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INTRODUCTION  

Tablets, as an oral pharmaceutical dosage form, are the 

most commonly used. To reach the active substance to 

the blood and consequently produces the 

pharmacological effect, the active substance should be 

first dissolved in the fluid of the lumen of the 

gastrointestinal tract and penetrates the wall of GIT. 

Accordingly, the Biopharmaceutical classification 

system (BCS) classifies the active pharmaceutical drugs 

into four categories based on their solubility and 

penetrability to the GIT.
[1-5]

 The drugs which follow 

class one are that drugs which have high solubility and 

high permeability. This group does not facing any 

problem in pharmaceutical formulation concerning the 

above two features. Group two drugs are that drugs, 

which have, low solubility but have also high 

permeability. The drugs which have high solubility but 

low permeability classified by BCS as group three. At 

the same time, group four drugs are that drugs which 

have low solubility and low permeability. The drug 

solubility, which used by BCS, is the water solubility, 

which is not in agreement with the fluid in the lumen of 

GIT concerning the pH values, ionic strengths and 

enzymes. In addition to the food and microorganisms 

which are normally in GIT. The effect of food on the 

drug absorption and the effect of pH on the drug stability 
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ABSTRACT 

The pharmaceutical active substance solubility is the rate-limiting step for classes II and IV drugs. In 

pharmaceutical industry, the additives used to improve the manufacture process and passing the pharmacopeial 

standards. In this study, dual aims for the additives were tested, to comply the product with the pharmacopeial 

standards of the prepared pharmaceutical dosage form and to enhance the drug solubility. Solubility of candesartan 

cilexetil (CC) in a physical mixture with either polyvinyl pyrrolidone (PVP) or polyethylene glycol (PEG) in 

simulation conditions to GIT was tested. Then, tablet formulations based on the solubility data pressed and then 

characterizations of the prepared tablets in comparing with the drug brand name were carried out. Both polymers 

enhanced the drug solubility. PVP is protonated in acid medium forming complex with the acid form of the drug 

and non-protonated in phosphate buffer interacting with the drug basic form. The free energy changes associated 

with increasing solubility indicating that the process is spontaneous by addition of the polymer. Increasing the 

polarity of PVP in acid medium led to decreasing its randomization because of the nature of the interaction with 

drug. In phosphate buffer the nature of interaction changed which led to more randomization process. The values 

of enthalpy changes are positive indicating that the solubilizing effect of the polymers on the drug is endothermic. 

The enthalpy changes on using PEG is due to its weak polar center, which is influenced by the polymer molecular 

weight, solution pH and temperature. Candesartan tablets prepared according to the solubility findings and drug 

release showed improvement comparing with the brand name. Accelerated stability study showed the shelf life of 

the formula is two years which could be also increase by using increasing the additives percent. This work is a 

preformulation step carried out in each R&D departments of research centers or pharmaceutical industries. The 

results showed that it could be decreasing the dose of the drug by using additives in a physical mixture form. This 

leads to decreasing the drug dose and consequently the cost and its side effects without any additive technological 

aspect. 

 

KEYWORDS: Candesartan cilexetil, PVP, PEG, physical mixture, solubility, solubility thermodynamics, 

tableting. 
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are normally reported in the pharmacopeial monograph 

of the drug. Accordingly, in the pre-formulation stage it 

is essential to study the other factors. Reviewing 

literatures showed many trials to improve the drug water 

solubility with different techniques.
[6-11]

 Furthermore, it 

can found many trials with different modern 

technological attractive names to improve drug 

penetrability. However, in the pharmaceutical industry 

the situation is completely different. 

 

In pharmaceutical industry, the procedure is mixing the 

pharmaceutical active substance with additive to improve 

or solve some problems in the process of the tablet 

manufacture and then press the mixed powder into tablet 

represents the main technology. There are also some 

modifications in the manufacture process like 

granulation of the mixed powder or anything else. 

However, all modifications, which should be done, are 

intended to manufacture of tablets to pass the required 

pharmacopeial standards. The ability of interaction 

between the drug and the additives, which is interested in 

the pre-formulation stage, is studying the effect of 

additive on decreasing the drug solubility and reducing 

the drug absorption.
[12, 13]

 The effect of food on the 

pharmacological effect of the drug, which is one of the 

most instructions to the patient, is also reported in the 

drug pharmacopeia monograph. However, until now 

there is no real trial to use the tablet additives, which are 

normally added, to improve the drug solubility. 

 

Reviewing literature showed many authors who tried to 

improve the drug solubility in a physical mixture with 

additive.
[14-16]

 Nevertheless, this is normally done to 

prove about the best technique applied to prepare a 

product in comparison with its physical mixture. It did 

not use the additive to improve the drug solubility in a 

physical mixture form as that is normally used in the 

pharmaceutical industry. There is no trial to attract the 

attention to use the tablet additive to improve the drug 

solubility as a physical mixture in the manufacture 

process. This improvement study should be done in 

relation to the pH changes of the GIT. 

