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Significance: Statins are an important class of drugs that help to control hyperlipidemia, and 
one of these statins recently used is pitavastatin calcium (PITA). Nevertheless, the most 
reported adverse effect of statins is myopathy. Therefore, combining statins with non- 
steroidal anti-inflammatory drugs (NSAIDs) as Lornoxicam (LORNO) can help in the 
management of statin-induced myopathy.
Purpose: This study aimed to formulate and evaluate different oral disintegrating tablets 
(ODTs) containing PITA using different co-processed excipients. The best PITA-ODT was 
selected and reformulated with the addition of LORNO, forming a single ODT comprising 
both drugs. The pharmacokinetic parameters of PITA and LORNO in a single ODT were 
compared to those of the marketed products (Lipidalon® and Lornoxicam®).
Methods: Eight PITA-ODTs were prepared via direct compression. The prepared PITA- 
ODTs were evaluated for their weight variation, thickness, breaking force, friability, drug 
content, and wetting time (WT). In-vitro disintegration time (DT) and dissolution were also 
evaluated and taken as parameters for selection of the best formula based on the criteria of 
scoring the fastest DT and highest Q10 min. LORNO was added to the selected PITA-ODT, 
forming a single ODT (M1) comprising both drugs, which was subjected to an in-vivo 
pharmacokinetic study using rats as an animal model and liquid chromatography-mass 
spectrometry (LC-MS/MS) for analysis of both drugs in rat plasma.
Results: Results showed that all PITA-ODTs had acceptable physical properties in accor-
dance with pharmacospecial standards. PITA-ODT prepared with Pharmaburst® (F2) had 
significantly (p<0.05) the fastest DT (6.66±1.52 s) and highest Q10 min (79.07±2.02%) and 
was chosen as the best formula. The in-vivo pharmacokinetic study of M1 formula showed 
higher percent relative bioavailability (%RB) of 286.7% and 169.73% for PITA and 
LORNO, respectively, compared with the marketed products.
Conclusion: The single ODT comprising PITA and LORNO was promising for instant co- 
delivery of both drugs with higher %RB when compared with the marketed products.
Keywords: oral disintegrating tablets, co-processed excipients, pitavastatin calcium, 
Lornoxicam, in-vivo pharmacokinetic study, liquid chromatography-mass spectrometry

Introduction
Pitavastatin calcium (PITA) is a new addition to statins, which is chemically known 
as monocalcium (3R, 5S, 6E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-3-quinolinyl]- 
3,5-dihydroxy-6-heptanoic acid.1,2 It has a unique pharmacological effect on the 
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reduction of low-density lipoprotein-cholesterol (LDL-C) 
and the improvement of high-density lipoprotein-choles-
terol (HDL-C) via competitive inhibition of the liver 
enzyme, 3-hydroxy-3-methylglutaryl coenzyme 
A (HMG-CoA) reductase.1,3 Nevertheless, the overuse of 
statin therapy may cause myopathy, which is the most 
reported side effect of statin.4 Therefore, combining statins 
with non-steroidal anti-inflammatory drugs (NSAIDs) can 
help in the management of statin-induced myopathy. 
NSAIDs are among the most commonly used medications 
to assist in the management of muscle pain.5 Lornoxicam 
(LORNO) is a well-known NSAID that has a strong anti- 
inflammatory effect with a better tolerability profile than 
other NSAIDs.6 Despite the huge developments in drug 
delivery, the oral route remains the most favored route of 
administration for numerous reasons, which are mainly 
summarized in ease of administration, accurate dosing, 
self-medication, and affordability, which have resulted in 
improving patient compliance.7 Recently, a new technol-
ogy hit the tablet market, which is the oral disintegrating 
tablet (ODT).8 ODTs have been developed as an alterna-
tive to conventional oral tablets, to overcome the difficulty 
of swallowing in geriatrics via rapid disintegration (30s) 
upon administration in the mouth, allowing faster onset of 
action and hence improving patient compliance. 
Furthermore, the rapid disintegration of ODTs in the 
mouth allows pre-gastric drug absorption, which enhances 
the bioavailability of the drug as it passes the first-pass 
metabolism.9

Co-processing of excipients is a promising method 
used in the preparation of ODTs, where two or more 
excipients are combined to improve the physical properties 
of the tablet, such as flowability, disintegration time, and 
dissolution stability, rather than using a physical mixture 
of the same excipients. These types of excipients contain 
diluents, binders, glidants, disintegrants, and lubricants. 
Among the co-processed excipients are Pharmaburst®, 
Ludiflash®, F-melt®, Prosolv HD 90®, Prosolv ODT 
G2®, Pearlitol flash®, Starlac®, and Lactochem® 

microfine.10,11

This study aimed to formulate and evaluate PITA- 
ODTs using different co-processed excipients via direct 
compression. The best PITA-ODT was selected and refor-
mulated with the addition of LORNO, forming a single 
ODT comprising both drugs, where this combination can 
provide great potential for limiting myopathy caused by 
statin overuse, and hence improving patient compliance. 
To our knowledge, the combination of both drugs into 

a single ODT using co-processed excipients has not been 
studied yet. An in-vivo study was performed on rats to 
assess the pharmacokinetic parameters and relative bioa-
vailability (RB) of both drugs in a single ODT compared 
with the marketed products (Lipidalon® and 
Lornoxicam®).

