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ABSTRACT

The role of chronotherapeutics in hypertension nggmaent is based on the recognition that
blood pressure does not remain constant throughmaiday. Instead, it tends to be higher in
the early morning hours and lower in the eveningrso The main objective of the present
studies reported here was to investigate whethenpression coating could be used to
produce tablets providing maximum in-vitro druge@de 6 to 8 hours after an evening dose
taken at approximately 10:00 pm. The basic idearatthe dosage form development is to
investigate effect of coating design on lag timd drug release from directly compressed
time-controlled release tablet. The aim of the présstudy was to design time controlled
tablet of Diltiazem hydrochloride, as Chronopharreatical drug delivery system by
compression coating. Formulation design involvesitiogg polymer blend ratio (100:0,
75:25, 50:50, 25:75, 0:100 w/w) of Klucel HF, Klu¢eXF and Eudragit RSPO which were
exploited for their pulsatile drug release abilitfhe effect of different weight ratio of
combination of permeable polymers and gellable pely different particle size of gellable
polymer in outer shell polymers blend were stuagirdhe drug release behavior of the time
controlled tablet formulation. Coating materialsebld were evaluated for micromeritic
properties like flow properties, compressibilitylex, Hausner’s ratio and also evaluated the
tablet for hardness, thickness, friability, weigiatiation, water uptake studies. The obtained
results showed the capability of the system inyiletpdrug release for a programmable
period of time to attain drug release 6 to 8 howfter an evening dose taken at
approximately 10:00 pm according to a time-depehd@proach.

Key words: press coated pulsatile tablet; Diltiazem hydrogty gellable polymer,
permeable polymer and Chronopharmaceutical Drug/&msl
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INTRODUCTION

Chronopharmaceutical drug delivery has been destriis a branch of pharmaceutics
devoted to the design and evaluation of drug deliggstem that release a bioactive agent at
a rhythm that ideally matches the biological regoient of a given disease therapy[1].These
systems are beneficial for the drugs having chrbaapacological behaviour (where night
time dosing is required). From the point of viewtbé&rapeutic optimization, maintaining a
constant blood level for a drug in the human balguestionable. Long-term constant drug
concentration exposed in blood and tissues maycesdoany problems such as tolerance of
drug and activation of physiological system. Relgerdhronotherapy has been extensively
applied in clinical therapy by modulating the dagsinegimen of drug administration
according to physiological needs [2]. Diseases ®ihe€Chronopharmaceutical drug delivery
is promising include asthma, peptic ulcer, cardsowdar diseases, arthritis, and
hypercholesterolemia [3].

The role of chronotherapeutics in hypertension rganeent is based on the recognition that
blood pressure does not remain constant througheutlay. Instead, it tends to be higher in
the early morning hours and lower in the eveningreoThe widespread use of ambulatory
blood pressure monitoring has been instrumentat¢wealing this pattern of blood pressure
variation, which is mediated by the body’s diureatadian rhythms--the “internal clock”
exhibited by all mammals that regulates patternghyfsiologic changes throughout the day.
One of the primary functions of the changes in pggic responses is the arousal
propensity in the morning and the sleep requireraéiet an awake period. Wake propensity
is mediated through such factors as increasesrm lwody temperature, respiration, cortisol
and norepinephrine levels, and heart rate and jjoessure. Sleep propensity is mediated by
such factors as an increase in melatonin levelsd@éadease in body temperature and blood
pressure [4, 5].

The main objective of the present studies repofede was to investigate whether
compression coating could be used to produce &lpeividing maximum in-vitro drug
release 6 to 8 hours after an evening dose takappmbximately 10:00pm. The basic idea
behind the dosage form development is to investigéect of core and coating design on lag
time and drug release from directly compressed-tiorgrolled release tablet.

A dry-coated tablet was recently renewed as a ngystem to deliver a drug in a pulsatile
way, at predetermined times following oral admiragon. This novel system is not only rate
controlled but is also time controlled. The dry4ewmhtablets were prepared by a direct
compression method. This compression method eliesnahe time-consuming and

complicated coating or granulation processes asal iahproves the stability of the drug by
protecting it from moisture [6, 7]. There are vasoproblems with pH dependent drug
delivery; however the pH in the gastrointestinattrvaries between and within individuals. It
is affected by diet and disease. During acute stdgdlammatory bowel disease colonic pH

has been found to be significantly lower than ndrriraulcerative colitis pH values have

been measured in the proximal parts of the colgn [8

The purpose of this study was to develop pressddablets for Chronopharmaceutical drug
delivery of Diltiazem hydrochloride. The oral pressated tablet was developed to achieve
the time-controlled disintegrating or erodible ftion with a distinct predetermined lag time.

