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Abstract 
Background: The use of fast-dissolving tablets (FDTs) 

presents a promising solution to the challenges faced by 

certain patient populations, such as children and geriatric 

patients. FDTs offer rapid disintegration and dissolution in 

the oral cavity, facilitating drug absorption without the 

need for water, thus improving dosing accuracy and 

therapeutic outcomes. This study investigated the impact 

of hydrophilic and hydrophobic colorants on drug release 

from FDTs, utilizing Fluorouracil (5-FU) as a model drug 

and various natural pigments as colorants. Method: The 

research methodology involved the extraction and 

characterization of pigments from Opuntia ficus-indica 

fruits and Nyctanthes arbor-tristis flowers, followed by 

pre-formulation studies of 5-FU and formulation of FDTs 

using a direct compression method. Various evaluation 

parameters were employed to assess the physicochemical 

properties and performance of the FDTs. Results: The 

results indicated that the yield of pigments extracted from 

the fruits and flowers met acceptable standards, with FTIR 

analysis confirming their chemical composition. Pre-

formulation studies of 5-FU revealed its physical and 

chemical characteristics, ensuring compatibility with 

excipients. The FDTs exhibited desirable properties such  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

as uniform thickness, drug content uniformity, and 

acceptable weight variation, hardness, and friability. 

Moreover, the FDTs demonstrated rapid disintegration, 

dissolution, and water absorption, along with satisfactory 

wetting time and in-vitro drug release profiles. 

Conclusion: FTIR and DSC studies confirmed the absence 

of drug-excipient interactions, ensuring the stability and 

integrity of the formulations. Overall, the incorporation of 

hydrophilic and hydrophobic colorants did not 

significantly affect the performance of the FDTs, 

indicating their suitability for use in pharmaceutical 

formulations. 
Keywords: 5FU, Fast Dissolving Tablets, Hydrophilic Colorants, 
Hydrophobic Colorants, Pigment Extraction, FTIR Characterization 
 

 

Introduction 

Tables are solid dosages forms that are most frequently used and 
accepted in large population of patients, but children and geriatric 
patients sometimes faces difficulties to swallow the solid oral dosage 
forms like hard/soft gelatin capsules and tablets. Even these 
formulations require some volume of water for administration that 
may be sometimes unavailable, like in travel or active working 
people in industries. This may result in improper dosing, 
therapeutic monitoring of drug. The fast disintegration/ dissolving 
tablets (FDTs) may be an alternative to resolve these problems and 
to meet the required therapeutic demands (Kozarewicz, 2014) 
(Hajjar et.al., 2007; Zhang et.al., 2002; Tumuluri, 2022, Überall 
et.al., 2011). 
The FDTs become popular around the world as these can mask the  
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bitter taste of drug, provide better drug absorption of poorly 
aqueous soluble drug from buccal cavity/ esophagus/ stomach by 
rapid disintegration/ dissolution and doesn’t require water for drug 
administration in body. FDTs disintegrate/ dissolve in the mouth 
spontaneously with rapid de-aggregation as FDTs encounter saliva 
and turns into solution that allow better absorption of drug through 
membranes during deglutition. The direct absorption of some drug 
fraction through the oral mucosa results in possibility of drug 
movement to systemic circulation, bypassing the GIT and first-pass 
effect of the drug. The FDTs may be highly porous/ soft-moldable 
matrices/ compact formulation at low compression force to lower 
the hardness and to achieve fast disintegration of tablet. (PS et al. 
2022; BI et al., 1996; Bond, 1998; European Pharmacopoeia 5th Ed) 
The composition of FDT includes fillers, super disintegrants, 
binder, glidant, lubricant, sweeteners, and flavors. The sweeteners, 
excepients, strucutre modification and flavors improve the 
palatability and acceptance of these formulations (Rozan et al. 2024, 
Sharad et al. 2024, Mansoureh et al. 2019). Taste masking of bitter 
drugs containing FDTs are generally achieved by 
microencapsulation, complexation, fluidized-bed coating, freeze-
drying and supercritical fluids for taste-masking purposes. Several 
techniques are used to prepare FDTs are lyophilization, 
sublimation, spray drying, tablet molding, solid deposition, use of 
super disintegrants, use of effervescent combinations. (Ratner et.al., 
2000; Ayenew et.al., 2009; Hirlekar et.al., 2009; Soni et.al., 2008) 
The present research focused on the effect of hydrophilic and 
hydrophobic colorant on drug release as the colorants adsorb on the 
phases of drug and may interfere with the dissolution. The 
Fluorouracil (5-FU) was used as a model drug; pigment from 
opuntia fruits (Opuntia ficus-indica), Parijat flower (Nyctanthes 
arbor-tristis) and amaranth were used as hydrophilic colorants and 
curcumin (turmeric) as hydrophobic colorant. 
 
2. Material and methods 
The 5-fluorouracil (5-FU) was procured form FINKEM (Batch No. 
374147), Erbil, Iraq. The citric acid was procured form Scharlau, 
sodium bicarbonate, sodium stearate from TEKKIM, polyvinyl 
pyrolidone K90, sucrose, amaranth from FINKEM. The curcumin 
was a gift sample from Indian Glycols Limited (Ennature 
Biopharma Division), Noida, Utter Pradesh. The lemon oil was 
procured from Bahar Co. Industry at Sulaymania. The pigments 
from Opuntia ficus-indica fruits and Nyctanthes arbor-tristis 
flowers were extracted. The curcumin was a hydrophobic pigment. 
The amaranth was hydrophilic colorant. The pigments obtained 
from Opuntia ficus-indica fruit, Nyctanthes arbor-tristis flowers 
were hydrophilic pigments. All chemicals were of analytical grade 
and were procured from commercial sources. 
 
