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Purpose: The therapeutic effect of topical nonsteroidal anti-inflammatory drugs (NSAIDs) 
depends on the drug’s ability to penetrate and permeate the skin and subsequently inhibit 
cyclo-oxygenase (COX) isoforms responsible for pain and inflammation. Most commercially 
available topical NSAID formulations are clinically effective, but direct comparisons of anti- 
inflammatory activity including both skin absorption and inhibitory potency are lacking. This 
study examined the skin absorption of representative commercially available topical diclo-
fenac- and ibuprofen-based formulations along with published potency values to determine 
formulations with superior anti-inflammatory activity.
Materials and Methods: Cumulative absorption and flux profiles of 12 commercially 
available topical NSAIDs (6 diclofenac-based and 6 ibuprofen-based) were evaluated 
in vitro using human skin in static Franz diffusion cells. Each formulation was applied as 
a single dose. In vitro permeation parameters and published COX-2 inhibition values were 
used to calculate a modified index of topical anti-inflammatory activity (mITAA).
Results: All diclofenac and ibuprofen formulations permeated human skin in vitro. The rate and 
degree of absorption differed between diclofenac and ibuprofen formulations and between for-
mulations of the same drug. NSAID concentration within a product was not solely responsible for 
the permeation flux or degree of absorption. Ibuprofen formulations permeated the skin more 
rapidly and to a greater degree than diclofenac, but calculated mITAAs were higher for diclofenac.
Conclusion: Diclofenac exhibited superior anti-inflammatory activity as measured by the 
index. Differences beyond drug concentration, including excipients, drug salt form, and 
dosage form, contribute to differences in absorption and thus in anti-inflammatory activity. 
Both absorption and COX-2 inhibition potency are important for anti-inflammatory activity, 
but their priority depends upon the products being compared—with the same NSAID, 
absorption determines superiority; with different NSAIDs, superiority is determined by the 
balance between absorption and COX-2 potency. These findings should be considered when 
selecting a topical NSAID for treating patient pain and inflammation.
Keywords: cutaneous, NSAID, in vitro study, COX-2 inhibition, index of topical anti- 
inflammatory activity, ITAA

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are often prescribed to manage 
acute and chronic pain in patients suffering from various musculoskeletal disorders, 

Correspondence: Julie Pradal  
GSK Consumer Healthcare S.A., Route 
De l’Etraz 2, Nyon 1260, Switzerland  
Tel +41 22 567 26 72  
Email julie.x.pradal@gsk.com

submit your manuscript | www.dovepress.com Journal of Pain Research 2020:13 2805–2814                                                                2805

http://doi.org/10.2147/JPR.S262390 

DovePress © 2020 Pradal. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research                                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

Jo
ur

na
l o

f P
ai

n 
R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:julie.x.pradal@gsk.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


including osteoarthritis, rheumatoid arthritis, and trauma- 
related conditions such as sprains.1

Common NSAIDs include ibuprofen, diclofenac, and 
acetylsalicylic acid (aspirin). These drugs exert pain relief 
and reduce inflammation through inhibition of the cycloox-
ygenase (COX) isoforms COX-2, an inducible isoform of 
the enzyme that is typically upregulated in inflamed tissue, 
and COX-1, a constitutively expressed isoform that is gen-
erally more widely distributed.2 NSAIDs, such as ibuprofen 
and diclofenac, have different relative selectivity for COX-1 
or COX-2, with diclofenac being a more selective inhibitor 
for COX-2 compared to COX-1, while ibuprofen inhibits 
both COX isoforms similarly.3 The clinical effectiveness of 
topical ibuprofen and diclofenac for the management of 
acute (eg, sprains/strains) and chronic pain has been pre-
viously demonstrated.4,5

Oral and intravenous NSAIDs are associated with risks 
for systemic adverse events including gastrointestinal, car-
diovascular, and renal events;6–8 therefore, topical NSAIDs 
are often used as effective alternatives with a decreased risk 
of systemic adverse events.9–11 In addition to pharmacolo-
gical potency against COX isoforms, drug absorption into 
the skin is a critical attribute for topical NSAIDs.12–15 These 
drugs must penetrate the stratum corneum and permeate 
through the epidermis and dermis to reach the site of inflam-
mation and pain in sufficient amounts to exert a clinical 
effect. Penetration and permeation can be affected by numer-
ous factors, including application site, formulation chemis-
try, and drug properties.14,16,17

