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Concentrations of trimethoprim and sulfamethoxazole in plasma,
cantharidin-induced skin blister fluid and theoretical peripheral compart-
ment were determined in twelve male subjects suffering from bacterial skin
diseases after a single oral dose of 0.32 g of trimethoprim and 1.6 g of sul-
famethoxazole. Maximum trimethoprim concentrations of 8.5 ± 1.1 �mol/l
in plasma, 5.6 ± 0.8 �mol/l in blister fluid and 5.8 ± 2.2 �mol/l in theoretical
peripheral compartment were found after 3 ± 1, 7 ± 2 and 9 ± 6 h, respec-
tively. Degree of penetration into blister fluid and theoretical peripheral
compartment was 0.94 ± 0.23 and 1.05 ± 0.09, respectively. The differences
between respective pharmacokinetic parameters of trimethoprim in blister
fluid and theoretical peripheral compartment were statistically insignificant.
Maximum sulfamethoxazole concentrations of 295 ± 47 �mol/l in plasma,
182 ± 46 �mol/l in blister fluid and 239 ± 58 �mol/l in theoretical peripheral
compartment were found after 3 ± 1, 8 ± 2 and 7 ± 4 h, respectively. Degree
of penetration into blister fluid and theoretical peripheral compartment was
0.82 ± 0.20 and 1.04 ± 0.02, respectively. In contrast to trimethoprim, the
differences between respective pharmacokinetic parameters of sulfametho-
xazole in blister fluid and theoretical peripheral compartment, except time to
maximum concentration, were statistically significant. Cantharidin-induced
skin blister fluid method can be used to estimate drug penetration into skin.
Due to differences between the respective pharmacokinetic parameters in ex-
perimental and theoretical peripheral compartment, in some cases evaluation
of drug penetration into skin should not be replaced by the theoretical pe-
ripheral compartment calculation.

Key words: trimethoprim, sulfamethoxazole, plasma concentration, skin
blister fluid concentration
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INTRODUCTION

The ability of the antimicrobial agent to pene-
trate into infectious foci determines its therapeutic
efficacy. The drug can exert its therapeutic action if
it is present in target tissue at proper concentration,
which exceeds the minimal inhibitory concentra-
tion for susceptible pathogens. The determination
of an agent concentration only in the blood might
be insufficient to evaluate its potential healing effi-
ciency, as the plasma levels of majority of drugs are
not identical with their concentrations in various
internal areas in the body. Therefore, evaluation of
drug concentration in peripheral compartments in-
cluding tissue and tissue fluids should be per-
formed. With respect to drugs applied in dermatol-
ogy, their quantity in the skin seems to be of para-
mount importance. Several experimental methods
have been developed to study skin penetration of
the drugs. One of the experimental techniques to
estimate drug concentrations in this tissue is skin
blister fluid method. Skin blisters can be developed
either by mild suction [15, 23] or by applying an ir-
ritating agent, such as cantharidin [10, 14]. The lat-
ter method enables to evaluate the drug penetration
into mild-inflammatory exudate, which resembles
a situation to be found in bacterial skin diseases.

Cotrimoxazole, a combined drug consisting of
trimethoprim and sulfamethoxazole, was introduced
into clinical practice about 30 years ago and is still
widely prescribed for various indications [5, 19],
also in dermatology [8]. The aim of the investigation
was to study trimethoprim and sulfamethoxazole
penetration into cantharidin-induced skin blister
fluid following joint administration of a single oral
dose of 0.32 g of trimethoprim and 1.6 g of sul-
famethoxazole. Moreover, penetration of these
compounds into theoretically calculated peripheral
compartment was also evaluated.

MATERIALS and METHODS

The investigation was performed in 12 male pa-
tients suffering from bacterial skin diseases, in the
age ranging between 19–64 years (mean 42 ± 14),
weighing 61–112 kg (mean 77 ± 15) and 166–196 cm
tall (mean 175 ± 8). The subjects had normal function
of gastrointestinal tract, liver and kidneys and no al-
lergy to the applied drugs. The susceptibility of
pathogen to cotrimoxazole (trimethoprim + sul-
famethoxazole) was confirmed by the bacteriologi-

cal test. Each subject gave written informed con-
sent to participate in the study. The investigation
was performed according to the Declaration of Hel-
sinki and approved by the Ethics Committee of
Pomeranian Medical University.

