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ABSTRACT In vitro experiments to investigate possible stereoselective aspects of
the topical administration of ibuprofen have been conducted. Incubation of ibuprofen
with rat skin homogenates in the presence of coenzyme A, ATP, and magnesium pro-
vided no evidence for the formation of ibuprofenyl coenzyme A (the initial intermediate
in the metabolic inversion of [R]- to [S]-ibuprofen). Similar incubation studies gave no
indication of a change in the enantiomeric ratios of ibuprofen over the time course of the
experiments. Percutaneous penetration studies of ibuprofen gel through porcine skin
indicated that the ibuprofen enantiomer levels in the reservoir solutions were consistent
with racemic ibuprofen having traversed the skin with no metabolic inversion. These
results suggest that, in the models studied, skin metabolism does not result in the chiral
inversion of (R)- to (S)-ibuprofen and that the topical administration of ibuprofen will
result in the delivery of 50% ‘‘isomeric ballast.’’ Chirality 9:313–316, 1997.
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Ibuprofen, a nonsteroidal antiinflammatory drug
(NSAID), contains an asymmetric centre and thus exists as
a pair of enantiomers. Ibuprofen is present in formulated
drug products as the racemate. In vivo experiments involv-
ing oral administration indicated that the two enantiomers
were almost equipotent in terms of antiinflammatory activ-
ity. However, in vitro experiments have shown that the
(S)-enantiomer is the active isomer.1 Following oral admin-
istration of the racemate or the (R)-isomer, extensive uni-
directional chiral inversion of (R)-ibuprofen to (S)-
ibuprofen occurs. The enantiomeric ratios of urinary me-
tabolites of ibuprofen following oral administration of
the racemate or the (R)-isomer are approximately 75/25
(S/R).2 Recent studies indicate that the bioinversion of
R-ibuprofen administered orally is mainly systemic3

(Fig. 1).
The unidirectional chiral inversion of (R)-ibuprofen oc-

curs via initial formation of (R)-ibuprofenyl coenzyme A
(CoA) thioester. This thioester formation is controlled by a
CoA thioester synthetase which is stereospecific for the
(R)-isomer of ibuprofen. Once formed, this thioester is
acted upon by an isomerase and subsequently a hydrolase
to produce the (S)-isomer of ibuprofen.4 (R)-Ibuprofenyl
CoA thioester synthetase does not act on (S)-ibuprofen, but
(S)-ibuprofenyl CoA thioester prepared synthetically is
converted to (R)-ibuprofen via the isomerase and the hy-
drolase.5,6

Topical formulations containing ibuprofen as the race-
mate are promoted for their fast relief of the symptoms of
rheumatic and muscular pain, backache, strains, lumbago,
and fibrositis. The use of topical NSAIDs is widespread for
the relief of pain, and it has been reported that application
is sometimes continued over long periods, up to 6 months.7
Ibuprofen (and other NSAIDs), administered topically as a

cream, gel, or spray, quickly penetrates the skin at the site
of application and reaches effective concentrations in sub-
cutis, fascias, tendons, ligaments, and muscles. Following
topical application of ibuprofen, plasma concentrations are
low and thus the incidence of systemic side effects is low;
however, local skin irritation is observed (1–2%).8,9

A number of reports have detailed the in vitro metabo-
lism of drugs during percutaneous absorption in skin
samples from various species. Martin et al.10 have re-
viewed aspects of the skin metabolism of topically applied
compounds and describe both phase 1 (functionalisation)
and phase 2 (conjugation) biotransformations. Ester hydro-
lysis has been reported by a number of groups, including
Tojo et al.,11 who described the hydrolysis of prednisolone
farnesylate. Ademola et al.12 have described the metabo-
lism of propranolol during percutaneous absorption in hu-
man skin, and Ahmed et al.13 have recently described the
highly stereoselective hydrolysis of propranolol esters by
skin homogenates. The urinary metabolites of ibuprofen
following topical administration are structurally the same
as those observed following oral administration14; how-
ever, the metabolic fate of ibuprofen during percutaneous
absorption does not appear to have been reported. Infor-
mation concerning the possible inversion of (R)-ibuprofen
during percutaneous absorption is not available. The pre-
sent article reports preliminary in vitro studies relating to
the metabolism of ibuprofen and, more specifically, the
possible metabolic inversion of (R)-ibuprofen during per-
cutaneous absorption.
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MATERIALS AND METHODS
(R)-ibuprofen, (S)-ibuprofen, and racemic ibuprofen

were generously donated by The Boots Co. (Nottingham,
England) Ibuleve gel (5%, ibuprofen) was purchased from
AAH Pharmaceuticals (Belfast, Northern Ireland) Coen-
zyme A, ATP, flurbiprofen, and N,N-dimethyloctylamine
were purchased from Sigma (Poole, England). Ibuprofenyl-
CoA was synthesised according to the method of Chen et
al.15 All other reagents were reagent grade and solvents
high-performance liquid chromatography (HPLC) grade.