2.1. Collection and Authentication 

The fruits of Opuntia ficus-indica and flowers of Nyctanthes arbor-
tristis were authenticated from Botanist, Prof. Pulok Mondol at 
HAPPRC Unit, Department of Botany, Hemwati Nandan 
Bahuguna Central (Gharwal) University, Srinagar, Uttrakhand, 
India (Ref: Plant/Regis/113-114/20200929). 
2.2. Methodology 
2.2.1. Extraction of pigment from Opuntia ficus-indica fruits and 
Nyctanthes arbor-tristis flowers: 
Accurately weighed 200 g of Opuntia ficus-indica fruit was smashed 
using a mixer grinder and allowed to be soaked with ethanol in 1 L 
conical flask. The mechanical stirrer was used to mix the mixture 
for maximum extraction of pigments for 1 hour. Filter the mixture 
using qualitative filter paper (size 102), centrifuge at 10000 rpm for 
5 minutes and finally dried using freeze drier. The pictorial 
representation of the extraction procedure is given in Supp. Figure-
1 (A). (Santos et.al., 2022; Fernández-López et.al., 2022; Scarano et 
al., 2020; Sepúlveda et.al., 2007) 
The pigment from Nyctanthes arbor-tristis flowers was placed in a 
thimble and packed in Soxhlet apparatus. The ethanol was used for 
extraction of solvent. Mixture was placed in freeze drier. The 
pictorial representation of the extraction procedure is given in Supp 
Figure-1 (B). (Tripathi et.al., 2012; Shrivastava et.al., 2018; Bijauliya 
et al., 2021, Singh et.al., 2021) 
2.2.2. Characterization of pigments from Opuntia ficus-indica 
fruits and Nyctanthes arbor-tristis flowers: 
2.2.2.1. Yield of pigments 
The yield of pigments extracted from the Opuntia ficus-indica fruits 
and Nyctanthes arbor-tristis flowers were determined. 
(Ngamwonglumlert et.al., 2017) 
2.2.2.2. FTIR study 
The FTIR study was performed using Fourier transform infrared 
spectrophotometry (IRAffinity-1S, Shimadzu). FTIR is used for the 
identification of different type of bonds and functional groups in a 
pure molecule or a mixture. The FTIR of curcumin and amaranth 
was also performed. (Visht et.al., 2018) 
2.2.3. Pre-formulation study of 5-fluorouracil (5-FU) 
Pre-formulation studies included examination of physical 
composition, organoleptic properties of the drug, melting point, 
DSC, UV analysis, FTIR, drug and drug compatibility by FTIR 
spectrometry etc. (Aulton et.al., 2013) 
2.2.3.1. Organoleptic properties 
5-Fluorouracil was characterized based on organoleptic properties 
(color, taste, and odor) and compared with literature. (Visht et.al., 
2015) 
2.2.3.2. Physical characterization 
Physical characterization includes determination of physical state 
like amorphous or crystalline form. (Srivastava et.al, 2010) 
2.2.3.3. Melting point 
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The melting point is measured to identify the compound and it also 
reflects the solubility and purity characteristics of component. The 
capillary fusion method was used to determine the melting point of 
5-Fluorouracil. The digital capillary melting point apparatus was 
used to determine the drug point and was measured using sodium 
bicarbonate AR and L-ascorbic acid AR. The melting point of 5-
Fluorouracil was determined in a separate capillary tube using 
digital melting material and the melting point was compared to the 
volume of the literature. (Visht et.al., 2015) 
2.2.3.4. Loss on drying: 
The accurately weighted 10 g 5-Fluorouracil was allowed to dry in 
hot air oven, pre-adjusted at 105±1°C, until two constant readings 
were recorded. (Visht et.al., 2015) 
2.2.3.5. UV Spectrophotometric study 
UV-Spectrophotometric studies were performed using a double 
beam U. V. Spectrophotometer (Cintra 2020, GBC Scientific 
Equipment). The stock solution (1 mg/ml) was prepared in 
phosphate buffer solution (pH 7.4) and dilutions (2, 4, 6, 8, 10, 12, 
14, 16, 18, 20 µg/ml) were prepared. The λmax was determined; 
absorbance of all prepared dilution was measured, and calibration 
curve was plotted absorbance vs concentrations (µg/ml). (Sharma 
et.al., 2012) 
2.2.3.6. FTIR study 
The FTIR spectroscopy studies were performed as per discussed 
above. (Visht et.al., 2016) 
2.2.3.7. DSC 
The differential scanning calorimetry (DSC) was performed using 
calorimeter (DSC-60APlus, Shimadzu) using a pure sample of 5-
FU. The drug sample (5-Fluorouracil) was placed in an aluminum 
pan and closed using a lid. The drug (5-Fluorouracil) loaded pan 
was placed on sample tray and DSC was programmed to be heated 
to 300°C. The holding temperature was 10°C. The nitrogen was 
used during study and flow rate was 10 ml/min. The DSC data was 
recorded that showed the output as a graph of heat (mW) vs time 
(Minutes) vs temperature (°C) that was converted into heat (mW) 
vs temperature (°C). (P et.al., 2012) 
 2.2.3.8. Drug-Excipient Interaction by FTIR 
Drug-excipient interaction studies were performed using FTIR 
(IRAffinity-1S, Shimadzu). The individual FTIR of drug, excipients 
and formulations were determined to find the drug excipient 
compatibility. The FTIR spectroscopy were performed as per 
discussed above. (Visht et.al., 2018) 
2.2.3.9. Drug-Excipient Interaction by Differential Scanning 
Calorimetry (DSC) Study 
The FTIR spectroscopy were performed as per discussed above. 
(Wolska et.al., 2020) 
2.2.4. Preparation of Fast Dissolving Tablets by Direct 
Compression Method 

The direct compression method was used to prepare the FDTs of 
fluorouracil (5-FU). All the ingredients were passed through #60 
separately for uniformity of particle size distribution. Accurately 
weighed quantities as described in Table-1 were mixed in mortar 
pestle and grinded for homogenous mixing. The mixed powder was 
fed into hopper of electrically driven single punch tablet 
punching/compression machine using 8 mm diameter, concave 
punch and 8 mm die to prepare the tablets of 350 mg weight. 
(Shirsand et al., 2010) 
 