 

Candesartan cilexetil, as an angiotensin II receptor 

blocker used for treatment of hypertension and heart 

failure.
[17, 18]

 It is a prodrug and is completely converted 

to the active form candesartan by ester hydrolysis at the 

intestinal wall during the absorption.
[19–21]

 

 

The drug is classified according to BCS as a class II 

drug.
[22-23]

 It has lower solubility and high permeability. 

The drug lower solubility represents the rate-limiting 

step for absorption and pharmacological effect. 

Accordingly, the aim of this work is to select two 

additives, which are commonly used to increase the drug 

solubility in a solid dispersion form, to be used in a 

physical mixture form with the drug to improve the drug 

solubility. Studying the effect of different molecular 

weights and different concentrations of the additive on 

the drug solubility in different pH media related to the 

GIT fluid and at different temperature. Then studying the 

thermodynamic of drug solubility by the polymer as a 

trial to understand the solubility mechanism. Finally 

suggesting one or more additives to candesartan cilexetil 

as an additive for tablet formulation. These additives 

have dual effects, improving the tablet characters to pass 

the tablet pharmacopeial standards and to increase the 

drug solubility. 

 

MATEIALS AND METHODS 

Materials 
Candesartan cilexetil, Polyvinyl pyrolidone (K30 & K90) 

were obtained as gift samples sigma pharmaceutical 

company (Quasna, Egypt), Polyvinyl pyrolidone (PVP 

k40) purchased from Sigma Aldrich (Germany), 

Polyethylene glycol (different molecular weights) 

purchased from (laboratory Rasayan, s.d. fine-chem ltd, 

Biosar). All other chemicals used were analytical grades.  

 

Methods 

Drug analysis method 

An exact weight of candesartan cilexetil (100mg) was 

dissolved in absolute ethanol to prepare 1mg /ml. Aliquot 

of  0.1 ml, 0.3 ml ,0.5 ml ,0.7 ml ,0.9 ml , 1.1 ml , 1.3 ml, 

1.5 ml , 1.7 ml , 1.9 ml , 2.1ml were taken by using 

automatic pipette and completed to 50 ml using 10 % 

ethanol in 0.1N HCl. The absorbance of the prepared 

standard solutions were measured spectrophotometrically 

by using Thermo Fisher scientific (model EVO 300PC, 

software: vision pro, USA) at 256 λ max using ethanol-

HCl as a blank. To validate the drug method of analysis, 

items (linearity and linear range, accuracy, precision, 

limit of detection and limit of quantitation) were studied. 

 

Solubility study 

An exact weight of candesartan cilexetil (100 mg) was 

added to 50 ml tube containing 30 ml of either pure 0.1N 

HCl or phosphate buffer pH 6.8 for studying the 

solubility of the pure drug in both media. The tubes were 

rotated in a thermostatically controlled water path 

(locally made rotary equipment) for two hours at either 

25 °C or 37 °C and equilibrated at the same temperature 

for another 2 hours. The supernatant layer was then 

filtered through whatman filter paper, suitably diluted 

with 10% alcoholic-0.1N HCl and analyzed 

spectrophotometrically at 256 λ max using ethanol-HCl 

as a blank.  

 

On studying the effect of different molecular weights of 

either PEG (4000, 6000 or 8000) or PVP (k 30. K 40 or k 

90) on the solubility of the drug, 100 mg of the intended 

polymer molecular weight was dissolved in the solubility 

media. The same above procedure was repeated for each. 

 

The best molecular weight of either polymer was 

selected and the effect of its weight increasing on the 

drug solubility was also studied. The weights of the 

selected molecular weight were 50 mg, 100 mg, 150 mg 

and 100 mg. The same procedure was also repeated for 

each weight. Each solubility experiment was done 5 



Qasim et al.                                                                     European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

412 

times and the results are used for calculation of the 

average concentration and standard deviation. 

 

Tablet preparation and evaluations 

Tablet preparation 

Table (1) shows the composition of the different physical 

mixtures of candesartan cilexetil and different additives. 

The physical mixtures were prepared according the 

ascending order technique. The prepared physical 

mixtures were used for tablet pressing using Stokes 

tablet press (model 912-512.1, USA). 

 

 

Table 1: Compossion of the different drug additive physical mixture. 

 
Drug PVP PEG starch Avicel Total weight 

F1 16 32 32 25 25 130 

F2 16 32 32 75 25 180 

F3 16 32 32 25 75 180 

F4 16 32 32 75 75 230 

 

Tablet evaluations 

Different pharmacopeial standards were applied to the 

prepared tablets. Weight variation test, Hardness test, 

Friability test, Disintegration test, uniformity of content 

and Dissolution test were carried out according to 

USP.
[24]

 

 

Accelerated stability study (Garret & Carper 

method)
[25]

 

Samples of all candesartan cilexetil formulation tablets 

are stored at least 3 different temperatures for 30 days, 

the temperature selected were 30 °C, 40°C and 50°C. At 

different time intervals (5 days), three samples from the 

three different temperatures were used for the 

determination the drug content. The drug content was 

determined according to the drug analysis reported in 

section Drug analysis.  

