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ABSTRACT
A time-adjustable pulsatile release system containing atenolol as an active pharmaceutical agent was developed for bedtime dosage

administration and release of medicine in the early morning to manage elevated blood pressure. The system contained an immediate release (IR)
core, a sustained-release (SR) plug, and a mucoadhesive cup layer and it was designed by the cup and core technique. The immediate-release layer
was composed of atenolol, croscarmellose sodium, microcrystalline cellulose (MCC), sorbitol, talc, and magnesium stearate. The SR plug was
composed of hydroxyl propyl methylcellulose (HPMC), polyvinyl pyrrolidine (PVP), MCC, Lactose, talc, and magnesium stearate. The
mucoadhesive cup contains polycaprolactone and mucoadhesive polymer chitosan. Bilayer tablets were punched by applying different compressive
forces. Based on the Release data of the drug from each layer F5 and S5 were selected for the preparation of the bilayer tablet. Cup composition
containing 3% of chitosan provided the highest mucoadhesion time up to 10h. Pulsatile delivery of the drug from the formulation was observed at
300 min after the administration of the drug. The constructed pulsatile delivery systems were compared to that of commercially available atenolol IR
tablet. The comparison demonstrated that the formulation is suitable for the intended chronopharmaceutical delivery of antihypertensive drugs.
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INTRODUCTION
The goal of chronopharmaceutical medication delivery is to

synchronize the illness's inherent chronological time and therapeutic
administration [, When a disease exhibits chronological behavior, it
is not required to maintain a constant drug concentration throughout
the day, but it is necessary to deliver the optimum dose at a specific
moment. Heart rate and blood pressure have a distinct diurnal pattern
in both normotensive and hypertensive patients. The heart rate and
blood pressure are higher in the early morning and lower at night
while sleeping [? 3 ad 4 According to previous studies, during the
hours of 6:00 a.m. and 12:00 p.m., patients had a 29 %, 40 %, and 49
% greater risk of cardiac mortality, heart attack, and stroke
respectively in the time span of 6.00 am and 12pm[®). Conventional
drug delivery systems release the medicine instantly and it has to be
administered during the peak hours to maintain the drug
concentration throughout the day. In such situations, chrono
pharmaceutical drug delivery methods are user-oriented [, In the
present study, a time adjustable pulsatile release system containing
atenolol as an active pharmaceutical agent for bedtime dosage

administration and early morning release of the medicine to

manage blood pressure. Atenolol is a cardioselective beta-blocker
used in normalizing the heart rate, reducing the strain on heart and
blood pressure. Atenolol is a BCS class 111 drug with an elimination
half-life of 6-7h, pKa Value of 9.6, and bioavailability of 45-50% [).
This drug delivery system is aptly designed to release the drug
adequately when required, to avoid the presence of a high dose of
atenolol throughout the day in blood circulation, and to reduce the
adverse reactions [ 9. The study involves designing of ‘core in cup’
drug delivery system in which the core tablet is an immediate-release
tablet, the plug is a sustained atenolol release polymeric layer and the
cup is a mucoadhesive polymeric layer. The mucoadhesive cup
adheres to the mucosal membrane of the gastrointestinal tract
lengthening the time of drug retention in the stomach. The direct
compression method was used to make the core and the cup tablet.
Objectives of the present study are preparation and evaluation of
pulsatile drug delivery system of atenolol and comparison of the drug
release profile with the marketed atenolol tablet.

MATERIALS AND METHODS
The drug atenolol was procured from Carbanio.com.
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Microcrystalline cellulose [MCC), chitosan and sodium starch
glycolate [SSG) were procured from Lobachemie. Talc, cross
carmellose sodium [CCN) magnesium stearate, polycaprolactone,
sorbitol, lactose and hydroxy propyl methyl cellulose (HPMC) were
sourced from SD fine chemicals.

Pre-formulation studies
Pre-formulation is the primary step of product development

in which the physicochemical properties of the active pharmaceutical
ingredient and other excipients are studied before product
development to check their physiochemical effects on the quality of
product formulation and performance [, The pre-formulation
studies conducted are as follows.