Press-coated tablet containing Diltiazem hydroetiéoand other excipients in the inner core
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was formulated with an outer shell by different gieiratios of gellable polymers (Klucel HF
and HXF) and permeable polymer (Eudragit RSPO).c&lluhydroxypropylcellulose) is
nonionic water soluble cellulose ether with a vels@ombination of properties.

MATERIALS AND METHODS

Materials

Klucel HF and HXF were kindly supplied by Herculkxorporated, Wilmington, USA.
Diltiazem hydrochloride was supplied by Dr. Reddi/gboratories Ltd, Hyderabad India.
Eudragit RSPO gifted from Degussa India Pvt. Ltdynibai. Microcrystalline cellulose
(MCC, Avicel PH-102) and Cross-carmellose sodiur-(A-Sol) were supplied from Maple
Biotech Pvt. Ltd, Pune. Magnesium stearate and gNewmere procured from S.D. Fine-
Chemical Ltd., Mumbai, India; all other ingrediemtsre of analytical grade.

Methods

Precompression Parameters of Coating Powder Blenchd Core Tablet Powder Blend:
Coating powder blend and core tablet powder blendrewevaluated for various
precompression parameters such as angle of repodie,density, tapped bulk density,
Hausner's ratio and compressibility index [9, 10, 12].

Preparation of Diltiazem hydrochloride Core Tablet

The inner core tablet was prepared by direct cosgiwa method. The powder mixture of
Diltiazem hydrochloride (API), Avicel pH 102 (Dilag, Ac-Di-Sol (superdisingrant) and
Ponceau 4R (coloring agent) were dry blended fois0 minutes followed by the addition
of magnesium stearate (lubricant) and Aerosil @il The powder mixture was further
blended for 10 minutes. The formulation F1 to F8 A&z-Di-Sol from 0% to 4% w/w. The
resulting powder mixtures were then compressed taittets (average tablet weight 75 mg)
using a rotary tablet machine equipped with 6 mmceage faced punch. The core tablets
were evaluated for thickness, hardness, weighatran, friability and drug content. The core
compositions for one tablet are reported in TalbelN

Table No.1: The core compositions with varying corentration of Ac-Di-Sol

Ingredients F1(mg) F2(mg) F3(mg) Fa(mg) Fs mg)
Diltiazem hydrochloride 30 30 30 30 30
Avicel pH 102 43.125 42.375 41.625 40.875 40.125
Ac-Di-Sol - 0.75 1.5 2.25 3.0
Magnesium stearate (1%) 0.75 0.75 0.75 0.75 0.75
Aerosil (1%) 0.75 0.75 0.75 0.75 0.75
Ponceau 4R (0.5%) 0.375 0.375 0.375 0.375 0.375

Total weight 75 75 75 75 75
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Table No. 2: Effect of permeable polymer (EudragiRSPO) combined with gellable
polymer (Klucel HF) in the outer shell

Formulations

Amount used in upper and lower

Code Core Coating Material (75 mg) | % Ratio shell (mg)
Tablet
FA; F Eudragit RSPO : Klucel HF 10 125
FA, F Eudragit RSPO : Klucel HF 7525 125
FA;3 F Eudragit RSPO : Klucel HF 5050 125
FA, F Eudragit RSPO : Klucel HF 2575 125
FAs F Eudragit RSPO : Klucel HF 0100 125
FB1 F Eudragit RSPO : Klucel HF 10 150
FB, F Eudragit RSPO : Klucel HF 7525 150
FBs F Eudragit RSPO : Klucel HF 5050 150
FB4 F Eudragit RSPO : Klucel HF 2575 150
FBs F Eudragit RSPO : Klucel HF 0100 150

Table No. 3: Effect of permeable polymer (EudragiRSPO) combined with gellable
polymer (Klucel HXF) in the outer shell

Formulations

Coating Material (75 mg)

Code | Tablet (75 mg)