Flurbiprofen internal standard solution (1 µg/µl) was
prepared in 0.01 M phosphate buffer (pH 7.0)/methanol
(2/1).

Water used for the preparation of solutions and mobile
phases was deionised water passed through a Millipore
(Bedford, MA) Milli-Q system.

Male albino rats (Charles River, Wilmington, MA; CDI
strain) were supplied by Laboratory Services, Medical Bi-
ology Centre, The Queen’s University of Belfast.

Franz diffusion cells consisted of flat flange glass cels, 15
mm orifice diameter, mounted on a six-cell drive console
providing synchronous stirring at 60 rpm (Crown Glass
Co., Somerville, NJ).

Neonatal porcine skin from stillborn piglets was ob-
tained from Greenmount Agricultural College, Faculty of
Agriculture, Queen’s University of Belfast. Full thickness
skin was dissected from the abdomen of the piglets. Ex-
cised skin was pinned to a cork board, inner side out, and
any subcutaneous fat carefully removed by dissection. The
skin was cut into pieces of a suitable size for mounting in
the diffusion cell. Prepared skin samples were frozen at
−18°C until required.

HPLC System 1 (Identification of Ibuprofenyl-CoA)
The system consisted of an LKB (Bromma, Sweden)

pump model 2150 connected to a Rheodyne 7125 loop in-
jector fitted with a 20 µl loop and an Ultrasphere ODS
column (250 × 4 mm, 5 µm). Detection was by means of an
LKB variable wavelength UV detector set at 254 nm and
connected to a chart recorder. The mobile phase consisted
of 0.01 M phosphate buffer (pH 6)/acetonitrile (66/34)

which was filtered through a 0.48 µm filter to degas prior to
use. The flow rate was 1.0 ml/min, and chromatography
was carried out at ambient temperature.

HPLC System 2 (Analysis of Rat Skin Homogenates)
The system consisted of a Beckman (Fullerton, CA)

model 110A pump connected to a Waters (Rochester, MN)
712 WISP autoinjector and a Chiral AGP column (100 × 4
mm, 5 µm). Detection was by means of a Shimadzu (Dyson
Insts Ltd., Hetton, England) SPD-6A variable wavelength
UV detector set at 254 nm, connected to a Hewlett-Packard
(Palo Alto, CA) 3390A recording integrator. The mobile
phase was 0.001 M dimethyloctylamine in 0.01 M phos-
phate buffer (pH 7.0) which was filtered through a 0.48 µm
filter to degas prior to use. The flow rate was 0.9 ml/min,
and chromatography was carried out at ambient tempera-
ture.

HPLC System 3 (Analysis of Percutaneous Absorption
Reservoir Solutions)

The system consisted of a Shimadzu model LC-6A pump
connected to a Rheodyne 7125 loop injector fitted with a 20
µl loop and a Chiral AGP column (100 × 4 mm, 5 µm).
Detection was by means of a Shimadzu SPD-6A variable
wavelength UV detector set at 227 nm and connected to a
chart recorder. The mobile phase was 1.2 mM dimethyloc-
tylamine and 2-propanol (1.2%) in 0.02 M phosphate buffer
(pH 5.5) which was filtered through a 0.48 µm filter to
degas prior to use. The flow rate was 1.0 ml/min, and
chromatography was carried out at ambient temperature.

Preparation of Rat Skin Homogenates
Male albino rats (Charles River CDI strain) weighing

between 250 and 300 g were used in the experiments. Rats
were fasted for 18–24 h prior to use, but water was allowed
ad libitum. Animals were killed by exposure to anaesthetic
ether. Abdominal hair was removed using electric trim-
mers, and sections of skin measuring approximately 3 cm2

were excised. Fat and connective tissue was removed prior
to homogenisation. The rat skin was blotted dry, weighed,
cut into small pieces, and placed into a homogenising tube

Fig. 1. Metabolic inversion of ibuprofen.
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with an appropriate volume of ice-cold KBR buffer (Krebs
bicarbonate Ringer solution with 2% glucose) to produce a
20% (w/v) suspension. Homogenisation was carried out
using an MSE (Gallenkamp, Leicester, England) bench top
homogeniser, which was cooled using an ice/salt mixture.
The cellular debris was separated by centrifugation at 8900
g at 4°C for 15 min. The supernatant was then transferred
to glass tubes and used immediately or frozen at −20°C
until required.