After overnight fasting subjects received a sin-
gle oral dose of 0.32 g of trimethoprim and 1.6 g of
sulfamethoxazole (Biseptol - Polfa, Poland). Blood
samples from the cubital vein were collected before
and 1, 2, 3, 4, 6, 8, 12, 18, 24, 36 and 48 h after
drug ingestion to the tubes containing potassium
oxalate. Blood samples were immediately centri-
fuged at 1800 × g for 10 min and were stored fro-
zen at –20°C until analyzed.

Skin blister fluid samples were obtained by the
cantharidin-blister technique as described previ-
ously [13, 14]. Development of skin blisters was
induced by the application of 0.25% cantharidin
ointment. Blister fluid samples were collected 2, 3,
4, 6, 8, 12, 18, 24, 36 and 48 h after drug ingestion.
Each blister was punctured only once with a sterile
syringe. The patches of polyethylene sheeting, on
which fixed amount of 0.25� cantharidin ointment
had been placed, were applied 16 h before drug in-
gestion for blisters punctured 4–18 h after dosing
and 16 h before fluid collection - for blisters punc-
tured 24, 36 and 48 h after drug ingestion. Time
necessary for developing of blisters was about 16 h.

The concentrations of trimethoprim and sul-
famethoxazole in plasma and skin blister fluid sam-
ples were determined by high performance liquid
chromatographic method with spectrophotometric
detection developed in our laboratory. Measure-
ment of peak height and calculation of drug con-
centration was done with Shimadzu Chromatopac
CR1-B (Kyoto, Japan) using internal standard
method.

The preparation of the sample, to which an in-
ternal standard (sulfamerazine) has been added, in-
volved plasma protein precipitation with equal vol-
ume of 0.5 M perchloric acid followed by centrifuga-
tion at 9000 × g for 10 min. (High Speed Centrifuge
type 310, Mechanika Precyzyjna, Warszawa, Po-
land); 20 �l of clear supernatant was injected onto
the column. Separation was performed at room
temperature, on 120 × 4 mm ID analytical column
filled with LiChrosorb RP-8 (Merck, Darmstadt,
Germany), particle size 5 �m delivered by Knauer
(Berlin, Germany). The column was protected by
a short 11 × 4 mm ID precolumn packed in our
laboratory with the same material. Mobile phase
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consisted of 0.04 M aqueous solution of monopo-
tassium phosphate, methanol and acetonitrile
(10:1:1 v/v) and was pumped at 2 ml/min (Knauer
HPLC Pump Type 64 controlled externally via
Knauer HPLC Programmer 50B). Spectropho-
tometric detector (Knauer Variable Wavelength
Monitor) operated at 225 nm. Retention times were
as follows: for sulfamerazine (internal standard) –
4.1 min, trimethoprim – 6.0 min and sulfamethoxa-
zole – 8.5 min. No interfering peaks were regis-
tered at the retention times of the drugs studied and
internal standard. Detection limits of the com-
pounds studied, defined as a signal-to-noise ratio of
3:1, were about 0.3 �mol/l for trimethoprim and
0.7 �mol/l for sulfamethoxazole. The method was
linear over the concentration range 0.6–24 �mol/l
for trimethoprim (mean correlation coefficient
r = 0.996 ± 0.002) and 2–600 �mol/l for sulfame-
thoxazole (mean correlation coefficient r = 0.999 ±
0.001). Intraserial precision of trimethoprim deter-
minations was from 2.2 to 8.7%, whereas that of
sulfamethoxazole determinations – from 2.5 to
6.5%. Interserial precision was between 1.1–8.9%
for trimethoprim and 1.1–6.9% for sulfamethoxa-
zole.

Pharmacokinetic calculations. The concentra-
tions of the parent drug in theoretical peripheral
compartment were calculated by employing of the