FA; =8 Eudragitl_FI%)?FPO : Klucel 100: 0 195
FC, s EudragitFIT)?FPO : Klucel 75+ 25 125
FCs s EudragitFIT)?FPO :Klucel | g5. 50 195
FC, s Eudragitl_Fii)?FPO :Klucel | 55. 75 125
FCs s EudragitFIT)?FPO :Klucel | 4. 100 195
FB; s Eudragitl_Fii)?FPO :Klucel | 1900 150
FD, s EudragitFIT)?FPO : Klucel 75+ o5 150
FDs s Eudragitl_FI%)?FPO : Klucel 50 50 150
FD, =8 Eudragitl_Fii)?FPO :Klucel | 55. 75 150
FDs s EudragitFIT)?FPO :Klucel | 4. 100 150
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Preparation of press coated tablets

The compositions of the coated materials are gingheTable No.2 and 3 All the powder
mixtures were previously passed through the siexed4d. 125 and 150 mg of the powder
mixture was used for the upper and lower shell. pitess coating of tablets was performed
using a rotary tablet machine (RIMEK Mini TableeBs). A half amount of the powder was
filled into the die to make a powder bed, in theitee of which core tablet was placed
manually. Then, the remaining half of the coatingtenial filled in the die, and the contents
were compressed under a sufficient compressiorefarsing a concave punch 10 mm in
diameter.

Drug Content of Core Tablets

Tablets were finely powdered and quantity of powdgquivalent to 10 mg of Diltiazem
hydrochloride was accurately weighed and trandfletoevolumetric flask containing 100 ml
phosphate buffer (pH 6.8) and mixed thoroughly. @méiliter of filtrate with suitable
dilution was estimated for Diltiazem hydrochloridentent at 237 nm using double beam
spectrophotometer (Shimadazu Corporation, Japar] T00)

Characterization of Core and Press Coated Tablet
The above core and press coated tablet were egdldat physical properties like weight
variation, diameter, thickness, hardness, thickrfaaility.

Dissolution study of Core and Press Coated TableR]

The dissolution test for core tablet was perfornmettiplicate using a six-station USP typle
(paddle) apparatus (Model-DT 60, Veego, India) &C3+ 0.5°C and 100 rpm speed. The
dissolution studies were carried out in phosphatéebpH 6.8 for 20 minutes. At every one
minute interval samples of 5 ml were withdrawn frdiesolution medium and replaced with
fresh medium.

The dissolution test for press coated tablets weréormed in triplicate using a six-station
USP typell (paddle) apparatus (Model-DT 60, Veego, India3&C + 0.5°C and 100 rpm
speed in 0.1 N HCI (1st fluid; simulated gastrigid) for 2 hrs and pH 6.8 phosphate buffer
(2nd fluid; simulated intestinal fluid) for rest dime were used as dissolution media.
Aliquots of dissolution fluid were removed at sped time intervals of each half hour.
Assayed for the amount of Diltiazem hydrochloridéeased by a spectrophotometer (UV
1700, Shimadzu, Japan) at a wavelength of 236.2aAdm respectively for 0.1 N HCI and
pH 6.8 phosphate buffer. The amounts of drug ptesethe samples were calculated with
the help of appropriate calibration curve consedcirom reference standard. Cumulative
percentage drug release was calculated using P€3® B2.08 Software.

Water uptake studies [13]

Water uptake studies were performed for press ddataets in a simple way that permitted
the diffusion of fluids into tablet in both axias avell as radial directions. For this, a simple
stainless-steel assembly was fabricated. It coedaia stainless-steel cup with circular
perforated bottom made up of stainless-steel (Mésh36). Individual tablets were weight

and average weight of tablets were considered yasveight of each type. A tablet of each

type was placed at the center of cup, which restedhe rim of the glass beakers. The
beakers were filled with distilled water i.e. imrai@n medium. The assembly was placed in
such a way that the stainless-steel perforateaimotemained submerged in distilled water
throughout the course of study. The distilled waniebeakers was maintained at 8% C by
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placing all the beakers in the thermostaticallytoaled water bath. The study was conducted
for 10 hrs during which the weight gain in tabletedto water uptake was observed. The
assembly is shown iRigure No. 1.

—

76 cm

mmy — Thickness 0.34mm

55 Cup

Perfotated 5.5 B ottom. Coated tablet placed
(Mesh MNo.36) at the centre

Bealzer cortaining
irmmersion medium

Figure No.1. Schematic representation of assemblgrfwater uptake study

Every one-hour the assembly containing tablet weasorved from distilled water, wiped dry
with tissue paper and weighed accurately usingtaliginalytical balance and was placed
again in the same position. The weights of assenviele recorded over the period of 10 hrs
to find out cumulative amount of water uptake byhedype of press coated tablets in
miligrams. The %water uptake was calculated asvi!

