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Purpose: Gout is caused by crystals of monosodium urate (MSU) in the joints. Topical nonsteroidal anti-
inflammatory drug products (NSAIDs) are often the first-choice immediate treatment. This study exam-
ined the effect of commercially available and newly developed transdermal NSAID products on the solubility of MSU in
a physiologically relevant system, alongside the efficacy of transdermal NSAID delivery.
Materials and Methods: Drug permeability of 7 commercially available topical NSAID products, alongside 3 newly developed
“Gout Buster” products, was evaluated in vitro using pig’s ear skin in Franz diffusion cells. The standard Franz cell experimental
protocol was adapted to include assessment of MSU solubility in phosphate buffered saline for each product. Some materials were also
tested via direct solubility studies.
Results: The amount of drug delivered transdermally varied significantly between different formulations, with the best ibuprofen
delivery being ~5 times higher than the lowest, and best diclofenac delivery being ~3.5 times higher than the lowest. Changes in
formulations and the drug concentration in the product both affected the amount of drug delivered. Overall ibuprofen permeation was
higher than diclofenac. The commercially available products showed little or no effect on the MSU solubility (99–103% vs control).
The Gout Buster products showed significant improvement in the MSU solubility after permeation through skin (120–126%).
Increased sodium levels reduced the solubility of MSU in direct solubility studies.
Conclusion: In these trials, the Gout Buster products showed significantly improved permeation of both ibuprofen and diclofenac
over the commercial products at similar drug concentrations, and showed significant improvement for MSU solubility. Increased
sodium levels reduced the solubility of MSU and could cause more crystallisation in vivo. Therefore, topical NSAID products with the
Gout Buster formulation may have the best likelihood of both reducing inflammation and helping re-dissolve the MSU crystals that
cause gout.
Keywords: Franz-cell experiments, nonsteroidal anti-inflammatory drug, in vitro study, Gout Buster

Introduction
NSAIDs are an effective treatment for acute and chronic pain for arthritis.1 Gout is a form of arthritis, caused by high
levels of urate in blood (hyperuricemia), leading to formation of monosodium urate (MSU) crystals in joints. This causes
a very painful inflammatory response. MSU crystals were shown to cause gout in 1960s2 and there was a seminal study
on factors affecting solubility of MSU in relevant media in 1974 (Kippen).3 The main factors affecting MSU solubility
were shown to be pH and sodium levels. Long-term treatments for gout generally target lowering urate levels in the
blood, reducing the likelihood of MSU crystals forming.

Short-term treatments mostly focus on reducing inflammation.1 Topical NSAIDs are a mainstay of this treatment.
Topical delivery avoids issues associated with oral or intravenous NSAID delivery (serious side-effects, inconvenient
injections).4 There have been some studies investigating the combination of treatments for both urate lowering and anti-
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inflammatory with transdermal delivery. Tiwari et al investigated nano-particles of both uricase (lowering urate levels)
and aceclofenac (an NSAID) together with good efficacy.5 Bou-Salah et al carried out in-vitro and in-silico investigation
into the urate lowering potential of several NSAIDs.6

Permeability of the drug is an important factor in topical NSAID delivery. The drugs need to get through the layers of
skin (stratum corneum, epidermis and dermis) to reach the inflamed area, typically around a joint for gout. Various
factors affect the rate of permeation and amount of drug delivered. These include concentration of drug, the drug
properties, specific salt used and the formulation.7,8 However, most topical NSAID drug delivery results in lower
systemic levels of drug when compared to recommended oral doses.9,10 Therefore, higher permeation is generally
desired to maximise the anti-inflammatory effect of topically applied NSAIDs.

It is not clear from available information supplied with commercial products which formulation or strength of topical
product actually delivers the highest levels of drug to the affected areas. There have also been few or no studies on whether the
commercial topical products have any direct effect on the in-situ solubility of the MSU crystals.

