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Abstract 

Flutamide, an anticancer drug for prostatic carcinoma has poor aqueous solubility and low oral 
bioavailability. The study aims to enhance the aqueous solubility and dissolution of flutamide by developing a 
Flutamide freeze dried tablet (FDT). The FDT was prepared by dispersing the drug in an aqueous solution of 
highly water-soluble carrier materials consisting of gelatin, lysine, and sorbitol. The mixture is poured in to the 
pockets of blister packs and subjected to freezing and lyophilization. The drug in FDT is characterized by DSC, 
XRD and SEM and evaluated for saturation solubility at pH 1.2 and 7.2 .Dissolution studies are carried out and 
compared with physical mixture (PM) and pure drug. The samples are stored in stability chamber to investigate 
their physical stability. The DSC and X-ray study implies that crystalline state of Flutamide in FDT is 
transformed to amorphous state during the formation of FDT. The SEM result suggests reduction in flutamide 
particle size in FDT (1-4µm) than pure flutamide (19-37 µm). The solubility of Flutamide from the FDT was 
nine and half times higher (0.0883 mg/mL) than the pure drug (0.0095 mg/mL) in water. The solubility of 
flutamide from FDT in both pH 1.2 and 7.has increased to twelve and thirteen times higher than the pure drug. 
The dissolution studies showed that dissolution of drug from FDT (97.76% at 20 min) was significantly improved 
compared with the pure drug (29.21% at 60 min). The stability test suggests that, the release profile and drug 
content of the FDT is almost unchanged as compared with the freshly prepared FDT after 90 days storing. 
Based on these results, it can be concluded that Flutamide can be formulated in to freeze dried tablets with 
enhanced solubility and dissolution in water. 
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Dondurarak Kurutma lie Flutamid’in Çöziiniirliigii Ve Çözünme Hızının Artırılması 
icin Yeni Bir Teknik 

Prostat karsinomasında kullanılan bir antikanser etkin madde olan flutamid, zayıf suda cdzüniirliige ve 
dusuk biyoyararlanıma sahiptir. Bu çalisma, dondurularak kurutulmuş flutamid tabletin (FDT) geliştirilerek 
flutamidin suda cdzüniirlugiinün ve coziinme hızının artırılmasını amaçlamaktadır. FDT, etkin maddenin jelatin, 
lizin ve sorbitolden oluşan yüksek derecede suda coziinebilir tasiyıcı maddelerin sulu bir cozeltisi içinde disperse 
edilmesiyle hazırlanmistır. Karisim bir blister ambalajın boşluklarına dökülmus ve dondurma ve liyofilizasyon 
işlemleri uygulanmistır. FDT içindeki etkin madde DSC, XRD ve SEM He incelenmiş ve pH 1.2 ve 7.2’de 
doygunluk cdzünürliigii degerlendirilmiştir. Cozünme testleri yapılmis ve saf etkin madde ve fiziksel karisim 
(PM) He karsilaştırilmistir. Numuneler, fiziksel stabilitelerinin incelenmesi için bir stabilite kabininde 
saklanmistır. DSC ve X-isinı çalisması, FDT oluşumu sırasında FDT içindeki flutamidin kristal halden amorf 
hale ddnustugiinii göstermiştir. SEM sonucuna göre, saf etkin madde (19-37 jum) He karsilaştırıldiginda FDT 
içinde flutamidin partikül büyüklugu (1-4 jum) azalmistır. FDT’den flutamidin sudaki cozünürlugii (0.0883 
mg/ml), saf etkin maddenin cdzünurliigiine göre (0.0095 mg/ml) 9.5 kat daha yüksek olmuştur. FDT içindeki 
flutamidin pH 1.2 ve 7.2’deki cozünürlugii saf etkin maddeninkinden 12 ve 13 kat daha yüksek bulunmuştur. 
Cozünme testleri, saf etkin madde (60 dakikada %29.21) He karsilaştırıldiginda, FDT’den etkin maddenin 
coziinme hızının (20 dakikada %97.76) önemli derecede artırıldiginı göstermiştir. Stabilite testleri, taze 
hazırlanan FDT He karsilaştırıldiginda, doksan gün saklama sonrasında FDT’den etkin madde içerigi ve 
salımının hemen hemen hie değismediğini ortaya cikarmistır. Bu sonuçlara dayanarak, flutamidin su içinde 
artan cdzüniirliige ve coziinme hızına sahip dondurularak kurutulmuş tabletlerinin formüle edilebileceği 
sonucuna varılmistır. 