W — W
YaWater uptake (—qj 100
_ Wo

Where W is weight of wet tablet at time t ando\/¢ weight of dry tablet.

Transverse and longitudinal section view of pressoated tablets
Tablets were cut transversely and longitudinally using blade individually. The cutting
sections of tablets were evaluated by digital camer

RESULT AND DISCUSSION

Precompression parameters of Core tablets and coatenaterial powder blend

Core tablets and coated material powder blend weeduated for angle of repose, bulk
density, tapped density, hausner ratio and comipiysindex. The values for angle of
repose, Hausner ratio and compressibility indexewkund to be in good correlation
indicating that all formulations possess good flpmperty and compressibility (shown in
Table No. 4, 5 and 6)
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Table No.4Precompression parameters of Core tablets

Bulk Density - Tapped Hausner Compressi- Angle of
F gm/cn?’ Density " Ratio’ bility Index " Repose
F. 0.506 +0.013 0.625 +£0.00 1.23 +0.083 18.98 £2.16 .0240.87
F, 0.484 +0.007 0.585 +0.018 1.20 +0.04 17.24 +2.80 4.42+1.15
Fs 0.464 +0.006 0.592 +0.020 1.27 +0.02 21.51 +3.52 3.92+0.28
F, 0.457 £0.011 0.579 +0.009 1.26 £0.01 21.11 +0.98 3.7@+0.28
Fs 0.502 +0.015 0.597 +0.010 1.16 +0.04 15.99 +2.24 4.62+0.49

* Mean + S.D.; n = 3, E Formulation Code

Table No. 5 Precompression parameters of coated neatal powder blend (RSPO: HF)

Bulk Density = | Tapped Hausner Compressi- | Angle of

F gm/cn?® Density Ratio’ bility Repose

FA; | 0.660 £0.017 0.820 £0.010 1.22 +0.03 19.51 +1.36 .842%1.23
FA, | 0.499 +0.012 0.606 +0.018 1.21 +0.01 17.58 +0.46 .08%1.17
FA3; | 0.457 £0.006 0.516 £0.008 1.12 +0.005 11.41 +0,151.66+0.30
FA, | 0.365 +£0.004 0.397 £0.004f 1.08 +0.015 8.04 +1.04 .6820.29
FAs | 0.331 £0.003 0.386 £0.004f 1.16 +0.011 14.39 +0,982.768+0.77
FB; | 0.660 +0.017 0.820 £0.010 1.22 +0.03 19.51 +1.36 .842%1.23
FB, | 0.499 +0.012 0.606 +0.018 1.21 +0.01 17.58 +0.46 .08%1.17
FB3z | 0.457 £0.006 0.516 £0.008 1.12 +0.005 11.41 +0,151.66+0.30
FB4 | 0.365 +0.004 0.397 £0.004f 1.08 +0.015 8.04 +1.04 .6820.29
FBs | 0.331 +0.003 0.386 £0.004f 1.16 +0.011 14.39 +0,982.768+0.77

Mean = S.D.; n = 3, E Formulation Code
Table No. 6. Precompression parameters of coated meaial powder blend (RSPO: HF)

Bulk Density * Tapped density Hausner Compressi- Angle of

F gm/cm® gm/cm® Ratio” bility Index”~ | Reposeé

FA,; | 0.660 £0.017 0.820 +0.010 1.22 +0.03 19.51 +1.36 .84%1.23
FC, | 0.428 £+0.010 0.530 +0.008 1.23 +0.025 19.34 £1.72 8.3@+0.96
FC; | 0.331 £0.008 0.389 +0.011 1.18 +0.017 15.46 £1.14 4.79+1.03
FC, | 0.306 £0.005 0.392 +0.008 1.02 +0.037 21.91 +2.05 1.68+0.64
FCs | 0.268 £0.001 0.322 +0.005 1.19 +0.015 16.84 +0.98 3.08+1.31
FB, | 0.660 £0.017 0.820 +0.010 1.22 +0.03 19.51 +1.36 .84%1.23
FD, | 0.428 £0.010 0.530 +0.008 1.23 +0.025 19.34 £1.72 8.3@+0.96
FD; | 0.331 £0.008 0.389 +0.011 1.18 +0.017 1546 £1.14 4.79+1.03
FD, | 0.306 £0.005 0.392 +0.008 1.02 +0.037 21.91 +2.05 1.68+0.64
FDs | 0.268 +0.00 0.322 +0.00 1.19 +0.01 16.84 +0.9 33.06 +1.3

