 hours. SR products are
needed for Atenelol to prolong its duration of aotand improve patient compliarice

Carvedilolis a beta-adrenergic receptor blocking ability dases the heart rate, myocardial contractility, and
myocardial oxygen demand. Carvedilol also decregagstemic vascular resistance via its alpha adgimesceptor
blocking properties. Therefore, Carvedilol and itetabolites may be beneficial in chronic heartufail by
preventing free radical damage. Antihypertensivenag Vasodilator Agent, Carvedilol is indicated ihe
gnanagement of congestive heart failure. An elindmahalf life of 6-10hrs.So IR products is needed@arvedilof

MATERIALS AND METHODS

Carvedilol and Atenelol were provided as gift saenplD Life sciences, Hyd, India. Carbapol934P, PVRB&
Citric acid, Cross povidone, micro crystalline aldse of analytical grade were purchased from Lbbage Pvt
Ltd, Mumbai. Magnesium stearate, hydroxyl propyltimyk cellulose, xanthum gum, Guar gum, Cross caosel
sodium. Of analytical grade were purchases fromfS2 chemical, Mumbai. Ethyl cellulose were pasdéd from
S.P Chemicals, Mumbai.

Methods

Preparation of bilayerd tablet; Bilayerd tablétAdenelol and Carvedilol was developed in threffedéent stages.
Sustained release layer of Atenelol was preparathadpal934p, ethyl cellulose by direct compressiechhique.
Immediate release layer of Carvedilol was prepametium starch gylcolate by direct compression tiepied”®.

Pre Compression Parameters:

Bulk density (Dy):

It is the ratio of mass of powder to bulk voluméweTbulk density depends on particle size distridsytshape and
cohesiveness of particles. Accurately weighed diyaaf powder was carefully poured into graduatedasuring
cylinder through large funnel and volume was measunhich is called initial bulk volume. Bulk densiis
expressed in gm/cc and is given by,

D,=M/V,

Where, [ = Bulk density (gm/cc)

M is the mass of powder (g)

V, is the bulk volume of powder (cc)

Tapped density (Q):

Ten grams of powder was introduced into a clean,180mI measuring cylinder. The cylinder was thegoped 100
times from a constant height and tapped volumeread. It is expressed in gm/cc and is given by,

Di=M/V,
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Where, Ris the tapped density (gm/cc)
M is the mass of powder (g)
V. is the tapped volume of powder (cc)

Compressibility index:
The compressibility of the powder was determinedhgyCarrs compressibility index.

Carrs index (%) = [(Dp — D) x 100)/Dy

Angle of repose §)

It is defined as the maximum angle possible betwbensurface of pile of the powder and the horiabptane.
Fixed funnel method was used. A funnel was fixethws tip at a given height (h), above a flat korital surface
on which a graph paper was placed. Powder wasullgrgbured through a funnel till the apex of thenical pile
just touches the tip of funnel.The angle of repeas then calculated using the formula,

0 = tan*(h/r)

Where,0 = angle of repose
h = height of pile,
r = radius of the base of the pile.

Post Compression Parameters:

Thickness and Diameter:

Control of physical dimension of the tablet suchtaskness and diameter is essential for consureance and
tablet uniformity. The thickness and diameter @& thblet was measured using Vernier calipers. mhéasured in
mm.

Hardness:

The Monsanto hardness tester was used to detether@blet hardness. The tablet was held betwdew®e and
moving jaw. Scale was adjusted to zero; load wadwgally increased until the tablet fractured. Thkig of the load
at that point gives a measure of hardness of thiettaHardness was expressed in Kgficm

Friability (F):

Tablet strength was tested by Roche friabilatoe. \Weighed tablets were allowed for 100 revoluti@tmin), taken
out and were deducted. The percentage weight lasscelculated by rewriting the tablets. The % fligbwas then
calculated by,

(""1‘; ].'I:u‘l:l.al} - ﬂ]"'? f'm,al)
P X 100
(W intial)
Weight variation:
Randomly selected twenty tablets were weighed iddally and together in a single pan balance. Tverage

weight was noted and standard deviation calculafée. tablet passes the test if not more than twtets fall
outside the percentage limit and none of the tabifegrs by more than double the percentage limit.

“‘H avg} - (*‘\],‘,-_ ]Itl.tlal}
D= X 100

(‘\]”.T avg}

Where, PD = Percentage deviation )= Average weight of tablet, Wia = individual weight of tablet.

