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LAbs t_ract~ 
There has been substantial interest in the use of saliva as a 
diagnostic medium for drugs of abuse because it can be 
obtained noninvasively. Although drugs of abuse have been 
investigated in saliva for more than a decade, the role of saliva 
remains uncertain. A clear picture is difficult to obtain because 
of variations in (1) the analytical methods used; (2) the dose 
regimen of subjects, which was either unknown or differed 
between studies; and (3) the elapsed time between drug intake 
and sample collection. This communication summarizes the 
studies on the quantitative determination of different drugs of 
abuse in saliva to elucidate the current status in this area. 
Marijuana, cocaine, phencyclidlne, opiates, barbiturates, 
amphetamines, and diazepines (or their metabolites) have all 
been detected in saliva by various analytical methods, 
including immunoassay, gas chromatography/mass 
spectrometry, and thin layer chromatography. Initial studies 
with cocaine and phencyclldine suggest a correlation between 
saliva and plasma concentrations of these drugs, indicating a 
dynamic equilibrium between saliva and blood. Tetrahydro- 
cannabinol, the active component in marijuana, on the other 
hand, does not appear to be transferred from plasma to saliva. 
However, tetrahydrocannabinol is sequestered in the buccal 
cavity during smoking and can be detected in saliva. These 
findings point to the potential role of saliva in the analysis of 
many illicit drugs. To clearly Identify the role of saliva as a 
diagnostic medium for drugs of abuse, research efforts should 
be directed towards (1) performing systematic studies on 
correlations between saliva, blood, and urine and (2) 
determining the concentrations of drugs and their metabolltes 
in saliva as a function of dose and time after Intake. 

Introduction 
The traditional media for the quantitative measurement of 

most physiologically active substances, drugs, and poisons are 
blood plasma and urine. Many substances and their metabolites 
are present in different concentrations in plasma and urine. While 
plasma can provide an estimate of the actual circulating con- 

�9 Author to whom correspondence should be addressed, 

centration of the analyte of interest, urine permits measurement 
of the accumulated concentration of analytes since the last void 
of the bladder. Unfortunately, the concentration of substances in 
urine is also dependent on fluid intake, which call vary substan- 
tially. 

Although more information is available on drugs of abuse 
and their metabolites in plasma, the single most frequently used 
source for the measurement today is urine. Tile reason is obvious: 
only a noninvasively obtained sample is typically acceptable 
for routine collection. Yet, even the acceptability of collecting a 
urine sample is being disputed in view of the potential invasion 
of privacy, especially ira directly observed collection is advisable 
to prevent adulteration or substitution of the sample. Unlike a 
urine sample, saliva can be obtained under supervision without 
direct observation of private functions. 

Many drugs are highly bound to blood proteins, but it is only 
the free fraction that is physiologically active. Because saliva is 
an ultrafiltrate of interstitial lluid and contains the free compo- 
nent of drugs, it has the potential to better indicate a state of in- 
toxication. Therefore, saliva has been increasingly used as the di- 
agnostic medium for the measurement of therapeutic drugs and 
endogenous markers (I-5) .  The concentrations and clearance 
rates of salivary analytes are different from daose in plasma and 
urine. Therefore, the diagnostic value of saliva tbr the determi- 
nation of each drug needs to be investigated separately. 

For the measurement of drugs of abuse, saliva was suggested 
as early as the seventies as an alternative medium (6). Particular 
interest in saliva has been expressed by law enforcement agen- 
cies for road-side testing of potentially intoxicated drivers 
(3,7-9). 

In one of these studies, the authors came to the following 
conclusion: "The results of this investigation have shown that it 
is possible to obtain and analyze samples of saliva lbr drivers 
who have been suspected of impaired driving. This investigation 
indicates the potential versatility of using saliva as a non-invasive 
technique of determining tile occurrence and frequency of drug 
use in impaired drivers" (7). 

The purpose of this review is to examine the advantages and 
limitations of saliva in the measurement of drugs of abuse. Sev- 
eral classes of drugs have been investigated to a limited extent in 
saliva, including cannabinoids, cocaine, phencyclidine, opioids, 
barbiturates, diazepines, and amphetanfines. Available informa- 
tion on each drug class will be summarized and the need for fur- 
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filer studies will be discussed. Tables 1-II1 arc included to provide 
the reader with convenient access to the references. 

C a n n a b i n o i d s  

Marijuana is the most frequently used illicit drug in the United 
States (10). Therefore, the incidence of recent marijuana use in 
motorists who exhibit erratic driving has attracted the attention 
of taw enftu'cement agencies. Elevated levels of Ag-tetrahydro - 
cannabinol (THC), the active component in marijuana, have 
been lbund if] a relatively high percentage of this population in 
both plasma (14.4%) (I1,12) and saliva (9%) (7). 

Attempts to measure THC in saliva date back to the early 
seventies (13-15). Even with the relatively insensitive method o1' 
thin layer chmnmtography, cannabinoid derivatives can be de- 
tected. Several studies report on the determination of THC by 
othe, analytical methods as well [HPLC (16), GC (17), hn- 
munoassay ( 18,19): See Table 1]. 

A controlled study of 352 samplcs collected from 25 male and 

Table I. Drugs of Abuse Measured in Saliva and 
Methods of Detection* 

Drugs Methods of detection References 

Cannabinoids HPLC (EC) 16 
GC (ECD) 17 
IA 18, 19 
TLC; MS 14 
TLC 13, 15 

Cocaine IA 7, 28 
GC (NPD) 26 
GO/MS (Cl); GO (NPD) 27 

Pbencyclidine IA 35 
HPLC (RD) 89 

Opioids HPLC (FD) 46, 47 
IA 6, 44, 48, 49 
GC (NPD) 43 
GC/MS (SID) 45 

Barbiturates HPLC (UV) 90 
GC (NPD) 43, 51,63 
GC (ECD) 52 
GC (FiD) 50 
tA 58, 61,91,92 

Diazepines GC (NPD) 93 
43, 66, 65, 73 

GC (EC) 7, 68 
RRA 70, 72, 76 
RRA; GC (EC) 64, 71 

Amphetamines TLC 82 
GC/MS (SID) 77 

�9 Abbreviations CI: chemical ionization; EC: electrochemical detection; ECD: electron 
capture detection: FD: fluorescence detection; FID: flame ionization detection; GO: 
gas chromatography; HPLC: high peformance liquid chromatography; IA: 
immunoassay; MS: mass spectrometry; NPD: nitrogen-phosphorus detector; RD: 
radiochemical detection; RRA: radiorecaptor assay; StO: single ion detection; TLC: 
thin layer chromatography; UV: ultraviolet. 

10 female volunteers was undertaken to investigate the detection 
of THC in saliva (18). The data presented by the authors docu- 
ment that salivary THC reliably reflects positive testing in blood 
samples even though the concentrations in the two body fluids do 
not correlate precisely. 

