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งานวจิยัน้ีมจีุดประสงคเ์พื่อพฒันาและประเมนิยาเมด็ไดโคลฟีแนคโซเดยีมแตกตวัในปากทีเ่ตรยีมดว้ยสารช่วยทางเภสชักรรม

แบบผสมที่ผ่านกระบวนการปรับปรุง วิธีการ: เตรียมยาเม็ดแตกตัวในปากด้วยวิธีการตอกตรง ซึ่งเป็นวิธีการเตรียมยาเม็ดที่มี
ประสทิธภิาพและค่าใชจ้่ายในการผลติต ่า สารเพิม่ปรมิาณทีผ่่านกระบวนการปรบัปรุงสามชนิดทีม่อียู่ในทอ้งตลาดประกอบดว้ย F-Melt® 
C, F-Melt® M และ Pearlitol Flash® ถูกน ามาใชใ้นการเตรยีมยาเมด็ โดยเปรยีบเทยีบกบั Mannitol ซึง่เป็นสารเพิม่ปรมิาณทีใ่ชอ้ยู่อย่าง
แพร่หลายในปัจจุบนั  ยาเมด็ทีเ่ตรยีมไดถู้กประเมนิสมบตัเิชงิกายภาพหวัขอ้ต่างๆ เช่น ความแขง็ ความหนา เสน้ผ่าศูนย์กลาง ความ
กร่อน การแตกตวัและการละลายของยา ผลการทดลอง: จากผลการทดสอบทุกสูตรต ารบัพบว่ายาเมด็แตกตวัในปากทีเ่ตรยีมจาก F-
Melt® M ทีต่อกดว้ยแรงอดั 1 ตนั เป็นเวลา 5 วนิาท ีมคีุณสมบตัเิชงิกลดกีว่าสตูรอื่น โดยมคีวามแขง็สูง (19.74±1.24 กก./ซม.2) ยาเมด็
แตกตวัเรว็ภายใน 53.4 ± 4.72 วนิาท ีและละลายเรว็ภายใน 3 นาท ีโดยปลดปลอ่ยยารอ้ยละรอ้ยภายในสามนาทแีรก จากผลการศกึษาจงึ
สามารถสรปุไดว้า่ F-Melt® M สามารถท าหน้าเป็นสารเพิม่ปรมิาณในต ารบัยาเมด็แตกตวัในปากไดด้แีละมโีอกาสทีจ่ะพฒันาในการผลติใน
ระดบัอุตสาหกรรม 
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Abstract 
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The aim of this study was to develop and evaluate diclofenac sodium as oral dispersible tablets (ODTs) using different 
types of co-excipients. Methods: The ODTs were prepared by direct compression technique as it is a favorable and cost effective 
way to produce tablets with sufficient structural integrity. Three different co-processed excipients were used including F-Melt® 
type C, F-Melt® type M and Pearlitol Flash® along with conventional excipient, mannitol, for comparative purpose of the study. 
The formulated tablets were evaluated for various physical tests such as hardness, thickness, diameter, friability, disintegration 
time and dissolution testing. Among all the evaluated formulation, the best condition of ODTs from each excipient formulation 
were selected for the in-vitro dissolution test. Results: Among all the formulation, the diclofenac sodium loaded ODTs prepared 
by using F-Melt M, co-processed excipient, with compression force of 1 ton for 5 sec was superior in term of mechanical strength, 
disintegration and dissolution profile compared to other formulations. The best drug loaded ODTs formulation prepared by F-Melt 
type M provides a tablet hardness of 19.74±1.24 kg/cm2, disintegration time of 53.4±4.72 seconds, and 100% drug being released 
within the first 3 minutes. The results suggested that the co-processed excipient system F-Melt type M act as a satisfying 
combination of excipient with the active pharmaceutical ingredient (API), diclofenac sodium, in developing ODTs. Thus, scale 
studies can be performed for application at industrial sites. 
 