Materials and Methods
Materials
Pitavastatin calcium (PITA) and Lipidalon® tablets (1 mg) 
were a kind gift sample from Mash Premiere for 
Pharmaceutical Industry (New Cairo, Egypt). 
Lornoxicam (form II) (LORNO) and Lornoxicam® tablets 
(4 mg) were obtained as a gift sample from Global Napi 
drug company Ltd (6th October City, Egypt). 
Pharmaburst® 500 and Lubripharm® Ssf (sodium stearyl 
fumarate) were a gift from SPI Pharma (Wilmington, DE, 
USA). F-melt® Type C was provided by Fuji Chemical 
Industry Ltd. (Toyama-Pref, Japan). Prosolv ODT G2® 

and Prosolv HD 90® were a gift from JRS Pharma 
GmbH and Co., KG (Rosenberg, Germany). Ludiflash® 

was provided by BASF (Ludwigshafen, Germany). 
Lactochem® Microfine was a gift sample from (Borculo 
Domo, Netherlands). Starlac® and Pearlitol flash® were 
obtained from Roquette (Lestrem, France). Mannitol, 
potassium dihydrogen phosphate, and disodium hydrogen 
phosphate were purchased from (El-Nasr Pharmaceutical 
Chemicals Co., Cairo, Egypt). Diethyl ether was from (El- 
Goumhouria Co., Cairo, Egypt). Torsemide (internal stan-
dard) was purchased from (Multi-Apex Pharma, Cairo, 
Egypt). Acetonitrile, ammonium acetate, and ethyl acetate 
(HPLC grade) were from Merck (Darmstadt, Germany).

Methods
Fourier Transform Infrared Spectroscopy (FT-IR)
The FT-IR study was done to allow the identification of 
functional groups of various chemicals as well as incom-
patibilities between the drug and excipients. Pure PITA 
and the physical mixture of PITA with co-processed exci-
pients were subjected to FT-IR analysis using the potas-
sium bromide (KBr) pellet method. A mortar and pestle 
were used to finely grind 3 mg of sample and 300 mg of 
KBr. A small amount of the mixture was placed under 
a hydraulic press and compressed at 10 kg/cm, forming 
a transparent pellet. The pellet was kept in the sample 
holder and scanned from 4000 to 500 cm−1 in FT-IR (IR 
Affinity-1, Shimadzu, Kyoto, Japan).12,13
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Micromeritic Characterization of the Powder Blend 
Used in the Formulation of ODTs
Prior to compression, the flowability and compressibility 
parameters of powder blends were assessed via measuring 
the angle of repose for determination of the former and 
Carr’s index and Hausner ratio for the latter12,14 according 
to the following equations:11,12

Angle of repose θð Þ : θ ¼ tan� 1 h=rð Þ

where h is the height and r is the radius.

Carr0s index %ð Þ ¼ ρp � ρb

� �
=ρp � 100 

Hausner ratio HRð Þ ¼ ρp=ρb 

Where ρp is the tapped density and ρb is the bulk density.

Formulation of PITA-ODTs
The composition of all PITA-ODTs is shown in Table 1. 
The ODTs were prepared via direct compression using 
a single punch tablet machine (Talleres Sanchez SRL, 
Model SC1, Buenos Aires, Argentina), with a flat-faced 
7 mm punch and die set. All powder blends corresponding 

to 40 tablets of each formula were mixed using a bench- 
scale V-shape mixer, where the powder was filled in glass 
vials (powder loading not exceeding 50% of the vial 
volume) which were fitted inside the V-shape mixer 
using adhesive tape, then mixed continuously for 10 min. 
The powder blend was fed into the die and compressed 
with a constant compression force.15,16 Finally, each ODT 
was compressed to a final weight of 100 mg containing 
1 mg of PITA.

Characterization of the Prepared PITA-ODTs
Weight Variation 
The test was performed according to the British 
Pharmacopeia, where twenty ODTs were selected haphazardly 
from each formulation and weighed individually, then com-
pared with the mean weight, and the SD was calculated.12,17

Thickness 
The thickness of the ODT was measured by placing it 
between the two arms of the vernier calipers. The findings 
were presented as a mean value ± SD based on five 
measurements.10,18

Table 1 The Composition of PITA-ODTs and the Single ODT Containing PITA and LORNO