There is no definitive simple lab test to rate the absolute permeability of a NSAID from a topical formulation, but
Franz cell experiments give good comparative data.7 Human skin is the best membrane to use to imitate in vivo, but
not it is always available. Pig’s ear skin has been shown to be a good equivalent to human skin.11 For gout, we are
looking at release of drugs into joints, so full thickness skin can be used to better imitate the challenges of delivering
into the synovial capsule. This leads to longer experiments in the Franz cell apparatus, up to 72 hours. This shows
good comparative data, even if it is a less direct imitation real-life application of the gels on to a joint. It is difficult to
get fully repeatable data from Franz-cell experiments, as investigated in various validation studies such as Ng et al.12

However, if the investigation parameters are kept consistent, then useful results can be generated to compare different
products and formulation, even if the absolute values obtained will not be identical to those with live human skin.

The second part of this study is to examine the effect of topical formulations on the specific cause of gout, which is
the MSU crystals. pH and sodium levels were shown to be the main factors controlling MSU solubility, so controlling the
pH and level of sodium to physiological levels results in a medium that is a good lab-based imitation of synovial fluids/
blood, eg, using phosphate buffered saline. It would be too inaccurate to isolate the MSU solids and measure “re-
dissolving” directly, as the changes in weight would be small and the samples would retain significant water. However,
the saturated MSU solubility in the medium can be measured. If higher MSU solubility is observed, then more crystals
will dissolve and can be removed via the body’s normal equilibration process. The kinetics of MSU dissolution in vivo is
often very slow,13 so the crystals need help to re-dissolve.

ReducingMSU saturated solubility will have the opposite effect, making it more likely thatMSUwill precipitate and cause
further gout attacks. The effect of the products onMSU solubility should ideally be tested after permeation through skin (ie, in
a Franz cell experiment), as some components will not diffuse through the skin (eg, carbomer) and therefore will have no effect
on MSU solubility in vivo. However, some indication of effect on MSU solubility can be found using direct addition of
a component or formulation into a media (such as PBS) saturated with excess MSU.

Therefore, Franz-cell experiments using pig’s ear membranes and phosphate buffered saline, with excess mono-
sodium urate (MSU) should result in a good comparative lab-based model to assess both the relative permeability of the
NSAID drugs from commercially available topical formulations, and also assess any potential effect on the in-situ MSU
solubility. NSAID delivery and MSU solubilities are both important factors in treating the inflammation resulting from
gout, and in resolving the unwanted MSU crystals.

Materials and Methods
Materials
Seven commercial products and three new “Gout Buster” products were used for this study, alongside a control of just
phosphate buffered saline (PBS). The components of the formulations are shown below.

● Boots ibuprofen gel 5% (“BO ibuprofen gel 5%”, The Boots Company PLC, Nottingham, UK): ibuprofen,
carbomer, diisopropanolamine, propylene glycol, ethanol and water

https://doi.org/10.2147/JPR.S367536

DovePress

Journal of Pain Research 2022:151826

Hooper and He Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


● Radian B ibuprofen gel 5% (“RB ibuprofen gel 5%”, Thornton & Ross Ltd, Huddersfield, UK): ibuprofen,
hydroxyethyl cellulose, sodium hydroxide, benzyl alcohol, isopropyl alcohol, water

● Ibuleve ibuprofen gel 5% (“IB ibuprofen gel 5%”, Diomed Developments Ltd, Hitchin, UK): ibuprofen,
carbomer, diethylamine, IMS, water, propylene glycol

● Ibuleve ibuprofen gel 10% (“IB ibuprofen gel 10%”, Diomed Developments Ltd, Hitchin, UK): ibuprofen,
carbomer, diethylamine, IMS, water

● Nurofen ibuprofen gel 10% (“NU ibuprofen gel 10%”, Reckitt Benckiser Healthcare, Slough, UK): ibuprofen,
hydroxyethyl cellulose, sodium hydroxide, benzyl alcohol, isopropyl alcohol, water

● Voltarol diclofenac Emugel 1.16% (“VO diclofenac gel 1%”, GlaxoSmithKline, Brentford, UK): diclofenac
diethylammonium, carbomer, macrogol cetostearyl ether, cocoyl caprylocaprate, isopropyl alcohol, liquid paraffin,
perfume, propylene glycol, water