Keywords: oral dispersible tablets, co-processed excipients, disintegration 
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Introduction 
 Oral route of drug delivery is the most pleasing, 
convenient, essential and favored route for the 
administration of drug with ease of swallowing, self-
medication, economic, and most importantly patient 
compliance. Compared to oral liquids, tablets are the most 
popular and preferred oral formulation available in the 
market because of its ease of manufacturing, convenience 
in administration, accurate dosing, and stable. In addition, 
tablets are more tamper proof than oral capsule (Joshi et al., 
2013). 

Oral dispersible tablets (ODT) also acknowledged 
as orally disintegrating tablets, mouth-dissolving tablets, 
rapid dissolving tablets, fast-disintegrating tablets, and fast-
dissolving tablets were developed in the late 80s and 
popularized to the market in the early 90s (Hirani et al., 
2009, Dey and Maiti, 2010). The oral dispersible tablets are 
termed as an uncoated tablet to be placed in the mouth 
where they dissolved rapidly before being swallowed. The 
kind of tablet can be taken without any liquid. The emerging 
of ODT in the pharmaceutical field is due to several 
problems that were encountered from the conventional oral 
dosage forms. Many patients experiences difficulty in 
swallowing (dysphagia) especially in the case of pediatric, 
geriatric, bedridden, travelling patients as well as patient 
undergoing chemotherapy or antipsychotic treatment 
(Bandari et al., 2008). Furthermore, it is very difficult to 
ensure mentally retarded, epileptic or unconscious patients 
to swallow medication despite their condition. Hence, these 
conventional dosage forms results in high incidence of 
noncompliance and treatment failures with respect to 
swallowing (Dey and Maiti, 2010). With the utilization of 
ODTs, rapid drug therapy intervention can be obtained, 
achieved increased bioavailability/rapid absorption through 
pregastric absorption of drugs from mouth, pharynx, and 
esophagus as saliva passes down. The good mouth feel 
property of ODTs helps to change the impression of 
medication as bitter pill, especially in pediatric patients 
(Parkash et al., 2011).  

There various techniques can be used in making oral 
dispersible tablets ( ODTs)  such as freeze drying or 
lyophilization, molding, sublimation, and compaction. 
Selection of ODT preparation techniques is depended on 
the physical properties of the ingredients incorporated in the 
formulation ( Parkash et al. , 2011; Gryczke et al. , 2011) 
Nonetheless, most of the techniques required selective 
machines and time consuming.  Furthermore, the hardness 
of ODT products was not enough to stand up for process of 
packaging and transportation.  Among those techniques, 
direct compression is a favorable and cost effective way to 
produce tablets with sufficient structural integrity ( Patel et 
al., 2011). Pharmaceutical excipients play an important role 
for the development of a compelling formulation that fulfilled 
all the qualities of and ODT ( Parker, 2009) .  Thus, co-
processed excipient systems have been developed with the 
aim to ease ODTs manufacturing (Kanojia et al., 2013). The 
combination of two or more excipients designed to physically 
modify their properties in a manner not feasible by simple 
physical mixing and without significant chemical change 
(Marwaha et al. , 2010) .  In addition, there is no need for 
toxicological studies of the new material (Krupa et al., 2012). 
These excipients have high functionalities as compared to 
individual excipients like better flow property, 
compressibility, reduced lubricant sensitivity ( Kathpalia et 
al. , 2014) .  One of the crucial benefits of co- processed 
excipients is fixed and homogenous distribution of the 
components in the mixture that prevents from segregation 
(Mishra et al. , 2006) .  As presented in Table1, various co-
processed system that are intended to form ODTs by direct 
compression includes F- Melt ( Fuji Chemical Industry, 
Japan) , Pearlitol Flash ( Roquette, France) , Pharmaburst 
( SPI Polyols, USA) , Ludiflash ( BASF, Germany) , and 
Prosolv ODT (JRS, Germany). Basically, they are made up 
of polyols, disintegrants, and inorganic compounds.  The 
ODTs are made up by easily dry blend the API with the 
excipient and lubricant, then directly compressed into 
tablets. 
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Table 1 Composition of various co-processed excipient  
Co-processed Excipients Manufacturer Components Claimed benefits 
F-Melt® Type C Fuji Chemical D-Mannitol, xylitol, MCC, 

