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THE USE OF MOLECULAR SIEVE TECHNIQUE FOR
STUDYING UNDERSATURATED SYSTEMS CONTAINING CHLORAMPHENICOL

A.E. Aboutaleb & A. Bbdelzaher
Department Of Industrial Pharmacy, Faculty Of Pharmacy
Assiut University, Assiut, Egypt.

Molecular s1eve teelm 1 e was carried
out using sephadex G 25 fime for mvestiga-
ting the under—-saturated systems comtam mg
chloramphen icol. This drug was solubil ised
by a series of commerical non-ion ie surfac-
tants which mceclude: Tween 20, Tweear 40 ,
Tween 60, Tween 80, EmulgmnCl000, Emulg m
C1500, Myrj 52, Myrj 63 and Myrj §9., At two
different tem mratures 25 and 359 it wae
found that the amount of chloram phen tecol
mceorporated within the micelle as calculated
by the molecular sieve tech1iqge was greater
for Emulgmn than Emulgm 1600, on the
other hand for Tween sertes the followmg
Bequence was obtamed : Tween 80> Tween 40>
Tween 60> Tween 20. For Myrj series Myrj &2
was greater tham Myrjg 53 whiech mm turm wae
hitgher than MyrJ 6 9.

The results obtamed by mvestigatmg
the under—-saturated systems usmg this tech-
n itque agreed with those determm ed by solub-
1lity method and gave further supprt to the
partit ion model of solubilization and prove
the validity of usmg this teeh ique for n=-
vestigat mg wrdersaturated solubilized systems
contam mg non—-1on ¢ surfactan ts.

Ashworth and Heardz applied the molecular sieve tech-
nique for investigating the mechanism of binding of methyl

P-hydroxybenzoate to polysorbate 80 solutions.

2 :
Gelotte showed that most aromatic compounds were

adsorbed, reversibly, on sephadex and that.:a linear adsorp-
tion isotherm was obtained.

Aboutaleb et alg_semployed the molecular sieve techn-
ique for investigating solubilized systems containing sali-
cylic acid and salicylamide in pure non-ionic surfactant
solutions., They concluded that the adsorption isotherm for

both s8olutes in non—-ionic surfactant solutions were linear
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and intersect with the points obtained from saturated

solubility measurements., Furthermore, the distribution

coefficient calculated from the solubility measurements

for both solutes agreed with those obtained by tﬁe mol~-

ecular sieve and equilibrium dialysis techniques. ]
Donbrow et alf;investigated solubilized systems con-

taining benzoic acid using this technique,

7 :
Aboutaleb et al also used this method together with

the ultrafiltration techniéue for studying other solubi-
lized systeﬁs containing benzoic acid.
The purpose of this work is to study undersaturated
solubilized systems containing chloramphenicol 1n order
to evaluate the system and determine the activity of
gsolubilized chloramphenicol(amount free in solution).
Furthermore the mechanism of incorporation of this -
solute within the micelles of different non—-ionic surfa-
ctants can be clarified and the validity of this techn- -

ique for investigating other solubilized systems.

EXPERIMENTAL

Materials:

1
Chloramphenicol was analytical grade.Sephadex G 25

2
fine . Bule dextranz.

Non-ionic surfactants:

3
Tweens : Polyoxyethylene sorbitan monolaurate(Tween

20), polyoxyethylene sorbitan monopalmitate(Tween 40),
polyoxyethylene sorbitan monostearate(Tween 60) and pol-
yoxyeghylene sorhitan monoleate(Tween 80).

Myrjs : Polyoxyl 40stearate (Myrj 52), polyoxyl 50 stea-

rate (Myrj 53) and polyoxyl l00stearate (Myr3j 59).

1-E1-Nasr chemical Co. Egypt

2-Pharmacia uppsala, Sweden. | i

3-Atlas Chemical Industries, Delaware U.S.A.
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Eﬂﬂlﬁiﬂﬁﬁ: Cetyl stearyl aicohol with 20 ethylene oxide

'
units (Emulgin “1000) and cetyl stearyl alcohol 30 ethy-

CISOO). The number between bra-

lene oxide units(Emulgin
ckets denotes the number of ethylene oxide units present

in the surfactant.