* Mean £ S.D.; n = 3, E Formulation Code
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Characterization of Core and Press Coated Tablet

The core tablets were subjected for weight vamataiameter, thickness, hardness friability
and percentage drug contents. Weight variatiometiar, thickness and hardness were found
to be within acceptable limit. The friability waslbw 1% for all the formulation, which is an
indication of good mechanical resistance of thdetalDrug content of core tablets were
observed within the range 98.26-99.56%. The preated tablets were subjected for weight
variation, diameter, thickness, hardness and fiigbWeight variation, diameter, thickness
and hardness were found to be within acceptablg l{Bhown in Table No. 7, 8 and 9)

Table No. 7. Characterization of Core-Tablet

Weight Diameter’ | Thickness | Hardness | Friability % Drug

F Variation* (mm) (mm) (kglcm?) | (% loss of | content’
(mg) Weight)

Fp | 7458 +0.35| 6.02+0.00fY 2.34+0.005 4.5+0.50 5.3599.56 +0.6:
F, | 74.68+036 | 6.02+0.011 2.36+0.016 4.33+0.03 0.3 98.80 +0.72
Fs | 74.47+0.31| 6.01+0.015 2.39+0.014 4.00+0,00 28.3| 98.33+0.11
Fs | 74.70+0.31 | 6.01+0.011 2.40+0.008 4.00+050 48.3| 98.26 +0.30
Fs | 74.61+0.39 | 6.02+0.008 2.42+0.008 3.83+0}23 308. 98.93 £0.30

F = Formulation Code, * Mean + S.D.; n = 20, # Mean.B.Sn = 3

Table No. 8. Characterization of press-coated Tabig (RSPO: HF)

Weight Diameter’ | Thickness Hardness | Friability
F Variation* (mm) (mm) (kg/cm?) % loss of
FA; | 194.70 £3.40| 8.03 £0.005% 4.03 £0.05¢4 5.16 £0.288 970
FA, | 195.86 +3.42| 8.04 +0.100 4.01 £0.078 7.33 £0.290 .680
FAs | 198.86 +2.56| 8.02 +0.005 4.06 £0.044 9.66 +0.289 360
FA, | 198.05+2.41| 8.00 +0.010 4.03 £0.03p 10.50 +£0.00 150
FAs | 199.81 +2.05| 8.00 +0.005% 4.07 £0.020 12.00 +£0.50 .050
FB; 218.80 +2.91| 8.03 £0.00% 4.24 +0.04p 7.16 £0.288 960
FB, 221.34 £1.37| 8.02 £0.010 4.35 +0.043 9.33 £0.287 440
FBs 221.04 £1.58| 8.00 +£0.010 4.48 +0.02b 9.66 +0.280 340
FB, | 223.88 £0.76] 8.01 +0.005% 4.53 £0.02)7 11.00 £0.50 170
FBs 224.40 £1.02| 8.02 +0.026 4.53 £0.02)7 12.16 £0.28 110

F= Formulation Code, * Mean + S.D.; n = 20, # Mean.B.Sn = 3
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Table No. 9. Characterization of press-coated Tabig (RSPO: HXF)

Weight Diameter’ | Thickness | Hardness | Friability
F Variation* (mm) (mm) (kg/cm?) % loss of
FA; 194.70 £3.40; 8.03 £0.005 4.03 £0.054 5.16 £0.288.970
FC, 194.94 +1.56| 8.03 £0.015 4.04 £0.066 8.16 £0.28 500.
FCs 196.68 +2.38| 8.00 +0.013 4.00 £0.02Y 10.16 £0.29.200
FCs 197.10 £2.79| 8.00 £0.015 3.99 +0.033 11.00 £0.00.100
FCs 198.76 +1.44| 8.00 £0.131 3.99 £0.048 12.34 +0.28.010
FB, 218.80 +2.91] 8.03 £0.005 4.24 £0.042  7.16 £0.288.960
FD> 221.96 +2.05] 8.03 £0.011 4.46 £0.034 9.67 £0.28 360.
FD3 223.21 +1.64| 8.00 £0.005 4.50 £0.031 10.16 £0.29.200
FD4 223.84 +1.26| 8.01 +0.005 4.57 £0.016 11.00 £0.00.100
FDs 224.57 £0.48| 8.02 £0.025 4.59 +0.01Y 11.67 £0.28.090