Formula Code

Ingredients (mg) Formulae F1 F2 F3 F4 F5 F6 F7 F8

Pitavastatin calcium 1 1 1 1 1 1 1 1

F-melt® 95 – – – – – – –
Pharmaburst® 500 – 95 – – – – – –

Prosolv ODT G2® – – 95 – – – – –

Pearlitol flash® – – – 95 – – – –
Ludiflash® – – – – 95 – – –

Starlac® – – – – – 95 – –
Prosolv HD 90® – – – – – – 95 –

Lactochem® Microfine – – – – – – – 95

Lubripharm® Ssf 2 2 2 2 2 2 2 2
Mannitol 2 2 2 2 2 2 2 2

Orange flavor Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S

Total 100 100 100 100 100 100 100 100

M1

Pitavastatin calcium 1

Lornoxicam 4

Pharmaburst® 500 91
Lubripharm® Ssf 2

Mannitol 2

Orange flavor Q.S
Total 100

Abbreviations: ODTs, oral disintegrating tablets; PITA, pitavastatin calcium; LORNO, lornoxicam.
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Breaking Force 
Three ODTs from each formula were tested for breaking 
force using a Monsanto hardness tester (Model HT-50P, 
Thermonik, Campbell Electronics, Veer Savarkar Marg, 
Mumbai). Each ODT was positioned horizontally in the 
space provided on the device and the breaking force value 
was recorded upon ODT breakage.12,19

Friability 
About 6.5 g of the total tablet weight from each formula 
was weighed (initial weight) and put into the friability 
tester at 25 rpm rotation speed for 4 min. The tablets 
were removed and then re-weighed (final weight) after 
the rotation cycle was done and the percent friability was 
then calculated. The difference between the previous 
weights represents the friability value, which can be 
expressed as a percentage of the initial weight of the 
tablet, as shown in the following equation:11

% Friability ¼ Loss in weight=Initial weightð Þ � 100:

Tablet friability value was considered good enough 
when the percent friability ranged from 0.1% to 0.9%.12,19

Drug Content 
The drug content was evaluated by dissolving each ODT 
in 100 mL simulated saliva fluid (SSF, pH 6.8). The 
solution was filtered, and then the absorbance was mea-
sured spectrophotometrically at the maximum wavelength 
(λmax=245nm), and the concentration was obtained from 
a pre-constructed calibration curve in SSF (pH 6.8). The 
experiment was done in triplicates to determine the mean 
drug content of each formula.19,20

Wetting Time (WT) 
A piece of tissue paper was doubled twice and placed in 
a small petri dish containing 6 mL of methylene blue 
aqueous solution (dye). Each ODT was carefully posi-
tioned on the paper surface, and the time required for the 
dye to reach the upper surface of the tablet was taken as 
the WT. A time limit of 180s was set, and a higher value 
was deemed inconvenient for an ODT.19

In-vitro Disintegration Time (DT) 
Each ODT was placed into a beaker containing 5 mL of SSF 
(pH 6.8) maintained at 37±0.5°C. The time in seconds con-
sumed for full disintegration of the tablet was observed and 
recorded.11,19

In-vitro Dissolution Study 
The dissolution study of the PITA-ODTs was performed 
using a USP dissolution system, Distek (Model 2500i 
Type II, TCS-0500 Scheduler, New Jersey, USA) at 37 
±0.5°C and 50 rpm using 100 mL of SSF (pH 6.8) as 
a dissolution medium. At predetermined time intervals 
(2, 4, 6, 8, 10, 20 min), 5 mL aliquots were withdrawn 
and immediately replaced with an equal volume of fresh 
SSF (pH 6.8) solution kept at the same temperature. The 
samples were filtered via 0.45-µm membrane filters. The 
absorbencies of the filtered samples were spectrophotome-
trically measured at λmax 245nm.20

Statistical Analysis
The experimental results were analyzed using statistical 
software of statistical package for social sciences (SPSS®) 
version 26. One-way analysis of variance (ANOVA) fol-
lowed by post hoc multiple comparisons using the least 
square difference (LSD) was carried out to cut off for the 
significance between the prepared ODTs at P<0.05 in 
terms of in-vitro DT and dissolution.

Selection of the Best Formula
Based on the results of the in-vitro DT and dissolution tests. 
The ODT that scored the fastest DT and highest Q10 min was 
chosen as the best formula, which was then subjected to 
further investigations.

Scanning Electron Microscopy (SEM) of 
the Selected PITA-ODT
The surface topography and morphology of the sectioned 
surface of the selected ODT were determined using SEM. 
The internal matrix of the selected ODT was examined 
using SEM at a voltage of 20 kV after the tablet was cut 
transversely. To prepare the cross-section sample, a thin 
slice of the tablet was cut using a scalpel.12,21

Spectrophotometric Analysis of PITA and 
LORNO Mixture
Overlying for both PITA and LORNO scanning was done by 
using the data stored on the computer for the two drugs. 
Derivative spectroscopy for simultaneous determination of 
PITA and LORNO in SSF (pH 6.8), calibration curve con-
struction for PITA in SSF (pH 6.8) by second derivative 
spectroscopy, and recovery study of PITA and LORNO 
mixtures using SSF (pH 6.8) as a solvent were carried out.22
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FTIR
The FT-IR study was performed for pure LORNO, the 
physical mixture of PITA and LORNO, and the physical 
mixture of the selected PITA-ODT with LORNO using the 
same technique that was previously mentioned.