While the clinical efficacy and in vitro skin permeabil-
ity of certain topical NSAIDs have been evaluated pre-
viously, there have been no head-to-head comparisons of 
permeability and potency across multiple commercially 
available formulations using the same testing protocols. 
Because differences in efficacy (including intensity and 
durability of effect) and adverse reactions have been 
demonstrated with the use of different topically applied 
NSAIDs, it is important to understand the parameters and 
sources of potential differences when choosing an appro-
priate topical formulation for treating patient pain.

In this study, 12 commercially available topical NSAID 
products (6 ibuprofen-based and 6 diclofenac-based) were 
evaluated using in vitro human skin permeation assays. 
These assays were designed to determine the amount of 
drug reaching the first stratum of the dermis (400 μm 
dermatomed skin). The penetration of the drug, meaning 
the amount of drug released by the formulation going 

through the first layer of the skin (ie, the stratum cor-
neum), has not been quantified.

Each formulation was applied at a dose intended to mimic 
recommended “in-use” conditions.18 These data were com-
bined with previously published COX-2 inhibition potency 
values for diclofenac and ibuprofen to determine a modified 
index of topical anti-inflammatory activity (mITAA). The 
mITAA was based on the previously described ITAA,13 an 
index value that accounts for the biopharmaceutic and phar-
macodynamic properties of a topical NSAID in order to 
estimate its intrinsic efficacy (ie, anti-inflammatory activity) 
and allow comparisons with other NSAIDs. To the author’s 
knowledge, this is the first direct comparison of diclofenac- 
and ibuprofen-containing commercially available topical for-
mulations using this method.

Materials and Methods
Materials
Twelve commercially available topical NSAID products 
were used for this study (qualitative formulation composi-
tions are summarized in Table 1). The 6 diclofenac-based 
products are hereafter termed Diclo-1 to Diclo-6, and the 6 
ibuprofen-based products are termed Ibu-1 to Ibu-6.

In vitro Skin Permeation
Human Skin
Skin was obtained from the abdominal region of 6 patients 
during plastic surgery (patients provided informed written 
consent). Approval from 2 ethical committees was obtained 
(Lothian Research Ethics Committee, Edinburgh, UK (06/ 
S1101/19), and West of Scotland Research Ethics Services, 
Glasgow, UK (08/S0704/30)). After collection, skin sam-
ples were frozen at −20°C until use. On the day of the 
experiment, skin preparations were thawed and derma-
tomed to ~400 µm thickness, starting from the stratum 
corneum. The barrier integrity of the skin samples was 
tested using an internal procedure. All samples that were 
used in this study exhibited an electrical resistance >10.9 
kΩ and <35 kΩ according to the acceptance criteria for the 
procedure.

Sample Size
Split-thickness abdominal skin samples were provided by 
6 human skin donors. Each formulation was applied to 2 
replicate skin samples from each donor; therefore, 12 total 
skin samples were tested per formulation. The sample size 
was chosen to provide acceptable confidence in the esti-
mation of the geometric mean ratios (ie, 95% confidence 
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interval [CI] of −30%/+43% around the geometric mean 
ratio assuming a within-donor standard deviation of 0.40 
on the log scale, based on previous internal data [data on 
file, not shown]).

In vitro Skin Permeation Procedure
Static Franz diffusion cells (PermeGear, Hellertown, PA, 
USA) with an exposed skin area of 0.64 cm2 and 
a receptor chamber volume of ~5 mL were used to assess 
skin permeation in vitro. Phosphate buffered saline (PBS) 
containing bovine serum albumin (BSA) 5% (w/v) was 
used as the receptor fluid. These receptor fluid components 
were chosen to ensure drug solubility and avoid drug 
saturation in the receptor fluid. Based upon assessments 
during method validation, the solubility in receptor fluid 
was 5.15 mg/mL for diclofenac and 575 μg/mL for ibu-
profen. The permeability study was performed under sink 
conditions for both drugs.