Analytical method development
Preparation of Calibration Curve
Spectrophotometer method is used to assay the drug. A

standard calibration curve of pure drug atenolol was plotted with the
concentration Vs. absorbance values measuring at Amax 0f 224 nm. A
series of diluted solutions were made with solvent methanol and
diluent 0.2M phosphate buffer 'V, The linear regression curve is used
to measure an unknown concentration of the drug.

Solubility studies
A saturation solubility study of atenolol was carried out

according to BCS guidelines. In 500ml conical flasks, 25mg of
atenolol was added to 250ml of each medium [0.1N HCI pH 1.2,
distilled water pH 7.0, acetate buffer pH 4.5 and phosphate buffer pH
6.8). Flasks were shaken in an orbital shaker at 37°C for 48 hours.
The samples were then filtered and diluted before being analysed
with a UV spectrophotometer 11,

Melting point determination
The determination of the melting point aids in the

identification of the material and its purity. The melting point device
can be used to determine the melting point [13],

Drug — excipient compatibility studies using differential scanning
calorimeter (DSC)
Using a differential scanning calorimeter, the thermograms

of the drug and excipients were recorded. As a baseline, an empty
pan was used. About 1 g of drug/excipients/drug and excipient
mixture was weighed and sealed in a small aluminium pan and was
heated to 20-400°C at a rate of 10°C/min with constant purging of dry
nitrogen 50ml/min. A blank pan was sealed and used as a reference.
DSC thermogram was obtained using automatic thermal analyzer
equipment. DSC thermogram was analyzed to check the
compatibility of the drug and the excipients [24],

Study of flow property Study of flow property (angle of repose,
bulk and tap densities, Carr index, Hausner’s ratio) of powder
material

Angle of repose: The angle of repose was used to determine

the frictional force in a loose powder, and the angle of repose was
measured using the fixed funnel method. As a function of the powder

flow property, the maximum angle () permitted between the surface
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of the powder pile and the horizontal plane was determined [*3 using
the formula 0 =tan"*(h/r), here, h is the height of the cone and r is the
radius of the cone base.

Bulk density, po
It is the ratio of the mass of the powder (M) to the volume,

V (including the inter-particle void volume) of an untapped powder
sample, (pp=M/Vo).

Tapped density (pt) is higher than bulk density; it is
obtained after mechanically tapping a cylinder containing the sample.
It is calculated by the ratio of the mass of the powder (M) and tapped
volume, V: attained after tapping 100 times using mechanical tapped
density tester (pt=M/ V).

Measure of powder compressibility
The Compressibility index (Carr's Index) is a measure of a

powder's propensity to be compressed, based on bulk and tapped
densities. In free-flowing powders, inter particle interactions are less,
and bulk and tapped densities will be closer in value. Poor flowing
materials are cohesive in nature, resulting in a wider gap between
bulk and tapped densities [*81. The Compressibility Index, which

is determined using the following formula,

(p: — P»)
Pt
Where, pt is the tapped density po is the bulk density

X 100

Carr's index = [

Hausner’s Ratio: The flow ability of powders or granules is expressed
by Hausner's ratio (=Vo/Vt), where Vo is the untapped apparent
volume (cmq) and V4 is the final tapped volume (cm?3) [25],

PREPARATION OF PULSATILE TABLETS
Formulation of core in cup tablet
A ‘core in cup’ tablet with a sustained-release (SR) plug

layer, an immediate release (IR) core, and a mucoadhesive cup
(figure 1) was prepared by direct compression method. The pulsatile
core in the cup bilayer tablet was made with a 12 mm punch. With a
low compression force (1 ton), the IR layer was compressed in a 6
mm punch. The cup material, a mixture of polycaprolactone and
chitosan was filled into a 12 mm punch die and slightly pressed. The
core tablet was placed in the slightly pressed bed and subsequently
filled the gap between the die wall and tablet with polycaprolactone

and chitosan mixture (110 mg). The top of the core tablet was then

filled with the SR mixture and compressed to form a tablet (3 tone)
[16,17]

Figure: 1. Fabricated tablet for illustration

IR Core

~ Mucoadhesive Cup
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To achieve the desired drug release profile, a number of IR tablet
trials with various concentrations of super disintegrants (cross
carmellose sodium and sodium starch glycolate) were made (table 1).
Various trials were also carried out to optimize the release profile of
the SR layer and the mucoadhesive cup (Table 2 and 3).