Anahtar kelimelerDondurarak kurutma, Dondurularak kurutulmu§ tablet, Flutamid, Çözünürlük ve çözünme 
hızı. 
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INTRODUCTION 

Prostate cancer has become one of the most common malignancies in the male population 
worldwide. Anti androgenic agents are therapeutically effective for benign prostatic hypertrophy and 
androgen dependent prostate cancer. Flutamide is a non-steroidal fluorine-containing antiandrogens 
used in prostate chemotherapy. Among the non-steroidal antiandrogens, flutamide is often 
recommended for immunotherapy; (1). Flutamide is used increasingly as part of total androgen 
ablation therapy and in neo adjuvant treatment before radical prostatectomy (2). The low 
bioavailability of flutamide after oral administration may be due to poor wettability, low aqueous 
solubility, poor permeability, rapid first pass hepatic metabolism, and low concentration at the 
absorption surface (3). Therefore, it is prudent to develop a novel formulation that mitigates solubility 
and dissolution and formulation that produce higher concentrations of flutamide in solution at the 
absorption site, to overcome the solubility-mediated poor bioavailability. 
Currently, several approaches are widely used to fabricate Rapid Dissolving tablet (RDT), including 
techniques like lyophilization, solid dispersion, mucoadhesive micro-particulate, direct compression, 
and moulding. Several solubilization techniques were applied and reported to enhance the aqueous 
solubility of poorly water soluble drugs; like formation of solid dispersions with polyvinylpyrrolidone 
and fast-dissolving mucoadhesive micro-particulate (4-6). Freeze drying (lyophilisation) technique to 
develop formulations has been the most successful, in terms of sales value, sales volume and number 
of products available on the market, (6, 7). The fabrication of freeze drying RDTs is based on creating 
a porous matrix by subliming the water from pre-frozen aqueous formulation of the drug. Aqueous 
formulation can contain matrix forming agents and other excipients such as preservatives, flavors and 
lyoprotectants (7, 8). The matrix of the freeze drying RDT consists of two components that work 
together. The first component is water soluble polymers such as gelatin, dextran, alginate (8) and 
maltodextrin (9). This component maintains the shape and provides mechanical strength to the tablets 
(binder). The second constituent is matrix supporting/disintegration enhancing agents such as sucrose 
and mannitol, which acts by cementing the porous frame work, provided by the water soluble polymer 
and accelerates the disintegration of the RDT (10). Although there is a wide availability of literature 
describing the preparation of RDTs by freeze drying, the number of matrix supporting/disintegration 
enhancing agents used has been limited to saccharides and polyols with majority of the work dedicated 
to the inclusion of mannitol (8). This is primarily since the incorporation of these matrix forming 
agents requires fulfillment of stringent characteristics such as reasonable drying time, stability during 
freeze-drying process, as well as formation of elegant tablets with short disintegration time and 
adequate mechanical properties. However, high concentration of saccharides and polyols is required to 
achieve these quality features (8,10), thus restrains their application in delivering drugs for the 
treatment of long-term chronic conditions especially for children, diabetic and obese patients, due to 
limited intake requirement. Therefore, this study aims to develop novel excipients by investigating the 
feasibility of using amino acids as matrix supporting agents (second component) in the fabrication of 
rapid dissolving tablets prepared by freeze drying in order to produce tablets with enhanced properties 
and with wider application to pediatric and geriatric patient population. 
Amino acids are the basic structural units (monomer) of proteins. An alpha amino acid consists of an 
amino group, a carboxyl group, a hydrogen atom and a distinctive side chain bonded to a carbon atom 
(alpha carbon). Basically, the side chains of amino acids are responsible for the variation in their 
physic -chemical properties. Naturally occurring amino acids can exist in both the L (laevo) and the 
D (dextro) forms, which are mirror images of each other. However, incorporation of the D form of the 
amino acid has been limited for pharmaceutical applications due to their potential pharmacological 
activity, microbiological concerns and toxicity (11–13). On the other hand, the L form of the amino 
acids have been used extensively in pharmaceutical and cosmetic formulations as pH-sensitive drug 
carrier (14), cicatrisation topical dermatological preparations (15), in salt conjugate of poorly soluble 
drug (16), oral tablets, as lubricant (17) and disintegration enhancer (18), in inhalable delivery systems 
(19) and freeze-dried products, as cryoprotectants (20) and bulking agent (21). 