 
2.2.5. Evaluation Preparation of Fast Dissolving Tablets 
The powdered blend was used to determine the bulk density, true 
density, pore volume, porosity, flow properties and compression 
indexes. (Patel et.al, 2020) 
2.2.5.1. Bulk Density (ρd): 
The bulk density (ρd) was examined by pouring the powdered 
mixture into a measuring cylinder. The weight of powder (M) and 
bulk volume were measured. The bulk density was calculated using 
the following formula. (Mehra et al., 2021) 
ρd = M/Vb 

Where, 
ρd = Bulk density 

M = Mass of powder 
Vb = Bulk volume 

2.2.5.2. True Density or Tapped Density (ρt): 
The measuring cylinder containing a fixed amount of powder was 
tapped at 1250 tapping from fixed height (3 mm). The least volume 
(Vt) occupied by powder in measuring cylinder and the weight (M) 
of the powder blend was measured. The tapped density (ρt) was 
calculated as per formula given below. (Bhimte et.al, 2007) 
ρt = M/Vt 
Where, 
ρt = True density 

M = Mass of powder 
Vt = True volume 

2.2.5.3. Void / Pore Volume: 
The void volume (ml) was determined by subtracting bulk volume 
and tapped volume as formula given below: (Mohan et.al., 2015) 
Void volume (ml) = Bulk volume - Tapped volume 
V0 = (Vb - Vt) 

Where, 
V0 = Void volume 
Vb = Bulk volume 

Vt = True volume 

2.2.5.4. Porosity: 
The porosity is the volume of space between the solid particles of 
the powder against volume of powder. Porosity is calculated using 
the following formula: (N et.al., 2011) 
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Porosity = Void volume / Total volume 
Τ= (V0 / Vt ) 

Where, 
V0 = Void volume 
Vb = Bulk volume 

Vt = True volume 

2.2.5.5. Flow Properties by Angle of repose: 
The funnel method was used to determine the angle of repose. 
Accurately weighed amount of powder was placed in a funnel and 
allows flowing down freely. The angle of repose was calculated 
using the following equation: (Sharma et.al., 2010) 
Tan θ = h/r 
Various ranges of flow ability and angle of repose were given in 
Table- 2. 
 
 
2.2.5.6. Hausner’s ratio 
The ratio of tapped density to bulk density is Hausner’s ratio. 
Generally, the better powder flow property is related to lower the 
value of Hausner’s ratio. Hausner’s ratio is calculated by the 
following formula: (Heer et al., 2019) 
Hausner’s ratio = Tapped Density/Bulk Density 
Lower Hausner ratios (<1.25) indicate better flow properties than 
higher ratios (>1.25). 
Various ranges of Hausner’s ratio are given in Table-3. 
 
2.2.5.7. Carr’s Compressibility index 
Carr’s index is a percentage ratio of the difference between tapped 
density and bulk density against tapped density as shown in below 
formula: (Balata et.al., 2016) 
Carr’s index = (Tapped Density-Bulk Density) *100/ Tapped 
Density 
Various ranges of Carr’s Compressibility index are given in Table- 
4. 
 
 
2.2.6. Evaluation of Fast Dissolving Tablets 
2.2.6.1. Uniformity of Thickness 
The 10 tablets were evaluated for thickens by placing the tablet 
between the anvils of the Venire calipers individually. (A et.al., 
2010) 
2.2.6.2. Drug Content Uniformity 
The 20 tablets were weighed and crushed into powder. The 
grounded powder equivalent to 5 mg of the drug was weighed, 
diluted, and analyzed using a double beam U. V. 
Spectrophotometer (Cintra 2020, GBC Scientific Equipment) at 210 
nm. (SA et al., 2020) 
2.2.6.3. Weight Variation Test 

Randomly 20 tablets were sampled and both individual and average 
weight of tablets were determined. The weight of individual tablet 
against average weight of tablet were compared. If the comparison 
of weight variation lies within the I.P limits, tablets passed the 
weight variation test. (Sharma et.al., 2013) 
2.2.6.4. Hardness Test 
The tablet hardness affects the disintegration and dissolution times 
of tablets and the absorption and bioavailability. It was measured as 
force/load/pressure required to crush a tablet when placed between 
two edges. The YD-1 Tablet Harness Tester (Made: Tian Jin Optical 
Instrumentation Factory) was used to measure the hardness of 
tablet in Newton. (Patel et.al., 2020) 
2.2.6.5. Friability Test 
The CS-2 Friability Tester was used to measure the friability of the 
tablets. The combined effect of abrasions and shock was measured 
in a plastic chamber that revolves at 25 rpm. The tablets were drop 
from 6 inches’ height on each revolution. A pre-weighed tablets was 
placed in the friabilator and revolved for 100 revolutions. A soft 
muslin cloth was used to de-dust the tablets and teeters were 
reweighed. The friability (F%) was calculated by following formula: 
(Panigrahi et.al, 2022) 
F= (W0) – (W) * 100 / (W0) 
Where, 
W0 = Initial weight of the tablets before the test 

W = Weight of the tablets after the test 
2.2.6.6. Water Absorption 
A tissue paper was twice folded and placed in a small Petri dish 
contained 6 mL of water. The tablet was placed on this paper. The 
time required for complete wetting of tablet was examined and the 
weight of wet tablet was then measured. The water absorption ratio 
(R) was calculated using the following equation: (Corveleyn et.al, 
1997) 
R = 100 (Wa-Wb)/Wb 
Where, 
R = Water absorption ratio 
Wa = Initial weight of tablet 
Wb = Weight of wet tablet 
2.2.6.7. Wetting Time 
A tissue paper was twice folded and placed in a petri plate contained 
6 mL of water (37°C). The tablet was placed on the tissue paper. The 
time (seconds) required for the complete wetting of the tablet was 
measured. (Bharkatiya et.al., 2018) 
2.2.6.8. In-vitro Disintegration Time 
The disintegration time was measured by disintegration test 
apparatus by placing a tablet in each tube of the dissolution 
apparatus. The basket was immersed in a pre-heated water bath 
maintained at 37±0.20°C to measure the disintegration time. 
(Parkash et al., 2011) 
2.2.6.9. In-vitro Dissolution Studies 
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The in-vitro dissolution test was conducted in triplicate. The USP 
dissolution apparatus Type-II (Paddle type) (Model: DIS8000) was 
used for the in-vitro dissolution studies. The 900 ml phosphate 
buffer (pH 6.8) was used as the dissolution medium. The stirring 
speed was 100 rpm. Temperature of dissolution fluid was 37±0.5 ºC. 
The samples were withdrawn at 1, 5, 10, 15, 30, 45, 60, 75, 90 
minutes time intervals and replaced with fresh volume of buffer. 
The absorbance of various collected samples was scanned at λmax 210 
nm a double beam UV Spectrophotometer. The percentage drug 
release was measured and the plotted % cumulative drug release vs 
time. [Bharkatiya et.al., 2018] 
2.2.6.10. Drug release kinetics 
The kinetics drug release was determined for all batches to know 
the best fit model and mechanism of drug release using BIT-SOFT 
1.12. 
2.2.6.11. Stability study: 
The optimized batch of FDT formulation was placed for 7, 14, 21 
and 28 days at 25±2⁰C, 60±5%RH to analyze the drug content. 
 