Disintegration time of Upper layer:
The disintegration time of upper layer was carmed by using disintegration test apparatus, usidgl® Buffer
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solutions as disintegration media, when all theeupgyer of six tablets was completely disintegiatae time was
noted.

Swelling Index:

Swelling index of sustained release layer of thayler tablet is conducted by using USP dissoluéipparatus-II in
900 ml of 0.1N HCI which is maintained at 37+0.5%6tated at 50 rpm. At selected regular intervéis,tablet is
withdrawn the excess water was blotted with tispaper. This procedure was repeated until the tabkthes
constant weight. The swelling index was calculatsitig following formula

% Swelling Index = {(W,) — (Wo)/ (W )} x 100

Where
Wt is the weight of the swollen tablet, and
Wo is the initial weight of the tablet.

Buoyancy Studies:

Thein vitro floating behavior of the tablets was studied kgcpig them in 900ml glass beaker filled with 900afl
0.1 N HCI (pH 1.2). The floating lag time (time fmat between placing the tablet in the medium aibtetdloating)
and floating duration of the tablets were determiibg visual observation

Uniformity of drug content

A. Stock Solution: The assay for the drug content was carried outveighing five tablets and calculated the
average weight. Then the tablets were triturategetoa fine powder. From the resulting trituratéghed accurately
powder which is equivalent to 100 mg of Carvedédntl Atenelol HCI in 100 ml of volumetric flask caiting few
ml of 0.1 N HCI and shake for some time and makkive up to 100 ml with0.1 N HCI.

B. Stock Solution: Pipette out 10 ml from the stock solution 1 into#rerl00 ml of volumetric flask and make
up the volume with 0.1 N HCI. (i.e. 100pg / ml).

Aliquots: From the above solution withdraw quantity (as peersrange i.e. 2-2Qug/ml) and the volume was
making up to 10 ml with 0.1 N HCI. The absorbaneswneasured at 242-282 nm by using 0.1 N HCI askbla

In-Vitro Release Study:

In-vitro drug release studies were carried out using USBsblutionapparatus type Il (Electrolab, Mumbai, India)
at 50 rpm. The dissolution medium consisted of ®00f pH 1.2 acidic buffers, maintained at 37 +°@5The drug
release at different time intervals was measuréugusn ultraviolet visible spectrophotometer (Latidm Mumbai,
India) at 242 and 282 nm.

Kinetic Analysis of In-Vitro Release Rates of Bilajer Floating Tablets of Carvedilol and Atenelol*

The results of in vitro release profile obtained fall the formulations were plotted in modesdafa treatment as
follows:-

1. Zero — order kinetic model — Cumulative % drug asked versus time.

2. First — order kinetic model — Log cumulative pettodrug remaining versus time.

3. Higuchis model — Cumulative percent drug releasrdus square root of time.

4. Korsmeyer equation / Pappas model — Log cumulgigreent drug released versus log time.

Zero order kinetics:
Zero order release would be predicted by the falgvequation:-

At = Ao — Kot

Where,

A = Drug release at time t.

Ao = Initial drug concentration

Ko = Zero — order rate constant thr
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When the data is plotted as cumulative percent telease versus time, if the plot is linear thendhta obeys Zero
— order release kinetics, with a slope equalgo K

First Order Kinetics:
2First — order release would be predicted by thieviang equation:-

Log C=log G — Kt/ 2.303

Where,

C = Amount of drug remained at time t.
Co = Initial amount of drug.

K = First — order rate constant (hr

When the data is plotted as log cumulative perdemgy remaining versus time yields a straight lindjcating that
the release follow first order kinetics. The consta can be obtained by multiplying 2.303 with glepe values.

Higuchis model:
Drug release from the matrix devices by diffusicas tbeen described by following Higuchis classidusion
equation.

Q=[D/ (2A-Cs)Cst}?

Where,

Q = Amount of drug released at time t.

D = Diffusion coefficient of the drug in the matrix
A = Total amount of drug in unit volume of matrix.
Cs = the solubility of the drug in the matrix.

Cst = Porosity of the matrix.

t = Time (hrs) at which g amount of drug is relehse

Above equation may be simplified if one assumesEha&s, and A, are constant. Then equation becomes

When the data is plotted according to equationdunulative drug release versus square root of fiiakls a
straight line, indicating that the drug was relebbg diffusion mechanism. The slope is equal to (Hguchis
1963)

Korsmeyer equation / Peppa’s model:

To study the mechanism of drug release from thtased — release floating matrix tablets of cefigirthe release
data were also fitted to the well — known exporargquation (Korsmeyer equation / Peppas law egulgtivhich is
often used to describe the drug release behawior frolymeric systems.