Table 1: Different batches of immediate-release (IR) tablet

Ingredients Composition of formulations (mg)

F1 F2 F3 F4 F5 F6
Atenolol 13 13 13 13 13 13
Cross  carmellose
sodium (CCS) i i i 3 6 o
Sodium starch
glycolate (SSG) 3 6 o i i i
MCC 10 10 10 10 10 10
Sorbitol 371 | 341 |311 |371 |341 |311
Talc 0.325 | 0.325 | 0.325 | 0.325 | 0.325 | 0.325
Magnesium stearate | 0.325 | 0.325 | 0.325 | 0.325 | 0.325 | 0.325
Total weight 63.75 | 63.75 | 63.75 | 63.75 | 63.75 | 63.75
Punch size 6mm
Compression force 1ton

Table 2: Different batches of sustained release (SR) tablet

. Composition of formulations (mg)
Ingredients ST [ s2 s3 s4 S5 |56
Atenolol 12 12 12 12 12 12
HPMC 10 15 20 10 15 20
PVP_m alcoholic 28 28 28 ) ) )
solution
MCC 60 55 50 62.8 57.8 52.8
Lactose 22 22 22 22 22 22
Talc 0.5 0.5 0.5 0.5 0.5 0.5
Magnesium 05 |05 05 05 05 |05
stearate
Total weight 107.8 | 107.8 107.8 107.8 107.8 éO?.
Punch size 12 mm
Compression 3tons
force
Table 3: Mucoadhesive cup layer

Formulation Chitosan (mg) Polycaprolctone (mg)

M1 1.1 (1%) 108.9

M2 2.2 (2%) 107.8

M3 3.3 (3%) 106.7

EVALUATION OF CORE IN CUP TABLET
Hardness test
The Monsanto hardness tester was used to determine the

hardness of the tablets (force necessary to break the tablet). Hardness
was measured by placing the tablet between the moving and fixed
jaws of the apparatus and applying pressure. Six tablets were used in
the experiment [18],

Friability test
Friability refers to a tablet's ability to endure mechanical

stress during handling. It aids in determining the tablet's vulnerability
to fragmentation, chipping, and other forms of damage. The tablets
were placed in a friabilitor and spun at 25 rpm for four minutes.

Weight variation test
The average weight of 20 tablets was obtained after each tablet's

weight was measured individually. The tablet passes the weight
variation tests if not more than two tablets are beyond the prescribed

limits, according to the USP specification (9],

ISSN NO. 2320-7418

Weotar
Average weight = ——=

Riab
Where Whota is the total weight of tablets and newp is the number of
tablets

Disintegration test
The disintegration test apparatus was used to test the

tablets’ disintegration time. Water, 0.1 N HCI, were two distinct
mediums used. The tablets were inserted in the apparatus's basket's
six tubes. At a rate of 29 to 32 cycles per minute, the basket was
pushed up and down in the media 2%

Mucoadhesive strength
The mucoadhesive strength of the 3 combinations of

polycaprolactone and chitosan were measured. The force required to
detach the drug from the attached membrane (porcine GI mucosa)
was determined using the modified balance method. Porcine gastric
mucosa with a thick layer of mucus was affixed to a rubber cork that
had previously been attached to the vial in the bottom of a beaker
with the relevant medium at a level slightly above the mucosa. The
weight was attached to the tablet through a rubber beaker and brought
into touch with the porcine mucosa and kept undisturbed for 5
minutes. The mucoadhesive strength was measured by adding
weights to the right-side pan in incremental increments and recording
the weight at which the tablet disengaged from the mucosa [21,

