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Short communication

Measurement of interstitial
cetirizine concentrations in
human skin: correlation of
drug levels with inhibition of

histamine-induced skin
responses

Histamine H1-receptor antagonists (antihistamines) are

drugs used for treatment of most cases of urticaria and

allergic rhinitis (1, 2). Cetirizine is a second-generation,
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pharmacokinetics.

Background: The purpose of the present study was to measure

the concentrations of cetirizine in the extracellular water

compartment in intact human skin and assess simultaneously

inhibition of histamine-induced wheal and ¯are reactions.

Methods: Skin cetirizine levels were collected by the micro-

dialysis technique and analyzed by high-pressure liquid chroma-

tography with mass spectrometry detection. Skin levels in 20

subjects were compared to plasma levels for 4 h after a single

oral dose of 10 or 20 mg of cetirizine. Skin prick tests were

performed with histamine 100 mg/ml.

Results: Plasma cetirizine levels increased within 30 min to reach

peak values of 315u10 and 786u45 ng/ml 90±120 min after

administration of 10 and 20 mg of cetirizine. This was followed

by a slow decline. In the skin, dialysate cetirizine levels (non-

protein-bound fraction only) peaked at 1.6u0.1 and 2.4u0.3 ng/

ml at 120±180 min. In vivo recovery of cetirizine was 14.4u4.3%.

It was estimated that the non-protein-bound concentration of

cetirizine in the skin was 50±70% of corresponding plasma

values. Both 10- and 20-mg doses of cetirizine inhibited wheal

and ¯are reactions over 240 min. The time vs concentration

pro®le of cetirizine in skin dialysate paralleled the inhibition of

skin reactions, but no signi®cant correlations were found

between individual cetirizine levels in skin or plasma with

wheal and ¯are reactions.

Conclusions: Cetirizine concentrations in the skin could be

monitored by the microdialysis technique. The results indicate

no simple linear correlation between cetirizine skin levels and

inhibition of skin reactions.
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nonsedating antihistamine which is frequently used for

such diseases. After oral administration of 10 or 20 mg of

cetirizine, peak plasma concentrations are found within 1 h

(3, 4). In comparison to its rapid absorption, inhibition of

histamine-induced skin reactions reaches its maximum at

4 h (5, 6). Thus, the pharmacokinetic properties of cetirizine

in the systemic circulation do not correlate with its

pharmacodynamics at skin level.

So far, only very few attempts have been made to measure

local drug levels and compare these with pharmacodynamic

properties (7). This is mainly due to methodological

problems of measuring drug levels chronologically in

human skin, especially in intact skin. Microdialysis is a

technique that has been used in experimental brain research

for decades in studies of neurotransmitter release and

pharmacologic experiments (8). Recently, microdialysis

techniques have been adapted for used in human skin, and

several pharmacokinetic studies have recently been pub-

lished (9±12). In this study, an intradermal microdialysis

technique has been applied to measurement of extracellular

concentrations of cetirizine in the skin of healthy subjects.

Levels of cetirizine in the skin were compared to plasma

levels, and the drug concentrations were compared to the

degree of inhibition of histamine-induced skin reactions.

Material and methods

Subjects

A total of 30 healthy subjects participated in the studies, and

10 of these subjects took part in control experiments

described later. The 20 subjects in the trial comprised 16

men and four women aged 29u7 (SD) years. Body weight

was 75.8u13.2 kg. Eight subjects were allergic to grass or

tree pollens. The study was conducted outside the pollen

season, and no patient had taken systemic or topical drugs

within the preceding 6 weeks before entering the trial. All

subjects gave informed consent, and the study was approved

Figure 1. Time-concentration pro®le of cetirizine in skin dialysate (A)

and venous plasma (B) after single oral administration of 10 (s) and

20 mg (N) of cetirizine. Values are meanuSEM (n=10).

Figure 2. Inhibition of histamine-induced wheal (A) and ¯are (B)

reactions after single oral dose of 10 (s) and 20 mg (N) of cetirizine.

Values are meanuSEM (n=10).
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by the regional ethics committee of Copenhagen and the

Danish Board of Health.

Medication

Cetirizine was administered in 10-mg tablets (UCB Pharma

SA, Braine l'Alleud, Belgium) in an open trial design. Ten

subjects received a single 10-mg tablet, and another 10

subjects received two 10-mg tablets to a total dose of 20 mg

of cetirizine.

Microdialysis technique

Microdialysis ®bers of 216 mm diameter, 2-kDa molecular

mass cutoff, and length of 20 mm available for diffusion,

were used, as previously described (13, 14). Six dialysis ®bers

were inserted intradermally in the right forearm. A recovery

phase of 2 h was allowed before sampling of skin dialysate

(15). The inlet of each dialysis ®ber was connected to

individual syringes mounted in microinjection pumps

(CMA/100, CMA/Microdialysis, Stockholm, Sweden), each

®ber being perfused with Krebs-Ringer bicarbonate (KRB) at

a rate of 5 ml/min. Dialysate from six ®bers over 30-min

periods was pooled into one sample (to a total volume of

900 ml) and rapidly stored at ±188C for further analysis. One

sample was collected before administration of the drug, and

eight samples were collected for 240 min after administra-

tion of the drug.

