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the potential for drug interactions.
enhancement in blood supply to the organ and hence to a better quality of erection. One

such composition is described in WO 99/38506 and contains lanolin as a lubricant and as a
skin penetration enhancement material. It has been found that such compositions result in
use in a surprisingly low incidence of headache (a known side effect of GTN when used,
for example, for the treatment of angina). However, although such compositions may be
effective, significant absorption of GTN into the blood stream may occur resulting in

systemic adverse effects and the potential for drug interactions.

A further composition, especially for use in the treatment of angina, is described in US
5047230 as an aerosol composition containing no propellant gas and comprising GTN as
active ingredient dispersed in 51-90% by weight of a C,4 aliphatic alcohol, preferably
ethanol, 10-49% by weight of a polyalkyleneglycol having 2 or 3 carbon atoms in the
alkylene moiety, and/or a C,s alcohol having two or three hydroxyl groups. The high
alcohol concentration results by virtue of exerting a direct effect on the skin barrier, in

better and faster absorption of the active ingredient. However, for application to the male
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into and thus solubility in the stratum corneum barrier of the skin and thus also to optimise
percutaneous transport. For the vast majority of drugs, this results in zero-order
steady-state maximum input into the skin over the dosing period. In part this zero order is
due to the extent of absorption being so low, compared to the dose applied, that no
effective depletion of the saturated, optimum, state occurs. However, with drugs that are
efficiently absorbed and especially when the drug is applied at a low dose, as in the case of
a “virtual injection” as described above, rapid depletion significantly reduces the degree of
saturation, the chemical activity state, of the active ingredient in the formulation and thus

reduces the transport rate.

It is therefore an object of the present invention to provide a composition which, on being
applied to the skin, maintains the degree of saturation and the chemical activity state of
active ingredient therein essentially throughout the absorption process to provide a

continuing driving force as percutaneous absorption takes place. It is also an object to
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active ingredient, also provides a low half-life of
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supported and which, in combination with body warmth, will cause the volatile solvent
component to evaporate. The glyceryl trinitrate or other vasodilator will thus become
saturated or supersaturated in the solvent remaining and, as the active ingredient passes
through the skin and is absorbed in the bloodstream, and thus becomes depleted in the
residual composition, continuing evaporation of volatile solvent will maintain the active
ingredient substantially at saturation or supersaturation level in the residual composition

throughout the major part of the absorption phase, thereby maximising absorption levels

but at a moderate dosage level.

In another aspect, therefore, the invention provides a method for the treatment or
amelioration of a condition susceptible to vascular smooth muscle relaxation, the method

comprising topical application to an affected body part of a composition comprising a
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comprises a mixture of water with a low molecular weight alcohol to enhance the solvating

power and to lower the boiling point. A suitable alcohol comprises ethanol, for reasons of
cost, availability, volatility and toxicity, but other lower alcohols containing up to five
carbon atoms may be used, preferably isopropanol, as an alternative or additionally to
ethanol. The water and volatile solvent may be present in a ratio from 0.5:1 to 1.6:1,
preferably 0.7:1 to 1.5:1, by weight. For example, using ethanol as the volatile solvent, the
percentages by weight may be 40% water, 30% ethanol (1.3:1) or 29% water, 36% ethanol
(0.8:1), the balance in each case being non-volatile solvent. In a more preferred range, the
ratio would be 1:1 or higher. The alcohol preferably has a maximum concentration of 40%
by weight, more preferably 35% or even 30% by weight, based on the total formulation. In
compositions according to the invention, it has been found that percutaneous absorption is
rapid despite a low alcohol concentration, because of the effect of the solvent blend in
maintaining the active ingredient concentration at saturation or supersaturation levels in

the residual composition as absorption takes place.
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solvent) should not exceed 30%, although in each case these limits are not absolute and are
based on anticipated user acceptance levels. In compositions according to the invention as
supplied for use, glyceryl trinitrate as the vasodilator is preferably present in the total
solvent system at a slightly sub-saturated concentration to allow super-saturation to occur

upon loss of volatile components.

Compositions according to the invention also optionally include additional ingredients such
as agents for enmhancing skin feel, for example a silicone oil composition such as
Dimethicone 200; thickening or gelling agents, for example a polyacrylate-based
composition such as Carbopol 937P; neutralising agents such as triethanolamine; and

antimicrobial preservatives such as Propylparaben.

