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[Abstract [ 
The aim of this study was to determine whether or not the skin acts 
as a reservoir for cocaine. Cocaine-ds (1 mg/kg) was administered 
to five nondependent, cocaine-experienced volunteers. Skin tissue, 
interstitial fluid, sebum, stratum corneum, and plasma were 
collected for 72 h after drug administration. Cocaine and 
benzoylecgonine (BE) levels were determined using GC-MS. 
Cocaine concentrations peaked in plasma at 1 h after 
administration, with pharmacokinetic parameters (tl/2, CL, Vd) also 
in the expected ranges. In skin, cocaine levels peaked around 1.5 h 
after administration and became undetectable by 6 h. A correlation 
was found between the plasma and skin AUC for cocaine (R = 0.99, 
p = 0.006, N = 4). BE was not detected in skin. In interstitial fluid 
(N = 4), cocaine concentrations peaked around 5 h after drug 
administration and were undetectable by 24 h. BE peaks varied 
between 2 and 24 h and were not detectable at 48 h. In sebum, 
cocaine levels peaked between 3 and 24 h. BE was found in three 
samples between 12 and 24 h. In stratum corneum, cocaine was 
measurable in only one sample from one subject. These findings 
suggest that skin does not act as a reservoir for cocaine. Rather, 
cocaine appears to be distributed rapidly to the skin and 
eliminated, following a time course similar to that of plasma. 

Introduction 

Biological monitoring of drug use is used by law enforce- 
ment and employers to identify illicit drug users, and may be 
useful as an objective outcome measure in treatment or clinical 
research for drug dependence (1,2). Hair and sweat patch 
testing are increasingly popular, primarily because of their 
ability to detect drugs over longer time intervals (3--8). Despite 
their current trends in drug testing, the mechanism by which 
drugs enter those matrices remains poorly understood. 

Some antifungal agents are known to have sustained dispo- 
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sition in the skin and its related matrices compared with that in 
plasma (9-12), suggesting that skin can act as a reservoir. How- 
ever, the disposition of drugs of abuse in the skin has received 
relatively little attention. Cocaine and morphine have been 
measured in postmortem skin and adipose tissue (13), and 
ALtetrahydrocannabinol has been measured in human adipose 
tissue (14). Cocaine, BE, and codeine have been found in sebum 
and stratum corneum, but the mechanism by which drugs 
enter those matrices is uncertain (8). Antibiotic, antimycotic, 
and retinoid agents have been found in interstitial fluid, but data 
on disposition of drugs of abuse are not available (9,15,16). 

In this study, we attempted to characterize the disposition of 
cocaine in the skin. We tested the hypothesis that skin acts as 
a reservoir for cocaine by concurrently measuring the concen- 
tration of the drug in plasma, skin, interstitial fluid, sebum, and 
stratum corneum collected from human subjects following ad- 
ministration of a single dose of deuterium-labeled cocaine. 

Methods 

Subjects 
Five males, 30 to 45 years of age, were recruited by newspaper 

advertisements. Subjects were nondependent cocaine users. 
Each gave written informed consent and was paid for partici- 
pation. All were in good health as judged by medical, laboratory, 
and psychiatric evaluations and were not dependent on any 
illicit drugs or alcohol, as assessed by DSM-IV criteria. Two 
subjects were positive for hepatitis C virus (HCV). All were HIV 
negative. Demographic data are in Table I. 

Review and approval for the study was from the Committee 
on Human Research (IRB) of the University of California, San 
Francisco (UCSF). 

Site 
All samples were collected at the Drug Dependence Research 

Center, Langley Porter Psychiatric Institute, UCSF, and the ad- 
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jacent General Clinical Research Center (GCRC), Moffitt Hos- 
pital, UCSF. Subjects were admitted to the GCRC one day prior 
to drug administration. Subjects were discharged following 
measurements taken 24 h after drug administration. They re- 
turned to UCSF for subsequent sample collections on an out- 
patient basis. 

Analysis of all samples was performed at the Department of 
Medical Pharmacology and Toxicology, School of Medicine, 
University of California, Davis. 

