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Abstract

We hypothesised that the depletion of propylene glycol from topical formulations applied at clinically relevantdugéstf)
would limit its penetration enhancement effect. The in vitro percutaneous permeation of a model drug—loperamide hydro-
chloride—in formulations containing propylene glycol was therefore investigated under finite dose conditions. The flux of lop-
eramide and propylene glycol across dermatomed human skin was measured. The first study examined the effect of topical
loading of a gel containing 12% propylene glycol. The second study investigated the effect of propylene glycol content in
creams containing 15 and 40%. Both studies showed a correlation between the amount of propylene glycol dosed on the skin
and the amount of drug that had permeated. The substantial permeation of propylene glycol and relatively small permeation of
loperamide, strongly suggests, that the time dependent permeation of the drug was due to the depletion of propylene glycol at
the skin surface and not to the depletion of the drug itself. As often doses applied in in vitro skin permeation experiments do not
match the intended clinical dosage—they are usually much greater—this study suggests that the penetration enhancement effec
of propylene glycol can be overestimated in in vitro studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and the permeant should be related and studies have
showed such correlation®¢lano and Ponec, 1976;
Propylene glycol (PG) is widely used as a penetra- Mollgaard and Hoelgaard, 1983; Wotton et al., 1985;
tion enhancer in topical dermatological preparations, Squillante et al., 1998
either alone or in combination with other penetration =~ However, demonstrating this was performed with
enhancers, such as fatty acidd(dras et al., 1995 relatively large applied doses of propylene glycol ei-
Its proposed mechanism of action is to partition into ther due to the amount of formulation applied (greater
the stratum corneum and increase permeant solubil-than 30 mg/crf) or with formulations containing a
ity in and thus permeant flux through the stratum high concentration of propylene glycol (greater than
corneum. From this, the flux of both propylene glycol 50%). In contrast, most commercial formulations
contain propylene glycol in a range of 5-50%, usu-
_— o ally 5-20%. Also, in clinical use, topical vehicles are
*_ Corresponding author. Present address: GlaxoSmithKline, Les applied at lower doses than 30 mg?crand this will
Ulis 91940, France. Tel+33-1-69-29-6031; . . .
fax: +33-1-69-29-6060. vary depending on the application. Data on the dose
E-mail address: lionel.x.trottet@gsk.com (L. Trottet). applied in clinical situations suggest that the amount
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of formulation applied depends on the body surface specific activity of 54 mCi/mmol.}fC]Propylene gly-
area treated: the larger the surface area, the lowercol (ICN, Irvine, CA) had a radiochemical purity of
the amount of product applied is. For a cold sore, a 97% (because of the evaporation potential of propy-
very small surface area is generally treate@ ¢nv), lene glycol, the total dose of{C]propylene glycol
and a 2g tube will last on average for two cold ysed was limited to ECi). Non labelled loperamide
sore episodes (five applications per day for 5 days). HCI was purchased from Sigma. The components of
This leads to an average amount applied of 20mg of gel and creams are describedbles 1 and Zespec-
product/cnd. For skin diseases involving larger body tively (the co-solvent mixture is proprietary but was
surface aregGurber and Davis (2002pview the field  kept constant and is therefore not a variable that needs

related to the dose applied with topical formulations. to be taken into consideration in these experiments).
They show that the amount applied vary from 0.7 to

4mglcnt. Interestingly for sunscreens where most 22 Methods
of the body is treated, the amount applied falls down
to 0.5mg/cm (Bech and Wulf, 1992; Azurdia et al., 2921 Formulations tested

1999. The gel and cream formulations are described in

Based on the physicochemistry of propylene gly- tapjes 1 and 2They were made firstly with the drug
col and predictions of its flux we hypothesised that

the flux of propylene glycol would be sufficient to
cause depletion of propylene glycol from typical
commercial vehicles applied at clinically relevant

Table 1
Gel composition

doses. Because of the relationship between the flux Formulation components % wiw
of both propylene glycol and the permeant we further | operamide Hcl 3
hypothesised that permeant flux would be dependent Propylene glycol 12
upon propylene glycol dose under conditions of finite Co-solvent £ 10
dose of propylene glycoBmith and Maibach (1995) ggzg:zgz: g 4112
in a review of penetration enhancers, have been con-g;. .. (thickener) 8

cerned that apparent effects of penetration enhancers
could be dependent upon their dose. However, little "%
is found in the literature on effect of dose of pen- ? Co-solvents 1, 2 and 3 mixture are proprietary. Co-solvents 1,
etration enhancers on permeant penetration despite? @nd 3 are non-volatile.