In this study Flutamide FDT were prepared and evaluated. The drug in the formulation was 
characterized by DSC, XRD, and SEM analysis. Dissolution and solubility of drug in FDT was 
compared with its physical mixture and pure drug. 
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EXPERIMENTAL 

Materials 
Flutamide, micronized gelatin, lysine, and sorbitol were received from IPCA pharmaceutical Ltd. 

Mumbai, India. De-ionized water and all other materials used were of analytical grade. 

Preparation of Flutamide Freeze Dried Tablets 
The method consists of the following steps: A 2% w/v solution of gelatin in water was prepared by 

first soaking the gelatin in water until complete hydration. The hydrated gelatin was stirred using a 
magnetic stirrer until a clear solution was obtained. Equal weights of lysine (0.886% w/v) and sorbitol 
(0.886% w/v) were added to the gelatin solution while stirring until completely dissolved. An 
accurately weighed amount of Flutamide powder (2.5% w/v) was dispersed in the aqueous solution of 
gelatin, lysine, and sorbitol. The resulted suspension (1 mL equivalent to 25 mg of Flutamide)was 
poured into each of the pockets of a tablet blister. The tablet blister packs, each containing 8 tablets 
were then transferred to an ultra low freezer at -40ºC, for 24 hours. The frozen tablets were then placed 
in a lyophilizer for 12 hours using a freeze dryer (IISHIN Lab. Co. Ltd. Korea); with a condenser 
temperature of -40ºC and a pressure of 40 mbar followed by a secondary drying at 25 C for 12 hours. 
The FDTs were kept in a desiccator room temperature until further experiments were performed. Five 
blister packs containing a total of 40 tablets were produced in each run. Eight tablets were randomly 
selected for drug content uniformity. The mean % drug content was found to be 98.76±0.025%. 

Preparation of the Physical Mixtures 
Flutamide was uniformly mixed with gelatin, lysine and sorbitol in the same percentage as used for 

the preparation of FDT using a mortar and pestle. The prepared mixtures were kept in desiccators until 
further use. 

Determination ofAmax and Calibration Data of Flutamide 
Stock solution of 100 ug/mL was prepared by dissolving 10 mg of pure drug in 100 mL of buffer of 

pH 1.2, buffer of pH 7.2 and distilled water. Solutions were suitably diluted to produce10 ug/mL. The 
solutions were scanned between 200 to 400 nm. The drug exhibited Xmax of 306 nm, 305 nm and 306 
nm in buffer of pH 1.2, buffer of pH 7.2 and distilled water respectively, and these values were used 
for further analysis. 
The stock solution was suitably diluted with buffer of pH 1.2, buffer of pH 7.2 and distilled water. The 
absorbance of these solutions was measured at 306 nm, and a graph of concentration versus 
absorbance was plotted. The calibration curve of flutamide in distilled water is shown in figure 1. 

Determination of Drug Content 
The FDTs were triturated with 10 mL of water and allowed to stand for 10 min with occasional 

swirling and water was added to produce 100 mL. After suitable dilutions, 10 mL of the solution was 
filtered through a membrane filter (0.45 µm) and the amount of dissolved drug was measured at 306 
nm using UV spectrophotometric method. The drug content was determined in triplicate from the 
standard plot. 
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Figure 1. Calibration Curve of Flutamide in Distilled Water. 

Differential Scanning Calorimetry (DSC) 
A DSC study was carried out to detect possible polymorphic transition during the crystallization 

process. The DSC measurements were performed on a DSC DuPont 9900, differential scanning 
calorimeter with a thermal analyzer. The samples were heated in an atmosphere of nitrogen and 
thermograms were obtained by heating at a constant heating rate of 10ºC/min in the range of 20ºC 
to 140ºC. Thermograms for flutamide, PM and FDT were obtained. 
X-ray Diffraction Analysis 

X-Ray powder diffraction patterns were obtained at room temperature using a Philips X’ Pert MPD 
diffractometer, with Cu as anode material and graphite monochromator, operated at a voltage of 40 
mA, 45 kV. The process parameters used were set as scan step size of 0.0170 (2θ). 
Scanning Electron Microscopy (SEM) 

Scanning electron microscopic (Joel- LV-5600, USA, with magnification of 250x) photographs 
were obtained to identify and confirm surface topography of the crystals. Cross-section of FDT was 
made to study their inner structure. Photographs were taken at magnification of 1000X. 
Solubility Studies 

Flutamide (100 mg), its FDTs and PMs (equivalent to 100 mg Flutamide) were placed in glass 
stopper flasks containing 100 mL of water, buffer of pH 1.2, buffer of pH 7.2. The flasks were shaken 
in a water bath at 25ºC for 12 hours. After suitable dilutions, 10 mL of the solution was taken and 
filtered through a membrane filter (0.45 µm), and the dissolved drug in triplicates was measured 
spectrophotometrically at 306 nm. 