3. Results and Discussion 
The yield of pigments extracted from Opuntia ficus-indica fruits 
and Nyctanthes arbor-tristis flowers were found to be 
1.67±0.25%w/w and 1.83±0.36% w/w. The FTIR studies showed no 
drug excipient interaction and FTIR showed in Figure-2. 
The FTIR of curcumin showed the of O-H stretching vibrations of 
phenolic hydroxyl groups at 3200-3500 cm-1, aromatic C=C at 1490 
cm-1, alkenyl C=C stretch 1680-1620, phenolic C-O at 1246 cm-1, 
C=O at 1725-1705 cm-1, phenolic C-O stretch at ~1200, C-H methyl 
asym./sym. bending at 1470-1430/1380-1370 cm-1, C-H stretch of 
(methoxy, methyl ether) O-CH3 at 2850-2815 cm-1, phenolic OH 
stretch at 3640–3530 cm-1, methoxy C-H stretch (CH3-O-) at 2820-
2810 cm-1. 
The FTIR of amaranth showed the presence of aromatic C=C at 
1490 cm-1, alkenyl C=C stretch 1680-1620 cm-1,  C-O at 1246 cm-1, 
C=O at 1725-1705  cm-1, C-O stretch at ~1200 cm-1, OH stretch at 
3640-3530 cm-1, C-H stretch  at 2820-2810 cm-1, C-OH stretching at 
1079 cm-1, C-S stretch at 705-570 cm-1, -N=N- at 1630-1575 cm-1, 
aromatic C-H stretch 3130-3070 cm-1, C=C-C aromatic ring stretch 
1615–1580 cm-1/ 1510-1450 cm-1/ 3130-3070 cm-1, hydroxy group 
OH stretch (broad) at 3570-3200 cm-1, C-C at 1300-700 cm-1, 
aromatic combination bands (several) at 2000-1660 cm-1, C-O 
stretch at 1150-1050 cm-1, several aromatic C-H in-plane bend at 
1225-950 cm-1 and several aromatic C-H out-of-plane bend at 900-
670 cm-1. 
The FTIR of pigment obtained from Opuntia ficus-indica fruits 
showed the presence of C-H stretch at 2850-2815 cm-1, C-H 
asym./sym. bending at 1470-1430/1380-1370 cm-1, aromatic C=C at 
1490 cm-1, C=C stretch 1680-1620, C=C-C aromatic ring stretch 
1615-1580 cm-1/ 1510-1450 cm-1/ 3130-3070 cm-1,  OH stretch 

(broad) at 3570-3200 cm-1, C-C at 1300-700 cm-1,  C-O stretch at 
1150-1050 cm-1, several aromatic C-H in-plane bend at 1225-950 
cm-1, several aromatic C-H out-of-plane bend at 900-670 cm-1, 
aromatic C-H stretch 3130-3070 cm-1, C-S stretch at 705-570 cm-1, 
C-OH stretching at 1079 cm-1, C-H stretch  at 2820-2810 cm-1, OH 
stretch at 3640-3530 cm-1, C-O stretch at ~1200 cm-1, C-O at 1246 
cm-1, C=O at 1725-1705  cm-1, aromatic C=C at 1490 cm-1, alkenyl 
C=C stretch 1680-1620 cm-1. 
The FTIR of pigment obtained from Nyctanthes arbor-tristis flowers 
showed the presence of C-H stretch at 2850-2815 cm-1, C-H 
asym./sym. bending at 1470-1430/1380-1370 cm-1, aromatic C=C at 
1490 cm-1, C=C stretch 1680-1620, C=C-C Aromatic ring stretch 
1615-1580 cm-1/ 1510-1450 cm-1/ 3130-3070 cm-1,  OH stretch 
(broad) at 3570-3200 cm-1, C-C at 1300-700 cm-1,  C-O stretch at 
1150-1050 cm-1, several aromatic C-H in-plane bend at 1225-950 
cm-1, several aromatic C-H out-of-plane bend at 900-670 cm-1, 
aromatic C-H stretch 3130-3070 cm-1, C-S stretch at 705-570 cm-1, 
C-OH stretching at 1079 cm-1, C-H stretch  at 2820-2810 cm-1, OH 
stretch at 3640-3530 cm-1, C-O stretch at ~1200 cm-1, C-O at 1246 
cm-1, C=O at 1725-1705  cm-1, aromatic C=C at 1490 cm-1, alkenyl 
C=C stretch 1680-1620 cm-1. 
The FTIR of 5-FU showed the presence of C-F at 1150-1000 cm-1, 
C=O at 1630-1635 cm-1, C-N at 1410 cm-1, N-H at 1649-1652 cm-1, 
C=C at 1680-1620 cm-1, C-H at 1485-1445/ 1350-1330 cm-1. The 
FTIR of citric acid showed the presence of O-H (COOH) at 3491 
cm-1, C=O (COOH) at 1752 cm-1, C-OH stretching at 1207 cm-1, C-
OH bending at 1169 cm-1. 
The FTIR of sodium bicarbonate showed the presence of OH at 
3752 cm-1, asymmetric CO2 1734 cm-1, symmetric CO2 1259 cm-1, 
C-OH 1171 cm-1, C-OH 873 cm-1, CO2 bend 609 cm-1, CO2 wagging 
533 cm-1, CO2 out of plan 787 cm-1, OH out of plan 482 cm-1. 
The FTIR of sodium stearate showed the presence of C=O, C-OH, 
C-C, metal-carboxylate, and carboxylic acid (1698-1710 cm-l. C-H 
stretching at 2954 cm-1/ 2917 cm-1/ 2848 cm-1, COO- stretching at 
1577 cm-1/ 1337 cm-1. 
The FTIR of polyvinylpyrrolidone showed the presence of O-H 
stretching at 3395 cm-1, C-H stretching at 2951 cm-1, C=O stretching 
at 1646 cm-1/ 1424 cm-1, C-N stretching at 1287 cm-1/ 1166 cm-1, 
strong C=O absorption peak from amide group at 1652 cm-1, C-N 
group appeared at 1287 cm-1, C–H stretching and bending 
vibrations were observed at 2800-3000 cm-1 and 1420-1460 cm-1, 
respectively. OH at 3396 cm-1, asymmetric CH2 2950 cm-1, 
symmetric CH2 at 2922 cm-1 2349 cm-1, C=O at 1646 cm-1, C-H 1373 
cm-1, CH2 wagging 1286 cm-1, C-N 1286 cm-1, C-C 017 cm-1, CH2 
1017 cm-1, C-C 933 cm-1, CH2 843 cm-1, N-C=O 572 cm-1. 
The FTIR of sucrose showed the presence of OH stretch (phenol) at 
3500 cm-1, tert-OH or phenols at 1100 cm-1, mono sub alkenes C-H 
bond at 900 cm-1, secondary alcohols at 1090 cm-1, aromatic C=C or 
carboxylates at 1575 cm-1, methyl at 2925 cm-1, esters at 1175 cm-1. 
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Table 1. Composition of FDT Batches 
 Composition of Batches    
Ingredients FDT1 FDT2 FDT3 FDT4 FDT5 FDT6 FDT7 FDT8 FDT9 FDT10 FDT11 FDT12 
5-Florourasil (mg) 250 250 250 250 250 250 250 250 250 250 250 250 
Citric acid (mg) 4 4 4 4 4 4 4 4 4 4 4 4 
Sodium bicarbonate 
(mg) 