 

Shelf life determination based on Arrhenius plot 
The shelf life of all prepared products was determined 

according to Garret and Carper method. It is a 

mathematical prediction of a product shelf life, which is 

based on the application of the Arrhenius equation. 

Arrhenius equation represents the effect of temperature 

on the rate constant (k) of a chemical reaction of 

thermodynamic temperature (1/T), which is a straight 

line. The slop of the straight line could be determined 

and used for determination the reaction rate constant at 

25°C (International Conference on Harmonization 

guidelines ICH Stability Zones, Zone II, 

Mediterranean/subtropical zone).
[26]

 

 

RESULTS AND DISCUSION 

The solubility of the drug in GIT represents the first step 

in drug absorption. Therefore, it was essential to study 

the solubility of the drug in the main two pHs media. To 

determine the drug concentration, a valid drug analysis 

method should be used. The validation of drug analysis 

method showed that, the value of correlation coefficient 

(R
2
) is 0.995 indicating the linearity of the standard 

curve in the range of 2 µg/ml to 42µg/ml, the closest of 

the recovered values to the true values indicating the 

accuracy of the assay. Relative standard deviation used 

for measuring the precision and expressed as percentage 

over the drug concentration range during the course of 

validation. The relative standard deviation values were 

found to be ranged from 0.05 % to 1.2%. These results 

indicated an acceptable precision for all concentrations 

assayed. The calculated limit of detection was 3.54 

µg/ml with lower of quantitation of 10.73 µg/ml.  
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Figure 1: Solubility curves of candesartan cilexelit in 0.1N HCl (A&B) or phosphate buffer pH 6.8 (C&D) using 

different molecular weight of either PEG or PVP. 
 

The solubility of the drug, in 0.1 HCl as a simulation to 

acidic medium in the stomach and phosphate buffer pH 

6.8 as a simulation to the small intestine at 25 °C & 

37°C, was determined (Fig.1). The drug solubility in 

phosphate buffer is markedly higher than that in 0.1N 

HCL indicating the effect of the media pH on the drug 

solubility.
[27]

  

 

Increasing the temperature led to slight increasing of 

drug solubility. Furthermore, in all cases the addition of 

either PEG or PVP led to increasing the drug solubility 

in all media. The determined drug concentration in 

phosphate buffer is more than in 0.1N HCl as result of 

addition of either PEG or PVP. However, PVP increased 

clearly the drug solubility than PEG in both media. 

Increasing the temperature led to slight increasing the 

drug solubility in the presence of either PEG or PVP, 

which is to some extend enhanced in phosphate buffer. 

In both solubility media, increasing the polymer 

molecular weight may not, change the drug solubility. 

 

The melting point of candesartan cilexetil is reported to 

be 163°C, which is lower than the cut-off value of Brick 

dust compounds (compounds have melting points of 

200°C). For these compounds the crystal lattice have a 

strong influence on the drug solubility
[28]

 and any change 

the solid crystal form by using salts, co-crystals or 

amorphous system will lead to increasing the drug 

solubility.
[29-32]

 Christel et al reported that, “for inclusion 

of a new molecule in a solvent, the solvent needs to 
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prepare to create cavities before the new compound 

started to dissociate from its crystal lattice. Additives like 

ethanol or polyethylene glycol 400 when added to the 

solvent lead to loosen up the tight water structure 

resulting an increasing the solubility of the molecules.
[33]

 

 

Different molecular weights of PVP and PEG were 

selected to be used in the study for two reasons: first, 

because they are widely and successfully used in solid 

dispersion form to increase many drugs solubility. 

Second, because they are well known as additives in the 

pharmaceutical technology. Both polymers are water-

soluble and their solubilization create of cavities in water 

solvent via hydrogen bond breaking.
[34]

 The extend of the 

cavity creation is much more pronounced in the presence 

of PVP where in acid medium it is protonated PVP or in 

buffer solution it is non-protonated. PVP is much more 

efficient dissolving substrate for two reasons. First, the 

relatively high molecular weight of PVP (30000 to 

90000) versus to PEG (4000 to 8000) used in the study. 

Second, the presence of basic center in PVP in the form 

of sp
3
 hybridized nitrogen atom with small s-character. 

In both cases, the polymer can create cavities in the 

water solvent that can be accommodated by candesartan 

cilexetil with subsequent increasing in solubility. In 

addition, there are some reports about increasing the 

solubility of trimethoprim
[35]

, testosterone
[36]

, 

progesterone
[36]

, and diethylstilbestrol 
[36]

, naproxen 
[37]

, 

sulindac 
[38]

, paracetamol and theophylene
[34]

 in the 

presence of PVP. 