Plasma vs. saliva. The calculated saliva/plasma ratios of THC 
and the metabolite l l-hydroxy-Ag-tetrahydrocannabinol, based 
on the d i s soc ia t ion  constants  of  the subs tances  and the 
Henderson-Hasselbalch equation, are approximately 0.1 (3). 
This is in disagreement with the actual measured levels which are 
likely to be equal to or greater in saliva than in serum (16) (Table 
III). The high concentration is not a result of transfer from blood 
because radiolabeled THC administered by intravenous injection 
cannot be detected in saliva (20). Therefore, it seems that THC 
or its metabolites do not pass into the saliva or lungs from the 
blood but rather are sequestered in the buccal cavity during 
smoking. In some cases cannabinoids may be detected in saliva 
for a longer time than in plasma (16) because it is sequestered in 
the mouth. 

Urine vs. saliva. Cannabinoids can be detected longer in urine 

Table II. Concentrations of Drugs of Abuse in Saliva* 

Drug Conc. Time of 
class Analyte (ng/mL) detection** Relerence 

Cannabinoids Ag-THC 5-200 ~ 7 h 16 
A9-THC 30-250 < 4 h 17 
Ag-THC 6-330 4-6 h 18 
AO-THC 5-100 < 8 h 20 
Ag-THC quaL 14 h 14 
,~9-THC qual. < 6 h 15 

Cocaine Cocaine 0.5 5-10 d 28 
Cocaine 1-10 12-24 h 28 

Phencyclidine 

Opioids 

Barbiturates 

Methaqualone 

Diazepines 

Phencyclidine 2-600 n.a. 35 

Morphine qual. 3-4 h 6 
0.6 24 h 42 

Codeine 120 3 h 43 
0.6 36 h 42 

Pholcodine 20 ~ 4 d 47 
Hydromorphone 0.3-1 4-10 h 48 
Methadone 200 24 h 45 

Amobarbital 200 50 h 52 
Amobarbital 100 50 h 50 
Hexobarbital 100 12 h 51 
Phenobarbital= - 8000 24 h 54 

Methaqualone 20 >24 h 63 
300 3 h 43 

Diazepam 2 50 h 64 
Diazepam 700 < 5 h 71 
Diazepam 20 24 h 66 
Diazepam 2 8 h 70 
Nordiazepam 692 24 h 66 
N-Desmethyld. 1100 < 5 h 71 

Amphetamines Amphetamine 20-40 50 h 77 

�9 Abbreviations: n.a.: not available; quah qualitative. 
*" This is the time after use when the sample was collected and does not 

necessarily represent the maximal time for reliable detection of the drug. 
Phenobarbital cancan=ration in saliva during treatment for epileptic seizure 
control. 6 to 10 pg/mL. 
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(21-23) than in saliva (14-18,20), i.e., between 5 to 20 days 
(Table IV) vs. 14 h (Table II), depending on the dose and fre- 
quency of use. Therefore, for the determination of "past use," 
urine is more suitable than saliva. However, for the indication of 
current intoxication or specific time of use, urine is inadequate 
and saliva has been recommended as the body fluid of choice 
(2O). 

Determination in saliva. Concentrations of THC between 5 
and 330 ng/mL (16-18,20) (Table II) have been reported for up 
to 8 h after smoking, although qualitative tests could detect the 
metabolite for up to 14 h (15). These concentrations can be an- 
alyzed with existing analytical methods (immunoassays,  
GC/MS). 

Very little is known about the composition of cannabinoid 
metabolites in saliva. As a result of enzymatic metabolism pri- 

Table III. Saliva-to-Plasma Ratios (S/P) of Drugs of 
Abuse 

Drug S/P References 

Marijuana 1 to 2 16 
Cocaine 1 to 2 26, 27 
Phencyclidine 1.5 to 3.0 89 
Opiates 

morphine ~ 0.2 42 
codeine 1 42 

3 43 
methadone 0.5 45 
pholcodine 4 46 
hydromorphone - 1 48 

Barbiturates 
amobarbital 
secobarbital 
hexobarbital 
phenobarbital 
methaqualone 

Diazepines 
diazepam 0.03 70, 76 

0.02 66 
nordiazepam 0.03 66 

Amphetamine 2.8 77 

0.3-0.4 50 
0.3 43 
0.3 51 

0.3-0.5 55, 59,61 
0.1 43,63 

Table IV. Reported Time During Which Drugs of 
Abuse Can Be Measured in Urine 

Drug Comment Time References 

Cannabinoids Moderate smoker 5 d 21 
Heavy smoker 10 d 22 
Chronic use 20 d 23 

Cocaine Metabolite BE 1-4 d 28-31 

Phencyclidine Moderate use 8 d 94 
Chronic use 8-30 d 95 

Opiates - 2 d 29 

Barbiturates Short acting 1 d 96 
Long acting 2-3 wk 97-99 

Oiazepines Therapeutic dose 3 d 100 

Amphetamines - 2 d 29, 101 

marily in the liver, THC is converted via several intermediates 
into 1 l-nor-A9-THC-9-carboxylic acid (THC-COOH) which cir- 
culates in blood and is the most prevalent metabolite found in 
urine (20). Therefore, this metabolite has been recommended for 
confirmatory testing of  samples identified as positive in 
screening procedures (24). If THC-COOH is not transferred 
from blood to saliva (20), confirmatory tests for THC and other 
metabolites may be needed with saliva. 

Preliminary evidence suggests that saliva contains a number of 
cannabinoid metabolites that have been found only in minute 
amounts, if at all, in urine. We have investigated a urine and a 
saliva sample (as an ultrafiltrate), collected simultaneously from 
an individual who had smoked marijuana. The urine sample 
contained only the stable metabolite, THC-COOH (Figure 1A). 
In the saliva sample, THC-COOH and three metabolites could be 
detected (Figure 1B): A9-tetrahydrocannabinol  (THC), 
cannabidiol (CBD), and l l-hydroxy-A9-tetrahydrocannabinol 
(THC-OH). Because it appears that cannabinoid metabolites do 
not cross from the blood system into the salivary gland (20), the 
THC metabolites detected in saliva may have come directly 
from the marijuana smoke or from metabolism in the mouth. 

Based on the evidence available today, the detection of mari- 
juana metabolites in saliva is a good indicator of recent use. 
Concern has been expressed about the possibility of intentionally 
removing traces of the drug from the mouth (8). Surprisingly, 
normal food and liquid intake does not interfere substantially 
with the detection of cannabinoids in saliva (16,18,20). Whether 
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Flgure 1. Cannabinoid metabolites in (A) a urine sample and (B) a simul- 
taneously collected saliva sample. The samples were analyzed by direct in- 
jection of 200 uL fluid onto an HPLC column, The eluent was applied via 
a Vestec thermospray unit to a mass spectrometer (88). Saliva was col- 
lected as an ultrafiltrate with an osmotic device (75). We used as an in- 
ternal standard deuterated THC (d3-THC). 
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the concentration of cannabinoid metabolites can be substantially 
lowered by a mouth rinse as suggested (19), for example with al- 
cohol, needs to be further investigated. 