● Voltarol diclofenac Emugel 2.32% (“VO diclofenac gel 2%”, GlaxoSmithKline, Brentford, UK): diclofenac
diethylammonium, carbomer, butylhydroxytoluene, diethylamine, macrogol cetostearyl ether, cocoyl caprylocap-
rate, isopropyl alcohol, liquid paraffin, perfume, oleyl alcohol, propylene glycol, water

● Gout Buster ibuprofen gel 5% (“GB ibuprofen gel 5%”, MedCryst Therapeutics, Oxford, UK): ibuprofen,
menthol, trolamine (triethanolamine), benzyl alcohol, oleic acid, isopropyl alcohol, propylene glycol, PEG-200,
carbomer, transcutol (diethylene glycol monoethyl ether), water

● Gout Buster diclofenac gel 1% (“GB diclofenac gel 1%”, MedCryst Therapeutics, Oxford, UK): diclofenac,
menthol, trolamine (triethanolamine), benzyl alcohol, oleic acid, isopropyl alcohol, propylene glycol, PEG-200,
carbomer, transcutol (diethylene glycol monoethyl ether), water

● Gout Buster no drug gel (“GB no drug gel”, MedCryst Therapeutics, Oxford, UK): menthol, trolamine
(triethanolamine), benzyl alcohol, oleic acid, isopropyl alcohol, propylene glycol, PEG-200, carbomer, transcutol
(diethylene glycol monoethyl ether), water

Note: The ibuprofen products are labelled directly with the amount of ibuprofen they contain, independent of the salt that
is formed (in-situ). Ibuprofen (as free acid) has very low solubility in water-based gels, so is almost always present as
a salt (to improve solubility), but the convention is to list the salt components separately for ibuprofen products.

However, for diclofenac products, the percentage drug content is somewhat confusingly added to be equivalent to the
original sodium salt used in early products. So an original “Voltarol 1%” product contained 1% sodium diclofenac, ie,
0.93% diclofenac. The 1.16% Voltarol product above refers to the amount of diclofenac diethylammonium salt added,
which is equivalent to 1% sodium diclofenac and 0.93% diclofenac. The 2.32% Voltarol product again refers to the
amount of diclofenac diethylammonium added, ie, twice the concentration of the 1.16% product, equivalent to 1.86%
diclofenac. The Gout Buster “1%” gel contains 0.93% diclofenac, forming a salt in-situ with trolamine. So all the “1%”
products contain the same amount of drug (diclofenac) in spite of the confusing labelling. So for simplicity, the products
containing 0.93% diclofenac will be labelled as “1%” in this paper, and the product containing 1.86% diclofenac will be
labelled “2%”.

Methods
In vitro Skin Permeation with Franz Cells and Added MSU Solubility Assessment
Pig’s ears (pink) were sourced from a local abattoir as a waste product from the food industry and processed within 1 day
of sourcing. As no human product or animal testing was used, the experiments did not raise ethical compliance issues.
Full thickness pig’s ear skin was removed from the cartilage and frozen at −20°C until use. The skin was thawed, any
excess fat was removed from under the skin and it was cut to ~2cm diameter circles for use directly in the Franz cell
experiments. Each formulation was tested in minimum in duplicate, and a control was always used. (Ideally more repeats
would have been run, but there was a limit to the number of experiments we could run. The minimum duplicate repeat
allowed for any excessive variability to be observed and excluded, such as the possibility of a tear in the pig’s skin.) Skin
samples were clamped between the donor and receiver cells and placed with the outside skin up, ie, in contact with the
donor sample.
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Static Franz cells were used with an exposed skin diameter of 0.7cm (1.05cm2 surface area, supplied by Soham
Scientific, Soham, UK). The cells had a receiver volume of 10mL and stir bars were added to the cells. 10mg of
monosodium urate (MSU) mono-hydrate (Sigma-Aldrich) was added to each cell (ie, 1mg/mL - this is a large excess of
MSU as the control solubility for MSU in PBS at 25°C in 0.04mg/mL. This will allow any increase or decrease in the
equilibrium MSU solubility to be achieved in the receiver cell). Phosphate buffered saline (PBS) was used as the
receiving media (pH 7.4, phosphate buffer strength 0.01N, sodium concentration adjusted to 0.14mol/L with sodium
chloride). All experiments were carried out at room temperature (20–25°C). Samples of the receiver media were removed
after 72 hours, and filtered through a 0.2 micron syringe filter before being analysed by HPLC for urate and drug content
(either ibuprofen or diclofenac as relevant).