M,/ M, = Kt"

Where,

M,/ M, = the fraction of drug released at time t.

K = Constant incorporating the structural and getoiced characteristics of the drug / polymer syst
N = Diffusion exponent related to the mechanidrthe release

Above equation can be simplified by applying logbmth sides, and we get:

LogM;/M,=Log K +nLogt
When the data is plotted as log of drug releasesisgeog time, yields a straight line with a slaggial to n and the

K can be obtained from y — intercept. For Fickiatease n = 0.45 while for anomalous (non — Fickteam)sport n
ranges between 0.45 and 0.98. The result of ino-ditug release study of all the formulation asxghbelow.
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FTIR study:
FTIR spectra of the selected formulation were talew compared with the spectrum of pure drug. The
characteristic peaks of drug were checked in thmditation spectra.

Stability Studies'

Stability studies of pharmaceutical products weomedas per ICH guide lines. These studies are msigo
increase the rate of chemical or physical degradaif the drug substance or product by using exagee storage
conditions.Selected formulations were stored dediht storage conditions at elevated temperasuek as 2+
2°C 1 60% + 5% RH, 3 + PC / 65% +5% RH and 4C€ + 2 / 75% + 5% RH for 90 days. The samples were
withdrawn at intervals of 30 days and checked forsjcal changes, hardness, friability, drug content

In-vitro buoyancy studies In-vitro buoyancy studies were performed for fleemulations as per the method
described by Rosa et. The randomly selected tafstats each formulation were kept in a 100ml beata@mtaining
simulated gastric fluid, PH 1.2 as per USP. Theetitaken for the tablet to the surface and float w&en as
floating lag time (FLT). The duration of time theshge form constantly remained on the surface afiumewas
determined as the total floating time (TLT).

Release rate study:The release rate of Atenelol from floating tabletss tablet was determined USP dissolution
testing apparatus type 1 (Basket method) and th&aovedilol in USP dissolution testing apparatysetl. The
dissolution test was performed using 900 ml of Otbdrochloric acid, at 37+ (®°& and 50rpm.A sample (5ml) of
the solution was withdrawn from the dissolution agus hourly and the sample were replaced witehfre
dissolution medium. The sample were filtered thtoug 0.454 membrane filter and diluted to a suitabl
concentration with 0.1N hydrochloric acid Absorbaraf these solutions was measured at 282nm(Atgnatal
242nm (for Carvedilol) using a UV/Visible spectragpbmeter. The percentage of drug release was glatjainst
time to determine the release profile

.RESULTS AND DISCUSSION

All the formulations given in table 1 and 3 werenfollated. Once daily dosage form of sustained seléstenelol
and immediate release Carvedilol tablets were fdrrtieey were evaluated for various physical properti
individually and the values are shown in the tadbie 7 respectively. As swelling polymers are usedustain the
release swelling indexes were obtained for 24 hEsgure 1 and 2 shows the dissolution profile okmélol
sustained release tablets and Carvedilol immedigase tablet.

Table: 1 Formulation table of Carvedilol immediaterelease layer CFI-CF6

CONTENTS(mg) | CF1 CF2 CF3 CF4 CF5 CF6
Carvedilol 3.125 3.125] 3.12§ 3.12p  3.125 3.1p5
SSG 10 _ _ 15 _ _

CP _ 10 _ _ 15 _

CCs _ _ 10 _ _ 15
PVPK30 10 10 10 10 10 10

Mg Stearate 5 5 5 5 5 5
MCC 171.75| 17175 17176 166.15 166.)7/5 166.75
TOTAL 200 200 200 200 200 200

TABLE:2 Precompression parameters of powder blend

Formulation Bulk density Tapped density Compressibility Hausner's Angle of repose
code (gm/mL) (gm/mL) index(%) ratio ©)
CF1 0.376 0.422 1.15 13.20 20.51
CF2 0.382 0.412 1.18 15.38 19.71
CF3 0.324 0.410 1.23 18.75 22.45
CF4 0.385 0.421 1.19 16.07 23.44
CF5 0.42¢ 0.561 1.7¢ 14.87 20.1¢
CF6 0.377 0.424 1.14 12.62 24.65
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TABLES3: Post-compression parameters for immediatedrmulation