Crospovidone, and Fujicalin® 
(anhydrous dibasic calcium 
phosphate) 

Directly compressible, 
pleasant mouth feel, 
high flowability 

F-Melt® Type M 
 

Fuji Chemical 
 

D-Mannitol, xylitol, MCC, 
crospovidone, Neusilin® 
(Magnesium 
Aluminometasilicate) 

Directly compressible, 
pleasant mouth feel, 
high flowability 

Pearlitol Flash® Roquette Mannitol 
Maize starch 

Pleasing taste, fast 
melting, easy direct 
compressibility 

Ludipress® BASF Lactose monohydrate-93.4 
Kolidon30- 3.2 
Kollidon CL- 3.4 

Low hygroscopicity, good 
flowability, constant tablet 
weight 

Ludiflash® BASF Mannitol- 90 
Kollidon® CL- SF-5 
Kollicoat® SR30D- 5  

Rapidly disintegrating, 
mechanically stable 
tablets 

Avicel® CE-15 FMC MCC- 85 
Guar- 15 

Less grittiness, improved 
tablet palatability  

 
The aim of the present study is to compare the 

effectiveness of different co- processed excipient systems, 
including F-Melt ( Type C & M)  and Pearlitol Flash to form 
oral dispersible tablets ( ODTs)  by direct compression 
technique using diclofenac sodium as a model drug. 
Mannitol is also utilized to develop the ODTs for comparing 
with the ODTs made of co- processed excipients. 
Assessment of physicochemical properties of tablets 
included hardness, diameter, thickness, friability, tapped 
density, disintegration time measurement and dissolution 
studies were performed to optimize the formulation. 

 
2. Materials and methods 
2.1 Materials 

Diclofenac sodium was purchased from Amoli 
Organics Ltd. (India). Magnesium stearate and mannitol 
were obtained from Chemipan Co., (Thailand). The co-
processed excipients, F-Melt type C and M were purchased 
from Fuji Chemical Industry Co., Limited (Japan). The 
Pearlitol Flash was purchased from Roquette Pharma 
(France).  

2.2 Morphology of Co-Processed Excipients 
Scanning electron microscopy (SEM), was utilized 

to envision the particle diameter, structural and surface 
morphology of the excipients powders. The different types 
of co-processed excipients powders; F-Melt (Type C & M) 
and Pearlitol Flash were mounted on double-faced adhesive 
tape and sputter-coated with a thin (approximately 10nm) 
layer of gold in Balzers SCD 050 (Balzers Union, 
Liechtenstein) coating unit at 20 mA using an argon gas 
purge. Then, the samples were examine using scanning 
electron microscope (LEO, 1450 VP, United Kingdom) 
operating at high vacuum with an accelerating voltage of 15 
kV and a sample working distance of 10mm (Yang et al., 
2011). 

 
2.3 Flow Properties and Compressibility of the Powders 

The drug powders mixed with excipients were 
evaluated for flow property which includes angle of repose, 
bulk density, tapped density, Hausner’ s ratio, and 
compressibility index (Carr’s index) (Shah et al., 2008). 

https://dict.longdo.com/search/assessment
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2.3.1 Angle of Repose 
The angle of repose was checked by using funnel 

method. Accurately weighed 25 gram of granules was 
allowed to pass through a funnel which was fixed to the 
retort stand 5 cm above from the base. The height and 
diameter of the cone pile was noted from which the angle of 
repose is calculated using the following equation 
(Sundaresan A, et al. 2014): 
                θ = tan-1 (h/r)    (1) 
 Where,     θ = Angle of Repose 
                h = Pile height 
                r = Radius of pile 
2.3.2 Bulk Density 

The powder was filled into a graduated cylinder. 
The height was measured after the powders were leveled. 
The unsettled volume (Vo) was recorded. The bulk density 
was calculated using the following equation (Sundaresan    
et al., 2017): 
               𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦(𝜌0) =

