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ABSTRACT

Inthiswork, amicellar system of benzathine penicillin
G (BPG) in sodium deoxycholate (NaDC) wasdevel oped
and evaluated physicochemically. Thesolubility profile
of thedrug in water and buffer solutionsat various pH
wasdeter mined, aswell asitsn-octanol/water partition
coefficient. The Critical Micellar Concentration of
NaDC and its ability to incorporate BPG were also
assessed. The study was carried out at low and high
ionic strength which was adjusted by the addition of
sodium chloride. The results demonstrated the ability
of themicellar system toincor porate BPG, aswell asto
increase its apparent solubility in water. The
enhancement of the solubility of BPG by the presence
of NaDC micelles could be analyzed quantitatively
within the framework of the pseudo-phase model.
Concentration analysisshowed that themicellar system
could attain up to 90% incorporation of BPG. The
incorporated drug is expected to exhibit improved
stability, sncetheantibiotic enclosed in the hydrophobic
core of micelles is rather shielded from the aqueous
external environment.

Keywords: Benzathine Penicillin G; micellar solubilization;
micelles; pre-formulation; sodium deoxycholate.

INTRODUCTION

Benzathine penicillin G (BPG) isnatural penicillin
whose molecular structure is C,,H_N O, S4H 0. BPG is
chemically designated as N, N-dibenzyl ethylenediamine
dipenicillin and its molecular mass is 981.19 daltons. It
occursasawhite, crystalline, odorless powder, and isvery
dlightly soluble in water and sparingly soluble in alcohol.
BPG concentrationsare described ininternational units(1U),
in which 1mg corresponds to 1,211 |U of penicillin
(Shulman & Gerber, 2004). The antibacterial activity of
BPG is mainly against Gram-positive bacteria (including
actinomycetes) and some Gram-negative Cocci, aswell as
some spirochetes (Parfitt, 1999). BPG iswidely usedinthe
treatment of numerousinfectious diseases, especially those
related to obstetric and gynecol ogic conditions. In general,
penicilliniseffectivein the treatment of localized skin and
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soft-tissue infections of the nose, throat, lower respiratory
tract and genitourinary tract. It is also commonly used in
prevention of bacterial endocarditis prevention, prophylaxis
during gastrointestinal and/or genitourinary procedures, and
treatment of rheumatic fever (Miller, 2002).

According to theAmerican Academy of Pediatrics,
the American Heart Association, the Infectious Diseases
Society of Americaand the World Health Organization the
first-line treatment for streptococcal infections consists of
monthly injections of 1,200,000 Ul of BPG (Currie, 1996;
Kassem, et a., 1996). However, lack of patient compliance
has meant in treatment failure (Currie, 1996; Carapetis et
al., 2000; Peloso et a., 2003).

Sustained-release dosage forms could be a
promising means of overcoming this drawback in relation
to rheumatic fever treatment. When they are used, several
come into play (Peloso et al., 2003), for example: less
frequent dosing, improved bioavailability, reduced
concentration, increased absorption and minimization of
adverse drug reactions.

Pre-formulation studies are apreliminary stagein
the development of new drug dosage forms. Such studies
mainly focuson devel oping physically and chemically stable
formulations, whose biopharmaceutical profile is suitable
for their purpose. Partition coefficient analysisand solubility
testsin liquid mediaare some of the most important tests at
this stage (Blasco et a., 2001; Granero et al., 1999).

The drug dosage form for BPG which is currently
available on the pharmaceutical market isan intramuscul ar
injection suspension. Duetoitsvariable physical properties,
such as solubility degree, viscosity and crystal size,
deviations on its bioavailability and release profile have
been reported (Currie, 1996; Carapetis et a., 2000).

Micelles and other related systems have had
considerable successin changing some of the physical and
chemical properties of drugs, e.g. solubility and stability
(Oliveira et al., 1990; Oliveira et al., 1991; Oliveira &
Chaimovich, 1993). Micellar and directly-related systems
aredynamic colloidal supramolecular aggregates containing
surfactant molecules that can efficiently dissolve water-
insoluble drug compounds (Oliveiraet al., 1997; Oliveira
& Scarpa, 1999). The micelization processtakes place when
the surfactant concentration exceeds the Critical Micellar
Concentration CMC (Tascioglu, 1996). Thisis the results
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from an induced interaction of intermolecular forces,
including electrostatic and steric repulsions, hydrogen
bonds, and Van der Waalsinteractions. This approach is of
particular interest in the pharmaceutical field, given the
ability of these systems to increase the solubility of
hydrophobic drugs (Rangel-Yagui et a., 2005). Besides,
thistechniqueinvolves easily-controlled parameters, asthe
factors that change the properties of micelles are well
established. In this study the physicochemical properties
of BPG were evaluated. The CMC was determined for
sodium deoxycholate (NaDC) in aqueous solution, aswell
as its effect of sodium chloride on its CMC value. It was
aimed to develop amicellar system containing BPG, using
data obtained on ideal surfactant concentration need to
dissolve the drug.

