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"Solubility and ultrafiltration
techniques were used for studying solu-
bilized systems containing carbamazepine.
The effect of vartiations in the alkyl, as
well as ethylene oxide chain lengths of
the surfactont molecules on the degree of
golubilization of this solute was inves-
tigated. The results obtained from the
solubility measurements agreed well with
those obtained from ultrafiltration exp-
eriments whiech gave further support to
the partition model of solubilization.

The formation of homogeneous liquids in acceptable
dosage forms of pharmaceutical substance which have only

1imited solubility in water presents a technical problem

to the industrial pharmacist,

To solve this problem, surfactants were used to in-
cfeasg-the water—-solubility of these pharmaceutical sub-
stances. Non—innic surfactants were preferred over cat-
ionic and anionic surfactants as they are less toxic to.

bi@logical.system;, effective as solubilizer at -mall

concentration due to their low CMC value and compatible

with mest of the insolubledrpgsz ;




336 A.E.Aboutaleb & S.M.Ahmed

3,4

Carbamazepine » an antiepileptic drug, was reported

toc have a very slight water-solubility which is 1madec-i1ate
for formulating it in aqueous solution suitable for giving
the therapeutic dose. The purpose of this work was to study
the solubilization of carbamazepine uSing series of non-

ionic surfactant solutions which form micelles with diff-

~erent structures in the core .and capsule regoins. Kraso-

5 : .
wska et al , studied the influence of surfactant structure

on solubilization of indomethacin and cinmetacin. In the
present work, solubility, as well as ultrafiltraction tech~

niques were used for studying saturated and under-saturated

solubilized system containing carbamazepine.

EXPERIMENTAL

Materials:

Carbamazepine (Ciba-Geigy Limited, Basle Switzerland).
Polyoxyethylene (20) sorbitanmonolaurate, polyoxyethylene(20)
sorbitan monostearate, polypxyethylené (20) sorbitan monool-
eate (Tween 20, 60 and 80 respectively) » Polyoxyethylene (40)
starate, polyoxyethylene (50)stearate., polyoxyethylene (100)
stearate (Myrj 523 35 and 59, respectively), polyoxyethy-
lene (20) cetyl .ether, polyoxyethylene (23) lauryl ether
(Brij 58 and 35, respectively) (Atlas Chemical Industrial,
Inc. Will, Del. U.S.A.,). Cetyl stearyl alcohol with 20
ethyléne oxide units and cetyl stearyl alcohol with 30 eth-

lene oxide units (Eumulgin C 1000 and Eumulgin C 1500,

‘respectively) (Henkel International, Dusseldrof, Western

Germany) .

AEEaratus:

Spectrophotometer (Pye-Un‘i”cam SP 400 -~ England). Amicon

1 model C 12 of capacity 10 ml,

Ultrofiltration cell
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Diaflo membrane UMO5 (Amicon Corporation, Mass-
achusetts, U.,S.A.).

‘Methods :

l- Solubility determinations:

The solubility of carbamazepine was determined
by equilibrating exess of carbamazepine with various
concentrations of the surfactant solutions for 10days
at 25° and 35° + 0.1°C. Samples for assay were taken
after centrifugation of the whole solution and their
contents of carbamazepine were determined by reading
the absorbance at 285 nm after gpproPriate dilufions

with distilled water., The presence of surfactants did

not interfere with the assay.

2- Ultrafiltration technique:

| . 6 »
The semi—-continuous method was used for 1nves=-

tigating the systems containing carbamazepine in 2%
and 5% w/w surfactant solutions at a temperature of
(32 + 2°C). Carbamazepine solutions{(l0 ml + the dead
volume O.1 ml) were ultrafiltered through UM-05 mem-~-
brane. A pressure of 50 lblin2 was applied to the
ultrafiltration celi model C 12 (Amicon corparation)
and stirring was started., Five fractions of effluent,

each of 5 ml yere collected in two portions, each

after appropriate dilutions with distilled water.
Results obtained were plotted as - log ‘%%-agéinst

(n-1), where Cn and Co are the concentrations in the

effluents and the initial concentrations respectively,

and n is the number of effluents collected.
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RESULTS AND DISCUSSION

l- Solubility measurements:

The systems iﬁvestigated were one liquid, plus solid
which is carbamazepine. It was found that the solubility
of carbamazepine increases linearly by increasing the
surfactant concentrations. As shown iﬁ Fig 1,2 which in~
dicates that micellar solubilization is the main process
involved in this case7. Kanig 25 318 reported that on in-
creasing the temperature from 27 to 450, an increase 1in

solubility of glutethimide, griseofulvin and hexesterol

in bile salt was obtained.

From Fig. 3,4 it was evident that temperature rise
from 25° to 35° results in an increase in the amount of
Carbamazepine solubilized. This may be due to increase in
aggregation number, consequently the micelle becomes
more larger in size which can accomodate more of this lip-
ophilic solute. The distribution coefficient .defined as Km=
Cm/Cw, where Cm is the concentration of the solute in the
micelle (w/w) and Cw is the concentration of the solute in
the aqueoué phase (w/w), were found to differ by veriations

in the surfactant molecular strycture as shown in Table 1.

The higher the value of the distribution coefficient,
the greater the amount of solute that can be incorporated
within the micelles, assuming that the solute was solubilized
by partition between the micellar and aqueous phases. On
using Tween or Brij series which possess different hydro-
carbon chain'lengths, but the same ehtylene oxid~: part for
solubilization of carbamazepine, it was found that the sol~-
~ubility increased generally by'extending the hydrocarbon

chain length from Tween 20 to 60 to 80 and Brij 35 to 58
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respectively, This may be due to the increase in the core

volume of the micelle.