different guidelines advising that in vitro skin perme-
ation studies should be performed using the clinical
intended dosageSkelly et al., 1987; Howes et al.,

100

Table 2
Cream compositions

1996; Diembeck et al., 1999 Formulation components % wi/w
In this study, the permeation of propylene glycol Cream 15% PG Cream 40% PG
and of loperamide hydrochlprlde, a hydrophobic basic Loperamide HCI 25 5
model compound, was studied from gel and cream for- propylene glycol 15 40
mulations with the aim to identify the effect of propy- Co-solvent & 5 5
lene glycol dose on the loperamide permeation under gO'SO:Vemg 12 li
H i 0-solvent
clinically relevant conditions. Benzyl alcohol 1 1
Stearyl alcohol 5 5
Surfactants 2.2 2.2
2. Materials and method Thickener 0.8 0.8
Buffer system 4 4
2.1. Materials Water 49.5 22
Total 100 100

[**C]Loperamide HCI (NEN, Boston, MA), used as  "a co-solvents 1, 2 and 3 mixture are proprietary. Co-solvents 1,
received, had a radiochemical purity of 99.6% and a 2 and 3 are non-volatile.
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as the radioactive marker and then with propylene gly- (pH 4) control solution, 40Q.l of solution was ap-
col as the radioactive marker. Only radiolabelled drug plied with a pipette and the cell was then occluded.
was used (i.e. no spiking) during th¥'C]loperamide Samples were automatically collected in scintillation
cream and gel manufacture. vials at 2- or 4-h intervals for 24 h.

To understand further the steady state permeation of Eight millilitres of scintillation cocktail (Hi Phase
propylene glycol, a solution of 50/584C]propylene Supermix—EG&G Wallac, UK) was added to the
glycol/water (pH 4) [potassium hydrogen phthalate samples and samples were analysed with a Rack Beta
(Sigma) at 0.05 M in water] was prepared. 1209 scintillation counter (EG&G Wallac). For the

It is noteworthy that saturated solubility studies study with F4C]propylene glycol, recovery of propy-
were conducted for all the formulations and their lene glycol in donor and in skin was carried out at the
different phases, to ensure that sufficient loperamide end of the study. At 24 h, the donor compartments of
was added to the formulations to ensure that the drug the diffusion cells were washed with 400 of Tran-
was in suspension before the formulation was applied scutol (Gattefossé)—used for its intermediate polarity
onto the skin. Saturated solubility studies were con- between propylene glycol and the three co-solvents
ducted by adding loperamide to the solvent mixture used—followed by two washes of 490 of water
of interest in an eppendorf. After overnight mixing, and then wiped with tissue. The diffusion cells were
the sample was centrifuged for 5min at 10,000 rpm then dismounted and wiped again. The three washes
and the supernatant was analysed by High Pressureand the two wiping tissue samples were pooled and

Liquid Chromatography (HPLC). 8 ml of scintillant was added and the sample analysed.
The skin was then placed in a scintillation vial filled
2.2.2. Diffusion studies with 8 ml of water to extract the propylene glycol