Blood sampling

A catheter was inserted into the antecubital vein in the left

arm for blood samples. After discarding of the ®rst 5 ml of

blood, 5 ml of blood was drawn into heparinized vials and

centrifuged for 10 min at 800 g, and the supernatant was

immediately stored at ±188C.

Histamine-induced skin reactions

Skin reactions to histamine prick tests (100 mg/ml) were

examined in duplicate before and 0.5, 1, 2, 3, and 4 h after

administration of the drug. Skin reactions were evaluated in

the left arm. ALK lancets were used. Wheal and ¯are

reactions were transferred onto transparencies 10 min after

skin challenge and measured by planimetry.

In vivo recovery of cetirizine

In separate control experiments, in vivo relative recovery of

cetirizine was determined. None of the subjects in the

control experiments had taken any medication, including

cetirizine, within the preceding week. Dialysis ®bers were

inserted intradermally in 10 healthy male volunteers (aged

34u8 years). In these experiments, cetirizine (50 ng/ml) was

added to the perfusate. A steady-state perfusion period of

20 min was allowed before sampling of dialysate from three

®bers over 40 min, the dialysates being pooled into one

sample (total volume 600 ml). Relative recovery in percen-

tage was calculated as the relative loss of cetirizine from the

®ber to the skin; i.e., recovery=1003(Ci ± Co)/Ci, where Ci

and Co are the cetirizine concentrations in the inlet

(perfusate) and outlet (dialysate), respectively.

Measurement of cetirizine

Cetirizine was assayed by high-pressure liquid chromato-

graphy. Chromatographic separation was obtained using a

ODS 3 mm, 2032 mm ID column, a mobile phase of 35%

acetonitrile and 65% of 10 mM ammonium acetate, and a

¯ow rate of 0.25 ml/min. The eluent was introduced with a

split ratio of 1:15, detection being by mass spectrometry

(positive ion, MRM scan mode).

Aliquots of 0.05 ml of plasma were diluted with 0.45 ml

of blank human plasma and with 10 ml of 500 ng/ml

internal standard cetirizine solution, 1 ml of pH 5 citrate

buffer, and 6 ml of chloroform. After vacuum-evaporation, it

was reconstituted in 500 ml of water, a sampling volume of

20 ml being analyzed.

Aliquots of 0.5 ml of dialysis ¯uid were mixed with 10 ml

of the internal standard solution and citrate buffer and

chloroform. The dry residue was reconstituted in 100 ml of

water, and 20 ml was injected onto the HPLC column.

The limit of quanti®cation of cetirizine was 0.1 ng/ml for

dialysis ¯uid and 10 ng/ml for plasma. Within-day reprodu-

cibility and accuracy were below 12%.

Statistics

The statistical analyses were performed using the SPSS/PC+
statistical package in an IBM-compatible computer. Values

are expressed as geometric meansuSEM (n=number of

observations). Analytic statistics comprised nonparametric

Wilcoxon two-sample tests, Friedmann analyses of variance,

and Spearman correlation tests.
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Results

Time vs concentration pro®les of cetirizine in skin dialysate

and venous plasma are shown in Fig. 1. Cetirizine concen-

trations in skin dialysate and plasma samples before

administration of the drug were below the analytic

sensitivities of 0.1 and 10 ng/ml, respectively. After oral

administration of 10 mg of cetirizine, plasma levels in-

creased within 30 min to reach peak values of 315u10 ng/

ml at 60±90 min, and it was followed by a slow decline. With

a total dose of 20 mg, peak plasma values of 786u45 ng/ml

were found at 90±120 min (Fig. 1B). In the skin, dialysate

cetirizine levels peaked at 1.6u0.1 and 2.4u0.3 ng/ml at

120±180 min after 10- and 20-mg doses of cetirizine,

respectively (Fig. 1A).

Retrodialysis experiments demonstrated in vivo recovery

of cetirizine to be 14.4u4.3% (n=10).

Fig. 2 shows the time course of inhibition of histamine-

induced wheals and ¯ares. Prechallenge wheal and ¯are

reactions were comparable in the two series of experiments.

Both 10- and 20-mg doses of cetirizine signi®cantly

inhibited wheal and ¯are reactions over 240 min

(P,0.001). In comparison to baseline values, signi®cant

inhibition of skin reactions were observed at 60 min for both

doses of cetirizine. Nearly maximal inhibition of skin

reactions was observed with 10- and 20-mg doses at

240 min (wheals, 91±99%; ¯ares, 95±96%).