Forrgg:jaetlon Weight Variation (Mg) | Hardness (kg/crr?) Thickness (mm) | Friability (%)
CF1 200 +2.54 3.93 £0.023 3.23+ 0.022 0.31
CF2 198+2.62 3.94 0.01¢ 3.23+0.041 0.1€
CF3 196.4 +2.41 3.25 +0.031 3.34 +0.027, 0.24
CF4 199+ 2.64 3.83+ 0.013 3.43+0.012 0.26
CF5 197+ 2.43 3.84 +0.029 3.33+ 0.031 0.22
CF6 198.4+ 2.71 3.85 +0.021 3.44+ 0.017 0.34
TABLE 4: In vitro % Cumulative drug release (CF1-CF6)
Time(min) | cF1 | cF2 | cr3 | cra| crs| cre
5 21.26| 2599 1474 228 18l 18l6
10 26.28| 34.56] 392§ 294 29B 41p
15 48.14| 37.51) 5287 39.4 384 586
30 62.32| 69.45] 7503 609 60B 7488
45 72.16| 87.4] 9394 804 68B 89p
60 89.24| 85.7] 91.87 99.9p 874 93.98
Figure 1;-In-Vitro dissolution profile of formulati on CF1-CF6
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Table:5 Formulation table of Atenelol sustained retase layer AF1-AF11
CONTENTS (mg) | AF1 | AF2 | AF3| AF4 | AF5| AF6 | AF7| AF8 | AF9| AF10 | AF11
Atenelol 50 50 50 50 50 50 50 50 50 50 50
HPMCK4M 60 _ _ 65 _ _ 75 _ _ 90 _
Carbapol934 _ 60 _ _ 65 _ _ 75 _ _ 90
Guar gun _ _ 60 _ _ 60 _ _ 75 _ _
Ethyl cellulost 15 15 15 3C 30 3C 30 3C
NaHCQ 60 60 60 60 60 60 60 60 60 60 60
Mg stearate 7.5 7.5 7.5 7.9 7.9 7.5 76 7.9 7.5 7675
Citric acid 7.5 7.5 7.5 7.5 75 75 7.5 75 7.5 7875
Mcc 115 115 115 100 100 100 70 70 7( 55 55
TOTAL 30C | 30C | 30C | 30C | 30C | 30cC 30C | 30C 30C | 30C 30C
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TABLE:6 Precompression parameters of powedr blerfd

Formulation code | Bulk density | Tapped density | Compressibility index (%) | Hausner’s ratio | Angle of repose
AF1 0.721+0.045 0.87+0.01 17.126+0.6 1.206+0.0§ 26.62:0.21
AF2 0.71040.043 0.873+0.04 19.714+0.7 1.251+0.04 27.46:0.11
AF3 0.41+0.045 0.483+0.5 15.113+0.8 1.178+0.04 28.32:0.31
AF4 0.45+0.045 0.52 +0.09 15.60+0.2 1.15+0.02f 28.06+0.31
AF5 0.45+0.045 0.50 +0.07 12.23+0.6 1.11+0.04| 27.5¢+0.1F
AF6 0.44+0.044 0.50 + 0.09 12.58+0.8 1.13+0.08| 28.44+0.11
AF7 0.45+0.045 0.52 +0.09 15.60+0.2 1.15+0.02| 28.0€+0.31
AF8 0.41+0.04 0.42+0.05 15.1+0.8 1.1+0.08 28.3:0.31
AF9 0.37+0.0! 0.43+ 0. 12.65+ 0.0r 1.14+0.0t 26.19+0.1
AF10 0.36+ 0.04 0.42+ 0.04 13.22+ 0.09 1.15+0.04 25.4820
AF11 0.33+0.0- 0.37+0.. 12.40+ 0.0r 1.14+0.0: 27.18+0.2!

TABLEY: Post-compression parameters for immediatedrmulation

Formulation Avg. Weight Hardnezss Friability % Drug content | Buoyancy | Total floating

code (Meant S.D) | (kg/e) | (Means) (mg) Lag time Time(hrs)
(n=20) (n=3) (n=20) (min)

