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ABSTRACT

The pesmeation hate constant 04 ri4ampicdn n presence
04 Mynf 52, Mynj 53, Mynj 59, Brij 35 and Breg 58 was siu-
1ied utilizing the dynamic dialysis technique. The presence
04 Mynjis on Brifs 4n rnibampicin solution markedly decreased
the vermeation nate constant. Generally, Zhe apparent Tha-
nsden nate constant is invernsely proportional to the suria-
ctant concentration. The most reducing effect was exhibi-
ted in case o4 Brif 35. This may be due to a high ajfiinity
of the dmwg to <interact with this surdactant rather than
the othen tested cnes.

The Langmuin plots 4on the interaction between aliampicdn
and surbactant showed V-intencept indicating that the complex
fonmation 48 a 4actor in the binding 04 rifampicedn by sunrda-
ctants. Funthermonre, the vresence 04 surfactant An nLAampPA-
cin sclution was 4ound to reduce Aits antibacterial activity

against S. auwreus.

INTRODUCT ION

The effect of surfactant on the bioclogical availability and
pharmacological activity of drugs has attracted the attention of

l | » *
researchers . The phenomena of drug macromolecule interaction

have received a wide attention in recent years in the view of
their relevance to drug absorption, transport, and‘overall avai-

lability. Dynamic dialysis technigues have been succeésfully, appl-
2-8

ied to study such interactions
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The application of such techniqgques purportedly offers some
advantages like, rapidity, simplicity and economy over the time
honored techniquesibut it is limited by the fact that porous
dialysié mémbranes are permeable to many macromolecules of pha-

rmaceutical interest .

Cellophane membranes are widely used in the dynamj’.-‘:s“8 and

equilibriumg_lo dialysis. Also, cellophane membrane has been

used to study the effect of surfactants on the diffusion chara-

11-13 :
cteristics of the drugs across the membranes . There is

some controversy concerning the permeability of cellophane dia-

: : . . . 9
lysis membrane to nonionic surfactants. Breuninger and Goettsch

found that, although visking cellophane membrane was permeable

hto polysorbate 80, Fisher cellophane membrane was impermeable to
the same surfactant. The same observation was also found by Pa-
tel14 who demonstrated that cellophane membrane was impermeable

to cetomacrogol and polysorbate 8O0.

In the present investigation a dynamic dialysis technigue was
utilized to find out information regarding the extent of binding
of rifampicin with some selected nonionic surfactants, namely,
Myrj 52, Myrj 53, Myrj 59, Brij 35 and Brij 58. The surfactants
were used in a concentration range (0.2-0.6% w/v) above their re-
spective CMC values. The selection of those surfactants was based
on theconsideration that, rifampiciﬁ, a slightly water soluble drug,
is characterized by having alrelative proton donating power, while
the selected surfactants are having a nucleophilic oxygen in each
'ethylehe oxide unit. Therefore, the binding tendency which rifa-
mpicin exhibits for those surfactants was studied. Also, the

study was concerned with the effect of surfactant concentration

on the antimicrobial activity of rifampicin against S. aureus .
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EXPERIMENTAL

Materials:
: | b . _ Db b |
Rifampicina, Myrj 52 , Myrj 53b, Myrj 59 , Brij 35b and Brii 58 , Standard

C d

cellophane membrane (30/32), Gelatin and S. aureus (standard grade) .

Methodology:

1- Dynamic Dialzsis Studx.

The EXQerimental system, the general protocol and the treatment of the
data were deScribed in detail previously6. Generally, the svstem was prepa-
_reﬁ'tc-contain;S ml.of rifaﬁpicin solution, 200 mcg/ml,_eitner alon2 or in
presence of the tested Surfactanf,-in the inner compartment. The inner co-
mpartment was placéd_into the outer compartment, which contains 20 ml disti-
lled water, in sﬁch;a manner that the surface levels of the two compartﬁents
r-are'the same. The upper side of the inner compartmentjwas covered with a
ﬁhinly periorated nylon membrane so as to keep the ﬁolume of rifampicin solu-
tion constant, in the inner compartment, dufing the expermintal study. The

dialyzing .its were placed in a thermostatically controlled water bath osci-

llator, vreviously adjusted at 37°C * 0.2°C and at 50 rpm.