All formulations were tested following the same present in the skin (propylene glycol being a small
protocol. Bronaugh type flow through diffusion cells molecule with high diffusing property as proved by
(Permegear—USA), having an available diffusion its flux profile, as well as miscible with water, skin
area of 0.64 crhand a receptor volume of 0.3 ml, were homogenisation was not required for its extraction).
employed Squier et al., 1997 In the two studies, the  After overnight extraction, 8 ml of scintillant was
same dermatomed-400uwm) human (back) cadaver added and the sample analysed.
skin (stored at-20°C after collection till used) from
one single donor (55-year-old—female) was used. 2.2.3. Skin permeation data analysis
Cut skin samples were placed in the diffusion cells.  Because of the log normal distribution of skin per-
The flow through system was then left to equilibrate meability as described byilliams et al. (1992)flux
for approximately 2 h prior to application. The recep- data were analysed by the method proposed by the
tor phase (phosphate buffer saline, pH 7.4, Sigma) same authors. Error bars plotted represent standard de-
was pumped at a rate of 1.5 ml/h, five or six replicates viation.
were used per formulation. Accurately weighed quan-
tities of gel or creams were applied to the surface of
the skin and spread by means of a small bent metal 3. Results
spatula. Because of practical reasons (small surface
area of the diffusion cell), it was considered unreason-  With the gel formulation, the effect of dose loading
able to load less than 10 mg/éniTherefore the dose  on the flux of both the drug and propylene glycol was
loading applications were of 10 or 40 mg/&nThe investigated. The flux profiles are presentedrig. 1
permeation at 40 mg/chrcompared with a 10 mg/ch For both permeants, the fluxes were roughly propor-
loading was used to estimate what would occur at the tional to the dose applied (about four-fold difference).
more clinically relevant permeation if the 10mg&m  For both permeants, the permeation did not reach a
loading was decreased to 2 mgfemassuming lin- steady state with a peak flux occurring earlier for the
earity across this whole range of dose loading. In propylene glycol than for the loperamide. The shape
these finite dose applications, the cells were left un- of the flux curves seems to indicate that there is deple-
occluded. For the 50/50YC]propylene glycol/water  tion of propylene glycol and possibly of the drug with
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Fig. 1. Flux of loperamide and propylene glycol from the gel formulation. Closed triadg)e loperamide at 10 mg/cfn Closed square
(H): PG at 10 mg/crh Opened triangle4): loperamide at 40 mg/cfn Opened square {): PG at 40 mg/crh

time. The mass balance of propylene glyctifle 3
confirms the depletion of propylene glycol while less
than 5% of the drug applied has permeated after 24 h.
The permeation of propylene glycol is about 400-fold
higher than the permeation of the drug.

The effect of propylene glycol content in the creams
on the flux of both permeants is presented-ig. 2

meating through the skin is proportional to the
amount of propylene glycol present in the formula-
tion as demonstrated by the line drawn big. 3
the three points corresponding to a 10 mgiciop-
ical application fit a line going through the origin.
The proportion of propylene glycol permeated is
about 30% if 10 mg/crh of topical is applied but

The fluxes of both permeants appeared to be propor-increases to 45% if the amount applied increases to

tional to the amount of propylene glycol present in
the two formulations. As for the gel, dynamic (i.e. a

40 mg/cnd.
In the controlled environment (infinit¢ occluded

steady state is not achieved) permeation is observedcondition) of the 50/50 propylene glycol/water solu-

as well as an earlier peak for propylene glycol com-
pared to the drug, and an apparent depletion of propy-
lene glycol with time. Depletion of propylene glycol
is confirmed by mass balancgaple 3 while less than
1% of the drug applied has permeated after 24 h.

If the same amount of cream or gel is applied
on the skin, the amount of propylene glycol per-

Table 3
Propylene glycol mass balance

tion (=at half its maximum saturation level), the flux
of propylene glycol reaches steady stdte( 4). The
mass balance of propylene glycol permeation is pre-
sented inTable 3 In the finite condition, the recovery
of propylene glycol is not total and high variation in
the donor compartment recovery is observed. On the
other hand, in the infinite- occluded condition, the

PG/water 50/50 12% PG gel 12% PG gel 15% PG cream  40% PG cream

infinite dose 10 mg/cnt 40 mg/cn? 10 mg/cnt 10 mg/ent

(8D) e =5) (S.D) @ =6) (S.D) @ =6) (S.D) @ =6) (8.D) e=5)
% dose in receptor 0.65 (0.35) 29.9 (8.5) 45.4 (5.4) 31.4 (5.2) 36.0 (15.4)
% dose in donor 95.9 (8.1) 27.4 (25.6) 30.6 (26.1) 4.2 (0.8) 14.3 (11.0)
% dose in skin 0.16 (0.03) 4.2 (1.1) 2.9 (0.4) 3.1 (0.6) 2.5 (1.1)
% dose in recepto# donor + skin 96.7 (8.5) 61.4 (35.1) 78.9 (31.9) 38.7 (6.6) 52.8 (27.6)
% missing 3.3 38.6 21.1 61.3 47.2
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Fig. 2. Flux of Loperamide and propylene glycol from the cream formulations. Closed triahyidaperamide in 15% PG cream. Closed
square W): PG in 15% PG cream. Opened triange){ loperamide in 40% PG cream. Opened squar: (PG in 40% PG cream.
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Fig. 3. Influence of the amount of topical applied on the percentage of propylene glycol permeated.