 

The increasing in the water solubility of the drugs by 

PVP was reported due to formation of water-soluble 

complex.
[36]

 PVP has a great tendency to bind with some 

drugs and preservatives. Plaizier-Vercammen and De 

Neve
[39]

 proved the interaction between PVP with some 

aromatic compounds by using equilibrium dialysis and 

ultrafiltration. Horn and Ditter
[40]

 showed the binding 

affinity between PVP 49000 and several drugs using 

chromatographic technique and equilibrium dialysis. 

Afrasiabi Garekani et al
[34]

, reported that the interaction 

between PVP and acetaminophen is physical and 

reversible in nature. There is no strong binding between 

PVP and acetaminophen in their solutions. An 

equilibrium state between the amount of bound 

acetaminophen and free acetaminophen in the presence 

of PVP inside the dialysis tube is probably existed. 

 

Deboraet al
[27]

 reported that the solubility of candesartan 

cilexetil is pH dependent, increasing with pH 

4.5<1.2<6.8. This fact is associated with the percentage 

of ionization of candesartan cilexetil in each pH.  

 

Each drug has certain solubility in a solvent in an 

equilibrium state with excess drug. The amount of the 

drug solubilized in a solvent depends on different factors 

related to the drug and the solvent. The presence of a 

solvent soluble polymer in the solvent creates cavities, 

which may be accommodated by the soluble molecules 

of the drug leading to shifting the equilibrium to more 

solubilize molecules of the insoluble drug. The presence 

of the polar centers in both polymers and drug may play 

an important role in the solubilization enhancement of 

the drug through certain complex between the soluble 

drug molecule and the polymer. This lead to again 

solubilize some molecules of the drug, the solubilization 

enhancement effect would be depend on the degree of 

ionization of the drug and the polymer, which is 

normally, depend on the pH of the medium used. The 

ionization center of PVP is the tri-amino group, which is 

in every case, is an ionized center. At the same time, the 

ionization center of PEG is only the polarity of its ether 

linkages. That is may explain the solubilizing effect of 

PVP is very high than that on comparing to PEG. On the 

other side, Candesartan cilexetil was considered a weak 

acid with two pKa values, 5.3 and 6.0. The prodrug has 

two ionizable groups, with opposite characteristics 

(benzimidazole ring acting as a Lewis base and 

tetrazolbiphenyl group acting as a Lewis acid).
[27]

 This 

may confirmed the suggested solubilization mechanism 

represent in figure (2). 
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Figure 2: Solubility enhancing mechanism of PVP to CC in the simulated media. 

 

Table 2: solubility power* of different molecular weights of polymers. 

 
Acidic Medium Phosphate buffer 

 
25 °C 37 °C 25 °C 37 °C 

PEG 4000 01.571 01.264 1.238 1.285 

PEG 6000 01.669 01.402 1.203 1.272 

PEG 8000 01.784 01.520 1.191 1.267 

PVP 30k 12.255 10.801 2.823 3.271 

PVP 40k 12.557 11.019 2.911 3.266 

PVP 90k 12.192 10.787 2.944 3.198 

(*) solubility power = (drug solubility in a media containing polymer / drug solubility in a pure media).  

 

The evidences showed in figure one, is confirmed in 

table 2, which represents the solubility power of different 

molecular weights of the polymers used in different 

media and at different temperatures. The solubility 

power, according to the reported calculation method
[41]

, 

represents the number of the drug solubility increased in 

the media by the addition of the polymer. From table 

one, it can be noticed that, the solubility enhancement of 

different molecular weights of PEG in acid medium is 

more than that in basic medium. At the same time, the 

solubility enhancement of different molecular weights of 

PVP in acid medium is highly increased than that in 

basic medium. That is may be due to the presence of 

PVP in acid media as a protonated form (positively 

charged) with the acidic form of the drug. At the same 

time, PVP in phosphate buffer pH 6.8 is in non-

protonated form with the basic form of the drug. From 

table 2, it can be also noticed a decreasing in the 

solubility power of different molecular weights of the 

polymers used on increasing temperature in acid medium 

and the opposite in phosphate buffer. That is may be due 

to increasing the drug solubility in acid medium by 

increasing temperature, which could be noticed from 

figure (1 A&B).  

 

As a trial for deep explanation the enhancing solubility 

mechanism of the water soluble polymers to the drug, the 

amount of drug dissolved by different molecular weights 

of the same polymer added at different temperature and 

in different pH media was calculated and represented in 

figure (3). This is done by subtracting the amount of drug 

dissolved in the pure solvent from that dissolved in the 

presence of the same weight of the water-soluble 

polymer. From figure (3 A) it can be notice an increasing 

in the drug solubility by increasing PEG molecular 

weight in 0.1N HCL. This effect decreased by increasing 

temperature. The opposite could be notice in phosphate 

buffer pH 6.8 since increasing temperature led to 

increasing the solubility of the drug by increasing PEG 

molecular weight (fig.3B). These results could be 

explained according to the polarity of the medium and its 

effect on the polarity center of the PEG. 
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Figure 3: Effect of the polymer molecular weight on the polymer solubilizing effect. 