Dissolution Studies 
The dissolution profile of pure Flutamide was compared with the PM and FDT, using USP 

dissolution apparatus XXIV-Type II (Electro Lab, Mumbai). All tests were conducted in 900 mL of 
distilled water maintained at 37±0.2ºC with a paddle rotation speed at 100 rpm. After specified time 
intervals, 10 mL of samples of dissolution medium were withdrawn and replaced by equal amount of 
fresh medium and then filtered through a membrane filter (0.45 µm) and the percentage of dissolved 
drug was determined using UV spectrophotometric method (UV 1601 A Shimadzu, Japan) at 306 nm. 
Determination of the Physical Stability of FDT 

Ten FDTs were covered in aluminum foil and placed in a climate chamber of 20ºC and 45% 
relative humidity (22). After 90 days, the drug content and percent drug release of Flutamide from the 
FDT were determined by dissolution study and compared with freshly prepared FDT. 
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RESULTS AND DISCUSSION 

Different fast dissolving carrier materials were used in the preparation of Flutamide FDT. Lysine 
was used to prevent shrinkage of the tablet during manufacture and it was possibly due to the 
plasticizing effect of lysine. This is in line with previously reported research, which suggests that the 
freeze-dried systems, upon inclusion of solutes in the formulation results in lowering of the glass 
transition temperature and is dependent on the interactions between the added excipient and unfrozen 
water (22). Addition of plasticizing agents potentially reduced the intermolecular forces between 
binder molecules and increases polymer chain mobility, thereby providing a cushioning effect. 
However, the degree of plasticizing varied between the amino acids, which can be attributed to the 
differences in their physicochemical properties (23) and the total number of moles added. The use of 
sorbitol to impart crystallinity, hardness, and elegance to the tablet is well-known and are acceptable 
materials used in preparing of freeze-dried tablets. Previous research has shown that the two common 
methods to enhance the mechanical strength of the lyophilized FDTs are the inclusion of higher 
concentration of the binder and addition of excipients such as matrix supporting agents (saccharides 
and polyols) (8). In this study, the use of 5% (w/w) gelatin solution as a binder provided high 
resistance to friability. The percentage excipients used was optimized during the formulation process 
to result in a strong and elegant tablet that could be handled with ease. Generally, the mechanical 
properties of tablets are mainly influenced by the intermolecular bonding force and contact points 
between the excipients (24, 25). 

DSC thermograms for pure Flutamide, physical mixtures and FDT were shown in Figure 1. Pure 
Flutamide had a sharp endothermic peak at 113.54°C that corresponded to the melting point of 
Flutamide (2). The thermogram of the PM showed the endothermic peak of Flutamide, although 
broader, spitted, and slightly shifted to the left, indicating that the crystalline state is maintained but 
decreased in the PM and shows sharp endothermic peak at 112.31°C. However, the melting endotherm 
was absent on the DSC thermogram of the FDT, suggesting absence of crystallinity and presence of 
amorphous state of the drug. This could be because Flutamide was molecularly or amorphously 
dispersed in the FDT (26). 

Figure 2. DSC Thermograms of Pure Flutamide, PM and FDT of Flutamide. 

X-Ray diffraction was used to analyze potential changes in the inner structure of flutamide 
nanocrystal during the formulation of FDT. The extent of such changes depends on the chemical 
nature and physical hardness of the active ingredient. The powder X-ray diffraction patterns of the 
pure drug, physical mixture and FDT are shown in Figure 3. The results of DSC studies were further 
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conformed by X-ray diffraction studies. The characteristic peak of the Flutamide appeared in the 2θ 
range of 0–300, indicating that the unprocessed Flutamide was a crystalline material (2, 3). The pure 
drug exhibits its characteristic diffraction peaks at various diffraction angles indicating the presence of 
crystallinity. The X-ray diffraction study of the PM of drug and excipients showed the peak 
corresponding to the crystalline drug molecules present in the mixture, although their intensity was 
lower due to the high excipients-drug ratio employed. The diffraction pattern of the FDT of the drug 
showed absence, broadening and reduction of major Flutamide diffraction peaks indicating that mostly 
an amorphous from (disordered state) existed in the FDT. These results could explain the observed 
enhancement of solubility and rapid dissolution of Flutamide in FDT. 

