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ABSTRACT

Candesartan celexitil (CC), a non-peptide angiotensin II type 1 (AT1) receptor antagonist, is
used in the treatment of hypertension. It has low solubility with low bioavailability thus
nanoparticles approach is one of the recently technique used to enhance the solubility of
drugs. The aim of this study is to improve the solubility of CC by preparing nanoparticles.
Seven formulas of nanoparticles were prepared by antisolvent precipitation method utilizing
poloxamer 188 as polymer. Three of them at different drugs: polymer ratio and another three
different solvent: anti solvent ratios. The prepared nanoparticles were characterized regarding
the particle size by nano laser particle size analyzer, saturated solubility, and thermal analysis
by DSC. The prepared nanoparticle reveals that all formulas produce nanoparticle in range of
70.6 - 1119 nm. Formula (F2) which utilizes PXM as polymer at polymer: drug ratio of (1:1)
and solvent: antisolvent ratio of (1:10) was considered as the best formula which shows good
evaluation parameters in addition to increment in solubility 10.54 times than that of pure
drug. The thermal analysis of nanoparticle of the selected formula (F2) shows reducing of
intensity of endothermic peak of the drug indicating reduced crystallinity of candesartan
cilexetil. Finally it could be concluded that the selected formula is promising for preparation
of candesartan cilexetil nanoparticles with improved solubility.

188 ﺗﺄﺛﻴﺮﺍﺕ ﺗﻜﻮﻳﻦ ﻣﺘﻐﻴﺮﺍﺕ ﻋﻠﻰ ﺻﻔﺎﺕ ﺍﻟﻜﺎﻧﺪﻳﺴﺎﺭﺗﻦ ﺳﻠﻜﺴﺘﻴﻞ ﺍﻟﻨﺎﻧﻮ ﺟﺰﺋﻴﺔ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺑﻠﻮﻛﺰﺍﻣﺮ
 ﻣﻀﺮ ﺁﻝ ﺣﻴﺪﺭ, ﻣﻮﻓﻖ ﻣﺤﻤﺪ ﻏﺮﻳﺐ, ﻋﻼء ﻣﺤﻤﺪ ﺑﺎﻗﺮ
 ﻭ ﺍﻟﺘﺤﻠﻞ188  ﺑﻮﻟﻮﻛﺰﺍﻣﺮ, ﺍﻟﺬﻭﺑﺎﻥ, ﻧﺎﻧﻮ ﺑﺎﺭﺗﻜﻞ, ﻛﺎﻧﺪﻳﺴﺎﺭﺗﺎﻥ ﺳﻠﻜﺴﺘﻴﻞ:ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﻤﻔﺘﺎﺣﻴﺔ