Cocaine-ds 
Deuterium-labeled cocaine (IND# 51,280) was synthesized 

by the method of Everhart et al. (17). Identity and purity of the 
drug were certified by GC-MS, thin-layer chromatography, 
melting point, and elemental analysis. Deuterium-labeled co- 
caine was used to distinguish experimentally administered drug 
from illicitly used cocaine that could have accumulated in the 
skin prior to the study. In a previous study, we found that deu- 
terium labeling does not significantly alter plasma cocaine ki- 
netics (7). 

Cocaine administration 
Subjects were given 1.0 mg/kg cocaine-d5 (diluted to 60 mL 

in 0.9% sodium chloride solution) injected intravenously and 
slowly over I h. Infusions were given through an in-dwelling 
venous catheter in the forearm via an infusion pump (Harvard 
Apparatus, Holliston, MA). 

Sample collection 
Plasma. Venous blood samples were collected either from an 

in-dwelling catheter (up to post 24 h) or by venipuncture (sam- 
ples after 24 h). Eight to 10 mL of blood was collected before 
and at 0.5, 1, 2, 3, 6, 8, 24, 48, and 72 h after drug administra- 
tion. Blood samples were collected in heparinized Vacutainer | 
tubes, plasma was separated by centrifugation at 6500 RPM 
and stored in polypropylene Falcon | tubes at--80~ and 0.5 mL 
4% NaF solution was added to each sample to arrest metabolism 
after collection. 

Skin biopsy. Skin biopsies, 4 mm in diameter, were taken 
from sites of stratum corneum collection on the lower back 
using standard procedure. Tissue samples were rinsed once 
with 0.9% saline immediately after collection to minimize con- 
tamination with blood, placed in polypropylene cryogenic vials, 
weighed, and stored at -80~ Skin biopsies were collected be- 
fore and at approximately 1.5, 3.5, 5.5, 24, 48, and 72 h after 

Table I. Subject Demographics 

Subject Age (yr) Weight (kg) Race 

I 30 79.4 Caucasian 
2 40 7 1 . 6  African-American 
3 45 71.6 Caucasian 
4 36 91.6 Latino 
5 35 6 6 . 8  African-American/Caucasian 

Mean 37.2 76.2 
SD 5.6 9.7 
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drug administration. One biopsy sample was collected from 
each site at each time point. 

Interstitial fluid. Blister fluid, which is considered a surrogate 
for interstitial fluid (18,19), was collected from four subjects 
using an apparatus consisting of a 50-mL syringe connected to 
a vacuum pump with 250 to 300 mm Hg negative pressures, 
which was placed on the inner thigh for approximately 1.5 h. 
Once the blister was raised, the fluid was collected using a sy- 
ringe with a fine needle (30 gauge). Average sample size was 90 
IJL. Each sample was placed in a polypropylene cryogenic vial, 
weighed, and sealed for storage at --80~ Samples were col- 
lected before and at approximately 2, 6, 24, 48, and 72 h after 
drug administration. 

Sebum. Sebum was collected from the center of the fore- 
head using Sebutape | The area was cleaned with ethanol prior 
to placement of the preweighed Sebutape, and samples were col- 
lected for 1 h intervals before and 1, 3, 6, 8, 12, 24, 48, and 72 
h after drug administration (e.g., 24 h sample collected from 
23.5 to 24.5 h). After gentle detachment, lipid-laden Sebutape 
was weighed, placed on a glass slide, and stored in a sealed 
plastic bag at-80~ 

Stratum corneum. Prior to sample collection on the morning 
of the tint experimental day, subjects were required to shower to 
remove possible adulterants from the skin. Stratum corneum 
was collected from seven sites on the lower back by the tape- 
stripping technique (20) using 2.2-cm diameter D-squame | 
(Cuderm Co., Dallas, TX). Before each collection, a 3 • 3 cm ~- 
area was cleaned with ethanol. Stratum corneum was obtained 
by tape stripping with pressure applied by rubbing three times 
with a thumb. For each sample, 15 tape strippings were collected 
at each site. Disc tapes were weighed before and after stripping 
to determine the weight of stratum corneum collected. Sampl- 
ing was done before and at approximately 1.5, 3.5, 5.5, 24, 48, 
and 72 h after drug administration. Samples were placed in 
glass scintillation vials and sealed for storage at --80~ 

Analytical procedures 
Plasma. For each sample, I mL 0.1M phosphate buffer and 10 

]JL internal standard (difluorococaine, 1 ng/IJL in phosphate 
buffer, pH 6.0) were added to 1 mL plasma in a glass tube. 
Solid-phase extraction was then performed as described. 