F=Formulation Code, * Mean = S.D.; n = 20, # Mean.B.Sn = 3

Dissolution of core tablets:

The effect of Ac-Di-Sol® level on drug release pleofrom uncoated tablet (Formulationg F
to Fs) was determined. As amount of Ac-Di-Sol® increaes formulations Fto Fs; the
formulation containing highest amount of Ac-Di-Sol®s) showed fast disintegration.
(Figure No. 2)

120 -

100 +

——F1
80 -
—=—F2
F3
F4

—%—F5

60 +

40 |

% drug release

20 | A

10 12 14 16 18 20 22

Time (min)

Figure No. 2. Effect of Ac-Di-Sol® level on drug riease profile from core Tablets (k.
Fs)

Dissolution of press coated tablets:

Time required to release 10% of drug was considaselhg time. Formulations Ao FAs
and FB to FBs (Figure No. 3 and 4) showed increase in lag time @decrease in Diltiazem
hydrochloride release rate with increase in weigttio of Klucel-HF. When Klucel -HF
combines with Eudragit RSPO, the viscosity of thixture increases as the ratio increases.
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Upon contact with dissolution medium, it forms d lgee structure. But due to presences of
Eudragit RSPO, the gel formed is not capable endaghold drug for long time, instead
starts to erode and also allow dissolution medioipenetrate in core tablet.

Formulations FA and FB which contain only Eudragit RSPO showed the drigase with
bursting effect, After permeation of medium inctare, pressure generates in core tablet that
is enough to break the coating layer in two hal¥g.show no lag time while FBshows lag
time of 1 hr. The difference observed inF@nd FB is because increase in weight ratio of
coat: coreFormulations FA and FB contains Eudragit RSPO: Klucel -HF in weight ratio
75:25. Here similar release pattern was observed &#, the difference is increase in lag
time with increase in weight ratio of Klucel -HFAfand FB show the lag time of 2.5 hrs
and 7 hrs respectively and release last for 4 hos @& hrs respectively. The difference
observed in FAand FB is because increase in weight ratio of coat: ¢avamulations FA
and FB contains Eudragit RSPO: Klucel —HF in weight raifdb0:50, it forms a more tight
gel structure of outer coating layer. £And FB show lag time of 4.5 hrs and 8.5 hrs
respectively. Complete release of drug was obsenvddéA; in 7 hrs. Only 15.16 % drug
release was observed with £®&ithin 10 hrs. The difference observed insF&nd FB is
because increase in weight ratio of coat: cér@mulations FA and FB contain Eudragit
RSPO: Klucel -HF in weight ratio of 25:75. Increasdag time and decrease in release rate
of Diltiazem hydrochloride from the gellable barriermed because high weight ratio of
Klucel -HF. FA, show lag time of 8 hrs. Only 44.79 % and 6.05 %gdrelease observed
with FA, and FB respectively within 10 hrs periods of time. Th#eatience observed in FA
and FB is because increase in weight ratio of coat: demenulations FA and FB contain
Eudragit RSPO: Klucel -HF weight ratio of 00:100. 10 hrs, FA and FB have shown
2.69% and 0% drug release respectively. Highlyydeldag time may be because absence
Eudragit RSPO (responsible for penetration of digsmn medium) in coat. Observation
showed that these tablets were swollen coatingrlaygh almost dry core tablet.
Formulations FAto FG and FB to FD; (Figure No. 5 and 6) showed increase in lag time
and decrease in Diltiazem hydrochloride release wath increase in weight ratio of Klucel-
HXF: Eudragit RSPO. When Klucel -HXF combines wihdragit RSPO, the viscosity of
this mixture increases as the ratio increases.pHntcle size of Klucel-HXF is smaller than
particle size of Klucel-HF, so upon contact witlsslution medium it forms tight gel like
structure than that of Klucel-HF. Due to present&wudragit RSPO, the gel formed is not
capable enough to hold drug for long time, instetadts to erode and allow the permeation of
dissolution medium to penetrate to core tabletsmiatations FGand FD contains Eudragit
RSPO: Klucel-HXF in weight ratio of 75:25. Here dan release pattern was observed as in
FA;, the difference is increase in lag time with inese& weight ratio of Klucel -HXF. EC
and FD shows lag time of 7 hrs and 8.5 hrs respectivegmplete release of drug observed
in FG in 10 hrs. Only 40.37 % drug release observed &idhwithin 10 hrs. The difference
observed in F€and FD is because increase in weight ratio of coat: deoemulations Fg
and FI contains Eudragit RSPO: Klucel -HXF weight ratio50:50, it forms a more tight
gel structure of outer coating layer. #£€how lag time of 8 hrs. Only 78.38 % and 9.80 %
drug release was observed withsF&hd FI3 within 10 hrs respectively. The difference
observed in F€and FR) is because increase in weight ratio of coat: deoemulations F¢
and FD contain Eudragit RSPO: Klucel —HXF in weight ratib25:75. Increase in lag time
and decrease in release rate of Diltiazem hydroicldofrom the gellable barrier formed
because high weight ratio of Klucel -HXF. Only 9.%9and 1.05 % drug release observed
with FC; and FD respectively within 10 hrs. The difference obsdrwe FC, and FD is
because increase in weight ratio of coat: cBm@mulations Fg and FI3 contain Eudragit
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RSPO: Klucel -HXF weight ratio of 00:100. F@&nd FB have not shown drug release within
10 hrs periods of time. Highly delay in lag timeyni#e because absences of Eudragit RSPO
(responsible for penetration of dissolution mediumyfoat. Observation showed that these
tablets were swollen coating layer with almost cloye tablet.

