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ABSTRACT
Oral disintegrating tablets (ODTs) has received good response as a great opportunity to capsules and
conventional tablets due to superior patient compliance. New, oral disintegrating tablet manufacturing technologies
are widely used in many pharmaceuticals, ranging from management of suitable doses for pediatric, geriatric, and
psychiatric patients with dysphasia. In the present work, we have evaluated the suitability of lyophilized excipient
for the preparation of ODTs of ranitidine. Super disintegrates (sodium starch glycolate, cross caramellose sodium,
avicel), diluent (mannitol) with sweetening agent (aspartame) were used during the preparation of tablets. Direct
compression method was used for tablet preparation and characterized for its taste masking ability, hardness, wetting
time, disintegration time, water absorption ratio, friability, field emission scanning electron microscope, Fourier
transform infrared spectroscopy, and in vitro drug release study. The disintegration of lyophilized excipient based
ranitidine tablets was remarkably faster than without lyophilized excipient based ranitidine tablets.
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1. INTRODUCTION

Taste of the active pharmaceutical ingredient(API) acting an important part in the suitability/ palatability of
its pharmaceutical formulation by patients in oral drug delivery and results in compliance issues especially in
geriatrics or pediatrics liable for the commercial success of medicament. Hence, general thought to succeed this
specific obstruction of upsetting taste same time delivering medication regardless with patients, disturb those starting
of a pharmaceutical arena i.e. taste-masking. Various techniques and methodologies were continuously developed in
oral disintegrating tablets (Velmurugan, 2010; Vema, 2017). To grow quality of life and treatment compliance of
such patients, oral disintegrating tablets (ODTSs) or fast disintegrating dosage form is a superior alternative for oral
medication. ODTs are the solid dosage form containing APl and medicinal substances which disintegrate rapidly,
usually within few seconds when placed upon tongue requiring no additional water to help swallowing. Oral
disintegrating tablets can be prepared by different methods such as wet granulation, direct compression, freeze-
drying, spray drying, and sublimation (Mizumoto, 2008). This study was performed to formulate ODTs with
acceptable mechanical veracity and to attain quick disintegration time in the oral cavity without water. To formulate
ODTs, lyophilized based excipient was used for the preparation of ranitidine tablets (Alshehri, 2015). Attempts were
made to increase dissolution rate with rapid disintegration time using as lyophilized excipient base in the formulation
of ODT of ranitidine. Model drug ranitidine with good aqueous solubility was selected for this study. Ranitidine, H.
receptor antagonist, occur as a pale-yellow granular substance with a sulphur like odor and a bitter taste. It is generally
preferred in duodenal ulcers, gastroesophageal reflux disease, erosive esophagitis, Zollinger-Ellison syndrome, and
gastric ulcers. The treatment of erosive esophagitis requires minimum administration of 150 mg of ranitidine four
times a day. The prescribed adult oral dosage of ranitidine is 300 mg once daily or 150 mg twice daily (Ramu, 2013;
Farshid, 2014).

2. MATERIALS AND METHODS

Materials: Ranitidine was kindly gifted by Dr. Reddy’s Laboratories, Nalgonda, India. Mannitol, Aspartame,
Magnesium stearate, Sodium starch glycolate (SSG) were purchased from Hi-media Laboratories, Pvt. Ltd., Mumbai,
India. Avicel- PH 101 was procured from Sigma Aldrich, USA. Cross caramellose sodium (CCS) was kindly gifted
by Cellulose Pharma Chem, Jalgaon, India. Potassium dihydrogen phosphate was purchased from MERCK
specialties Pvt. Ltd. Mumbai, India. Sodium hydroxide was purchased from RFCL, Mumbai, India. All other solvents
and reagents of analytical grade and used as provided.

Methods Experimental Design: During the preparation of the ODTSs of ranitidine, number of initial trials were
conducted for bitter taste masking of ranitidine and to increase its disintegration time. We have observed that the
selected independent variables have impact on the disintegration time and taste masking. A second order polynomial
equation is derived by using a 3-level 2- factor design and constructed 3D surface graph to predict responses
(Khairnar, 2016). The independent variables selected were the amount of avicel (mg), SSG (mg) and amount of CCS
(mg). The converted values of the independent and the dependent variables were exposed to numerous regressions
to determine a full-model second-order polynomial equation. In Table 1 dependent and independent variables along
with different levels are showed (Deshmukh, 2013). Formulation of tablets by following two methods (i) Without
Lyophilized by direct compression and (ii) Lyophilized by direct compression.
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Table.1. Formulations of Oral Disintegrating Tablet of Ranitidine without Lyophilizate by Direct
Compression (D1 to D15) and Lyophilized by Direct Compression (L1 TO L15)