ﺍﻟﺨﻼﺻﺔ
 ﻳﺴﺘﺨﺪﻡ ﻓﻲ. ( ﻫﻮ ﻋﻘﺎﺭ ﻣﺜﺒﻂ ﻏﻴﺮ ﺑﺒﺘﻴﺪﻱ ﻟﻤﺴﺘﻘﺒﻼﺕ ﺍﻻﻧﺠﻴﻮﺗﻨﺴﻴﻦ ﺍﻟﺜﺎﻧﻲ ﻣﻦ ﺍﻟﻨﻮﻉ ﺍﻻﻭﻝCC) ﻛﺎﻧﺪﻳﺴﺎﺭﺗﺎﻥ ﺳﻴﻠﻴﻜﺴﺘﻴﻞ
 ﺍﻟﻌﻘﺎﺭ ﻟﻪ ﻗﺎﺑﻠﻴﺔ ﺫﻭﺑﺎﻥ ﻣﻨﺨﻔﻀﺔ ﻓﻲ ﺍﻟﻤﺎء ﻣﻊ ﺍﻧﺨﻔﺎﺽ ﺍﻟﺘﻮﺍﻓﺮ ﺍﻟﺒﻴﻮﻟﻮﺟﻲ ﻭﺑﺎﻟﺘﺎﻟﻲ ﺗﻘﻨﻴﺔ. ﻋﻼﺝ ﺍﺭﺗﻔﺎﻉ ﺿﻐﻂ ﺍﻟﺪﻡ
 ﻭﺍﻟﻬﺪﻑ ﻣﻦ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻫﻮ.ﺍﻟﻨﺎﻧﻮﺗﻜﻨﻠﻮﺟﻲ ﻫﻲ ﻭﺍﺣﺪ ﻣﻦ ﺍﻟﺘﻘﻨﻴﺎﺕ ﻓﻲ ﺍﻵﻭﻧﺔ ﺍﻷﺧﻴﺮﺓ ﺍﻟﺘﻲ ﺗﺴﺘﺨﺪﻡ ﻟﺰﻳﺎﺩﺓ ﺫﻭﺑﺎﻥ ﺍﻻﺩﻭﻳﺔ
 ﻭﻗﺪ ﺃﻋﺪﺕ ﺳﺒﻊ ﺻﻴﻎ ﻣﻦ ﺍﻟﺠﺴﻴﻤﺎﺕ ﺍﻟﻨﺎﻧﻮﻳﺔ ﺑﻄﺮﻳﻘﺔ. ﻣﻦ ﺧﻼﻝ ﺇﻋﺪﺍﺩﻩ ﻋﻠﻰ ﺷﻜﻞ ﺟﺴﻴﻤﺎﺕ ﻧﺎﻧﻮﻳﻪCC ﺗﺤﺴﻴﻦ ﺫﻭﺑﺎﻥ
ﺛﺔ ﺻﻴﻎ ﻣﺨﺘﻠﻔﺔ ﻛﻞ ﻣﻦ ﻧﺴﺐ ) ﺍﻟﺪﻭﺍء ﺍﻟﻰ ﺍﻟﺒﻮﻟﻴﻤﺮ( ﻭﻧﺴﺒﺔ
 ﻋﻠﻰﺛﻼ188 ﺍﻟﺘﺮﺳﻴﺐ ﺑﻤﻀﺎﺩ ﺍﻟﻤﺬﻳﺐ ﻭﺍﺳﺘﺨﺪﺍﻡ ﺑﻮﻟﻮﻛﺴﺎﻣﻴﺮ
 ﻭﻗﺪ ﺗﻢ ﺗﻘﻴﻴﻢ ﺍﻟﺠﺴﻴﻤﺎﺕ ﺍﻟﻨﺎﻧﻮﻳﺔ ﺍﻟﻤﺤﻀﺮﺓ ﺑﺸﺄﻥ ﺣﺠﻢ ﺍﻟﺠﺴﻴﻤﺎﺕ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺟﻬﺎﺯ ﻧﺎﻧﻮ ﺍﻟﻴﺰﺭﻱ.ﺍﻟﻤﺬﻳﺐ ﺍﻟﻰ ﺍﻟﻤﻀﺎﺩ ﻟﻠﻤﺬﻳﺐ
 ﺍﻟﻨﺘﺎﺋﺞ ﺍﻅﻬﺮﺕ ﺍﻥ ﻛﻞ ﺍﻟﺼﻴﻎ ﺍﻧﺘﺠﺖﺟﺴﻴﻤﺎﺕ. DSC  ﻭ ﺍﻟﺘﺤﻠﻴﻞ ﺍﻟﺤﺮﺍﺭﻱ ﺑﺎﺳﺘﺨﺪﺍﻡ،  ﻭﺩﺭﺟﺔ ﺍﻟﺬﻭﺑﺎﻥ، ﺍﻟﻤﺤﻠﻞ ﺍﻟﺠﺴﻴﻤﺎﺕ
( ﻭﻧﺴﺒﺔ1 :1)  ( ﻓﻴﻬﺎ ﻧﺴﺒﺔ ﺍﻟﺒﻮﻟﻴﻤﺮ ﺍﻟﻰ ﺍﻟﺪﻭﺍء ﻫﻮF2)  ﻭﺍﻋﺘﺒﺮﺕ ﺻﻴﻐﺔ. ﻧﺎﻧﻮﻣﺘﺮ1119-70,6 ﻣﺘﻨﺎﻫﻴﺔ ﺍﻟﺼﻐﺮ ﻓﻲ ﻗﻴﻢ ﻣﻦ
 ( ﺑﺎﻋﺘﺒﺎﺭﻫﺎ ﺃﻓﻀﻞ ﺻﻴﻐﺔ ﻣﻊ ﻣﻮﺍﺻﻔﺎﺕ ﺟﻴﺪﺓ ﺑﺎﻹﺿﺎﻓﺔ ﺇﻟﻰ ﺯﻳﺎﺩﺓ ﻓﻲ ﺍﻟﺬﻭﺑﺎﻥ1:10 ) ﻣﺬﻳﺐ ﺍﻟﻰ ﺍﻟﻰ ﺍﻟﻤﻀﺎﺩ ﻟﻠﻤﺬﻳﺐ
( ﺍﻟﻰF2 )  ﻭﻳﻈﻬﺮ ﺍﻟﺘﺤﻠﻴﻞ ﺍﻟﺤﺮﺍﺭﻱ ﻟﻠﺠﺴﻴﻤﺎﺕ ﻣﺘﻨﺎﻫﻴﺔ ﺍﻟﺼﻐﺮ ﻣﻦ ﺍﻟﺼﻴﻐﺔ ﺍﻟﻤﺨﺘﺎﺭﺓ.  ﻣﺮﺍﺕ ﻣﻘﺎﺭﻧﺔ ﺑﺎﻟﺪﻭﺍء ﺍﻟﻨﻘﻲ10.54
 ﻭﺃﺧﻴﺮﺍ ﻳﻤﻜﻦ ﺍﻟﻘﻮﻝ ﺃﻥ ﺍﻟﺼﻴﻐﺔ ﺍﻟﻤﺨﺘﺎﺭﺓ. ﻗﻠﺔ ﻓﻲ ﺷﺪﺓ ﺫﺭﻭﺓ ﺍﺷﺎﺭﺓ ﺍﻟﺪﻭﺍء ﻓﻲ ﺍﻟﺘﺤﻠﻴﻞ ﻣﺸﻴﺮﺍ ﺇﻟﻰ ﺍﻧﺨﻔﺎﺽ ﺍﻟﺘﺒﻠﻮﺭ ﻓﻲ ﺍﻟﺪﻭﺍء
. ﻭﺍﻋﺪﺓ ﻹﻋﺪﺍﺩ ﺍﻟﺼﻴﻐﺔ ﺍﻟﻨﺎﻧﻮﻳﺔ ﻟﻠﻜﺎﻧﺪﻳﺴﺎﺭﺗﺎﻥ ﺳﻴﻠﻴﻜﺴﺘﻴﻞ ﻣﻊ ﺗﺤﺴﻦ ﻭﺍﺿﺢ ﺑﺎﻟﺬﻭﺑﺎﻥ
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INTRODUCTION