recovery was virtually 100% and only small variations files of both permeants suggest strongly that it is the
were observed. permeation of propylene glycol that drives the per-
meation of the drug. There are several indications
for that: earlier peak flux of propylene glycol com-
4. Discussion pared with the drug, depletion of propylene glycol
in donor but not of the drug, penetration enhance-
The penetration enhancement effect of propylene ment of the drug linked with propylene glycol dose
glycol on the drug has been demonstrated and pro- loading.
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Fig. 4. Flux of propylene glycol from a gel, a cream and an aqueous solution. Open €El&@/50 PG/water—infinite dose. Closed
triangle (A): 12% PG gel at 40 mg/ctn Star ¥): 40% PG cream at 10 mg/ém

Beyond this permeation enhancement phenomenon,detection, the peak of the solvent in which the analyte
the comparison of flux magnitudes and flux profiles was dissolved comes before the peak of the analyte,
observed between propylene glycol and loperamide and this is similar to the observation in this skin per-
are of interest. First, there is a two to three order of meation experiment. A large molecule is more likely
magnitude difference in flux in between these two per- to be “delayed” compared to a smaller one because
meants. That is no real surprise as there is a large of specific binding or interactions with the different
difference in the size of propylene glycol and lop- elements of the stratum corneum.
eramide, molecular weight 76 and 477, respectively, The study of the results of the mass balance of
and lipophilicity and solubility characteristics. Empir-  propylene glycol fits well with the findings of sai
ical equations Rotts and Guy, 1992; Roberts et al., et al. (1992)who studied the evaporation of propy-
1995; Pugh et al., 1996; Roberts et al., 1pBésed lene glycol from propylene glycol/ethanol/water mix-
on physiochemical determinants predicting the perme- tures. They showed that with a semi-finite loading
ability coefficient and therefore the flux of molecules dose, propylene glycol did evaporate. As well, they
through skin often take into account the molecular observed that the smaller the loading dose, the higher
weight, which is inversely related to permeability co- was the degree of evaporation. The results in our study
efficient. suggest the same outcomes as not all the propylene

Secondly, the permeation profiles of the two mole- glycol is recovered from doner skin+ receptor. Ad-
cules are different, propylene glycol crosses the skin ditionally, with the high loading dose of 40 mg/ém
barrier more quickly than loperamide, shown by the only 25% of propylene glycol evaporated while for
earlier peak of propylene glycol. It is interesting to the lower dose of 10 mg/clmore propylene glycol
make the analogy between a skin permeation experi- has: 39, 47 and 61%. This higher evaporation corre-
ment and HPLC as a similar phenomenon occurs. If lates with the amount permeated as showfim 3.
the stratum corneum for skin permeation is compared The high variability in the recovery of the donor is
to a reversed phase silica column for HPLC, the time likely to be due to a practical issue as some gel/cream
required for a molecule to cross the stratum corneum will not be applied to the surface of the skin but on
matrix can be associated with the retention time ob- the internal side of the donor chamber (difficulty in
served for a molecule diffusing through the column applying small dose on small surface area). This issue
silica matrix. In HPLC, with Ultra Violet analytical is likely to be minimised in permeation studies using
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cells of larger surface area: diffusion cell design can
be key to get better in vitro skin permeation studies at
finite dose.

The effect of propylene glycol loading dose in these
in vitro studies confirms the overestimation error sug-
gested bySmith and Maibach (1995f the in vitro
study is not conducted with a clinically relevant dose.
This emphasises the significance of formulation ex-
cipients in the optimisation of topical formulations.
Perhaps more importantly, it is of significance in the
experimental design of in vitro permeation studies.
Those studies in which the dose applied is signifi-
cantly superior to the clinical one can give erroneous
and therefore misleading results.

It would be interesting to conduct further studies
on other topical formulations with other penetration
enhancers of the solvent type like propylene glycol to
confirm these findings.

References

Azurdia, R.M., Pagliaro, J.A., Diffey, B.L., Rhodes, L.E., 1999.

Sunscreen application by photosensitive patients is inadequate

for protection. Br. J. Dermatol. 140, 255-258.

Bech, T.N., Wulf, H.C., 1992. Sunbathers’ application of sunscreen
is probably inadequate to obtain the sun protection factor
assigned to the preparation. Photodermatol. Photoimmunol.
Photomed. 9, 242-244.

Bendras, B., Neubert, R., Wohlrab, W., 1995. Propylene glycol. In:
Smith, E.W., Maibach, H.l. (Eds.), Percutaneous Penetration
Enhancers. CRC Press, Boca Raton, pp. 61-75.