Sebum andstratum corneum. Sebum and stratum corneum 
samples were placed in silanized glass tubes, with 5 mL 
methanol and 10 IJL internal standard added. The tubes were 
vortex mixed for 10 s and rotated for 2 h. After centrifugation for 
10 rain, the methanol extract was separated and evaporated to 
dryness. The extract was then reconstituted with 5 mL phos- 
phate (pH 6.0), followed by solid-phase extraction (SPE), as de- 
scribed here. 

Skin biopsy. Before digestion, skin biopsy samples were rinsed 
with pH 6.0 buffer to remove blood contamination. Samples 
were weighed, then cut into small pieces (e.g., I to 2 ram) and 
placed in silanized glass tubes with screw caps. Samples were 
digested according to procedures previously described (21) with 
2.6 mL digest buffer and 0.2 mL of 0.4M DTT in 10raM Na ac- 
etate (pH 5.2), vortex mixed, and incubated for I to 2 h at 45~ 
which resulted in complete digestion of the samples. Following 
the addition of 60 I~L Proteinase K, the samples were vortex 
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quantitation based on the peak-area ratios of cocaine-ds and the 
ds-tert-butyldimethylsilyl derivative of BE-d5 (BE-@TBDMS) to 
the internal standard difluorococaine. Masses 309, 409, and 
340 were used for cocaine-ds, BE-ds-TBDMS, and the internal 
standard, respectively. 

mixed again and incubated overnight at 45~ To each sample, 
10 IJL internal standard was added. SPE was then performed as 
described. 

Interstitial fluid. The entire interstitial fluid sample was 
used for analysis because of the small quantity collected. One 
milliliter of 0.1M phosphate buffer and 10 IJL internal stan- 
dard were added to each sample, followed by SPE as described. 

SPE 
Cocaine-ds and BE-ds were extracted from all biosamples 

using Bond Elut TM Certify | columns and Vac-Elut SPS 24 TM 

vacuum manifold using a procedure similar to the manufac- 
turer's recommendation. The columns were conditioned with 2 
mL methanol followed by 2 mL 0.1M phosphate buffer (pH 
6.0), and the samples were added to the column. The columns 
were rinsed with 3 mL deionized water, 3 mL 0.1M hydrochloric 
acid, and 8 mL methanol, then allowed to dry. Cocaine-ds and 
BE-ds were then eluted with 4.4 mL methylene chloride/iso- 
propyl alcohol (80:20) with 2% ammonium chloride. The ex- 
tracts were evaporated under nitrogen at 40~ reconstituted in 
0.25 IJL methylene chloride, and vortex mixed. Each extracted 
sample was transferred to a 100-1JL limited volume injection vial 
and evaporated again under nitrogen at 40~ 10 lJL of MTB- 
STFA was added and the vial tightly closed. The samples were 
then vortex mixed, incubated at 40~ for 10 rain, vortex mixed 
again, and 1 IJL was injected into the gas chromatograph-mass 
spectrometer (GC-MS). 

GC-MS 
Analyses of all samples were performed on a Finnigan ITS-40 

ion-trap MS interfaced to a Varian 3400 GC equipped with a 
Varian 1075 injector and a J&W Scientific "low bleed" DB-5MS 
capillary column. Helium was used as the carrier gas, and 
isobutane was the reagent gas. 

Quantitation 
For plasma samples, a seven-point calibration was prepared 

daily by extracting I mL plasma fortified with cocaine-ds and 
BE-ds at concentrations of 1, 2, 10, 20, 50, 100, and 200 ng/mL. 
For all other biosamples, a five-point calibration was prepared 
daily by extracting standards prepared in phosphate buffer as fol- 
lows: 1.0 mL 0.1M phosphate buffer was added to a test tube 
containing 10 IJL cocaine-ds and BE-ds at concentrations of 0.1, 
0.5, 1.0, 5.0, and 10.0 ng/IJL in 100 I~L of HPLC water. Positive 
and negative controls were included in each batch of samples at 
concentrations of 0.1 and 1.0 ng/mL for plasma and 0.1 and 1.0 
ng/sample for other biosamples. Although matrix effects could 
contribute to poor recovery from some of the biosamples, these 
were minimized by preparing quality control samples in the 
same matrix whenever possible. Controls were prepared in 
plasma (for plasma samples), in phosphate buffer (for intersti- 
tial fluid and skin samples), and by adding to blank tapes (for 
sebum and stratum corneum samples). Although blank samples 
of skin and interstitial fluid were not used, the complete re- 
covery of the internal standard suggests that there were no 
nonspecific matrix effects with these samples. 

