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Solubilization of carbarnazepin, a slightly aoluble antiepilentic 

drw is investigated in representative clascles of eight nonionia 

rnrfactante, vie., Tweens 20,40,60 & 80; Myrjs 5I  & 32; and 

Brijs 35 & 98. The solubility of carbamazepin in aqueous solu- 

tions of these detergents was determined over the concentration 

range of 0-0.09 mole/liter at 37 . 
bility is noticed with all the surfactants used. Dihydroxy 

bile salts such a3 sodium deoxycholate have many detergent- 

like properties derived from their unusual amphiphilic structure. 

0 A marked increase in solu- 
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94 SAMAHA AND GADALLA 

The solubility of carbamazepin in sodium deoxycholate was 

determined over the concentration range of 0-0.2 mole/liter at 

37'. Increasing the concentration of the bile salt, increased 

the solubilized amount of carbamaeepin. Comparison with solu- 

bilisation in typical micelle-forming systems indicates that 

the self-association of the bile salt is very complex and 

exhibit a very different pattern. Further examination of the 

solubilization data in terms of the mutual association of 

carhalnazepin with aggreeate species shows that the self- 

association of sodiu8.i deox,pholate is consistent with a model 

that incl.iides the formation of diinern, pentarners, and larpe 

acgregates. 

llUTRODUCTl ON 

The influence of crystal shape modifications for carba- 

mazepin on the physical process of tablettjng was the subject 

of a previous study (I) . Where an evaluation of the denni- 
fication behavior for two different physical forms and a di- 

hydrate was presented. Carbamazepin is widely used as an 

antiepileptic drug, and is available as a rjS aqueous suapension 

or as tabloto. Comparative studies on the bioavailabilities 

of these dosage forms reported faster absorption from suspen- 

sion than that from tablets (2-6). The difference in ebsorp- 

tion was related to the smaller particle size of carbamazepin 

in suspension than in tablets, and also to the different crystal 

modification (5). Althouch t h e  anhydrous form is used in 
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SOLUBILIZATION OF CARBAMAZEPIN 95 

tablets whereas the carbamazepin dihydrate exists in aqueous 

suspension, transition between the two cited forms occum and 

is a function of temperature and relative humidity (7). 

rapid transition from the anhydrous form to the dihydrate one 

in water wae recently explained by the whisker mechanism (8). 

The 

The pharrnacokinetic parameters obtained from concentrationp 

versus time curves for carbamazepin (9-13) showed a maximum 

existing in connection with eating. This common observation 

was related to the solubilization of the drug by bile secreted 

following a meal or extensive enterohepatic cycles (14). 

In an attempt to increase the fiolubility of carbamazepin in 

water, various N-bnnich bases of  the drug with piperidine, 

diethylavine or dipropylarnine as the amine components were 

prepared and evaluated am water soluble pro-drugs (15). 

However, diminifihed carbamazepin plasma levels were observed 

from the pro-drug. 

The ability of surfactants, especially the nonionic variety 

to act as solubilizing agents f o r  poorly soluble drugs has been 

well documented (16-20). Compared to simple nonionic ourfactants, 

the self-association of the bile salts is very complex, since 

the micelles formation is preceded by the development of varioua 

small aggregates (21-23). Thus the hydrophobic self-association 

in aqueous solution exhibit very different patterns accordinp 

to the hydrophobic solutes structures (24). 

The purporres of this study were to solubilize carbamazepin 

in aqueous solutions of different classes of nonionic eurfactants 
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96 SAMAHA AND GADALLA 

and to investigate how well the micellar models comply with the 

self-association o f  a bile salt, viz., sodium deoxycholate in 

its solubilizing action at a comparative level. 

EXP ER I M ENTA TI *.-.- 

MATERIALS --- ,. 

The drug, aarbamaeepin was obtained from ( Pfannenschmidt, 

Hamburg, W.-Germany ). All surfactants were supplied by 

( Atlas Chemical Industries Inc., Wilmington, Del., USA ). 

Sodium deoxycholate was obtained from ( Schwarz/Mann, W.- 

Germany ). 

METHODS 

Solubilization Experiments I 

For the solubilization studies by nonionic surfactantg, 

20 ml of aqueous solutions containing different concentra- 

tions of the nonionic surfactants used ( concentration ran{.ye 

from 0-0.09 mole/liter ), or of eodium deaxycholato ( con- 

centration range from 0-0.2 mole/liter ) weie placed in 

50 ml bottles to which carbamazepin was added in amount more 

than sufficient to produce saturation. Bottles were well 

stoppered, placed in a thermostatically controlled water bath, 

and rotated at 37 2 0.1 for 24 h in case of nonionic surfac- 

tants, and f o r  72 h in case of sodium deoxycholate at a epeed 

of 6 0 2  5 rpm, and then set aside at the same temperature for 

24 h to attain equilibrium. 