Skin samples were mounted between the donor and 
receptor chambers, the cells were positioned in 
a manifold heated to maintain a skin surface temperature 
of 32 ± 1°C, and receptor fluids were mixed using 
a magnetic stirrer flea. An electrical resistance barrier 
integrity assessment was performed, and skin samples 
not meeting acceptance criteria (electrical resistance 
>10.9 kΩ and <35 kΩ) were excluded.

To mimic the application of a single recommended 
dose (“in-use” conditions) and allow a fair comparison 
between products, the formulations were applied on the 
stratum corneum surface of excised human abdominal 
split-thickness skin at a single finite dose of 10 mg/cm2 

for the tested products.19 Receptor fluid samples (300 µL) 
were collected at 0 (pre-dose), 2, 4, 8, 16, and 24h. The 
removed receptor fluid volume (300 µL) was replenished 
with fresh receptor fluid solution after each withdrawal.

All experimental studies were performed by Charles 
River Laboratories (Edinburgh, UK). Validated analytical 
methods were used to analyze receptor fluid samples by 
liquid chromatography-tandem mass spectrometry (LC- 
MS/MS). Chromatographic separation for both drugs was 
done on a Poroshell EC-C18 column (50 mm × 2.1 mm, 
2.7 μm spherical particles).

For diclofenac, the mobile phase consisted of a mixture 
of methanol/formic acid (100/0.5, v/v, A) and water/formic 
acid (100/0.5, v/v, B) using a gradient elution. The solvent 
flow rate was 500 µL/min. The determination of diclofe-
nac in 5% BSA in PBS was validated over the range 1.00 
to 10,000 ng/mL. The lower limit of quantification was 1 

ng/mL. Assay accuracy and precision were ±20% and 
≤20%, respectively.

For ibuprofen, the mobile phase consisted of a mixture 
of acetonitrile/ammonia (100/0.2, v/v, A) and water/ 
ammonia (100/0.2, v/v, B) using a gradient elution. The 
solvent flow rate was 600 µL/min. The determination of 
ibuprofen in 5% BSA in PBS was validated over the range 
5.00 to 5000 ng/mL. The lower limit of quantification was 
5 ng/mL. Assay accuracy and precision were ±15% and 
≤15%, respectively.

For both drugs, indomethacin (2.50 μg/mL) was used 
as an internal standard. The injection volume was 10 µL, 
and the column temperature was 60°C.

Data Analysis
Cumulative absorption (CA) of diclofenac and ibuprofen 
was determined at each time point (2, 4, 8, 16, and 24h) as 
follows:

CAt ¼
Ct � Vð Þ þ∑t� 1

i¼0 Qi

S 

where CAt = cumulative absorption at time t in ng/cm2, Ct 

= concentration of drug in the receptor fluid aliquot at time 
t, V = volume of the receptor chamber (~5 mL), Qi = 
amount of active pharmaceutical ingredient in the receptor 
fluid aliquot at time t, and S = surface area of the skin 
membrane (0.64 cm2).

Flux of diclofenac and ibuprofen for each formulation 
was determined at each time point (Ft) as follows:

Ft ¼
CAt

t 

Statistical Analysis
Human skin permeability values have previously been 
identified to have log-normal (or skewed non-normal) 
distribution,20 favoring the use of geometric means to 
compare the formulations. Log-transformed mean CA24h 

of each drug was compared between formulations using 
post hoc testing. Since both a fixed effect and a random 
effect were to be included in the model, a residual maxi- 
mum likelihood estimation-based mixed-effects model 
with formulation as a fixed effect and donor as 
a random effect was used. Because confidence interval 
(CI) for the geometric mean ratio is the recommended 
method for determining equivalence for skin permeation 
studies according to the EMA draft Guideline on Quality 
and Equivalence of Topical Products,21 CI was used 
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instead of standard deviation for these analyses. 95% CIs 
for the geometric mean ratios were derived by back- 
transforming the CIs for the differences between formula-
tions on the log-transformed scale obtained from the 
analysis. No adjustment for multiplicity was made and, 
for exploratory purposes, statistical significance was con-
cluded if the 95% CI for the geometric mean ratio did not 
include 1.