Batch Ranitidine | Mannitol | Aspartame | Mg.Stearate | Avicel | SSG | CCS
No. (mg) (mg) % % (mg) | (mg) | (Mg)
D1, L1 150 200 0.2 0.1 30 50 20
D2, L2 150 200 0.2 0.1 30 50 70
D3, L3 150 200 0.2 0.1 30 150 | 70
D4, L4 150 200 0.2 0.1 20 50 70
D5, L5 150 200 0.2 0.1 25 150 |45
D6, L6 150 200 0.2 0.1 25 100 |45
D7, L7 150 200 0.2 0.1 20 50 20
D8, L8 150 200 0.2 0.1 30 150 |20
D9, L9 150 200 0.2 0.1 20 150 |70
D10, L10 | 150 200 0.2 0.1 25 100 |70
D11, L11 | 150 200 0.2 0.1 25 150 |45
D12, L12 | 150 200 0.2 0.1 20 100 | 45
D13, L13 | 150 200 0.2 0.1 20 150 | 20
D14, L14 | 150 200 0.2 0.1 30 100 | 45
D15, L15 | 150 200 0.2 0.1 25 100 | 20

Without lyophilized by direct compression: Directly compressible Avicel PH-101, Mannitol, and super
disintegrates like SSG, cross caramellose sodium were mixed uniformly after passing through sieve no. 120.
Ranitidine was added to the above mixture with aspartame and magnesium stearate (0.1%) respectively and
compressed into tablets using KBr press (Technosearch instruments Pvt. Ltd. Thane, India) (Bi, 1999).
Lyophilized by direct compression: Mannitol was dissolved in water using sonicator and requisite quantity of other
ingredients viz. Avicel PH-101, SSG, CCS and aspartame (0.1%) were added resulting in formation of a suspension.
The suspension was lyophilized and obtained dry solid mass then screened through sieve number 120. The drug was
mixed with lyophilized excipient bases and after that Magnesium stearate (0.1%) was added as lubricant. The final
feed was compressed into tablets using KBr press to produce tablets weighing 150 mg each (Umakant Verma, 2014).
Characterization:
Measurement of Angle of Repose: Angle of repose of dry mixture was calculated before direct compression to
evaluate of the flow properties of a powder. A funnel held with its tip at a given height (H) above the graph paper
kept on flat surface. Powder was passed from the top of funnel formed conical pile on the paper. The angle of repose
was calculated by means of the following formula,
Tan 6 =H/R

Where, 6 is the angle of repose and R is the radius of conical pile.
Hardness: Hardness of the ODTs was measured using Monsanto hardness tester. Tablet is placed in the vertically
holding edges of the anvil of Monsanto Hardness Tester. The pointer adjusted at zero position on the scale by rotating
the screw in forward direction. Then the screw was rotated till breakage of the tablet. The break point of the tester
shows hardness of the tablet (Alyami, 2016).
Wetting Time and Water Absorption Ratio: A piece of tissue paper was kept in petri dish (i. d. 6.5 cm) containing
water (6 ml), a weighed tablet was placed on the tissue paper and the time required for complete wetting of tablet
was measured. The wetted tablet was again weighed. Water absorption ratio, R, was calculated using the following
formula, R=100 (Wa—Wy)/W,