Figure No. 3. Effect of permeable polymer (EudragiRSPO) combined with gellable
polymer (Klucel HF) in outer shell

RSPO: HF
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Figure No. 4. Effect of permeable polymer (EudragiRSPO) combined with gellable
polymer (Klucel HF) in outer shell (FB;- FBs)
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Figure No. 5. Effect of permeable polymer (EudragiRSPO) combined with gellable
polymer (Klucel HXF) in outer shell (FA;- FCs)
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Figure No. 6. Effect of permeable polymer (EudragiRSPO) combined with gellable
polymer (Klucel HXF) in outer shell (FB;- FDs)

Effect of outer layer thickness on drug release fnm the press coated tablet

Increasing the amount of outer shell seemed toopgplag time since the time required to
complete the dissolution or erosion of the outeglistvould be longer. The relationship
between outer layer weight and lag time is showRigure No. 7. This suggested that the lag
time could also be adjusted by the weight of caglayer.
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80 -
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20

Average % drug release

-20 -
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Figure No.7: Effect of outer layer thickness on drg release from the press coated tablet

Effect of particle size of gellable polymer on drugelease from the press coated tablets
Decrease the particle size of Klucel seemed tooppllag time since the time required to
complete the dissolution or erosion of the outeglistvould be longer. The relationship
between different particle size Klucel and lag timeshown in Figure No. 8. Klucel HXF is
finely ground as compare to Klucel HF. Formulatiéi#s and FG contains combination of
Klucel HF: Eudragit RSPO and Klucel HXF: EudragiBiRO respectively in weight ratio of
25:75. FA shows a lag time of 2.5 hrs and drug releaseaufast 4 hrs while F&€shows a lag
time of 7 hrs and drug release last up to 10 hnsisTthe decrease the particle size of Klucel,
seemed to prolong the lag time because upon contdtdissolution medium it forms tight
gel like structure than that of Klucel-HF.
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Figure No.8: Effect of particle size of gellable polymermdrug release from the press
coated tablets

Water uptake study (% Swelling Index) of Press coa&d tablets

Klucel HF and Klucel HXF represent swellable andlajie type of polymers. When these
polymers come in contact with water or gastroimestfluid, they absorb water and undergo
hydration and swelling. The rapid formation of aodus gel layer upon hydration of
polymers has been regarded as an essential seghi@ving controlled release of the drug
from press coated tablet containing outer shelhwimbination of Klucel HF/Klucel HXF
and Eudragit RSPO blend. It is the rate and exdtemater absorption that decides the pattern
of drug release from press coated tablets. Hemedy ®f water uptake kinetics of polymers
plays a vital role in predicting and interpretitng tdrug release patterns from swellable press
coated tablets.