Figure 2: Modified Balance method for mucoadhesive strength calculation

Thread <

Beaker
Tablet
Phosphate buffer <

Vial

TS

Weight

Sheep buccal mucosa

Mucoadhesion residence time
The tablets must remain adherent to the gastro intestinal

mucosa to retain the drug in GIT for certain period. Hence an ex vivo
mucoadhesion test was used to determine the tablet's residence time
in the gastro intestinal mucosa. Cyanoacrylate glue was used to
adhere the sample of bovine Gl mucosa on a stainless-steel plate
measuring 8.5 cm x 5 cm. Further, each tablet was stuck to the
mucosa with a specific pressure (500 g for 30 s). The prepared plate
assembly was placed in a beaker containing 0.1N HCI at a 60° angle,
then in a shaking water bath at 37°C and 15 rpm [22,
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In vitro drug release studies
Each drug layer (IR core, the SR plug, and the core in a cup

tablet), was evaluated separately to study the drug release profile. The
primary factor for selecting the optimal formulation among trials in
each layer preparation was in vitro drug release. Each data is the
average of three repetitions.

In vitro drug release from IR core tablet and SR plug
In vitro drug release experiments for the atenolol core

tablets and the SR plug layer were conducted individually using the
USP dissolution apparatus II. The temperature was kept at 37°C. 0.1
N HCI was chosen as the dissolution medium for IR tablets. The
dissolution media was agitated at 50 rpm [23 24 At predetermined
time intervals, a predetermined number of aliquots were removed for
analysis and subsequently, replaced with an equal amount of fresh
dissolution medium. A spectrophotometer set to 224nm wavelength
was used to examine the aliquots.

In vitro drug release from bilayer tablet (core in cup tablet)
In USP dissolution apparatus Il, a dissolution test for the

bilayer tablet was performed. The medium used for the first 300 min
was 730 mL of 0.1M HCI solution. The tablet was then subjected to a
6.8 pH phosphate buffer solution by the addition of 0.2 M
NasP04.12H20 into the existing media (25). A spectrophotometer set
to 224nm wavelength was used to examine the withdrawn samples.
Similarly, the drug release profile of the marketed atenolol IR tablet
was investigated and compared with the core in cup formulation.

Modeling of drug release
To examine the drug release kinetics, the data were fitted

into zero order, first order, Korsmeyer-Peppas, Higuchi, and Hixson-
Crowell models (26).

Water uptake and erosion studies
Water absorption and erosion were studied using the USP

dissolution apparatus type I. The weight of the empty basket and the
tablets were recorded before starting the experiment. The tests were
carried out in the same prescribed conditions as the dissolution test.
At predetermined times, individual tablets were taken out of the
medium. The basket and tablets were weighed following the
completion of the test. The tablets were dried at 80°C until they attain
a constant weight. After they had cooled to room temperature, the
tablets were weighed again. To compute the % erosion, the below
formula was used (27,28).

. W; — Wy

% erosion = ——= x 100
W;

Where Wi represents the initial weight of the tablet and W+ represents

the final weight of the dried tablet.

The excess weight gain of the tablet at each time interval was used to

calculate water uptake by the tablet.
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Wwet -

R Wy
Weight increased = x 100

f
Where Wwet represents the weight of the wet tablet

Stability study
The stability tests on the tablets were carried out in

compliance with ICH guidelines. The tablets were maintained in two
different study conditions. One batch of tablets was kept in a
desiccator for three months at 25°C and 60% RH in the presence of
anhydrous calcium chloride in polypropylene containers. Another
pair was kept in a stability chamber at 40°C and 75 RH for three
months. Three months later, dissolution tests and the physical
appearance of the tablets were evaluated [2°,

In-vivo Studies: Preparation and biopharmaceutical evaluation of
Chrono pharmaceutical drug delivery system of atenolol
Number of days each rabbit was housed for 3 weeks under

standard conditions with a 12 h light/dark cycle with free access to
water and a basal diet for 1 week. Animals weighing about 1 to 5
Kilograms was selected and divided into the above-mentioned
groups. Further, they were subjected to fasting for 12 hours with
access to drinking water. After 12 hours, the prepared formulations
were administered (16mg/kg) through the oral route by keeping them
in an upright position. Blood samples of 1 ml has been collected from
the tail vein using a needle at 15, 30, 60, 120, 180, 240, 300, 360,
420, 480 and 540 minutes after administration. All blood samples
were immediately put into heparin then it will be subjected to
centrifugation at 4000 rpm for 10 min to separate the plasma. Then
the plasma was frozen and stored at -20°C until the analysis. The

kinetic parameters including Cmax, Tmax, AUC was analysed. [3536]