Estimation of mITAA
Previously, Cordero et al calculated ITAA using saturated 
solutions of NSAIDs, which provided a composite metric for 
anti-inflammatory activity that includes both a biopharmaceu-
tic component (maximum flux) and a pharmacodynamic com-
ponent (COX-2 inhibition potency).13 In the current study, 
maximum flux was not reached in all formulations within the 
24h testing window due to the use of a single application of 
drug, which was intended to mimic “in-use” conditions. 
Therefore, the medians of cumulative absorptions observed 
at 24h (CA24h) were used to determine a modified ITAA 
(mITAA), as follows:

mITAA ¼
Median CA24h

IC50 

where IC50 values were taken from Esser et al22 and 
correspond to the drug concentration that induces 50% of 
the maximum effect. IC50 values reported by Esser et al 
were measured in human whole blood using production of 
prostaglandin E2 as a surrogate of COX-2 activity. The 
IC50 values for diclofenac and ibuprofen were 0.013 µM 
and 9 µM, respectively.

Results
Skin Permeation – Cumulative 
Absorption
Diclofenac and ibuprofen from all formulations permeated 
through human skin by 24h. In terms of absolute quantities, 
ibuprofen permeated in greater extent than diclofenac in all 
cases. Diclo-1 and Ibu-6 exhibited the highest CA24h values 
within their respective groups, with geometric mean CA24h 

values of 849 ng/cm2 and 25,282 ng/cm2, respectively 
(Figure 1).

Skin permeation varied widely between formulations 
with the same drug and concentration. Geometric mean 
CA24h ranged from 119 to 747 ng/cm2 for products con-
taining 1% diclofenac sodium or 1.16% diclofenac diethyl- 
amine (DEA) (Figure 1). The difference in geometric 

mean CA24h between diclofenac DEA (Diclo-5) and diclo-
fenac sodium (Diclo-6) gel formulations was significant, 
with the sodium salt absorbing better (ratio of geometric 
mean CA24h: 0.16; 95% CI 0.10–0.26; Table 2). For the 
1.16% diclofenac DEA formulations, while there was 
a significant difference between geometric mean CA24h 

for the gel formulation (Diclo-5) versus each of the emul-
sion formulations (Diclo-2, Diclo-3, and Diclo-4), with the 
emulsions absorbing better, the emulsions also contained 
propylene glycol which is a cosolvent with some permea-
tion-enhancing properties.

Geometric mean CA24h ranged from 5944 to 9293 ng/ 
cm2 for products containing 5% ibuprofen. The difference 
between geometric mean CA24h for 5% ibuprofen cream 
formulations (Ibu-1, Ibu-2) versus 5% ibuprofen gel for-
mulations (Ibu-3, Ibu-4) was significant (Table 2), with 
greater absorption at 24h for the creams, although the 
creams also contained propylene glycol which has permea-
tion-enhancing properties. There was also a significant 
difference between geometric mean CA24h for the 10% 
ibuprofen gel formulations (Ibu-5 and Ibu-6; ratio of geo-
metric mean CA24h: 1.64; 95% CI 1.26 to 2.14), which 
could reflect the impact of formulation composition differ-
ences even when using the same dosage form.

Absorption was not proportional to drug concentration. 
Diclo-6 (1% diclofenac sodium) had a geometric mean 
CA24h of 747 ng/cm2, which was similar to Diclo-1 
(2.32% diclofenac DEA) at 849 ng/cm2. This results in 
a geometric mean ratio of 0.88 (95% CI: 0.55 to 1.41; 
Table 2) despite a 2-fold difference in concentration. The 
ratio of geometric mean CA24h values for topical formula-
tions containing 1.16% and 2.32% diclofenac and 5% and 
10% ibuprofen (each 2-fold different) ranged from 2.5 to 
7.1 and from 1.7 to 4.3, respectively (Table 2).