To improve sensitivity, samples were analyzed by positive ion 
chemical ionization MS (21). A single ion (MH § was used for 

Data analysis 
Peak plasma concentrations were measured at the end of the 

1 h infusion. The area under the plasma-concentration time 
curve (AUC) for both plasma and skin biopsy was computed by 
the trapezoidal method. The elimination half-life (tn) was de- 
termined from the negative slope of the terminal log blood 
concentration versus time curve using linear least squares re- 
gression. Total clearance (CL) was computed as dose/AUC and 
volume of distribution (Vd) as t n*CIAn2. The correlation be- 
tween plasma and skin AUC was determined by the Fisher Z test. 
Excel and Statview 5.0.1 were used in data analysis. 

Results 

A 

Plasma 
Cocaine and BE concentrations (Figure 1) were in ranges 

similar to historical controls (22-26). Cocaine concentrations 
peaked 1 h after drug administration (mean • SD: 383.3 _+ 
147.1 ng/mL). Peak BE concentrations were reached between 2 
and 6 h after drug administration (352.9 • 256.0 ng/mL). The 
t~ of plasma cocaine was 1.2 • 0.7 h, with other parameters 
(CL, Vd) also in expected ranges (Table II). 
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Figure 1. The time versus concentration curves for cocaine (A) and 
benzoylecgonine (B) in plasma. 
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Skin biopsy 
Skin cocaine concentrations (Figure 2A) peaked around 1.5 h 

after drug administration (520 +.+_ 520 ng/g skin) and were un- 
detectable by 6 h. The mean skin cocaine AUC was ]460 • 1560 
ng*h/g (0-3970 ng*h/g). BE was below the detection limit 
(1 ng/skin sample, typically I0 to 25 rag) in all available samples 
(Figure 2B). Cocaine was not detected in the skin of subject 5. 
The correlation between the plasma and skin AUC was high 
(R = 0.99, p = 0.006) after excluding an outlier (subject 4) with 
a relatively higher cocaine level in skin (Figure 3). 

Interstitial fluid 
In the interstitial fluid (,,V = 4), cocaine peaked (88.7 • 84.5 

ng/mL) around 5 h after drug administration (Figure 4) and was 
undetectable by 24 h. Benzoylecgonine peaked between 2 and 
24 h after the infusion (595.9 + 638.6 ng/mL) and was unde- 

Table II. Cocaine Pharmacokinetics in Plasma 

AUC(0-24 h) CL 
Subject (ng*h /mt )  (mUmin/g) Vd (L/kg) t~,~ (h) 

1 1770.5 9.4[ 1.43 ] .75 
2 1312.8 12.7 2.18 1.99 
3 992.9 16.79 0.57 0.39 
4 1027,5 16.22 0.91 0.64 
5 706.9 23.58 2.53 1,24 

Mean 1162.1 15.74 1.52 "i .2 
SD 402.2 5.29 0.83 0.67 
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Figure 2. The time versus concentration curves for cocaine (A) and 
benzoylecgonine (B) in skin. Cocaine was not detected in biopsies of 
subject 5. BE was not detected in any skin biopsies. 
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tectable in interstitial fluid by 48 h. Cocaine and BE were not 
detected in the interstitial fluid of subject 4. Interstitial fluid was 
not collected from subject 5. 

Sebum 
Cocaine was detected in the sebum between 1 h and 24 h and 

peaked between 3 and 24 h, with no apparent consistent pattern 
of distribution. The mean peak cocaine concentration in sebum 
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Figure 3. The correlation between plasma and skin AUC (R = 0.99, p = 
0.006, with outlier excluded). Analysis by Fisher Z test. 
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Figure 4. The time versus concentration curves for cocaine (A) and BE (B) 
in interstitial fluid. Interstitial fluid could not be collected from subject 3 
at 24 b. 
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was 2.1 + 1.7 ng/mg. BE was detected in only three samples: 3.8 
ng/mg at 12 h and 0.7 rig/rag at 24 h in subject 2, and 0.9 
ng/mg at 24 h in subject 4. Cocaine and BE were undetectable 
by 48 h. 

