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 This work aims to improve the dissolution of the poorly water soluble drug olmesartan medoxomil by using the surface solid dispersion (SSD) 
technique. Insoluble carriers, namely Avicel PH 102, Aerosil 200, silicified microcrystalline cellulose, Lycatab, Starlac, sodium starch glycolate 
(SSG), and Kyron T-314, were used at three different drug: carrier ratios (1:1, 1:5, and 1:9 w/w) to prepare SSDs by solvent evaporation method. 
SSD18 consisting of drug:SSG at 1:9 ratio and SSD20 consisting of drug:Kyron T-314 at 1:5 ratio showed the highest enhancement in the disso-
lution rate and efficiency compared to the plain drug and the physical mixture. The selected dispersion was formulated into orodispersible tablets 
(ODTs) by using four different disintegrants. F3 DC ODT (consisting of SSD20 and 5 % crospovidone) and F6 DC ODT (consisting of SSD18 
and no disintegrant) exhibited low in vitro disintegration time and high percentage of olmesartan medoxomil dissoluted within 10 min. 
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  The oral dosage formulation of the poorly water soluble drugs is 
a continuing challenge for scientists [1]. The oral bioavailability of 
drugs relies on their solubility and dissolution rate which is the rate 
determining step for the onset of therapeutic effect.
  Several techniques are used to improve the solubility, dissolution 
rate and bioavailability of poorly water soluble or practically insoluble 
drugs. These include micronization [2],complexation using complex-
ing agents, solubilization [3], formulation of drug dispersion using 
different carriers by formation of solid dispersions or solid solutions 
[4] .
  Surface solid dispersion (SSD) technique overcame the drawback 
of solid dispersions prepared using water soluble carriers as tackiness 
and difficulty in handling of the product [5]. In contrast to the usual 
solid dispersion, the carriers used in the surface solid dispersion 
are porous, insoluble in water, and hydrophilic in nature. They can 
instantly disperse upon contact with water, causing rapid release of 
drug particles into the medium [6]. Among the carriers used in SSD 
preparation are sodium starch glycolate, microcrystalline cellulose, 
silicified microcrystalline cellulose, silicon dioxide, microcrystalline 
cellulose, potato starch, crospovidone and croscarmellose [7-10].
  The SSD method has been widely used to enhance the solubility, 
dissolution and accordingly the bioavailability of several insoluble 
and/or poorly water soluble drugs as ibuprofen [11], piroxicam [12, 
13], meloxicam [14], itraconazole [6], nifedipine [8], celecoxib [15], 
aceclofenac [16], glibenclamide [17], telmisartan [18] and valsartan 
[19] .
  Olmesartan medoxomil is a novel drug recently approved by US 
Food and Drug Administration (FDA) for the treatment of hypertension, 
used alone or in combination with other agents [20]. It is a potent and 
selective angiotensin II antagonist. Its effect is mainly due to direct 
blockage of AT1 receptors causing vasodilation, decrease secretion 
of vasopressin, and decrease production and secretion of aldosterone. 
The combined result reduces blood pressure [20-24]. It is a prodrug 
which quickly and completely de-esterifies to olmesartan (the active 
metabolite) through gastrointestinal tract absorption [21]. Olmesartan 
medoxomil belongs to class II category according to Biopharmaceutics 
Classification System (BCS) [25]. It is a lipophilic drug with low bio-
availability (29%) [26-28] and practically insoluble in water [25, 28, 
29].

  The lower bioavailability of olmesartan medoxomil arises from 
both its lower aqueous solubility and gastrointestinal efflux by drug 
resistance pumps [30]. 
  Olmesartan medoxomil is commercially available as conventional 
tablets having a strength of 10 and 20 mg. The initial therapeutic 
dose is10 mg daily and can be increased to 20 mg if necessary. The 
maximum dose is 40 mg [28, 31].
  Different techniques, such as solid dispersion [25, 32, 33], compl-
exation with cyclodextrins [33, 34], co-agglomeration technique [35], 
liquisolid compacts [29], use of co-surfactant [36] and formulation of 
nanosuspension or nanoemulsion [37, 38] were reported previously 
to improve its solubility. The aim of the present study is to enhance 
the solubility and dissolution rate of the poorly water soluble drug 
olmesartan medoxomil by using different water -insoluble hydrophilic 
carriers at different ratios to prepare surface solid dispersions. The 
solvent evaporation technique was employed for preparing the SSDs.
  Orodispersible tablets (ODTs) were prepared to improve the poor 
drug bioavailability due to lower aqueous solubility and gastrointestinal 
efflux by drug resistance pumps [30]. ODT preparation, containing 
the selected SSDs, was carried out using four different disintegrants 
namely, croscarmellose, crospovidone, sodium starch glycolate and 
Kyron T-314 to compare their effect on the disintegration and dissolu-
tion of the ODTs. 