1mL of each product/formulation was placed in the donor cell – this always gave full coverage of the skin, and
provided sink conditions for the formulations. 1mL PBS was applied as a control for all experiments, and this cell was
used as the “100%” level for MSU solubility in PBS.

HPLC Analyses of Sample from Receptor Media
Linearity for both drugs and MSU was established over the ranges analysed and specificity for each component was
established when a single HPLC method was used (eg, to analyse both diclofenac and MSU content). Ibuprofen and
MSU were analysed separately for each relevant sample using separate HPLC methods. Where needed, the excipients in
each formulation/product were also tested for specificity to confirm that they did not interfere with the determination of
concentrations of the drugs and MSU.

HPLC Methods
MSU content: Mobile phase: pH 5 acetate buffer 0.035M. HPLC column: Supelco OSIL LC5, 15cm x 4.6mm, 5µm.
Flow rate: 1mL/min. Detector: UV set @ 292nm. Inj = 10µL. Urate peak at ~ 2.45mins. Run time 5mins.

MSU and diclofenac content: Mobile phase A (MPA): pH 5 acetate buffer 0.035M. Mobile phase B (MPB):
acetonitrile. T=0: 100% MPA; T=6mins to T=6.5mins gradient to 60% MPA: 40% MPB; T=14mins to T=14.5mins
gradient to 100% MPA. Run time 18mins. HPLC column: Supelco OSIL LC5, 15cm x 4.6mm, 5µm. Flow rate: 1mL/
min. Inj = 10µL. Detector: UV set @ 292nm. Urate peak at ~ 2.45mins, diclofenac peak at ~11.3mins.

Ibuprofen content: Mobile phase A (MPA): pH 3 buffer (from 1mL NEt3 + 0.5mL conc. phosphoric acid in 1 litre DI
water). Mobile phase B (MPB): acetonitrile. Run with 50% MPA and 50% MPB. Run time 8 mins. HPLC column:
Supelco OSIL LC5, 15cm x 4.6mm, 5µm. Flow rate: 1mL/min. Inj = 10µL. Detector: UV set @ 220nm. Ibuprofen peak
at ~ 4.9mins.

Vial-Based Solubility Assessments
A magnetic stirrer bar was added to a 7mL glass vial, followed by 5mg of MSU. 5mL of PBS was added followed by 1%
(0.05mL or 0.05g) of the material to be tested. The vial was stirred at room temperature overnight. A sample was
removed, filtered through a syringe filter and analysed by HPLC for MSU content. Results given are always the average
of two vials.

Confirmation of Similar Trends at Room Temperature vs 37°C
Some vial-based solubility assessments were run following the same method as described above, but stirring at 37°C in
a water bath overnight instead of room temperature.

Results
Drug Permeation
Overall, the permeation of ibuprofen through the skin was around 10 to 15 times higher than diclofenac (Figures 1 and 2).
Amounts of ibuprofen delivered ranged from 549µg to 2963µg and amounts of diclofenac delivered ranged from 64µg to
220µg, through full thickness pig’s ear skin after 72 hours at room temperature.
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Ibuprofen Permeation
For the 5% ibuprofen containing gels, the amount delivered through the skin ranged from 2278µg (GB ibuprofen gel 5%)
to 549µg (BO ibuprofen gel 5%) (Figure 1). The 10% ibuprofen containing gels generally delivered more ibuprofen
through the skin, delivering 2963µg (IB ibuprofen gel 10%) and 1844µg (NU ibuprofen gel 10%).