Cocaine 

Plasma vs. saliva. In an early study, the metabolism of orally 
administered radiolabeled cocaine was followed in saliva and 
plasma (25). Recent investigations have established that cocaine 
can be detected in saliva after intravenous administration (16,26), 
demonstrating that cocaine enters the salivary glands from the 
blood circulation and is not just a residue l'rom oral or nasal 
self-administration. The concentration of cocaine in saliva is 
usually higher than in plasma (26,27) (Table Ill), although a 
saliva/plasma ratio between 3 and 0.5 has been reported for one 
subject over time (27). Using immunoassay technology, cocaine 
can be detected in saliva as much as 10 days after cessation of in- 
take (28) (Table II). 

Because very little is known about the concentration of ben- 
zoylecgonine in saliva, the following considerations might serve 
as a working hypothesis for the expected distribution between 
plasma and saliva. The effects of pH on the predicted drug dis- 
tribution between saliva and plasma for cocaine and benzoylec- 
gonine are shown in Figure 2. Cocaine is a basic drug (pKa = 
8.6), while benzoylecgonine is a zwitterion containing both 
acidic and basic functional groups (pKa = 2.25 and 11.2). For 
comparison, we have also shown the expected distribution of the 
acidic antiepileptic drug valproic acid (pKa = 4.6). While the 
saliva/plasma ratio of cocaine is high at low salivary pH and de- 
creases at higher salivary pH, the concentration of benzoylec- 
gonine is not significantly affccted by the acidity of saliva. It 
should, however, be noted that the prediction of distribution on 
the basis of this passive diffusion model is not always in agree- 
ment with experimentally measured results (3), and solubility in 
the lipid bilayer of the membranes of the acinar cells in the sali- 
vary gland and even potential active transfer mechanisms can 
contribute to the saliva/plasma ratio. 

Urine vs. saliva. A good correlation between cocaine concen- 
tration in urine and saliva has been reported (28), but the con- 
centration is 20- to 50-fold higher in urine than in saliva. How- 
ever, with GC/MS as the detection method, cocaine could be 
reliably measured in saliva lor 12 to 36 h after administration. 
hnmunoassays, which are more sensitive than GC/MS, per- 
mitted detection of cocaine in saliva for 5 to 10 days after with- 
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Figure 2. The effect of salivary pH on the saliva-to-plasma ratio of a drug. 
The distribution ratios were determined based on the net charge on the 
molecules at the indicated salivary pH, using the Henderson-Hasselbalch 
equation. Plasma pH was assumed to be 7.4. 

drawal (28) (Table II). As a comparison, the cutoff level for co- 
caine and its metabolites recommended by the National Institute 
on Drug Abuse (NIDA) for urine screening at 300 ng/mL (24) 
can be reached in saliva 1 to 4 days after cessation of cocaine use 
(28-31) (Table IV). 

To our knowledge, the concentrations of the major metabolites 
of cocaine, benzoylecgonine (BE), ecgonine methylester, and ec- 
gonine have not been reported for saliva. Because the half-life of 
cocaine in blood is about 40 min (26,32,33) but that of BE is 
7.5 h (28,34), BE is used for confirmatory measurement by 
GC/MS. It seems reasonable to expect that BE can be found in 
saliva in correlation with the concentration in plasma. In fact, in 
preliminary investigations, we found cocaine as well as ben- 
zoylecgonine and ecgonine in the saliva of a cocaine user (Figure 
3). Other samples contained ecgonine methyl ester as well. 
However, the relative amount of each species varied widely, 
possibly depending on the length of time since the last use of 
cocaine. 

Phencyclidine 

Plasma vs. saliva. Only two studies have been published on the 
concentration of phencyclidine (PCP) in saliva (35,36)(Table I). 
Exchange of PCP between the blood system and the salivary 
gland has been shown by the detection of radioactively labeled 
derivatives in saliva after intravenous infusion. Concentrations 
were actually higher in saliva than in plasma with the ratio of 
saliva/plasma between 1.5 and 3.0 (36) (Table III). From these in- 
vestigations, saliva seems to be a suitable medium for the deter- 
ruination of this drug. Paired serum and saliva samples obtained 
from 100 emergency department patients showed a good corre- 
lation between the two media for positive and negative confir- 
mation of PCP (35). 

Urine vs. saliva. Saliva is a good alternative to analysis of 
urine because the excretion of PCP and its metabolites in urine 
varies substantially with the pH of the urine (36,37) and can 
therefore lead to misinterpretation. The pH of urine normally 
ranges from 4.5 to 8.0 (38), whereas the pH of saliva, although 
variable, is usually in a more narrow range, between 6.5 and 7.2 
(39,40). Stimulation of saliva flow with citric acid does increase 
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Figure 3. Cocaine and metabolites in a saliva sample of a cocaine user. The 
samples were analyzed as described in Figure 1. Saliva was collected as 
an ultrafiltrate with an osmotic device (75). Deuterated BE was used as an 
internal standard. 
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the pH (41), but even with stimulation the pH remains reasonably 
constant. The reported concentration of PCP in saliva ranges 
between 2 and 600 ng/mL (35) (Table II) and is comparable to 
that in urine. No data are available describing how long the drug 
is detectable in saliva. 

Opioids 

Plasma vs. saliva. According to an early study, morphine, the 
major metabolite of heroin, is detectable for a shorter time in 
saliva than in urine (6) (Table V). More recently, simultaneous 
measurement of morphine in three body fluids showed increasing 
concentrations in saliva, plasma, and urine, in that order (42) 
(Table VI). In saliva and plasma, the concentrations approached 
the sensitivity limit of the immunoassay after about 24 h, and in 
urine after 3 to 6 days. The 300-ng/mL cutoff recommended by 
N1DA for screening procedures in urine is much higher than 
the detection limit of the immunoassay. The NIDA cutoff level 
was reached within 24 to 36 h in urine samples. 

The saliva/plasma ratio of codeine has not been determined 
with certainty. Following the oral administration of 30 mg of 
codeine phosphate per subject, 120 ng/mL could be measured in 
saliva after 3 h (43) (Table II). A higher concentration was found 
in saliva than in plasma with much variation between individuals, 
the saliva/plasma ratio ranging from 2 to 6.6 with an average 
ratio of 3 (Table III). On the other hand, Cone (42) measured 
about the same concentration of codeine in plasma and saliva 
(Table VI). While the first group used gas chromatography as a 
detection method, the second group measured the levels by RIA 
with an antibody that may show cross-reactivity with a metabo- 
lite. Codeine is a weak base with a pKa of 8.21 and the salivary 
pH would affect the saliva/plasma ratio, providing another pos- 
sible explanation for differences in the studies. 