At suit:ble time intervals, the amount of rifampicin diffused into the ac-

ceptor was cetermined spectrophotometricelly at 330 nm against a blank simi-
larly treated. It should be noted that cach experiment was done in triplicace

and the average concentration was calculated.

2—- Antimicrobial Activity.

The antimicrobial activity of rifampicin was determined in absence and

oresence of surfactants using the cup plate method and S. aureus as a test

--—.ﬂ_-‘_ﬂ_—_——‘---—-*—-“*-

a) Lepetit, Italy

») ICI, USA.

c) Fisher Sci., Co., London.
1) Merck.




98
S. 1smail

microorganismls. The antibacterial activity of rifampicin solution was measu-

"red as zones of inhibition around the wells after 24 hours of incubation at
37°C. Each experiment was run in triplipate and the diameter of zones of in-
hibition was calculated. It should be noted that rifampicin was used in a co-
ncentration of S)mcq/ml,and.the volume placed into each well was O.1 ml. S.

aurene was used as & test organism since it is not pathogenic and sensitive to

the drug.

RESULTS AND DISCUSSION

Figures 1-5 show the results of permeation rate of rifampicin
either alone or in presence of different concentfétiOns of My}js
or Brijs. The plots”are expressed in terms of_log $ retained con-
céntration versus time. In all cases, a linear relationship was
observed. These lines showed progressive decreasing slopes with
an increase in the surfactant concentration. The decreased sloPe%
bbserved in presence of surfactants, provide an evidence for an

interaction between rifampicin and surfactants.

Indeed, the permeation rate of the drug in the absence of ma-
cromolecules can be described by the following equation:
dcy

—_t - kxc L ceene R eq.l
dt 1

where, Ct is the total drug concentration in the donor compartment.
On the other hand, the diffusion of the drug in presence of a mac-

romolecule, the above equation becomes:

dcC

f
- ——— = KC_ e ee e eq. 2
dt £ e
where Cf is the concentration of unbound drug inside the donor cCoO-
mpartment. The following expression which describes the rate of

disappearance of the drug from the cell as a function of its total

(Ct), bound (Cb) and free (Cf) concentrations can be obtained from
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. < 1 ' . = C + C
eq .2 considering that Ct b £
K
- if.:-t- o ._..........(.:_-.t................. ‘ e 3
3t T T R e e e e e e qd.

where, R 1s the ratio between Cb and Cf.

As shown from Figs. 1-5 that the permeation process 1n prese-
nce of macromolecules follows first order kinetics. This sugge-
sts that C_ / C. remains constant during each experiment. This
could be expmlained on the basis that, at a given pH value and tem-

perature rifampicin distributes itself between the micellar and

the intermicellar phases with a constant value. In a previous st-
1o : o - C .

udy it was found that the partition coefficient of ethacrynic

ac hztween micellar and agueous phases of polyvsorbates was fcun:

id
to be pH dependent as well as on the nature of surfactant used.

The diffusion rate constants of rifamvicin through the standard
cellophane membrane, in presence of different concentrations of Mv-

ris are surveved in Table 1.

From the above table it could be observed that the diffusion
rate constant is markedly dependent on the surfactant type and
concéntration. In all -~ases the rate constant is less than that
of the control. Actually, it was found that Brijs delaved the di-
ffusion of the drug across the semipermeable membrane, in a magnl-
tude lecs= than that exhibited by Myrjs. This may be due to a high

affinity -f rifampicin to interact with Brijs rather than Myrjs.