Candesartan celexitil (CC), a non-peptide angiotensin II type 1 (AT1) receptor
antagonist, is used in the treatment of hypertension. Candesartan cilexetilis is a racemic
mixture containing one chiral center at the cyclohexycarbonyloxy ethyl ester group. It is
practically insoluble in water and sparingly soluble in methanol (1). Candesartan cilexetil is
a prodrug that is hydrolyzed to candesartan during absorption from the gastrointestinal tract
(1). Candesartan cilexetil has log P value of 6.1 and the low aqueous solubility of CC which
may be the reason for very low bioavailability i.e. about 15%. (2). CC has poor solubility in
water and high permeability resulting in variable bioavailability and hence it is belonging to
class II of the biopharmaceutical classification system (3-5). Many new chemical entities of
very low solubility, oral bioavailability can be enhanced their solubility by micronization but
micronized product has the tendency of agglomeration, which leads to decreased effective
surface area for dissolution, thus recently the approach was nanonization (6-8). There are
different methods to prepare the nanoparticle such as emulsification-solvent evaporation,
high pressure emulsification and solvent evaporation, salting out technique, solvent
displacement nano precipitation, and supercritical fluid(9). The aim of this study is to
increase the solubility of poorly water-soluble Candesartan Cilexetil by preparing
nanoparticle by antisolvent nanoprecipitation.
2.

