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SUMMARY. Vehicles and enhancers effect on in vitro probenecid permeation through dermatomed ab-
dominal pig skin was investigated. The permeability of different probenecid percentages dispersed in vehi-
cles as vaseline, carbopol/ethanol/water and carbopol/propylene glycol was tested. The 1.3% L-menthol
addition, as permeation enhancer, over probenecid/vaseline formulations showed the highest values for
both, flux and permeation coefficient. Permeation experiments of the probenecid formulations in car-
bopol/propylene glycol showed that the carbopol/probenecid concentration relation is the most important
issue to be considered. Comparatively to lipophilic vehicle (vaseline), carbopol dispersions seen to be more
convenient as vehicle for topical administration of probenecid. The results obtained from this study may
be helpful in the development of a probenecid transdermal drug delivery system.

INTRODUCTION
Gout is a disease characterized by the crys-

tallyne deposit of uric acid salts into the joints
and sinews and it is generally associated with
high uric acid levels in blood, which give rise to
acute joint inflammation and may also lead to
formation of kidney stones 1,2. Probenecid ad-
ministration can prevent the deposit of urates in
tissues. This uricosuric benzoic acid derivative is
a tubular renal blocking agent 3,4 which inhibits
urate tubular reabsorption, thus increasing the
urinary excretion of uric acid and decreasing
serum urate levels 5.

In transdermal preparations, drug penetra-
tion is limited by the properties of the corneous
layer (stratum corneum) 6,7. The chemical barrier
functionality of the skin makes it necessary to
optimize the system by selecting suitable vehi-
cles and permeation enhancing agents 8-11.
These enhancers have to possess certain proper-
ties such as chemical inertia, stability, effective-
ness at low concentrations, atoxicity and effect
reversibility. Even though hundreds of sub-
stances have been identified as permeation en-

hancers to date, the understanding of the struc-
ture-activity relationships is still limited. In gen-
eral, enhancers can be divided into two large
groups: small polar solvents and amphiphilic
compounds containing a polar head and a hy-
drophobic chain 12. Other families of com-
pounds such as terpenes have also been sug-
gested as promising non-toxic, non-irritating
transdermal penetration enhancers 13. These
compounds may increase drug diffusion by dis-
jointing lipid structure of stratum corneum.
Among these, L-menthol has demonstrated a re-
markable improvement in the penetration of a
great variety of compounds 14-18. 

Pig skin has been widely used for perme-
ation measurements since it is more comparable
to human skin than any other animal skin 19. Pig
and human skin exhibit similar lipidic surface,
barrier thickness, morphological aspects, histo-
logical characteristics and permeability proper-
ties, which makes pig skin suitable for in vitro
estimation of human skin permeability 20,21. 

Oral route administration of probenecid has
frequent adverse effects such as gastrointestinal
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intolerance (causing nausea, sore gums and
vomiting), headache, dizziness and fever; there-
fore, the design of a transdermal drug delivery
system (TDDS) is highly recommendable.

In this study the effect of vehicles and en-
hancers on in vitro probenecid permeation
through dermatomed abdominal pig skin was
investigated. Additionally, possible detrimental
effects on the pig skin were evaluated by histo-
logical examination after formulation administra-
tion.

MATERIALS AND METHODS
Materials

4-(dipropylsulfamoyl) benzoic acid
(probenecid), C13H19NO4S (MW: 285.36) (Sig-
ma); vaseline (Britania); carboxypolymethylene
940 (carbopol) (Britania); phosphate saline
buffer pH = 7.4 (PBS); ethanol (Merck); propy-
lene glycol (Merck); L-menthol (Sigma) and der-
matomed abdominal pig skin.

Abdominal depilated skin of cadaver pig
(aged less than three months) was carefully ex-
cised, cleaned and kept at 0 °C. Subcutaneous
fat and other extraneousadhered tissue were
completely removed. The skin was cut into size
necessary for the Franz cell employed and
stored at -10 °C. Skin samples thickness was
measured by a coating thickness measuring in-
strument Fischer Dualscope MP0R. A histologi-
cal study of pig skin including the tissue sam-
ples in paraffin stopper and employing hema-
toxylin-eosin coloration was performed.