7 7 7 7 7 7 7 7 7 7 7 7 

Sodium stearate (mg) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
Polyvinylpyrrolidone 
(mg) 

5 5 5 5 5 5 5 5 5 5 5 5 

Sucrose (mg) (q.s. 350 
mg) 

31 29 27 31 29 27 31 29 27 31 29 27 

Lemon oil (mL) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Curcumin (0.01% 
methanolic solution) 
(mL) 

1 3 5 0 0 0 0 0 0 0 0 0 

Amaranth (0.01% 
methanolic solution) 
(mL) 

0 0 0 1 3 5 0 0 0 0 0 0 

Anthocyanin (0.01% 
methanolic solution) 
(mL) 

0 0 0 0 0 0 1 3 5 0 0 0 

Parijat (0.01% 
methanolic solution) 
(mL) 

0 0 0 0 0 0 0 0 0 1 3 5 

 

Table 2. Angle of Repose and flow properties 
Angle of Repose (°) Type of Flow 
< 20 Excellent 
20 – 30 Good 
30 – 34 Passable 
> 34 Very Poor 

 

Table 3. Hausner’s ratio 
Flow properties Hausner's ratio 
Excellent/ Very Free Flow 1-1.11 
Good/ Free Flow 1.12-1.18 
Fair 1.19-1.25 
Passable 1.26-1.34 
Poor Flow/ Cohesive 1.35-1.45 
Very Poor Flow/ Very Cohesive 1.46-.159 
Approximate no Flow >1.6 

 
Table 4. Carr’s Compressibility index 

Flow properties Carr's index 
Excellent/ Very Free Flow <10 
Good/ Free Flow 1 - 15.0 
Fair 16-20 
Passable 24-25 
Poor Flow/ Cohesive 26-31 
Very Poor Flow/ Very Cohesive 32-37 
Approximate no Flow >38 
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Figure 3. Graph of in-vitro drug release from FDTs 
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Figure 1. FTIR of (A) Curcumin, (B) Amaranth, (C) 
Pigment obtained from Opuntia ficus-indica fruits, (D) 
Pigment obtained from Nyctanthes arbor-tristis flowers, 
(E) 5FU, (F) Citric acid, (G) Sodium bicarbonate, (H) 
Sodium stearate, (I) Polyvinylpyrrolidone, (J) Sucrose, (K) 
Lemon oil, (L) FDT using curcumin, (M) FDT using 
amaranth, (N) FDT using opuntia, (O) FDT using Parijat 
 

Figure 2. DSC of (A) Curcumin, (B) Amaranth, (C) 
Opuntia ficus-indica fruits pigment, (D) Nyctanthes arbor-
tristis flowers pigment, (E) 5FU, (F) FDT using curcumin, 
(G) FDT using amaranth, (H) FDT using opuntia, (I) FDT 
using Parijat 
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Table 5. Bulk characterization of powder to prepare FDT 
 

Formulation FDT1 FDT2 FDT3 FDT4 FDT5 FDT6 FDT7 FDT8 FDT9 FDT10 FDT11 FDT12 

Bulk density 0.65±0.24 0.64±0.23 0.63±0.22 0.62±0.23 0.64±0.23 0.63±0.24 0.61±0.22 0.63±0.23 0.64±0.23 0.62±0.43 0.62±0.22 0.63±0.24 

Tapped 
density 

0.79±0.46 0.77±0.42 0.76±0.36 0.82±0.15 0.78±0.73 0.78±0.43 0.80±0.35 0.78±0.64 0.79±0.41 0.78±0.52 0.78±0.36 0.78±0.43 

Void 
volume 

1.10±0.25 1.20±0.25 1.20±0.46 0.90±0.25 1.10±0.34 1.10±0.33 1.00±0.26 1.10±0.24 1.10±0.22 1.10±0.63 1.10±0.16 1.10±0.46 

