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ABSTRACT: A noninvasive and nonocclusive skin patch 
(Sudormed ~)  was investigated for the systematic collection of 
drugs of abuse over a period of several days. First, the applicability 
and user friendliness were tested by volunteers. The permeability 
of the polyurethane dressing from the outside to the inside for an 
aqueous solution was shown by incubating the outside layer with 
Rhodamine B. No fluorescence could be detected in the cotton pad 
beneath. A single dose experiment using theophyUine as a model 
compound showed that there was a delay in time before the sub- 
stance could be determined in the pad. The drug content decreased 
with increasing time of patch application. When eight volunteers 
participating in a methadone treatment were monitored, the substi- 
tute drug could always be detected in the patch associated with a 
minor concentration of EDDP. Besides, in some of the patches 
investigated, indications for an abuse of cocaine and heroin were 
found. The so-called sweat patch appears to be a valuable tool in 
clinical and forensic toxicology, as it offers a longer and prospective 
surveillance period compared with blood and refine testing. 
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First observations on outward transcutaneous drug delivery date 
back to the 19th century. In 1852, Schottin (1) verified iodide and 
benzoic acid in perspiration fluid by an experiment on his own 
body. Seventy years later, the first forensic case was reported by 
Jansch (2) who detected crystals of Veronal~ in droplets formed 
on the skin surface of a corpse after the body's storage had been 
changed from cold to ambient temperature. In the following 
decades, a series of clinical studies were done to determine the 
identity and the variability of drug and metabolite excretion in 
sweat following administration of single doses in most of the cases. 
The presence of several drugs of abuse has been reported, including 
alcohol (3--6), amphetamines (7,8), cocaine (9-12), opiates such 
as heroin and morphine (10,11,13), methadone (14,15), and phen- 
cyclidine (16). 

The sweat samples collected in the studies were mostly obtained 
by an occlusion bandage. However, Hartmann (17) observed that 
an occlusive patch generally affects skin moisture and skin pH. 
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He found that the relative skin moisture increased and skin pH 
shifted from the acidic range (4.9) to the the neutral range (7.1) 
during a 3-day occlusion experiment of the forearm. In addition, 
the bacterial population of superhydrated skin is altered, and an 
increase occurs during occlusive conditions (18). 

Investigations with stimulation of sweat production by pilocar- 
pin and electric current were performed using a collection swab 
(19) or a filter paper wrapped in plastic foil (10). Other working 
groups collected perspiration by rubbing the skin with a piece of 
gauze or towel at a temperature of 50~ (13). A self-produced 
transcutaneous collection device consisting of an adhesive-tape- 
encased agarose gel containing activated carbon as a binding agent 
was presented by Conner et al. (20). 

Although numerous drugs of abuse have been detected, the 
application of transcutaneous drug delivery in forensic and criminal 
cases is rare. One of the reasons is that, up to 1993, there was no 
simple or standardized solution to the problem of capturing sweat 
for the analysis of drugs of abuse nor for drug monitoring over a 
period of a few days. Previous studies (21,22) demonstrated that 
clothes worn next to the skin might be a potential material for 
drug analysis, but the problems of external contamination are 
obvious. The possibility of a contamination-free sample collection 
arrangement is supposed to be one of the essential requirements 
for the forensic application of sweat testing. 

Nowadays, a commercial transcutaneous drug collection device 
is available (23). The patch consists of an acrylate adhesive layer 
on a thin transparent polyurethane film. This dressing is nonocclu- 
sive and allows moisture and volatile substances to pass through 
the patch outward from the skin. Perspiration is collected on a 
cellulose absorption pad in the center of the adhesive layer. A 
unique number is imprinted on each sterile patch to ensure the 
chain of custody. 

A transcutaneous drug collection device may offer new possibili- 
ties for studying the compliance of patients under medical treatment 
or of patients participating in a rehabilitation program and also 
for monitoring additional drug intake over a certain period. In this 
preliminary study, the following aspects were under investigation: 

(1) Applicability and user friendliness of the patches, 
(2) Permeability of the dressing toward inside direction for 

aqueous solutions, 
(3) Transcutaneous flux after a single dose application of the- 

ophylline, and 
(4) Transcutaneous collection under steady-state conditions, 

thereby drug monitoring patients participating in a metha- 
done treatment program. 
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Materials and Methods 

Experimental Design 

Applicability and User Friendliness--The skin was cleansed 
using 70% isopropanol before applying the patch. At the end of 
the experiments each of the volunteers reported on the impression 
of comfort or discomfort sensed while wearing the patches. 

Permeability Towards Inside Direction for Aqueous Solutions-- 
The patch was tested by incubating the polyurethane film with a 
Rhodamine B solution (1% in saline, pH 7.4) at ambient tempera- 
ture overnight. The fluid was removed by soaking with filter paper. 
Then the film was opened with a scalpel and the cellulose pad 
inspected and viewed under ultraviolet light. 