Formulation of a Single ODT Containing 
PITA and LORNO
The selected PITA-ODT was reformulated via a direct com-
pression technique as mentioned before with the addition of 
LORNO, forming a single ODT (M1) comprising 1 mg of 
PITA and 4 mg of LORNO per tablet as shown in Table 1.

Characterization of the Single ODT 
Containing PITA and LORNO
The M1 ODT was subjected to the characterization tests 
that were previously carried out for PITA-ODTs using the 
same techniques. The in-vitro dissolution study of M1 
ODT was compared with that of the marketed products 
(Lipidalon® and Lornoxicam®).

In-vivo Pharmacokinetic Study of the 
Single ODT Containing PITA and LORNO
The study protocol was approved by the Institutional Animal 
Ethics Committee (PI 2646), Faculty of Pharmacy, Cairo 
University, Egypt. Twelve male Wistar rats (weighing 
between 300 and 350 g) were used for this study. The rats 
were randomly divided into two groups, each with six ani-
mals: group I received the M1 formula orally at doses of 
(1 mg/kg)23,24 for PITA, and (1.6 mg/kg)25 for LORNO, and 
group II received the marketed products, Lipidalon® (1mg) 
and Lornoxicam® (4 mg), with equivalent doses of 1 mg/kg 
for the former and 1.6 mg/kg for the latter, according to rat 
body weight. The marketed tablets were dispersed in distilled 
water,26 where 0.9 mL contained the proper dose of PITA 
(1 mg/kg) and 1.2 mL contained the needed dose of LORNO 
(1.6 mg/kg). The M1 ODT containing the adjusted dose of 
PITA (0.3 mg) and LORNO (0.48 mg) according to rat body 
weight was prepared using the previously mentioned techni-
que. Following parallel design, each group was housed in its 
own cage in a temperature-controlled room with a 12 h light/ 
dark cycle, free access to water, and a typical laboratory 
diet.27 The rats were fasted overnight for 12 h prior to the 
study, and their oral cavity was cleansed to remove any debris 
before placing the ODT upon the tongue by means of twee-
zers and 50–200 μL of water was added to aid tablet 
disintegration.28 The rats were fed 4 h after receiving the 

medication and had free access to water for the duration of 
the study. Blood samples (0.5 mL) were withdrawn from the 
retro-orbital venous plexus using a heparinized tube under 
light anesthesia with diethyl ether29 at the predetermined 
time intervals of 0, 0.25, 0.5, 1, 2, 4, 8, 24, and 48 h post- 
dose. The collected blood samples were instantly centrifuged 
(PLC-012, Gemmy Industrial Corp, Taiwan) at 4000 rpm for 
5 min. The supernatant plasma was separated and analyzed 
with Liquid Chromatography-Mass Spectrometry (LC-MS/ 
MS) (Shimadzu®, Japan) using a previously validated LC- 
MS/MS method of analysis.12,30–32

Sample Preparation
About 100 µL of torsemide (from a stock solution with 
a concentration of 200 ng/mL) was added to each sample 
(0.5 mL of rat plasma) as an internal standard. The plasma 
sample and torsemide were extracted using ethyl acetate 
(4 mL), vortexed for 2 min, and then centrifuged for 5 min 
at 5000 rpm (cooling centrifuge, TGL-20 MB). The super-
natant was transferred to other vials filtered through 
a 0.22-µm membrane filter, then evaporated to dryness 
using a vacuum concentrator (Eppendorf Vacufuge plus, 
Germany). The dry residue was reconstituted in 0.5 mL of 
mobile phase and an aliquot of 20 µL of this solution was 
loaded into LC-MS/MS.30

LC-MS/MS Assay of PITA and LORNO
A validated LC-MS/MS method for analyzing plasma con-
centrations was employed using an LC-MS/MS system 
(Shimadzu®, Japan) coupled with a triple quadrupole 
detector (API-3200, AB Sciex, Foster, CA, USA). The 
mobile phase was composed of 80% acetonitrile, 20% 
0.01% ammonium acetate. The chromatographic separa-
tion was performed on the C18 column (4.6×50 mm, 5 µm 
diameter; Agilent Zorbax, CA, USA). The injection 
volume was 20 µL, with an isocratic flow rate of 
1.0 mL/min.31 The analytical data was processed by 
Analyst Software version 1.6 (Applied Biosystems Inc., 
Foster City, CA, USA).