Porosity 0.26±0.63 0.29±0.35 0.30±0.36 0.21±0.34 0.26±0.56 0.26±0.65 0.25±0.52 0.26±0.56 0.26±0.42 0.27±0.25 0.27±0.46 0.26±0.26 

Angle of 
repose (θ) 

27.24±0.26 27.62±0.63 26.34±0.26 24.77±0.53 27.62±0.38 28.07±0.36 26.34±0.38 27.84±0.53 22.54±0.34 24.36±0.45 24.56±0.36 29.05±0.21 

Carr’s index 17.63±0.63 16.65±0.24 16.95±0.34 24.57±0.73 18.82±0.23 18.89±0.22 22.93±0.32 18.97±0.14 18.93±0.12 20.21±0.72 20.99±0.26 19.96±0.16 

Hausner’s 
index 

1.21±0.47 1.20±0.58 1.20±0.44 1.32±0.25 1.23±0.14 1.23±0.17 1.29±0.24 1.23±0.43 1.23±0.45 1.25±0.36 1.26±0.53 1.24±0.46 

 
 
Table 6. Evaluation parameter of FDT 
 

Formulation FDT1 FDT2 FDT3 FDT4 FDT5 FDT6 FDT7 FDT8 FDT9 FDT10 FDT11 FDT12 

Thickness 4.41±0.24 4.41±0.53 4.41±0.76 4.41±0.23 4.40±0.45 4.41±0.26 4.41±0.42 4.41±0.52 4.41±0.16 4.41±0.25 4.41±0.21 4.41±0.36 

Hardness 3.43±0.56 3.48±0.23 3.43±0.34 3.42±0.53 3.44±0.25 3.42±0.43 3.41±0.63 3.42±0.26 3.52±0.22 3.94±0.15 3.44±0.42 3.73±0.31 

Friability (%) 0.39±0.25 0.39±0.32 0.39±0.46 0.39±0.64 0.39±0.62 0.38±0.35 0.39±0.35 0.39±0.24 0.39±0.24 0.39±0.23 0.39±0.27 0.38±0.35 

Weight 
variation 

301.14±0.22 301.17±0.56 301.25±0.25 300.23±0.23 301.45±0.11 302.11±0.22 300.82±0.43 299.98±0.35 301.12±0.53 301.24±0.43 301.27±0.34 300.24±0.53 

Water 
absorption 
ratio 

77±0.35 74±0.22 69±0.34 89±0.46 85±0.54 82±0.16 84±0.22 78±0.45 73±0.12 79±0.34 75±0.63 68±0.23 

Wetting time 
(Seconds) 

41±0.74 53±0.42 59±0.43 11±0.22 18±0.15 22±0.32 14±0.15 21±0.14 28±0.23 31±0.12 32±0.22 49±0.42 

Drug content 99.97±0.25 99.98±0.14 98.91±0.33 99.94±0.15 99.96±0.35 99.92±0.41 98.93±0.25 98.91±0.22 99.94±0.53 98.96±0.16 98.98±0.34 98.92±0.53 

In-vitro 
disintegration 
time 
(Seconds) 

11±0.15 15±0.21 9±0.34 11±0.45 11±0.23 14±0.64 23±*0.35 17±0.43 13±0.14 27±0.35 11±0.33 10±0.45 

 
 
Table 7. Stability study of optimized FDT batch 
 

Days Drug content Wetting time (sec) Disintegration time (Sec) 
7 99.99±1.23 11±2.23 11.43±1.53 
14 99.52±1.34 13±4.64 13.74±1.84 
21 98.97±0.45 16±3.15 14.33±1.26 
28 98.67±1.54 18±5.63 15.56±1.32 
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Table 8. In-vitro drug release study 
 

Time (Minutes) FDT1 FDT2 FDT3 FDT4 FDT5 FDT6 FDT7 FDT8 FDT9 FDT10 FDT11 FDT12 

1 14.47±0.12 13.69±0.39 12.08±0.53 20.51±0.25 19.46±0.20 13.14±0.12 18.13±0.21 16.21±0.44 15.29±0.30 17.32±0.24 16.51±0.14 15.21±0.23 

5 26.37±0.39 24.54±0.50 23.28±0.26 34.34±0.27 33.46±0.42 28.40±0.48 32.63±0.31 30.05±0.18 29.27±0.17 31.13±0.13 30.52±0.13 29.32±0.37 

10 40.13±0.32 39.73±0.41 38.13±0.46 46.72±0.31 45.46±0.19 39.23±0.33 44.25±0.32 42.15±0.49 41.17±0.23 43.43±0.45 42.21±0.25 41.15±0.26 

15 47.47±0.15 46.82±0.19 45.28±0.27 53.74±0.18 52.66±0.34 46.30±0.14 51.33±0.21 49.42±0.31 48.16±0.36 50.13±0.14 49.42±0.18 48.18±0.13 

30 56.65±0.47 55.56±0.52 54.28±0.36 62.35±0.54 61.66±0.21 55.25±0.20 60.22±0.28 58.24±0.19 57.93±0.51 59.35±0.12 58.16±0.28 57.81±0.24 

45 67.28±0.38 66.5±0.33 64.89±0.49 73.33±0.34 72.27±0.55 66.21±0.56 70.99±0.22 69.05±0.58 68.6±0.44 70.14±0.29 69.37±0.16 68.42±0.45 

60 75.91±0.38 75.13±0.29 73.52±0.15 81.98±0.23 80.9±0.43 74.84±0.35 79.62±0.12 77.68±0.25 77.23±0.59 78.77±0.41 78.03±0.29 77.05±0.31 

75 83.25±0.16 82.47±0.37 80.86±0.11 89.32±0.35 88.24±0.48 82.18±0.22 86.96±0.57 85.02±0.17 84.57±0.46 86.11±0.26 85.34±0.15 84.39±0.42 

90 96.14±0.51 95.36±0.17 93.75±0.28 99.98±0.24 99.96±0.43 95.07±0.34 99.85±0.47 97.91±0.22 97.46±0.17 99.01±0.16 98.23±0.13 97.28±0.27 
 