Stratum corneum 
Cocaine and BE were not found in stratum corneum, with 

one exception. In subject 5, 1.6 ng cocaine/rag tissue was de- 
tected 5.5 h after drug administration. 

Discussion 

Drugs of abuse are reported to have a longer detection period 
in hair and sweat than in urine and blood. Cocaine has been de- 
tected in hair eight months after a single administration (7) and 
in sweat collected from cocaine users following pilocarpine 
stimulation after six drug-free days (3). In contrast, cocaine is 
usually undetectable in plasma 6 to 8 h after drug administra- 
tion and the metabolite, benzoylecgonine, is generally not de- 
tected longer than 53 h by commercially available urine tests 
(1,24). To account for the prolonged time course of cocaine in 
hair and sweat, researchers speculate that cocaine may be stored 
in compartments in the skin and slowly released into the sweat 
gland or hair bulb (4). If the skin does, in fact, have multiple 
compartments, transfer kinetics should be more complex and 
prolonged compared with transfer by simple diffusion alone. A 
multicompartment model for the distribution of drugs to the 
skin and related structures is suggested by the prolonged ac- 
cumulation of fluconazole and other drugs in human skin, 
stratum corneum, sweat, and hair (9-12). 

In this study, we directly measured cocaine and BE in the skin 
and its related matrices following a substantial dose of cocaine. 
Our findings confirm that cocaine is distributed to the skin 
following a single drug administration. However, the results in- 
dicate that the skin does not act as a reservoir for cocaine. In the 
skin, cocaine concentrations peaked early (1 to 2 h) and became 
undetectable by 24 h, suggesting a pharmacokinetic profile 
similar to plasma. 

Interstitial fluid is qualitatively similar to plasma, containing 
many plasma proteins (albumin and globulins) and lipids 
(triglycerides, cholesterol, and phospholipids), albeit in lower 
concentrations than plasma. Electrolytes (potassium, sodium, 
and chloride) are also found in interstitial fluid in concentra- 
tions similar to plasma (18,19). The absence of detectable co- 
caine in the interstitial fluid 24 h after drug administration 
further supports our conclusion that the skin is not a significant 
reservoir for cocaine. However, we did not have enough data to 
fully assess the pharmacokinetic profile of cocaine in interstitial 
fluid because of difficulty associated with sample collection. 
The time required for blister formation was unpredictable, so 
samples were not collected at regular intervals. Another 
problem was difficulty in collecting sufficient fluid from the blis- 
ters. Sample volume was variable, ranging from 10 to 400 IJL 
(mean 90 IJL), though the volume per blister collected in this 
study was similar to those reported by others (18,19,27). Co- 
caine levels in two subjects were higher approximately 5 h after 

drug administration than at 1.5 h. If peak cocaine levels in the 
interstitial fluid are delayed with respect to skin and plasma, 
some degree of multicompartmental drug distribution is sug- 
gested. It may be possible that some samples contained co- 
caine due to external contamination from the skin surface or 
sweat. However, similar delayed peak drug concentrations in 
skin interstitial fluid compared with plasma have been reported 
in humans after a single administration of griseofulvin, levo- 
floxacin, trimethoprim, and several sulfonamides. The time lag 
was thought to reflect the time required for drug transfer from 
capillaries into blister fluid (9,16,28). However, pharmacokinetic 
comparisons of drugs in skin and interstitial fluid following a 
single dose are limited. The earlier peak in cocaine concentra- 
tions in skin compared with interstitial fluid may be due to a 
higher ratio of plasma to interstitial fluid in the skin. Decreased 
blood flow in the capillary network of the skin resulting from 
cocaine-induced vasoconstriction may further influence the 
transfer of cocaine into interstitial fluid (29). The delay in the 
distribution of cocaine to the interstitial fluid did not appear to 
be significant, considering that cocaine was not detected in 
skin interstitial fluid 24 h after drug administration. 