All assays were carried out in a period of 12
h after death. Five-µm thick crosscuts (Reichert-
Jung microtome) were observed and pho-
tographed on an Olympus BX-40 microscopy.

Solubility determination and stability
studies 

Due to the low aqueous solubility of
probenecid (27.1 mg/L), its solubility was as-
sayed in ethanol, ethanol/water and propylene
glycol 22. An excessive amount of solid
probenecid (enough to get a saturated solution)
was added into a screw-capped test tube con-
taining 5 mL of different solvents. Test tubes
were periodically rotated for 24 h and main-
tained at constant temperature. This experiment
was repeated at different temperatures between
17 °C and 35 °C. After centrifugation, pro-
benecid in the clear supernatant was analysed
by UV-VIS spectroscopy (wavelength 245 nm) in
a Shimadzu UV-160A spectrophotometer.

Stability studies were performed at 25 °C un-
der light exposure. Probenecid was dissolved in

three different solvent systems: ethanol/water
(15/85), ethanol and propylene glycol.
Probenecid concentration was quantified by UV-
VIS spectroscopy as described above. 

Probenecid formulations
Formulations using vaseline as vehicle of

probenecid were prepared (F1 to F6) by dissolv-
ing probenecid in vaseline and stirring until ho-
mogeneity. L-menthol effect over the
probenecid permeation was studied by adding it
in adequate proportions (F2 to F6). 

Probenecid formulations in carbopol with
different solvents and probenecid percentages
were assayed. A standard formulation contain-
ing carbopol was obtained by dissolving
probenecid in the working solvent (ethanol F7
to F12; propylene glycol F13 to F15) and adding
the necessary amount of water (F7 to F12). After
gradual addition of carbopol, the formulation
was stirred until homogeneity was obtained and
then stored for 24 h before the experiment. 

In vitro permeation of probenecid through
abdominal pig skin 

Permeation experiments were performed us-
ing a Microette System automatic sampler (Han-
son-Research) with 4.5 ml Franz-type diffusion
vertical cells and equipped with a thermostatic
bath, injection system, vacuum pump, agitation
clamp, computerized sip control module and
sampler. The frozen abdominal pig skin was
thawed at room temperature before mounting
on cell between the donor and receptor com-
partments. The diffusion area, this is, the effec-
tive permeation surface, was 1.767 cm2. The re-
ceptor compartment (in contact with the dermis
side of the skin) was filled with 4.5 mL of PBS
with constant stirring (180 rpm) and all the sys-
tem was maintained at 32 ± 0.5 °C (human skin
temperature) with a circulating water jacket.
Next, 0.265 cm3 of formulation containing differ-
ent probenecid amounts were introduced into
the donor compartment, which was in contact
with the stratum corneum side of the pig skin.
At predetermined times, 0.1 mL samples were
withdrawn from the receptor compartment and
analysed for probenecid quantification by UV-
VIS spectroscopy (Shimadzu UV-160A) at 245
nm. The receptor compartment volume was
maintained by addition of freshly prepared PBS
(32 °C ± 0.5 °C). Finally, the amount of perme-
ated accumulated drug in the receptor compart-
ment was recalculated. Experiments were per-
formed in triplicate. 
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Theory of permeation processes
Most substances are absorbed through skin

by passive diffusion according to Fick’s law 23.
Drug flux (Jm) through stratum corneum under
stationary conditions can be described by Fick’s
law: 

Jm = Kp . ΔC [1]

where Jm is the amount of mass diffusing across
a plane of area unit per time unit, Kp is the per-
meability coefficient and ΔC is the concentration
increment through membrane. Assuming negli-
gible concentration in the receptor compart-
ment, ΔC is the substance concentration in the
donor compartment (g/cm3). 

Determining the cumulative quantities of ac-
tive principle per membrane area unit (Qm /A)
versus time (t) the permeation profile can be
obtained, and then Jm value from the slope of
the curve linear portion is evaluated.