𝑀

𝑉0
              (2)

 Where, M = Mass of powder taken; Vo = Apparent 
unsettled volume (Bulk volume). 
2.3.3 Tapped Density 

Tapped density of the granules was determined by 
tapping the measuring cylinder containing pre-weighed 
granules (M) gently on a wooden plane from 1 inch (h) 

above at regular intervals of 2 seconds for 500 times 
(Sundaresan et al., 2017):  
                𝑇𝑎𝑝𝑝𝑒𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦(𝜌𝑡) =

𝑀

𝑉𝑡
               (3) 

Where, M = Weight of the granules; Vt = Tapped volume of 
granules in cm3. 
2.3.4 Hausner’s Ratio 

Tapped density and bulk density of the granules 
were used to calculate the Hausner’s index (Joshi et al., 
2013).  

Hausner’s index= Dt/Db    (4) 
where, Dt is tapped density and Db =is bulk density. 
2.3.4 Carr’s Index 

Carr’s Index was measured using the values of bulk 
density and tapped density. The following equation was 
used to find the Carr’s Index (Sundaresan et al., 2014): 

Carr’s Index (%) = (Dt – Db)/ Dt × 100) (5) 
2.4 Preparation of ODT 

In this study, oral dispersible tablets (ODTs) were 
prepared by using direct compression method with different 
compression force and duration. Total of eight formulations 
were made using different excipients; F-Melt type C, F-Melt 
type M, Pearlitol Flash and mannitol. The composition of 
each formulations are shown in table 2. 

 

 

Table 2 Composition of diclofenac sodium oral dispersible tablet formulation 
Component F1 F2 F3 F4 F5 F6 F7 F8 

Diclofenac Sodium (mg) - - - - 25.00 25.00 25.00 25.00 

Excipients (mg) F-Melt C 
497.00 

F-Melt M 
497.00 

Pearlitol  
497.00 

Mannitol 
497.00 

F-Melt C 
472.00 

F-Melt M 
472.00 

Pearlitol  
472.00 

Mannitol 
472.00 

Magnesium stearate 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

Total weight of each 
tablet (mg) 

500 500 500 500 500 500 500 500 

      
2.5 Evaluation of ODT 
2.5.1 Hardness, diameter and thickness 

The prepared tablets were evaluated for the 
uniformity of thickness, diameter and hardness by using 

(Erweka TBH 28, Frankfurt, Germany) apparatus according 
to USP22 tests. 
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2.5.2 Friability test  
The friability tester (Erweka friabilator, A3R, 

Frankfurt, Germany) was used in this test. The procedure 
started with weighing 10 tablets and placing in the 
apparatus. After 100 revolutions, the tablets were de-dusted 
and weighed again. The test was determined from the 
expression; 
% Friability = Initial weight ˗ Final weight   × 100    (6) 

         Initial weight 
2.5.3 Disintegration test  

The disintegration test apparatus (Erweka, ZT4, 
Heusentsamn, Germany) was used to determine the 
disintegration time of six tablets. The process involves 
placing each tablet onto the tube of the basket rack 
assembly of the disintegration apparatus without disc. The 
disintegration media (distilled water) was maintained at 
37.0±1ºC and time needed for complete disintegration of 
each tablet was recorded. 
2.5.4 In-vitro Dissolution Study  

From the physical evaluation, best condition of 
ODTs offering high hardness, rapid disintegration excellent 
flowability was selected from each formulation and further 
tested for in-vitro dissolution studies. The drug release from 
the formulated Diclofenac sodium ODTs were determined 
using USP type II, paddle dissolution apparatus. The 
dissolution test was performed using 900 mL of phosphate 
buffer solution, pH 6.8 at 37± 0.5ºC and 75 rpm of paddle 
speed. Then, 5 mL of the solution was collected from the 
dissolution apparatus at specific time intervals and the 

samples were replaced with same volume of the fresh 
dissolution medium. Each sample was analyzed by UV-
spectrophotometer (UV-2900 Shimadzu) at wavelength of 
298 nm (Kumar and Babu, 2014).  
 