MATERIAL AND METHODS

Determining solubility profile of drug in liquid
media is a critical stage in the development of new drug
delivery systems. In fact, the profile plays amajor rolein
drug dissolution, which is a rate-limiting step for drug
absorption (Blasco et al., 2001). Another major point to
consider is the analysis of the n-octanoll/water partition
coefficient. This parameter islargely used to determinethe
degree of hydrophobicity in pharmacologica models, as
well asto study toxic properties (Roberts, 2002). In addition
tothat, it provides atheoretical approach to the partition of
molecules in biological membranes during absorption
processes.

Inthestudy of micellar systems, the determination
of both the CMC of the surfactant and the parameters that
can modify its value are mandatory steps.

Drug Solubility Deter mination

In the experiments, a supersaturated solution of
BPG was used, as described in the equilibrium method
proposed by Granero et al. (1999).

Solubility in water and n-octanol

Excess of drug (250mg) was added to 5mL of
solvent (distilled water or n-octanol), and was stirred
magnetically for 24 hoursat 25 °C. Afterwards, the mixture
was allowed to rest for 12 hours. As equilibrium was
reached, the sampleswerefiltered through by using a0.8um
membrane and the drug concentration in the filtrate was
analyzed by UV-Vis spectrophotometry.

Solubility in different pH

The pH values of the buffer solutions varied from
5.0t09.0to obtain solubilitiesin acid, neutral and alkaline
conditions. Samples were stirred in an ultrasound bath for
3 hoursto obtain saturated solution and allowed to rest for
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1.5 hour. After that, the concentration of the dissolved BPG
was determined by UV-Vis spectrophotometry.

Partition coefficient determination (log P)

Thisparameter was determined in n-octanol /water
mixture (Roberts, 2002; Sangster, 1997). The two phases
of solventswere stirred until equilibrium wasreached, then
an accurately weighed amount of BPG dissolved in a
minimal amount of methanol was added. The mixture was
stirred for 1 hour, and allowed to rest for 36 hoursfor phase
separation. An aliquot of each phase was withdrawn by
pipette, and analyzed by ultraviol et spectrophotometry. The
partition coefficient was taken as the ratio of the drug
concentration (w/v) in the n-octanol and water phases,
respectively.

Deter mination of NaDC Critical Micellar Concentration

The CMC of sodium deoxyxcholate (NaDC) was
evaluated by determining the electric conductivity of
solutions, inwhich the concentration of the surfactant varied
from 0.8 to 18.1mM. Theresultswere plotted asafunction
of NaDC concentration and the CM C wastaken asthe point
of intersection of the curves.

To evaluate the effect of ionic strength on the
CMC, the electric conductivity of NaDC solutions was
determined in saline solutions using the same method as
for the solutionsin water.

Preparation of micellar solutions of BPG

In order to prepare BPG micellar solutions a
solution of NaDC containing NaCl was used. The drug
incorporation took place under stirring in an ultrasound bath.
Macroscopic analysis was performed against black
background. Drug concentration was assessed by UV-Vis
spectrophotometry after calibration of the apparatus. The
concentration of BPG in micellar solution was established
by subtracting its concentration in the supernatant liquid
from the bulk (nominal) value.

RESULTS

The results for the solubility of the BPG in some
n-octanol, water and buffers at several pH values are
displayed in table 1, together with the n-octanol/water
partition coefficient.

Table 1. Physicochemicd properties of BPG and NaDC
micelles.

BPG Solubility [mM]
Water  Octanol pH54 pH74 pH 8.9

log P

0.16 0.026 0.057  0.485 113 112




A new insight about pharmaceutical dosage forms for benzathine penicillin G

Notethat the solubility of benzathine penicillin G
inwater wasvery low, decreasing to avalue 6.2 timeslower
in n-octanol (Table 1). In addition, the solubility depended
on pH increasing 8.5 fold as the pH enhanced from 5.4 to
7.4, and afurther 2.3fold from pH 7.4 t0 8.9. The n-octanol/
water partition coefficient was also low.