I. MATERIALS AND METHODS
1. Materials
  Olmesartan medoxomil was kindly supplied by Apex Company, 
Cairo, Egypt. Avicel PH 102 (microcrystalline cellulose) and Ac-
Di-Sol (croscarmellose sodium) were purchased from FMC Corp., 
United States; Aerosil 200 Pharma was kindly supplied by Degussa, 
Hanau-Wolfgang, Germany. Prosolv SMCC 90 and Pruv (sodium 
stearyl fumarate) were provided by RJS, J. Rettenmaier & Sohne, 
Rosenberg, Germany. Glycolys (sodium carboxymethyl starch; sodium 
starch glycolate), Lycatab (partially pregelatinized starch), Starlac 
(lactose-starch compound) and Pearlitol Flash (mannitol and starch 
compound) were kindly provided by Roquette Pharma, France. Kyron 
T-314 (polacrilin potassium) was kindly supplied by Corel Pharma 
Chem., India. Crospovidone (insoluble grade) and aspartame were 
purchased from Sigma, St. Louis, United States. Ethanol, disodium 
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hydrogen phosphate and potassium dihydrogen phosphate were pur-
chased from El-Nasr Pharmaceutical Chemicals Company, Abu-Zaabal, 
Cairo, Egypt. All chemicals used were of analytical grade.

2. Preparation of SSDs of olmesartan medoxomil 
using different hydrophilic carriers
  Surface solid dispersions of olmesartan medoxomil were prepared 
using different hydrophilic carriers by the coevaporation (solvent 
evaporation) method. A specified amount of olmesartan medoxomil 
was dissolved in ethanol to obtain a clear solution. Then the carrier 
was suspended in the drug solution. The drug and the carriers were 
mixed at the ratios of 1:1, 1:5 and 1:9. The suspension was continuously 
stirred using magnetic stirrer (WiseStir MSH-20D, Wisd Laboratory 
Instruments, Daihan Scientific Co., United States) at room temperature 
till all the solvent evaporated. The prepared SSDs were passed through 
a No.60 sieve and stored in desiccators containing anhydrous calcium 
chloride at least 24 h for further studies. Physical mixtures were also 
prepared by mixing drug and carrier in geometric proportions using 
a spatula without applying pressure, the physical mixtures were also 
passed through a No.60 sieve. Table I shows the compositions of the 
prepared SSDs and their corresponding PMs.

3. Evaluation and characterization of surface solid 
dispersions (SSDs) of olmesartan medoxomil
3.1. Saturated solubility of the prepared SSDs 
  The saturated solubility of olmesartan medoxomil and its prepared 
SSDs in distilled water was carried out by placing excess amounts of 
each with 10ml distilled water in separate glass-stoppered vials. Vi-
als were placed in thermodynamically controlled shaking water bath 
(Model 1083; GLF Corp., Burgwedel, Germany) maintained at 25 °C 
and 100 rpm for 48 h. The samples were filtered through Whatman 
No. 41 filter paper, diluted with distilled water and the concentration of 
the drug was determined spectrophotometrically at λmax 257 nm using 

UV/Vis spectrophotometer (Model UV-1601 PC, Shimadzu, Kyoto, 
Japan). The drug concentration was calculated based on the standard 
calibration curve previously built. Experiments were repeated three 
times and the results were expressed as the mean values ± standard 
deviation (SD).

3.2. In vitro dissolution studies from the prepared SSDs 
  The dissolution studies of the pure drug, its SSDs and its physical 
mixture were performed using the USP Apparatus II (Model VK 700, 
Vankel Corp., United States). An accurately weighed amount of each 
of the prepared system equivalent to 20 mg of olmesartan medoxomil 
was added to 900 mL of distilled water at 37 ± 0.5 °C and the paddle 
speed was set at 50 rpm. Aliquots of 5 mL were withdrawn at speci-
fied time intervals of 5, 10, 15, 20, 30, 45 and 60 min, filtered and 
replaced with an equivalent volume of the dissolution medium. The 
filtered solutions were analyzed spectrophotometrically at 257 nm 
against distilled water as a blank. Experiments were repeated three 
times and the results were expressed as the mean values ± standard 
deviation (SD).
  For assessment and comparison, the dissolution profile was evalu-
ated on the basis of percentage drug dissoluted after 15 min (Q15), 
and the dissolution efficiency parameter (DE60%) which is a model 
independent parameter [39] .

Dissolution efficiency (DE) = ∫0
t y.dt/y100 t * 100

where the integration is the area under the dissolution curve up to 
dissolution time t, y is the percentage of drug dissoluted at any time t 
and y100 is the area of the rectangle described by 100 % dissolution at 
the same time. Statistical analysis was performed using the one-way 
analysis of variance (ANOVA) followed by least significant difference 
(LSD) for multiple comparisons at (P < 0.05). Statistical analysis was 
performed by the aid of Statistical Package for Social Sciences (SPSS) 
version 20 computer program on the dissolution parameter (Q15).
  The SSDs that showed maximum saturated solubility and drug 
dissolution profile was characterized by differential scanning calorim-
etry (DSC) and Fourier transform infrared spectroscopy (FTIR) and 
compared to the pure drug, carriers and physical mixtures.