(A) PEG in 0.1N HCl    (C) PVP in 0.1 NHCl 

(B) PEG in phosphate buffer   (D) PVP in phosphate buffer 

 

At the same time, in acid media, increasing PVP 

molecular weight has nearly no effect of the drug 

solubility (fig.3C). That is may be due to the presence of 

the polymer in a protonated from where the temperature 

has, may be, no effect on the polymer polarity. However, 

in phosphate buffer-increasing temperature led to 

increasing drug solubility with the same manner for all 

molecular weights used (fig.3D). That is may be due to 

the presence of many species of buffer ions, which their 

activity increased by increasing temperature. Increasing 

the activity of polymer species may be increased the 

polymer polarity, which in turn increases the drug 

solubility.  

 

The nearly similar solubilizing effect manner by both 

polymers with different molecular weight is may be due 

to that PVP and PEG are synthetic polymers, which is 

based on repeating the same basic unite. In other words, 

there is no change in the polar center by changing the 

polymer molecular weight. 

 

The observed positive increasing of the drug solubility in 

both media as shown in figure one and table three means 

that the solubilization of the drug is increased in the 

presence of the water-soluble polymer. Accordingly, it 

could be reported that, these results are in agreement 

with the aim of the study, which is, in the pharmaceutical 

industry the additive in the solid pharmaceutical dosage 

form could be also aimed to increasing the drug 

solubility. 
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Figure 4: Solubility curves of candesartan cilexetil in 0.1N HCl (A) or phosphate buffer pH 6.8 (B&C) using 

different weights of either PEG or PVP. 
 

As a result of increasing the drug solubility in acid 

medium in the presence of PVP and in phosphate buffer 

in the presence of either PEG or PVP, the effects of 

different weights of either polymer in the media were 

studied.  From figure 4 (A, B&C), it can be noticed that, 

in each case increasing the water-soluble polymer weight 

led to increasing the drug solubility. Increasing PVP 

concentration led to increasing the drug solubility in both 

media, which is affected by temperature with clear 

noticeable in phosphate buffer. PEG different weights 

increased the drug solubility in phosphate buffer with 

lower effect than PVP and this effect is very slightly 

affected by temperature.  

 

Table 3: solubility power* of different weights of the polymers. 

 
PVP k30 (0.1N HCl) PEG 4000 Buffer pH 6.8 PVP k30 Buffer pH 6.8 

 
25°C 37°C 25°C 37°C 25°C 37°C 

50   mg 10.148 9.014 1.085 1.071 2.057 2.698 

100 mg 12.255 10.801 1.238 1.285 2.823 3.271 

150 mg 14.154 13.047 1.407 1.392 3.051 3.452 

200 mg 16.332 14.463 1.453 1.484 3.148 3.580 

(*) solubility power = (drug solubility in a media containing polymer / drug solubility in a pure media).  

 

The effect of increasing the polymer weights on the 

solubility power (table 3) confirmed their effect reported 

from the solubility curves. In each case increasing the 

polymer weight led to increasing the drug solubility, this 

effect could be explained according to the cavities 

created by the polymer, which would be occupied by the 

drug. In addition to the polarity of both drug and polymer 

which would be affected by the pH of the media. The 

solubility power of PVP to the drug in acid medium is 

markedly higher than that in phosphate buffer. That is 

may be due to increasing the polarity of the polymer as a 

result of its protonated state in acid medium in addition 

to the acidic form of the drug. Increasing the temperature 

has no effect on the solubility power of different weights 

of PEG in phosphate buffer, which could be explained 

according to the weak polar center of the polymer. 
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Figure 5: Effect of increasing the polymer weight on the polymer solubilizing effect. 

 