The results of the CM C determination for sodium
deoxycholate are described in Table 2 and show clearly that
at high ionic strength due to sodium chloride concentration
of thesaline solution, the val ue of the CM C wasmuch lower
thaninwater favoring micelleformation at lower surfactant
concentrations.

Table 2. Effect of NaCl on the Critical Micellar
Concentration of NaDC. [NaCl] = 0.09g/mL (163.63mM)

CMC of NaDC [mM]
Aqueous solution Saline solution

3.6 0.8

The CMC was easily determined from the
conductivity measurements at various NaDC
concentrations, since that at CMC the curve has a marked
discontinuity and a significant change in the inclination
between the straight lines (Figures 1 and 2).
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Figure 1. Determination of the Critical Micellar
Concentration of NaDC in aqueous solution. (25°C)
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Figure 2. Effect of 0.9% (w/v) sodium chloride on the

Critical Micellar Concentration of NaDC. (25°C).

Considering that in the presence of saline solution
the CMC of the NaDC was about 0.8 mM, the experimental
determination of micellar incorporation of BPG was
conducted at NADC concentrations below and above CMC
(Table 3).

Table 3. Effect of the NaDC concentration on the
solubilization of BPG into micellar solutions in saline.

BPG Incorporation
Sample NaDC (mM) Abs % wiv
Bulk Supernatant
1 0.49 5.81 2.83 0.14 48.76
2 0.98 6.01 351 0.15 58.33
3 1.96 6.15 4.03 0.20 65.60
4 2.45 5.98 5.00 0.25 83.67
5 2.94 5.84 5.28 0.26 90.28
6 3.92 6.32 5.63 0.28 89.10

The concentration of dissolved BPG increased
with increasing surfactant concentration up to a plateau
(Figure 3). Thisincorporation profileistypical of micelle-
modified drug solubility where the drug solubility in the
micellar pseudo-phase is higher than that in the agueous
phase.

100
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Figure 3. Effect of NaDC on the micellar incorporation
of BPG in agueous solution containing sodium chloride

0.9 % w/v (163.63mM). Seetable 3 for details. Solid line
calculated from equation 1.

Thisincrease in the solubility suggests that BPG
may be distributed between the aqueous and micellar
pseudo-phases. Then, the data in the Figure 3 can be
analyzed quantitatively by the expression of the pseudo-phase
model (Oliveiraet a., 1991).

BPG, + BPG_ . Ks. [NaDSC]
BPG, = @
(1 +Ks) . [NaDSC]
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Where the subscript d, w, and m refer to the
concentrations of total dissolved BPG, BPG dissolved in
the water phase and BPG dissolved in the micellar phase,
respectively. Ks is the constant that describes the
incorporation of the BPG into micellar system. The value
of BPG, was obtained from the solubility of BPG in the
absence of NaDC.

The calculated value of Ks was about 106,
demonstrating clearly the incorporation of the BPG into
the micellar system.

This feature can be seen in the photographs in
Figure4, which showsthat at |ow surfactant concentrations,
BPG is partially dissolved, generating opaque and semi-
transparent dispersions which are completely dissolved at
high surfactant concentrations.

"F'

Figure 4. Macroscopic aspect of the system during BPG
incorporation into micellar aqgueousNaDC. (1) pre-micellar
dispersion of BPG; (2-6) Stages in incorporation of BPG
into NaDC micelles at various concentrations of NADC
(seeTablel).

4 5 6

DISCUSSION

In the experiments of BPG solubility in different
solvents ahigh degree of insolubility was observed in both
lipophilic and hydrophilic media. In fact, these data agree
with those in the literature (Kreuzig, 1982), and suggest
the amphiphilic character of the drug molecule. However,
it was observed that the solubility increased with the pH
(Table 1), possibly dueto thefact that BPG isan acid drug,
with the pKaof the carboxyl group around 2.65, depending
on the solvent. Thus, in the range of pH studied the
equilibrium isdisplaced towardsionized species, which are
fast hydrated, becoming more soluble (Atwood & Florence,
1985).

The determination of partition coefficient provided
log Pfor the n-octanol/water system. The low value of log
P indicates low partition capacity and medium-low
hydrophobicity. Thus, thevaluedescribed in Table 1 reveals
amedium ability of the drug to diffuse to the hydrophobic
core of the micelles.

Surfactant molecules, constituted by apolar head-
group and ahydrocarbon-chain longer than eight methylene
groups, associate spontaneously in water to form dynamic
aggregates denominated micelles (Oliveira& Chaimovich,
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1993). In dilute solutions bel ow the CM C these molecules
aredispersed individually in the medium as monomers and
such solutions exhibit ideal physical and chemical
properties. As the surfactant concentration increases the
properties deviate from ideal indicating the aggregation of
monomers abovethe CM C forming micelles, provoking the
differentiated properties of the micellar pseudo-phase
(Tascioglu, 1996).