Pharmacokinetic Parameters Analysis
A non-compartmental pharmacokinetic model was used to 
analyze the pharmacokinetic parameters of PITA and 
LORNO in the M1 ODT and the marketed products using 
Kinetica® software (version 5, Thermo Fisher Scientific 
Inc., Waltham, MA).12,30 The values of the maximum 
PITA and LORNO plasma concentration (Cmax) (ng/mL), 
the time to reach Cmax (Tmax) (h), mean residence time 
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(MRT) (h), half-life (T1/2) (h), the area under the curve 
(AUC0-48), and (AUC0-∞) (ng. h/mL) were calculated. 
Moreover, the relative bioavailability of the M1 ODT com-
pared with the marketed products was calculated as 
a percentage value:

% RB ¼
AUCð0� 1ÞT

AUCð0� 1ÞST

� �

�100 

Statistical Analysis of the Pharmacokinetic 
Results
A parametric one-way ANOVA test was used to show the 
significant or non-significant difference of Cmax, AUC0-48, 
and AUC0-∞ between the M1 ODT and the marketed 
products. A non-parametric Kruskal–Wallis test was per-
formed to compare the Tmax data obtained from the M1 

Figure 1 FT-IR spectra of (A) pure PITA, (B) PITA with co-processed excipients, (C) pure LORNO, (D) physical mixture of (PITA/LORNO), and (E) M1 formula physical mixture.
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ODT and the marketed products using statistical software 
of SPSS® version 26. Differences are significant at p<0.05.

Results and Discussion
FT-IR
The FT-IR spectra of pure PITA and the physical mixture of 
PITA with co-processed excipients are displayed in Figure 1. 
Pure PITA showed a characteristic peak at 1411.06 cm−1 due to 
C=C bending, a peak at 1554.46 cm−1 indicated C=O stretch-
ing, a peak at 2937.06 cm−1 indicated the presence of 
C-H stretching, a peak at 3350.30 cm−1 indicated 
O-H stretching, and a peak at 3864.50 cm−1 represented 
N-H stretching.1 The characteristic peaks of PITA in the phy-
sical mixture of PITA with co-processed excipients existed in 
their original positions without shifting, so no incompatibility 
arises between the drug and co-processed excipients.

Micromeritic Characterization of the 
Powder Blend Used in the Formulation of 
ODTs
As shown in Table 2, the results of the micromeritic 
examination of the powder blend revealed good flowabil-
ity, with an angle of repose value ranging from 31.11±0.42 
to 37.17±0.87°. The lower compressibility index and 
Hausner ratio, which ranged from 3.56±1.52 to 25.23 
±2.08% for the former and 1.03±0.01 to 1.33±0.03 for 
the latter, further confirmed this.

Characterization of the Prepared 
PITA-ODTs
Table 3 shows the results of the characterization tests 
performed on the prepared PITA-ODTs, all of which 
meet the pharmacopeial requirements. The mean weight 

Table 2 Micromeritic Properties of the Powder Blend Used in the Formulation of ODTs

Formula Bulk Density (g/cm3) Tapped Density (g/cm3) Carr’s Index (%) Hausner Ratio (HR) Angle of Repose (o)

F1 0.52±0.03 0.60±0.03 11.90±1.73 1.13±0.02 33.59±0.47
F2 0.36±0.00 0.42±0.01 13.56±1.15 1.15±0.01 33.19±0.34

F3 0.58±0.03 0.69±0.04 15.23±0.57 1.18±0.00 34.59±0.46

F4 0.49±0.02 0.51±0.02 3.56±1.52 1.03±0.01 34.81±0.60
F5 0.36±0.04 0.42±0.04 12.86±1.76 1.14±0.02 35.06±0.02

F6 0.56±0.03 0.64±0.03 12.56±0.57 1.14±0.00 35.57±0.81

F7 0.46±0.03 0.53±0.02 11.90±1.73 1.13±0.01 31.11±0.42
F8 0.23±0.03 0.32±0.05 25.23±2.08 1.33±0.03 37.17±0.87

Note: Data are presented as mean value±SD; n=3. 
Abbreviation: ODTs, oral disintegrating tablets.

Table 3 Characterization of the Prepared PITA-ODTs and the Single ODT Containing PITA and LORNO

Formula 
Code

Mean 
Weight (mg)

Thickness 
(mm)

Breaking 
Force (kg)

Friability (%) Drug Content (%) DT (sec) WT (sec)

PITA-ODTS

F1 95.33±0.57 1.66±0.01 3.70±0.10 0.35±0.01 97.20±1.12 33.00±1.00 19.66±0.57
F2 97.83±0.15 2.33±0.01 3.43±0.05 0.78±0.02 103.37±1.57 6.66±1.52 3.33±1.52

F3 98.66±0.31 2.18±0.02 3.46±0.11 0.42±0.02 96.75±0.58 46.50±0.70 38.33±1.52

F4 95.33±0.65 1.39±0.02 3.26±0.11 0.85±0.01 97.25±0.41 12.33±0.57 4.66±1.15
F5 98.66±0.35 1.66±0.01 3.60±0.10 0.36±0.01 102.08±0.42 54.66±1.52 41.00±1.00

F6 97.33±0.58 1.98±0.01 3.13±0.15 0.91±0.01 92.86±1.20 19.33±0.57 13.00±1.00

F7 94.66±0.58 1.66±0.01 3.96±0.11 0.32±0.02 91.97±0.57 22.00±1.00 17.50±0.70
F8 93.66±0.30 2.34±0.01 3.33±0.05 0.79±0.01 95.12±0.72 17.00±1.15 11.00±1.52

