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Summary. The effects of exercise, heat exposure or 
both on the percutaneous absorption of methyl salic- 
ylate were studied in 6 healthy volunteers. Exercise 
was performed to 30% of ~/O2max, 45 min each hour 
for 6 h, at ambient temperatures of 22 °C or 40 °C. 
Systemic availability was assessed by measurement 
of plasma salicylate concentrations and cumulative 
urinary salicyluric acid excretion over an 8-h collec- 
tion period. The absorption of methyl salicylate was 
increased to more than 3-times above control in sub- 
jects exercising in the heat. It is concluded that exer- 
cise and heat exposure, by increasing skin tempera- 
ture, hydration and blood flow, enhance the percu- 
taneous absorption of methyl salicylate. 
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Many drug substances are applied to the skin for 
their local cutaneous actions; in addition, the skin is 
used as a route for the administration of other drugs 
to achieve a systemic effect. The skin can serve as an 
important absorptive organ in some instances, whilst 
functioning as a barrier against the penetration of 
foreign chemicals in others. The extent to which the 
skin will function either as an absorptive organ or as 
a barrier to absorption depends on the physicochem- 
ical nature of the compound in question, as well as 
on the physiology of the skin (Riegelman 1974). Ex- 
ercise and environmental heat exposure could, by in- 
creasing skin temperature, cutaneous blood flow and 
sweating, enhance the absorption of certain drugs 
and other agents through the skin. The present inves- 
tigation was undertaken to test this hypothesis, using 
methyl salicylate as a model. Methyl salicylate is hy- 

drolysed in the body, probably in the liver, and fol- 
lows the well recognized pharmacokinetics of salicy- 
late (Levy 1965; Thiessen 1982). At low doses, the 
main urinary metabolite is salicyluric acid, and small 
quantities of salicyl glucuronides, salicylic and gen- 
tisic acids may also be present. Therefore, the sys- 
temic bioavailability of methyl salicylate may be esti- 
mated from plasma salicylate concentrations and 
urinary salicyluric acid excretion. 

Materials and Methods 

Six, non-institutionalized, adult male volunteers par- 
ticipated in the study. All subjects were non-smokers 
and were judged to be in good health on the basis of 
their medical history, physical examination and 
screening laboratory tests. The latter comprised com- 
plete blood counts, blood chemistry, including liver 
and kidney function tests, and urinalysis. Their mean 
age (+  SEM) was 25 ___ 0.87 years, height 175 + 2.2 cm 
and weight 69.6 + 2.2 kg. The study protocol was ap- 
proved by the Institution's Human Use Committee, 
based on the Helsinki Declaration. Each prospective 
volunteer was interviewed and briefed on the nature 
of the study, and his freely-tendered offer to volun- 
teer was obtained in writing. The subjects refrained 
from the use of any drugs for at least one week prior 
to the initial test and throughout the study period. 
The use of alcoholic or xanthine-containing bever- 
ages was prohibited for at least 12 h prior to and 
throughout each phase of the study. The volunteers 
fasted for 12 h prior to each test and remained fasting 
until the second hour blood specimen has been col- 
lected. They were then offered a standard breakfast. 
Water was allowed ad libitum throughout the study. 

Maximal oxygen consumption (VO2max) was de- 
termined for each volunteer from the pulse rate, ac- 



50 A. Danon et al.: Percutaneous Absorption Methyl Salicylate 

,~ 40, 

30, 

20 
" r 

i . . . .  , 
1 2 3 4 5 

TIME (h) 

Fig. 1. Plasma salicylate concentrations following percutaneous 
application of methyl salicylate (mean+SEM for 6subjects). 
© ..... © control conditions - rest at 22 °C; O - - - ~ ,  rest at 40 °C; 
A ..... A, exercise (to 30% of ~'O2m~, 45 rain each hour) at 22 °C; 
• , ......... A, exercise at 40 °C. * denotes significant differences (p < 
0.05) compared to control; **, significant differences (p<0.05) 
compared with each of the other conditions 
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Fig. 2. Cumulative urinary salicyluric acid following percutane- 
ous application of methyl salicylate (mean+ SEM for 6 subjects). 
Experimental details as in Fig.1. * denotes significant differences 
(p <0.05) compared to control; **, significant differences (p < 
0.05) compared with control or exercise alone; ***, significant dif- 
ferences (p <0.05) compared with each of the other conditions 

cording to Astrand and Ryhming (1954). The study 
was then carried out under four experimental condi- 
tions: at rest and 22°C; at rest and 40°C; with exer- 
cise to 30% of VO2ma× at 22°C; and with exercise to 
30% of £O2~ax at 40 °C. The sequence of experiments 
was assigned at random, with 1-2 week intervals be- 
tween phases. Elevated environmental temperature, 

when applicable, was maintained for 6 hours, and 
exercise was performed on an ergometric bicycle 
(model KEM-2, Mijnhardt, Odijk, Holland) for 
45 min each hour (15-min rest) for 6 h. On each occa- 
sion, 5 g methyl salicylate (Kupath Holim, Tel Aviv, 
batch number 701804) was smeared over the skin of 
the chest and back of each subject at time 0, between 
08:00 and 09:00. Venous blood was collected from 
the cubital vein at 0, 1, 2, 3 and 5 h, and urine was 
collected at hourly intervals for 8 h. 