Figure (5 A&B) represents the effect of adding constant 

increasing weight of PVP on the solubility of the drug in 

different pH media and at different temperatures. From 

the figure (5A), it can be noticed clear increasing of the 

drug solubility in acidic pH at both temperatures by 

adding the first amount of the polymer (50 mg). That is 

may be due to the protonated PVP form in the acidic 

media. This effect is again clearly decrease on increasing 

the weight of PVP but, in each case, with observed 

solubility increasing than the drug itself. PVP in acid 

media is protonated and enhanced the drug solubility as a 

pure drug by cavities created and complex formation 

with the soluble acid form of the drug. In other word, in 

the media there are pure soluble drug and drug in 

complex form with the polymer. Accordingly, it was 

expected increasing the polymer concentration will lead 

to increasing the drug solubility. Unfortunately, it was 

found that, increasing the amount of the polymer led to 

marked decreasing its solubility effect to the drug. That 

is may be due to decreasing the free media to solubilize 

the drug or and to solubilize the complex formed 

between the drug and the polymer. The presence of 

protonated polymer and acidic form of the drug may be 

responsible about the increasing of the drug solubility by 

adding PVP than the drug itself. In phosphate buffer pH 

6.8, increasing the polymer weight lead to decreasing the 

polymer solubilizing effect (figure 5B) than that in acid 

medium, In phosphate buffer, PVP solubilized in the 

form of non-protonated polymer which lead to 

decreasing the free water to solubilize the drug. This 

effect is increased by increasing the polymer 

concentration, which consequently decrease the drug 

solubility in parallel. The same effect could be noticed in 

case of using different concentration of PEG 4000 in 

phosphate buffer (figure 5C). Increasing the drug 

solubility by adding the first 50 mg of PVP on increasing 

the temperature confirm the suggested PVP solubility 

enhancement mechanism since PVP is in the non-

protonated form. 

 

To understand the mechanism of solubilization of 

candesartan cilexetil by different systems, the solubility 

thermodynamics of all systems were studied. The 

reaction type occurred in the systems may be indicated 

from the values of the free energy change (ΔG) 

associated with the solubility process:   

  

ΔG = -2.303 RT log Sp / Ss 

where Sp is the drug molar solubility in either 0.1N HCL 

or phosphate buffer containing different molecular 

weights of either PEG or PVP. Ss is the drug molar 

solubility in pure of either 0.1N HCl or phosphate buffer 

pH 6.8.  

 

A change in a system is spontaneous if the value of free 

energy (ΔG) decreases. That means the value of (ΔG) is 

negative. The greater negative value of the free energy 

means the greater solubility. There are three factors 

determined this effect, which are changes of heat content 

ΔH (bonding strength), temperature T and entropy 

change ΔS (disordering or bond breaking). The free 

energy could be determined by known the enthalpy (ΔH) 

and entropy (ΔS) change at constant temperature. Then 

there is equilibrium between the same standard states:            

ΔG = ΔH – T ΔS 

For calculation the value of the enthalpy (ΔH), the 

integrated form of van`t Hoff was used: 

ΔH = 2.303 log [(Sp/Ss) 2 / (Sp/Ss) 1] × [(RT2T1) / (T2-

T1)] 

 

Then the system entropy changes could be calculated. 

The thermodynamic parameters are tabulated in table 

(4A, B &C).  

 

From the table 4A, it can be noticed that, the values of 

ΔG, in every case, are negative indicating increasing the 

drug solubility process, which is spontaneous in nature, 

by the addition of the water-soluble polymer to different 

media. That is may be due to the interaction between the 

soluble drug molecules and the polar centers of the 

water-soluble polymer, which shifted the equilibrium 

solubility of the drug to the right side. The negative 

values of ΔG in this study on using PVP are markedly 

higher than that on using PEG, which is due the nature of 
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the polar centers of both polymers. In addition, the 

values of ΔG in phosphate buffer for both polymers are 

lower than that in 0.1N HCl. In 0.1N HCl the polar 

centers of PVP are protonated tri-amino group which is 

highly polar in comparing with that in phosphate buffer 

which is non-protonated. At the same time the presence 

of PEG molecules in 0.1N HCL lead to increasing the 

polarity of the polar centers of the polymer due to the 

acidity of the media. This finding is in accordance with 

the solubility power of different molecular weights of 

both PVP and PEG. 

 

Table 4: Thermodynamic parameters for the drug solubility in different media Containing different molecular 

weights of the polymers. 

(A) Parameter: Gibbs free energy change (ΔG) (cal mol
-1

)*            

 
              0.1N HCL       Phosphate buffer pH 6.8 

 
25°C 37°C 25°C 37°C 

PEG 4000 -7.63 -3.80 -3.61 -3.80 

PEG 6000 -8.66 -5.49 -3.13 -3.90 

PEG 8000 -9.78 -6.80 -2.95 -3.84 

PVP 30K -42.33 -38.64 -17.53 -19.24 

PVP 40K -42.74 -38.96 -18.05 -19.22 

PVP 90K -42.24 -38.62 -18.24 -18.88 

*Data ×10
-4 

 

 

(B) Parameter: Enthalpy (ΔH) (cal mol
-1

) 

 
0.1N HCl 

 
pH 6.8 

PEG 4000 -499.08 PEG 4000 0902.395 

PEG 6000 156.82 PEG 6000 1184.811 

PEG 8000 372.49 PEG 8000 1290.471 

PVP K 30 891.03 PVP K 30 2594.498 

PVP K40 824.87 PVP K40 2098.943 

PVP K90 949.58 PVP K90 1610.051 

 

(C) Parameter: Entropy (ΔS) (cal mol
-1 

k
-1

) 

 
0.1N HCl Phosphate buffer 

 
25°C 37°C 25°C 37°C 

PEG 4000 -1.675 2.874 3.028 2.911 

PEG 6000 0.526 2.661 3.976 3.822 

PEG 8000 1.250 3.063 4.330 4.163 

PVP 30K 2.990 2.874 8.706 8.369 

PVP 40K 2.768 2.661 7.043 6.771 

PVP 90K 3.187 3.063 5.403 5.194 

 