RESULTS AND DISCUSSION
Pre-formulation Studies
The graphical plot of absorbance (y) vs concentration (x)

yielded the linear calibration curve equation (y = 0.0394x + 0.0204,
R?=0.9971), which was used to calculate the amount of drug released
in dissolution studies of different batches of products.

Solubility studies
Saturation solubility of atenolol was observed as 13.3+0.48,

12 + 0.51, 10.12 + 0.28 mg/mL at 25°C in double-distilled water
(DDW), 0.1 N HCI, and pH 6.8 phosphate buffer. The drug was
found to be sparingly soluble in water, practically insoluble in HCI
and acetate buffer, and soluble in a pH 6.8 phosphate buffer.

Melting point determination
The melting point of atenolol was found to be 123-125°C. It

was comparable to the melting point reference provided by the USP.

Drug - excipient compatibility study using differential scanning
calorimeter
DSC was used to determine the compatibility between drug

and excipients used in the formulations. Individual components, such
as atenolol, cross carmellose, sorbitol, MCC, HPMC, magnesium

stearate, chitosan, and the physical mixture of drug and excipients,
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were investigated using DSC. The thermograms of the physical
mixture revealed no interactions, implying that there were no
incompatibilities between drugs and excipients.

Study of flow property
(angle of repose, bulk and tap densities, Carr’s index,

Hausner’s ratio) of powder material

Angle of repose
The flow characteristics and compressibility of powder

mixes are critical in defining the quality and reproducibility of direct
compression tablets. According to the USP, a powder sample with an
angle of repose of 25-30° has a good flow property. All the powder
mixes had angle of repose ranging from 28-30°. The angle of repose
of all the formulations is given in table 4.

Bulk density
The bulk density of the powder mix affects the flowability

of the powder. Low bulk density associated with agglomerated
particles negatively influences the flowability and of the powder. The
observed bulk density of the formulations is given in table 4.

Tapped density
Tapped density is more in the case of regularly shaped

particles than irregularly shaped particles. Determined tapped density
was mentioned in table 4. These values were used for the calculation
of the Hausner’s ratio and Carr's index.

Carr's index: Carr’s compressibility index values have been used to
define the flow properties of the powders. Carr’s index for the studies
was in the range of 10-14. These values indicate the excellent
flowability of the powders.

Hausner’s ratio
Hausner’s ratio is related to the interparticle friction

between the particles. For a satisfactory flow property, Hausner’s
ratio should be less than 1.25. Table 4 lists the IR tablet's Hausner’s
ratio (39,

Table 4: Flow properties of immediate release formulations

Evaluation Formulations

parameters F1 F2 F3 F4 F5 F6

Angle of repose | 29.36 | 28.01 | 28.69 29.05 28.25 29

Bulk density 0.25 0.27 0.28 0.25 0.30 0.21

Tapped density | 0.29 | 0.28 | 0.29 0.31 0.34 0.29

Carr’s index 13.8 10.69 | 12.88 1331 12.89 10.70

Hausner’s ratio | 1.15 1.13 1.13 1.15 1.12 1.13

Evaluation of core in cup tablet
All of the quality control tests on the core tablet were

successful. The tablet's thickness was 3.51+0.04mm, while its
diameter was 6.08+0.0lmm. The hardness (5.51+0.3 kg/cm?) was
within acceptable limits. The tested tablets had a friability of 0.25%.
The average weight of 20 tablets was 284+0.9 mg. The core tablet
disintegrated instantly in both alkaline and acidic environments. F5
disintegrated the fastest (1 minute) (34,

Mucoadhesive strength
Figure 1 depicts the findings of the mucoadhesive strength

study. It was established how much strength (g) was required to
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separate the tablet from the membrane. The mucoadhesive strength of
the cup layer is determined by the chitosan content. The formulation
with the lowest chitosan concentration (M1) detached faster than the
formulation with the highest chitosan concentration (M2). Among the
other formulations, M3 had the strongest mucoadhesive strength.