Single-Dose Test with Theophylline The subjects were two 
healthy volunteers. Placement areas on the chest along the lower 
rib and lateral to the midline were cleansed with a 70% solution 
of isopropyl alcohol. Blanks were established by applying patches 
for 24 to 72 h before oral administration of theophylline (400 mg). 
After administration of theophylline, the transcutaneous collection 
devices were applied (n = 8/subjects). After time intervals of 12, 
24, 48, and 72 h, two patches were removed, each symmetrically 
located on both sides of the chest. 

A linear standard calibration curve was prepared by spiking 
unused cellulose pads with 100-, 200-, 500-, and 1000-ng theophyl- 
line in artificial sweat (24). A blank was also made. All investiga- 
tions were performed twice, and all values are given as mean 
values. The cellulose pads of all transcutaneous collection devices 
were cut into small pieces. The snippets were gently agitated in 
2 mL of methanol and were then removed by centrifugation. The 
superuatant was evaporated to dryness under nitrogen and the 
residue redissolved in 100 IxL of the mobile phase. For high 
performance liquid chromatography (HPLC) analysis, 5 txL were 
injected. The limit of detection was 50-ng theophylline/patch. 

Drug Monitoring Patients on Chronic Methadone Treatment-- 
The subjects were eight volunteers participating in a rehabilitation 
program. Methadone as solution was taken once daily for a period 
of at least four weeks. The individual, constant doses were kept 
up during patch application. The height, the weight, and the daily 
doses of methadone were: A, 172 cm/68 kg/0.4 mg/kg; B, 171 
cm/75 kg/1.2 mg/kg; C, 182 cm/85 kg/0.3 mg/kg; D, 183 cm/70 
kg/1.0 mg/kg; E 178 cm/69 kg/0.7 mg/kg; H, 176 crn/94 kg/1.1 
mg/kg; I, 191 cm/83 kg/0.5 mg/kg; K, 165 cm/53 kg/0.4 mg/kg. 
Cleansing of the skin and placement areas were as described in 
three. One patch (n = 5/subjects) was removed after 2, 3, 4, 5, 
and 7 days. 

The cellulose pads were removed from the adhesive layer and 
cut into small pieces. 2.5 mL of Soerensen buffer (pH 7.4) was 
added together with the internal standard substances (100 ng/50 
IxL). Extraction was performed in an ultrasound bath (10 min). 
The snippets were removed by centrifugation and shaken again in 
2.5-mL Soerensen buffer. The extraction process was repeated 
twice. The pooled aqueous layers were extracted with solid phase 
extraction columns and eluted with 2-mL acetone/dichloromethane 
(3:1, v/v). The extracts were derivatized with pentafluoropropionlc 
anhydride and pentafluoropropanol before GC/MS analysis. Quan- 
tification was done using the drug deuterated analogues as internal 
standards. Further analytical details were as given by Moeller et 
al. (24). 

The samples were analyzed not only for methadone and its 
major metabolite EDDP (1,5-dimethyl-3,3-diphenyl-2-ethylidene- 
pyrrolidine) but also for 6-acetylmorphine, morphine, codeine, 
dihydrocodeine, benzoylecgonine, and cocaine. 

Chemicals and Reagents 

The sweat patch specimen container was kindly supplied by 
Sudormed (Santa Ana, CA, USA). All solvents were of HPLC or 
analytical grade. The solid phase extraction columns were obtained 
from Macherey & Nagel (Dttren, Germany). Rhodamine B, pen- 
tafluoropropionic anhydride and pentafluoropropanol were 
obtained from Aldrich-Chemie (Steinheim, Germany), 6-acetyl- 
morphine, morphine, codeine, dihydrocodeine, cocaine, benzoylec- 
gonine, methadone, EDDP, and the corresponding deuterated 
sample except for dihydrocodeine were purchased from Radian 
Corporation (Austin, TX). Deuterated dihydrocodeine was kindly 
contributed by G. Sticht (Institute of Legal Medicine, KOln, 
Germany). 

Instrumentation 

HPLC--Analysis was performed with a HP 1050 HPLC-system 
equipped with a diode array detector (Hewlett Packard, Waldbronn, 
Germany). Samples were eluted from a Lichrosphere reversed 
phase column, 125- by 3-mm (49- by 1.2-in.) I.D. (Merck, Darm- 
stadt, Germany) with a mobile phase containing acetonitrile/ 
methanol/water (3/2/2, v/v/v) at a flow rate of 0.5 mL/min at 35~ 

GC/MS--The following instruments were used: a HP 5890 II 
series gas chromatograph, a HP 5971 A mass selective detector, 
a 486 IBM-compatible personal computer equipped with a HP 
ChemStation B.02.04, a HP 7673 A automatic sampler (Hewlett 
Packard, Waldbronn, Germany). A HP-1 fused-silica capillary col- 
umn was used for the analyses. The mass spectrometer was oper- 
ated in the EI mode with an electron energy of 70 eV. 

