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ABSTRACT

Rapidly dissolving tablets, also known as orally disintegrating tablets (ODTs) are solid unit dosage forms that disintegrate
or dissolve rapidly in the mouth without chewing and water. They offer an advantage particularly for pediatric and geriatric
populations who have difficulty in swallowing conventional tablets and capsules. The present study focuses on the
formulation and evaluation of Diltiazem HClI rapidly dissolving tablets using both natural and synthetic superdisintegrants,
including Sodium Starch Glycolate, Croscarmellose Sodium, Guar Gum, and ground banana flour. Tablets were prepared
via dry granulation. The formulations (F1-F8) were developed and subjected to pre-compression (bulk density, tapped
density, angle of repose, Hausner’s ratio) and post-compression (hardness, friability, drug content, water absorption ratio,
wetting time, dissolution, and disintegration time) evaluations. All parameters met the acceptable limits prescribed by the
Indian Pharmacopoeia (IP). Among all formulations, F2 exhibited the shortest disintegration time of 28 seconds and the
highest drug release of 98% within 30 minutes. The results demonstrate that natural superdisintegrant like ground banana
flour can be effectively used in combination with synthetic agents to formulate efficient ODTs of Diltiazem HCI.
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INTRODUCTION

Route of administration of drugs impacts the whole
formulation, including drug disintegration and dissolution'
10, Oral cavity is the site for most of the drugs because of
the vast advantages by this route. So, Oral cavity is the site
for administration of drugs. In oral administration of drugs,
different processes takes place in a short period of time it
includes: disintegration, dissolution, drug absorption'!! .
The tablet then quickly dissolves in the mouth, thereby
absorbing it into the bloodstream 2!-3°. This Rapidly
dissolving tablets, also called as Orally Disintegrating
Tablets (ODTs) or Rapid Disappearing Tablets, are a type of
pharmaceutical dosage form that is supposed to easily
dissolve or disintegrate in the mouth, most commonly in
seconds to a minute, with no intake of water '*. Such
tablets promise an improved effectiveness of drug
absorption and better patient compliance, particularly for
those who experience a lot of difficulty in swallowing
tablets or capsules **3° Natural superdisintegrants 56 are
plant-derived or natural substances used in the formulation
to enhance the ease of disintegration and dissolution of
tablets’®. Synthetic superdisintegrants are chemically
synthesized materials that aim at improving the fast
disintegration of tablets, leading to drug release followed by
an improvement in bioavailability. Diltiazem is a semi-
lipophilic drug, exhibiting roughly equal proportions of

* Author for Correspondence: mohansaimaragani@gmail.com

both  hydrophilic and lipophilic properties. Its
physicochemical nature enables it to penetrate lipid
membranes similar to those of cells-and simultaneously
exhibit moderate water solubility. Diltiazem Hydrochloride
or Diltiazem HCI is one of the calcium channel blocking
drugs prescribed for HTN, angina, and certain arrhythmias.
Diltiazem HCI is mostly soluble in water because of its salt

form, making it suitable for immediate release
formulations.
MATERIALS AND METHODS:

Diltiazem hydrochloride was obtained from Pellets Pharma
Pvt Limited as a gift sample from Hyderabad, Banana
powder from Hamps Bio Pvt Ltd, Gujarat, Guar gum from
SD Fine Chemicals, Mumbai. Croscarmellose sodium from
Vijlak Pharma Limited, Hyderabad. Lactose from Merck
Specialties, Mumbai. Talc from SD Fine Chemicals,
Mumbai. Magnesium stearate from SD Fine Chemicals,
Mumbai. Sodium Starch Glycolatewas procured from
Vijlak Pharma Limited, Hyderabad.

2.1 Preparation of Standard Curve of Diltiazem
Hydrochloride in pH 6.8 Phosphate Buffer: The 100 mg
of Drug was weighed and dissolved in Phosphate Buffer pH
6.8, in a 100mL volumetric flask, the volume was diluted
to 100 ml along with pH 6.8 PB (1000 pg/ml) solution. The
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10 ml was taken from the above stock solution, & it was
diluted withPhosphate Buffer pH 6.8 and the volume was
adjusted up to 100 ml . The solution was diluted with
Phosphate Buffer pH 6.8 to get a series of dilutions
2,4,6,8,10,&12 pg/ml. The dilutions were quantified for the
absorbance using the UV Spectrophotometer ( Lab India) at
237 nm using Phosphate Buffer pH 6.8 solution as the blank
(Figure 1).