Where Wy and W, are the weight before and after water absorption.
Friability: Friability of the tablets were determined using Roche friabilitor at a speed of 25 rpm/min for 4 min. The
tablets were weighed and weight loss (%) was calculated (Bandari, 2014).
Measurement of Disintegration Time: USP disintegration test apparatus with disk for six tablets was used to
determine disintegration time. At the rate of 30 cycles/min. 1000 ml of distilled water at 37°C was used as test fluid
(Szakonyi, 2013).
Field Emission Scanning Electron Microscope (FE-SEM): The morphology of lyophilized microparticles was
investigated by FESEM-S 4800 (Hitachi, Japan) at a working distance of 8.6-8.7mm and accelerating voltage of 1.0
kV. The ODTs was scanned for size, shape, and surface. The ODTs of ranitidine was kept on metal stub using double
sided adhesive tape and coated with gold under vacuum (Mokale, 2016).
Fourier Transforms Infrared (FTIR) Spectroscopy: Infrared spectra of ranitidine, avicel, cross caramellose
sodium and formulation were obtained by using FTIR spectrophotometer (Perkin-Elmer Pvt. Ltd. Singapore) by KBr
pellet method. The sample (1mg) and KBr (40 mg) was mixed and compressed manually in a KBr press to form
transparent disc. The formed disc was scanned in the range of 4000-500 cm-1 to record the spectra (Patil, 2015).
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Taste Masking Ability: In vitro drug release test could be a good substitute for taste assessment predominantly for
this type of formulation where drug release is prevented or delayed in the oral cavity by encapsulating the drug in
polymer. Bitterness of drug was calculated by measuring drug release and comparing it with bitterness threshold
concentration. In vitro release of formulation in the phosphate buffer pH 6.8(simulated saliva) was compared to the
threshold bitterness concentration of pure drug. If the concentration of drug in the phosphate buffer pH 6.8 (simulated
saliva) was less than the bitterness threshold of ranitidine (pure drug), then the formulation was considered as taste
masked formulation (Kharb, 2014).

3. RESULTS AND DISCUSSION

Flow properties of the powder was determined from the angle of repose. The angle of repose < 30° indicates
free flowing material and > 40° show poor flow properties. Angle of repose value for lyophilized excipient was in
the range of 25.24° to 29.43° indicated that the base was free flowing and can be used for lyophilized by direct
compression (Gold, 1966). The angle of repose for the three-different super disintegrates was observed in the order
sodium starch glycolate, cross caramellose sodium, Avicel and the lyophilized excipient base showed lower angle of
repose (better flow properties) than the excipient alone, which is probably due to increased sphericity of lyophilized
dried excipient base which was further supported by FESEM. The prepared tablets were examined for physical
parameters such as weight variation, hardness and friability (Table.2 and 3).

Table.2. Oral disintegrating tablet of ranitidine evaluated by Weight Variation, Hardness, Friability,

Wetting Time, Water absorption ratio, Angle of repose, for without lyophilized direct compression method

Batch No. | Weight Hardness | Friability | Wetting Water Absorption | Angle of
Variation (%) | (Kgicm?) | (%) Time (Seconds) | Ratio (%) Repose (0)

D1 2.3 3.2 0.78 52 52.45 32.35

D2 2.9 3.6 0.77 48 51.32 34.54

D3 2.9 3.7 0.74 39 56.54 31.65

D4 3.0 3.5 0.76 42 53.56 30.22

D5 2.5 3.1 0.74 48 59.47 35.87

D6 2.3 3.4 0.79 60 57.69 36.24

D7 2.4 3.1 0.72 42 55.78 33.27

D8 2.5 3.2 0.74 48 59.64 35.89

D9 2.7 3.7 0.78 49 56.12 31.46

D10 2.5 3.0 0.78 51 53.52 32.81

D11 2.2 3.4 0.77 45 54.44 34.38

D12 2.1 3.2 0.76 37 54.91 30.24

D13 2.5 3.3 0.71 45 54.88 36.55

D14 2.7 3.5 0.71 52 51.64 33.40

D15 2.5 2.9 0.77 37 53.22 34.27

Table.3. Oral disintegrating tablet of ranitidine evaluated by Weight Variation, Hardness, Friability,
Wetting Time, Water absorption ratio, Angle of repose, for Lyophilized method

Batch | Weight Hardness | Friability | Wetting Water Absorption | Angle of
No. Variation (%) | (Kg/cm?) | (%) Time (Seconds) | Ratio (%) Repose (0)
L1 2.5 3.2 0.74 37 60.25 27.34
L2 2.4 3.6 0.77 45 53.55 26.54

L3 2.5 3.2 0.78 52 59.24 25.24
L4 2.7 3.4 0.76 60 52.27 28.45

L5 3.0 3.1 0.74 42 51.43 26.24
L6 2.9 3.7 0.72 48 56.68 25.69
L7 2.5 3.5 0.78 52 53.64 27.35
L8 2.2 3.1 0.74 48 58.78 29.22
L9 2.3 3.7 0.78 39 55.21 29.37
L10 |29 3.0 0.79 51 57.98 25.46
L11 2.1 3.4 0.77 45 56.09 27.21
L12 2.5 3.2 0.71 49 54.57 28.75
L13 2.7 3.3 0.76 36 59.31 25.70
L14 |32 3.5 0.71 53 53.76 29.43
L15 |3.0 2.9 0.77 38 54.41 28.44