The two IB gels have similar formulations (except that IB ibuprofen gel 10% omits propylene glycol), and the NU
ibuprofen gel 10% has a similar formulation to the RB ibuprofen gel 5% (identical ingredients). IB ibuprofen gel 10%
delivered ~60% more ibuprofen through the skin than NU ibuprofen gel 10%. IB ibuprofen gel 5% delivered ~80% more
ibuprofen through the skin than RB ibuprofen gel 5%.

Figure 1 Permeation of ibuprofen through pig’s skin.

Figure 2 Permeation of diclofenac through pig’s skin.
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IB ibuprofen gel 10% delivered ~75% more ibuprofen through the skin than the IB ibuprofen gel 5%. NU ibuprofen
gel 10% delivered ~100% more ibuprofen through the skin than RB ibuprofen gel 5%.

GB ibuprofen gel 5% delivered an amount of ibuprofen through the skin (2278µg) that was intermediate between the
two 10% gels (2963µg and 1844µg).

Diclofenac Permeation Results
The amount of diclofenac delivered through the skin ranged from 220µg (GB diclofenac gel 1%) to 64µg (VO diclofenac
gel 1%) (Figure 2). The VO diclofenac gel 2% delivered ~140% more diclofenac through the skin than the VO diclofenac
gel 1%. The VO products have similar formulations, with the VO diclofenac gel 2% having one extra ingredient (oleyl
alcohol).

GB diclofenac gel 1% delivers ~240% more diclofenac through the skin than VO diclofenac gel 1%, and ~40% more
than the VO diclofenac gel 2%.

Monosodium Urate (MSU) Solubility Results
Franz-Cell Solubility Experiments
The saturated solubility of MSU was measured in the PBS media in the receptor cells of Franz cells. Pig’s skin was used
as the membrane between the donor and receptor cells. The 10 products and control (PBS) were added to the donor cells
ensuring complete coverage of the exposed membrane. Samples were taken after 72 hours. Results are given as
percentages with respect to the control for each experiment and are shown in Figure 3.

The seven commercial products all showed MSU solubilities in a similar range to the control, between 99% and
103%. VO diclofenac gel 2% and IB ibuprofen gel 5% gave the highest solubilities (103%) and NU ibuprofen gel 10%
gave the lowest solubility (99%).

The three “GB” products all gave significant increase in the solubility of MSU, ranging from 120% (GB ibuprofen gel
5%) to 126% (GB diclofenac gel 1%). The “GB no drug gel” product showed an increase in solubility to 122%.

Vial-Based Solubility Experiments
The saturated solubility of MSU in PBS (5mL) was determined in vials with the direct addition of some extra materials
(Table 1). All percentage values are relative to the control PBS solubility at that temperature.

Figure 3 Solubility of monosodium urate (MSU) in phosphate buffered saline (PBS) in the receptor cell of a Franz cell after application of the product onto the pig’s skin
membrane.
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Addition of 50mg (1% w/w) of sodium carbonate at 25°C gave an increase in solubility to 276% and also increased
the pH to 11.3 (overriding the buffering capability). When the pH was re-adjusted back to the physiological range
(around pH 7.4) the solubility dropped to 83%. Addition of 50mg (1% w/w) of sodium bicarbonate at 25°C gave
a solubility of 66% and the pH was increased to 8.3. When the pH was re-adjusted back to the physiological range
(around pH 7.4) at 25°C the solubility dropped to 65%. Addition of 50mg (1% w/w) of sodium bicarbonate at 37°C gave
a solubility of 52% and the pH was increased to 8.3.

Addition of 50µL of “GB no drug gel” at 25°C increased the solubility to 123%. Carrying out the same experiment at
37°C gave a solubility of 171% (relative to the control at 37°C). Addition of 50µL of GB diclofenac gel 1% at 25°C
increased the solubility to 123%. Carrying out the same experiment at 37°C gave a solubility of 160% (relative to the
control at 37°C).