AF1 303+0.6 7.2+0.4 0.546 98+0.7 2 8hrs
AF2 300+0.9 7.5+0.4 0.612 99+0.5 2 8hrs
AF3 307+0.3 7.4+0.6 0.527 98+0.6 3 8hrs
AF4 301+0.8 7.310.1 0.511 99+0.6 1 >12hrs
AF5 306+0.8 7.6+0.6 0.525 99+0.6 30 seq 12hrs
AF6 304+0.8 7.3+0.4 0.555 98+0.5 3 12hrs
AF7 301+0.4 7.6+0.1 0.511 99+0.6 2 >16hrs
AF8 301+0.5 7.4+0.1 0.511 99+0.6 5 >16hrs
AF9 305+0.8 7.2+0.4 0.545 98+0.5 3 >20hrs
AF10 308+0.4 7.310.1 0.541 99+0.6 45seg >24hrs
AF11 307+0.5 7.1+0.1 0.561 98+0.6 2 >24hrs

Figure :2-In-Vitro dissolution profile of formulati on CF1-CF6
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Compression of bilayer tablets:

For immediate layer of Carvedilol, we used sodiuarch glycol ate as superdisintegrant. In abovenidations
CF1, CF2, CF3 Sodium starch glycolate was usedimtentration of 5% and CF4, CF5, CF6 in concertmatif
7.5% respectively. From it can be told formulatidoR4 released 99.96% of drug with in 60min whicklésirable.
Hence Batch CF4 with 7.5% of sodium starch glyelatis selected.For sustained layer of Atenelol,used
polymers of carbapol934p (30%), Ethyl cellulose¥@@vas used .Hence AF11 batch was selected.
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Bi-layer tablets were prepared by direct compressiethod?® the optimized formulations combining batch CF4-
AF11 of immediate release layer with various foratidns of controlled release layer. Batch CF4 shlibwe
disintegration time of 1min was selected for furtiséudies. Sustained layer was compressed firkdvied by
immediate release layer. The quantity of granubessiistained release layer was compressed lighthgul3 mm
diameter die. Over this compression layer, requigedntity of the immediate release layer was plaaed
compressed with a compressed force.

Table :8 - In-Vitro drug release profile of bilayerd tablet (B12)

TIME (hr) | B12
15mins 53.8
30mins 78.2
60ming 99.9¢

1 12.4
2 21.8
3 23.3
4 37.5
5 44.9
6 56.(
8 65.¢
10 75.4
12 83.5
16 89.9
20 95.8
24 99.95

TABLE 9: All data of optimized batch

Parameters B12

Friability (%) 0.56

Hardness(Kg/cm2) 6.23+0.05

Disintegration time (min) 1 min

Floating lag time(hrs) 90 sec

Total floating time (hrs 24hrs

Swelling index %)after 12hr | 142

Kinetics(values) (0.956)  Zero order
(0.77) non-Fickian diffusion.

Drug release

After 24 hrs 99.95

The drug release data of Atenelol and Carvedilalewited to models representing zero order, firster, higuchi’s
and koresmeyer’s equation kinetics to know thertiease mechanisms. The data were processed f@ssémn
analysis using MS EXCEL 2007statitical function*

Table:10 Correlation coefficient (r2) of differentkinetic model for formulation B12

Formulation | Zero order| First order| Higuchi
Cod R? R? R | Peppas
B12 0.956 0.731 0.932 0.756 0.771

Drug- excipients compatibility studies
Carvedilol and Atenelol pure drug and the optimizedlet was subjected for FTIR spectroscopic amaljer
compatibility studies and to ascertain whetherghgrny interaction between the drug and excipiaséd,

The FTIR spectra of the pure drug and formulatiandicated that characteristics peaks of Carvedital Atenelol
were not altered including any change in their t@ss$, no chemical interaction between the drugearder used.
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FTIR spectrum of Carvedilol pure drug
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FTIR spectrum of Bilayerd tablet
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CONCLUSION

HPMCK4M, Guar gum and Carbapol934p were used asboadlymer for the preparation of Atenelol sustin
release layer which enabled drug release from 2Zibhdifferent proportion of matrix polymers with areto zero
order release profile. Carvedilol immediate relebsger was prepared using sodium starch glycoléfferent
proportion where 7.5% was found promising whichirdetegtates completely with in 60mim .The coreletlof
Atenelol in bilayerd tablet was prepared by direotnpression and immediate release layer of Canledias
compression coated on it.

The optimized bilayerd tablet can be used as coatioim therapy for hypertension which reduces dofieguency
and improves patient compliance. Carvedilol releasd®gows that the dissolution rate of Carvediloi ba enhanced
considerably by using sodium starch glycolateaspeisdisintegrate.

SR fixed dose bilayer matrix tablets containing g0#tenelol as IR from one layer and 3.125mg Carteédis from
another layer can be successfully formulated.
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