0 
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SOLUBILIZATION OF CARBAMAZEPIN 97 

Assay Procedure t 

After equilibrium has been reached, aliquots of the supep 

natant liquids were withdrawn with a pipet whose tip was 

connected to an adaptor containing non absorbed cotton wool, 

to filter excess crystals rsmaining in the solution, 

The samples were then suitably diluted with 0.1 IV Bgdrochloric 

acid, and assayed spectrophotometrically at 285 nm for their 

carbamazepin content. The presence of the surfactants or the 

bile salt in the diluted solutions showed no interference 

with the assay either by absorption at the wave length used, 

or by shifting the absorption peak. All experiments were run 

in duplicate. In caae of bile salt, the solubilization exne- 

riment was performed as described above. However, this di- 

hydroxy bile salt was observed to form gel or to precipitate 

from solution after dilution with 0.1 N Hydrochloric acid. 

In tis case, the solubility of carbarnseepin was determined 

after filtration through 0.2 urn Sartorious membranes, and 

then assayed spectrophotometrically at 285 nm. 

In order to study the effect of ionic strength, on the 

solubilisation data obtained for sodium deoxycholate, 

the experiment was repeated by appropriate dilution with 

distilled water imtead 01 0.1 N Hydrochloric acid. A m3tximu.n 

wave lencth of 283 nm was used for the assay of carbamazepin 

in water. 
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98 SAMAHA AND GADALLA 

RESULTS AND DISCUSSION 

On the basis of their sructures, hydrophobic ooluten were 

classified into four broad clrsses(24). As a class, the non- 

ionic surfactants are characterized by havinp nonpolar and 

polar ends joined together. 

les is mainly attributed to their flexible chains. 

can coil around each other and fill up space by themselves 

forminp spheroidal aggrecates, viz., micelles. Kany physical 

properties of these surfactants can be explained in terms of 

micelles formation (24). 

The association of these molecu- 

The chain 

The solubilization curves for carbamazepin by different 

classes of nonionic surfactants are illustrated in Figures 

1-3. The effect of' various concentrations of polysorhates 

[ Tweens ), well beyond their reported CMC (251, on the 

apparent solubilities of carbamazepin was shown in Figure I. 

A marked increase in the d r w  solubility resulted with tho 

addition of different polysorbates. For  instance, with 

Tween 20, an increase in concentration from 0.0 to 0.078 mole/ 

liter, increaoed the solubility of carbamazepin 10 times, 

viz., from 1.06 x 10-3 to 1.86 x 10'2 mole/liter. 

in case of Tween 40, an increase in concentration from 0.0 to 

0.078 mole/liter leads to a higher increase in carbamazenin 

solubility than with Tween 20, viz., 11.3 folds. A I0 times 

increase in the solubility was obtained with 0.067 mole/lite.r 

of Tween 40 ( Figure I ). 

Tween 60 and 80, to those obtained with Tween 40 ( Figure I ). 

WhereaR, 

Similar results were found with 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SOLUBILIZATION OF CARBAMAZEPIN 99 

Figure I- Solubility of carbamazepin, S, in aqueous solutions of: 0 , 
Tween 20; A , Tween 4 0 ;  X , Tween 60; and 0 , Tween 80. 

The increase in carbamazepin solubility can be attributed to 

micellar solubilization. 

the solubili5ation of slightly soluble, hydrophobic solutes 

by aggregatine: micelle-forming surfactants (24). 

Increasing; polysorbates concentrations resulted in an jncreace 

Many investigators reported (16,251 
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32  

SAMAHA AND GADALLA 

- 

Surfactants, rnole/liter 

Figure 2- Solubility of carbamazepin, S, in acueoue solutions of: 
X ,  Brij 3 5 ;  ando, Brij 98. 

in drug aolubility ( Figure I ). 

increase in micelle number in solutions. 

In turn, this is due to the 

In evaluating the aolubilizing capacity of the different 

homologe, the nature of such homologs must be considered. 

Polysorbatea 20,40,60 and 80 have the aame hydrophilic portion 

in their molecules, but differ in the lenpth of the carbon atom 
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SOLUBILIZATION OF CARBAMAZEPIN 101 

0 0 02 0.04 0 0 6  0 08 
Surfactants, rnolehiter 

Figure 3- Solubility of carbamazepin, S, in aGueous solutions of: 
0 ,  Kyrj 51; and)(, Kyrj 52. 

chain of their lipophilic portion. In addition, the degree of 

solubilization by a surfactant depends on the chemical structure 

of the solubilizate. Nonpolar compounds are generally solubilized 

in the hydrocarbon interior.of the micelle as was demonstrated 

by an increase in long X-ray spacings (26). Accordingly, the 
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102 SAMAHA AND GADALLA 

increase in carbarnazepin solubility is due to an increase in 

the volume of the hydrocarbon in the micelle interior. 

