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ABSTRACT

Bilayer tablets were prepared by using combinat@fnfast dissolving lisinopril along with sustainedlease
gliclazide. The FTIR study conducted using a coatln of drugs along with excipients and polymessealed
that combination can be safely prepared. The prguwession parameter of powder blends for preparatidn
individual layers suggested good flowability andngwessibility. Lisinopril was formulated as fassstlving layer
using sodium starch glycolate, croscarmellose sodas superdisintegrants and evaluated for phygeabmeter
and disintegration time. The optimized lisinopatf dissolving layer (L-6) with highest in vitrolease of 99.73%
was selected. Gliclazide was formulated as susthinglease layer using different polymer matrix like
hydroxyethylcellulose, hydroxypropylcellulose, atlaylcellulose and evaluated for physical parametfeng with
in vitro release studies. The optimized sustairetease layers (G-5) which extend the gliclazideasé more than
8hrs was selected. Finally bilayer tablets werepared by double compression of optimized gliclazdstained
release layer and lisinopril fast dissolving laydilayer tablets were evaluated for hardness, théds, weight
variation, friability, in vitro disintegration timend in vivo antidiabetic activity using wistar satAll the physical
parameters were in acceptable limit of pharmacopseecification. The in vivo antidiabetic activiyggested that
lisinopril potentiate hypoglycemic effect of glizide and blood glucose level was constantly maiethiupto 24 h.
Hence bilayer tablets of lisinopril and gliclazides fast and sustained release combination coulcuded to
improve patient compliance towards the effectivanaggment of diabetes along with diabetic hypertemsind
nephropathy.

Keywords: Gliclazide; Lisinopril; bilayer tablets; fast eglse layer; sustained release layeryivo antidiabetic
activity.

INTRODUCTION

Bi-layer tablets are the novel drug delivery systghere combination of two or more drugs in a singté having
different release profile improves patient comptianprolongs the drug action, avoid the saw todtietics
resulting in effective therapy along with bettentrol of plasma drug level. Bi-layer tablet is siie for sequential
release of two drugs in combination, separate tveorpatible substances, and also for sustainedsel@blet in
which one layer is immediate release as initialedasd second layer is maintenance Holsence in the present
work an attempt was made to formulate bilayer tabfelisinopril and gliclazide as bimodal releagestem to
manage diabetes mellitus and to overcome diabwtiecied complications such as hypertension and opptiry.
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Patient with type | and Il Diabetes mellitus regms a population at a high risk of the cardiovaacul
cerebrovascular and renal effects of hypertengitypertension is twice as prevalent in people witibdtes as in
the general population. In both type | and Il dieke hypertension leads to a two or three foldease in major
cardiovascular events. In type Il diabetes, strakepnary heart disease account for the majoritgledth with
hypertension being associated with a four to fiele fincrease in mortality compared with normoteasiype |l
diabetic patients. On average 75-80% of adult dietseibject die from coronary heart disease, cergscular and
or peripheral vascular disease. Hypertension isappmtontributor to large vessel disease, espgcialltype I
diabetes and the level of urinary albumin, excretims been shown to reflect the degree of macralasadsk.
Therefore monitoring of the cardiovascular risktéadn these patients is critical. Several studiase suggested
that ACE inhibitor are superior to other classesagént in conferring additional cardioprotectionhiypertensive
patient with type | or Il diabetes as they decrepssienuria and preserve glomerular filtrationeré diabetic
patient and they also potentiate the effect oftsayyl urea and biguanide$ Lisinopril is ACE inhibitors which is
widely used in the treatment of hypertension inbdi&c patients and also play a vital role in thenagement of
diabetes complication such as diabetic nephropadhlif. life of lisinopril is 11-12 h and given indose of 2.5-10
mg daily’. In the GISSI-3 trail, lisinopril treatment wassasiated with improved 30 day survival in diabgiitients
after an acute myocardial infract. Gliclazide isexond generation sulphonyl urea, an antihyperglicagent that
improves glucose tolerance and enhances periphealin sensitivity in patient with type-Il diabesi. Also the
effe)c/:st of gliclazide is potentiated by the lisinibpHalf life of gliclazide is 10-12 h and given i dose of 80 mg
dail

MATERIALS AND METHODS

Lisisnopril was a kind qift from Ipca LaboratriesstPLtd, Dehradun and Gliclazide, was gifted fromtras
Pharmaceuticals Pvt Ltd Daman. HEC, HPC, EC werehaised from Loba chemicals, Mumbai. Croscarmellose
sodium and Sodium starch glycolate were purchased €olorcon Asia Pvt Ltd, Goa. All other reagemsed were

of analytical grade.