When the conductivity is plotted against surfactant
concentration, the data points fit on two different lines
(Figures 1 and 2). The first corresponds to concentrations
below the CMC, in which only surfactant monomers exist
in the solution (Atwood & Florence, 1985; Oliveira &
Chaimovich, 1993). At higher concentrations, micelles
appear, and conductivity curve suffers discontinuity at the
CMC. The second parte of the curve has a different slop.
The determination of the CMC was afirst step in the BPG
incorporation study, used to indicate exactly the surfactant
concentration at which the micelleswereformed in solution.

Addition of inorganic saltsisableto changemicelle
size and shape. Therefore, ionic strength influences the
solubilization rate of drugs. Infact, salt tendsto reduce the
mutual electrostatic repulsion of the head groups of
surfactants, which become more hydrophobic. This effect
induces surfactant aggregation at lower concentrations. As
aresultthe CMCislower and thefinal cost of these systems
is reduced (Tascioglu, 1996). This phenomenon was
observed here for NaDC (Figure 2), and also found to
functionin BPG micellar system. Theincorporation of BPG
into the micelles was feasible by asimple and fast method
that was able to increase drug incorporation markedly in
solutions above the CMC (Table 3 and Figure 3).

The value of Ks calculated from the plot of the
data by equation 1 (Ks=106) demonstrated that the
incorporation of BPG into themicellar systemisduemainly
to the hydrophobic property of the drug molecule. It is
known that in several cases the effect of micelles on drug
solubility can be attributed to the free energy of activation
resulting from transfer of the substrate to amedium of lower
dielectric constant (Oliveiraet a., 1991). Indeed, our results
show clearly that the solubility of BPG wasincreased when
the antibiotic wastransferred to the low dielectric constant
medium of the hydrophobic core of the NaDC micelles. In
addition, thisvaluefor Ksisin agreement with the partition
coefficient (log P= 1.12) indicating that antibiotic molecule
ismoderately lipophilic.

The determination of the analytical concentration
of the drug while [NaDC} was raised showed that the
percentage of incorporated BPG could reach about 90%
(Table3). Hence, micellar solutions appear to beapromising
approach improving the physical-chemical properties of
BPG for therapeutic use. The dibenzyl ethylenediamine
moiety, added to penicillin G to produce BPG, delays its
release by the formation of awater-insoluble deposit at the
site of injection, due to molecular aggregation (Martinez-
Ladeira, et al., 2004).
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Theincorporation of BPG into micellar systemsisintended
to reduce the incompatibility of this molecule with water
(Blaha et a., 1976). Its resistance against the hydrolytic
and enzymatic degradation may be also beimproved. Asa
consequence, its pharmacological effect may be achieved
at lower doses. Besides, assuming that drug molecules do
not undergo degradation, they will remain
pharmacologically active for longer. The incorporation of
BPG inmicellar solutionswasfeasible by asimpleand fast
method that was al so able to increase markedly the amount
of incorporated drug in solutions above the CMC. Hence,
micelle solutions seem to be a promising approach to
improving the physical-chemical properties of BPG for
therapeutic use.

RESUMO

Novas per spectivas para sistemas de liberacéo para a
penicilina G benzatina

O objetivo dessetrabalho foi o dedesenvolver eavaliar
do ponto devistafisico-quimico um sistema micelar de
penicilina G benzatina (BPG) em desoxicolato de sddio
(NaDC). Foram estudadas as caracteristicas fisico-
quimicas da BPG quanto a solubilidade em &gua e em
solugBestampdes com diferentespHs, além do coeficiente
departicéo octanol-dgua. Foram avaliadasaspropriedades
da concentracdo micelar critica (CMC) das solucdes
micelares de Desoxicolato de sddio (NaDC) em baixa e
altaforcaibnica provocada pelapresencadecloretode
sodio. O estudo da incor poracdo da BPG em solucdes
micelares de NaDC usando vérias concentracdes de
NaDC também foi realizado. O aumento da solubilidade
da BPG provocada pela presenca de micelas de NaDC
foi analisada quantitativamente pelo formalismo do
modelo de pseudo-fase. Houve indicacdo da
aplicabilidadedo sistemamicelar estudado quantoain-
cor poracdo de penicilina e aumento se sua solubilidade
aparente, com taxa deincor poracdo de até 90%. Espera-se
que a formulacdo micellar de BPG apresente melhor
estabilidade, consider ando-se que o antibiético incor-
porado naregido hidrofébica das micelas esta protegido
do meio aquoso exter no.