Urine vs. saliva. Salivary morphine concentrations may attain 
about 10% the level of urinary morphine. This ratio, however, de- 
pends largely on the accumulated volume of urine after the last 
void (42) (Table VI). The concentration of "morphine equiva- 
lents," i.e., opiate derivatives recognized by the antibody used, 
typically does not exceed 200 ng/mL, although a value of 20 
~tg/mL was reported for a single saliva sample after recent use 
(injection of an unspecified amount of heroin 20 min before 
sample collection) (44). In comparison, the urinary concentra- 
tions usually do not exceed 6 tag/mE 

Synthetic opioids. Methadone has been measured in saliva. 
The saliva/plasma ratio is about 0.5 (Table III) and the correla- 
tion between saliva and plasma is excellent (45). After taking a 

Table V. Time of Detection of Morphine in Plasma 
and Saliva after Administration of Different Amounts 
of Heroin (6). 

Heroin Saliva Plasma 
(mg/70 kg) (h) (h) 

2.5 n.d. n.d.* 
5 and 10 1-2 2-4 

30 over 6 h* * 3-4 6 

�9 n.d.: not reliably detectable. 
"* 30 mg administered over 6 h. The measurements were taken 

after the last dose was given. 

dose of 90 rag, about 200 ng/mL of methadone is detectable in 
saliva 24 h later (45) (Table II). Likewise, pholcodine, a synthetic 
opioid widely used as an antitussive drug has been determined in 
saliva and compared with plasma and urine levels (46,47). Good 
correlation between the three media was reported (r> 0.99) with 
concentrations in saliva about four times greater than in plasma 
(46) (Table III). The drug could still be detected four days after 
administration of 60 mg per individual (47) (Table II). Saliva also 
has been suggested as an alternative medium for the measure- 
ment of hydromorphone, an analgesic alternative to morphine 
(48). In the elimination phase (more thanl h after administra- 
tion), the drug is found in saliva at the same concentration as in 
plasma (48) (Table III) and can be detected up to 10 h after in- 
take (48) (Table II). Enkephalin, a naturally occurring opioid-like 
peptide, has also been detected in saliva (49). 

Barbiturates and Methaqualone 

Analytical methods suitable for the detection of barbiturates in 
saliva have been described for amobarbital, secobarbital, phe- 
nobarbital, hexobarbital, and pentobarbital (Table I). For amo- 
barbital (50), secobarbital (43), and hexobarbital (51) about 30 to 
40% of the total concentration in plasma is found in saliva (Table 
Ill). Because the pKa of the barbituric acids falls in the range 
7.4-8.3, the transfer into the salivary gland is pH dependent. 
However, correlations between matched plasma and saliva 
samples are good [amobarbital (50), secobarbital (43), hexobar- 
bital (51 )] if the pH is taken into account. 

The half-lives for the moderate-acting barbiturates amobarbital 
and pentobarbital in saliva are about 24 h and 18 h, respectively 
(52), and for the short-acting hexobarbital 3.3 h (51). The con- 
centration in saliva 50 h after an oral dose of 120 mg amobarbital 
has been measured between 100 ng/mL (50) and 200 ng/mL 
(52). 

Phenobarbital has been extensively measured in saliva, espe- 
cially for the management of seizure control in epileptic pa- 
tients (53-61). The reported correlation coefficients between 
the concentrations in plasma and saliva usually exceed 0.9. With 
a pKa of 7.2, the ratio of distribution between saliva and plasma 
is pH dependent. By taking the pH of saliva into consideration, 
the level of the free drug in plasma can be calculated (62). How- 
ever, some authors did not find a significant effect of the pH in 
saliva on the saliva/plasma ratio (58,61). 

The sedative-hypnotic drug methaqualone can be detected in 

Table Vl. Concentrations of Morphine and Codeine in 
Three Body Fluids after Intramuscular Injection of 
Different Doses (42)* 

Drug Saliva Plasma Urine 
mg/subject (ng/mL) (ng/mL) (ng/mL) 

morphine, 10 11 66 1100 
morphine, 20 38 150 2400 
codeine, 60 184 212 1797"* 
codeine, 120 308 272 3251t 

�9 The concentrations reflect the free, non-glucuronated opiates in all body fluids 
0.25 to 0.5 h after Intramuscular injection. 

** Concentration after the first void (1 h after injection). The concentration in the 
second void (3.8 h after drug) was 4384 ng/mL. 

r Concentration after the first void (1 h after injection). 
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saliva in good ton'elation with plasma (43,63); the saliva/plasma 
ratio is 0.1 (Table I11). After administration of 250 nag, saliva still 
contains about 20 ng/mL of the drug 24 h later (63) (Table I1). 

While immunoassay methodologies may effectively detect 
anaphetamines in saliva, the concentrations observed with a typ- 
ical dose make thin layer chromatography unsuitable for the de- 
tection of amphetamines in saliva (82). 

Diazepines 

The diazcpines are tranquilizers prescribed as sedative-hyp- 
notics, muscle relaxants, anticonvulsants, and tbr relief of anx- 
iety and psychiatric disorders. Diazepam (Valium is the most 
widely known trademark) is the most popular among the ben- 
zodiazepines. In a number of investigations, the utility of saliva 
for the determination of several diazepines in diagnostic evalu- 
ation has been studied (Table I) with excellent (64-66), moderate 
(68), and poor (67) correlations to plasma being reported. Saliva 
has also been used for the detection of benzodiazepines in the 
screening of impaired drivers (7). 

Several issues still must be considered for the appropriate 
ewduation of diazepines in saliva. About 97% of diazepam in 
ph|sma is bound to proteins (69). Therefore, saliva as an ultra- 
filtrate of blood should contain 3% of the total concentration in 
plasma. While some investigators have found this to be the case 
(64,70), others measured either higher (65) or lower concentra- 
tions (66,71). The binding of diazepines to saliva proteins has 
been suggested as one possible reason tbr this discrepancy (72). 
Another source of variation may be the observed nitro-reduction 
of at least some diazepines (73), which is known to occur with 
nitrazepam and clonazepam (67,74). A solution to these prob- 
lems might be the collection of an ultrafiltrate directly in the 
mouth to exclude proteins, including enzymes, as has been re- 
ported for other free molecules (75). 

Low concentrations of diazepines can be very effectively mea- 
sured by a radioreceptor assay with homogenized cells from the 
cerebral cortex of rats (64,70,72,76) (Table 1). Results obtained 
with this assay are in good agreement with gas chromatography 
as the analytical method (64). 

Advantages of Saliva 

Noninvasive collection. As with urine, saliva can be obtained 
without the potential danger of infecting the subject. The sample 
can be collected without excessive inconvenience and the spec- 
imen can be easily handled without endangering personnel. The 
term "invasive," while traditionally used to indicate collecting a 
sample specimen by puncturing the skin, has assumed a dif- 
ferent connotation in the area of drugs of abuse, that of invasion 
of privacy. 