Drug-polymer interaction study by Fourier-transform ation infrared (FTIR) spectroscopy.

The drug-polymer and polymer-polymer interactionsrevstudied by FT-IR, Spectrum RX1, Perkin Elmed Lt
Switzerland by scanning the sample in Potassiunmiat® discs. The samples of both pure drug and tganu
containing drugs with different polymer were scahimaividually.

Precompression parameters for lisinopril and gliclaide layers:
Prior to compression, granules were evaluated Heir tcharacteristic parameters, such as bulk densipped
density, hausner ratio, compressibility index angdla of repose.

Preparation of Immediate Release layer of Lisinopti

Lisinopril and microcrystalline cellulose were mikavith disintegrant for 15 min in porcelain mortgassed
through 60# sieve. This blend was mixed with cdlisilicon dioxide and magnesium stearate for Saridl
processed for direct compression by using 8 mmdaamcave-faced punch at 10 station tablet premspBession
force was maintained at constant level and magmestearate as lubricant was fixed at 2% w/w for all
formulations. Disintegrants are used at 4, 6 andr8ablets. Compositions of all batches are regovesd in table-2.

Preparation of Sustained Release layer of Gliclazed

Sustained release tablet layer was prepared bgtdioenpression method according to the formulargivetable-3.
All the ingredients including drug were weighed @edely and passed through 60# sieve separateydiig and
polymer was mixed by small portion of both eachetiamd blend it to get a uniform mixture and kejdesThen all
the ingredients weighed are mixed in geometricaleorexcluding magnesium stearate to get a unifolendo
Finally mixture is blended with magnesium stearael tablets were compressed of 8mm sizes concawe ro
punch to get tablet using Rimek Compression Machine

Evaluation parameter for lisinopril and gliclazide layers: Standard physical test (hardness, thickness, fitigbi
weight variation) for immediate release lisinopgayer and sustained release gliclazide layer weréopmed and
average values were calculated according to phanpesal standard. Drug content uniformity of lisinopril layer
was determined by using 0.1N HCI as the extracivlgent, and the samples were analyzed spectropiettically

at 258 nm.n-vitro disintegration time of lisinopril layer was penfioed using Electrolab disintegrating apparatus
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using 0.1N HCI maintained at 37+0.5°C as the imioarfuid. For drug content uniformity of gliclazdayer,the
tablets were assayed using methanol as the exigastivent at 226 nm.

In vitro dissolution studies of lisinopril: Dissolution rate was studied by using USP typeppparatus at 50 rpm
using 900ml of 0.1 N HCI solutions as dissolutioadium. Temperature of the dissolution medium wastamed

at 3#0.5°C, aliquot of 5 ml of dissolution medium wasthwirawn at every 10 min interval. The absorbance of
solution was measured by UV spectrophotometric atetit 258 nm and concentration of the drug wasrchted.
The volume of the dissolution medium was adjuste®l@0 ml at every sampling time by replacing 5 nthveame
dissolution medium.

In vitro dissolution studies of gliclazideThe in vitro release of drug from gliclazide layer was carred for 8
hours using paddle type tablet dissolution appardtsP XXIII containing 900 ml of dissolution medium
maintained at 37+0.5°C and speed of agitation apB0 For the first 2 hours, 0.1N HCI buffer sotutiwas used as
dissolution medium and then the dissolution medwas changed by replacing with pH 6.8 phosphateebuff
solution for further 6 hours. At prefixed time émtal, 5 ml of solution was withdrawn and analyzed
spectrophotometrically at 226 nm after suitablatiih. The volume of the dissolution medium wasuatiid to 900
ml at every sampling time by replacing 5 ml wittmsadissolution medium.

Analysis of release datd The released data obtained were fitted into varinathematical models like zero order,
first order, Higuchi, Korsmeyer-Peppas, and Hixaoukll. Regressional analysis was performed by gisin
INSTAT Software on thén vitro release data to best fit into various kinetic niedgecording to the regression
coefficient ‘r'.