Palavras-chave: penicilina G benzatina; solubilizacdo
micelar; micelas; pré-formulacéo; desoxicolato de sddio.

REFERENCES

Attwood D, Florence AT. Surfactant systems. their
chemistry, pharmacy and biology. London: Chapman and
Hall; 1985, p.229-381.

Blaha JM, Knevel AM, Kessler DP, Mincy JW, Hem SL.
Kinetic analysis of penicillin degradation in acidic media.
J Pharm Sci 1976;65:1165-70.

Blasko A, Leahy-Dios A, Nelson WO, Austin SA, Killion
RB, Visor GC, Massey |J. Revisiting the solubility concept
of pharmaceutical compounds. Monatsch Chem
2001;132:789-98.

CarapetisJR, Currie BJ, Mathews JD. Cumulativeincidence
of rheumatic fever in an endemic region: a guide to the
susceptibility of the population. Epidemiol Infect
2000;13:239-44.

Currie BJ. Are the currently recommended doses of
benzathine penicillin G adequate for secondary prophylaxis
of rheumatic fever? Pediatrics 1996;97:989-91.

Granero G, de Bertorello MM, Brinon MC. Solubility
profiles of someisoxazolyl-naphthoquinone derivatives. Int
J Pharm 1999;190:41-7.

Kassem AS, Zaher SR, Abou Shleib H, el-Kholy AG,
Madkour AA, Kaplan EL. Rheumatic fever prophylaxis
using benzathine penicillin G (BPG): two- week versusfour-
week regimens: comparison of two brands of BPG.
Pediatrics 1996;97:992-5.

Kreuzig F. Penicillin-G benzathine. In: Florey, K. Analytical
profiles of drug substances and excipients. New York:
Academic Press, 1982. p.463-82.

Martinez-Landeira P, Gonzalez-Perez A, Ruso JM, Prieto
G Sarmiento F. Colloidal properties of benzylpenicillin -
Comparison with structurally-related penicillins. Colloids
Surf A: Physicochem Eng Asp 2004;236:121-31.

Miller EL. The penicillins: A review and update. J
Midwifery Women Health 2002;47:426-34.

Oliveira AG, Chaimovich H. Effect of detergents and
other amphiphiles on the stability of pharmaceutical
drugs. J Pharm Pharmacol 1993;45:850-61.

Oliveira AG, Cuccovia IM, Chaimovich H. Micellar
modification of drug stability. Analysis of the effect of
hexadecyltrimethylammonium halides on the degradation
of cephaclor. J Pharm Sci 1990;79:37-42.

Oliveira AG, Nothenberg MS, Cuccovia IM, Chaimovich
H. Micellar catalysis of the intramolecular aminolysis
of beta-lactam antibiotic cephaclor. J Phys Org Chem
1991;4:19-24.

OliveiraAG Scarpa MV. Effect of micdlles, microemulsions
and other supramolecul ar aggregates on the hydrolysis of
beta-lactam antibiotics. Rev Cienc Farm 1999;20:33-45.

Oliveira AG, Scarpa MV, Chaimovich H. Effect of
hexadecyltrimethylammonium  bromide based
microemulsions on the rate of decomposition of the beta-
lactam antibiotic cephaclor. J. Pharm Sci 1997;86:616-20.

Parfitt K, editor. Martindale: the complete drug reference.
London: Pharmaceutical Press; 1999. p.130-8.

Peloso UC, De Souza JC, Botino MA, Miniti A. Penicillin
concentrations in sera and tonsils after intramuscul ar

25



A new insight about pharmaceutical dosage forms for benzathine penicillin G

administration of benzathine penicillin G to children.
Pediatr Infect DisJ 2003;22:1075-8.

Rangel-Yagui CO, Pessoa A, Tavares LC. Micellar
solubilization of drugs. J Pharm Pharm Sci 2005;8:147-63.

Roberts DW. Application of octanol/water partition
coefficientsin surfactant science: A quantitative structure-
property relationship for micelization of anionic surfactants.
Langmuir 2002;18:345-52.

26

Sangster, J. Octanol-water partition coefficients:
fundamentals and physical chemistry. Chichester:
John Wiley & Sons; 1997. 170p.

Shulman ST, Gerber MA. So what’swrong with penicillin
for strep throat? Pediatrics 2004;113:1816-9.

Tascioglu S. Micellar solutions as reaction media.
Tetrahedron 1996;52:1113-52.