Protection of privacy. The collection of saliva, if properly 
performed, does not require special tacilities and close supervi- 
sion of private functions of the subject. Especially with the de- 
vice for the collection of an ultrafiltrate in the mouth (75,83), aes- 
thetic collection without spitting and the simultaneous collection 
from many subjects in the same room by one supervisor is pos- 
sible. 

Adulteration. Although the possibility of tampering with a 
sample by the donor can never be completely excluded, it is un- 
likely that any of the colrunonly used methods for adulteration of 
urine samples (84,85) can be easily applied to saliva. With the in- 
cidence of adulteration substantially reduced, the analysis be- 
comes much less expensive. 

Circulating concentrations. Unlike urine, saliva can be used to 
estimate the actual, protein-unbound, circulating concentration of 
some drugs or their metabolites at the time of collection. This be- 
comes important for the evaluation of the impairment of indi- 
viduals (once generally acceptable criteria lbr impairment have 
been established). Also, because the half-lives of metabolites are 
different, future investigations may reveal that the ratio of dif- 
ferent metabolites in saliva can be used for the estimation of the 
time of ingestion. 

Amphetamines 

Amphetamine and methan]phetanfine are sold widely on the 
black market. The half-life of amphetanline in plasma is highly 
dependent on the acidity of the urine because renal excretion is 
the major elimination route (77). Because of the high am- 
phetamine levels found in saliva and the strong dependency of 
urinary ptt on the excretion of the drug (78,79), saliva has been 
recommended as the medium of choice lbr diagnostic evaluation 
(77). The concentration of amphetanfine is about three times 
higher in saliva than in plasma (77) (Table llI). After a dose of 
10 mg per subject, 20 to 50 ng/mL can be detected in saliva 50 
h later (77) (Table 11). 

After administration of methamphetamine, according to a re- 
cent report, only this substance, not its major metabolite, am- 
phetamine, was detected over time in saliva (80). However, it 
seems unlikely that amphetamine does not cross from the blood 
system to the salivary gland because other investigators found a 
very good correlation in plasma and saliva over extended periods 
of time (77). The secretion of methamphetamine from blood 
into saliva has also been reported by a second group (81). 

Limitations of Saliva 

One of the limitations in using saliva tor drug evaluation will 
be overcome in the future by further investigations: our incom- 
plete knowledge about the detectability over time with common 
analytical methods and the metabolism of many drugs. Although 
the body of information is rapidly increasing, many studies will 
still be required until generally accepted cutoff levels can be es- 
tablished (24). A general understanding of the diagnostic value 
of saliva for the major classes of abused drugs exists, but much 
of the published information needs to be confirmed by indepen- 
dent groups before saliva testing can be widely employed. 

The concentrations of drugs are usually lower in saliva than in 
urine. Therefore, the methods established for urine as sample 
medium cannot be indiscriminately applied to saliva. At the 
same time, there do not seem to be technical limitations in mea- 
suring drugs and their metabolites in saliva by generally available 
analytical methods (Table I). hnmunoassays are sufficiently sen- 
sitive to detect the substances in non-extracted samples. Fur- 

6 



Journal of Analytical Toxicology, Vol. 16, January/February 1992 

thermore, GC/MS can be modified for the quantitative determi- 
nation of analytes at concentrations in the pg/mL range (86,87). 

Drugs of abuse can be measured in saliva for shorter periods 
than in urine (Tables II and IV) because the concentrations are 
higher in urine. However, it should be noted that many drugs 
have not been measured over extended periods in saliva and, 
therefore, the values shown in Table It may not represent the 
maximal time when the drug can be measured in saliva. Future 
studies for the determination of drug levels in saliva would also 
have to discriminate between chronic and occasional users of 
drugs because the measured concentration post administration 
may be considerably higher in chronic than in sporadic or occa- 
sional users (Table IV). 

Conclusions 

For the measurement of drugs of abuse, urine is tile most 
widely used medium, primarily because it can be readily ob- 
tained. However, saliva may have potential as an alternative 
sample medium. Most of the commonly used drugs of abuse 
have been measured in saliva. Saliva eliminates the issue of 
protection of privacy and, to a large degree, of adulteration 
during sample collection. In contrast to urine as medium, mea- 
surement of drug concentrations in saliva provides an estimate of 
the actual circulating amount, and the results can therefore be 
used for the determination of current intoxication. 

The major disadvantage of saliva is that many drugs are re- 
tained for a shorter period of time than in urine. Because the con- 
centrations of drugs are lower in saliva than in urine, automated 
methods adjusted for urine cannot be indiscriminately used tbr 
saliva. Considering the number of classes of abused illicit drugs, 
the different metabolites within these classes, the number of 
metabolites for each substance, variation in drug metabolism 
by individuals, and potential differences caused by sporadic vs. 
chronic use, much information still needs to be accumulated be- 
fore scientific and technical guidelines can be recommended for 
saliva as a medium for the measurement of drugs of abuse. How- 
ever, projecting the pace of development of the last few years in 
this area into the future strongly indicates that saliva may soon 
have its place as the biological medium for many applications in 
the area of drugs-of-abuse monitoring. 

References 

1. R. Haeckel. Report on the Workshop Conference "The applica- 
tion of saliva in laboratory medicine". J. Clin. Chem. Ctin. 
Biochem. 27:221-52 (1989). 

2. J.C. Mucklow. The use of saliva in therapeutic drug monitoring. 
Ther. Drug Monit. 4:229-47 (1982). 

3. O.R. Idowu and B. Caddy. A review of the use of saliva in the 
forensic detection of drugs and other chemicals. J. Forens. 
Sci. Soc. 22:123-35 (1982). 

4. M. Danhof and D.D. Breimer. Therapeutic drug monitoring in 
saliva. Clin. Pharmacokin. 3:39-57 (1978). 

5. J.W. Paxton. Measurement of drugs in saliva: A review. Meth. 
Find. Exp. Clin. PharmacoL 1" 11-21 (1979). 

6. C.W. Gorodetzky and M.P. Kullberg. Validity of screening 
methods for drugs of abuse in biological fluids. Clin. Phar- 
macoL Ther. 15:579-87 (1974). 

7. H.W. Peel, B.J. Perrigo, and N.Z. Mikhael. Detection of drugs in 
saliva of impaired drivers. J. Forens. Sci. 29:185-89 (1984). 

8. G.B. Chesher. Alcohol and other drugs in road crashes: What 
does pharmacokinetics have to do with it? Alcohol Drugs 
Driving 1 : 1-20 (1985). 

9. G.A. Starmer, J.H. Vine, and T.R. Watson. A co-ordinated ap- 
proach to the drugs and traffic safety problem. Int. J. Psy- 
chopharm. 3 (Suppl. 1): 35-53 (1988). 

10. H.L. Voss. Patterns of drug use: Data from the 1985 national 
household survey. In: NIDA Research Monograph Series No. 
91, S.W. Gust and J.M. Walsh, Eds., U.S. Government Printing 
Office, Rockville, MD, 1989, pp. 33-46. 