Preparation of bilayer tablet of lisinopril and gliclazide:

Optimized batch of lisinopril (L-6) and gliclazid&-5) layers were selected for preparation of leitatgblet. The
quantity of powder blend for the sustained reldager was compressed lightly at 10 station RimdHetapress
using 8mm round concave punches. Over this comgudsyer, required quantity of powder blend fott fadease
layer was placed and compressed with the hardnehs irange of 5-7 kgchio form a bilayer matrix tablet

Evaluation:
Standard physical test such as hardness, thickfresslity, weight variation andn vitro disintegration time for
bilayer tablets was performed using same methatkssribe above.

In vivo animals study of bilayer tablet using Wistar rats:

Experimental animals: Male wistar strains rats (259gms) were used for the studies. The experimert
conducted according to protocol approved by thetititnal animal ethics committee (IAEC Reg
No0.346/CPCSEA). All the animals were housed in padpylene cages lined with husk under 12/12 hrtidgrk
cycle at 22 + 2C and 45-55% relative humidity. The animals weredfevith standard pellets diet supplied by
Lipton India Ltd and allow to free access of taptevad libitum After randomization into various groups, the
animals were acclimatized for a period of 7 days.

Antihyperglycemic effects of bilayer tablet (BL):

In this study overnight fasted male wistar rats evenade diabetic by single intraperitoneal injectioh
streptozotacin (90mg/kg dissolved in mM citratefeupH 4.5). After one week of streptozotacin itij@e animals
exhibits blood glucose levels greater than 135mgielke included in the study. The blood sample vesikected
from tail vein of rats at different time intervate detect blood glucose level after 2, 4, 8 andh24after
administration of formulation gliclazide (0.72mg)kand gliclazide+lisinopril (0.72mg/kg+0.9mg/kg)rfgroup IlI
and group IV resp. whereas group | and group Neseas normal control and diabetic negative coi@tdtistical
analysis: All the results are expressed as Meant8E&way ANNOVA following dunnets test by using INST
graph pad USA for statistical analysis between gsoiThe test is consider to be significant when.8s0

RESULTS AND DISCUSSION
The precompression parameters for lisinopril fasisalving layer and gliclazide sustained releasgerlaare

tabulated in Table-1. The bulk density was foundange of 0.26 to 0.42 gm/érnwhich indicated good packing
characteristics. The Carr's compressibility indeasviound to be below 15% which suggested good cessftility
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of blend. The values of hausner ratio where founthé range of 1.07 to 1.23 suggested good flowsloif powder
blend. The angle of repose of all the blend wasiwitange of 21.66 to 28.3@dicated excellent flow property of
powder blend.

The lisinopril fast dissolving layer and gliclazideistained release layer was evaluated for hardtldskness,
friability, weight variation, drug content unifortgiandin vitro disintegration time as represented in table-4. The
hardness was in the range of 3.40 to 5.96 k@/cespectively which was within the acceptable ramde
pharmacopeial specification. The thickness was 2023 to 4.63 cm suggested uniformity in thicknegboth the
layer. The friability was less than 1% indicatedoddhandling of both the layer. The weight variati@sults
suggested uniformity in weight of both layers. Tdwntent uniformity was in range of 97.59 to 98.94#dicated
uniform dispersion of lisinopril and gliclazide o the layer. Than vitro disintegration time for the layer
containing sodium starch glycolate was 40.66 t85%23ec, and the layer containing croscarmellosaisodhowed
22.66 to 31.66 sec. As the concentration of supmrgigrants was increased there was decreasedein th
disintegration time, which was due to the fact thigher level of disintegrants probably made thgdgoores with
continuous network of skeleton providing enoughspuee within matrix for faster disintegratifénHence the
disintegration time for all the prepared layer wass than 1 minutes indicated that the prepareer laps fast
dissolving.