Percent weight variation was observed between 2.4 and 3.2; well within the standard limit for uncoated
tablets as per USP. Since mechanical integrity is of paramount importance in successful formulation of ODTs, hence
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the hardness of tablets was evaluated and were found to be in the range of 2.9—3.7 kg. Friability was observed
between 0.71—0.79%, which was below 1% demonstrating the sufficient mechanical strength of the prepared tablets
of ranitidine (Table.4). It was observed that lyophilized excipient base formulations had higher water absorption ratio
and taken more time for wetting of tablets (Table.3). Wetting time was closely related to the inner structure of the
tablets and the hydrophilicity of the excipients (Table.4). Without lyophilized formulations indicated less wetting
time and water absorption ratio (59.64 to 51.32) Ranitidine is hydrophilic drug and shows greater absorption ratio
and less wetting time.
Table.4. Encapsulation efficiency, and Disintegration for Time Direct Compression

Without lyophilised direct Compression
Disintegration Time (Seconds) Encapsulation Efficiency (%)
Batch No | Actual Value | Predicted Value | Residual | Actual Value | Predicted Value | Residual
D1 36 36.53973 -0.53973 | 79.25 80.2255 -0.9755
D2 36 34.33973 1.660274 | 82.46 81.2945 1.1655
D3 34 32.29315 1.706849 | 82.41 81.73007 0.679935
D4 28 30.09315 -2.09315 | 82.13 82.30907 -0.17907
D5 35 33.13973 1.860274 | 85.25 84.9155 0.3345
D6 29 30.93973 -1.93973 | 83.64 84.1645 -0.5245
D7 26 28.89315 -2.89315 | 84.27 85.28007 -1.01007
D8 30 26.69315 3.306849 | 85.17 84.03907 1.130935
D9 31 32.71644 -1.71644 | 83.71 82.73887 0.97113
D10 28 30.51644 -2.51644 | 81.06 82.65287 -1.59287
D11 27 29.49315 -2.49315 | 87.91 89.04087 -1.13087
D12 33 29.49315 3.506849 | 89.55 89.04087 0.50913
D13 33 33.31644 -0.31644 | 79.28 79.97087 -0.69087
D14 30 29.91644 0.083562 | 83.25 83.18087 0.06913
D15 34 31.61644 2.383562 | 86.23 84.98652 1.243478
Table.5. Encapsulation efficiency and Disintegration Time for Lyophilisation
Lyophilisation
Disintegration Time (Seconds) Encapsulation Efficiency (%0)
Batch No | Actual Predicted | Residual | Actual Predicted | Residual
Value Value Value Value
L1 34 34.15205 | -0.15205 | 82.25 83.0825 -0.8325
L2 33 32.75205 | 0.247945 | 83.17 82.4585 0.7115
L3 31 29.00137 | 1.99863 84.89 84.85022 | 0.039783
L4 27 27.60137 | -0.60137 | 85.74 85.56622 | 0.173783
L5 34 32.15205 | 1.847945 | 88.28 88.2865 -0.0065
L6 31 30.75205 | 0.247945 | 85.25 85.1225 0.1275
L7 24 27.00137 | -3.00137 | 89.75 90.29422 | -0.54422
L8 29 25.60137 | 3.39863 89.47 88.47022 | 0.999783
L9 29 30.57671 | -1.57671 | 88.79 87.44657 | 1.343435
L10 25 29.17671 | -4.17671 | 84.21 86.22257 | -2.01257
L11 24 27.30137 | -3.30137 | 90.85 91.26457 | -0.41457
L12 31 27.30137 | 3.69863 91.01 91.26457 | -0.25457
L13 31 30.87671 | 0.123288 | 82.86 82.95257 | -0.09257
L14 28 28.87671 | -0.87671 | 86.43 87.00657 | -0.57657
L15 32 29.87671 | 2.123288 | 89.23 87.89174 | 1.338261