formula proposed by Schäfer-Korting et al. [18] as
described previously [12]. Pharmacokinetic pa-
rameters were calculated according to the generally
accepted procedures. The maximum concentration
as well as time to maximum concentration in
plasma, skin blister fluid and theoretical peripheral
compartment were taken from the respective con-
centration-time curves. The area under the concen-
tration-time curve was calculated by trapezoidal rule
and extrapolated to infinity. The penetration of drug
into skin blister fluid or theoretical peripheral com-
partment was defined according to Wise et al. [22] as
a ratio of area under concentration-time curve in the
compartment studied to that of plasma. Other phar-
macokinetic parameters were calculated by the fit-
ting of the observed concentrations in examined
fluids into two-exponential equation describing an
open one-compartment model with first order ab-
sorption. The ‘line of best fit’ was established using
least-squares method and the simplex algorithm.
According to Bielawski the simplex algorithm is the
proper method for pharmacokinetic calculations [2].
It allows fitting of the data even if the other algo-
rithms, for instance Marquardt-Levenburg one,
failed. The significance of the differences between
the respective parameters in the biological samples
studied was verified using Wilcoxon signed-rank
test [16]. The calculations were done by using the
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Fig. 2. Individual concentration-time curves of sulfamethoxa-
zole in plasma (solid line, closed circles), cantharidin-induced
skin blister fluid (dashed line, open circles) and in theoretical
peripheral compartment (dropped line) in four male subjects
following a single oral dose of 1.6 g sulphamethoxazole and
0.32 g trimethoprim: (a) age 50 years, body weight 64 kg, height
1.70 m, (b) age 42 years, body weight 68 kg, height 1.72 m, (c) age
52 years, body weight 80 kg, height 1.70 m, (d) age 19 years,
body weight 70 kg, height 1.80 m
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Fig. 1. Individual concentration-time curves of trimethoprim in
plasma (solid line, closed circles), cantharidin-induced skin
blister fluid (dashed line, open circles) and in theoretical
peripheral compartment (dropped line) in four male subjects
following a single oral dose of 0.32 g trimethoprim and 1.6 g
sulfamethoxazole: (a) age 50 years, body weight 64 kg, height
1.70 m, (b) age 42 years, body weight 68 kg, height 1.72 m, (c)
age 52 years, body weight 80 kg, height 1.70 m, (d) age 19 years,
body weight 70 kg, height 1.80 m



following programs: PSI-Plot v. 3.0 (for DOS) and
v. 7.0 (for Windows) to calculate pharmacokinetic
parameters, as well as Pro-Stat v. 3.0 to perform
statistical testing. All programs were purchased
from Poly Software International, Salt Lake City,
Utah, and Pearl River, NY, USA.

RESULTS

The examples of individual concentration-time
curves of trimethoprim in plasma, skin blister fluid
and theoretical peripheral compartment are pre-
sented in Figure 1. The curves were established in
four adult male subjects. The presentation of the in-
dividual concentration-time curves is in accordance
to proposal of Zuidema and Wynne, suggesting that
the presentation of examples of individual curves is
more relevant that so-called “mean curve” [24].

The examples of individual concentration-time
curves of sulfamethoxazole in plasma, skin blister
fluid and theoretical peripheral compartment are
presented in Figure 2. The curves were established
in the same four adult male subjects.

The certain pharmacokinetic parameters of tri-
methoprim and sulfamethoxazole in plasma, skin
blister fluid and theoretical peripheral compartment
after administration of a single oral dose of 0.32 g
of trimethoprim and 1.6 g of sulfamethoxazole are

presented in Tables 1 and 2, respectively. Each
value is an arithmetical mean ± SD.

The differences between maximum concentra-
tion, time to maximum concentration as well as
elimination rate constant of trimethoprim in plasma
and skin blister fluid were statistically significant,
whereas the area under concentration-time curve
and half-life time did not differ significantly. As
concerns of sulfamethoxazole, only maximum con-
centration, time to maximum concentration and
area under concentration-time curve in plasma and
blister fluid differed significantly.

Comparison of certain pharmacokinetic pa-
rameters of trimethoprim in blister fluid and theo-
retical peripheral compartment argue that none of
the established pharmacokinetic parameters, i.e.
maximum concentration, time to maximum con-
centration, area under concentration-time curve,
elimination rate constant, half-time as well as de-
gree of drug penetration did not differ significantly.
With regard to sulfamethoxazole, only the differ-
ences between time to maximum concentration in
skin blister fluid and theoretical peripheral com-
partment were statistically insignificant.

DISCUSSION

To evaluate drug penetration into skin, several
experimental models have been developed, for in-
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stance ‘implanted cotton threads’ [11] ‘skin win-
dow’ [9] or ‘skin chamber’ [9]. These methods are
inconvenient for the patients. The ‘skin blister
method’ is another worth mentioning technique.
Skin blisters, developed either by using of mild suc-
tion [9, 15, 23] or by direct placing to the skin of
cantharidin ointment [13, 14] or plasters [3, 10, 22],
are used most frequently. In the present research,
development of skin blisters was induced by apply-
ing 0.25% cantharidin ointment. The composition
of such blister content is similar to the exudate of
a mild inflammatory reaction [22] and they corre-
spond well with any situation that might exist in an
infected tissue.