Thein vitro release data of lisinopril is tabulated in tabléFBein vitro release of lisinopril was plotted as percent
drug release versus time as depicted in fig-2.ifhtro release of lisinopril was rapid from all the layefhe layer
prepared by using sodium starch glycolate showe@39® 94.22% within 50 mins which was due to ermim
swelling followed by rapid disintegration. The rdjm vitro release of lisinopril in the range 99.73 to 90.91%80
mins from the layer containing croscarmellose swdivhich was attributed to fact that highest watetalke with
strong swelling of this disintegrants As the concentration of superdisintegrants irsdain all the formulated
layers, the release was more and rapid which wast@uapid disintegration in shortest time. Henasda on the
disintegration time anah vitro release study L-6 layer was selected as fastldisgdayer of lisinopril for further
preparation of bilayer tablet. The vitro release data of gliclazide from sustained laydalmilated irtable-6and
illustrated in fig-3 then vitro release of gliclazide was fast in 0.1N HCI duehe $welling of polymer matrix used
in the preparation of sustained release layer. ABO% drug was released in initial first two houFfenin vitro
release was sustained in pH 6.8 phosphate buffertalthe hydrophobic ethyl cellulose polymer whiststrong
retarder A maximum of 95.25% from HEC, 87.34% from HPC artd58% from EC polymer matrix of sustained
release layer was released within 8hrs. In theeptesvork HPC and HEC were used as hydrophilic pelym
whereas EC was used as hydrophobic polymer asririmathe preparation of sustained release laybein vitro
release followed the rank order according to polymatrix as HEC> HPC>EC. The highest release wagmid
with HEC which is commonly used hydrophilic matrigets swelled and dissolved in aqueous media fgrmin
viscous gel thereby rapidly releasing the dfugGombination of HPC with EC significantly prolortjéhe release as
compared to HPC and EC alone. The combination df Mih EC extended the release more than 8 housh@sn

in formulation G-5which was attributed to fact that the hydroxyetkifidlose enormously get swells along with EC
to form a highly viscous gel network and incorpmnatof ethylcellulose decreased the penetratiorsafent
molecules leading to decrease diffusion of the dram the gel matrix. The overall resultsinfvitro release study
suggested that the rate of drug release from thexmablet was found to be decrease with the iaseein polymer
ratio, because an increase in polymer concentratgrsed an increased in viscosity of gel (by makingore
resistant to drug diffusion and erosion) as welthesformation of a gel layer with a longer diffoisi path, which
ultimately reduced the drug release rate.

Thein vitro release data from sustained release layer wasdabjto zero order, first order, Higuchi, Korsnreye
Peppas and Hixon-Crowell, in order to establishgdraelease mechanism and kinetics of drug releasmd f
sustained release layer. The goodness of bestafit evaluated by regressional analysis of the saidefs. The
correlation coefficient’raccording to all the models is mentioned in tabl&he kinetics ofn vitro release from the
formulation G-5 obeyed zero order with the highresgion 7 value of 0.9974 for the part curve which shows
sustained release after 2 hrs primarily and theaigimg part curve for initial 2hrs obeyed first erdvhich showed
less f value due to initial burst effect. As the polymerssed were matrix hence Higuchi model was appligithv
showed good linearity with high regression 0.98R2§gested that the release mechanism was diffasiotmolled.
Hixon-Crowell cube root model showed high r valdeD®982 to 0.9871 suggested that the geometritabes of
tablet diminished proportionality due to erosiontyfdrophilic gel layerln order to define a model which will
represent the data fit for release kinetic and raeicm, then vitro release data was subjected to Korsmeyer-Peppas
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model which shows good linearity with high walue of 0.9985 to 0.9902. All formulation showealue of ‘n’
higher than 1 in the range of 1.09 to 1.42 indiddhe release probably by super case Il transpechamism due to
the large increase in osmotic pressure drivingefdré¢dence from overall study of gliclazide sustaimekkase layer
G-5 were selected for the preparation of bilaybteta

The bilayer tablets were evaluated for differenygital parameter. The hardness of bilayer tablet fwand in the
range of 5.86 + 0.11 kg/chwhich was more as compare to individual layer heeaof double compression. The
thickness of the bilayer tablet was in the rangb.2ft + 0.00 cm which was increased as compamdigidual layer
because of increase in amount of excipients. Tibbifity was 0.71 + 0.09% for bilayer tablet whialas less than 1
indicating good handeling of tablet. The weightiadon study showed low standard deviation unifaynm weight

of the tablets 300 + 0.05mg. Tlre vitro disintegration time was 20.33 + 1.15 sec for thidets suggested rapid
disintegration of only lisinopril layer whereas thiclazide layer was not disintegrated but swells.