As the DT is of much importance in the formulation of ODTSs, it was tried to keep the DT less than 1 min.
The disintegration time (DT) was found in the range of 27 to 36 s (Table 5) for the tablets with lyophilized excipient
base (L1 to L15) and 27 to 36 s for the tablets prepared by lyophilized direct compression (D1 to D15). The tablets
made by without lyophilized direct compression took more time to disintegrate than the tablets made with lyophilized
method (Table.5). It was also observed that tablets with the least wetting time (observed with the tablets made with
lyophilized excipient base) also had the minimum disintegration time indicating a strong correlation between
disintegration time and wetting time. The tablets prepared using lyophilized excipient base showed the maximum
encapsulation efficiency of ranitidine i.e. 89.75% while the tablets made by without lyophilized direct compression
showed the minimum encapsulation efficiency (79.28 to 89.55 %) using the same excipients. In comparison to
without lyophilized direct compression tablets containing the same ingredients, a faster drug release was observed
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from the tablets prepared using lyophilized excipient base, it might be due to increased porosity in the lyophilized
dried excipient base. The effects of Avicel, SSG, CCS and HPBCD with their interaction on the EE and DT are shown

in Figure.1 and 2.
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Figure.1. The effects of Avicel, SSG, CCS and HPBCD with their interaction on the EE of without
lyophilized direct compression method
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Figure.2. The effects of Avicel, SSG, CCS and HPBCD with their interaction on the EE of lyophilized
excipient base method
Field Emission Scanning Electron Microscope (FE-SEM): The surface morphology of ranitidine and lyophilized
excipient based formulation was analyzed by FE-SEM and shown in Figure.3. From the Figure.3, it is observed that
the formulation is discrete and free flowing in nature. Increased sphericity of lyophilized excipient base this could

be the reason for the better flow properties. No pores were spotted on the surface of the particles.
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Figure.3. FESEM images of pure ranitidine (A), and (B) lyophilized excipient based formulation
Fourier Transforms Infrared (FTIR) Spectroscopy Study: IR spectra were generally similar in terms of
overlapping bands of ranitidine Avicel-101, CCS, and formulation with a predominance of ranitidine, indicating no
interaction between these. The FTIR spectra figure.4, revealed that there was no such interaction between ranitidine,
avicel-101, and CCS, FTIR spectrum of Ranitidine hydrochloride (Figure.4) showed characteristic bands at 3258
cm?, 3192.2 cm?t and 3095.7 cm™ (N—-H bond), 3015 cm™* (C—H bond), 2995.4 cm, 2974.2 cm'?, 2945.3 cm™?, and
2910.6 cm™ (C—H aliphatic bond). The appearance of same peak along with slightly shifting of frequency appears in
the FTIR spectra of formulation showed that there was no significant interaction between the ranitidine and CCS

used in this study.
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Figure.4. FTIR analysis of ranitidine, Avicel-101, CCS, formulation
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Taste Masking Ability: In vitro evaluation of the taste masking efficiency of ranitidine ODTs was performed to
determine effective bitterness inhibition. The taste masking ability of prepared ODTs was tested by in vitro method,
where a delayed drug release from the spherical coating in first 5 min was considered as main in vitro parameter for
effective taste masking. There are several methods has been used for taste masking assessment of pharmaceutical
products, here formulation of ranitidine was suspended in the prescribed vehicle for making test sample followed by
taste masking intensity rating. Ranitidine tablets dissolved in a volumetric flask containing 25 ml phosphate buffer
pH 6.8 and stirred for 5 min. The mixture was filtered and the filtrate was analyzed for ranitidine concentration at
315 nm by UV spectrophotometer. Ranitidine release in the phosphate buffer pH 6.8 (simulated saliva) was compared
to the threshold bitterness concentration of ranitidine. The concentration of drug in the simulated saliva was less than
the bitterness threshold of ranitidine, the formulation was considered taste masked. In vitro taste assessment of all
the formulated batches was carried out to evaluate the releases of ranitidine at 5 min in phosphate buffer pH 6.8 are
shown in figure.5.

F3

% Concentration of Ranitidine
N W v oo
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Formulations and Pure (Ranitidine) Drug

Figure.5. Bar diagram representing the release of ranitidine nanoparticles in phosphate buffer pH 6.8 at
initial 5 min during in vitro taste assessment test

4. CONCLUSION

Taste masked oral disintegrating ranitidine tablets were prepared for more disintegration in oral cavity as
well as pleasant and compliance to the patients. It could be concluded that the lyophilized excipient base was a
superior technique for the formulation of oral disintegrating tablets, due to improved flow property and enhanced
disintegration time in comparison to the tablets made from without lyophilized based excipients. Thus, use of
lyophilized based excipients offer good method for the preparation of taste masked substrates of ranitidine.
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