Jm = Qm / (t. A) [2]

Furthermore, equation [1] permits an estima-
tion of the permeability coefficient Kp (cm/s).

RESULTS 
Rationale for solvent selection in
formulation design 

Various solvent systems as ethanol,
ethanol/water and propylene glycol were initial-
ly investigated for their abilities to dissolve
probenecid (Table 1). These systems are known
for their pharmaceutical uses, their enhancer ca-
pacity and effects on in vitro permeation
through abdominal pig skin.

Probenecid spectra and concentration re-
mained unchanged after three months, indicat-
ing that this drug is stable in solvents employed,
at normal storage temperature.

Solvents Probenecid solubility
(%) (mg/mL)

Et (100) 78.23
Et/W(15/85) 15.50

PG (100) 8.981

Table 1. Probenecid solubility in different solvents at
25 °C.

Permeation experiments
Probenecid formulations were prepared in

the vehicle solid vaseline, a hydrophobic excipi-
ent, in 40/60 ratio. Permeation profiles of
probenecid/vaseline systems through abdominal
pig skin were obtained. Figure 1 shows
probenecid cumulative amounts as a function of
time for this formulation. In order to improve
drug permeation an enhancing agent was incor-
porated in the composition of the formulae. The
formulation containing probenecid/vaseline
(40/60) was added of L-menthol at concentra-
tions between 0 and 4%, which would further

Figure 1. Cumulative quantities of probenecid as a
time function.

Formulation Composition Jm x 107 Kp x 107

number (%) (g/cm2.s) (cm/s )

1 P/V (40/60) 0.976 ± 0.133 1.93 ± 0.262

2 P/V/L-m (40/59.2/0.8) 4.23 ± 0.765 8.34 ± 1.51

3 P/V/L-m (40/58.7/1.3) 4.83 ± 0.533 9.55 ± 1.05

4 P/V/L-m (40/58.2/1.8) 4.41 ± 0.802 8.70 ± 1.54

5 P/V/L-m (40/57.5/2.5) 1.40 ± 0.161 2.76 ± 0.319

6 P/V/L-m (40/56/4.0) 1.15 ± 0.0212 2.26 ± 0.0340

Table 2. Physicochemical parameters for probenecid permeation through abdominal pig skin using  vaseline as
vehicle. Jm: flux; Kp: permeation coefficient; P: probenecid; V: vaseline; L-m: L-menthol.
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increase probenecid permeation coefficient
through abdominal pig skin 24,25. 

The physicochemical parameters for
probenecid permeation from the exponential
phase for formulations F1 to F6 (with/without
enhancer) are summarized in Table 2.

On the basis of these results we judged nec-
essary to design an alternative system that might
increase probenecid permeation. With this pur-
pose, and taking into account solubility studies
results, formulations with different percentages
of probenecid in 1.5% and 3% of carbopol were
prepared, employing ethanol/water and propy-
lene glycol as solvents. Probenecid permeation
experiments through abdominal pig skin were
made for each formulation and permeation pro-
files were obtained. In Table 3 permeation rates
flux and permeability coefficients for formula-
tions F7 to F15, are shown.

DISCUSSION 
The permeation rate flux and permeability

coefficient values obtained from experiments
carried out with L-menthol as enhancer of
probenecid permeation (F2–F6) are higher than
the ones obtained in its absence (F1). L-menthol
showed the best performance as enhancer at
concentrations about 1.3 % (F3, Figure 2),
where probenecid diffusion was increased over
5-fold as compared to F1.

