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ABSTRACT

The permeation rates of rifampiein through
a standard cellophane membrane were investiga-
ted in presence of different polysorbates. The
surfactants were used in a concentration range
of 0.2-0.6% w/v. The data revealed that as the
surfactant concentration was increased, the di-
ffusion rates were found to be decreased. This
was explained on the basis that as the surfact-
ant concentration was increased, the partial vo+
Lume fraction was consequently - imcreased and
a large amount of rifampicin was incorporated
tnseide the micellar core. These incorporated
rifampicin molecules are not ready to permeate
through the membrane. The Langmuir plots as
well as spectrophotometric analystis indicate
that a complex formed between rifampicin and
the tested polysorbates. This complex 18 not
ready, also, to penetrate through the membrane.
It was found that the limiting adsorption cap-
acities of surfactants were almost the same.
This was explained on the basis that they are
characterized by having the same number of ox-
yethylene units.
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INTRODUCT ION

In pharmaceutical preparations, different surfactants have
heen employved so as to formulate either dispersed or solubilized
systemsl’zn Since non-ionic surfactants are less toxic to the
biological systems they are particularly often used for formu-
lation of such preparationsg. However, it is well known that
drug-surfactant interactions modify the rate of intestinal abso-
rption of drugs4. Ikeda and coworker55 studied the micellar in-
teraction of tetracycline antibiotics at various pHs by dynamic

dialysis

In last decades,considerable attention had been centered on
the interaction of preservatives with non-ionic macromoleculeg—u{
The interaction of methyl and propyl esters of p-hydroxybenzoic
acid with Tween 80 has been studied quantitatively by means of
a dialysis method. The authors found that a relatively high
degree of interaction had been observed, and the binding had

been found to be a function of both the concentration of unbo-

und preservative and Tween 80, The data obtained by Patel and
Kostenbauder8 facilitate the calculation of the guantity of me-
thyl or propyl paraben which must be added to the system conta-
ining a known concentratiornr of Tween 80 so as to have the desi-

red concentration of unbound preservative,

According to the theory of micellar formation, it is consi-
dered that drugs in surfactant solutions are partitioned between
the "micellar phase' and the surrounding '"aqueous phase'. It was
pointed out that the drug in the aqueous phase is medically acti-
ve, while that associated within the micellar phase is acting as
a reservoirll. Recently, Ismail et 31}2 determined the parti-

tion coefficient of ethacrynic acid between the micelles of some

non-jonic surfactants and the surrounding agqueous phases using

the solubility technique. The partition coefficient of aspirin
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between the micelles of polyscrbates and the agueous phase was
kinetically calculated and it was found that the partition co-
efficieggs were dependent on the type of polysorbate used, If
drugs in the aqueocus phase of surfactant solution are removed
rapidly by some causes, it will be expected that the drug mo-

lecules in the micellar phase will be distributed to the aque-

ous phase when sinough time or stirring is supprlied.

From the pharmaceutical point of view, it is valuable to
investigate the interaction between a drug and macromolecules.
The estimation of the number of binding sites (n) as well as
the corresponding association constant (k) is a good guide for
a knowledge of the nature of the active sites of macromolecu-

les and the nature of the binding forces.

A variety of methods are often used for estimation of (n)

4,15
and (K) values. Such methods include equilibrium dia.lysis1 4 .
16 17,18
non-equilibrium partitioning , ultrafiltration » , ultracen-
19 20 21
trifugation , gel filtration and dynamic dialysis .

Rifampicin, being an antibiotic, 1is éften used in chemothe-
rapy of tuberculosis ., An attempt was carried out to improve
its aqueous solubility by solubiiization in aqueous solution
of non-ionic surfactantsl. This investigational work was done
so as to study the diffusion rate of rifampicin when 1t was
incorporated with polysorbates in concentration above their

respective CMC's. Also the study is concerned with the estima-~

tion of the physical parameters associated with the interaction

between rifampicin and polysorbates.
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EXPERIMENTAL

Materials:

Rifampicina, polysorbate 20, 60 and sob, and cellophane membranec,

Membrane Permeation Procedure

e R 1T R O BN w1 N & 3 _ N W [ X W T 3 N R __§ N L _K_ 1

The dialysis unit is composed of two compartments separated by a semi-
permeable cellophane membrane (30/32). A § ml sample of rifampicin aqueous
solution (200 mcg/ml), either alone or in the presence of surfactant, was
pipetted into the inner compartment and 20 ml distilled water was placed
into the outer compartment. The inner compartment was immersed into the
outer one in such a manner that the surface levels of the two solutions are

the same. The upper part of the inner compartment was covered with a thinly
perforated nylon membrane , so as to maintain the volume of the inner solu-
tion constant during the experimental study. The tested polysorbates were

used without further purification, in a concentration range of 0,2-0.6% w/v

The dialysis units were placed in a water bath shaker, The temperature
was kept constant at 37°C and the rate of shaking was adjusted at 50 r.p.m.

The amount of rifampicin diffused through the cellophane membrane was ana-
lyzed spectrophotometrically at 333 nm against a blank similarly treated,

It should be noted that each expreiment was done in triplicate and the ave-

rage amount of rifampicin diTfused at any specified time was calculated.

RESULTS AND DISCUSSION

In course of this investigational study, it should be no-

ted that there was no discrepancy between the amount of rifa-

mpicin found in solution at equilibrium and the initial amount

“?_-_1-1_--_ “—'«._l nﬁl__!hl—1_"“_lﬁ_1*~_‘_"— el N R L _*_‘“

a - Suprlied by E¥l-Nile Pharmaceutical Co., Egypt.

b - M&rk.
¢ - Fischer Sci. Co., London.