Figure 3: Mucoadhesive strength of cup layer
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Mucoadhesion residence time
All the three formulations stayed adhered to the mucosal

membrane at least for 10 h. The layer containing 3% of chitosan
stayed unchanged in its adhesion properties till the end of the study
compared to the formulations containing 1 and 2% chitosan.

In vitro drug release studies
The drug release from various formulations was measured

using the USP dissolution apparatus Il. The drug release from bilayer
tablet components such as the IR core, the SR plug, and the influence
of the cup on drug release were studied separately to identify the best
formula. This study was successful in assessing the effects of
polymers and identifying the best formulation for pulsatile drug
release with desirable properties. The core tablet was initially studied
to find the qualities of immediate drug release.

Effect of disintegrants on drug release from IR core
Figure 2 shows the in vitro cumulative release of atenolol

from the IR core tablet in 1000 mL 0.1N Hcl at 37°C and 50 rpm. To
get an immediate release following the lag time, CCS/SSG was
incorporated as a super disintegrant in the core tablet. Super
disintegrants speed up the disintegration of direct compressible
tablets and improve the solubility of medications that are difficult to
dissolve. Formation of pore and swelling are two distinct mechanisms
involved in the dissolution of CCS and SSG. The drug release
mechanism is dependent on the concentration of super disintegrant.
Disintegration will be minimal when swelling predominates (in case
of 9 mg, Table 1). The formulation F5 with CCS (in case of 6 mg)
delivered the medication in 30 min (94.62%). Whereas, formulation
with SSG (F2) released 89.9% of atenolol after 30 min. The drug
release from six trials of IR core tablets is depicted in the graph.
From the release profiles, F5 was selected for further ‘core in cup’

tablet preparation [33,
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Figure 4: Cumulative drug release (%) from IR core tablets
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Effect of the mucoadhesive cup in drug release
To identify the effect of the cup in drug release from the

core in cup tablet drug release was studied with the ‘core in cup’
tablet without the plug layer (D1) and the IR core tablet (D2) alone.
In both cases, the immediate release core was exposed to the
dissolution media which facilitates the leaching of water into the core
and immediate disintegration of the IR tablets. Because the drug
release profiles of both D1 and D2 were similar, the influence of the
polycaprolactone and chitosan layer on drug release was minimal,
and the effect of the plug layer had to be investigated (Figure 5).

Figure 5: Effect of cup in drug release profile
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Study of drug release from SR plug
The sustained release polymeric plug contributes to the lag

period prior to the onset of drug release from the IR core. To
maintain a low concentration drug in the blood during the lag period
and to reach the therapeutic concentration faster, the tablet plug was
made with a sustained-release polymer HPMC and atenolol. With
different concentrations of HPMC and MCC, six distinct
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formulations were prepared. When HPMC comes into contact with
water, it produces a viscous gel layer that aids in the sustained release
of atenolol from the plug. The swelling expansion of the polymer
prevents water from accessing the IR core, so HPMC produces a
sustained drug release from the plug. As the swelling progresses, the
plug's rigidity deteriorates, causing the plug layer to erode. All six
plug formulations were able to release the drug for up to 360 minutes.
Figure 4 depicts the influence of HPMC concentration on medication
release. Formulation S2 released 98% of the drug at 360 min. Hence
S2 was selected for the plug layer preparation.