This effect can be attributed to the direct ac-
tion of L-menthol on membrane structure, pro-
moting its distension by reversible disruption of
the lipidic barrier. Abdominal pig skin samples
with different exposure times to 2.5% of L-men-
thol were observed on the microscope. Skin in-
tegrity showed not to be affected by the freez-
ing process since dermatomed pig skin stored at
–16 °C conserved its histological characteristics,
with well conserved stratified epithelial layer

Formulation Composition Carbopol/ Jm x 107 Kp x 105

number (%) Probenecid Ratio (g/cm2.s) (cm/s )

7 P/C/Et/W (0.66/1.5/15/82.8) 2.27 0.716 ± 0.212 0.651 ± 0.193
8 P/C/Et/W (0.66/1.5/20/77.8) 2.27 0.803 ± 0.189 0.684 ± 0.161
9 P/C/Et/W (1/1.5/15/82.5) 1.50 1.99 ± 0.0955 1.20 ± 0.00558
10 P/C/Et/W (1/1.5/20/77.5) 1.50 2.48 ± 0.645 1.44 ± 0.389
11 P/C/Et/W (0.66/3/15/81.3) 4.54 2.87 ± 0.475 2.61 ± 0.432
12 P/C/Et/W (1/3/15/81) 3.00 2.37 ± 0.306 1.43 ± 0.184
13 P/C/PG (0.3/3/96.7) 10.0 2.09 ± 0.589 3.80 ± 1.07
14 P/C/PG (1/3/96) 3.00 3.30 ± 0.890 1.99 ± 0.536
15 P/C/PG (2/3/95) 1.50 1.88 ± 0.120 0.563 ± 0.0359

Table 3. Permeation physicochemical parameters for probenecid/carbopol formulations through abdominal pig
skin. Jm: flux; Kp: permeation coefficient; P: probenecid; C: carbopol; Et: ethanol; W: water; PG: propylene gly-
col.

Figure 2. Probenecid permeation flux dependence
with L-menthol percentage.

and normal histoarquitecture (Fig. 3A). After ex-
posure of pig skin to L-menthol for several
hours (Fig. 3B), certain disorganization of the
epithelial weave was observed, evidenced by a
greater separation of queratinized cell layers.

Regarding formulations containing carbopol
dispersions as vehicle, the analysis of the results
for formulations 7-8 (probenecid/carbopol/
ethanol/water: 0.66/1.5/15/82.8 and 0.66/1.5/

Figure 3. Abdominal pig skin microscopies. A: skin
dermatomized storage at -16 °C; B: after 2.5% of L-
menthol enhancer exposition.
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20/77.8) and 9-10 (probenecid/carbopol/ ethanol/
water: 1/1.5/15/82.5 and 1/1.5/20/77.5) indicat-
ed that small changes in ethanol percentage did
not lead to significant modifications of the
probenecid permeability coefficient. Probenecid
solubility increased markedly with ethanol per-
centage, but amounts above 20% of this solvent
proved to liquefy the formulation. Furthermore,
although ethanol is commonly used as a trans-
dermal penetration enhancer, skin irritation in-
duced by high doses has been reported 26.

The rise of carbopol/probenecid ratio in
gels, increased the flux and permeation coeffi-
cients values (formulations F7, F12 and F11).
Carbopol dispersion used as vehicle, due to gel
matrix strengthening, difficults the probenecid
availability when this compound is present in
high concentration. 

In probenecid formulations the employment
of propylene glycol as solvent allows to obtain
higher permeation coefficient values than
ethanol-water as solvent. In this case, the in-
crease in the concentration ratio carbopol/
probenecid provoked a significant rise in the
permeation coefficient (F15, F14 and F13).

CONCLUSIONS
In vitro probenecid permeation experiments

through dermatomed abdominal pig skin per-
mitted to conclude that: a) with regard to
probenecid formulations containing vaseline as
vehicle, the incorporation of L-menthol (1.3%)
seems to be the most effective for absorption
enhancement; this compound acts provoking
certain disorganization of the epitelial weave,
promoting the membrane structure distension
by reversible disruption of the lipidic barrier, b)
in the case of carbopol dispersions, probenecid
permeation was highly influenced by the drug
concentration in the system, and c) compara-
tively to lipophilic vehicle (vaseline), carbopol
dispersions seen to be more convenient as vehi-
cle for topical administration of probenecid.
These researches may be helpful in the devel-
opment of a probenecid transdermal delivery
system. 
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