Results 

Applicability and User Friendliness--Application of the patches 
was performed without any problems. When the patch was placed 
carefully and tightly, showering and swimming were possible as 
the interior pad did not become wet. Care should be taken, however, 
when wiping dry with a towel because the adhesive borders of 
the film are very sensitive to any rubbing or to skin movement. 
After hard exercise unnoticed by the volunteers (n = 2), some 
patches got lost. The application of numerous patches caused per- 
sonal discomfort in five volunteers. A few persons (n = 3) got skin 
irritations such as itching, rubor, and swelling which disappeared 
within several hours after removal of the dressing. Reapplication 
of a formerly affixed patch was not successful. This was also the 
case if only one edge of the adhesive layer was lifted. 

Permeability for Externally Applied Substances--The outside 
layers of the polyurethane film were highly fluorescence positive. 
But there was no visible contamination of the cellulose pad beneath 
the film after the incubation with the Rhodamine B solution. Even 
under ultraviolet light, fluorescence because of Rhodamine B con- 
tamination could not be detected in the pads. 



Theophylline Experiment--The results of the single-dose experi- 
ment with theophylline are shown in Fig. 1. Theophylline could 
be detected in the 24-h pads or in the 48-h pads with a maximum 
concentration found 48 h after the intake of the drug substance. 
There was a corresponding decrease in the theophyUine concentra- 
tions in the 72-h patches for the two subjects investigated. 

Drug Monitoring During Methadone Treatment The results of 
drug monitoring of the eight patients participating in a methadone 
treatment program are shown in Table 1. All  patches tested positive 
for methadone and EDDP. After the third day of  patch application 
period, no increase in drug or drug metabolite concentrations could 

FIG. 1--Time course of theophylline concentration (rig theophyllinel 
patch, n = 2). 

TABLE 1--Results of drug monitoring (GCIMS) of eight patients on 
chronic methadone treatment for a period of seven days of patch 

wear. 

Patch Wear Period (Days) 

Results 2 3 4 5 7 

ng Methadone/Patch 
Patient A 61 126 141 262 236 
Patient B Lp* 140 489 578 421 
Patient C 146 255 208 296 86 
Patient D 47 731 671 865 Epi" 
Patient F 398 390 255 228 131 
Patient H 858 1019 1431 Epl 
Patient I 244 392 305 Ept 
Patient K 142 10l 373 205 294 

ng EDDP/Patch 
Patient A 4 4 5 8 8 
Patient B Lp* 9 17 22 14 
Patient C 7 12 6 7 4 
Patient D 3 31 28 41 Epl" 
Patient F 9 12 8 8 5 
Patient H 26 27 57 Epl" 
Patient I 11 15 11 Ept 
Patient K 6 4 24 17 14 

*Lp = Loss of patch. 
~Ep = End of patch wear period. 
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be measured for any specimen. In all cases, the concentration of 
methadone exceeded the concentration of EDDP by several times. 
For example, after a patch wear period of four days, the ratio of 
methadone to EDDP ranged from 16 to 34 (mean value 27). 

By GC/MS analysis, a consumption of drugs different from the 
substitute drug could be detected in the patch extracts. An example 
for abuse of heroin and cocaine is shown in Fig. 2. In patient K, 
the drug concentrations found on day five were a small fraction 
of the concentrations found on days four and seven, suggesting a 
repeated illegal drug consumption. Similiar to methadone, after 
application of  cocaine or heroin, the main analytes excreted in all 
perspiration samples were cocaine and 6-acetylmorphine. 

Discussion 

The Rhodamine B experiment showed that environmental con- 
tamination is not a critical point for the application of the transcuta- 
neous collection device tested, provided that the adhesive layer 
was carefully and smoothly affixed to the skin. The tightness of 
the polyurethane film to externally applied substances was also 
confirmed by Cone et al. (11) who tested the patches for passive 
contamination by ambient cocaine and cocaine vapors, and 
obtained negative results. I f  the patch is applied, removed, and 
stored properly until analysis, avoiding any external exposure to 
drug substances, the so-called sweat-patch testing may become a 
rather safe and reliable method. 

The application of the patches offers the advantage of a noninva- 
sive means compared with the analysis of blood or urine. Moreover, 
a surveillance period of several days seems to be possible if skin 
irritation due to the patch does not appear during the patch 
wear period. 