8

a) Determination of the water regain of the gel:

lg. dry sephadex G 25 fine, was swollen with 15 ml,

distilled water for three hours in a glass stoppered

F

tube at 250. The gel was transferred quantitatively to a
previousely weighed filter stick (seitz filter number 3),
then centrifuged at 1000 r.p.m. for ten minutes in order
to remove the water 1n the external phase of the gel, The
filter stick was then weighed., The gel showed a water

regain of 2,5 ml. per g. of the dry gel,

b) Determination of the wvoid volume of the gel:

For the purpose of the present study, i1t is 1mport-

ant to determine accurately the void vcoclume for the batch
of sephadex used, This was performed by using a high mol-
ecular weight polysaccharide{(blue dextran). In this exper-
iment 4 g. of the dry gel was accurately weighed in a dry
glass stoppered tube. The gel was swollen with 15 ml., dis-
tilled water fo0r three hours at room temperature, Then, 10
ml, of 0.17 w/v solution of blue dextran in water was add-
ed, and the gel equilibrated for one hour at the required
temperature. After equilibration, about half of the upper
layer was centrifuged gently for 10 minutes in order to
remove any suspended gel particles. The solution was an-
alyzed for its blue dextran content spectrophotometrically
at 260 nm, The mean void volume values of the gel(4g., 10
determinations) were 15.87 and 16.6 at 25° and 35° respec-
tively,

Determination of adsorption isotherm of chloramphenicol on sephadex

G25 fine in absence of surfactant:
m

4 g. dry gel was swollen with 15 ml. distilled water as descr-

ibed in the determination of the void volume, 10 ml. of varying con-

centration of chloramphenicol in distilled water was added and the

gel equilibrated for one hour at the required temperature e.g, 25
mm

4, Henkel international, Dusseldorf West Germany
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and 35°. The supernatant liquid was centrifuged and assayed for 1its
chloramphenicol content spgctrophometrically at 278 nm after appropr-

iate dilution with distilled water. The results obtained at 25°%nd 35

are shown in Figure 1.

Chloramphenicol and different concentrations of the non-

ionlc surfactant solutions at'25°'and 350: | .

Four grams of the dry gel was swollen with 15 ml. of
distilled water or 0.27w/v chloramphenicol solution in water
The gel was allowed to swell for three hours at room tempe-
rature, 10 ml, of different concentrations of chloramphenicol
in the required surfactant concentration was added to the
swollen gel, After equilibration for one hour at the reqhé
ired temperature, the upper liquid phase was separated,
centrifuged aﬁd analyzed for its chloramphenicol content as
before. The results obtained at 25° and 35° in 2% w/v and
52 w/v surfactant solutions are shown in Tables 1-4 and Figures
2-5.

RESULTS AND DISCUSSIONS

2 :
Gelotte showed that most aromatic compounds were

adsorbed, reversibly, on sephadex and that a linear adsorp-
tion was obtained. It was therefore, anticipated that chlo-
ramphénicol would also reversibly adsorbed to the gel. The
plots of concentration of chloramphenicol in the external
phase against the weight of chloramphénicol associated withn
the gel were also linear as shown in Figure 1. The amount

of chloramphenicol bound to the gel in this case is the sum
of that present in solution in the internal phase and the
quantity actually adsorbed on the gel matrix. It is required

neither to distinguish between them, nor necessary to know

the volume of the internal phase since the quantity of chlor~-
amphenicol adsorbed is dependent on its concentration in the

internal phase, the latter must be equal to the external con-
centration, Thus the quantity of chloramphenicol associated

with the gel in this case is dependent on the concentration
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of this medicament in the external phase. The quantity of
-chloramphenicol associated with the gel, also decreases by

increasing the temperature as shown in Figure 1.

In the presence of surfactants, determination of this

solute in the external phase by direct spectrophotometric

measurements enables the quantity of chloramphenicol asso~

ciated with the gel to be determined, as the total amount
of the solute added to the system is known. The concentra-
tion of solute free in the external phase can, then, be
calculated from the experiments performed in absence of
surfactants as shown in Figure 1,

The amount of solute bound to micelles can be also
obtained as the amount of solute in the external phase in-
cludes those free in solution and those bound to micelles.

The results obtained are shown 1in Figures 2-5, and
Tables 1-4, From previous experiments, the linear relatio=-
ship between concentration of chloraﬁphenicol free in sol~-
ution(mole/L.)and those bound to micelles(m mole per gram)for
the differént non-ionic surfactant solutions (2% w/v) at25°
was shown in Figure 2, This linearity in the adsorption
isotherm of this solute between the micellar and aqueous

phases gave further support to the partition model of solu-

bilization,

It is very obvious from the results that micelles formed

by Emulgin C1000 can incorporate more chloramphenicol than

those of Emulgin C1500. and thus the binding capacity of the
different non-ionic surfactant micelles for chloramphenicol
can be arranged in the following sequence at the two different
temperatures used: Emulgin C1000> Emulgin C1500 > Tween 80>

Tween 40> Tween 60> Myrj 52> Myrj 53> Myrj 59.