3. Result and discussion 
3.1 Morphology of Co-processed Excipients 

The SEM images of the co-processed excipients of 
F- Melt type M, type C, Pearlitol Flash and mannitol are 
illustrated in Fig. 1, 2, 3, and 4 respectively.  The F-Melt M 
showed porous agglomerates and their particle sizes were 
ranging from 2-100 µm. While the F-Melt C particle size was 
larger than those of type M. The Pearlitol Flash also having 
the same range of particle size with the F-Melt M granules 
but Pearlitol Flash agglomerates were less spherical than F-
Melt. However, the particle size distribution was more 
uniform in case of Pearlitol Flash compared to F- Melt 
granules. This can be explained by the different solid forms 
of the granules.  The Pearlitol Flash is in crystalline solid 
form and F-Melt excipients are in amorphous solid form. The 
crystalline and amorphous solid forms are different in term 
of their arrangement order in which the crystalline forms are 
arranged in orderly geometric pattern, where as the 
amorphous solid have their particles distributed without any 
long- range pattern ( Hancock and Zografi, 1997) .  Surface 
analysis of the both co- processed excipients showed that 
the Pearlitol Flash granules surface was rougher compared 
to the F-Melt granules. For mannitol, they are in crystalline 
form and their size are around 3-16 µm. 

 

a.   b.  
Figure 1 SEM pictures of co-processed excipient F-Melt type M at magnification of (a.) 500x and (b.) 1000x. 
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a.    b. 
Figure 2 SEM pictures of co-processed excipient F-Melt type C at magnification of (a.) 100x and (b.) 500x. 

 

a.      b. 
Figure 3 SEM pictures of co-processed excipient Pearlitol Flash at magnification (a.) 100x and (b.) 500x. 

 

a.    b. 
Figure 4 SEM pictures of mannitol at magnification (a.) 500x and (b.) 1000x. 

 
3.2 Flow Properties and Compressibility of the Powders 

All the formulations were prepared by direct 
compression method. The data obtained from pre-
compression parameters such angle of repose, bulk density, 
tapped density, Hausner’s ratio and Carr’s index are shown 

in Table 3. Angle of repose are used to measure the inter-
particulate friction or resistance towards the movement 
between powder particles. Based on the result, the angle of 
repose of all formulation without drug containing co-
processed excipients, F-Melt C (F1), F-Melt M (F2) and 
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Pearlitol (F3) were 25.79, 25.82 and 25.72, respectively 
indicating excellent powder flow. However, formulation 
containing mannitol F4 and F8 performed poor flow 
properties. As per the pharmacopoeia standards, angle of 
repose ranging from 25-30 degree indicates excellent flow 
for powders.  Bulk density is calculated because the 
interparticles interactions not only influencing bulking 
characteristic of the powder but also interfering with powder 
flow. All the formulation having bulk and tapped densities 
values closer to each other which determines very less 
interparticles interaction between the powders. As indicating 
in USP, the compressibility index (Carr’s index) ranging 
more than 26 and Hausner’s ratio more 1.35 shows poor 
flowability for powders. From the observation, formulation 

containing co-processed excipient Pearlitol Flash having an 
excellent powder flow characteristic in both non-drug loaded 
formulation (F3, Carr’s index 12.36) and the one containing 
the active drug (F7, Carr’s index 16.41). Due to its non-
hygroscopic nature, mannitol is a versatile excipient used in 
formulating Pearlitol Flash together with maize starch by 
spray-drying method provide better flowability compared to 
the individual excipient, mannitol which have very poor flow 
property. This can further explain the effectiveness of co-
processed excipients compared to individual excipient 
system. The powder flow characteristic declines in the 
following orders of the formulations; F3 > F2 > F7 > F1 > 
F5 > F6 > F4 > F8. 