The selected bilayer tablet (BL) and plain glictkzitablet was evaluated fior vivo antidiabetic activity in Wistar
albino rats. The results are shown in table-9 &4figrhe bilayer tablet of lisinopril and gliclazide L(Bshowed
significant (P<0.05) reduction in blood glucosedksfter 2, 4, 8, and 24 hours, whereas the pliifagide tablet
also shows significant (P<0.05) reduction in blgbdcose level after 2, 4, 8, and 24 hours. The ¢tolu in blood
glucose level was maintained upto 24 hours corlgtasing bilayer tablet which may be due to lisiribpotentiate
the effect of giclazid¥ and also due to sustained release of gliclazidkereas plain gliclazide showed fluctuation
in maintaining blood glucose level upto 24 hoursaase it was a conventional tablet containing aflivéazide.

Table 1: Precompression parameters for lisinopriend gliclazide layer

Bulk density | Tapped density Carr's index| Hausner ratio| Angle of repose|
Batch code (gmlcm) (gmicm) (Ic) (Hr) (6)
L-1 0.27+0.05 0.31+0.01 9.67+0.05 1.15+0.02 24.60%0
L-2 0.2€+0.05 0.2&+0.0¢ 7.14+0.1C 1.0&+0.04 22.05+0.0%
L-3 0.28+0.05 0.31+0.01 9.67+0.05 1.10+0.07 26.00%0
L-4 0.27+0.07 0.30+0.05 10.00+0.10 1.11+0.0Y 22010%
L-5 0.27+0.07 0.29+0.01 6.89+0.05 1.07+0.07 23.10%0
L-6 0.27+0.01 0.31+0.01 12.90+0.05 1.14+0.02 2106%
G-1 0.381 + 0.04 0.443 + 0.05] 14.03+0.11 1.16040 26.76 + 0.05
G2 0.378+ 0.0% 0.449+ 0.0% 15.78+ 0.0¢ 1.18+ 0.0€ 21.56+0.0%
G-3 0.362 + 0.02 0.446 + 0.04] 18.96 + 0.p6 1.23080 27.67 £0.01
G-4 0.426 +0.07| 0.466 + 0.07 8.58 + 0.05 1.aR05 25.49 + 0.00
G-5 0.409 +0.01 0.466 + 0.0 12.23+ 0.09 1.1808 28.36 +0.10
G-6 0.425 +0.04 0.500 +0.04 15.00 £ 0.111 1.17G8 23.24 +0.01
G-7 0.406 +0.07| 0.474 +0.03 14.34 £ 0.111 1.1608 21.85 + 0.05

Table 2: Composition of lisinopril fast dissolvinglayer

Ingredient L-1 | L2 | L3 | L4 ]|L5]|L-6
Lisinopril 10 | 1€ | 1Cc | 10 | 1Cc | 1C
Sodium starch glycolate 4 6) 8 E 4 E
Croscarmellose sodium - - - 4 6 g
MCC 83 81 79 83 81 79
Magnesium Stearate 03 op  op g2 2 D2
Colloidal silicon dioxidt | 01 01 01 01 01 01
Total 100| 100 100 100 10p 1Q0

Table 3: Composition of gliclazide sustained releadayer.

Ingredients G-l G2 G3 G4 Gp G Gi7
Gliclazide 40 40 40 40 40 40 4
HEC 80 - - 60 20 - -
HPC - 80 - - - 60 20
EC - - 80 2C 6C 20 60
Lactose anhydrous 60 6 60 60 q0 60 650
MCC 16 16 16 16 16 16 16
Talc 02 02 02 02 02 02 02
Magnesium Stearate 02 02 op a2 02 D2 02
Total 200| 200f 200 200 200 200 200
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Table 4: Physical evaluation parameter for lisinopil and gliclazide layers