Figures 6 and 7 are the Lanamuir plots for the binding of ri-
famvicin kv Myrjs and Brijs. The data, of the ecuilibrium dialy-

sis, are plotted in this manner so as to obtain the limiting bin-

L ]

ding carz-ity of the surfactant unit weiacght at an infinitely high

rifampicin concentration. The nlots were found to be in obedience
. - . L .17
with the following Langmuilir eouation :
M 1 . 1 + 1
X ab C a




100
S. Tsmail

'where, m is the weight of macromolecule, in grams, X is the amount
~of the drug adsorbed, Ce is the eguilibrium concentration of the
free drug, a 1s the amount of the drug adsorbed when the entire
surface of the adsorbent is covered by a monolaver and b is the
equilibrium constant for the adsorovtion process. The Y-intercept
1s the reciprocal of the limiting quantity of rifampicin bound per

gram of surfactant.

The graph is of particular interest in the present investiga-
tion, since the existencé cf the Y-intercept suggests that complex
formation is a factor in the binding of rifampicin by the macromo-~-
lecule. 1If the sole interaction in the system is the partitioning
of the drug into the micelle, the expected curve will be a strai-

ght line passing through the origin.

The binding tendency which rifamnicin exhibits for the investi-
gated macromolecules is dependent on the type of surfactant used.
The limiting adsorption capacity in case of Brij 35 and Brij 58
are nearly the same (~2 X 10_6). Contrary, in case of Myris the

limiting adsorption capacity was found to be dependent on the type

of Myrj. The high limiting adsorption capacity was observed in
case of Myrj 53 (ﬁQ'X.lO-6) and the lowest one was exhibited Ey
-6

Myrj 59 ‘~1 X 10 ).

The antimicrobial activity of rifampicin solutic» 0.5 mcg/ml)
was determined either alone or in presence of different surfactant
concentrations. The data, surveyed in Table 2, revealed that as
the surfactant concentration was increased the'&gameter of the in-
"hibition zone was decreased as compared with that of the control.
This gould be explained on the basis that most of rifampicin mole-
cules are burried inside the micellar core of the surfactant and
the free part still antimicrobially active. The concentration of
the free part in the intermicellar phase is mainly dependent on

the distribution coefficient of the drug between the micellar and
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the agqueous phases. Further studies will be carried out so as to
estimate the distribution coefficient of rifampicin between the

micellar and the agueous phases of those surfactants.

I+ is worthy to note that the investigated macromolecules were
tested for their permeation across the cellophane membrane. Fro-

tunately, It was found that those surfactants were not capable to

“ass through the membrane.
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Table 1 : Effect of Surfactant Concentration on the Permeation Rate Constant
4 - | :
( K X 10 hr l) of Rifampicin through a Standard Cellophane Membr-

ane at 37°C.

S G I I T A AT D ek T T el Seslls T . wlE -—-———-—--_-_———--—-—__—-_—————-----_ﬂ _——_-__———-—-—-—--__—-—-——-—-4—-“——

Surfactant + K X 10 hr in presence of following surfactant concentra-
tions (% w/v)
O 0.2 0.4 0.6
Myrj 52 419 421 311 256
Myrj 53 419 368 262 229
Myri 59 419 390 363 295
Brij 35 419 181 110 141
Brij 58 419 191 125 100
Table 2 : Effect of Sufactant Concentration on the Antibacterial Activity of

Rifampicin.

_-“__—_--_——_—_—---'_—_“_-—-———--I——-_—_—_—__----—-—ﬂ—-—— ——l___"__-———-——-—-—--——---—-—

Surfactant ctant Concentrations (% w/v):

0.2 0.5 1.0 1.5
Myrj 52 29 29 29 29
Myrj 53 32 31 28 25
Myrj 59 28 28 27 26
Brij 35 32 30 27 25
Brij 58 32 32 30 29

—‘ﬂ-——_————_—-—_-—_——-—-—ﬂl————_——_—-ﬁ--“-—-_——----—__——““-—-_—___———-u_—_——_-“—_-
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