Figure 3.X-ray Powder Diffraction Spectrums of Pure Flutamide, PM and FDT of 
Flutamide. 

SEM micrographs of pure Flutamide, PM, and FDT are shown in Figure 4. The Flutamide crystals 
could be seen in the PM while the micrograph of FDT shows a matrix in which no crystals of 
Flutamide could be seen (6). The SEM micrograph of FDT suggests that the particle size of the drug 
might have been reduced (1-4 µm) during dissolution in the gelatin-lysine-sorbitol solution than the 
pure drug (19-37 µm). This could therefore indicate that Flutamide particle size has been reduced 
which also accelerates solubility and dissolution (10). 
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Figure 4. Scanning Electron Micrographs of Flutamide Samples. 

The solubility of Flutamide increase from FDT (0.0883 mg/mL), nearly nine and half times higher 
when compared to the solubility of the pure drug (0.0095 mg/mL), suggesting the presence of high 
amount of amorphous form of the Flutamide in FDT (6). Increase in solubility of Flutamide from the 
PM (0.0231 mg/mL), nearly two and half times higher than the pure drug. This could be due to the 
solubilizing effect of highly water soluble carrier materials used in the formulation, such as lysine and 
sorbitol (13, 25). The solubility of flutamide in buffer of pH 1.2 and buffer 7.2 from FDT increased 
almost near to twelve and thirteen times higher than pure drug, respectively. The solubility data of 
different samples are shown in Table 1. The higher solubility of Flutamide from FDT may be due to 
the increase in surface area, wettability and solubilizing effect of highly water soluble carrier materials 
used in the formulations. 

Table 1.Solubility of Flutamide Pure Drug, PM and FDT in Distilled Water at 25ºC. 

Flutamide Samples Solubility 
(mg/mL ± SD*) 

In water 

Solubility 
(mg/mL ± SD*) 

In pH 1.2 

Solubility 
(mg/mL ± SD*) 

In pH 7.2 
Pure Flutamide 0.0095±0.013 0.0143±0.010 0.0173±0.020 

PM 0.0231±0.021 0.0432±0.011 0.0563±0.013 

FDT 0.0883±0.018 0.1771±0.010 0.2337±0.014 

(n=3, mean ± SD*). 

The dissolution curves of Flutamide in distilled water are displayed in Figure 5. The dissolution rate 
profiles are plotted as the percent release from the FDT, physical mixture and pure Flutamide versus 
time in minute. The rate of dissolution of pure Flutamide was very slow compared with physical 
mixtures and FDT. Flutamide in the FDT was immediately dispersed and almost completely dissolved 
(97.76%) in 20 minutes. Initial dissolution rate of Flutamide in the FDT increased markedly (about 
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tenfold) compared to pure Flutamide. The dissolution rate was also higher and faster in FDT than in 
PM. The percentage of dissolved amount of Flutamide from its PM at 60 minutes (80.45%) increased 
approximately three fold compared to flutamide pure drug (29.21%). 

The increased dissolution rate of Flutamide from its FDT suggests that Flutamide FDT might have 
a rapid oral absorption following disintegration in the mouth and dissolution in the saliva, since 
solubilized Flutamide is absorbed rapidly and completely from the gastrointestinal tract after oral 
administration. The enhancement in solubility and dissolution rate of Flutamide in its FDT may be 
attributed to the formation of amorphous state in the FDT of the fast dissolving carrier materials (6, 
25). 

Figure 5. Dissolution Profiles of Flutamide Pure Drug, PM and FDT in Distilled 
Water at 370C. n=3 with mean ± SD. 