The single ODT containing PITA and LORNO

PITA LORNO

M1 98.66±1.52 2.346±0.02 3.433±0.07 0.84±0.01 98.3±1.52 100.5±0.7 7.33±1.52 3.79±0.32

Note: Data are presented as mean value ±SD. 
Abbreviations: ODTs, oral disintegrating tablets; WT, wetting time; DT, disintegration time; PITA, pitavastatin calcium.
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ranged from 93.66±0.30 to 98.66±0.35 mg. The thickness 
values of the ODTs were confined between 1.39±0.02 to 
2.34±0.01 mm and the breaking force ranged from 3.13 
±0.15 to 3.96±0.11 kg. The friability findings showed less 
than 1% friability, indicating that all prepared ODTs had 
high mechanical resistance.33,34 The drug content of all 
ODTs ranged between 91.97±0.57 to 103.37±1.57%, 
which was within the pharmacopeial limits.

Wetting Time
Wetting time is an important parameter for the disintegration 
properties of the tablets. Lower WT usually infers a faster 
disintegration.35 The results of WT shown in Table 3 revealed 
that all prepared PITA-ODTs had acceptable WT ranged from 
3.33±1.52 to 41.00±1.00s. Pharmaburst® (F2) recorded the 
shortest WT (3.33±1.52s), while Ludiflash® (F5) recorded 
the longest WT (41.00±1.00s), despite the fact that both are 
mannitol-based excipients together with crospovidone as 
a superdisintegrant. The difference in the obtained results 
might be due to the presence of a mixture of sorbitol and 
mannitol in Pharmaburst®, which promotes hydration com-
pared to mannitol alone in Ludiflash®. The favorable hydra-
tion capacity of sorbitol occurred due to the presence of 
equatorial OH on the C-2 atom, which has the preference to 
have two hydrogen-bonded contacts, resulting in a high wet-
ting capacity and hence lowering the WT compared to man-
nitol, which contains an axial OH on the C-2 atom that tends to 
have only one hydrogen bond.35 Our results are in harmony 
with the work reported by Tayel et al,35 on Sumatriptan 
succinate orodispersible tablets showed that ODT prepared 
with pharmaburst® had the fastest WT, but ODT prepared 
with Ludiflash® had the longest WT.

In-vitro Disintegration Time
Table 3 displays the in-vitro DT results of all ODTs. 
According to the European Pharmacopeia, the limit for the 
DT of ODTs is 3 min.20 As a result, all ODTs had acceptable 
DT values ranging from 6.66±1.52 to 54.66±1.52s. The 
results revealed that Pharmaburst® (F2) had significantly 
(p<0.05) the fastest DT, while Ludiflash® (F5) had the long-
est DT when compared with other formulae, which was in 
good correlation with WT results. Similar findings were 
reported by EL-Nabarawi et al; Tayel et al.11,35

Although Pharmaburst®, Ludiflash®, Prosolv ODT 
G2®, and F-melt® consist of crospovidone as 
a superdisintegrant, they had different DT values. This 
could be attributed to the presence of a mixture of 
sorbitol and mannitol in Pharmaburst® (F2) in contrast 

to mannitol alone in Ludiflash® (F5) as previously 
mentioned.35 The same rationale was given for Prosolv 
ODT G2® (F3), as it also contains mannitol alone. 
Moreover, it has a complex matrix (crospovidone, micro-
crystalline cellulose (MCC), mannitol, and fructose), 
which might be the reason for its disintegration delay. 
In addition, the presence of MCC lowers the water 
uptake into the tablet.10,19 When it comes to F-melt® 

(F1), its disintegration delay could be attributed to the 
fact that it had less surface area than Pharmaburst®.19 

Our result complies with those of Moqbel et al, who 
reported that ODTs prepared using Prosolv ODT G2® 

and F-melt® showed delayed DT in contrast to 
Pharmaburst® in preparation of chlorzoxazone ODTs.19

Concerning Pearlitol flash® (F4) and Starlac® (F6), the 
results showed that they had longer DT when compared 
with Pharmaburst® (F2). This might be due to the differ-
ence in superdisintegrant type. Pharmaburst® contains 
crospovidone, whereas Pearlitol Flash® and Starlac® con-
tain maize starch as disintegrant, which has a lower water 
uptake capacity than crospovidone. In addition to the pre-
vious findings, Pearlitol flash® had a non-wetting rigid 
central core that delayed its DT.19,35 Similar results were 
also reported by Tayel et al, who found that Pearlitol Flash 
had slower disintegration than Pharmaburst due to the 
presence of a non-wetting, hard compact central core of 
Pearlitol-based formulae.35

On the other hand, the results revealed that Pearlitol flash® 

(F4) scored a faster DT than Starlac® (F6). However, both have 
the same disintegrant (maize starch). This might be due to the 
difference in the diluent type where mannitol was available in 
the former and lactose in the latter, which is notorious for 
delaying the wetting of the tablet and hence increasing the 
DT as reported by Moqbel et al.19 The same justification was 
applied for Lactochem® Microfine (F8) as it contains highly 
processed lactose,11,19 which was likely to be the reason of the 
DT delay when compared with Pearlitol flash®.