11. E.G. Zimmermann, E.P. Yeager, J.R. Soares, L.E. Hollister, and 
V.C. Reeve. Measurement of Ag-tetrahydrocannabinol (THC) 
in whole blood samples from impaired motorists. J. Forens. Sci. 
28:957-62 (1983). 

12. V.C. Reeve, W.B. Robertson, J. Grant, J.R. Soares, E.G. Zim- 
mermann, H.K. Gillespie, et al. Hemolyzed blood and serum 
levels of Ag-THC: Effects on the performance of roadside so- 
briety tests. J. Forens. Sci. 28. 963-71 (1983). 

13. W.W. Just, G. Werner, and M. Weichmann. Bestimmung von A 1- 
und Al(6)-Tetrahydrocannab inol in Blut, Urin und Speichel von 
Haschisch-Rauchern. Naturwiss. 59:222-23 (1972). 

14. W.W. Just, N Filipovic, and G. Werner. Detection of Ae-Tetrahy - 
drocannabinol in saliva of men by means of thin-layer chro- 
matography and mass spectrometry. J. Chromatogr. 96: 
189-94 (1974). 

15. F. Friedrich-Fiechtl, G. Spiteller, W.W. Just, G. Werner, and M. 
Weichman. Zum Nachweis und Identifizierung von Tetrahydro- 
cannabinol in Biologischen Fluessigkeiten. Naturwiss. 60: 
207-208 (1973). 

16. L.K. Thompson and E.J. Cone. Determination of Ag-tetrahydro - 
cannabinol in human blood and saliva by high-performance 
liquid chromatography with amperometric detection. J. Chro- 
matogr. 421 : 91-97 (1987). 

17. C. Maseda, K. Hama, Y. Fukui, K. Matsubara, S. Takahashi, and 
A. Akane. Detection of Ag-THC in saliva by capillary CG/ECD 
after marihuana smoking. Forens. Sci. Int. 32:259-66 (1986). 

18. S.J. Gross, T.E. Worthy, L. Nerder, E.G. Zimmermann, J.R. 
Soares, and R. Lomax. Detection of recent cannabis use by 
saliva ,~9-THC radioimmunoassay. J. Anal. Toxicol. 9" 1-5 
(1985). 

19. J.R. Soares, J.D. Grant, and S.J. Gross. Significant develop- 
ments in radioimmune methods applied to Ag-THC and its 9-sub- 
stituted metabolites. Natl. Inst. Drug Abuse Res. Monogr. 
Ser. 42:44-55 (1982). 

20. R.L. Hawks. The constituents of cannabis and the disposition 
and metabolism of cannabinoids. Natl. Inst. Drug Abuse Res. 
Monogr. Ser. 42:125-37 (1982). 

21. R.H. Schwartz, G.F. Hayden, and M. Riddile. Laboratory deter- 
mination of marijuana use. Experience with a photometric im- 
munoassay to measure cannabinoids. Am. J. Dis. Child. 139" 
1093-96 (1985). 

22. C.A. Dackis, A.L. Pottash, W. Annitto, and M.S. Gold. Persis- 
tence of urinary marijuana levels after supervised abstinence. 
Am. J. Psychiatry 1196-97 (1982). 

23. G.M. Eflis, M.A. Mann, B.A. Judson, N.T. Schramm, and A. 
Tashchian. Excretion patterns of cannabinoid metabolites after 
last use in a group of chronic users. Clin. Pharmacol. Ther. 38" 
572-78 (1985). 

24. Federal Register53:11983 (1988). 
25. T. inaba, D.J. Stewart, and W. Kalow. Metabolism of cocaine in 

man. Clin. PharmacoL Ther. 23:547-52 (1978). 
26. E.J. Cone, K. Kumor, L.K. Thompson, and M. Sherer. Correla- 

tion of saliva cocaine levels with plasma levels and with phar- 
macologic effects after intravenous cocaine administration in 
human subjects. J. Anal ToxicoL 12:200-206 (1988). 

27. L.K. Thompson, D. Yousefnejad, K. Kumor, M. Sherer, and E.J. 
Cone. Confirmation of cocaine in human saliva after intravenous 



use. J. Anal. Toxicol. 11:36-38 (1987). 
28. E.J. Cone and W.W. Weddington. Prolonged occurrence of co- 

caine in human saliva and urine after chronic use. J. Anal. 
Toxicol. 13:65-68 (1989). 

29. G.W. Gorodetsky. Detection of drugs of abuse in biological 
fluids. In: Drug Addiction I. Handbook of Experimental Phar- 
macology, Vol. 45, W.R. Martin, Ed., Springer Verlag, Berlin, 
1977, pp. 319-409. 

30. C. Van Dyke, R. Byck, P.G. Barash, and P. Jatlow. Urinary ex- 
cretion of immunologically reactive metabolite(s) after intranasal 
administration of cocaine, as followed by enzyme immunosas- 
say. Clin. Chem. 241-44 (1977). 

31. H.E. Hamilton, J.E. Wallace, E.L. Shimek, P. Land, S.C. Harris, 
and J.G. Christenson. Cocaine and benzoylecgonine excretion 
in humans. J. Forens. Sci. Soc. 38" 697-707 (1977). 

32. M.J. Chow, J.J. Ambre, T.I. Ruo, A.J. Atkinson, D.J. Bowsher, 
and M.W. Fischman. Kinetics of cocaine distribution, elimination, 
and chronotropic effects. Ctin. Pharmacol. Ther. 38:318-24 
(1985). 

33. J.l. Javaid, MN. Musa, M. Fischman, C.R. Schuster, and JM. 
Davis. Kinetics of cocaine in humans after intravenous and in- 
tranasal administration. Biopharm. Drug Dispos. 4 :9 -18  
(1983). 

34. J. Ambre. The urinary excretion of cocaine and metabolites in 
humans: A kinetic analysis of published data. J. Anal. Toxicol. 
9:241-45 (1985). 

35. MM. McCarron, C.B. Walberg, J.R. Soares, S.J. Gross, and 
R.C. Baselt. Detection of phencyclidine usage by radioim- 
munoassay of saliva. J. Anal. ToxicoL 8:197-201 (1984). 

36. C.E. Cook, M. Perez-Reyes, A.R. Jeffcoat, and D.R. Brine. 
Phencyclidine disposition in humans after small doses of radio- 
labeled drug. Fed. Proc. 42:2566-69 (1983). 

37. M. Perez-Reyes, S. Di-Guiseppi, D.R. Brine, H. Smith, and C.E. 
Cook. Urine pH and phencyclidine excretion. Clin. PharmacoL 
Ther. 32:635-41 (1982). 

38. A.C. Guyton. Human Physiology and Mechanisms of Disease. 
W.B.S. Staff, Ed., W.B. Saunders Co., Philadelphia, 1987, p. 
284. 

39. S.B. Matin, S.H. Wan, and J.H. Karam. Pharmacokinetics of 
tolbutamide: Prediction by concentration in saliva. Clin. Phar- 
macoL Ther. 16" 1052-58 (1974). 