Diembeck, W., Beck, H., Benech, K.F., Courtellemont, P.,

219

Mollgaard, B., Hoelgaard, A., 1983. Vehicle effect on topical drug
delivery. Il. Concurrent skin transport of drugs and vehicle
components. Acta Pharm. Suec. 20, 443-450.

Polano, M.K., Ponec, M., 1976. Dependence of corticosteroid
penetration on the vehicle. Arch. Dermatol. 112, 675-680.
Potts, R.O., Guy, R.H., 1992. Predicting skin permeability. Pharm.

Res. 9, 663-669.

Pugh, W.J., Roberts, M.S., Hadgraft, J., 1996. Epidermal
permeability—penetrant structure relationships. 3. The effect of
hydrogen bonding interactions and molecular size on diffusion
across the stratum corneum. Int. J. Pharm. 138, 149-165.

Roberts, M.S., Pugh, W.J., Hadgraft, J., Watkinson, A.C., 1995.
Epidermal permeability—penetrant structure relationships. 1.
An analysis of methods of predicting penetration of mono-
functional solutes from aqueous solutions. Int. J. Pharm. 126,
219-233.

Roberts, M.S., Pugh, W.J., Hadgraft, J., 1996. Epidermal
permeability: penetrant structure relationships. 2. The effect of
H-bonding groups in penetrants on their diffusion through the
stratum corneum. Int. J. Pharm. 132, 23-32.

Skelly, J.P., Shah, V.P., Maibach, H.l., 1987. FDA and AAPS
report of the workshop on principles and practices of in vitro
percutaneous penetration studies: relevance to bioavailability
and bioequivalence. Pharm. Res. 4, 265-267.

Smith, E.W., Maibach, H.l.,, 1995. Future perspectives for
penetration enhancers. In: Smith, E.W., Maibach, H.l. (Eds.),
Percutaneous Penetration Enhancers. CRC Press, Boca Raton,
pp. 481-484.

Squier, C.A., Kremer, M., Wertz, P.W., 1997. Continuous flow
mucosal cells for measuring the in vitro permeability of small
tissue samples. J. Pharm. Sci. 86, 82-84.

Squillante, E., Needham, T., Maniar, A., Kislalioglu, S., Zia, H.,
1998. Codiffusion of propylene glycol and dimethyl isosorbide
in hairless mouse skin. Eur. J. Pharm. Biopharm. 46, 265-271.

Surber, C., Davis, A.F., 2002. Bioavailability and bioequivalence.
In: Walters, K.A. (Ed.), Dermatological and Transdermal
Formulations. Marcel Dekker, New York, Basel, pp. 401-498.

Dupuis, J., Paye, M., Spengler, J., Steiling, W., 1999. Test Tsai, J.C., Cappel, M.J., Flynn, G.L., Weiner, N.D., Kreuter, J.,

guidelines for in vitro assessment of dermal absorption and

percutaneous penetration of cosmetic ingredients. European

Cosmetic, Toiletry and Perfumery Association. Food Chem.
Toxicol. 37, 191-205.

Howes, D., Guy, R., Hadgraft, J., Heylings, J., Hoeck, U., Kemper,
F., Maibach, H., Marty, J.P., Merk, H., Parra, J., Rekkas,

Ferry, J.J., 1992. Drug and vehicle deposition from topical
applications: use of in vitro mass balance technique with
minoxidil solutions. J. Pharm. Sci. 81, 736-743.

Williams, A.C., Cornwell, P.A., Barry, B.W., 1992. On the non-

Gaussian distribution of human skin permeabilities. Int. J.
Pharm. 86, 69-77.

D., Rondelli, I., Schaefer, H., Tauber, U., Verbiese, N., 1996. Wotton, P.K., Mollgaard, B., Hadgraft, J., Hoelgaard, A., 1985.

Methods for assessing percutaneous absorption—the report and

recommendations of ECVAM workshop 13. ATLA 24, 81—
106.

Vehicle effect on topical drug delivery. Ill. Effect of azone
on the cutaneous permeation of metronidazole and propylene
glycol. Int. J. Pharm. 24, 19-26.



	Effect of finite doses of propylene glycol on enhancement of in vitro percutaneous permeation of loperamide hydrochloride
	Introduction
	Materials and method
	Materials
	Methods
	Formulations tested
	Diffusion studies
	Skin permeation data analysis


	Results
	Discussion
	References