In case of Prosolv HD90® (F7), it had a faster DT com-
pared with Prosolv ODT G2® (F3). The difference could be 
attributed to the presence of silicified microcrystalline cellu-
lose, which provides a five-fold greater surface area than MCC 
(present in Prosolv ODT G2®) and allows for faster disinte-
gration. Similar outcomes were stated by El-Nabarawi et al.10

In-vitro Dissolution Study
Figure 2 displays the in-vitro dissolution profile of PITA from 
the different ODTs. The amount of PITA dissolved after 10 
min (Q10 min) was taken as a parameter for comparison 
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between the different ODTs.19 The results showed that 
pharmaburst® (F2) had significantly (p<0.05) the highest Q10 

min value (79.07±2.02%), whereas Ludiflash® (F5) had the 
lowest Q10 min value (28.80±0.31%). The results were in 
accordance with those obtained from WT and DT. The highest 
% PITA dissolved recorded by pharmaburst® might be due to 
the higher capacity of crospovidone as a superdisintegrant, as 
it had high capillary activity and marked hydration with little 

propensity for gel-formation.19 Furthermore, crospovidone 
particles are granular and highly porous, allowing water to 
wick into the tablet, resulting in rapid disintegration, and thus 
enhancing the drug dissolution.20 The lowest % of PITA 
dissolved recorded by Ludiflash® could be attributed to the 
existence of the extended-release excipient kollicoat® SR 30D 
in its composition.11 These findings fall in agreement with 
those obtained by Tayel et al.35

Figure 2 In-vitro dissolution profile of PITA from different ODTs in SSF (pH 6.8).

Figure 3 Scanning electron micrograph of the selected F2 ODT (Magnification X 500).
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Selection of the Best Formula
The best formula was PITA-ODT that contained 
Pharmaburst® (F2), which had significantly (p<0.05) the 
fastest DT (6.66±1.52s) and the highest Q10 min 

(79.07±2.02%).

SEM of the Selected PITA-ODT
The SEM of the cross-section view of the selected ODT (F2) 
is shown in Figure 3. In the cross-section view of the tablet, 
the micrograph revealed numerous large voids, which appear 
to be the inner structure. This porous nature of the F2 
formula aided in water penetration through the tablet matrix, 
resulting in rapid disintegration in the oral cavity, and this 
was confirmed by the previous findings of WT and DT.20,36

Spectrophotometric Analysis of PITA and 
LORNO Mixture
Figure 4 displays that at λmax 376 nm of LORNO, there was no 
reading for PITA giving zero absorption, so there was no 
interference for measurement of LORNO in the presence of 
PITA. On the other hand, at λmax 245 nm of PITA, there was 
a reading for LORNO, indicating overlapping between the 
investigated drugs, so second derivative spectroscopy was 
adopted to measure PITA in the presence of LORNO. The 
absorbance and second derivative spectra for both PITA and 
LORNO solutions in SSF (pH 6.8) are shown in Figure 5. The 
zero-crossing method revealed that the zero-crossing of 
LORNO was at λ 246.2 nm, so this could be suitable for the 
measurement of PITA with no interference from LORNO. The 
degree of interference was calculated from the 
recovery percent of the mixtures. No significant interference 
was detected in different mixtures.

FT-IR
The FT-IR spectra of pure LORNO, the physical mixture of 
PITA and LORNO, and the physical mixture of the selected 
formula with LORNO (M1 formula) are displayed in 
Figure 1. LORNO showed a characteristic peak at 
3053.20 cm−1 corresponding to–NH stretching vibration. 
An intense absorption peak was found at 1630.63 cm−1 due 
to the stretching vibration of the C═O group in the primary 
amide. Other peaks were observed at 1589.81 cm−1 and 
1529.59 cm−1 showed the bending vibrations of the N–H 
group in secondary amide. Peaks obtained at 1137.27 cm−1, 
1376.08 cm−1, and 1316.67 cm−1 were due to stretching 
vibrations of the O═S═O group. Other prominent peaks 
appeared at 828.40 cm−1 corresponding to–CH aromatic 
ring bending and at 779.73 cm-1 due to C–Cl bending 
vibration.30 The characteristic peaks of PITA and LORNO 
in the physical mixture of both drugs and the physical 
mixture of the M1 formula existed in their original positions 
without shifting, indicating the absence of incompatibility.12

Characterization of the Single ODT 
Containing PITA and LORNO
Table 3 reveals the outcomes of the characterization tests 
performed on the M1 ODT, where the obtained results met 
the pharmacopeial standards. Figure 6 displays the in-vitro 
dissolution profile of PITA and LORNO from M1 ODT 
and the marketed products, where Q10 min for M1 ODT 
was 79.20±0.88% and 73.88±1.23% for PITA and 
LORNO, respectively, and this was higher than the 

Figure 4 UV spectra overly of (A) PITA and (B) LORNO in SSF (pH 6.8).