MATERIALS AND METHODS

2.1 Materials
Candesartan Cilexetil was purchased from provizerpharma, India, Poloxamer 188 from
HiMedia Laboratories, India. Tween20 was purchased from chemfine, chemicals-Mumbai,
India.
2.2 Methods
2.2.1 Determination of Candesartan Cilexetil Solubility
An equilibrium solubility determination for Candesartan Cilexetil solubility was
carried out using the shake flask method (10-12) for different test media (water, buffer pH 1.2
with 0.35% polysorbate 20 and phosphate buffer solution pH 6.8 with 0.35% polysorbate 20.
An excess amount of the drug was added to 10 ml of medium in a test tube, and stirred in a
water bath with shaker at 37±2°C for 48 hours. Filtered samples were analyzed
spectrophotometrically for drug content at λmax of 255 nm.
2.2.2 Preparation of Candesartan Cilexetil Nanoparticles
CC nanoparticles were prepared by using solvent/antisolvent precipitation technique.
A certain amount of pure drug of Candesartan Cilexetil was completely dissolved in 90%
ethanol solvent.
The obtained drug solution was then injected at speed of 1ml/min using syringe
infusion pump into the water containing the stabilizer (Poloxamer 188) of different
concentrations (0.5, 1 and 2%) with continuous stirring. Precipitation of solid drug particles
occurred immediately upon mixing. The precipitated nanoparticles is sonicated at 37 °C for
30 min. and then lyophilized to obtain the nanoparticales powder (13). Different formulation
variables affecting the properties of prepared nanoparticles were studied by utilizing the
prepared seven formulas of composition shown in table 1.
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Table 1: Composition of CC nanoparticles formulas

Polymer

Solvent
antisolvent ratio

PXM
PXM
PXM
PXM
PXM
PXM
PXM

1:10
1:10
1:10
1:10
1:10
1:5
1:15

Formula No.

F1
F2
F3
F4
F5
F6
F7

: Polymer :
drug ratio

0.5:1
1:1
2:1
1:0.5
1:2
1:1
1:1

2.3.3 Characterization of the prepared nanoparticles
Determination of CC content in nanoparticles
To determine the drug content of the prepared nanoparticles, 200mg sample of each
prepared formula was placed in a glass mortar and thoroughly triturated using methanol.
After thoroughly rinsing all equipment, the total mixture was transferred to volumetric flask
and the volume was completed to 100 ml with methanol. The resultant dispersion was
sonicated for 15 min to ensure complete dissolution of Candesartan Cilexetil.The mixture
was filtered through an ordinary filter paper, and the absorbance of Candesartan Cilexetil was
determined spectrophotometrically. The amount of drug inside the nanoparticles was
determined (14).
Particle Size analysis
Samples of all prepared nanoparticales were analyzed by using ABT-9000 nano laser
particle size analyzer, and particle size distribution curves were obtained. The average
particle size, polydispersity index (PDI), and the specific surface area (SSA) for each sample
were recorded.
Determination of nanoparticles saturation solubility:
The solubility of the selected formula of Candesartan Cilexetil nanoparticles was
determined according to the same procedure which prescribed in 2.3.1
Differential scanning calorimetry (DSC)
Thermal analysis of the pure drug, polymer, and selected formula were determined
by an automatic thermal analyzer system (Shimadzu DSC–60, Japan). Accurately weighed
sample (5mg) were placed in none hermetically aluminium pans and heated at the rate of 20
˚C/minute against an empty aluminium pan as a reference covering a temperature range of 50
˚C to 300 ˚C
3. RESULTS AND DISCUSSION

3.1 Evaluation of particle size of the prepared nanoparticles:
The particle size of all the prepared nanoparticles of candesartan cilexetil are listed in
table 2 indicating that the lowest value was of formula F2 equals 70.6 nm while the highest
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value of formula F4 equals 1119 nm. Although it seems that the ratio of drug to the polymer
in F3 and F4 is same but the nanoparticle size in F3 is less than in F4. This is related to the
concentration of polymer which in F3 is more than F4.
Table 2. Particle size range of the prepared nanoparticles
Formula No.
Particle size range
Particle size average
99.7 -125
112.35
F1
70.6 – 79.2
74.9
F2
792 - 997
894.5
F3
997 - 1119
1058
F4
561 - 706
633.5
F5
627 - 997
812
F6
561 - 889
725
F7
3.2 Formulation variables affecting the properties of prepared nanoparticles
The results shown in figure 1, 2, and 3 of nanoparticle of the seven formulas using PXM
indicate that changing polymer concentration has an impact on CC nanoparticles mean size.
Increasing polymer concentration lead to increase in mean particle size but observed only
higher than drug: polymer equal ratio. This can be explained that increasing polymer
concentration caused more coating of drug particles until a certain concentration where all
drug particles are coated with polymer, then increasing polymer concentration would lead to
increase the thickness of the polymer coat around each particle or may lead to aggregation of
many particles and increase in the mean particle size. It has been shown that the solvent:
antisolvent ratio 1:10 was the best ratio among the other which gave the lowest mean particle
size.