3.3. Differential scanning calorimetry (DSC)
  Samples (3-4 mg) were placed in flat-bottomed aluminum pan 
and heated in the DSC-50 (Shimadzu, Kyoto, Japan) at a constant 
rate of 10 °C/min, in an atmosphere of nitrogen over a temperature 
range of 20-300 °C. The DSC studies were performed for the pure 
drug, carriers, physical mixtures and the selected SSDs.

3.4. Fourier transform infrared spectroscopy (FTIR)
  Samples of 2-3 mg of the drug-excipient mixtures were mixed 
with about 400 mg of dry potassium bromide powder, and then com-
pressed into transparent discs under a pressure of 10.000 to 15.000 
pounds per square inch. The IR spectra of the pure drug, carriers, 
physical mixtures and selected SSDs were recorded using Infrared 
spectrophotometer with scan number of 7 and resolution of 4[1/cm] 
(Shimadzu IR-345-U-04, Japan).

4. Preparation and evaluation of directly compressed 
orodispersible tablets (DC ODTs) of the selected SSDs 
of olmesartan medoxomil
  The most successful olmesartan medoxomil SSDs (SSDs showed 
the highest dissolution rate & efficiency compared to the plain drug 
and the physical mixture) were chosen to prepare directly compressed 
orodispersible tablets (DC ODTs). ODTs were designed to contain the 
amount of SSD equivalent to 20 mg olmesartan medoxomil per tablet. 
Tablets prepared by direct compression method using different disin-
tegrants namely KyronT-314, crospovidone, SSG and croscarmellose 
sodium at a concentration of 5 %w/w, 5 % aspartame as a sweetening 
agent, 1 % Pruv as lubricant and Pearlitol as filler to make a final tablet 

Table I - Composition of SSDs and their corresponding PMs of olm-
esartan medoxomil.

Carrier Formulation Drug:carrier ratio
Avicel PH 102 SSD1 PM1 (1:1)

SSD2 PM2 (1:5)
SSD3 PM3 (1:9)

Aerosil 200 SSD4 PM4 (1:1)
SSD5 PM5 (1:5)
SSD6 PM6 (1:9)

SMCC SSD7 PM7 (1:1)
SSD8 PM8 (1:5)
SSD9 PM9 (1:9)

Lycatab SSD10 PM10 (1:1)
SSD11 PM11 (1:5)
SSD12 PM12 (1:9)

Starlac SSD13 PM13 (1:1)
SSD14 PM14 (1:5)
SSD15 PM15 (1:9)

Sodium starch 
glycolate (SSG)

SSD16 PM16 (1:1)
SSD17 PM17 (1:5)
SSD18 PM18 (1:9)

Kyron T-314 SSD19 PM19 (1:1)
SSD20 PM20 (1:5)
SSD21 PM21 (1:9)

Eq. 1
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weight of 350 mg. Some tablet formulations were prepared without 
using disintegrants. Table II represents the composition of the prepared 
formulations. The tablets were compressed using a single punch tablet 
machine (Royal Artist, Bombay, India) with flat-faced 10 mm punch 
and die set, to obtain batches of 100 tablets for each formulation.

5. Evaluation of the prepared DC ODTs
5.1. Tablet physical and chemical characterization
  The prepared tablets were exposed to the following tests: weight 
variation (electrical balance, model AC210 S, Sartorious, Gottin-
gen, Germany), thickness and diameter measurements (electronic 
micrometer, model G, Peacock, Japan), content uniformity, in vitro 
disintegration time determination (disintegration apparatus, model 
DTG1000, Copley Scientific, Nottingham, United Kingdom), tablet 
friability (friabilator, model FR1000, Copley Scientific, Nottingham, 
United Kingdom) and hardness determination (Copley Scientific 
hardness tester, model TH3/500, Nottingham, United Kingdom). All 
tests (including sample size, number of measurements and methods) 
described were carried out according to the European Pharmacopoeia 
[40].

5.2. In vitro dissolution rate studies 
  The dissolution profiles of olmesartan medoxomil in ODTs were 
determined using the USP dissolution tester type II. The dissolution 
medium used was 900 mL phosphate buffer (pH 6.8) maintained at 
37 ± 0.5 ˚C with a paddle rotation speed at 50 rpm [29, 34]. At specified 
time intervals (5, 10, 15, 20, 30, 45, and 60 min), 5 mL of dissolution 
medium were withdrawn, and replaced with an equal volume of the 
fresh medium. Samples were filtered and assayed for drug content 
spectrophotometrically at 257 nm. The cumulative amount of drug 
dissoluted in the preparations was calculated using the calibration 
equation. Experiments were repeated three times and the results were 
expressed as the mean values ± standard deviation (SD).