It 18 interesting to notice that the solubilizing cap-
acity of the different non-ionic surfactant micelles were 1in
the same order as obtained before from the saturated solub-

L d & ’ » o
1lity measurements. On raising the temperature from 25 to

350, it was found that the ability of the different non-ionic
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micelles to incorporate chloramphenicol was 1ncreased.
This can be shown on comparing Figﬁre 2 and Figure 4 or
Figure 3 and Figure 5, as well as form the corresponding
Tables 1-4. The gel experiments were also performed using
different non-ionic surfactant solutions of concentrations
52 w/v, it was found that the amount of solute bound to
micelles increased by increasing the surfactant concentr-
ation, but the distribution coefficients obtained were the
same all over the saturation range as shown in Figure 5
and Table 4., Furthermore, they were not affected by change
in surfactant concentration. This agreed with the results
obtained from solubility measurements and gave further su-
pport to the partition model of solubilization proposed by
McBaina:which was originally proposed for saturated systems
containing ionic surfactants and was extended by Mulley
for systems containing non-ionic surfactants.

Some of the points on the adsorption isotherms were
found to deviate from linearity especially at small solute ..
concentratations but most of the points obtained were found
'to be linear all over most of the saturation range. This
slight deviation may be due to one or more factors arised
during the experiments. In gel experiments, it is difficult
to tell whether, or not, significant amount of surfactants
could pass into the internal phase of sephadex gel because
of the difficulty of complete removing the external phase,

Ashworth and Heardz, reported, for Tween 80(molecular
weight 1300) that there was only 0.009%7 w/v present in the

_5 -

internal phase of the gel. Aboutaleb3 suggested that cet-

omacrogol, which i1s a very similar material, did not penet-
rate the internal phase significantly. He reported that even
lower molecular weight non-ionic surfactants can remain

almost completely in the external phase of the gel.

Some - of the solute is obviously bound to the gel and the

method depends on the assumption that this is reversible and
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unchanged by the presence of surfactant. There appears to

be a not satisfactory way for checking this assumption,

Some changes in the void volume were observed at higher

temperature.

For good resulte, void volume must remain constant
whithin a set of experiments and since temperature changes
inevitably occur during the hydration process(a marked
temperature rise takes place when the gel 1is placed in
contact with water) errors may arise 1n tempertature effects
on the void volume which are not reversible. Although this
possibility must be considered, there was no evidence that
change in void volume occurred during the experiments per-
formed at the same temperature. The linear relationship
between the the amount of chloramphenicol free in the external
phase and those bound by micelles suggests also that micel-
lar structure is unchanged by the concentration of the sur-
factant and that there is one micellar species present. The
behaviour is again consistent  with two pseudo-—pﬁase theory of
solubilization, This technique offers great advantage for
estimating the activity of chloramphenicol or the amount
free in solution within a short period which can be correla-

ted with other bacteriological methods.
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Table 1) Results of gel experiments using different con-

centrations of cholramphenicol in 2% w/v non-ionic

. 0
- .surfactant solutions. at 25-C... . . ...

Mﬂm

A
Tween 20
B
A
Tween 40
B
A
Tween 60
B
A
Tween 80
B
Emulgin
10000 B
Emulgin A
1500 B
Myrj 52 A
B
Myrj 53 A
B
| A
Myrj 59
B
A

15.0

0.84

16.8

- 0.24

16.0

0.09

4 ' ' L]

- 0.08

0.07

Concentration of free chloramphenicol m Mole/L.

m Mole chloramphenicol bound per gram micelle,

13.5 10.0 /.40 3.00
- 0.50 . 0.34 0,27 . 0,11
11.0 9.0 6.6 3.0
0.7 0.54 0.41 0.2
12.5 10.0 7.0 2.0
0.66 0.49 . 0.,35 - 0.10
12.3 9.0 8.0 5.0
1.0 0.75 0.63 0.40
9.0 5.6 4,0 3.0
. 0.94 0.58 0.40 . 0.30
11.8 9.0 6.0 3.5
1.07 0.82 0.53 = 0.30
14,2 13.7 8.0 4.0
0.35 0.32 0.19 0.10
15.0 13,5 8.4 3.0
.22 .19 o.1i1 0.04
14,0 12.0 9.0 6.0
0.05 0.03
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Table 2) Results of gel experiments using different con-
centrations of chloramphenicol in 57 w/v non-ionic

surfactant solutions at 250C.

