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ABSTRACT

As a novel chronotherapeutic approach, in the present work a pulsatile drug delivery system for metformin
hydrochloride was designed to control early morning hyperglycemia to synchronize the circadian rhythm of
Diabetes Méllitus. The drug delivery system was prepared by using HPMC K100M as inner swellable and ethyl
cellulose (18cps) as outer rupturable polymer. The core tablet was prepared by direct compression. The ethyl
cellulose containing triethyl citrate as plasticizer was coated to core tablet by pan coating. The prepared film coated
tablet was evaluated for in vitro drug dissolution study to get desirable immediate release of drug after lag time of 6
hours. Drug-excipients compatibility study by IR spectrophotometer showed that all the excipients were compatible
with the drug. The stability study was carried out for the desired optimized formulation for a period of 3months and
showed insignificant difference.
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INTRODUCTION

Due to the advancement of technology in the phaeotézal field, drug delivery systems have drawriremeasing
interest over the last few decades. Presently itiighasis of pharmaceutical, galenic research ietutawards the
development of more efficacious drug delivery systewith already existing molecules rather than gdor new
drug discovery because of inherent hurdles posedtug discovery and development process [1].Regéntias
been highlighted that the time at which a medicai® administered may play a pivotal role in deteing the
outcome and tolerability of a pharmacological tipgral he temporal rhythms of bodily functions hamdded been
demonstrated to affect not only the incidence anasty of chronic pathologies, but also the pharokinetics as
well as pharmacodynamics of most bioactive compsunduse [2, 3]. As a result, chronotropic or ptilsadrug
delivery system has been emerged with the ratioh&leind is to release the drug at desired time es p
pathophysiological need of disease, resulting iprovied patient therapeutic efficacy and compliadeethe name
suggests, the systems are meant for chronopharneaapt, treatment of those diseases that are calisedo
circadian changes in body. These systems are dmayhen zero order release is not desired [4]."gea for a
pulse of therapeutic concentration in a periodiinea acts as a push for the development of pudsaitiig delivery
system. These systems have a peculiar mechanisielieéring drug rapidly and completely after a tage i.e. a
period of no drug release, characterized by a progred drug release [5]. Pulsatile drug deliverytesys are
generally classified into time controlled and s#gecific delivery systems. The release from thst fgroup is
primarily controlled by the system, while the releafrom 2° group is primarily controlled by the biological
environment in the G.I.T such as pH or enzymes [6]

Before designing a chronotropic or pulsatile dredjwery system, understanding of a disease andafotércadian
rhythm in its sleep- wake cycle in a day is neagsand is influenced by genetic make-up and Haodgtions like
metabolism, physiology, behaviour, sleep pattemh flaormone production [7]. Diseases that are cugreatgetted
by chronotropic systems are bronchial asthma, nrgéelainfarction, angina pectoris, rheumatic disgagicer,
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diabetes, attention deficit syndrome, hyperchotegteand hypertension[8]. Among these diseases, ditab
mellitus was considered for the study as it hambesled the epidemic of Zlcentury. International Diabetes
Federation data presents the current scale ofigheiks problem. Approximately 336million peopléeefed with
Diabetes mellitus worldwide. Expected to hit 438liom by 2030 [9]. At present over 30 million peepire affected
in India and is responsible for 4.6 million deat#®ch year or one death every 7 seconds due totesabedated
stroke, blindness, cardiac, kidney and nerve failur

Fasting hyperglycemias is an important phenomeriseiwed in almost all individuals with diabetes][16 non-

diabetic individuals, fasting plasma glucose cotregion was within normal limits and higher in thiternoon than
in the morning. In diabetic patients, fasting plasglucose concentration was not only abnormalhj Higt was
significantly higher in the morning than in theeaftoon. This shows the association between dial@snorning
hyperglycemias and this is also called as liver puon dawn phenomenon and usually occurs betweenafam
8am.When hormone insulin is out of balance witheothormones (cortisol, glucagon and epinephrite, liver

will release too much glucose. Treatment for dalWwarpmenon depends on type | and type |l diabetastype |

diabetics, insulin dosing has to be adjusted sbpbkak action occurs closer to the morning risblood glucose.
For type Il diabetics, metformin can be given tauee the liver's glucose production. Metformin Hale

administered once daily as extended SR forms may@ to counteract the early morning hyperglyieedue to

dawn phenomenon [11].The time of administrationthed drug play a key role in the treatment of diabebr

effective therapy. Hence in this research work gilks delivery system of metformin Hcl was develdpst a

predetermined lag time of 6h as a bed time dosing.