The dissolution behavior of FDT must remain unchanged during storage. The best way to guarantee 
this is by maintaining their physical state and molecular structure. For optimal stability of amorphous 
FDT, the molecular mobility should be as low as possible. However, FDT, partially or fully 
amorphous, are thermodynamically unstable and will have a natural tendency to crystallize, because 
the crystalline state has a lower energy compared to amorphous material. However, amorphous 
material can be kinetically stable, which implies that the equilibrium state, i.e. crystalline, is not 
reached within the timeframe of the experiment or shelf life of the product. Therefore, the physical 
state should be monitored because changes therein are likely to alter the drug release (27, 28). 

The results of the stability study of FDT stored at 20ºC and 45% relative humidity for 90 days are 
shown in Figure 6. The influence of FDT on the physical stability of Flutamide was investigated. The 
percentage of drug release from FDT is almost same i.e. (99.32%) after 90 days of storing when 
compared with the freshly prepared FDT i.e. (99.47 %) at 60 minutes. The drug content of FDT was 
found to be 98.62% after 90 days of storing when compared with the drug content of freshly prepared 
FDT i.e. 98.87%. The above result shows that FDT of Flutamide was stable after 90 days at 20ºC and 
45% relative humidity. 
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Figure 6. Dissolution Profiles of Flutamide Samples for Stability Tests: a) Freshly 
Prepared FDT, b) FDT After 90 days of Storing. n=3 with mean ±SD. 

CONCLUSION 

The study revealed that the FDT formulation of Flutamide made of widely used, safe, water-soluble 
excipient is feasible for enhancing the solubility and dissolution rate of Flutamide. These results are 
attributed to the formation of an amorphous state of the Flutamide at FDT and probability to reduction 
of Flutamide particle size. The result of physical stability tests showed that FDT was stable due to the 
unchanged dissolution profile of Flutamide after 90 days. Based on these results, it can be concluded 
that the FDT could be suitable in terms of solubility and dissolution in water. This technique is a 
promising procedure for the formulation of Flutamide tablets by direct compression with directly 
compressible tablet excipients without mixing or further formulation steps. 

ACKNOWLEDGEMENTS 

We thank IPCA Labs, Mumbai, India for providing samples of Flutamide, micronized gelatin, 
lysine, and sorbitol and the Principal, J.S.S.College of Pharmacy, Mysore for providing the facility to 
carry out the work. 

REFERENCES 

1. Debruyna FM, Combined androgen blockade is the treatment of choice for patients with 
advanced prostate cancer, Eur Urol 29, 34–36, 1996. 

2. Brogden RN, Chrisp P, Flutamide A review of its pharmacodynamics pharmacokinetic properties, 
and therapeutic use in advanced prostatic cancer, Drug Aging 1, 104–115, 1991. 

3. Zuo Z, kwon G, Stevenson B, Diakur J, Wiebe LI, Hydroxypropyl-bcyclodextrin- flutamide 
inclusion complex. I. Formulation, physical characterization and absorption studies using the 
Caco-2 in vitro model, J Pharm Pharmaceuti Sci 3, 220–227, 2000. 

4. Modasiya MK, Lala II, Prajapati BG, Patel VM, Shah DA, Design and Characterization of Fast 
Disintegrating Tablets of Piroxicam, Int J PharmTech Res 1(2), 353-357, 2009. 

5. Bhupendra GP, Bhaskar P, Formulation, Evaluation and Optimization of Orally Disintegrating 
Tablet of Piroxicam, Int J PharmTech Res 2(3), 1893-1899, 2010. 

147 



Mudit DIXIT, Ashwini G. KINI, Parthasarthi K. KULKARNI, Hosakote Gurumallappa SHIVAKUMAR 

6. Farhan AH, Yvonne P, Afzal RM, Formulation and characterisation of lyophilised rapid 
disintegrating tablets using amino acids as matrix forming agents, Eur J Pharma Bio 5, 254–262, 
2010. 

7. Muir I, Growing sales and new opportunities for oral fast dissolve. Oral delivery: when you find 
the Holy Grail, on drug delivery, 4–6, 2007. 
http://www.ondrugdelivery.com/publications/Oral_Drug_Delivery_07.pdf (accessed 21.11.09). 

8. Segar H, Drug delivery products and the Zydis fast dissolving dosage, J. Pharm. Pharmacol, 50, 
375–383, 1998. 

9. Corveleyn S, Remon J, Formulation of a lyophilised dry emulsion tablet for the delivery of poorly 
soluble drugs, Int J Pharm 166, 65–74, 1998. 