40. D.H. Huffman. Relationship between digoxin concentrations in 
serum and saliva. Clin. Pharmacol. Ther. 17:310-12 (1975). 

41. B. Schmidt-Nielsen. The pH in parotid and mandibular saliva. 
Acta Physiologica Scand. 11:104-10 (1946). 

42. E.J. Cone. Testing human hair for drugs of abuse. 1. Individual 
dose and time profiles of morphine and codeine in plasma, 
saliva, urine, and beard compared to drug-induced effects on 
pupils and behavior. J. Anal Toxicol. 14:1-7 (1990). 

43. M.E. Sharp, S.M. Wallace, K.W. Hindmarsh, and H.W. Peel. 
Monitoring saliva concentrations of methaqualone, codeine, 
secobarbital, diphenhydramine and diazepam after single oral 
doses. J. Anal. Toxicol. 7:11-14 (1983). 

44. R.K. Leute, E.F. UIIman, and A. Goldstein. Spin immunoassay 
of opiate narcotics in urine and saliva. J. Amer. Med. Assoc. 
221 : 1231-34 (1972). 

45. G.I. Kang and ES. Abbott. Analysis of methadone and metabo- 
lites in biological fluids with gas chromatography-mass spec- 
trometry. J. Chromatogr. 231:311-19 (1982). 

46. Z.R. Chen, D.M. Siebert, A.A. Somogyi, and F. Bochner. De- 
termination of pholcodine in biological fluids by high-perfor- 
mance liquid chromatography with fluorescence detection. J. 
Chromatogr. 424:170-76 (1988). 

47. Z.R. Chen, E Bochner, and A.A. Somogyi. Pharmacokinetics of 
pholcodine in healthy volunteers: single and chronic dosing 
studies. Br. J. Clin. Pharmacol. 26:445-53 (1988). 

48. W.A. Ritschel, P.V. Parab, D.D. Denson, D.E. Coyle, and R.V. 
Gregg. Absolute bioavailability of hydromorphone after peroral 
and rectal administration in humans: saliva/plasma ratio and clin- 

8 

Journal of Analytical Toxicology, Vol. 16, January/February 1992 

ical effects. J. Clin. Pharmacol. 27:647-53 (1987). 
49. ES. Tepperman, A. Jarvis, and M. Hirst. Detection of enkepha- 

line-like immunoreactive material in human saliva. Prog. Neu- 
ropsychopharmacol. Biol. Psychiatry 12" 285-89 (1988). 

50. T. Inaba and W. Kalow. Salivary excretion of amobarbital in 
man. Clin. Pharmacol. Ther. 18:558-62 (1975). 

51. M. van der Graaff, N.P. Vermeulen, P. Heij, J.K. Boeijinga, and 
D.D. Breimer. Pharmacokinetics of orally administered hexo- 
barbital in plasma and saliva of healthy subjects. Biopharm. 
Drug Dispos. 7:265-72 (1986). 

52. S. Dilli and D. Pillai. Analysis of trace amounts of barbiturates in 
saliva. J. Chromatogr. 190:113-18 (1980). 

53. G.K. Herkes and M.J. Eadie. Possible roles for frequent salivary 
antiepileptic drug monitoring in the management of epilepsy. 
Epilepsy Res. 6:146-54 (1990). 

54. G.K. Herkes and M.J. Eadie. Daily salivary anticonvulsant mon- 
itoring in patients with intractable eplilepsy. Clin. Exp. Neurol. 
26" 141-49 (1989). 

55. F. Reynolds and C. Knott. Saliva Monitoring of Anticonvulsants. 
J. Clin. Chem. Cfin. Biochem. 27:226-27 (1989). 

56. W. Sobaniec. A correlation between the levels of phenobar- 
bital, phenytoin and valproic acid in the blood serum and in 
saliva from children treated due to epilepsy. Mater. Med. PoL 
21. 323-26 (1989). 

57. C. Knott and F. Reynolds. Value of saliva anticonvulsant moni- 
toring in pregnancy and the newborn. J. Clin. Chem. Clin. 
Biochem. 27:227-28 (1989). 

58. K. Tokugawa, K. Ueda, H. Fujito, and T. Kurokawa. Correlation 
between the saliva and free serum concentration of phenobar- 
bital in epileptic children. Eur. J. Pediatr. 145:401-402 (1986). 

59. J.D. Mucklow, C.J. Bacon, A.M. Hierons, J.K.G. Webb, and 
M.D. Rawlins. Monitoring of phenobarbitone and phenytoin 
therapy in small children by salivary samples. Ther. Drug Monit. 
3:275-77 (1981). 

60. C. Knott and E Reynolds. The place of saliva in antiepileptic 
drug monitoring. Ther. Drug Monit. 6:35-41 (1984). 

61. I.M. Friedman, l.F. Litt, R. Henson, D. Holtzman, and D. 
Halverson. Saliva phenobarbital and phenytoin concentrations 
in epileptic adolescents. J. Pediatr. 90" 645-47 (1981). 

62. J.J. McAuliffe, A.L. Sherwin, I.E. Leppik, S.A. Fayle, and C.E. 
Pippenger. Salivary levels of anticonvulsants: A practical ap- 
proach to drug monitoring. Neurology 27:409-13 (1977). 

63. MA. Peat and B.S. Finkle. Determination of methaqualone and 
its major metabolite in plasma and saliva after single oral doses. 
J. Anal ToxicoL 4:114-18 (1980). 

64. J. Tuomisto, P. Tuemainen, and V. Saano. Comparison of gas 
chromatography and receptor bioassay in the determination of 
diazepam in plasma after conventional tablets and controlled re- 
lease capsules. Acta Pharmacol. Toxicol. (Copenh.) 55: 
50-57 (1984). 

65. J.J. de Gier, B.J. t-Hart, P.E Wilderink, and F.A. Nelemans. 
Comparison of plasma and saliva levels of diazepam. Br. J. 
Clin. PharmacoL 10:151-55 (1980). 

66. C. Hallestrom and M.H. Lader. Diazepam and N-desmethyl- 
diazepam concentrations in saliva, plasma and CSF. Brit. J. 
Clin. Pharmacol. 9:333-39 (1980). 

67. B.J. 't Hart, J. Wilting, and J.J. deGier. Complications in corre- 
lation studies between serum, free serum and saliva concen- 
trations of nitrazepam. Meth. Find. Exp. Clin. Pharmacol. 9: 
127-31 (1987). 

68. L. Kangas, H. AIIonen, R. Lammintausta, M. Salonen, and A. 
Pekkarinene. Pharmacokinetics of nitrazepam in saliva and 
serum after a single oral dose. Acta Pharmacol. ToxicoL 45: 
20-24 (1979). 

69. M. Mandelli, G. Tognoni, and S. Garrattini. Clinical pharma- 
cokinetics of diazepam. Clin. Pharmacokin. 3:72-91 (1978). 