Discussion
Ibuprofen versus Diclofenac Permeation
The ibuprofen products delivered significantly more drug through the skin than the diclofenac products. This is partly
due to the higher concentrations of ibuprofen present (5% and 10% ibuprofen vs 1% and 2% diclofenac). The levels of
drug in these products are probably limited mostly by the solubility of the salts – ibuprofen salts are considerably more
soluble than diclofenac salts. However, the 5-fold increase in drug concentration probably does not account for all of
the extra permeability of ibuprofen (ibuprofen levels were around 10–15 times higher than diclofenac). Other factors
such as lower molecular weight and higher hydrophilicity of ibuprofen also probably contribute to the higher
permeability.

The observed faster permeability of ibuprofen agrees with previously observed results.7,8 In a recent paper by Pradal,7

it is suggested that the higher potency of diclofenac would result in a significantly higher values of “modified index of
anti-inflammatory activity” for the diclofenac products in-spite of the lower permeation rates versus ibuprofen (around 10
fold increase for diclofenac). However, another recent paper by Wade et al14 compared 1% diclofenac gel with 5%
ibuprofen gel and 5% ibuprofen/3% menthol gel in a clinical trial. In this trial there is only a small improvement in
delivered pain relief for the diclofenac product over the ibuprofen gel. As the predicted significant improvement for

Table 1 Saturated Solubility of Monosodium Urate (MSU) in PBS in Vials After 24 Hours

Extra Component Added to Vials Measured MSU
Concentration
(mg/mL)

Relative
MSU
Solubility

Temperature

Control (just PBS) 0.040 100% 25°C

GB no drug gel 0.049 123% 25°C

GB diclofenac gel 1% 0.049 123% 25°C

Sodium bicarbonate (pH 8.3) 0.026 66% 25°C

Sodium bicarbonate (re-adjusted to pH 7.4) 0.026 65% 25°C

Sodium carbonate (pH 11.3) 0.110 276% 25°C

Sodium carbonate (re-adjusted to pH 7.4) 0.033 83% 25°C

Control (just PBS) 0.074 100% 37°C

GB no drug gel 0.126 171% 37°C

GB diclofenac gel 1% 0.118 160% 37°C

Sodium bicarbonate (pH 8.3) 0.039 52% 37°C
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diclofenac was not observed in the clinical trial, it raises the question of whether any of the products are delivering
enough drug to allow the difference to be observed.

Ibuprofen Permeation
The six different ibuprofen products showed significantly different permeability of ibuprofen, with the highest amount
delivered being 5.5 times higher than the lowest. The concentration of ibuprofen within the gels played a significant role
in the permeability. The two IB products had similar formulations, and IB ibuprofen gel 10% gave 75% higher
permeation than IB ibuprofen gel 5%. NU ibuprofen gel 10% has a similar formulation to RB ibuprofen gel 5% and
NU ibuprofen gel 10% showed a 100% increase in permeation versus RB ibuprofen gel 5%. Thus, doubling the
concentration of ibuprofen does almost double the amount delivered for similar formulations.

There was a significant difference in ibuprofen delivery through the skin for products with the same concentration of drug.
For the 5% products, the highest permeating product (GB ibuprofen gel 5%) delivered ~4 times more ibuprofen than the
lowest permeating product (BO ibuprofen gel 5%). A similar effect was observed in the 10% products, with the IB ibuprofen
gel 10% delivering ~60% more ibuprofen than the NU ibuprofen gel 10%. A similar difference was observed in the Pradal
study,7 where the 10% ibuprofen gel with similar formulation to IB ibuprofen gel 10% delivered 64%more ibuprofen through
the human skin than the 10% formulation similar to NU ibuprofen gel 10%. As the drug and concentrations are identical in
the above examples, this difference must be attributed to the formulation used. This includes the salt form and the excipients
in the gel. It is likely that the improved permeation is a combination of various factors. For example, the more “hard” polar
sodium salt in RB ibuprofen gel 5% shows intermediate permeability between the “softer” less-polar diisopropanolamine salt
(in BO ibuprofen gel 5%) and the diethylamine and trolamine salts in IB ibuprofen gel 5% and GB ibuprofen gel 5%. So it is
difficult to generalise about which type of salt will be best. Each formulation contains potential penetration enhancers such as
ethanol, propylene glycol, benzyl alcohol, oleic acid, transcutol, etc. The exact quantities of each ingredient are not known,
and each component is not varied independently, so the best conclusion is to state that the formulation can have a significant
effect on permeation and it is likely that the various factors work together to influence the outcome. The best 5% formulation
is comparable with the 10% products, so formulation can exert a significant influence on permeation.