Lengthening of the alkyl chain increases the size of  the 

surfactant micelle and hence augments its solubilizinp 

capacity (16). 

The effect of two different polyoxyethylene ethers ( Brijn 

on the Solubility of carbamazepin was Rhown in Figure 2. 

B r i j  35 exhibited a better solubilizing action than Brij 98. 

For  example, at 0.06 M surfactants concentrations, a solubility 

of  18 x 10-3 mole/liter was obtained for Brij 98, while a value 

of 22.5 x IOW3 mole/liter WRS recorded for Brij 35. 

cornparin,? the solubilizing power of this class of surfactants, 

it could be concluded that the change in the solubilization 

capacity is due to the difference between their hydrocarbon 

chain lenRth. The effect of the chemical structure of the 

solubilizate upon the degree of solubilization, by a surfactant, 

must also be kept in mind. 

In 

Figure 3 demonstrates the effect of different concentrations 

of polyoxyethylene atearate surfactants ( M,yrjs 1, on the 

solubility of carbamazepin. Drug solubility was markedly 

increased in the presence of these solubilizers. Increasinp: 

the concentration of the polyoxyethglene stearate detergents, 

aucmented their solubilizing capacity. The effect of Myrj 52 

on the carbamazepin solubility was slightly greater than 

M y r j  51. A t  0.04 M surfactants concentrations, the solubility 

of carbamazepin in presence of Myrj 52 showed a value of 
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SOLUBILIZATION OF CARBAMAZEPIN 103 

15 x 

was obtained with the addition of the same concentration of 

Myrj 51. The linear relationships obtained with each of the 

two M y r j  compounds are typical of the solubilization curves, 

and correspond to results obtained by other researchers using 

nonionic surfactants to solubilize nonpolar molecules ( 2 6 ) .  

Where the differences in the degree of solubilization by 

different P'yrjs, for the various solubilizate were compared 

on the basis of their molar ratios (26). 

Compared to simple detergents, the self-association of 

mole/liter. Meanwhile, a value of 17 x 10-3 mole/liter 

the bile salts is very complex since the formation of typical 

micelles is very gradual and preceeded by the formation o f  

various small aggregates. The reported studies on the 

mechanism by which bile salts aolubilize various solutes were 

contradictory in their conclusions. Some investicators 

(27,281 adopted the model for detergent micelles, assuming 

that a reversible equilibrium exists between monomeric species 

and micellen. Whereas, other studies (31,221 reported that 

the self-association of the bile salts occur in a stepwise 

fashion with various defined concentration limits for the 

association process. Recently, Mukerjee and Cardinal (39)  

concluded that the solubilization data were inconsistent 

with the concentration limit model, and agree with a model 

includinc the formation of dimers and some higher oligomers. 

Based on the analysis of light-scattering data (30,31), 

similar conclusions were attained. 
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104 SAMAHA AND GADALLA 

In Figure 4, the solubility in rnole/liter of carbamazepin 

in sodium deoxycholate solutions up to 0.2 Y was illustrated. 

The data below 0.01 M sodium deoxycholate were plotted 

separately on a rnaenified scale ( Fipre 5 ) to determine 

the CMC of the bile salt. Following the procedure of linear 

extrapolation of data below and above the CMC ( 2 9 ) ,  a CFTC value 

of 3 x 10-3 X was obtained. 

apreement with the previously reported onen for this 

dihydroxy bile salt ( 3 2 ) .  The model presented by Mukerjee 

and Cardinal ( 2 9 ) ,  is applied to the data obtained in this 

study, to gain further insight into the self-association of 

sodium deoxycholate. In this model, the solubilization of 

the slichtly soluble carbamazepin was used a# a measure for 

The estimated CF’C was in Food 

the extent of association. Tho association scherile can be 

represented by: 

Scheme I 

and I 

Where M is the I II 
kn = 

monomer 

Eq. I 

concentration, bn] is the acgrerat e 
concentration, and kn is the equilibrium constant for 

association. The amount of carbamazepin solubilized, defined 

s s n X  I S - S o  , where S is the solubility in the presence of 
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SOLUBILIZATION OF CARBAMAZEPIN 105 

I I 1 1 

0 0.01 0.0 5 0.10 0.15 0.20 
Sodium deoxycholate, moleiliter 

Figure 4 -  Solubility of carbamazepin, in mole/liter, in aqueous 

solutions of sodium deoxycholate at 3 7 ' .  

sodium deoxycholate and S is the so lub i l i ty  i n  water, can 

then be represented byr 

0 

Where 

aggregates, and K is a proportionality constant. The va l id i ty  

of t h i s  equation ( 4 . 2  ) was discussed before ( 2 9 ) .  