A 15.0 14,0 11.3 8.5 5.6
Tween 20
B . 0.6 = 0.57 0.47 0.34 0.23
Tween 40 A 15,0 11.0 10.0 l.4 5.0
B 1.19 0.92 0.8 0.6 0.4
B 0,94 = 0.63 0.54 = 0.28 .. . 0.20
Tween 80 A 15,0 10,0 6.4 3.0 2
B 1,53 . .. . 1.07 - 0.67 .31 . . 0.19
Emulgin A 15.0 10.0 7.0 5.6 3.0
C1000 B 1.9 . ...1427 . .0.,95.....0,73 .. .. 0.38
Emulgin A 15.0 10.0 6.0 5.0 3.0
C1500 B 1.7l . 1,14 - 0.69.. . 0.6 0.35
Myrj 52 A 15,0 12,3 10,0 6.0 3.0
B 0.45 0.4 0.33 0.2 0.1
Myrj 53 A 15,0 12.3 10,0 6.0 3.0
B 0.45 0.4 0.33 0.2 0.1
Myrj 59 A 16,0 12,7 9.4 6.0 4.0
B 0,15 0.12 - 0.1 0.06 0.04

--------------

: Concentration of free chloramphenicol m Mole/L.

B : m Mole chloramphenicol bound per gram micelle,
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Table 3) Results of gel experiments using different
concentrations of chloramphenicol in 2% w/v

L | L O
non-ionic¢c surfactant solutions at 35 C,.

---------------------

A 13.2 10.0 8.0 6.0 3.0
Tween 20

B 0.86 .. 0.65 0.52 " 0.4 0.2
rveen 40 A 10.0 8.9 7.8 5.5 3.0

B 1.07 0.95  0.83 0.6 0.3

A 12.3 11.1 9,8 6.1 3.0
Tween 60

B 1.10 0.89 0.8 0.5 0.24

A 12.0 10,2 9.1 6.0 3.0
Tween 80

B.1.6 . .. . 1.35  1.23 70.79 . 0.4
Emulgin A 9.0 8,0 7.0 4.6 3.0
C1000 B 1.54 - 1.4 . .1.27. . .0.75.  0.52
Emulgin A 12.0 10,0 8.0 6.0 3.0
C1500 B 1.78  1.51  1.17. . 0.9  0.45
Myrj 52 A 14,3 10.0 7.2 6.0 3.0

B 0.67 . 0.48  0.32 0.3 0.14

Myrj 53 A 15.0 10,0 7.4 6.0 3.0

B 0.53 0.34 0.27 0.2 0.1
Myrj 59 A 15.0 13,0 10.0 7.0 3,0

B 0.35 0.33 0.24 = . 0.15 0.07

........................

A : Concentration of free chloramphenicol m Mole/L.

B : m Mole Chloramphenicol bound per gram micelle.
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Table 4) Results of gel expermints using different
concentrations of chlcramphenicol in 57 w/v

» [ . [ 0
non—-ionic surfactant solutions at 35 C,.

|||||||||||||||||||||||||||||||||||||||||||||

A 10.0 8.0 7.0 4.6 3.0
Tween 20
B 0.73 0.56 0.51 0.3 0.22
A 1
Tween 40 0.0 8.0 6.8 3.3 2.0
B 1.13 0.93 0.78 0.38 0.25
Tween 60 A 7.7 6,7 5.5 3.9 3.0
B O0.71 0.65 0.6 0.35 0.3
Tween 80 A 8.0 7.0 5.7 5.0 2.7
B 1.15 1.0 - 0,84 . 0.7 0.42
Emulgin A 8,0 7.0 6.0 5.0 2.2
1000 B 1.6 1.4 1.2 1.0 0.46
Emulgin 8.0 6.5 5.2 4.0 2.0
1500 1.35 1.1 0.88 0.65 0.35
Myrj 52 9.0 7.8 6.8 5,7 4.0
0.5 0.45 0.4 0.35 0.24
Myrj 53 11.1 10.0 8,8 5.5 3,0
0.48 0.43 0.38 0,25 0.1
Myrj 59 14,3 13,2 12,2 ]2 6.0
0.24 0.22  0.17 0,12 0.13

A : Concentration of free chloramphenicol in Mole/L,

B : m Mole chloramphenicol bound per gram micelle.
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gram micelle

bound per

m Mole Chloramphenicol

b 8 10 12 14 16

Concentration of free Chloramphenicol m M/L

Fig(®) Gel experiments using different concentrations of Chloramphenicol

in S% w/v non-ionic surfactant solutions at 250.

Key: The same as Fig(Z),
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