II. RESULTS AND DISCUSSION
  Several SSDs were prepared to improve the solubility of olmesar-
tan medoxomil. These SSDs were evaluated and compared to their 
physical mixtures. The following results were obtained.

1. Saturated solubility of the prepared SSDs 
  Table III shows that all the prepared Olmesartan medoxomil SSDs 
possessed an enhanced saturated solubility in distilled water compared 
to the plain drug (0.025 mg/mL). This could be due to the hydrophilic 
nature of polymers and surface adsorption of drug particles on the 
polymer [41]. It is observed that the saturated solubility increases with 
an increase in carrier proportion for all the used carriers. This could be 
attributed to the availability of larger surface area of contact between 
drug and dissolution medium [42]. The significantly high saturated 
solubility values of olmesartan medoxomil are obtained for SSD18, 
SSD19, SSD20 and SSD21 as 1.299 (p = 0.000), 1.417 (p = 0.000), 
1.848 (p = 0.000) and 1.973 mg/mL (p = 0.000), respectively, compared 
to the plain drug. Also the saturated solubility of their corresponding 

physical mixtures was found to be 0.393 mg/mL ± 0.070 (P = 0.000), 
0.571 mg/mL ± 0.028 (P = 0.000), 0.796mg/mL ± 0.044(P = 0.000) and 
0.725mg/mL ± 0.024 (P = 0.000) for PM18, PM19, PM20 and PM21, 
respectively. Physical mixtures showed higher saturated solubility 
compared to the plain drug, yet they were (significantly) lower than 
their corresponding SSDs. 
  SSD18 consisted of drug:SSG at 1:9 ratio. Thus, increasing the 
proportion of SSG enhances the saturated solubility of the drug com-
pared to SSD16 (1:1 ratio) and SSD17 (1:5 ratio). This could be due 
to the very small particle size of SSG (38 μm) [43] and the associated 
large surface area [42]. Increasing the amount of SSG results in an 
increase in the surface available for drug adsorption. Also solvent 
evaporation leads to an increase in the interfacial area of contact be-
tween the drug particles and dissolution medium [42]. Furthermore, 
the affinity between the hydrophilic inert carriers and the dissolution 
medium helps quick penetration into drug particles, thus speeding up 
the dissolution process [42].
  The use of Kyron T-314 as a carrier in all proportions enhances 
the saturated solubility compared to the drug. There is no significant 
difference in the saturated solubility of SSD18 and SSD19 (p = 0.094). 
Similarly, there is no significant increase in the saturated solubility 
by increasing the proportion of Kyron T-314 from 1:5 (SSD20) to 1:9 
(SSD21) (p = 0.078). As the particle size of Kyron is small (20-35 μm), 
results in the enormous surface area which is enough to contain the 
drug quantity at the 1:5 ratio. Further increase in Kyron ratio (1:9), 
results in increase in surface area available for drug adsorption, yet it 
is of no use since the amount of drug is fixed.

Table II - Composition of olmesartan medoxomil DC ODTs according to disintegrant used.
SSD SSD20 SSD18

                                      Formulation
Disintegrant

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

Croscarmellose Na + +
Crospovidone + +

Sodium starch glycolate + +
Kyron T-314 + +

Tablets (F1-F5) consisted of SSD20 (surface solid dispersion prepared by using drug:Kyron T-314 at 1:5 ratio). Tablets (F6-F10) consisted of SSD18 
(surface solid dispersion prepared by using drug:SSG in1:9 ratio). 

Table III - Saturated solubility of olmesartan medoxomil and the prepared 
SSDs in distilled water.

Formulations Saturated solubility (mg/mL)
Drug
SSD1
SSD2
SSD3
SSD4
SSD5
SSD6
SSD7
SSD8
SSD9