 
Table 3 Flow properties of powders 

FORMULATION 
ANGLE OF 
REPOSE 
(degrees) 

BULK DENSITY 
(g/cm3) 

TAPPED 
DENSITY 
(g/cm3) 

CARR’S INDEX 
(g/cm3) 

HAUSNER’S 
RATIO 

F1 (F-Melt C) 25.79 ± 0.68 0.56 ± 0.00 0.67 ± 0.01 17.56 ± 0.80 1.21 ± 0.01 
F2 (F-Melt M) 25.82 ± 0.75 0.54 ± 0.01 0.62 ± 0.01 13.91 ± 2.68 1.16 ± 0.04 
F3 (Pearlitol) 25.72 ± 0.79 0.42 ± 0.01 0.48± 0.01 12.36 ± 0.87 1.14 ± 0.01 
F4 (Mannitol) 41.57 ± 1.12 0.43 ± 0.00 0.73± 0.02 41.75 ± 2.21 1.72 ± 0.07 
F5 (F-Melt C)* 25.05 ± 0.64 0.55 ± 0.01 0.78 ± 0.05 29.40 ± 4.53 1.42 ± 0.09 
F6 (F-Melt M)* 25.08 ± 0.82 0.56 ± 0.01 0.87 ± 0.01 36.27 ± 2.01 1.57 ± 0.05 
F7 (Pearlitol)* 25.40 ± 0.74 0.56± 0.01 0.67± 0.01 16.41 ± 1.52 1.20 ± 0.02 
F8 (Mannitol)* 41.43 ± 0.78 0.42 ± 0.01 0.77 ± 0.01 45.53 ± 1.80 1.84 ± 0.06 

All values expressed as mean ±SD from three experimental runs 
* Drug loaded formulation 
 
3.3 Evaluation of ODT 
3.3.1 Hardness, diameter and thickness 

The physical evaluation of developed drug loaded 
and non- drug loaded ODTs ( 1 ton/ 5 seconds compression 
time)  using different co-processed excipients; F-Melt C, F-
Melt M and Pearlitol Flash and mannitol are showed in table 
4 which expresses that co- processed excipients of F-Melt 
types C and M were quite similar and having better hardness 
compared to the Pearlitol co- processed excipient and 
mannitol systems.  The conventional excipient mannitol 

having weak mechanical strength as the hardness is only 
4.83 ± 0.48 kg/cm2. From Figure 5, the maximum hardness 
of F-Melt type M and C were at 20 seconds of compression 
time. However from 5 seconds over the tablet hardness was 
slightly increase.  For mannitol and Pearlitol, they reached 
the highest tablet hardness at 5 seconds.  At 60 seconds, 
tablet hardness from F-Melt type C was slightly higher than 
F-Melt type M and for F-Melt group, they was harder than 
those of Pearlitol Flash and mannitol, respectively.  This 
might be because F-Melt type C contain Fujicalin® which 
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is dibasic calcium phosphate anhydrous enhancing 
hardness properties of the tablet structure ( Camblin et al. , 
2016) .  An ideal ODT should have sufficient hardness level 
in order to withstand the tablet’s firmness during packaging 

and transportation.  Whereas, thickness and diameter of all 
the formulation are within the acceptable limits, as reported 
in Table 4. 

 
Table 4 Physical evaluation of the ODTs (1 ton/5 seconds compression time) 

FORMULATION HARDNESS 
(kg/cm2)±S.D 

THICKNESS 
(mm) ±S.D 

DIAMETER 
(mm) ±S.D 

IN-VITRO 
DISINTEGRATION 

TIME (s)±S.D 

Friability (%) 