The drug solubility process started by the solute 

molecules become randomly distribute throughout the 

medium. The value of system entropy is positive when 

the solvent mixes with the solute particles and the system 

is more disorder. More entropy changes when the value 

is more positive, which indicating greater randomness or 

disorder degree of the system and the environment is 

thermodynamically more suitable. If the entropy value is 

negative, then the water molecules surround the salute 

and the water molecules become more ordered. From 

table 4C, it can be noticed that, the entropy values in 

each case are positive except in case PEG 4000 in 0.1N 

HCl, which is negative.  The entropy change of the 

system in each case of using PVP is higher than that in 

case of using PEG. On using PEG, the entropy change of 

the system increased by increasing the polymer 

molecular weight and this effect in phosphate buffer is 

more than in acidic media. Increasing the temperature 

lead to increasing the entropy value in acidic medium but 

has no effect in phosphate buffer. In case of using PVP, 

the molecular weight has nearly no change in the entropy 

value even on increasing temperature in the acidic 

medium. The entropy change of the system is markedly 

increased in phosphate buffer than that in acidic medium, 

which is also nearly not changed by increasing 

temperature. These results could be explained according 

to the protonated and non-protonated PVP in the media. 

Increasing the polarity of polar center of PVP in acidic 

medium may be led to decreasing the randomization of 

the drug molecules because of the nature of the 

interaction between the drug molecules (acid form) and 

the protonated center of the polymer, which may be less 

effected by increasing temperature.  At the same time in 

phosphate buffer the interaction occurred between the 

non-protonated less polar part of PVP and the basic form 

of the drug, which lead to more randomization process. 

This effect may be not changed by increasing 

temperature due to the enough polarity of the non-

protonated center of PVP in phosphate buffer. The ether 

polar center of PEG is a weak center, which would be 
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affected by the polymer molecular weight, solution pH 

and temperature. These factors would be affecting on the 

solubilizing process of the drug by PEG. 

 

At the same time, the free energy changes (Gibb´s 

value), which is normally attends with the dissolution 

process is dependent on the value and sign of the change 

in the enthalpy. Looking in table 4A, it can be noticed 

that, the value of ΔG is negative and also small 

indicating the enthalpy sign should be positive. From 

table 4B, it can be noticed that, in all cases the values of 

enthalpy are positive indicating the solubilizing effect of 

the polymer to the drug is an endothermic one. 

Therefore, increasing the temperature lead to increasing 

the solubility effect of the polymer to the drug which is 

confirm the increasing drug solubility with increasing 

temperature. 

 

Pharmacopeial standard Evaluations of prepared 

candesartan cilexetil tablets 

Enhancement of the drug solubility by using either PVP 

or PEG as physical mixture, led to try to apply the same 

concept on preparing candesartan cilexetil as tablet 

dosage form base on the above results. Although PVP 

increased clearly the solubility of the drug in both 

different pH media than PEG, a combination of both was 

selected to avoid the high hygroscopic effect of PVP. 

The disintegrating agent selected was a combination of 

our laboratory available substances. Microcrystalline 

cellulose (avicel) and starch were selected to be used as 

disintegrating agents. An efficient disintegrating agent is 

that divided the tablet into fine particles as possible on 

contact with fluid, which in turn enhances the 

solubilization of the additive and then the drug. Factorial 

experimental design with two factors and two levels 

were used to optimize the best combinations of the 

disintegrates. The selected independent variable is the 

different concentrations of the selected disintegrating 

agent. The prepared mixed powders were pressed into 

tablets. Different pharmacopeial standards of the 

prepared tablets were studied and listed in table 4. The 

tablets weight variation of all the formulations were 

evaluated by using electronic weighing balance (OHAUS 

electrical balance, USA). The tablet hardness was tested 

by Erweka hardness tester (Germany). The friability of 

the prepared tablets was also evaluated by using Erweka 

friability tester (Germany). In-vitro disintegration time 

was tested using Copley disintegration tester (Copley 

scientific, UK). The best disintegrating agent is that the 

equal amount of the selected with high concentrations. 

From table 5, it can be concluded that, the physical 

standard characters of all formulations were found to 

comply with the standards given in USP. 

 

Table 5: Pharmacopeial standard of candesartan cilexetil tablets. 

formulation 

Weight 

variation 

Deviation% 

Hardness 

kg/cm
2 

Friability 

% 

Drug 

content % 

Disintegration 

time (min) 

F1 0.27 6.60±0.22 0.306 86±0.09 08.50±000 

F2 0.19 5.35±0.34 0.221 87±0.14 12.40±000 

F3 1.15 6.40±0.42 0.110 88±0.68 12.40±000 

F4 0.47 6.04±0.22 0.347 90±0.83 6.52±0.270 

 

Drug Content uniformity 

Three tablets of each formula was individually 

pulverized and the active substance extracted by 10 

ethanol in 0.1N HCl, filter, suitable dilution occurred and 

the drug content measured spectrophotometrically. From 

table 5, it can be noticed that, the drug content 

uniformity ranged from 89 % to 90 % of the theoretical 

drug content. Accordingly, it can reported that, the 

tablets comply with the test according to USP. 