Batch code H;rdness Thickness . %. . Weight Variation Drug In- vitro disintegration
g/lcm3 Friability (mg) .
(cm) content time(sec)
L-1 3.46+0.05| 2.24+0.03 0.43+0.05 100+0.02 96.6980,. 52.33+2.51
L-2 3.40+0.00] 2.30+0.00 0.33+0.05 10040.05 98.2940, 46.66+1.52
L-3 3.4340.05| 2.23+0.04 0.4040.01 10040.01 96.2840, 40.66+1.15
L-4 3.76+£0.05| 2.27+0.04 0.16+0.05 100+0.57 95.08@1. 31.00+2.88
L-5 3.70+0.00| 2.24+0.0§3 0.20+0.00 100+0.57 94.56880, 27.66+2.51
L-6 3.8340.05| 2.23+0.04 0.20+0.00 10040.02 96.656&0, 22.66+2.51
G-1 5.96+0.01| 4.21+0.02 0.50+0.40 200+0.05 98.2984. --
G-2 5.60+0.01] 4.01+0.2 0.76+0.05 200+0.10 96.2340. --
G-3 5.00+0.05| 3.96+0.02 0.43+0.05 200+0.02 95.8384Q. -
G-4 5.60+0.05| 4.63+0.0% 0.23+0.05 200+0.02 98.91#(Q. --
G-5 5.23+0.05| 4.61+0.02 0.17+0.05 200+0.10 97.58a(Q. --
G-6 5.43+0.05| 4.03+0.0% 0.63+0.05 200+0.10 94.99a840. -
G-7 5.23+0.05| 4.05+0.08 0.50+0.00 200+0.10 97.58%a0. --
Table 5: In vitro cumulative drug release profile of lisinopril from fast dissolvinglayer
Time in mins L-1 L-2 L-3 L-4 L-5 L-6
0 0.00 0.00 0.00 0.00 0.00 0.00
10 51.24+0.16| 69.97+0.04 74.93+0.05 71.08+0{30 @BD5| 89.81+0.30
20 64.46+0.48| 82.10+0.24 84.85+0.05 81.00+0{90 BHD5| 95.87+0.30
30 79.89+0.08| 89.91+0.24 91.46+0.01 90.91+0{90 2DD5| 99.73+0.10
40 90.91+0.1€ | 92.51+0.72 | 94.2:40.5C | 96.42+0.3C | 99.1&+0.01
50 94.22+0.48| 95.87+0.04 98.63+0.50 99.42+0{90
60 96.42+0.48| 97.53+0.32
70 99.18+0.16

Table 6: In vitro cumulative drug release profile of gliclazide fromsustained release layer

OO U

Time in hrs G-1 G-2 G-3 G-4 G-5 G-6 G-7
0 0 0 0 0 0 0 0
0.E 30.810.1C | 28.07+0.9C | 27.9¢0.1C | 29.0€+0.4C | 30.70.9C | 28.22+0.9C | 29.2:+0.9C
1 36.7240.1C | 35.7(x0.9C | 33.01+0.9C | 36.05+0.4C | 36.47+0.9C | 34.72+0.5C | 33.8:+0.9C
2 49.93+0.90| 48.32+0.9 45.46+0.90 46.01+0/40 483D | 46.1+0.40| 34.84+0.9
3 60.06£0.90| 58.54+0.9 51.24+0.90 52.14+0{10 509D | 49.45+0.10 43.89+0.9
4 73.05+0.90| 67.05+0.9 60.40+0.40 59.91+0{10 5H | 56.47+0.10 50.34+0.1
5 80.14+0.90| 75.09+0.1 65.95+0.10 67.76+0{10 5870 | 60.86+0.10, 56.87+0.1
6 86.1-+0.4C | 81.0¢+0.1C | 72.0(+0.1C | 74.97+0.1C | 61.57+0.1C | 68.240.4C | 63.3¢+0.1C
7 90.01:0.4C | 84.4240.1C | 74.74£0.9C | 79.0:+0.1C | 64.0240.1C | 72.26+0.4C | 67.9:40.1C
8 95.25+0.10| 87.34+0.1 76.59+0.10 83.11+0{10 6/ | 79.56+0.40 71.60+0.4D

Table 7: Regression analysis and correlation coeffent ‘r’ values of thein vitro release data according to various release kineticadel