It has been found that, based on an in vitro experimental model using a SAMCO silastic

membrane to simulate skin, compositions according to the invention exhibit improved
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glycelio'?:}g?orf)tyie%g g §lc01 (7:1) (QS 1 - QS 6); secondly GTN in various ratios of
water-ethanol systems and GTN in glycerol alone (QS 7 - QS 13); and thirdly GIN in
various ratios of different water:ethanol systems with GTN in 95:5 glycerol:propylene
glycol (QS 14 - QS 18). For each experiment, the concentration of GTN remaining in the
residual (non-volatile) solvent and expressed as a multiple of the saturated concentration
was estimated, based on volume change and taking account of the saturated concentration

in the solvent or solvent blend of the residual phase.

Initially, predicted saturated concentration in the quarternary solvent blends was estimated
based on experimental determinations in binary cosolvents, namely ethanol/water at
different ratios and glycerol/propylene glycol at different ratios. It was predicted that the
saturated concentration of GTN would be 1% in most quaternary blends or 2% in others
(QS 8, QS 10, QS 14 and QS 15). Figure 1 shows experimental data for the saturated
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QS 3. 34.5 25.5 35.5 5.0 (1), *2.5
QS 4. 37.375 27.625 30.625 4.375 (1), *2.86
QS 5. 40.25 29.75 26.25 3.75 (1), *3.33
QS 6. 43.125 31.875 21.875 3.125 (1), *4
QS 7. 15.2 22.8 62 0 (1), *4.24
QS 8, 25.6 384 36.0 0 (2), *14.61
QS 9. 19.8 24.2 56.0 0 (1), *4.70
QS 10. 33.3 40.7 26 0 (2), *20.23
QS 11. 27.0 27.0 46 0 (1), *5.72
QS 12, 42.9 35.1 22 0 (1), *11.94
QS 13. 39.55 30.45 30 0 (1), *8.76
QS 14, 21.6 32.4 43.7 2.3 (2), ¥5.35
QS 15. 29.25 35.75 33.25 1.75 (2), *7.03
QS 16. 15. 15. 66.50 3.50 (1), *1.76
QS 17. 30.25 24.75 41.75 2.25 (1), *2.77
QS 18. 41.125 28.875 28.5 1.5 (1), *4.1

Note that QS 8, 10, 14 and 15 had a predicted 2% GTN concentration whereas the

remainder had a 1% concentration.

From the above results, it is seen that QS 4, QS 5, QS 6, QS 12, QS 13, QS 15 and QS 18
provide promising results in terms of supersaturation in the residual solvent and are within

the requirements for ethanol and glycerol limits, respectively. QS 3, QS 8 and QS 10 are
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with Percutol in an experimental model in which diffusion of GTN from the test solvent

through a SAMCO Silastic membrane into a buffered phosphate receptor fluid was
assessed over a period of one hour. All experimental systems performed appreciably

(between twice and three times) better than Percutol as shown in accompanying Figure 2.

However, such in vitro tests, which are difficult to conduct under finite dose, thin-film
conditions, may not be fully predictive of in vitro performance. Thus, compositions
according to the present invention have also been evaluated in a Phase 1 clinical trial in
comparison with a formulation according to W099/38506. Results are presented in the
following Table 3 for peak systemic levels (Cmax), time taken to achieve peak systemic

levels (Tmx) and plasma half-life (ty).
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As can be seen, peak system c |levels for the current
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6. ARInsition according to claim 5, in which the alcohol comprises ethanol.

7. A composition according to claim 5 or claim 6, in which the water and volatile solvent

are present in a ratio from 0.5:1 to 1.6:1 by weight.

8. A composition according to any of claims 5 to 7, in which the alcohol has a maximum

concentration of 40% by weight.

9. A composition according to any preceding claim, in which the non-volatile solvent is

present in a concentration of 40% by weight or less of the total solvent content.

10. A composition according to any preceding claim, in which the non-volatile solvent
comprises a polyhydric alcohol optionally blended with a minor amount of additional

solvent.

11. A composition according to claim 10, in which the polyhydric alcohol comprises

glycerol and the optional additional solvent comprises a glycol.

12. A composition according to claim 11, in which the glycol comprises propylene glycol

and is present at up to 20% of the total non-volatile component.

13. A condom having applied thereto a composition according to any preceding claim.
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