148

On the Interaction Betwern Rifampicin and Macromolecules
1-Polysorbates.

added, This abservatioun indicates that the tendency of the ce-
1lophane membrane to adsorb the drug is negligible,. The prossi-
bility of the tested polysorbates to be bound by the membrane
was not investigpated since it was assumed that any polysorbate
bound by the semipermeable membrane would be negligible in compari-

son to the relatively high concentrations of polysorbate added

to the system.

The permeation rates of rifampicin through the semipermea-
ble membrane, in presence of different concentrations of polyso-
rbates are graphically presented 1in Figﬁres 1-3. From these pl-
ots, it could be concluded that the diffusion of rifampicin thro-
ugh the membransg obeyed a first-order reaction. The diffusion

rate constants were calculated and surveyéd in Table 1.

- 2
Table 1 : Diffusion Rate Constants (hr 1 x 107) of Rifampicin Through a Sta-

ndard Cellophane Membrane, in Presence of Different Polysorbate

Concentrations.
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Polysorbates Concentration % w/v

Surfactant et o e o e i et o e e e e i T i o e R i e e
O 0.2 0.4 0.6
Polysorbate 2C 4,19 4,33 2,69 | 2,72
Polysorbate 60 4,19 3.95 2.09 1.22
Polysorbate 80 4.19 3.84 2.85 2,22
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From this table, it could be observed that the tested poly-
sorbates, when they were used in concentrations above their res-
pective CMC's exhibited a marked retarding effect on the diffu-
sion rate of the drug, being compared with the control. It was

evidenty that the drug molecules solubilized 1in the micellar phase

are rapidly transferred intce the aqueous phase, even if any sti-

rring was not applied. Those drug molecules localized in the
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aqueous phase are actually ready to diffuse through the semi-
permeable membrane. The micellar to aqueocous transfer of drug
molecules occurs instantaneously corresponding to the decrease

in the drug concentration of the aqueous phase.

The Langmuir's plots were constructed for rifampicin-poly-
sorbates systems 80 as to throw a beam of light on the mechanism
through which the retarding effect of those polysorbates on the
diffusion characteristics of rifampicin was observed. Figure 4
represents a typical plot for Langmuir isotherm in which a line-
arity was exhlibited for the range of thé drug concentration emp-
loved. The data were plotted in this manner to obtain the limi-
ting binding capacity of each polysorbate used, at infinitely
high rifampicin concentration, The Y-intercept is the recipro-
cal o0f the limiting quantity of rifampicin bound per one gram
of polysorbate. These Langmuir graphs are of particular inte- .
rest in the present study, since the existence 0f the Y-intercept
suggests that complex formation is a factor in the binding of

the rifampicin by the tested polysorbate,

The uv - absorption spectra of rifampicin aqueous solution
(20 mcg/ml), either alone or in presnce of 0.6% w/v polysorbate
80 was carried out, Fig. S. From this Figure it is clearly obse-
rved that a hypthechromic shift is present. This indicates that
there is an interaction between rifampicin and polysorbate 80,
This ascertains what is shown by the Langmuir's plots, Fig. 4,

in which an intercept of the Y-axis is present,.

The Y-intercepts in Fiugre 4 indicate that the limiting bi-
nding capacities of the investigated polysorbates are about the
same, This could be explained on the basis that polysorbates
are characterized by having the same number of polyoxyethylene

units are considered, herein, as the sites for interactions.
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They are, also, characterized by having'different lipophilic
portions. The significant difference between the diffusion
rate of rifampicin, in presence of the tested polysorbates is
probably attributed to the difference in the distribution co-
efficient of drug between the micellar and aqueous phases,
This difference in the magnitude of the distribution coeffeci-
ent is, actually, due to the difference in the lipophilic moi-

ety of each polysorbate.

The data obtained revealed that as the surfactant concen-
tration was increased, the diffusion rate constant was found to
be decreased, Table 1. The phenomenon is actually due to the
fact that , as the surfactant concentration was increased, 1tls
volume fraction was, subsequently, increased resulting in an 1in- :
corporation of a large amount of the drug inside the micellar
core. It is well recognized that the solubilized drug molecules
-ﬁill not be ready to permeate through the membrane otherwise

after being transferred from the micellarrinto the aqueous phase.
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FIGURE 2: First-Order Plota for Permeation of
Rifampicin through Standard Cellophane Membrane
in Presence of Different Concentration (Yw/v)
of Polysorbate 60 at wqo.

Key: As in Pig, 1.

FIGURE 1: First-0Order Plots for Permeation of Rifampicin
through a Standard Cellophane Membrane in Presence of
Different Concentrations (%w/v) of Polysorbate 20 at 37°.
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FIGURE 3: Pirst-Order Plots for Permeation of

. Rifampicin through Standard Cellophane Membrane

in Presence of Different Concentrations {( € w/v )
of Polysorbate 80 at wqo.
Key: As in Fig. 1.
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FIGURE L4: Langmuir Plots for the Interaction between
Rifampicin and Polysorbates,

Where; C_1is the squilibrium concentration
of ﬂﬁhﬂﬂWMOpﬂ , m/x 1is the reciprocal of
the amount of rifampicin adsorbed by one
gram of polysorbate.
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FIGURE 5: UV-Absorptiob Spectra of Rifampicin (20 mcg/ml) in
Presence of Polysorbate 80 (0.6% w/v).
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