Figure 1. Effect of poloxamer concentration on nanoparticle size
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Figure 2. Effect of drug concentration using PXM on nanoparticles size

Figure 3. Effect of solvent: antisolvent ratio using PXM on nanoparticle size
3.3 Saturated solubility study of the prepared nanoparticles
Solubility of CC nanoparticles of the selected formula in different solvents was
determined as shown in table 3. CC nanoparticles saturation solubility increased of the
selected formula (F2) with higher increment in buffer pH 6.8 in comparison to buffer pH 1.2
and this attributed to pH dependent property of drug which confirmed by Shilpa
Bhilegaonkar et al (15). The saturation solubilities of Candesartan Cilexetil nanoparticles of
the selected formulas in water were increased 10.54folds relative to pure drug for selected
formula (F2). The increase in saturation solubility is mainly due to nanonization effect. Such
results also reported by Hecq et al, where they prepared nifedipine nanocrystales and found
that nanonization lead to increase saturation solubility in water from 19.5± 0.1 µg / ml to
25.9±1.4µg/ml (16).
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Table 3. Solubility data of the selected formulas in different media
Solvent

Water

Saturated solubility ( µg/ml)
Pure drug
Selected formula
F2
1.2
12.65

Buffer pH 1.2 with 0.35% Tween 20

5.7

15.41

Buffer pH 6.8 with 0.35% Tween 20

112.5

6583.47

3.4 Differntial scanning calorimetry(DSC)
DSC thermogram of Candesartan Cilexetil in figure (4) shows sharp endothermic
peak at 172° corresponding to its melting point indicates pure crystalline state of drug (17).
Although the thermograms of nanoparticles of the selected formula ( F2) as shown in
figure (6) reveal a reduce in the intensity of endothermic peak of drug in comparison to that
of pure drug and with relation to the thermograms of pure polymer PXM which shown in
figure (5), but it is available relatively at same temperature and this may be due reducing in
percent of crystallintity of drug amorphization during preparation which may participate in
solubility enhancement results. These results is in agreement with research by Cheow et al
which study the amorphization of drug nanoparticles (18).

Figure 4. DSC thermogram of pure candesartan cilextil

110

Kerbala journal of pharmaceutical sciences No. (9)

2015

(9) ﻣﺠﻠﺔ ﻛﺮﺑﻼء ﻟﻠﻌﻠﻮﻡ ﺍﻟﺼﻴﺪﻻﻧﻴﺔ ﺍﻟﻌﺪﺩ

Figure 5. DSC thermogram of pure Poloxamer

Figure 6. DSC thermogram of F2 (poloxamer) nanoparticles

4. CONCLUSIONS
Among the prepared formulas of nanoparticles, the formula prepared using drug: polymer
and solvent: antisolvent ratios of 1:1 and 1:10 respectively was selected as the optimum
formula (F2) that produces the smallest nanoparticle size. In addition the optimum formula
nanoparticles shows increment in saturated solubility about 10.54folds that of pure drug, thus
it can be consider promising formula for enhancement of solubility of candesartan cilexitil.

111

Kerbala journal of pharmaceutical sciences No. (9)