F1 (F-Melt C) 21.05 ± 8.20 3.03 ± 0.03 22.97 ± 0.02 20.20 ± 3.49 - 
F2 (F-Melt M) 20.07 ± 1.55 3.02 ± 0.01 22.98 ± 0.01 24.20 ± 0.84 - 
F3 (Pearlitol F) 6.00 ± 1.15 3.02 ± 0.01 23.00 ± 0.00 19.80 ± 0.84 - 
F4 (Mannitol) 4.83 ± 0.48 3.04 ± 0.01 22.94 ± 0.01 16.40 ± 1.14 - 
F5 (F-Melt C) 20.23 ± 1.99 3.03 ± 0.03 22.93 ± 0.04 84.60 ± 18.43 0.20 ± 0.01 
F6 (F-Melt M) 19.74 ± 1.24 3.06 ± 0.04 22.82 ± 0.01 53.40 ± 4.72 0.39 ± 0.04 
F7 (Pearlitol F) 6.28 ± 0.54 3.10 ± 0.02 22.88 ± 0.01 36.80 ± 0.83 3.61 ± 0.12 
F8 (Mannitol) 7.14 ± 0.47 2.91 ± 0.08 22.84 ± 0.01 42.80 ± 0.84 1.38 ± 0.11 
All values are expressed as mean ± SD, n=5 
F5-F8 are drug loaded formulation 

 
Among the four blank ODTs formulation, it can be 

concluded that both the F-Melt C and F-Melt M co-
processed excipients were better in term of mechanical 
strength and in-vitro disintegration time compared to 
Pearlitol Flash co-processed excipient and mannitol. The 

studies were further carried out to investigate the 
effectiveness of the co-processed excipients system with the 
active drug; diclofenac sodium in identifying a better and 
viable ODTs formulation. 

 
 

 
Figure 5 Relationship between hardness and compression time of diclofenac sodium ODTs using F-Melt C (●), F-Melt M (■), 
Pearlitol Flash (♦) and mannitol (▲) as major excipient 
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3.3.2 Disintegration test 
The in-vitro disintegration time of all tablets were 

between 16.4±1.14 to 84.6±18.43 seconds as presented in 
Table 4. Comparing between the drug loaded ODT (F5-F8) 
and the non-drug loaded ODT (F1-F4), disintegration times 
of the ODT containing drug were longer than the non-drug 
loaded formulations. This might be because hydrophobicity 
of diclofenac sodium is higher than the excipient leading to 
retard of water penetration into the tablet (Huanbutta et al., 
2011). According to the pharmacopoeia standards, the 
dispersible tablet must disintegrate within 2 minutes. And all 
the formulated batches of ODTs diclofenac sodium with 
different compression force have shown rapid disintegration 
time between 36.80±0.83 to 84.60±18.43 seconds indicating 
suitability for fast dissolving tablets. For disintegration time 
of the blank ODT, mannitol was slightly faster than those of 
Pearlitol Flash, F-Melt type M and C, respectively. However, 

friability of Pearlitol Flash and mannitol were higher than 1% 
which is not acceptable as shown in Table 4. The 
relationship between hardness and disintegration time of the 
non-drug loaded ODT prepared from the several excipients 
is revealed is in Figure 6. This depicts that physical 
properties such as disintegration time and hardness of 
mannitol and Pearlitol Flash ODTs are quite similar. Physical 
properties of F-Melt M and C are also analogous but higher 
than those of mannitol and Pearlitol Flash. This because the 
co-excipient, Pearlitol Flash, mainly composes of mannitol. 
Maize starch is also added in Pearlitol Flash in to improve 
binding properties while group of F-Melt is comprised of 
mannitol, xylitol, MCC, crospovidone and Fujicalin® 
(Magnesium Aluminometasilicatel; F-Melt M)/ Neusilin® 
(anhydrous dibasic calcium phosphate; F-Melt C). 
Consequently, the added MCC and crospovidone 
substantially ameliorate hardness of the tablet. 