Flux
All diclofenac formulations resulted in diclofenac penetra-
tion (through the stratum corneum) and permeation 
(through the remaining epidermis and first strata of dermis) 
through the skin by 8h, with Diclo-6 (containing 1% diclo-
fenac sodium) delivering diclofenac earlier (at 4h) than the 
other formulations (Figure 2). There were two flux profile 
types: formulations exhibiting no flux plateau by 24h 
(Diclo-1, Diclo-2, Diclo-3, and Diclo-5) and formulations 
that plateaued around 16h (Diclo-4 and Diclo-6). Diclo-1 
(containing 2.32% diclofenac DEA and 2 permeation 
enhancers) had the highest flux at 24h.
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All ibuprofen formulations resulted in ibuprofen permea-
tion flux through the skin beginning at 2h and reaching 
a plateau at 8h, except for Ibu-6, which continued to increase 

permeation flux through 24h (Figure 2). Formulations with 
higher ibuprofen concentrations (Ibu-5 and Ibu-6) had higher 
flux values than formulations with lower concentrations. 

Figure 1 Cumulative absorption at 24h of topical diclofenac and ibuprofen products (geometric means and 95% confidence intervals).

Table 2 Ratios (95% CIs) of Adjusted Geometric Means of Cumulative Absorption at 24h for Diclofenac and Ibuprofen Formulations

Diclofenac Formulations

vs Diclo-1 vs Diclo-2 vs Diclo-3 vs Diclo-4 vs Diclo-5 vs Diclo-6

Diclo-1 – 4.06 (2.54–6.50) 2.54 (1.59–4.07) 3.67 (2.29–5.88) 7.13 (4.46–11.42) 1.14 (0.71–1.82)

Diclo-2 0.25 (0.15–0.39) – 0.63 (0.39–1.00) 0.91 (0.57–1.45) 1.76 (1.10–2.81) 0.28 (0.18–0.45)
Diclo-3 0.39 (0.25–0.63) 1.60 (1.00–2.55) – 1.44 (0.90–2.31) 2.80 (1.75–4.49) 0.45 (0.28–0.72)

Diclo-4 0.27 (0.17–0.44) 1.10 (0.69–1.77) 0.69 (0.43–1.11) – 1.94 (1.21–3.11) 0.31 (0.19–0.50)

Diclo-5 0.14 (0.09–0.22) 0.57 (0.36–0.91) 0.36 (0.22–0.57) 0.51 (0.32–0.82) – 0.16 (0.10–0.26)
Diclo-6 0.88 (0.55–1.41) 3.57 (2.23–5.71) 2.24 (1.40–3.58) 3.23 (2.02–5.17) 6.27 (3.92–10.04) –

Ibuprofen Formulations

vs Ibu-1 vs Ibu-2 vs Ibu-3 vs Ibu-4 vs Ibu-5 vs Ibu-6

Ibu-1 – 1.11 (0.85–1.45) 1.44 (1.10–1.88) 1.56 (1.20–2.04) 0.60 (0.46–0.79) 0.37 (0.28–0.48)

Ibu-2 0.90 (0.69–1.17) – 1.29 (0.99–1.69) 1.40 (1.08–1.83) 0.54 (0.42–0.71) 0.33 (0.25–0.43)

Ibu-3 0.69 (0.53–0.91) 0.77 (0.59–1.01) – 1.09 (0.83–1.42) 0.42 (0.32–0.55) 0.26 (0.20–0.33)
Ibu-4 0.64 (0.49–0.83) 0.71 (0.55–0.93) 0.92 (0.71–1.20) – 0.39 (0.30–0.50) 0.24 (0.18–0.31)

Ibu-5 1.66 (1.27–2.16) 1.85 (1.42–2.41) 2.39 (1.83–3.12) 2.59 (1.99–3.38) – 0.61 (0.47–0.80)

Ibu-6 2.72 (2.09–3.55) 3.03 (2.32–3.95) 3.92 (3.01–5.11) 4.25 (3.26–5.55) 1.64 (1.26–2.14) –
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There was little difference between the flux profiles of 5% 
ibuprofen formulations regardless of whether these were 
creams or gels.

mITAA
mITAA values ranged from 4 to 32 for diclofenac and 
from 0.37 to 2 for ibuprofen, with mITAA values for the 
diclofenac formulations being higher than those for the 
ibuprofen formulations in all cases (Figure 3).