Although it is poorly understood how nonvolatile chemicals can 
exit the body through the skin, there are potentially three distinct 
routes of penetration for small molecules from the systemic circula- 
tion to the surface of the skin: The follicular regions, the sweat 
ducts, the stratum corneum, or horny layer (25). Pecause the frac- 
tional surface of the skin appendages represents only 0.1% of the 
total skin surface (26), shunt diffusion through the follicles and 
the ducts was proposed to be of minor importance (27). In contrast, 

FIG. 2 Abuse of  illegal drugs by patients of a methadone treatment 
program. GCIMS analysis of the patches revealed the intake of heroin 
and cocaine during patch application period. 
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there were other investigations supporting the hypothesis of an 
important role of the appendageal route (28). Conner et al. showed 
in an experiment using caffeine as a model compound that heat- 
provoked sweating seems to make a larger contribution to outward 
transcutaneous migration of the substance in the first hours. How- 
ever, after 10 h, there was only a slight difference of the caffeine 
concentrations on a local heated area of the skin and on a nonsweat- 
ing control (29). The apparent permeability coefficients of caffeine 
in adult volunteers and in rats were found to be similiar, although 
rats do not sweat. Therefore, the pathway via sweat is not available 
and is not likely to explain the result. The discussion and rating 
of the importance of the different routes of transepidermal penetra- 
tion still remain controversial. 

The lag time of more than 12 h as observed in the single dose 
experiment using theophylline may be explained by theophylline 
preferring passive diffusion through the stratum corneum rather 
than the transappendageal pathways. Because the investigation 
was conducted under nonthermal stress conditions, the preliminary 
findings indicate that the probable reason for this delay is the 
required period for establishing a reservoir in the horny layer. The 
concentrations of theophylline peaked within 24 to 48 h, as the 
transcutaneous collection device is a cumulative measurement tool 
in contrast to a plasma sample, which represents a state at a given 
time. The decline in theophylline concentration in the 72-h pads 
may be due to back diffusion into the stratum corneum and perhaps 
into the circulatory system as the half life (9 h) of the substance 
is short (30). To substantiate these first observations, these prob- 
lems are currently under further investigation. 

The data from the methadone study show that under steady state 
conditions, a period of two days seems sufficient to demonstrate 
a person's program compliance. The patch recorded cumulative 
amounts of methadone from several medications for three or four 
days but not for a period of seven days, because the methadone 
concentration did not increase consistently. 

The observation that all but one of the day seven methadone 
and EDDP results were lower than a previous result for the patient 
may be caused by a regional variability of the skin to chemical 
permeation, or by the patch losing a constant contact with the skin 
surface as time passed. Peck et al. (31). concluded from a theoreti- 
cal basis for the use of a transcutaneous collection device in 
assessing drug intake and pharmacokinetics, that the information 
on the cumulative amount of biologically available drug will be 
useful only when back transfer is minimized. This means that 
irreversible drug binding in the pad is a critical point. The concen- 
trations of methadone or EDDP as measured in the pad may be 
further confounded by transient dispositional influences in distribu- 
tion and time-dependent elimination processes. 

The few data of this pilot study did not legitimate an attempt 
to correlate the amount of drug detected in a patch with the daily 
methadone dose of the patient, and they are suggested to be rather 
of qualitative than of quantitative nature. The questions that have 
arisen will be subject to further investigations. 

Independent of the time of patch removal, the primary molecule 
was always found to be associated with a minor part of the metabo- 
lite. The less differing methadone/EDDP ratio within seven days 
suggests that methadone is stable on the pad for the application 
periods investigated. Provided that drug metabolizing in skin is 
not a decisive factor (32), it may be concluded from the methadone/ 
EDDP ratio that lipid solubility is associated with the permeability 
of the compounds measured. This also applies for the cocaine and 
opiate findings. The results for cocaine are thus far in agreement 
with other investigators (11,12). Only 6-acetylmorphine was 

detected in the present study after a presumed heroin administra- 
tion. Cone et al. (11) detected heroin in the patch during an interval 
of up to 24 h. Patches that had remained attached for a longer 
period showed increasing concentrations of 6-acetylmorphine and 
decreasing concentrations of heroin. From these data, it seems 
evident that heroin might be hydrolyzed during the patch wear 
period. 

Although the new technology of transdermal drug collection 
requires further support and basic research, the available data 
already show the usefulness of the transcutaneous collection device 
for the surveillance of patients of a rehabilitation program and for 
testing of an additional abuse of illegal drugs. When the patch is 
correctly applied and removed by trained professionals as recom- 
mended, it may have important implications in clinical and forensic 
toxicology, in preventive medicine, and in prisons, as it is a rela- 
tively safe and noninvasive means offering a longer and prospective 
surveillance period compared with blood and urine testing. 
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