MATERIALSAND METHODS

Metformin Hcl was received as a gift sample fronCA°Laboratories, Mumbai, India. HPMC K100M obtained
from Ozone International, Mumbai and Ethyl Celldog18cps) procured from SD Fine Chemicals,
Mumbai.PVPK30 from Loba Chemicals, Mumbai. Trietlojrate from HiMedia Laboratories, Mumbai. Talcdan
Magnesium Stearate from SD Fine Chemicals, Munfdhother chemicals used were of analytical reaggate.

Formulation of pulsatile release tablet

Preparation of Immediate release corefor burst release

Core tablets of metformin Hcl were prepared by direompression method. All the ingredients wereghed
accurately and blended homogeneously for 15 mimadlefs were compressed in Minipress tablet comjomess
machine using 8mm round concave punches. (Rimitieikpness -11 MT), Karnavati Engineering Ltd, Ahmbésd,
India [12]. The composition of core tablet is giviarnTablel.

Time-lagged coating of coretabletsfor pulsatile release tablets of metformin Hcl

Pulsatile release tablets can be achieved by apatirellable core with water insoluble film formipglymer ethyl
cellulose which is more brittle with a lower straamd complete film rupture. The permeability of mecical
properties of ethyl cellulose could be affectedptasticizer. TEC is hydrophilic plasticizer. Hydtalic plasticizer
increases permeability of hydrophobic coat whicheiguired for swelling core. Acetone was selectec @olvent
for coating since both EC and plasticizer TEC arkilde in it. The composition of coating solutiois given in
Table 2.

The coating solution was prepared by hydrating E@detone by overnight storage. This hydrated issluvas
stirred for 15 min. Plasticizer (TEC) was added itite polymeric solution. The polymer solution vggsayed on to
the core tablets in a conventional pan coating iEgtps. The coating process was repeated till theetdkievel of
coating was achieved. The coated tablets weredudtied in the coating pan for 15 mins atG{13].

Invitro drug release studies

Theinvitro drug release from coated tablets was carriedro800ml of standard buffer of pH 1.2 for the figsh,

followed by pH 6.8 for the remaining time period tg® h using USP paddle apparatus at 50 rpm anpeeature at
37+ 0.5C. The samples were diluted to make up the volafmEOmI with pH 1.2 buffer for first 2 hours andeth
by pH 6.8 buffer and were replaced with the fregsaution medium equilibrated at the same tempegatThe
drug released at the different time intervals fittien dosage form is measured by U.V. visible sppbimtometer, by
measuring the absorbance for the samples solutbr33 nm. The release studies for each formulatere

conducted in triplicate, indicating the reproduliipiof the results [14,15,16].
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Rupturetest to determinelag time

The time at which the outer coating layer startsufgture is defined as the lag time. It was deteeaiivisually by
using the USP dissolution apparatus Il (900ml @NOHcl for initial 2h and then media was changeghosphate
buffer pH 6.8, 37+ 0.& and 50 rpm [17]

Effect of outer polymer concentration and water uptake performance

To study the effect of outer polymer layer concatidn on lag time, core tablets were coated witfedint levels of
ethyl cellulose (3,4,5,6%w/w and inner swellingdayemained the same. The % water uptake capacigbtets
was determined in the container filled with 200Dd.N Hcl placed in a biological shaker at@7Speed of shaker
was adjusted to 75 rpm.Tablets were removed frontaioers at pre-determined regular intervals, etbtivith
tissue paper, weighed and again placed in medilliitnéi outer coating of tablet started to rupturbe % water
uptake was calculated using the formula, %Wateakgst((Wt-Wo))/Wo, where Wt is weight of wet tabéttime t
and Wo is weight of dry tablet [18].

Effect of inner swelling layer on lag time

Core tablets were coated with 20, 30,40 and 50%wefWPMC K100M as inner swelling layer and subjected
dissolution study. Outer polymer remained the s@it@). Effect of swelling layer concentration ovagltime and
release behaviour was observed using a spectrapbt#o as described in method undiervitro drug release
studies.

Drug- excipient Interaction

The IR spectrum of the coated tablets was recoatat compared with that of metformin Hcl to confithe
chemical integrity of the drug in the coated tablgi9]. The powdered mixture was taken in a défusflectance
sampler and the spectra recorded by scanning imévelength of 400 to 4000¢tm a FTIR spectrophotometer-
430 (Jasco, Japan).

Stability studies

The stability study of the optimized batches inathihe tablets were monitored upto 3 monthsas@idrduidelines
at room temperature and relative humidity ' @8C, RH75 15%). The tablets were analysed for appeara
weight, thickness, hardness, drug content, driepsel.