Among diclofenac DEA formulations, Diclo-1, with 
a higher drug concentration and 2 permeation enhancers, had 
a higher mITAA than formulations with lower drug concen-
trations and fewer permeation enhancers (Diclo-2, Diclo-3, 
Diclo-4, and Diclo-5). Diclofenac sodium (Diclo-6) had 
a higher mITAA than diclofenac DEA (Diclo-5) despite simi-
lar diclofenac concentrations and the same dosage form (gel).

Among ibuprofen gel formulations, higher drug con-
centration (10% ibuprofen; Ibu-5 and Ibu-6) was asso-
ciated with higher mITAA values compared to gels with 
lower drug concentration (5% ibuprofen; Ibu-3 and Ibu-4). 

Five percent ibuprofen creams with permeation enhancers 
(Ibu-1 and Ibu-2) also had higher mITAA than ibuprofen 
gels (Ibu-3 and Ibu-4) of the same drug concentration.

Discussion
Following in vitro assessments that mimicked recom-
mended application doses, there were broad differences 
in skin absorption, as measured by CA24h and flux, across 
formulations. This was true not only between the ibupro-
fen and diclofenac formulations but also within these 
groups.

It is known that if a drug presents a low IC50, the 
associated potency (related to mITAA) will be high. 
Moreover, ibuprofen permeated through human skin to 
a greater extent than diclofenac. These results are consis-
tent with previous findings and are likely due, at least in 
part, to the lower molecular weight of ibuprofen (~206 g/ 
mol) compared to diclofenac (~296 g/mol)23 and the pKa 
values of these drugs (3.9 for diclofenac vs 4.6 for 
ibuprofen).24–26 The degree of drug ionization influences 
the drug permeation rate. Indeed, the un-ionized species of 
a drug has a higher permeability coefficient than its 
respective ionized species. Hence, the pKa value of the 
drug, the pH of the formulation, and the physiological pH 
of the skin are essential parameters influencing drug per-
meation. In addition, higher concentrations of ibuprofen 
(5% and 10%) compared to diclofenac (1% and 2%) in 
these formulations must also contribute to the highest 
observed values for CA24h and flux.

Among formulations containing the same drug, there 
appear to be multiple factors contributing to differences in 
permeation that go beyond the concentration of drug in 
each formulation, which is supported by previous 
findings.27–30 These include the choice of excipients such 
as penetration enhancers, the drug salt that is used, and the 
dosage form.

For example, despite a 2-fold difference in diclofenac 
concentration, CA24h was 4 times greater for Diclo-1 
(2.32% diclofenac DEA) than for Diclo-2 (1.16% diclofe-
nac DEA). This difference may be explained by the pre-
sence of an additional permeation enhancer, oleyl 
alcohol,31 in Diclo-1.

In addition, there was a significant difference in CA24h 

between Diclo-5 and Diclo-6 (geometric mean ratio of 
Diclo-5: Diclo-6 of 0.16), despite similar drug concentra-
tions (1.16% diclofenac DEA and 1.0% diclofenac 
sodium, respectively), qualitatively similar formulations, 
and the same dosage form (gel). These differences may 

A 

B 

Figure 2 Median fluxes of topical diclofenac (A) and ibuprofen (B) products.
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be explained by the distinct salt forms of the drug in each 
formulation, as proposed by O’Connor et al,28 who 
observed that diclofenac sodium has a higher rate of 
membrane transport than diclofenac DEA owing to the 
higher saturation solubility of the sodium salt. In a prior 
publication27 from our group, the opposite outcome was 
observed for these diclofenac salt forms. Specifically, 7 
times the amount of diclofenac DEA (1.16%) permeated 
human skin compared to diclofenac sodium (5%) despite 
the higher concentration of drug in the latter. Importantly, 
in that study, diclofenac DEA was contained in an emul-
sion formulation while diclofenac sodium was in a gel. 
Together, these results support the idea that composition, 
dosage form, salt form, and other factors can influence the 
permeation of diclofenac in different ways, with some 
enhancing it and others diminishing it.