SSD10
SSD11
SSD12
SSD13
SSD14
SSD15
SSD16
SSD17
SSD18
SSD19
SSD20
SSD21

0.025 ± 0.0028
0.119 ± 0.013
0.182 ± 0.020
0.284 ± 0.010
0.143 ± 0.022
0.179 ± 0.035
0.580 ± 0.011
0.122 ± 0.010
0.185 ± 0.011
0.289 ± 0.020
0.154 ± 0.015
0.167 ± 0.020
0.295 ± 0.017
0.118 ± 0.020
0.146 ± 0.032
0.186 ± 0.026
0.537 ± 0.029
0.644 ± 0.050
1.299 ± 0.063
1.417 ± 0.037
1.848 ± 0.081
1.973 ± 0.043
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2. Differential scanning calorimetry (DSC)
  DSC of the drug, Kyron T-314, SSG, PMs and SSDs prepared are 
shown in Figure 1. Olmesartan medoxomil shows a sharp endothermic 
peak at 178.9 °C, corresponding to its melting point [44]. Kyron T-314 
shows a broad peak at 115.7 °C [45]. Sodium starch glycolate shows 
a melting endothermic peak at 84.2 °C [46]. Upon dispersing the drug 
into Kyron T-314 as carrier, the melting endotherm of the free drug 
disappeared and only the Kyron peak was observed at 117.94 °C. 
Dispersing the drug into SSG as carrier, loss of the melting endo-
therm of the free drug occurred and only the SSG peak was observed 
at 81.27 °C.The disappearance of the drug melting endotherm in the 
SSDs prepared was due to the complete solubilization of the drug and 
its distribution in the hydrophilic matrix of Kyron or SSG. This also 
confirms the formation of solid dispersion which in turn results in 
the conversion of olmesartan medoxomil from the crystalline form to 
the amorphous form [33, 47]. However, the physical mixtures of the 
drug with Kyron show two peaks corresponding to the melting point 
of both of them at 180.7 and 115.97 °C. Also, the physical mixtures 
of the drug with SSG show two peaks corresponding to the melting 
point of both of them at 179.83 and 80.62 °C, respectively.

3. Fourier transform infrared spectroscopy (FTIR)
  Figure 2 demonstrates the IR spectrum of olmesartan medoxomil, 
Kyron T-314 systems and SSG systems. IR spectra of pure olmesartan 
medoxomil shows characteristic peaks at 2923.56, 2995.87 (C-H, str), 
1708, 1832 (C-O, str) and 3300-3100 cm-1 (N-H, str) [29]. The PMs 
and SSDs for both Kyron T-314 and SSG exhibit characteristic bands 
of the drug and do not exhibit disappearance or addition of any peaks. 
This indicates absence of any interaction between the drug and the 
carriers employed.

4. In vitro dissolution of olmesartan medoxomil 
from the prepared SSDs in distilled water
  The dissolution profiles of the crystalline olmesartan medoxomil 
[28], its prepared SSDs and the physical mixtures (PMs) correspond-
ing to SSDs having the highest dissolution rates are represented in 
Figures 3 and 4, respectively. Plain olmesartan medoxomil shows a 
poor dissolution rate. This is related to the hydrophobic nature of the 
drug and its affinity to form large aggregates floating on the surface 
of the medium, which reduces the actual surface area of drug particles 
reachable for dissolution [15]. All the used carriers show rapid and 
faster dissolution rates and efficiency compared to the drug both in 
PMs and SSDs prepared. 
  It is observed that the dissolution rate of the drug from SSDs pre-
pared using Avicel PH102 increases significantly with increasing the 
amount of Avicel PH102 as evidenced by the increase in Q15 (Figure 5) 
and the calculated DE60 % whose values are listed in Table IV. This is 
attributed to many factors, as the lack of crystalline nature of the drug, 
the reduction in the drug particle size, lowering the interfacial tension 
between hydrophobic drug and the dissolution medium, increasing the 
wettability and the effective surface of adsorption of the drug on the 
hydrophilic carrier [41] ( Avicel PH 102 particle size is 100 μm [43]). 
  Similar results are obtained upon using Aerosil 200 and SMCC as 
carriers. The enhancement in drug dissolution is higher in the SSDs 
than their corresponding PMs. It is noted that the dissolution rate of 
the drug increases significantly with increasing the amount of Aerosil 
200, as evidenced by the significant increase in Q15 (Figure 5) and 
DE60 % which are given in Table IV. The enhancement in the dissolu-
tion rate and efficiency of olmesartan medoxomil from the prepared 
SSDs containing Aerosil 200 might be due to increasing the wettabil-
ity of the drug, and the very large surface area of Aerosil 200 upon 
which the drug was adsorbed [41]. As Aerosil particle size ranged 
from 7-16 nm but it forms loose aggregates of 10-200 μm [43].
  All the SSDs prepared using SMCC as carrier enhanced the dis-
solution of the drug as represented in Figure 5 and Table IV by the 
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Figure 1 - DSC thermograms of olmesartan medoxomil plain powder 
(a), pure Kyron T-314 (b), PM of the drug:Kyron T-314 at 1:5 ratio (c), 
SSD of drug:Kyron T-314 at 1:5 ratio (d), pure SSG (e),PM of drug:SSG 
at 1:9 ratio (f), and SSD of drug:SSG at 1:9 ratio (g).