2.2 PREPARATION OF DILTIAZEM HCI RAPIDLY
DISINTEGRATING TABLETS:

After precisely weighing DTZ HCI, other diluents were
added & properly mixed. Finally, remaining agents were
also added and blended for 5 min, thoroughly to get a
uniform mixture. All the bulking agents were passed
through 60 mesh sieves. Using a single-stage compression
machine, these blends were compressed with an 8mm
punch to a hardness of 3 kg/cm? to secure a 200 mg unit
tablet.

2.3 Assessment of pre-compression parameters:

2.31 Bulk Density:

Measurement of mass in material per unit volume, which is
found to include all solid particles and air spaces within the
material, is called bulk density. common units are (g/cm?)
or kilograms per cubic meter (kg/m?).

mass of powder(w)

Bulk density =

Bulk volume  (Table 2)

2.32 Tapped density (TD):

Tapped density is the density of a granular or powdered
material after it has been compacted by tapping or vibrating
the container holding material. This parameter may give
insights into compressibility and packing behavior of the
material.

Tapped density = weight of powder

tapped volume of powder (Table 2)

2.33 Assessment of post-compression methods:
2.34 Hardness:
It is to survey the mechanical potency of the tablets so that
it can stand the test of handlings and transports without
breaking down prematurely. Monsanto method is used to
determine the tablet toughness, and it is expressed in Kg/cm
2(Table 3)
2.35 Friability:
The friability test results were examined using the Roche
friabilator (Electrolab). for every batch the machine ran at
25 rpm for 4 minutes. After removing, dedusting, and
reweighing the tablets, the percentage of delicacy was
determined.
[Initial. weight (W1) - End.weight (W2)]
Percentage Friability =

[Initial weight (W1)] x 100

Where W1 — Initial weight of the tablets; W2 - End weight of the tablets [ Table 3)

2.36 Weight variation test (%) :
Measuring and calculating the tablet's mass deviates from
its average. Twenty tablets were chosen at random from
each formulation, weighed separately, and their Mean
weight was determined. The average weight was
determined and contrasted with the Pharmacopoeia's
standard values. The following formula serves to establish
the percentage weight deviation of each individual pill from
the average weight.
(Each tablet wt — Avg wt of 20 tablets)
Percentage weight variation= x100
Average weight of 20 tablets (Table 3)
2.37 Wetting time (S):
Wetting time will replicate how saliva acts in the mouth
cavity on a tablet. It is related to contact angle and the
hydrophilicity of excipients. It is defined as the time taken
for water to reach the tablet's top surface. Before placing a
tablet on a piece of tissue paper that has been folded twice
and placed in a glass plate with six milliliters of water, its
weight is recorded. The duration to completely wet the
tablet's top layer is then measured. Low wetting time
indicates faster tablet disintegration, whereas high wetting
time indicates slower tablet disintegration (Table 3) .
2.38 Water Absorption ratio :
The measurement of amount of water a material can absorb
relative to its weight or volume is known as the water
absorption ratio, it depends on material porosity, structure,
and water retention capability.
Water Absorption Ratio = 100 (Wa — Wb) / Wb
Where, Wb = wt of the tablet prior to water absorption, Wa
= weight of the tablet after water absorption (Table 3).

2.39 Drug content uniformity test (%):

The drug content uniformity test ensures that the amount of
active ingredients in each tablet is consistent and within the
acceptable limits. It should be close to the theoretical value
(100%) with minimal deviation. The 3 tablets of each
formulation are weighed accurately & crushed. The Powder
=100mg of drug was dispersed in pH 6.8 pH buffer & the
volume was adjusted up to 100 ml . Dilute the solution with
distilled water & record the absorbance for the drug by
using the ultraviolet- spectroscopy at 237nm.(Table 3).

2.40 Disintegration time:

Disintegration means breaking down of a tablet into smaller
pieces. This test determines the disintegration time or how
long it takes for tablets to break into small pieces. Each test
tube will contain one tablet. The assembly is submerged in
one liter of distilled water and the system is run at 37°C+
2°C.

2.41 Dissolution studies:

The in-vitro dissolution studies of the tablet gives
information on how well the formulation releases the
medication swiftly for systemic absorption. To measure the
rate at which Diltiazem HCI dissolved in each formulation,
the paddle method was utilized at 37°+0.5°C and 50 rpm.
The 900ml of pH 6.8 buffer was used as the dissolution
medium. The five mL of the dissolution fluid was removed
at different time interval (5, 10, 15, 20, 25, and 30 minutes),
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further diluted as applicable, the Diltiazem HCI content was
assayed using UV spectroscopy by measuring the
absorbance at 237 nm.(Table 4,5 ).