Diclofenac Permeation
Three different diclofenac products were tested. VO diclofenac gel 2% showed better permeation than VO diclofenac gel
1%, but the increase was only 40% even with added oleyl alcohol as a penetration enhancer. This suggests that drug
concentration alone is not the only limiting factor of amount of drug delivered transdermally for the VO formulations.
GB diclofenac gel 1% showed better permeation than both 1% and 2% VO products. This is presumably due to the nature
and balance of the formulation ingredients and different salt form used (trolamine rather than diethylamine). The
formulation can have a strong influence on permeation for topical diclofenac products.

Increased NSAID Permeation is Desirable for Topical Products
It is often the case that the amount of drug delivered via topical products into the body is significantly lower than via oral
administration. This can be illustrated with regard to ibuprofen. Oral ibuprofen is recommended at 400mg per dose
(adult) and 1200mg per day, and it has ~97–100% bioavailability,9,10 so around 390–400mg ibuprofen is delivered to the
body per dose. Normal recommended application (dose) of topical ibuprofen products is 2–10cm ribbon of gel which
equates in total 50–125mg of ibuprofen, but bioavailability is around 22% maximum,13 ie, ~11–30mg delivered per dose.
Transdermal ibuprofen delivery is still very low overall versus oral delivery. There are significant advantages in topical
delivery in avoiding unwanted side effects in the stomach/intestines, and potentially delivering the drug in a targeted
manner. However, as the pain and inflammation associated with arthritis such as gout is generated relatively deep beyond
the skin, we should be maximising the penetration/permeability of the NSAIDs to deliver a significant amount to the
joints and other affected areas.15–17
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Effect on Monosodium Urate Solubility in Franz Cells
The immediate cause of gout is precipitation of crystals of monosodium urate (MSU) within joints. These crystals are
often in the synovial fluid and surrounding tissues. A study by Kippen in 1974 showed that phosphate buffered saline
(PBS) is a good laboratory substitute for testing the solubility of MSU.3 In our study, we have examined the effect of
various topical products on the saturated solubility of MSU “under the skin” after the products had been applied
transdermally to pig’s skin on Franz cell apparatus. This is an in vitro model to imitate the effect of applying the
products onto the skin of an affected joint.

All the commercially available products showed just a small effect on the saturated MSU solubility, with values
ranging from 99% to 103% of the control saturated solubility. This suggests that the components of the commercial
products that permeate through the skin have little effect on the solubility of MSU.

The three GB products all had a consistent and significant effect, with the saturated solubility increasing to 120–
126%. The formulations are very similar, with the difference being either no drug, or added ibuprofen or diclofenac. As
the diclofenac product showed the highest improvement in solubility, diclofenac may have a small positive effect on the
MSU solubility. However, most of the solubility increase is due to the formulation of the GB products, with the drug-free
product still giving a significant increase in solubility (to 122%). Presumably, some of the components of the formulation
can act as “co-solvents” for MSU in PBS after permeating through the skin. This exerts a physical effect of helping the
solid crystals dissolve. In terms of helping gout, this would not directly resolve the inflammation, but could support the
body’s normal function in removing the excess urate from the synovial cavity and surrounding areas.