Figure 2 - FTIR spectra of olmesartan medoxomil plain powder (a), pure 
Kyron T-314 (b), PM of the drug:Kyron T-314 (c), SSD of drug:Kyron 
T-314 at 1:5 ratio (d), pure SSG (e), PM of drug:SSG (f), and SSD of 
drug:SSG at 1:9 ratio (g).
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Figure 3 - Dissolution profile of olmesartan medoxomil from the prepared 
SSDs systems having the highest dissolution rates. Points represent 
the mean ± standard deviation for n=3 sample.
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increase in the Q15 and DE60 %. The dissolution enhancement is 
related to the large surface area obtainable through the combination 
of both microcrystalline cellulose and colloidal silica in SMCC for 
coating the small drug particles. This resulted in better wetting of the 
drug [8]. SMCC has a particle size range from 20-200 μm [43].
  The SSDs prepared from drug-Starlac systems slowly amplified 
both the rate and efficiency of dissolution compared to the previously 
mentioned carriers. The values for Q15 Figure 5 and DE60 % are 
given in Table IV. The composition of the carrier (85 % lactose, 15 % 
maize starch) clarifies these results. Slow release is possibly attributed 
to the fast desorption of lactose into the medium leaving behind the 
drug in the undissolved state, which is gradually released from its 
molecular dispersion exhibiting a low dissolution rate [48]. In such 
case, the carrier would not wet the drug particles whether the drug 
existed in a crystalline or amorphous state [49, 50]. Starlac possesses 
large particle size range 160-250 μm [51].
  The SSDs prepared from drug-Lycatab systems show a significant 
upgrading in the dissolution profile of the drug (P = 0.007, 0.004 and 
0.000, respectively). The SSDs prepared at the ratios 1:1 and 1:5 
using Lycatab C do not significantly differ from their corresponding 
PMs. These results sound with the findings of Kiran et al., who used 
pregelatinized starch at 1:9 and 1:19 drug to carrier ratio and found 
that the pregelatinized starch had an average effect on the dissolution 
profile of glimipride [7]. Also, it was found that Lycatab C exhibited a 
significantly enhanced dissolution rate when used for both the highly 
soluble and not very soluble drug. However, no significant difference 
was observed in the dissolution of the poorly soluble drug [52]. Lycatab 
particle size ranges from 80-315 [53]. 
  All the prepared PMs from SSG as carrier show a significant increase 
in Q15 (Figure 5) and DE60 % (Table IV). On the other hand, SSDs 
prepared using the co-evaporation technique resulted in a significant 
upgrading in the dissolution profile of the drug. This is reflected in 
a significant increase in Q15 (Figure5) and DE60 (Table IV). This is 
due to the extremely fine particles of SSG (38 μm) [43], correspond-
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Figure 5 - Percent of drug dissoluted after 15 min (Q15) from all the 
prepared SSDs and their corresponding PMs.

Table IV - The dissolution efficiency (DE60 %) for olmesartan medox-
omil SSDs and PMs.

Carrier Formulation Drug:carrier 
ratio 

DE60 %
Drug Pure drug 15.69

Avicel PH 102 SSD

PM

(1:1)
(1:5)
(1:9)
(1:1)
(1:5)
(1:9)

34.64
55.06
66.60
18.03
21.06
46.07

Aerosil 200 SSD

PM

(1:1)
(1:5)
(1:9)
(1:1)
(1:5)
(1:9)

30.55
39.52
53.22
18.21
24.04
31.27

SMCC SSD

PM

(1:1)
(1:5)
(1:9)
(1:1)
(1:5)
(1:9)

35.44
42.88
65.51
18.97
24.66
32.65

Lycatab SSD

PM

(1:1)
(1:5)
(1:9)
(1:1)
(1:5)
(1:9)

19.63
22.64
39.84
16.85
18.80
26.57

Starlac SSD

PM

(1:1)
(1:5)
(1:9)
(1:1)
(1:5)
(1:9)

25.51
32.93
43.96
16.64
20.02
23.85

SSG SSD

PM

(1:1)
(1:5)
(1:9)
(1:1)
(1:5)
(1:9)

49.30
65.11
95.78
31.33
47.57
55.08

KyronT-314 SSD

PM

(1:1)
(1:5)
(1:9)
(1:1)
(1:5)
(1:9)