Further steps of association can be represented ae a ser ies  

n [Kn] i s  t h e  monomepequivalent concentration of the 
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106 SAMAHA AND GADALLA 

C M C  

0 0.005 0.0 1 
Sodium deoxycholate, mole/liter 

Figure 5- Solubility of carbamazepin, in rnole/li&er, in acueous 
CMC, is the solutions of sodium deoxycholate at 37 . 

critical micelle concentration. 

of mutual association equilibria between M 

X, such as1 

and carbamaeepin, n 

Nn x, Mn 4- 2x k2 M x*, _kI 
M n + X  7 n 

3 ’ * * * * *  

Scheme 2 
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SOLUBILIZATION OF CARBAMAZEPIN 10 7 

Then the total amount of carbamazepin solubilieed is eiven 

by: 

In dilute solutions, the contribution from the [MnXi]species 

to the total concentration, C , is neg1ie;ible ( 2 9 1 ,  

accordingly t 

By application oi' Schemes I and 2 and Eqs. 1-4? which as&ume 

ideality and ignore charge effects and counterion binding (33 ) ,  

so that 1 

and 

n 
A X  K n kn [&I1] 

Eq. 5 

E q .  6 

Thus f 

n-I n 
d ln AX ( Kn2kn [MI J ) ( [MI]+ nkn blI 1 5 s  7 

P P  111 

d In C ( I + n2kn ( Kn kn [MI]n 1 

In order to discuss some specific models of association for 

sodium deoxycholate, logAX was plotted versus log C and 

compared with the plots obtained for the nonionic surfactantc 

( Figure 6 ). The slopes of these plots, P, were then 

computed. For the nonionic surfactants, the slopes were 
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108 SAMAHA AND GADALLA 

- 

X 

0 
m 
0 
--I 

- 

I I 

-3 - 2  -1 
c 

FiRure 6- Loearithm of  the increase i n  concentration of the 
s o l u b i l i z a t e , h X -  S-SO , where So is the  s o l u b i l i t y  
o f  carbamazepin i n  aqueous so lu t ion ,  plotted veraus 
logarithm of the s o l u b i l i z i n g  agent concentration. 
Keys 0 ,  Tueen 20; a ,Tween 80; 0 ,  Brij 35;  4 
A ,  M . y r j  51; X ,  Myrj 52; and @, Sodium deoxycholate. 

B r i  j 98; 
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SOLUBILIZATION OF CARBAMAZEPIN 109 

constants with a value of 1.0, indicating a constant and 

uniform aggregation number formation. This, in turn implies 

that the systems are monodispersed. 

Concerning the sodium deoxycholate, the value of P, 

according to Sg. 7 is maximum in dilute solutions: 

P n as C 0, and decreases contjnuouly from n as 

C increases until it approaches unity at high concentrations. 

The curve obtained for sodium deoxycholate has a slope of 2 

in dilute solutions, which is indicative for the formation of 

dimera. At log C equals to -2, viz., at 0.01 I sodium 

deoxycholate, an inflection point is detected ( Figure 6 1. 

A value of n of nearly 5 is derived for the inflection point 

assuming ideality, then a slope of unity is obtained at hiaher 

concentrations, where the plot becomes parallel to the one8 

obtained with the nonionio detergents. This was followed 

by a decreased slope at much higher concentrations , viz., 
0.15 M of the dihydroxy bile salt. 

polydispersity in this particular system, and are inconsistent 

with the formation of any single oligomer or multimer with 

a constant aggregation number (29). From the complex pattern 

of association for sodium deoxycholate, deduced from Fip;ure 6, 

and from the above discussion, a model of association that 

includes dimers, pentamers, and large micelles would be 

appropriate for the solubilization of carbamaeepin in this 

dihydroxy bile salt. 

The data implies a 
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Further examination of the solubilization data was 

concerned with the observed gelation of bile salt, when 

acidified with 0.1 N Hydrochloric acid at room temperature, 

to assay for the carbamaaepin solubiliaed. X-ray diffraction 

and electron microscopy on these acidified bile salt gels, 

revealed the presence of long helical fibres with a cross- 

sectional radius of 20 8 (34). 

acidified deoxycholate solutions was attributed (35) to 

the extensive growth of the rodlike micelles with some degree 

of intertwining or cross-linking between them. 

investigate the effect of ionic stren~th on the solubilization 

data obtained, the solubility of carbamazepin in sodium 

deoxycholate was repeated by diluting with water instead 

of 0.1 N Hydrochloric acid ( at a wave length of 283 nm 

for the assay. Baaed on the results obtained in distilled 

water instead of 0.1 l? Hydrochloric acid, the pattern of 

association of sodium deoxycholate was unaffected by the 

change in the ionic strength of the medium. This result 

was in agreevent with a reported study ( 3 1 )  on the effects 

Of ionic strength on the self-association of sodium cholate. 

The gelation phenomena in 

In order to 
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