Benzoylecgonine was not detected in the skin biopsies, con- 
sistent with the findings of Levisky et al. (13), who also found 
cocaine but not BE in cadaveric skin. Interestingly, they found 
cocaine, BE, and EME in cadaveric adipose tissue. BE was de- 
tected in the interstitial fluid of two subjects at higher concen- 
trations than cocaine. Because interstitial fluid is a component 
of skin, low levels of BE may be present in the skin samples at 
levels below the limit of detection. Differential partitioning of 
cocaine and BE has been observed between hair and plasma (4). 
The differential partitioning of BE in skin biopsy compared 
with interstitial fluid may also be attributable to the increased 
polarity of the metabolite. Esterase activity has been observed in 
human skin (30), but has not been reported in skin interstitial 
fluid. The absence of detectable BE in skin may reflect the pres- 
ence of enzymes that degrade cocaine. Although unlikely, it is 
also possible that BE was present in skin samples, but was 
bound tightly to tissue and not extracted. 

Cocaine and BE were detected in the sebum of four subjects 
24 h after drug administration and disappeared by 48 h. The 
presence of cocaine and BE in sebum soon after cocaine ad- 
ministration is surprising, considering the average sebaceous 
cell excretion time is at least 14 days (31), but is consistent with 
the findings of Joseph et al. (8). They offer several possible ex- 
planations for the early presence of cocaine in sebum, including 
diffusion from blood into mature sebaceous cells prior to rup- 
ture, accumulation in sebum during transit through the follic- 
ular canal, and transfer from sweat. It is important to note that 
sebum samples collected using the Sebutape device may contain 
other matrices, such as sweat or other potential contaminants. 
We believe transfer from sweat is the most likely source, oc- 
curring either on the skin surface or during sebum collection. 
We conclude that drug testing of sebum collected using the 
Sebutape is not useful for clinical research involving cocaine. 
Given the long turnover time of sebum, we cannot rule out the 
possibility that sebum samples collected 1 to 3 weeks after drug 
administration would contain measurable cocaine. 

Although Joseph et al. (8) reported increased cocaine and 
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BE levels in stratum corneum after repeated administration of 
cocaine, our study suggests that the drug and principal metabo- 
lite do not significantly accumulate in the stratum corneum 
after a single dose. The difference in dosing paradigm (single 
versus multiple) or the different methods of stratum corneum 
collection (tape stripping versus scraping) may account for the 
observed discrepancy. The absence of detectable cocaine and BE 
in stratum corneum in our study may reflect the small sample 
size (2 rag/sample versus 13 rag/sample), and does not rule out 
the presence of drug and metabolite. Considering that the 
transit time for a cell from the base of the stratum corneum to 
the surface where desquamation occurs is approximately 14 
days, it is possible that we did not collect the basal stratum 
corneum, where cocaine may be most likely to be transferred by 
diffusion through the epidermis and incorporated into the ker- 
atinocytes (32). In our study, cocaine was detected in only one 
stratum corneum sample, collected from subject 5 at 5.5 h 
after drug administration. Surprisingly, this subject had the 
lowest plasma cocaine AUC, highest plasma cocaine clearance 
of all the volunteers, and was the only subject in whom cocaine 
was not detected in the skin. We do not know the mechanism 
for this inconsistency, but we think it most likely reflects 
transfer of cocaine to the stratum corneum sample from an ex- 
ternal source, such as sweat. 

Data from this study are limited by the small subject pool 
(N = 5), the small size of the skin biopsies (approximately 10 to 
25 rag), the difficulties associated with collecting interstitial 
fluid (N--- 4), and the fact that the skin AUC was calculated with 
few data points. It was difficult to recruit people who would 
agree to skin biopsies. Furthermore, the skin is a complicated 
organ containing several matrices and drug disposition in the 
skin is probably controlled by multiple factors. For example, 
lipophilicity, pKa, cell membrane permeability, and protein 
binding are thought to influence drug levels in the skin and skin 
blister fluid (9,33). We suspect that the elimination half-life is 
a particularly significant variable when determining the accu- 
mulation of a drug in the skin, and drugs of abuse with a longer 
half-life, such as methamphetamine, may be more likely to ac- 
cumulate in the skin than cocaine. 

In conclusion, the skin does not appear to act as a reservoir 
from which cocaine and metabolites are transferred to hair and 
sweat over a prolonged time period following a single but sub- 
stantial dose. Cocaine is more likely to be transferred into sweat 
glands and hair follicles directly from plasma or interstitial 
fluid within the first 24 h following drug exposure. 
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