 

 
Figure 6 Relationship between hardness and disintegration time of the non-drug loaded ODTs using different excipients 

 
3.3.3 Friability test 

Friability percent of the drug loaded ODT prepared 
from different excipient were from 0.20 to 3.61% as shown 
in Table 4. Even though Pearlitol Flash and mannitol offered 
fast disintegration, they have high friability percent (more 
than 1%) indicating poor strength of the tablets. To improve 
friability property, intervention have been made for ODTs 

prepared by Pearlitol Flash and mannitol excipients in which 
the compression force (2.0, 2.5 and 3.0 tons) were 
increased by maintain a fixed 5 seconds of force applied. 
The results of the intervention shown in Table 5 indicating 
better friability properties. However, disintegration times 
were longer than 3 minutes when applied compression force 
was greater than 2.0 ton.    
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Table 5 Physical evaluation of ODTs loaded diclofenac sodium  
FORMULATION HARDNESS 

(kg/cm2)±S.D 
IN-VITRO 

DISINTEGRATION TIME 
(sec)±S.D 

FRIABILITY (%) 

        F7 (Pearlitol F) 
1.5 ton/5sec 
2.0 ton/5sec 
2.5 ton/5sec 
3.0 ton/5sec 

 
        11.27 ± 1.40 

16.03 ± 0.96 
16.98 ± 1.32 
20.11 ± 0.63 

 
         58.6 ± 6.34 

63.8 ± 8.17 
OT 
OT 

 
             1.59 

1.00 
0.89 
1.01 

        F8 (Mannitol) 
1.5 ton/5sec 
2.0 ton/5sec 
2.5 ton/5sec 
3.0 ton/5sec 

 
        9.52 ± 0.25 

10.95 ± 1.79 
13.18 ± 2.25 
16.70 ± 0.79 

 
         60.6 ± 4.93 

68.8 ± 8.70 
OT 
OT 

 
             1.2 

1.59 
1.25 
1.12 

All values are expressed as mean ± SD, n=5; friability test, n=10 
OT: disintegration time is over than 180 sec 
 
3.3.4 In-vitro Dissolution Study 

The optimized compression condition of each ODT 
excipient including F-Melt type C (F5) and M (F6) 
compressed at 1 ton for 5 seconds, the drug loaded Pearitol 
Flash and mannitol ODT compressed at 2 ton for 5 seconds 
were evaluated in the in-vitro dissolution test as presented 
in Figure 7, all the ODTs formulation have shown more than 
80% of drugs being released within 5 minutes in 0.2 M 
phosphate buffer, pH 6.8. From the observation, ODTs 
formulation that made up of both the F-Melt types co-
processed excipients have achieved drug release more than 

100% within 3 minutes whereas ODTs prepared from 
Pearlitol Flash and mannitol maximally able to achieve 80% 
drug release within 3 minutes. This particular comparison 
can be concluded that ODTs diclofenac sodium prepared by 
F-Melt types co-processed excipients have slightly better 
release of the active drug component compare to the ones 
prepared by Pearlitol Flash and mannitol. This might be 
because of higher compression force aimed to lessen 
friability in those of Pearlitol Flash and mannitol retard drug 
dissolution.  
 

 

 
Figure 7 In-vitro drug dissolution profiles of diclofenac sodium ODTs formulation prepared from various co-process excipients 

including F-Melt C (●), F-Melt M (■), Pearlitol Flash (♦) and mannitol (▲) 
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Conclusion 
In conclusion, oral dispersible tablets (ODTs)  of 

diclofenac sodium are successfully made by using direct 
compression method.  Among all the ODTs formulation 
evaluated, undoubtedly co- processed excipients system 
were way effective in producing an ideal ODT requirement 
compare to the individual excipient.  The co- processed 
excipients have high functionalities as compared to 
individual excipients like better flow property, 
compressibility, reduced lubricant sensitivity.  However, 
several factors may affect the mechanical strength, 
disintegration time and in- vitro drug release of the ODTs 
which are the compression force and time.  Not all the co-
processed excipients display same favorable physical profile 
when incorporating with the active pharmaceutical ingredient 
( API) , diclofenac sodium.  It can be concluded that ODTs 
diclofenac sodium prepared using F- Melt type M with 
compression force of 1ton/ 5sec are superior in term of 
mechanical strength, disintegration and dissolution profile 
compared to other formulation.  Scale studies can be 
performed for application at industrial site. 
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