Batch code | Zero order| First order | Higuchi | KorsmeyerPeppas| Hixon-Crowell
r r r ‘r N r
G-1 0.9477 -0.9694 0.9717 0.9937 1.2Q09 0.9912
G-2 0.9966 -0.9816 0.9681 0.9912 1.350 0.9938
G-3 0.9993 -0.9724 0.9603 0.9931 1.199 0.9871
G-4 0.9968 -0.9856 0.9744 0.9921 1.422 0.9940
G-5 0.9974 -0.9948 0.9725 0.9778 1.240 0.9982
G-6 0.9994 -0.9820 0.9664 0.9974 1.098 0.9927
G-7 0.9991 -0.9882 0.962Q 0.9902 1.320 0.9945
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Table 8: Formulation of bilayer tablet of gliclazide and Lisinopril

Ingredients BL
Gliclazide 40
HEC 20
EC 60
Lactose anhydrol 60
MCC 16
Talc 02
Magnesium stearate 02
Lisinopril 10
Croscarmellose sodit 8
MCC 79
Magnesium stearate 2
Colloidal silicon dioxide 1
Total 300

Table 9: In vivo antidiabetic activity of bilayer tablet

Grou Blood Glucose level in mg/dL
P Body weight(gms) 0 hr 2hr 4hr 8hr 24hr
230 92 68 64 66 113
Normal control 270 93 122 103 113 83
220 81 192 91 90 118
values in SEM * Mean 88.66+3.84 127.33 +35.89  8610G3*** | 89.66+13.5*** | 104.67+10.92*
250 345 239 334 225 172
Negative control 23C 20z 21C 21E 231 49¢
210 364 355 315 252 532
values in SEM * Mean 302.67+51.12  301.33+45.0 (B36.91 236.00+3.18 401.00+114.9
200 170 120 111 99 104
Gliclazide plain tabet] 300 142 80 84 88 79
230 166 109 105 71 121
values in SEM * Mez 159.33+8.7. | 103.33+5.45* | 100.66+18.78** | 86.33+6.93*** | 101.66+10.73
170 139 105 97 106 105
Bilayer tablet 170 137 81 68 55 50
170 135 75 63 60 58
values in SEM * Mean 136.33+1.76  86.66+5.921*  7&BAR60*** | 73.33+6.69*** 71.00+8.78*
* indicates P<0.05, ** indicates P<0.01, ***indates P<0.001, ‘ns’ indicates P<0.05
Fig-1: IR of both drugs in combination with polymer .
1 N ) P Pra, i
G . o 4 T w1
<1 ~ Yol [ ‘L‘w- ol [res T
\ nﬁ i A }" 5
it e - Pt S
= i v F {1t (e n
e <= g | ] N 3 vy
3 T & |
- = o I e "
-y " ¥
N \ | v, I |
(i Y ‘
T
— P / ] . Y
4 g i f ‘Tf“'*\
W (1 .
e | il
1 i
|
C1-> HEC+EC+CCH+gliclazide+lisinopril, C2> HEC+EC+SSG+gVIiclazide+lisinopril, C3 HEC+HPC+CC+ gliclazide+lisinopril,
C4-> HEC+HPC+SSG+ gliclazide+lisinopril
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Fig-2: In vitro release profile of lisinopril fast dissolving laye
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Fig-3: In vitro release profile of gliclazide sustained layer
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Fig 4: In vivo antidiabetic activity of bilayer tablets
Blood Glucose level
— 450.00 A
—
T 400.00
[ola]
__g 350.00
‘T 200.00
Y4 ss50p.00 B normal contol
a
g <200.00 m negative contol
= 1s50.00 clasid
m gliclazide
2 1c0.00 g
_8 50.00 M zliclazide+lisinopril
&= C.00
Ohr 2hr dhr 8hr 24hr
Time
CONCLUSION

Bilayer tablets were prepared by double compressfasptimized lisinopril fast dissolving layer (b-@&long with
gliclazide sustained release layers (G-5). The iphiyparameter of bilayer tablets were within tlcegptable range
of good mechanical and handeling properties andirthétro disintegration time was less than 1 min for fast
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dissolving layer The in vivo antidiabetic activity using bilayer tablet suggestthat lisinopril potentiate
hypoglycemic effects of gliclazide and the bloodagise level was constantly maintained upto 2ldnce bilayer
tablets of lisinopril and gliclazide as fast andstsined release combination could be used to ingpmatient
compliance towards the effective management ofadégbalong with diabetic hypertension and nephhypat
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