Table 9. Drug release kinetics of FDT 
 

  1 2 3 4 5 6 7 8 9 10 11 12 

Model Fitting  R2 K R2 k R2 k R2 k R2 k R2 k R2 k R2 k R2 k R2 k R2 k R2 k 

Zero order 0.8917 0.8952 0.8944 0.8945 0.8989 0.8877 0.8586 0.8959 0.8656 0.8981 0.8926 0.8832 0.8735 0.8994 0.8823 0.8949 0.8876 0.8986 0.8788 0.8989 0.8833 0.8971 0.8870 0.8962 

1st order 0.9041 -0.0282 0.9155 -0.0269 0.9322 -
0.0248 

0.6419 -0.0611 0.6549 -0.0566 0.9173 -
0.0264 

0.6977 -0.0483 0.8612 -0.0322 0.8762 -0.0310 0.8088 -0.0369 0.8497 -0.0333 0.8805 -0.0305 

Higuchi Matrix 0.9130 10.0601 0.9142 10.0369 0.9159 9.9612 0.9100 10.1914 0.9099 10.1821 0.9130 9.9743 0.9098 10.1633 0.9110 10.1013 0.9117 10.0998 0.9102 10.1424 0.9105 10.1155 0.9118 10.0868 

Peppas 0.9933 3.1986 0.9904 3.1158 0.9906 2.9794 0.9954 3.7067 0.9956 3.6302 0.9931 3.1448 0.9951 3.5377 0.9949 3.3773 0.9956 3.3012 0.9951 3.4632 0.9952 3.4001 0.9954 3.2983 

Hix.Crow. 0.9545 0.0060 0.9571 0.0059 0.9609 0.0056 0.8985 0.0079 0.8954 0.0078 0.9565 0.0058 0.8998 0.0074 0.9428 0.0064 0.9481 0.0063 0.9297 0.0068 0.9406 0.0065 0.9486 0.0063 

Parameters 
for 
Korsmeyer-
Peppas 
Equation 

n 0.4100 0.4225 0.4438 0.3428 0.3523 0.4176 0.3640 0.3847 0.3963 0.3734 0.3814 0.3965 

k 3.1986 3.1158 2.9794 3.7067 3.6302 3.1448 3.5377 3.3773 3.3012 3.4632 3.4001 3.2983 

Best fit model Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Peppas 
Korsmeyer 

Mechanism of 
release 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian 
Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian 
Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 

Fickian Diffusion 
(Higuchi Matrix) 
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The FTIR of lemon oil showed the presence of alkyne C-H bend at 
614 cm-1, 639 cm-1, cis C-H out of plan bend at 759 cm-1, C-H out of 
plan at 797 cm-1, C-H out of plan bending 914 cm-1, trans C-H out 
of plan at 956 cm-1, C-O stretch 1115 cm-1, 1155 cm-1, 1147 cm-1, 
1198, aromatic C-H in plan bend at 1230 cm-1, O-H in-plan bend at 
1278 cm-1, C-H Bend at 1310 cm-1, 1331 cm-1, C-H sym/asym bend 
at 1376 cm-1, 1436 cm-1, C=C stretch at 1644 cm-1, C=C stretch at 
1681 cm-1, alkyl carbonate at 1746 cm-1, aldehyde CHO- at 2726 cm-

1, C-H sym/asym str at 2856 cm-1, 2835 cm-1, 2918 cm-1, 2964 cm-1, 
C=C-C aromatic ring stretch at 3008 cm-1, 3072 cm-1. 
The DSC of 5-FU, citric acid, sodium bicarbonate, sodium stearate, 
polyvinylpyrrolidone, sucrose, lemon oil, curcumin, amaranth, 
pigment from Opuntia ficus-indica fruits and pigment from 
Nyctanthes arbor-tristis flowers showed no drug excipient 
interaction as shown in is shown in Figure-3. The DSC of curcumin 
showed endothermic peak at 180⁰C and exothermic peak 200⁰C, 
amaranth, showed exothermic peak at 200⁰C, Opuntia ficus-indica 
fruits pigment showed endothermic peak at 130⁰C and 160⁰C while 
exothermic at 200⁰C, Nyctanthes arbor-tristis flowers pigment 
showed exothermic at 200⁰C, 5FU showed exothermic peak at 
200⁰C and endothermic peak at 290⁰C, FDT using curcumin 
showed exothermic peak at 200⁰C, FDT using amaranth showed 
exothermic peak at 200⁰C, FDT using opuntia showed endothermic 
peak at 190⁰C and exothermic peak at 200⁰C, FDT using Parijat 
showed exothermic peak at 180⁰C, 200⁰C and endothermic peak at 
199⁰C. 
The drug 5-FU was free flowing white crystalline powder with 
irritating taste and unpleasant odor. The melting point of 5-
Fluorouracil was found to be 282 ± 0.51˚C and reported value was 
282-283˚C, loss on drying was found to be 0.0014%. The UV 
Spectrophotometric study showed the maximum absorbance (λmax) 
of 5-FU was 266 nm in phosphate buffer (pH 7.4). The calibration 

data showed in Table-5 and calibration curve plotted against 
absorbance and concentration in Figure-4. 
The excipients found to be compatible with the drug 5FU by FTIR 
and DSC studies as shown in Figure-2 and Figure-4, respectively. 
The FTIR of FDT contain curcumin as coloring agent showed the 
presence of OH, CH, Ar C=C, C-F, C=O, C-N, N-H, phenolic C-O, 
O-H (COOH), C=O (COOH), C-C, N-C=O, CH2, C-F, C-OH 
stretching and C-OH bending, metal-carboxylate and carboxylic 
acid, COO- stretching, methyl, esters group. 
The FTIR of FDT contain amaranth as coloring agent showed the 
presence of aromatic C=C, C-O, C=O, OH, C-H, C–OH, C-S, -
N=N-, C=C-C Aromatic ring stretch, C–C, C-F, C-N, N-H, O-H 
(COOH), C=O (COOH), C-OH, metal-carboxylate and carboxylic 
acid, COO- stretching, methyl, esters. 
The FTIR of FDT contain opuntia as coloring agent showed the 
presence of C-H, C=C, C=C-C Aromatic ring stretch, OH stretch, 
C–O stretch, C-S stretch, C-OH stretching, C=O, aromatic C=C, C-