76.43
98.14
98.14
38.73
53.27
60.68

ing to a large surface area available for drug adsorption leading to an 
enhancement in the dissolution rate [19]. By increasing the proportion 
of SSG, a larger surface area was available for drug adsorption. Thus, 
the drug is converted to a very fine state or molecular state on the car-
rier (SSG) [8]. In other words, there might be partial amorphization 
and deposition of the drug on the surface of carrier during solvent 
evaporation. Furthermore, SSG could absorb large amounts of water 
and swell when exposed to the dissolution medium as a result of its 
disintegrating effect. Consequently, the fine drug particles deposited 
on the large surface of SSG are efficiently wetted. Hence, clusters of 
fine drug particles get deaggregated, which facilitates their dissolution 
[15, 42].
  The physical mixtures of drug-Kyron T-314 systems show enhanced 
dissolution rate compared to the plain drug with a significant difference 
in the Q15 (Figure 5) and augmentation in DE60 % (Table IV). The 
higher increase in the dissolution rate and efficiency of the prepared 
PMs of Kyron T-314 was attributed to the disintegrating action of Kyron 
[8] which is mainly used as superdisintegrant. This, in turn, resulted 
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in deaggregation and wetting of the drug particles upon hydration, 
resulting in the higher dissolution rates [54].
  The SSDs prepared using KyronT-314 possessed a significant 
improvement in the dissolution profile of the drug. Increasing the 
Kyron content in SSD 1:5 resulted in a remarkable increase in Q15 
(Figure 5) and DE60% (Table IV). By increasing the Kyron content 
to 1:9 (drug: Kyron ratio), a non significant increase in Q15 and in 
DE60 % is obtained. These results are matched to some extent with 
the results obtained by Lalitha et al., who studied the effect of using 
several carriers including Kyron T-314 on the dissolution of nifedipine 
by surface solid dispersion technique [8]. 
  Increasing the Kyron content, results in accessibility of more carrier 
particles to coat the drug. The release enhancement is related to the 
adsorption of drug in a molecular state on Kyron and due to its good 
disintegrating properties [8]. The particle size of Kyron ranged from 
20-35 μm which corresponds to the high surface area, which is enough 
to contain the drug amount. Further increase in Kyron percent will 
not be of significant effect as the drug amount is fixed. It is observed 
that being a superdisintegrant, results in fast disintegration due to its 
porous structure which is responsible for the fast water uptake, which 
facilitates the wicking action of KyronT-314 and quick swelling when 
in contact with water with no lump formation leading to rapid dissolu-
tion rates [55].
  The order of dissolution rate enhancement was D:Kyron (1:5) > 
D:SSG (1:9) > D:SMCC (1:9) > D:Avicel (1:9) > D:Aerosil (1:9) > 
D:Starlac (1:9) > D:Lycatab (1:9).
  The use of superdisintegrants (SSG and Kyron T-314) in solvent 
deposition technique revealed the best results in comparison to the 
other carriers. The disintegration action of swelling and deformation 
upon hydration resulted in deaggregation and better wetting of the drug 
particles which could offer a high surface area for drug dissolution 
[54]. So the dissolution rate of the drug increased as a result of the 
combination of both the disintegration action and the solvent deposi-
tion effect. Thus, the higher dissolution rate compared to the other 
carriers obtained upon dispersion in superdisintegrants, is attributed 
to their easy and quick dispersibility in the dissolution medium [6]. 

5. Evaluation of olmesartan medoxomil DC ODTs 
prepared from SSDs
  Olmesartan medoxomil DC ODTs containing Kyron T-314 and 
SSG as carriers were prepared by direct compression method. Table V 
reveals that all the prepared formulations have acceptable physical 
characters according to the European Pharmacopoeia. 

6. In vitro disintegration time (DT)
  Table V shows the average values of the in vitro disintegration 
time for the different tablet formulations. According to the compendial 
standards [40], orodispersible tablets should disintegrate within not 
more than three minutes (i.e. 180 s). Formulations (F1-F5) containing 
Kyron T-314 as a carrier (1:5 drug:Kyron ratio) show a disintegration 
time (DT) ranging from 113 to 219 s. Formulations (F2, F3, F4 and 

F5) having 5 % disintegrant show a significant decrease (P = 0.000) 
in the DT compared to F1 (tablets without disintegrant). The shortest 
DT (113 s) is observed with F3 which contained crospovidone as a 
disintegrant at a concentration of 5 %. It was reported by many authors 
[56-58] that crospovidone had a superior effect on decreasing the dis-
integration time than croscarmellose or sodium starch glycolate. That 
was due to the nature of crospovidone (wicking type disintegrants) 
including its unique particle size, porous particle morphology which 
enhanced the wicking of liquid into the particle. Crospovidone used a 
combination of mechanisms to provide rapid disintegration. Although 
it swells by 95 to 120 % of its volume upon contact with water, swell-
ing is not the only mechanism for tablet disintegration. Crospovidone, 
with its porous particle morphology, rapidly absorbed water (wicking) 
via capillary action. In addition, during tablet compaction, the highly 
compressible crospovidone particles become extremely deformed. As 
the deformed crospovidone particles come in contact with water, these 
particles recover their normal structure and then swell, resulting in 
rapid volume expansion and high hydrostatic pressures responsible for 
tablet disintegration [59, 60]. Moreover, the disintegration properties 
of crospovidone are not affected by pH and consequently crospovidone 
is not bound to ionic drug moieties.
  For tablets (F6-F10) containing SSG as a carrier (1:9 drug:SSG 
ratio), the DT of the prepared formulations is found to be less than 180 
seconds in the range of 125.5 to 138 s. ANOVA test shows that there 
is no significant decrease (p = 0.252, 0.488, 0.390 and 0.160 for F7, 
F8, F9 and F10, respectively) in DT upon using different disintegrants 
compared to F6 (without disintegrant), that could be closely related 
to the inner structure of the tablets as all the tablets contained a large 
amount of SSG. 