2.42 FTIR Spectroscopy studies:

The compatibility of the API with the excipients was
checked by noting down the Fourier transform IR spectrum
of the optimized batches of FDTs of Diltiazem HCI. The
FTIR spectrophotometer used potassium bromide pellets to
get the FTIR spectroscopy with a 1-minute scan interval as
its scanning range, the spectrum of the optimal batch
formulation and the pure medication.(Figure -
7,8,9,10,11,12)

2.43 Differential Scanning Calorimetry studies:

The DSC thermogram of the optimized formulation (10mg
sample) was noted using the automated thermal analyzer.
Evaluation of the drug—excipient interaction was done using
the differential scanning calorimetry (Figure 13).

2.44 DSC was operated as below:

Scanning rate for 10°C/ minute.

Scanning range for 0°C to 250°C in a nitrogen environment

3. RESULTS AND DISCUSSION

The Orally Disintegrating Tablets were prepared using
different excepients like natural and synthetic super
disintegrents. The various formulations F1 to F8 were
prepared & assessed for the different quality control tests
3.1 Composition of different formulations of Rapidly
disintegrating Tablets

Excipients in mg FORMULATIONS

(F1-F8) F1 F2 F3 F4 F5 F6 F7 F8
Diltiazem HCL 100 100 100 100 100 100 100 100
Banana flour - - - - - - 8 16
Guar gum - - 8 16

Na- starch glycolate

Croscarmellose sodium 8 16

Lactose 86 78 86 78 86 78 86 78
Tale 3 3 3 3 3 3 3 3
Me-Stexate 3 3 3 3 3 303 3
Tablet weightinmg 200 200 200 200 200 200 200 200

Table 1: Diltiazem HCI Calibration Curve using pH 6.8
buffer

Concentration(ng/ml) Absorbance
2 0.148
4 0.278

6 0.425
8 0.565
10 0.721
12 0.875

Calibration curve of Diltiazem HCI

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
o
o 2 4 6 8 10 12

y = 0.0729x - 0.0084
R?=0.9991

absorbance

concentration

Figure 1: Calibration curve of Diltiazem hydrochloride
in pH 6.8 buffer solution.

Table 2: Evaluation of Pre Compression Tests

Prod | Pack | Volum | An | Haus | Carrs
uct ed e-base | gle | ners | compress
code | Dens | density | of | ratio | ibility
ity/ | /B.D rep Index
T.D | (g/ml) | ose (%)
«(g/
ml)
F1 0.74 | 0.65 27 1.13 12.16
F2 0.66 | 0.59 29 1.11 10.60
F3 0.42 | 0.36 33 1.16 14.28
F4 0.71 | 0.60 33 1.18 15.49
F5 0.64 | 0.55 31 1.16 14.0
Fé6 0.70 | 0.62 27 1.12 11.42
F7 0.70 | 0.61 32 1.14 12.85
F8 0.60 | 0.52 30 1.15 13.33
Table 3: Evaluation of Post Compression Tests.
For Har | Fri Weig Wate We Di Drug
mul d abil = ht r ttin | sin | conte
atio  ness ity | variat  absor g teg | nt
n (kg/ | (%) | ion ption  tim rat  unifor
cod  cm? (n=3) ratio e ion = mity
) =3 @©m= ti test
) 3) me (%)
(se | (se  (n=3)
c) c)
F1 312 05 1994 791 49 37 97.69
6 8£1.9 2+0.  =+I. +0.86
4 32 40
F2 29 05 2002 | 762 |42 28 99.08
2 5£1.6 | 1£0. | 1. +0.01
7 20 44 4
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F3 3.14 0.7 201.7 561 56 @ 50 @ 98.90
0 0+14 .54 +1. +0.04
5 54 2
F4 353 0.6 1985 953 |59 56 96.92
8 4+1.8 | 6+0. @ 1. +0.00
4 89 36 7
F5 337 06 2015 844 51 39 9875
1 4+1.2 | 9+0. | =+1. +0.00
8 25 28 8
39
Fo6 289 05 198.1 781 47 |34 97.18
9 9+1.4  7+0. | £1. +0.01
2 22 39 5
F7 316 0.6 2001 906 55 49 9527
6 2+1.3 | 3+0. | #1. +0.02
2 31 77 0
F8 328 0.6 1996 881 53 44 9677
4 5£2.0 | 4+0. | £1. +0.00
3 38 63 6
Table 4: Dissolution studies of all formulations.
Cumulative % drug released
Fo | Time in mins
rm 0|5 10 15 20 25 30
ula
ion
co
de
F1 [ 0]33.8|46.1|59.1|59.1 825959
440, | 2£0. | 5+£0. | 5+0. | 5£0. | 0£1.
56 63 59 59 98 27
F2 | 0372|558 |558|855]89.6|98.8
5£0. | 6+0. | 6+0. | 8+0. | 9£0. | 9+0.
23 47 47 34 57 77
F3 [0[30.1 514633704704 91.5
+0.1 | 8+0. | 1£0. | 9+0. | 9+0. | 8+0.
9 34 23 75 75 18
F4 [ 0(254 )443 |60.6 | 73.8 | 85.9 |90.6
+04 | £0.2 | £0.5 | £0.4 | £0.3 | 2+0.
5 3 2 2 3 45
F5 [0[34.4 559 |68.0|72.1 839|950
240. | 8£0. | 8+£0. | 0+0. | 2+0. | 2=+0.
23 42 21 34 45 56
F6 |[0352 572572769 |853|97.2
5£0. | 5£0. | 5+0. | 440. | 0£0. | 2+0.
63 77 77 65 52 64
F7 |0 31.7 523|628 |74.0 839 |92.1
+0.3 | 240. | 7£0. | 5£0. | 2+0. | 1+0.
4 27 45 34 37 50
F8 [0]33.9|553|66.7 760|859 |94.3
7£0. | £0.4 | 8+0. | 3+0. | 2+0. | 1+0.
52 3 52 56 75 42