RESULTSAND DISCUSSION

All the formulations had different lag times folledl by a burst release of metformin Hcl. Formulattdnachieved
3h lag timewith 54% drug releasefollowed by 99%prelease in 7 hour of dissolution media pH6.8. F2 achieved
lag time at 3.5 h with 59% drug releaseand was 99% at 8.5h.F3aetilag time at 3"5h with 58% drug release
and was 98% at 8.5h. F4 achieved lag time dthdvith 59% drug release and was 98% at 8.5h. Fieeeth lag
time at 5.8' h with 56% drug release and was 99% at 8.5h. Reeed lag time at 5"5h with 62 % drug release
and 98% at 8.5h. F7 achieved lag time Htt6with 96% drug release and increased graduallylGe% at
8.5h(Figure 1).

The rupturable pulsatile drug delivery system cstesi of a core, a drug containing reservoir, iroreintermediate
swelling layer and outer water insoluble layer peitmeable coating. The swelling layer consisteHdPMC(HPMC
K100M) and was chosen because of its swelling patind its eroding behaviour and was applied byctlire
compression method.

The rupturable coating consisted of a plasticizédure of EC as it forms a mechanically weak anahipermeable
film, which could rupture easily upon exposure te tdissolution media and was water insoluble and pH
independent film former.

Water influx was through the semipermeable rupteraloiter coating which leads to the expansion andien of
an intermediate layer, which ultimately resultedrupture of the outer coating. The drug was reléasigh in a
short time after a definite lag time period.

The dissolution studies were carried out to ingadé the release behaviour of the developed systietfiormin Hcl

is a freely water soluble drug. There was no drlgase prior to the breaking of outer coating. Egetime of the
tablet decreased with increasing level of swelllager. As the amount of swelling agent (HPMCK100M)
increased, it exerted more pressure over the dayer resulting in rapid rupturing of the tablethel expanded
swelling layer facilated the entry of dissolutioedium to the core containing the drug and rupttinedouter layer.
After breaking of the outer layer, the drug relefieen the time release tablet formulations wereeobsd. Among
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all the formulations formulation F7 with 20%w/w HREMof the pure drug and 6%w/w of EC showed lag tahéh

which was desirable as the aim of the work wasépare pulsatile drug delivery system of Metforricl with lag
time of 6h and a immediate release of drug aftagaime.

Table 1. Composition of core tablet
Drug and Excipients(mg) | F1 | F2 | F3 | F4 | F5 | F6 | F7
Metformin HCI 500 500/ 500 50 500 5Q0 500
HPMC 250| 225| 200 17% 150 125 100
MCC 50 | 50| 50| 50| 500 50 5Q
PVP 13 15 17 19| 21 23 25
Magnesium Stearate 1 10 10 10 10 10 10
Talc 5 5 5 5 5 5] 5
Table 2.Composition of coating solution
Excipients F1 | F2 | F3 | F4 | F5 | F6 | F7
Ethyl cellulose(%w/v) 3 3.5 4 4.5 5 5b (i
Triethyl citrate(%w/w) | 13| 13 13 13 13 13 18
Acetone gs| gsl 98 qg.p. qis. ds. @s.
Figure L.Invitro drug release studies
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The water uptake capacity and drug release befareupture of tablet was dependent on outer ECnpadyfilm
coating. The lag time increased with increaseceroctating level.

The addition of MCC in the inner core can im
compression. It also acts as an disintegrant.

prokie bond and flow prosperties of the excipientsrdyridirect

The IR spectra of the anhydrous Metformin Hcl amel ¢toated tablets of Metformin Hcl are shown iig{Fe 2and
Figure 3). This drug-excipient interaction studyB¥IR ruled out the possibility of chemical intetian between

the Metformin Hcl and the added excipients as

treracteristic peaks observed for both drug andoeedis remain

unchanged and the spectra data was superimposed.
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There was no significant difference in the stapitudy of the Metformin Hcl tabletsbefore or afemonths of
storage either in the physical properties of theydr in its dissolution profile.

Figure 3. IR spectrum of coated tablet of Metformin hydrochloride
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CONCLUSION

Metformin Hcl are administered once daily as exezh@R forms may not be able to counteract the @aolsning

hyperglycemia due to dawn phenomenon. Since the timadministration of the drug plays a key rolethe

treatment of diabetes for effective therapy, italgvays necessary to provide maximum drug conceéoirzait

maximum intensity of disease condition.Hence ingresent research work a novel chronotherapepticoach has
been made to formulate pulsatile release tabletMefformin hydrochloride with a lag time of abdut to control
the early morning hyperglycemia in non-insulin degent diabetic patients. Thus this new dimensiapgkoach of
pulsatile tablet of metformin hydrochloride takerbad time, releasing drug in the morning hoursmanve to be a
revolution in the treatment of early morning hypggcgmia.
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