Water uptake studied for gellable polymers as Klute/Klucel HXF and combination of
these polymers with permeable polymer as EudragR® in different ratios (00/100, 25/75,
50/50, 75/25, 100/00) showed that the plain gedlgiblymers such as Klucel HF/Klucel
HXF have higher water uptake capacity as compattdtive combination of these polymers
with Eudragit RSPO. The plain permeable polymerhsas Eudragit RSPO do not swell on
contact with water or gastrointestinal fluid butrpé water to penetrate through coating
layer. When a plain Eudragit RSPO was used in ¢neadlation (FA & FB;) burst release
was observed, but as the concentration of gellabligmer increases the swelling takes place
and because of which the lag time increases. Ahitigest concentration of gellable polymer
swelling was found to be highest (show in formwatiFAs & FBs). As coat to core ratio
increases, lag time increases may be becauserefsein thickness of coating layer on core
tablet.

The gellable polymer Klucel HF in combination wiBudragit RSPO indicated following
trend for water uptake:

FAs> FA,> FA3>FA,>FA; (Figure No. 9)

FBs>FB;> FB;>FB2 > FB1 (Figure No.10)

At the highest concentration of gellable polymer formulation FG & FDs), swelling was

found to be highest. As coat to core ratio increaty time increases may be because of

increase in thickness of coating layer. At the séime Klucel HXF was studied, the swelling

was high and erosion was lesser because of whigHatl time obtained for formulation
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containing Klucel HXF is higher(in formulation E& FDs), which may be because of
smaller particle size of Klucel HXF.

SWELLING INDEX
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FA3(50:50)
FA4(25:75)

—%— FA5(0:100)

200 -

150

%Sndling

100 +
50 -

Time (Hours)

Figure No. 9.Water uptake study (%oSwelling) of pres coated tablets containing
permeable polymer (Eudragit RSPO) combined with géhble polymer (Klucel HF) in
outer shell (FA- FAz)
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Figure No.10: Water uptake study (%Swelling) of pess coated tablets containing
permeable polymer (Eudragit RSPO) combined with géhble polymer (Klucel HF)in
outer shell (FB;- FBs)
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Figure No.11l: Water uptake study (%Swelling) of pres coated tablets containing
permeable polymer (Eudragit RSPO) combined with gddble polymer (Klucel HXF) in

outer shell (FAs- FEs)
The gellable polymer Klucel HXF in combination wiBudragit RSPO indicated following

trend for water uptake:
FG>FCy> FG> FG> FA; (Figure No. 11)

FDs>FD,> FD;> FD,> FB;,  (Figure No. 12)
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Figure No.12: Water uptake study (%oSwelling) of pres coated tablets containing
permeable polymer (Eudragit RSPO) combined with géhble polymer (Klucel HXF) in
outer shell (FB- FFs)

Transverse and longitudinal section view of pressoated tablets

Transverse and longitudinal sections of press doitielets were made using surgical blade
in order to verify the position of position of caablet. Figure No. 13 shows the photographs
of these sections. From this, it is clear that ¢abdet is placed in center of coated tablet.

Transverse section view Longitudinal section view
Figure No0.13: Transverse and longitudinal sectioniew of press coated tablets
CONCLUSIONS

The use of permeable polymer such as Eudragit R&&4@ with gellable polymers such as
Klucel HF and HXF in coaallows the production of ‘timed-release’ pharmaamitdosage
form. Press-coated tablets utilizing hydroxypropilldose (Klucel HF and HXF) in the outer
shell displayed a timed-release function, i.e. g phase was observed in the dissolution
profile and the drug was released rapidly afteratsplete erosion of shell when permeable
polymer was used. The effect of amount of outeticganaterial (thickness of coating) was
also investigated, increasing the amount of outetl seemed to prolong lag time and the
time required to complete the dissolution or enosad the outer shell would be longer.
Decrease the particle size of Klucel seemed tooppllag time since the time required to
complete the dissolution or erosion of the outesliskould be longer. Water uptake studies
showed that the plain gellable polymers such asdltiF/Klucel HXF have higher water
uptake capacity as compared with the combinationtheflse polymers with Eudragit
RSPO.150 mg compression coat of polymer blend EudrRSPO: Klucel HF (75:25) gave a
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lag time of 7 hrs followed by complete release 15 Brs. These formulation (FB3) can be
considered for chronopharmaceutical delivery ofi&em hydrochloride.
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