On using non-ionic surfactants with different ethylene
oxide chain lengths for the same hydrocarbon part, as in
case of Eumulgin and Myrj series, it was found that the
solubility decreased by extending the ethylene oxide chain
itengtn from Eumulgin C 1000 to‘Eumulgih C 1500 and Myrj 52
to 53 to 59 respectively., This may be due to derease in the
relati#e volume of the core to the total micellar volume by
extending the ethylene oxide chain length, and consequently
a de;rease in the amount of carbamazepine that caﬁ be solu~

-bilized by micelles., This also indicates that carbamazepine

was solubilized mainly within the core of micelles rather

than the capsule.
I1- Ultrafiltration technique:

The results obtained from the ultrafiltration experiments
were plotted in the appropriate manner as shown in Figs.
(5-8), and were found to give straight lines which agrees
with the proposed theoretical treatm;nt as a partition pro-
cess ( 9,10). The distribution coefficient obtained using
the fraction free F agrees with those obtained from the sol-

ubility measurements as shown in table 2. -

This method is of particular interest as it can be used
for estimating the degree of interaction between the solute
and non=ionic surfactants within a short time (11). Shima-

motO'et‘alzz, used ultrafiltration technique for studying

the effect of polyols on the interaction of p-hydroxybenzoic
acid esters with polyoxyethylene dodecyl ether. In these ex-
periments, the availability of carbamazepine from solution
(@mount free)containing these non-ionic surfactaics can be
determined precisely even on using 'very low concentration

of this solute in the surfactant solution and within a con-

siderably shorter time.
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Table 1: Distribution Coefficient (Km) of Carbamazepine between the
Micellar and Aqueous Phases at Different Temperatures.

llllllllllllllllllllllllllllllllllllllll

o . ]

Non—-ionic Digtribution Coefficient (Km)
Surfactant e o | |

................. 050 L 350
Polysorbate 20 | 96 55
Polyscrbate 60 112 | 69
Polysorbate 80 | 122 83
Eumulgin C 1000 165 125
Eumulgin C 1500 139 108
Brij 35 | 112 90
Brij 58 ' 154 119
Myrj 52 103 84
Myrj 53 93 81
Myrj 59 73 60
Sod. lauryl sulphate ' 771 | 631
Cetrimide B R 296 .. . .. I 500

Table 2: Comparison between the Distribution Coefficients Calculated
from the Saturated Solubility Measurements and Ultrafiltra-
tion Experiments for Solubilized Carbamazepine in Surfactant

Solutions.
| Km Calculated from Km Calculated from
Surfactant solubtlity ultrafiltration
' ». .. . .measurement.s experimente
.................................... 28° ... 38° . . 324+2°
Polysofbate 20 96 55 81
Polysorbate 80 ! 122 69 89
Eumulgin C 1000 165 125 125
Eumulgin C 1500 139 108 | 118
Myrj 52 103 84 85

Myrj 59 | - ) 73 60 67

lllllllllllllllllllllll




341

A Sfudy on certain solubilized systems containing carbamazepine

2
. N

I ¥

—_—
ND

..,

&
\ .

SOLUBILIZED CARBAMAZEPINE % W/V x 10

0 2 75 10
| Surfactant Z w/v
Fig. 1: Solubility of carbamazepine in different non-iomic
o surfactant solutions at 259, -
Key: ¢) Polysorbate 80, ¢ Polusorbate 60.
. @ Polusorbate 20, '
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Surfactant Z w/v

- Fig. 2: Solublllty of carbamazepine in different non-ionic
surfactant solutions at 35°,

Key: The same as in Fig, 1
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SOLUBILIZED CARBAMAZEPINE % W/V x 10

5 0
Surfactant I w/v |
Fig. 3; Solubility of carbamazep1ne.in differqnt'non-ionic
- surfactant solutions at 259, |
Key: A Fumulgin Cl1000 4 Eumulgin CISOO
™ Brij 35 W Brij 58 + Hyrj 53 ©® Myrj 59
O Myrj 53
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SOLUBILIZED CARBAMAZEPINE % W/

0 55 75, D

Surfactant %, w/v

Fig. 4&: _Solubility=0f_carbamnzepine-£n dif£er¢nt non-ionic
surfactant solutions at 359,
Key: The same as in Fig. 3
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; 1 ? 3 ls
| (n-1)
Fig.5: Ultrafiltration expenmentl using different concentrations of
- cafbamazep1ne 1n 22 /v polynorbaxo solutions

Rcy:O Po’lynorbate 80 ¢ Polysorbate 60
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ol _1mh_Mmif_m,w?gm“_ﬂ_z__e.
| (n=1)

Fig. 63 Ultrafiltration experiments using different concentrations of
carbamazepine in 5% w/v polysorbate solutions

Key? The same as in Fig. 5
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O 1 2 _3 b
-1 o
Fig. 7: Ultrafiltration experiments using different concentration
- of carbamazepine in 27 w/v Eumulgin and Myrj solutions

Key: & Eumulgin C 1000 & Eumulgin C 1500
Y - Myrj 52 - ® Myrj 59
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o i -l v = s “'T":"“' cmer . emme. s e m ir emm o v geemma mm - - . ma g v e
o 2 3 4

(n-1)
Fig. 8: Ultrafiltration experiments using different concentrations of
carbamazepine in 5% w/v Eumulgin and Myrj soluticns
Key: The same as in Fig. 7 '
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