The biggest contributor to increased absorption in the 
ibuprofen formulations was increased drug concentration. 
However, this does not explain the absorption and flux 
differences between the formulations with the highest con-
centration of ibuprofen, Ibu-5 and Ibu-6 (both 10% ibu-
profen gels). Other formulation differences such as the 

gelling polymer (hydroxyethylcellulose versus carbomer) 
or another excipient may be responsible. Among 5% ibu-
profen formulations, gel formulations (Ibu-3 and Ibu-4) 
had lower CA24h than creams (Ibu-1 and Ibu-2), in agree-
ment with previous findings.29,30 This suggests that dosage 
form is an important variable for permeability in ibuprofen 
formulations.

The goal of this study was to determine superior 
NSAID topical formulations based upon mITAA, which 
provides an estimate of the intrinsic anti-inflammatory 
effectiveness of NSAIDs that includes both biopharma-
ceutic (permeability, as measured by CA24h) and phar-
macodynamic (COX-2 inhibition) components. The 
mITAA allows for comparisons between different 
NSAIDs and between formulations of the same 
NSAID. When NSAIDs are different, mITAA depends 
upon both potency against COX-2 and absorption; there-
fore, the formulation with the best combination of these 
variables is deemed to have the greatest anti- 
inflammatory activity. In cases where IC50 values are 
widely different, as is true for diclofenac and ibuprofen, 
potency will be the primary driver of anti-inflammatory 

Figure 3 Modified index of anti-inflammatory activity for topical diclofenac and ibuprofen products.
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activity (unless the higher-potency drug absorbs very 
poorly or not at all and the lower-potency drug absorbs 
very well, making absorption critical). When IC50 values 
are similar between different NSAIDs, absorption will 
have a greater influence on anti-inflammatory activity. 
Similarly, when the NSAIDs are the same between for-
mulations, meaning the potency will be the same, any 
difference in anti-inflammatory activity depends entirely 
on absorption; thus, the formulation with greater absorp-
tion will have greater anti-inflammatory activity, as 
reflected by a higher mITAA.

While higher CA24h corresponded with higher mITAA in 
formulations involving the same drug, this was not the case 
when comparing between drugs. All diclofenac formulations 
demonstrated greater mITAA than ibuprofen formulations 
despite lower absorption, which directly reflects diclofenac’s 
substantially greater potency as a COX-2 inhibitor (sup-
ported by multiple studies13,22,32). Because the IC50 of diclo-
fenac is approximately 900 times lower than that of 
ibuprofen, cumulative absorption of ibuprofen-containing 
formulations would need to be 700 times greater than that 
of diclofenac products to compensate for this difference and 
achieve comparable anti-inflammatory activity. According to 
Fick’s law, for ibuprofen products containing 5% or 10% 
drug compared to 1% or 2% drug in diclofenac products, 
a 150- to 300-fold higher flux would be required to achieve 
the same anti-inflammatory activity as diclofenac products.

Conclusion
Diclofenac demonstrates greater intrinsic anti- 
inflammatory activity than ibuprofen. Additionally, skin 
permeation can be impacted by formulation differences 
including the drug concentration and salt form, choice of 
excipients, and dosage form. Each of these factors should be 
considered when selecting a topical NSAID for treating 
patient pain and inflammation. When comparing formula-
tions containing the same NSAID, the degree of absorption 
will dictate which formulation exhibits superior anti- 
inflammatory activity. When NSAIDs are different, this 
determination will depend upon the balance of absorption 
and COX-2 inhibition potency, with substantially greater 
absorption required to compensate when potencies are 
widely different, as is the case for diclofenac and ibuprofen. 
Thus, both absorption and COX-2 inhibition potency are 
important factors for anti-inflammatory activity for topi-
cally applied products, but the level of importance of each 
depends upon what products are being compared.
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