2015

(9) ﻣﺠﻠﺔ ﻛﺮﺑﻼء ﻟﻠﻌﻠﻮﻡ ﺍﻟﺼﻴﺪﻻﻧﻴﺔ ﺍﻟﻌﺪﺩ

REFERENCES
1- Penglei Cui , Qiuxiang Yin , and Junbo Gong. Solubility of Candesartan Cilexetil in
Different Solvents at Various Temperatures. J. Chem. Eng. Data. 2011, 56 (3), pp 658–660
2- Surampalli Gurunath, Basavaraj K. Nanjwade, and P. A. Patil. Oral bioavailability and
intestinal absorption of candesartan cilexetil: role of naringin as P-glycoprotein
inhibitor.January. Drug Development and Industrial Pharmacy. 2015, 41( 1) , 170-176
3- Thakur Anil Kumar, Nirmala, Harikumar S L, Various techniques enhancing
bioavailability of poorly water soluble drugs. Journal of Drug Delivery & Therapeutics. 2013,
3(2), 215-221.
4- Malak Azhar Hameed, Sayyed Nazim, Tarique khan, Md. Rageeb Md. Usman, A recent
trends in enhancement of solubility and dissolution rate of poorly soluble hydrophobic drugs
by using physical and chemical modifications. Journal of Drug Discovery and Therapeutics.
2013, 1 (5).
5- Prasanna Lakshmi, GiddamAshwini Kumar, Mangalpally, Ibrahim patnam. International
Journal of Pharmacy and Pharmaceutical Sciences, 2010, 2( 4).
6- H. Folttmann and A. Quadir. Polyvinyl pyrrolidone (PVP) – one of the most widely used
excipients in pharmaceuticals: an overview. Drug Delivery Technology. June 2008, 8 (6).
7- Sitterberg, J., A. Özcetin, et al. Utilizing atomic force microscopy for the characterization
of nanoscale drug delivery systems. European Journal of Pharmaceutics and
Biopharmaceutics. 2010 74(1), 2-13.
8- SovanLal Pal, Utpal Jana, P. K. Manna, G. P. Mohanta, R. Manavalan. Nanoparticles: an
overview of preparation and Characterization Journal of Applied Pharmaceutical Science,
2011,1 (6), 228-234.
9- Chorney M., DAneuberg H., Golomb G. Lipophilic drug loaded nanospheres by nano
precipitation: effect of the formulation variables on size, drug recovery and release kinetic. J
Control release. 2002, 83, 389-400.
10- Development and Characterization of Paracetamol Complexes with Hydroxypropyl-βCyclodextrin Department of Pharmaceutics, Faculty of Pharmacy, JamiaHamdard, New
Delhi, 110062, Iranian Journal of Pharmaceutical Research (2007), 6 (2), 95-99.
11- Mansour Mansouri, Hamid Reza Pouretedal and Vida Vosoughi. Preparation and
Characterization of Ibuprofen Nanoparticles by using Solvent/ Antisolvent Precipitation. The
Open Conference Proceedings Journal, 2011, 2, 88-94.
12- Higuchi T and Connors KA. Phase solubility techniques. In: Reilley CN. (ed.) Advances
in analytical chemistry and instrumentation. Interscience, New York ,1965, 4, 117-212.
13- Ugo Bilati1, Eric Allémann, Eric Doelker. Development of a nanoprecipitation method
intended for the entrapment of hydrophilic drugs into nanoparticles. European Journal of
Pharmaceutical Sciences. Volume 24, Issue 1, January 2005, Pages 67–75
14- PatilBasawaraj . Estimation of Candesartan Cilexetil in bulk and tablet dosage form by
UV spectrophotometrice method. IJRAP. 2011.
15- Shilpa Bhilegaonkar et al. Preparation of nanoparticles of Candesartan cilexetil by use of
supercritical fluid technology and their evaluation. Journal of Pharmacy Research 2014, 8(6),
779-785.
16- J. Hecqa, M. Deleers, D. Fanara, H. Vranckx, K. Amighi. Preparation and
characterization of nanocrystales for solubility and dissolution rate enhancement of
nifedipine. International Journal of Pharmaceutics. 2005, 299, 167–177.
17- Ajimera Thirupathi et al. Solid State Characterization of the Polymorphic
112

Kerbala journal of pharmaceutical sciences No. (9)

2015

(9) ﻣﺠﻠﺔ ﻛﺮﺑﻼء ﻟﻠﻌﻠﻮﻡ ﺍﻟﺼﻴﺪﻻﻧﻴﺔ ﺍﻟﻌﺪﺩ

Changes in Candesartan Cilexetil Solid Dispersion with Poly Ethylene Glycol 8000 J. Pharm.
Sci. & Res. 2014, 6(1), 27 – 32
18- Cheow WS1, Kiew TY, Yang Y, Hadinoto K. Amorphization strategy affects the stability
and supersaturation profile of amorphous drug nanoparticles. Mol Pharm. 2014 May 11(5),
1611-20.

113