Table S: Dissolution parameters of the formulated
tablets.

Bat % of drug T50(m T75(m T90(m

ch released in  in) in) in)
10m 20m
in in

F1 46.1 755 1149 1985 27.79
2 0

F2 558 855 7.06 17.32  25.17
6 8

F3 514 704 937 29.22  29.57
8 9

F4 443 738 1081 20.50 29.34
0 9

F5 559 721 8.61 21.22 27.74
8 0

F6 448 769 12.07 18.84 2697
7 4

F7 523 740 944 2043  28.71
3 5

F8 553 76.0 8.76 19.44  27.33
0 3

3.3 Dissolution profiles of the formulated tablets with
natural and synthetic super disintegrants:

Dissolution profile of F1,F2& F5 ,F6 formulations
(synthetic super disintegrants )
120

100

—

80 -
z y
a
% . /
BN ~_

40 Z

20 /

0
0 5 10 15 20 25 30
time in mins
—8—cs(8mg) ccs(16mg) SSG(8mg) SSG(16mg)

Figure 2: Dissolution profile for F1 & F2 and F5 & F6
formulations (used synthetic super disintegrants )
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Dissolution profile of F3,F4&F7,F8 formulations
(natural super disintegrants )

%cCDR
8

0 5 10 15 20 25 3(
time in mins
—®—guar gum(8mg) —@—guar gum(16mg) Ban(8mg) Ban(16mg)

Figure 3: Dissolution profile for F3 & F4 and F7 & F8
formulations (used natural super disintegrants ).

Figure 4 : FTIR Studies
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Figure 8: FTIR Studies
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Figure 09: FTIR Studies

3.6 DSC studies:

The Figure. 13 displays the DSC thermograms for both the
formulation F2 and the pure medication. The pure drug's
Diltiazem hydrochloride showed a dramatic melting
transition at 216.20°C. The melting endotherm in
formulation F2 was found to be 214.08°C. This
demonstrated that the drug's nature was unaffected by the
presence of other excipients and that it was properly
preserved in the optimized formulation

22
7

P o

i S P I )
S N

DSC image of A) pure diltiazem HCI drug and B) optimized formulation F2

Figure 10: DSC Thermograms of pure drug & the
optimized formulation

CONCLUSION

The direct compression process was used to create the
quickly dissolving Diltiazem HCI tablets. According to the
drug release experiments, the croscarmellose sodium (16
mg) F2 dissolved quickly and provided the maximum drug
release / dissolution in a brief amount of time. The
disintegration time of formulations F1-F2 was shown to
decrease  with  increasing croscarmellose  sodium
concentrations; the disintegration time for these
formulations was 28 seconds. Diltiazem HCl does not
interact with the excipients used in the formulation,
according to the interaction studies confirmed by the DSC
and FT-IR spectra.
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