7. In vitro dissolution rate studies 
  Figure 6 shows the results of in vitro dissolution studies of the 
DC ODTs (F1- F5) prepared from SSD containing drug:Kyron T-314 
at 1:5 ratio. It is obvious that all olmesartan medoxomil DC ODTs 
show a significant increase in the percentage of drug dissoluted within 
10 min: 79.36 % (p = 0.001), 86.56 % (p = 0.000), 77.66 % (p = 0.002), 
77.35 % ( p = 0.002) for F2, F3, F4 and F5 compared to that of F1 
(66.93 %). It is observed that F3 (5 % crospovidone) shows the highest 
in vitro dissolution of olmesartan medoxomil as indicated by the high 
values of percentage dissoluted within 10 min (86.56 %) compared 
to the other formulations. These findings are in accordance with the 
results obtained for the in vitro disintegration time where F3 shows 
the shortest disintegration time compared to other ODT formulations. 
More than 95 % of olmesartan medoxomil is dissoluted from all the 
formulations after 45 min. 
  Figure 7 shows the in vitro dissolution data of olmesartan medox-
omil DC ODTs prepared from SSD18 (F6- F10). It is noticed that there 
is no significant increase in Q10 upon using different disintegrants 
(5 %) compared to F6 (tablets with no disintegrants) where 81.46 % of 
olmesartan medoxomil is dissoluted after 10 minutes. For formulations 
F7, F8, F9 and F10, after 10 min 78.06 % (p = 0.130), 82.78 % (p = 

Table V - Evaluation of the prepared olmesartan medoxomil directly compressed ODTs.
Formulation Average weight 

(mg) ± SD
Thickness (cm) ± 

SD
Diameter 

(cm)
Friability (%) Hardness (kg) % drug content 

± SD
Disintegration 
time (s) ± SD

F1
F2
F3
F4
F5
F6
F7
F8
F9

F10

348.13 ± 1.27
350.53 ± 0.71
349.15 ± 1.64
351.34 ± 0.51
346.95 ± 1.14
351.91 ± 0.80
349.63 ± 1.22
348.81 ± 1.76
350.5 ± 0.23

347.31 ± 1.86

0.3330 ± 0.0027
0.3351 ± 0.0009
0.3445 ± 0.0014
0.3358 ± 0.0021
0.3311 ± 0.0020
0.3381 ± 0.0044
0.3289 ± 0.0045
0.3464 ± 0.001

0.3384 ± 0.0135
0.3440 ± 0.0011

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.87
0.91
0.89
0.84
0.94
0.72
0.67
0.72
0.65
0.74

4.20 ± 0.29
4.51 ± 0.18
3.51 ± 0.12
3.92 ± 0.35
4.08 ± 0.31
3.90 ± 0.15
4.25 ± 0.35
3.73 ± 0.32
3.45 ± 0.14
3.81 ± 0.25

96.20 ± 1.55
99.53 ± 1.23
99.79 ± 2.11
95.47 ± 1.46
99.57 ± 1.79
96.09 ± 2.01
96.18 ± 1.11
99.00 ± 1.34
95.10 ± 1.19
94.99 ± 1.21

219 ± 2.83
156 ± 2.41
113 ± 4.95

134.5 ± 2.12
150 ± 4.04

132.5 ± 4.95
138 ± 4.24

129.32 ± 5.54
128.5 ± 3.54
125.5 ± 2.12
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0.515), 83.45 % (p = 0.338) and 80.44 % (p = 0.609) are dissoluted, 
respectively. These observed results might be due to the nature of 
sodium starch glycolate used as carrier which is a superdisintegrant. 
SSG was reported to have ability to absorb water and swell to 300 
times its volume and was not affected by the increase in compression 
force [34]. 

*

  SSDs prepared using solvent evaporation (co-evaporation) tech-
nique were successful in improving the dissolution rate of olmesartan 
medoxomil. The order of dissolution rate enhancement was D: Kyron 
(1:5) > D: SSG (1:9) > D: SMCC (1:9) > D: Avicel (1:9) > D: Aerosil 
(1:9) > D: Starlac (1:9) > D: Lycatab (1:9).
  Among the SSDs tested, SSD18 consisting of drug: SSG at 1:9 
ratio and SSD20 consisting of drug:Kyron T-314 at 1:5 ratio showed 
the highest enhancement in the dissolution rate and efficiency of 
olmesartan medoxomil compared to the plain drug and the physical 
mixtures. F3 DC ODT (consisting of SSD20 and 5 % crospovidone) 
and F6 DC ODT (consisting of SSD18& no disintegrant) exhibited 
low in vitro disintegration time and high percentage of olmesartan 
medoxomil dissoluted within 10 min. 
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