Vial-Based Solubility of Monosodium Urate (MSU)
The sodium salts of diclofenac and ibuprofen have been commonly used in topical products. However, in the early paper
by Kippen,3 it was shown that increased NaCl concentration will lower the solubility of MSU. This can be attributed to
the “common ion effect” where increasing the concentration of the shared ion (sodium) will affect the solubility of
the second salt. This was further investigated by adding sodium bicarbonate to a saturated suspension of MSU in PBS.
When the pH was kept at around pH 7, the solubility of MSU was reduced to 65% of the control. When the pH is
allowed to shift to pH 8.3, the solubility is reduced to 66%. Kippen also describes the effect of pH on solubility.3 Small
changes in pH (eg, to around pH 8) can actually decrease the MSU solubility, whereas increasing the pH above pH 10
will significantly increase MSU solubility, as was observed with addition of excess sodium carbonate shifting the pH
to 11.3.

These results suggest that any increase in sodium concentration at physiological pH (around pH 7) will reduce MSU
solubility, which could lead to more crystals being formed in vivo.

The Kippen study also shows that factors that affect MSU solubility at 26°C have similar solubility trends at 37°C
(such as pH, sodium ion concentration and addition of albumin).3 This is the basis of suggesting that improvements in
solubility (and permeability) observed in this study at room temperature (20–25°C) will correlate with similar improve-
ments at 37°C (ie, in vivo). This was confirmed in the vial solubility experiments, where improvements in MSU
solubilities observed for GB no drug gel and GB diclofenac gel 1% at 25°C were also shown at 37°C – the improvements
in MSU solubility were actually greater at 37°C. The reduction in MSU solubility due to adding extra sodium
(bicarbonate) was also observed at 37°C (similar to at 25°C).

Comments on the Experimental Protocols Used
This study was aiming to investigate the overall differences in efficacy of the products for treating gout, which occurs
mostly in joints. This means that the effects would have to be transdermal, not just within the skin. Full thickness pig’s
skin was therefore used to best imitate the permeation towards the joint/synovial cavity. This leads to significant
variability in the skin samples used, and variability in the repeated results. In general, variability of up to ± 5% was
observed in the Franz cell experiments. However, this also imitates the variability in human skin, and the differences
observed for MSU solubility were greater than 20% and more than 40% difference for drug permeation. So whilst the
absolute rates of diffusion and changes in solubility values may not be fully accurate, the trends and differences are
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greater than the inherent variability in the experiments and there are sufficient data to show comparative efficacy between
the products tested. The experiments are just lab-based models, but it is a fair suggestion that a product that performs
better in these tests has a good chance to perform better in vivo.

Note: the MSU crystals used were tested by X-ray powder diffraction to confirm that they were the same polymorphic
form as those isolated from ex vivo synovial fluid samples (monosodium urate monohydrate).18

Conclusions
Topical NSAIDs such as ibuprofen and diclofenac do not address the cause of gout, but aim to reduce the pain and
inflammation that are common symptoms.1 These symptoms can be significantly debilitating and very painful,19 so it is
important to have the most effective delivery of the NSAID drugs to the affected regions. This suggests that the highest
permeation available would be best, as the current levels of delivery are significantly lower than the standard accepted
oral doses.9,10,15 Better penetration of the NSAID drugs will lead to faster pain and inflammation relief, and better patient
outcomes. This can be achieved with well-optimised formulations, such as Gout Buster Ibuprofen/Diclofenac gels.

The Gout Buster gels have shown good potential to improve the solubility of the MSU crystals that are the immediate
trigger for gout. Improved MSU solubility would support the normal functioning of the body to remove the unwanted
crystals by assisting the physical dissolution of crystals. The body should then function more effectively in flushing out
the excess urate in the synovial fluids and blood via its normal processes.20 Helping MSU crystals to re-dissolve,
however, is not a treatment for the underlying cause of gout – the hyperuricemia.

Topical formulations containing sodium should be avoided as this may increase sodium concentration in the affected
areas which has been shown to decrease MSU solubility (in this study and in previous publications)3 and could make
gout attacks more frequent.
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