HPLC Analysis 1 (Qualitative Investigation of the
Presence of Ibuprofenyl-CoA in Rat Skin Homogenates)

Samples from the synthetic preparation of ibuprofenyl-
CoA were analysed by achiral HPLC according to the
method of Tracy and Hall.6 The presence of ibuprofenyl-
CoA was confirmed from the retention time of 5.7 min,
whilst ibuprofen had a retention time of 3.6 min. The pres-
ence or absence of ibuprofenyl-CoA in the rat skin homog-
enates was based on such analyses, although the detection
limits for this compound were not determined.

HPLC Analysis 2 (Ibuprofen Enantiomer Levels in Rat
Skin Homogenate Studies)

Standard solutions were prepared in tissue homogenate
solution that had been inactivated by heating in a water
bath at 90°C for 10 min. To each 1 ml portion of this
solution was added 1 ml of a solution containing 1 mg CoA,
10 mg ATP-Na, 50 µmol MgSO4, and various amounts of
racemic ibuprofen in KBR buffer. To these solutions was
added 5 µl of the internal standard solution and HCl (3 M,
0.5 ml). This mixture was extracted with toluene (5 ml) by
vortex mixing for 10 min. Phases were separated by cen-
trifugation at 2300 g for 10 min. The organic phase was
transferred to a fresh tube and evaporated to dryness un-
der nitrogen using a water bath at 35°C. The residue was
reconstituted in 1 ml of the HPLC mobile phase 1 and the
samples analysed using HPLC system 2.

Calibration curves for (R)- and (S)-ibuprofen in the range
25–100 µg/ml were constructed using peak area ratios with
duplicate injections at each concentration. Typical calibra-
tion curves are detailed below.

(R)-ibuprofen y = 0.0048x + 0.405 r2 = 0.996
(S)-ibuprofen y = 0.0052x − 0.003 r2 = 0.998

HPLC Analysis 3 (Percutaneous Absorption Studies)
Standard solutions of racemic ibuprofen were prepared

in phosphate-buffered saline (pH 7.4). Chiral HPLC utilis-
ing HPLC system 3 was carried out, and calibration curves
for (R)- and (S)-ibuprofen in the range 0.047–0.476 mg/ml

were constructed using peak heights with duplicate injec-
tions at each concentration. Typical calibration curves are
detailed below.

(R)-ibuprofen y = 92.005x × 2.089 r2 = 0.979
(S)-ibuprofen y = 55.932x + 1.555 r2 = 0.970

Rat Skin Homogenate Incubation Samples
To 1 ml of the skin homogenate solution was added 1 ml

of a solution containing 1 mg CoA, 10 mg ATP-Na, 50 µmol
MgSO4, and 200 µg racemic ibuprofen in KBR buffer.
These solutions were incubated at 37°C in a water bath for
various time periods (1, 2, and 4 h). On completion of the
incubation, 5 µl of the internal standard solution was
added. The mixture was transferred to a 10 ml borosilicate
glass tube, where 3 M HCl (0.5 ml) was added and the
mixture extracted with toluene (5 ml) by vortex mixing for
10 min. Phases were separated by centrifugation at 2300 g
for 10 min. The organic phase was transferred to a fresh
tube and evaporated to dryness under nitrogen using a
water bath at 35°C. The residue was reconstituted in 1 ml
of the HPLC mobile phase and the samples analysed using
HPLC system 2. Control experiments utilising inactivated
homogenate solution were also undertaken. Sample con-
centrations were determined using the calibration curves
detailed above. The results are presented in Table 1.

In Vitro Percutaneous Penetration Studies
For this work, a Franz diffusion cell apparatus was used

to investigate penetration of racemic ibuprofen from ibu-
profen gel through porcine skin. The Franz cell reservoir
(volume 11.9 cm2) was filled with phosphate-buffered sa-
line (pH 7.4) maintained at 37°C. Porcine skin was
mounted between the two halves of the diffusion cell. The
effective area of the cell was 1.767 cm2. Ibuleve gel (1 g)
was placed in the donor compartment with no covering,
and experiments were run for 2 and 20 h. Each experiment
was carried out in duplicate. A control experiment was also
conducted in which the cell was set up as described above
but no gel applied. Samples were analysed by chiral HPLC
(system 3), and the results are presented in Table 2.