Plasma salicylates were determined spectrofluo- 
rimetrically according to Saltzman (1948). Urinary 
salicylate metabolites were analysed by the 
HPLC method of Cham et al. (1980), using Knauer 
injector and pump Model 64 (Berlin, W. Germany) 
and a Pye Unicam (Cambridge, England) LC- 
UVdetector. Reverse phase separation was done 
with a C18 Bondapak 10 column (250 x 4.6 mm, Wa- 
ters Assoc., Inc., Milford, MA). The mobile phase 
consisted of 93 ml water containing 10 g sodium sul- 
phate, 2 ml butanol and 5 ml acetic acid, at a flow 
rate of 3 ml/min. O-methoxybenzoic acid was used 
as the internal standard. 

Differences between the four experimental con- 
ditions were examined by analysis of  variances. The 
Duncan test (Steel and Torrie 1960) was applied 
whenever the quotient attained or exceeded the sig- 
nificance limit F. A p-value smaller than 0.05 was 
considered significant. 

Results 

Both plasma concentrations of total salicylate (Fig. 1) 
and urinary salicyluric acid (Fig.2) indicated in- 
creased systemic availability of salicylate under the 
experimental conditions of exercise, heat exposure 
or both. Plasma salicytate peaked at 2 h under all the 
experimental conditions, and was significantly high- 
er than control after 1, 3 and 5 h of heat exposure. 
Under the most extreme conditions, namely heat ex- 
posure and exercise, plasma levels at all times were 
more than 3-fold higher than in the controls. Thus, 
the areas under the plasma saticylate concentration- 
time curves from 0 to 5 h were larger when the indi- 
viduals exercised at 22 °C (84.6 +9.8 jxg. h-m1-1) or 
at 40°C (204.8 +13.8 ~tg.h-ml-l), or were exposed 
to heat (107.8 + 11.4 p~g-h-ml-1), than under control 
conditions (60.1 + 13.4 gg. h. ml -I ; F3,20 = 26.9, p < 
0.001). HPLC analysis of urinary salicylate metabo- 
lites indicated that salicyluric acid amounted to more 
than 95% of all the metabolites identified. Salicyluric 
and gentisic acid were identified in very small 
quantities (1-2% each). The pattern was not altered 
by any of the experimental conditions. The cumula- 
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tive urinary excretion of salicyluric acid over an 
8 hour period is illustrated in Fig. 2. Exercise, heat 
exposure or both produced sizeable and significant 
elevations in salicyluric acid excretion; for example, 
only 1.0% of the methyl salicylate applied was recov- 
ered in the 8-h urine collection at rest, the amount ex- 
creted rose to 2.6% in exercise and heat, a 2.6-fold in- 
crease. There were no significant differences in 
urinary pH or volume between the various phases 
(results not shown). 

Discussion 

The results indicate a profound effect of exercise, 
heat exposure or both on the transdermal absorption 
of methyl salicylate. A three-fold increase in the sys- 
temic availability of salicylate was observed under 
heat exposure and exercise, judging both from plas- 
ma and urine data during the time interval investi- 
gated. Furthermore, the experimental protocol 
undoubtedly led to underestimation of the full extent 
of the increased cutaneous penetration induced by 
the test procedure if the reservoir function of the 
epidermis is considered (Vickers 1963; Jansen and 
Kligman 1974; Hadgraft 1979). 

Methyl salicylate was chosen as the model in the 
present study, because it is a simple, relatively com- 
mon drug, it is non-toxic when applied on the skin, 
and its metabolism is well known. Methyl salicylate 
has sufficient lipid solubility to penetrate the intact 
skin without use of a base that might affect the ab- 
sorptive property of the skin, thus possibly compli- 
cating the model. 

Several mechanisms might be considered as hav- 
ing contributed to the enhanced cutaneous absorp- 
tion in the present study. Both exercise and heat ex- 
posure, singly or in concert, probably increased skin 
temperature, and enhanced cutaneous blood flow 
and sweating (Wenger et al. 1975; Grucza 1983). 
Each of these variables, in turn, could enhance per- 
cutaneous absorption. First, diffusion through the 
skin, as elsewhere, is a temperature-dependent pro- 
cess, so raising the skin temperature should add ther- 
modynamic drive (Kligman 1983). Second, cutane- 
ous blood flow could increase washout of any drug 
that has penetrated and reached the dermis (Guy and 
Maibach 1983). A third major component contrib- 
uted by exercise and environmental heat is enhanced 
skin hydration through increased sweating. Skin hy- 
dration has been shown to enhance the absorption 
rate of salicylate esters in humans (Wurster and 
Kramer 1961), and it could be the key factor in the 
increased permeability known to occur with an oc- 
clusive dressing (Scheuplein and Ross 1974). Pene- 

tration through sweat glands themselves may not 
constitute an important route for skin absorption 
(Scheuplein 1965). 

The observed alterations in plasma salicylates 
and urinary salicyluric acid might also reflect 
changes in the distribution, metabolism or excretion 
of methyl salicylate and/or its metabolites. However, 
such effects are expected to be of a much lower mag- 
nitude (Ballard 1974; Swartz et al. 1974; Schlaeffer et 
al. 1984). 

The possible implications of enhanced percu- 
taneous absorption may be far reaching. Occupa- 
tional and industrial poisoning might in this way be 
aggravated (Malkinson 1960) if individuals were 
subjected to extreme heat or strenuous physical ac- 
tivity. Also, increased absorption of dermatological 
preparations might occur, leading to adverse system- 
ic reactions (Nilsson and Lennart 1979). Renewed 
interest in transdermal drug delivery has emerged 
from the introduction of novel controlled release ad- 
ministration devices. Because one may be dealing 
with very potent drugs, the possible contribution of 
cutaneous physiological changes to aRered perme- 
ability should be considered, in spite of the tightly 
controlled release from these sophisticated devices 
(Shaw et al. 1976). 
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