No signi®cant correlations were found between cetirizine

concentrations in skin dialysate or plasma with wheal and

¯are reactions among individual subjects at any time points

with 10 mg of cetirizine. With the 20-mg dose, signi®cant

correlations at wheal sizes were demonstrated at 60 and

180 min with cetirizine skin levels and plasma levels of

cetirizine at 60 min. No correlations between ¯are reactions

and drug levels were found at any time points. Thus, no

consistent statistically signi®cant correlations were found

between drug levels and inhibition of skin reactions.

Discussion

In this study, a microdialysis technique was used to measure

skin levels of cetirizine after a single oral administration of

one or two 10-mg tablets to healthy volunteers. Skin

concentrations were compared to plasma concentrations,

and drug levels were compared to inhibition of histamine-

induced skin reactions.

The concentration of cetirizine in skin dialysate turned

out to be very low; skin levels were usually less than 1/100

of plasma concentrations. Therefore, a sensitive high-

pressure liquid chromatography method with mass spectro-

metric detection was adjusted to measure cetirizine levels in

the skin. The concentrations of cetirizine in skin dialysate

and plasma are not readily comparable, and the signi®cant

differences in their concentrations can be explained by two

factors. First, the dialysis membrane had a 2-kDa molecular

mass cutoff, thus allowing only non-protein-bound cetir-

izine to diffuse across the membrane. In comparison, plasma

concentrations were determined as total plasma cetirizine;

i.e., protein-bound and nonbound concentrations. Since

cetirizine is a highly protein-bound drug, approximately

95% of the total concentration is bound to plasma proteins

(3, 4), and the free unbound peak plasma concentration of

this drug was estimated to be 15 and 35 ng/ml at 10- and

20-mg doses. The exact degree of protein-binding of

cetirizine was not determined in this study. Second, due

to diffusion resistances in the dialysis ®ber and the tissue,

dialysate concentrations of cetirizine were lower than

extracellular unbound skin cetirizine concentrations. The

exact in vivo recovery of cetirizine was measured in another

group of subjects; it was approximately 15%. This indicated

peak skin concentrations of cetirizine to be approximately

11 and 17 ng/ml at 10- and 20-mg doses, respectively. Thus,

over the 4-h sampling period, it could be estimated that peak

unbound cetirizine concentrations in the skin were approxi-

mately 50±70% of corresponding values in venous plasma.

Previously, it has been shown that total skin cetirizine

concentrations were about 20% and 50% of plasma

concentrations at 1 and 3 h after a single 10-mg dose (7).

For reasons discussed above, direct comparison of drug

concentrations in microdialysis experiments and skin

biopsies are dif®cult, but the data suggest that both total

and nonbound cetirizine is lower than plasma concentra-

tions within the ®rst 3±4 h after administration. At steady

state, identical values have been found in skin and plasma

(7).

Plasma peak concentrations were observed approximately

90±120 min after oral administration of the drug, whereas

skin peak values were seen at 150±180 min. This difference

may re¯ect the time for diffusion of cetirizine from the

systemic circulation into the extracellular water phase.

Similar ®ndings were observed by Simons et al. using

sequential skin biopsies (7).

Direct comparisons of drug concentrations in the skin and

plasma with histamine-induced wheal and ¯are reactions

were performed. No consistent signi®cant correlations were

found between cetirizine concentrations in skin or plasma

and wheal and ¯are reactions among individuals. This is in
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accordance with previous ®ndings (7). The almost complete

inhibition of skin responses made correlation with drug

levels in skin and plasma dif®cult. Probably both the 2.5-

and 5-mg doses of cetirizine were needed to make satisfying

PK/PD relations. However, Fig. 2 shows that TKmax for

inhibition of wheal and ¯are reactions (approximately 80±

90 min) was comparable with that of dialysate cetirizine

TKmax of 80±90 min (Fig. 1A), not with the ®gure of 45±

50 min for plasma cetirizine (Fig. 1B). Thus, the averaged

data indicated that the time-concentration pro®le of

cetirizine in the skin seemed to parallel the inhibition of

skin reactions better than plasma concentrations.

In conclusion, skin microdialysis was applied to compare

simultaneously the pharmacokinetic and pharmaco-

dynamic pro®les of cetirizine, a highly protein-bound

antihistamine. The data con®rmed a temporal discrepancy

between plasma cetirizine levels and inhibition of skin

responses. In the comparison, a relationship between skin

drug levels and inhibition of skin reactions was suggested.

Additional studies are needed to determine more exact PK/

PD relations, including measurements at steady-state

conditions. In this aspect, the microdialysis method may

prove useful; e.g., by local delivery of drugs to the skin via

dialysis tubes with subsequent infusion of histamine.

Furthermore, assessment of the skin drug concentrations

needed to inhibit the release of in¯ammatory mediators can

be evaluated by this approach.
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