RESULTS AND DISCUSSION
Ibuprofenyl-CoA was synthesised according to the

method of Chen et al.15 On completion of the synthetic
method, isolation of solid ibuprofenyl-CoA was not pos-
sible; however, achiral HPLC (HPLC system 1) analysis,
according to the method of Tracy and Hall,6 clearly indi-
cated the presence of the thioester. Incubation studies of
solutions containing CoA, ATP, MgSO4, and racemic ibu-

TABLE 1. Amounts of ibuprofen enantiomers determined following incubation of 200 µg racemic ibuprofen with rat
epidermal homogenates

Rat

1 h Incubation 2 h Incubation 4 h Incubation

R-Ibuprofen (µg) S-Ibuprofen (µg) R-Ibuprofen (µg) S-Ibuprofen (µg) R-Ibuprofen (µg) S-Ibuprofen (µg)

1 95.31 92.88 80.94 90.19 65.52 77.31
2 101.35 92.88 90.73 80.38 80.94 71.35
3 99.69 91.92 86.56 84.42 69.48 76.15
4 90.10 83.27 86.98 73.27 76.35 70.96
5 96.15 84.42 84.69 77.69 86.77 71.35
Mean 96.52 89.08 85.98 81.19 75.81 73.42

Control 100.94 95.19 109.48 98.85 97.81 89.23
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profen in KBR buffer in the presence of rat skin homog-
enates were conducted at 37°C for 4 h. Analysis of these
solutions by achiral HPLC provided no information on ibu-
profen levels due to interference from endogenous sub-
stances. However, in none of the experiments was any
trace of ibuprofenyl-CoA detected.

Incubation studies at 37°C for 1, 2, and 4 h and involving
determination of (R)-and (S)-ibuprofen by chiral HPLC
were conducted. Results using both freshly prepared and
frozen homogenates indicated no significant differences.
The results obtained from these studies (Table 1) indicated
that there was a reduction in the levels of both enantiomers
over the 4 h duration of the experiments. Statistical analy-
sis (analysis of variance) of the results indicated that there
was no sigificant difference in the ibuprofen enantiomer
ratios over the time course of these experiments. These
results are consistent with earlier studies in which (R)-
ibuprofen was incubated with rat skin homogenates for
periods of 1, 2, and 4 h.16 In this work, the levels of (R)-
ibuprofen decreased over the time period of the experi-
ment, yet no concomitant increase in (S)-ibuprofen levels
was observed. These results suggest that in these in vitro
experiments no stereoselective metabolism of (R)- to (S)-
ibuprofen was occurring.

In vitro percutaneous penetration studies were carried
out using porcine skin. Experiments were carried out for
either 2 or 20 h and with or without agitation (in the agi-
tation experiments, the gel samples applied to the skin
were gently agitated with a glass rod to mimic the recom-
mended massaging of ibuprofen gel when applied to hu-
man patients; no visible perforation of the porcine skin
occurred during the agitation). Following completion of
the experiment, the reservoir solutions were subjected to
chiral HPLC analysis to determine the levels of the two
enantiomers. From the limited results presented in Table
2, it would appear, firstly, that, as expected, the longer the
gel is in contact with the skin, the more ibuprofen pen-
etrates the skin; secondly, that the effect of the agitation
was minimal in the 2 h experiments, although it substan-
tially increased penetration of ibuprofen in the 20 h experi-
ments; and thirdly, that the enantiomer ratio of ibuprofen
in all of the reservoir samples was indicative of racemic
ibuprofen (these ratios were not significantly different from
that of the gel [49.90/50.10, R/S] measured by chiral
HPLC).

These results suggest that, in the models studied, there
is no evidence for the metabolic inversion of (R)- to (S)-
ibuprofen. As stated above, this inversion occurs via the

formation of (R)-ibuprofenyl-CoA, though it has been pro-
posed that (R)-ibuprofenyl-adenylate might be the first
formed intermediate.17 Incubation of racemic ibuprofen
with rat skin homogenates produced no evidence of the
formation of (R)-ibuprofenyl-CoA. These studies also
showed that there was no change in the ibuprofen enan-
tiomer ratio during the time course of the experiments.
The percutaneous penetration studies indicated that the
ibuprofen enantiomer levels in the reservoir solutions were
consistent with racemic ibuprofen having traversed the
skin with no metabolic inversion.

If the in vitro data presented above are representative of
the in vivo situation, topical administration of ibuprofen will
result in the delivery of racemic ibuprofen to the tissues
directly below the site of application and 50% of the deliv-
ered dose will be inactive. These data, therefore, suggest
that it may be appropriate to investigate formulations in-
tended for topical administration that contain only the
therapeutically active (S)-ibuprofen.
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TABLE 2. Amounts of ibuprofen enantiomers determined
in reservoir following application of 1 g ibuprofen gel (5%)

to porcine skin in a Franz cell

Time

(R)-Ibuprofen
(control)

(mg)

(S)-Ibuprofen
(control)

(mg)

(R)-
Ibuprofen

(mga)

(S)-
Ibuprofen

(mga)

2 0 0 0.409 0.410
2b 0 0 0.392 0.370

20 0 0 1.030 1.120
20b 0 0 3.010 3.340

aMean of two experiments.
bWith gentle agitation.
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