 

Drug release profiles 

The drug release profile represents the last stage in the 

qualification of the pharmaceutical dosage form. It 

produces an idea about the drug release procedure in a 

simulation condition to human GIT. It depends mainly 

on the drug solubility in the dissolution medium and the 

solubilization condition. In clear words, it can be used to 

compare between the formulation factors, which effect 

on the drug solubility and consequently drug release 

profile. The drug release profile was done for all 

formulations and the standard marketed tablets of 

candesartan cilexetil in two different media according to 

USP procedure. The dissolution mediums selected are 

acidic medium (0.1N HCl) and phosphate buffer with pH 

6.8 for 2 hrs of each. From figures (6 A&B), it can be 

noticed that there are rapid initial and incomplete drug 

release. In acidic medium, the both phenomena can be 

arranged in ascending order as the following: F1 ˃ F2 ˃ 

marketed ˃ F3 ˃ F4. That is may be due to using avicel 

in high concentration in F3 and F4. Avicel is known as a 

good disinteresting agent. 
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Figure 6A: Drug release profile from tablets of different formula and standard marketed tablet dosage form of 

the drug in acid medium. 
 

 
Figure 6B: Drug release profile from tablet of different formula standard marketed tablet dosage form of the 

drug in phosphate buffer pH 6.8. 
 

In phosphate buffer pH 6.8 the above notices could be 

found. In addition, the enhancement of drug solubility in 

the phosphate buffer pH 6.8 could be also reported.  

 

Products shelf life 

Stability of the pharmaceutical product is the capacity of 

a drug product to remain within specifications 

established to ensure its identity, strength quality and 

purity. Since the formulation containing hygroscopic 

polymers, which may be effect on the drug stability, 

accelerated stability study of all drug products were 

carried out. Accelerated stability testing of a product is 

stressed the product under several warmer than ambient 

temperature. In clear words put the product under a 

condition to accelerate its degradation rate. Then try to 

predict the product shelf life, which based on the 

application of Arrhenius equation application. The 

equation shows a straight line relationship between the 

effect of temperature on the reaction rate constant (K) 

and the thermodynamic temperature (1/T). Drawing the 
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log drug remaining at each temperature (30, 40 &50°C) 

for each formula showed the drug product degradation, 

in every case, is first order based on the regression 

coefficient value R
2
. Then the degradation rate constant 

of each formula at each temperature (K30, K40 & K50) 

could be determined. Drawing the log K at each 

temperature against the thermodynamic temperature 

(1/T) produce a straight line with line equation, which 

used for calculation of K25 °C. Then the drug expiration 

date of each formula could be calculated from the 

following equation:  

Expiration date (t90) at 25 ºC = 0.105 / K 25 °C 

 

Shelf life (expiration date) is defined as the time 

necessary for the drug to decay to 90% of its original 

concentration. 

 

Table 6 showed the calculated shelf life of the prepared 

formula. The best shelf life was on using high 

concentrations of both disintegrants. Then the ability to 

increase the weight of both disintegrants could be 

suggested. That leads to improving the disintegration 

power of the tablet, which in turn increases the solubility 

of the additives and the drug, in addition to increasing 

the drug shelf life (drug stability). 

 

Table 6: Shelf life of the prepared formula. 

Formula shelf life (year) 

F1 1.7 

F2 1.6 

F3 1.7 

F4 2.0 

 

These results indicated the flexibility of the suggested 

procedure in the pre-formulation, formulation and 

manufacture of the powder dosage forms.  

 

CONCLUSION 

This study showed that, in the general procedure of the 

pharmaceutical solid dosage forms manufacture, the 

ability of the additives is not only to improve the 

manufacture process and to passing the required 

pharmacopeial standards quality control tests but also to 

improve the drug solubility. Improving the drug 

solubility leads to improving the drug absorption 

especially Class II drugs and consequently the drug 

bioavailability. This leads to decreasing the drug dose, 

which consequently decrease the drug side effect. The 

study showed also the flexibility of the suggested 

procedure on controlling the drawback of some additives 

without any change in the general manufacture 

procedures and any additional cost. It is only an 

additional step in the pre-formulation process, which is 

normally occurred by R&D departments in the 

pharmaceutical companies. The dual benefits for both 

company, concerning the costs of active substances and 

patients concerning reducing the drug side effect 

encourage us to suggest the procedure for each pre-

formulation process. In addition the study supported also 

the well-known fact about the administration of medicine 

should be with a glass of water. Water enhance the 

medicine solubilization, absorption and then 

pharmacological effect.  
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