10. Chandrasekhar R, Hassan Z, Al-Husban F, Smith A, Mohammed A, The role of formulation 
excipients in the development of lyophilized fast-disintegrating tablets, Eur J Pharm Biopharm 
72, 119–129, 2009. 

11. Tsai G, Yang, P, Chung L, Lange N, Coyle JT, D-Serine added to antipsychotics for the treatment 
of schizophrenia, Bio Psychiat 44, 1081–1089, 1998. 

12. Williams R, Major H, Lock E, Lenz E, Wilson I, D-Serine-induced nephrotoxicity: a HPLC– 
TOF/MS-based metabonomics approach, Toxicology 207, 179–190, 2005. 

13. Friedman M, Chemistry, nutrition, and microbiology of D-amino acids, J Agric Food Chem 47, 
3457–3479, 1999. 

14. Oh K, Lee E, Kim D, Bae Y, L-Histidine-based pH sensitive anticancer drug carrier micelle: 
reconstitution and brief evaluation of its systemic toxicity, Int J Pharm 358, 177–183, 2008. 

15. Marrubini G, Caccialanza G, Massolini G, Determination of glycine and threonine in topical 
dermatological preparations, J Pharm Biomed Anal 47, 716–722, 2008. 

16. Anacardio R, Perilli O, Bartolini S, Gentile M, Mazzeo P, Carlucci G, Physicochemical 
compatibility between ketoprofen lysine salt injections (Artrosilene_) and pharmaceutical 
products frequently used for combined therapy by intravenous administration, J Pharm Biomed 
Anal 32, 1235–1241, 2003. 

17. Rotthauser B, Kraus G, Schmidt P, Optimisation of an effervescent tablet formulation containing 
spray dried L-leucine and polyethylene glycol 6000 as lubricant using a central composite design, 
Int J Pharm 46, 85–94, 1997. 

18. Fukami J, Yonemochi E, Yoshihashi Y, Terada K, Evaluation of rapidly disintegrating tablets 
containing glycine and carboxymethylcellulose, Int J Pharm 310, 101–109, 2006. 

19. Alhusban F, Seville P, Carbomer-modified spray-dried powders for pulmonary delivery of 
salbutamol sulphate, J Microencapsul 26, 444–455, 2009. 

20. Mohammed A, Coombes A, Perrie Y, Amino acids as cryoprotectants for liposomal delivery 
systems, Eur J Pharm Sci 30, 406–413, 2007. 

21. Akers M, Milton N, Byrn S, Nail S, Glycine crystallisation during freezing: the effect of salt 
form, pH, and ionic strength, Pharm Res 12, 1457–1461, 1995. 

22. Nazik E, Kadria E, Abdallah M, Ahmed E, Lyophilization monophase solution technique for 
improvement of the physicochemical properties of an anticancer drug, flutamide, Eur J Pharma 
Biopharm 74, 397–405, 2010. 

23. Nesarikar V, Nassar M, Effect of cations and anions on glass transition temperatures in excipient 
solutions, Pharm Dev Technol 12, 259–264, 2007. 

24. Kagimoto J, Fukumoto K, Ohno H, Effect of tetrabutylphosphonium cation on the physico-
chemical properties of amino-acid ionic liquids, Chem Commun 21, 2254–2256, 2006. 

25. Bi Y, Sunada H, Yonezawa Y, Danjo K, Otsuka A, Iida K, Preparation and evaluation of a 
compressed tablets rapidly disintegrating in the oral cavity, Chem Pharm Bull 44, 2121–2127, 
1996. 

26. Alhusban F, Perrie F, Mohammed AR, Preparation, optimisation and characterization of 
lyophilized rapid disintegrating tablets based on gelatin and saccharides, Current Drug Deliv 7. 
65–75, 2010. 

27. Crowe J, Crowe L, Preservation of mammalian cells-learning nature’s tricks, Nat Biotechnol 18, 
145–147, 2000. 

148 

http://www.ondrugdelivery.com/publications/Oral_Drug_Delivery_07.pdf


Turk J. Pharm. Sci. 9(2), 139-150, 2012 

28. Weuts I, Kempen D, Verreck G, Decorte A, Heymans K, Peeters J, Brewster M, Vanden MG, 
Study of the physicochemical properties and stability of solid dispersions of loperamide and 
PEG6000 prepared by spray drying, Eur J Pharm Biopharm 59, 119–126, 2005. 

Received: 17.03.2011 
Accepted: 16.06.2011 

149 