F, C=O, C-N, N-H, O-H (COOH), C=O (COOH), C-OH 
stretching, C-OH bending, metal-carboxylate and carboxylic acid 
(1698-1710 cm-l, COO- stretching, C-C, N-C=O, methyl, esters. 
The FTIR of FDT contain Parijat as coloring agent showed the 
presence of C-H stretch, aromatic C=C, C=C-C Aromatic ring 
stretch, OH stretch, C-C, C-O stretch, Aromatic C-H in-plane 
bend, aromatic C-H out-of-plane bend, C-S stretch, C-OH 
stretching, C-O stretch, C=O, C-F, C-N, N-H, O-H (COOH), C=O 
(COOH), metal-carboxylate and carboxylic acid, C-H stretching, 
COO- stretching, methyl, esters. 
The different powder blends to prepare various batches of FDT 
showed and derived properties of bulk powder blends showed in 
Table 6. The evaluation parameters of FDT showed in Table 7.  The 
wetting time of FDT was shorter at low pigment concentration and 
longer at high pigment concentration in both cases whether 
pigment is hydrophilic or hydrophobic in nature. The wetting time 
of FDT3 and FDT2 showed the longest wetting time among all FDT 
batches due to the use of higher concentration of hydrophobic 
colorant curcumin as the hydrophobic colorant adsorb on surface 
of crystal lattice of 5-FU and sucrose that inhibit wetting of crystal. 
The use of hydrophilic colorant at high concentration also showed 
an increase in wetting time due to inhibit wetting and dissolution 
of crystal faces. The order of wetting time was FDT4 < FDT7 < 
FDT5 < FDT8 < FDT6 < FDT9 < FDT10 < FDT11 < FDT1 < FDT12 
< FDT2 < FDT3. Water absorption ratio was more with hydrophilic 
colorant than hydrophobic colorant. The order of water absorption 
ratio was FDT12 < FDT3 < FDT9 < FDT2 < FDT11 < FDT1 < FDT8 
< FDT10 < FDT6 < FDT7 < FDT5 < FDT4. The order of in-vitro 
disintegration time was maximum for FDT batch FDT3 as high 
concentration of hydrophobic pigment curcumin used, and 
maximum drug release was found with FDT12 as hydrophilic 
pigment used. The in-vitro drug release studies conducted up to 90 
minutes showed the variation in drug release form 93.75±0.28-
99.98±0.24 % as shown in Table 8, Figure 5. The use of hydrophilic 
pigment at low concertation showed maximum drug release within 
90 minutes showed by batch FDT4. The order of drug release was 
FDT3 < FDT6 < FDT2 < FDT1 < FDT12 < FDT9 < FDT8 < FDT11 
< FDT10 < FDT7 < FDT5 < FDT4. The results of ANOVA test 
showed in Table 9 suggest the difference between the sample 
averages of all groups is not big enough to be statistically significant. 
All FDT showed the Peppas Korsmeyer model as the best fit model. 
A study by Mushtaq et al, 2021, Rozhan et. al., 2023 also found the 
best fit model for drug release from FDT was Korsmeyer-Peppas 
model. The result of drug release kinetics was similar. The 
mechanism of drug release was Fickian diffusion (Higuchi Matrix) 
as showed in Table 10. The best selected batch FDT4 selected to 
conduct stability study and drug content, wetting time, 
disintegration time evaluated at 25±2⁰C, 60±5%RH (ICH zone-II, 
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mediterranean/subtropical zone) and result was tabulated in Table-
11. 
 
4. Conclusion 
The FDT batches prepared successfully by direct compression 
method. All batches showed Peppas Korsmeyer model as the best 
fit model and the mechanism of drug release was Fickian Diffusion 
(Higuchi Matrix). The drug release kinetics resembles with study by 
Mushtaq et al, 2021, Rozhan et. Al., 2023 where Korsmeyer-Peppas 
model was the best fit model and Fickian Diffusion (Higuchi 
Matrix) was the mechanism of drug release. As different pigments 
used to determine the effect of different colorants on drug release, 
it was found that among hydrophilic colorants, the most aqueous 
soluble color showed the faster drug release and the order of 
aqueous solubility of hydrophilic colorant was found in following 
order: Amaranth > Pigment form Opuntia > Pigment form Parijat 
> Curcumin. The use of hydrophilic or hydrophilic pigment at low 
concertation showed maximum drug release within 90 minutes and 
batch FDT4 showed maximum drug release. Least drug release 
showed by FDT3 that utilized highest concentration of 
hydrophobic pigment that hampers dissolution by adsorption of 
pigment of solid surfaces. The high concentrations of aqueous 
soluble pigments also retard the drug dissolution and drug release 
due to their adsorption on crystal faces. The hydrophobic colorant 
retards the dissolution of drug as compared to hydrophilic 
colorants. The ANOVA test results suggest the difference between 
the sample averages of all groups is not big enough to be statistically 
significant. All FDT showed the Peppas Korsmeyer model as the 
best fit model and the mechanism of drug release was Fickian 
diffusion. The best selected batch FDT4 showed drug content 
98.67±1.54, Wetting time 18±5.63 seconds and Disintegration time 
15.56±1.32 Seconds at after 28 days at 25±2⁰C, 60±5%RH (ICH 
zone-II, mediterranean/subtropical zone).  
 

Symbols and Abbreviations 

PVP. polyvinyl pyrrolidone; FDT. Fast-dissolving tablets; sec. 
Second; L. Litre; mL. Milliliter; Min. Minutes; AR. Analytical 
Reagent; U.V.. Ultraviolet; µ. Micro; g. Gram; FTIR. Fourier 
transform infrared; ρ. Density; θ. Theta; I.P. Indian 
Pharmacopoeia; %. Percentage; N. Normal; °. Degree; C. 
Centigrade; RH. Relative humidity; CI. Carr’s index or 
compressibility index; ANOVA. Analysis of variance. 
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