After administration of a single oral dose of 0.32
g of trimethoprim and 1.6 g of sulfamethoxazole, tri-
methoprim was well absorbed from the gastrointes-
tinal tract, its maximum concentration in plasma of
8.53 ± 1.14 �mol/l was observed after 3 ± 1 h. These
results, as well as the values of the other pharma-
cokinetic parameters found, were comparable to
those reported by other investigators [6, 7, 17].

This agent penetrated to a high degree into
cantharidin-induced skin blister fluid reaching
maximum concentration, significantly lower than
in plasma (5.56 ± 0.75 �mol/l), after significantly
longer time (7 ± 2 h). The delay to achieve maxi-
mum concentration in blister fluid as compared to
plasma suggests that a certain time is required for
the drug to be transferred from the bloodstream via
the basement membrane into exudate of a mild in-
flammatory reaction.

Maximum trimethoprim concentration in theo-
retical peripheral compartment of 5.78 ± 2.21
�mol/l was achieved after about 9 h. Mean degree
of penetration into blister fluid and theoretical pe-
ripheral compartment were 0.94 and 1.05, respec-
tively, and did not differ significantly, similarly as
the other pharmacokinetic parameters of this drug.
The obtained results can lead to conclusion that
theoretical as well as real peripheral compartment,
described as the cantharidin-induced skin blister
fluid, of trimethoprim are similar.

To our knowledge no papers on penetration of
trimethoprim, administered as a single dose jointly
with sulfamethoxazole, into cantharidin-induced
skin blister fluid are available in the literature. Ber-
gan et al. studied penetration of these drugs into
blister fluid developed by suction and samples
were collected up to 12 h [1]. After administration
of the same dose jointly with sulfamethoxazole, mean

maximum concentration of 8.6 �mol/l in blister
fluid was found after about 8 h, maximum concentra-
tion in serum was slightly higher (12.7 ± 4.8 �mol/l)
[1]. In another study with oral administration of
0.36 g of trimethoprim and 1.64 g of sulfadiazine,
the maximum concentration of trimethoprim in
suction blister fluid of about 5 �mol/l was found af-
ter 8–12 h [4]. The investigators did not compare
drug penetration into suction blister fluid and theo-
retical peripheral compartment [1, 4].

After oral administration of a single 1.6 g dose of
sulfamethoxazole jointly with 0.32 g of tri-
methoprim, sulfamethoxazole was also well ab-
sorbed from the gastrointestinal tract and reached
maximum plasma concentration of 295 ± 47 �mol/l
after 3 ± 1 h. These results, as well as the other phar-
macokinetic parameters in plasma, are in accordance
with the values reported by others [6, 7, 17, 20, 21].

Sulfamethoxazole penetrated to a high degree into
cantharidin-induced skin blister fluid and reached
maximum concentration significantly lower than in
plasma (182 ± 46 �mol/l) after significantly longer
time (8 ± 2 h). In theoretical peripheral compartment,
maximum concentration of 239 ± 58 �mol/l was
found after 7 ± 4 h. Time to maximum concentra-
tion in blister fluid and theoretical peripheral com-
partment did not differ significantly. The differ-
ences between other pharmacokinetic parameters,
including maximum concentration, area under
concentration-time curve, elimination rate constant,
half-life time and degree of penetration, in blister
fluid and theoretical peripheral compartment were
statistically significant.

Similarly to trimethoprim, no papers on penetra-
tion of sulfamethoxazole, administered as a single
dose jointly with trimethoprim, into cantharidin-
induced skin blister fluid are available in literature.
In the abovementioned study of Bergan et al. [1],
after administration of the same dose as in the present
study, mean maximum serum concentration of sul-
famethoxazole, was above 400 �mol/l and was ob-
served after about 3 h. Mean maximum concentra-
tion in blister fluid of about 200 �mol/l was found
after about 8 h, so the results in suction blister fluid
are similar to those obtained in this study.

To sum up, cantharidin-induced skin blister
fluid method can be used to evaluate drug penetra-
tion into skin, but in some cases the differences be-
tween the respective pharmacokinetic parameters
in blister fluid and theoretical peripheral compart-
ment are statistically significant. Therefore, in
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some cases evaluation of drug penetration into skin
should not be replaced by the calculation of theo-
retical peripheral compartment, based only on the
agent concentration in blood.
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