Figure 5 Second derivative spectra of (A) PITA and (B) LORNO in SSF (pH 6.8).
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marketed products that showed Q10 min 53.58±0.92% for 
Lipidalon® and 45.72±1.17% for Lornoxicam®.

In-vivo Pharmacokinetic Study of the Single 
ODT Containing PITA and LORNO
It is obvious from the results shown in Table 4 and 
Figure 7 that the mean values of Cmax of the M1 
formula and Cmax of the marketed products were sig-
nificantly different (p<0.05), where the recorded values 
showed 1.49 and 1.44 folds increase for PITA and 
LORNO, respectively, compared with the marketed 
products. The statistical analysis of Tmax showed that 
the mean value of Tmax of M1 formula was shorter and 
significantly different (p<0.05) from the marketed 

products and the mean value of AUC (0- ∞) of the M1 
formula was 2.86 times for PITA and 1.69 times for 
LORNO, which were significantly (p<0.05) greater 
than that of the marketed products. Moreover, the % 
RB of M1 was 286.7% for PITA and 169.73% for 
LORNO with respect to the marketed products. Based 
on the AUC (0-∞), Tmax, and % RB values, the M1 
formula outperforms the marketed products. The faster 
absorption rate and the enhanced bioavailability of the 
two drugs compared to the marketed products might be 
attributed to the partial drug absorption through the 
membrane of the oral cavity and esophagus, as evident 
by the higher Cmax and the shorter Tmax.19 

Furthermore, the rapid absorption of the two drugs 

Figure 6 In-vitro dissolution profile of PITA and LORNO from M1 ODT and the marketed products (Lipidalon® and Lornoxicam®) in SSF (pH 6.8).

Table 4 Mean Pharmacokinetic Parameters and Relative Bioavailability of the Single ODT Containing PITA and LORNO in 
Comparison with Lipidalon® and Lornoxicam®

Pharmacokinetic Parameter M1 (PITA) M1 (LORNO) Lipidalon® Lornoxicam®

Cmax (ng/mL) 315.283±71.722 3936.223±460.293 210.793±47.311 2725.862±323.239

Tmax (h) 0.50±0.00 0.917±0.204 0.875±0.306 1.833±0.408

MRT (h) 19.279±1.194 15.986±1.544 16.324±0.878 15.529±0.924

T1/2 (h) 37.428±13.921 19.297±4.049 20.368±4.757 18.478±2.854

AUC0-48 (ng.h/mL) 5613.04±966.166 72,365.291±14,779.552 2711.85±1160.346 44,046.117±3662.818

AUC0-∞ (ng.h/mL) 9356.39±2063.619 88,257.812±23,179.113 3263.461±1385.042 51,998.344±4458.253

% RB 286.7 169.73 – –

Note: Data are presented as mean value ±SD; n=6. 
Abbreviations: Cmax, maximum plasma concentration; Tmax, time to reach maximum plasma concentration; MRT, mean residence time; T1/2, half-life; AUC, area under the curve; 
% RB, percentage relative bioavailability; ODT, oral disintegrating tablet; PITA, pitavastatin calcium; LORNO, lornoxicam; Lipidalon® and Lornoxicam®, market products.
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from M1 ODT correlates well with the results of in- 
vitro dissolution, which showed that PITA and LORNO 
were rapidly dissolved from ODT (M1).

Conclusion
PITA-ODTs were successfully prepared using different 
co-processed excipients via a direct compression 

technique. The addition of co-processed excipients facil-
itates tablet compression and improves the disintegration 
and dissolution properties of the ODT. PITA-ODT (F2) 
that contained Pharmaburst® showed the fastest DT and 
highest Q10 min and was selected as the best formula. 
Combining LORNO with PITA into a single ODT was 
carried out to help in the management of myopathy 

Figure 7 Mean plasma concentration profiles of (A) M1 and Lipidalon®, (B) M1 and Lornoxicam® in rats following oral administration.
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caused by statin overuse. This combination could be 
promising for reducing the need for multiple medica-
tions and hence improving patient compliance. The in- 
vivo pharmacokinetic study in rats showed that the 
single ODT (M1) was found to be appropriate for co- 
delivery of both drugs with higher bioavailability and 
faster drug absorption rate when compared to the mar-
keted products. However, further pharmacokinetic and 
pharmacodynamic clinical studies should be conducted 
to support the obtained results and to investigate the 
potential of co-delivery of PITA and LORNO to relieve 
myalgia caused by statin overuse and to evaluate the 
risk of hepatotoxicity.

Statement of Animal Rights
All institutional and national guidelines for the care and 
use of laboratory animals were followed and approved by 
the research ethics committee at the Faculty of Pharmacy, 
Cairo University (PI 2646).

Disclosure
No conflict of interest was declared by the authors.
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