Figure 6: Drug release from SR plug formulations
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(15% HPMC), S6 (20% HPMC)

Drug release from core in cup tablet and comparison with
marketed atenolol IR tablet
To make the final ‘core in cup’ tablet, compositions of F5

core tablet, S2 plug, and polycaprolactone and chitosan (M3) cup
were used. Accordingly, a ‘core in cup’ tablet (BT) was prepared. It
was observed that 22.89 % of the drug was released from the ‘core in
cup’ tablets till 270 min when the plug was actively diffusing the
drug. At 300 min, burst release of medication was observed, and
there was a sudden drastic increase of drug release from 22.89-
85.68%, and, cumulative % release had reached 99.1% till 420 min,
as drug release happened from the core formulation (IR) too. The
cumulative drug release (%) data as obtained from the ‘core in cup’
tablet (BT) was compared to that of marketed product (Devolol
50mg) atenolol IR (AM) tablets. The IR tablet AM showed drug
release of 90.19 % of atenolol in 30 min in medium 0.1N HCI,
whereas, 22.89% of the drug was released from the ‘core in cup’
formulation till 270 min in 0.IN HCI. The AM had no lag time,
whereas the BT had a lag period of up to 270 min (Figure 7). The
calculated f2 value for AM and BT was 7. Since the f2 value was

lesser than 50 the drug release profiles are confirmed different for
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both the formulations. The drug release profile indicates that the
created ‘core in cup’ tablet can be used as a pulsatile drug delivery

device.

Figure 7: Drug release from IR tablet and ‘core in cup’ tablet
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The release of atenolol from BT fits well into Korsmeyer-
Peppas model as indicated by the value R? value (0.9895) and the
profile is linear (Table 5 and Figure 8). It can be concluded that the
mechanism of drug release from BT follow diffusion and swelling
mechanism. The exponential coefficient (n) value was found to be in
>0.5 indicating that non Fickian diffusion mechanism.

The release profiles exhibit biphasic stages as it involves
release of drug from SR system initially at 0.1M HCI medium up to
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270 min which is followed by burst release of drug and finally drug
was released steadily in the last stage. In other models, linear profiles
were not obtained.

Water uptake and drug erosion studies
The atenolol cup and core tablet were tested for water

uptake and erosion in both phosphate buffer pH 6.8 and 0.1 N Hcl.
When the tablet was placed in 0.1 N Hcl, HPMC plug layer absorbed
the most water. The rate of water absorption increased gradually,
reaching a maximum at time 300 min. The amount of water absorbed
remained constant until the pH was raised in the phosphate buffer
solution. There was a rapid drop in water absorption after 300 min,
followed by the layer's quick disintegration. Figure 9 depicts the
relationship between polymer water uptake and polymer breakdown

in various pH solutions 34,
Figure 9: % of water absorption and % of erosion Stability study
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Formulation F3 was kept for three months in both
standard long-term storage (20°C, 60% RH) and accelerated stability
(40°C, 75% RH). After the trial period, the tablets were examined for
drug release, friability, hardness, and product look. The findings of

the tablets' early tests showed no significant differences.
Table: 6 In-vivo concentration of Atenolol

Time Concentration (ng/ml)
0 0
15 23.2
30 27.8
60 30.3
120 319
180 35.6
240 40.7
300 47.8
360 97.03
420 53.7
480 30.3
540 125

In-vivo Studies
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Preparation and biopharmaceutical evaluation of

Chrono pharmaceutical drug delivery system of atenolol

The kinetic parameters including Cmax, Tmax, AUC

was analysed. [53] In-vivo concentration of atenolol with respective

to the time was shown in the table 6 and their relative plasma drug

concentration was illustrated in figure 10.

Figure 10: Plasma Drug Profile of Chrono pharmaceutical drug delivery

system of atenolol
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Table 7: Pharmacokinetic parameters
Tmax 360 mins
Cmax 97.3 ng/ml
AUC 22,759.8 mins. ng/ml
CONCLUSION:

A promising pulsatile core in cup drug delivery system was

successfully produced with the desired lag time. The mucoadhesive

chitosan polymeric cup proved effective in extending the drug's Gl

retention period up to 10 h. Throughout the lag period, the

formulation was continually releasing atenolol at a low concentration
(22.89%) from the sustained release plug (270 min). At 300 min, the

drug was released quickly and instantly from the IR core, with the

release of atenolol reaching 85.64 % in 30 min. Core in cup drug

release profile was compared with the commercial atenolol

immediate release tablet. The marketed atenolol tablet released 90.19

% of atenolol in 30 min without any lag time. The drug release

profile from the core in cup tablet demonstrated that it is suitable for

the chronological delivery of atenolol.
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