70. G.J. DiGregorio, A.J. Piraino, and E. Ruch. Diazepam concen- 
trations in parotid saliva, mixed saliva, and plasma. Clin. Phar- 
macoL Ther. 24" 720-25 (1978). 



Journal of Analytical Toxicology, Vol. 16, January/February 1992 

71. M. Linnoila, C.W. Erwin, A. Brendle, and D. Simpson. Psy- 
chomotor effects of diazepam in anxious patients and healthy 
volunteers. J. Clin. Psychopharmacol. 3:88-96 (1983). 

72. J.E. Rosenblatt, T.P. Bridge, and R.J. Wyatt. A novel method for 
measuring benzodiazepines in saliva. Communic. Psy- 
chopharmacoL 3:49-53 (1979). 

73. B.J. 't Hart, J. Wilting, and J.J. de Gier. The stability of benzo- 
diazepines in saliva. Meth. Find. Exp. Clin. Pharmacol. 10: 
21-26 (1988). 

74. B.J. 't Hart. Serum albumin binding of some benzodiazepines. 
Pharm. Weekbl. [ScL]. 10:287-88 (1988). 

75. W. Schramm, R.H. Smith, P.A. Craig, S.-H. Paek, and H.-H. 
Kuo. Determination of free progesterone in an ultrafittrate of 
saliva collected in situ. Clin. Chem. 36- 1488-93 (1990). 

76. A.E Cohen, L. Ashby, D. Crowley, G. Land, A.W. Peck, and A.A. 
Miller. Lamotrigine (BW430C), a potential anticonvulsant. Effects 
on the central nervous system in comparison with phenytoin and 
diazepam. Br. J. Clin. PharmacoL 20:619-629 (1985). 

77. S.H. Wan, S.B. Matin, and D.L. Azarnoff. Kinetics, salivary ex- 
cretion of amphetamine isomers, and effect of urinary pH. Clin. 
Pharmacol. Ther. 23:585-90 (1978). 

78. A.M. Asatoor, B.R. Galman, J.R. Johnson, and M.D. Milne. The 
excretion of dexamphetamine and its derivatives. Br. J. Phar- 
macol. 24:293-300 (1965). 

79. A.H. Beckett, M. Rowland, and P. Turner. Influence of urinary pH 
on excretion of amphetamine. Lancet 1 : 303 (1965). 

80. S. Suzuki, 7-. [noue, H. Hod, and S. Inayama. Analysis of 
methamphetamine in hair, nail, sweat, and saliva by mass frag- 
mentography. J. Anal. Toxicol. 13" 176-76 (1989). 

81. A. Kajitani, M. Kaiho, Y. Okada, and I. Ishiyama. Immunohisto- 
chemical study on the excretion of a drug (methamphetamine) 
by salivary glands. Jap. J. Exp. Med. 59:197-202 (1989). 

82. H. Vapaatalo, S. Karkainen, and K.E. Senius. Comparison of 
sativa and urine samples in thinqayer chromatographic detection 
of central nervous stimulants. Int. J. Clin. PharmacoL Res. 4. 
5-8 (1984). 

83. W. Schramm, S.-H. Paek, H.-H. Kuo, and T. Yang. Ultrafiltrate 
of saliva collected in situ for the measurement of testosterone. 
Anal Chim. Acta. 248" 517-28 (1991). 

84. J.E. Manno. Specimen collection and handling. In NIDA Re- 
search Monographs Series 73, R.L. Hawks and C.N. Chiang, 
Eds., National Institute on Drug Abuse, Rockville, MD, 1989, pp. 
24-29. 

85. A. Warner. Interference of common household chemicals in im- 
munoassay methods for drugs of abuse. C/in. Chem. 35: 
648-51 (1989). 

86. W. Schramm, W. Schill, and T. Louton. Simultaneous quantita- 
tive estimates of several isotopically labeled substances in the 
pg-range with SIM. Biomed. Mass Spectrom. 6:335-39 
(1979). 

87. W. Schramm, T. Louton, W, Schill, and H.O. Hoppen. An appli- 

cation of gas chromatography mass spectrometry to the quan- 
titation of substances and their labelled variants. Biomed. Mass 
Spectrom. 7:273-76 (1980). 

88. D.A. Kidwell. Analysis of cocaine, heroin, and their metabolites 
in saliva. Memorandum Report 6678; Naval Research Lab- 
oratory, July 10, 1990. (1990). 

89. C.E. Cook, D.R. Brine, A.R. Jeffcoat, J.M. Hill, M.E. Wall, M. 
Perez-Reyes, et al. Phencyclidine disposition after intravenous 
and oral doses. Clin. PharmacoL Ther. 31:625-34 (1982). 

90. J. Haginaka and J. Wakai. Liquid chromatographic determination 
of barbiturates using a hollow-fibre membrane for postcolumn 
pH modification. J. Chromatogr. 390:421-28 (1987). 

91. C.E. Cook, E. Amerson, W.K. Poole, P. Lesser, and L. O'Tuama. 
Phenytoin and phenobarbital concentrations in saliva and 
plasma measured by radioimmunoassay. Cfin. Pharmacol. 
Ther. 18:742-47 (1975). 

92. M.V. Miles, M.B. Tennison, R.S. Greenwood, S.E. Benoit, M.D. 
Thorn, J.A. Messenheimer, et al. Evaluation of the Ames Sera- 
lyzer for the determination of carbamazepine, phenobarbital, and 
phenytoin concentrations in saliva. Ther. Drug Monit. 12" 
501-10 (1990). 

93. B.J. 't Hart and J. Wilting. Sensitive gas chromatographic 
method for determining nitrazepam in serum and saliva. J. 
Chromatogr. 424:403-409 (1988). 

94. R.C. Gupta, I. Lu, G.L. Oei, and G.D. Lundberg. Determination 
of phencyclidine (PCP) in urine and illicit street drug samples. 
Clin. ToxicoL 6" 611-21 (1975). 

95. G. Simpson, A. Khajawatl, E. Alatorre, and F.R. Staples. Urinary 
phencyclidine excretion in chronic abusers. J. ToxicoL Clin. 
Toxicol. 19:1051-59 (1982-1983). 

96. K.D. Parker, H.W. Elliot, J.A. Wright, N. Nomhof, and C.H. Hine. 
Blood and urine concentrations of subjects receiving barbitu- 
rates, meprobamate, glutethimide, or diphenylhydantoin. Clin. 
ToxicoL 3:131-45 (1970). 

97. E.G. Clarke. Isolation and Identification of Drugs, Vol. 1, The 
Pharmaceutical Press, London, 1969. 

98. A. Ravn-Jonsen, M. Lunding, and O. Secher. Excretion of phe- 
nobarbitone in urine after intake of large doses. Acta Phar- 
macoL ToxicoL 27:193-201 (1969). 

99. N. Waters, T.J. Gaha, and I. Reynolds. Random urine analysis 
from drug addicts in a methadone treatment program. Med. J. 
Aust. 170-72 (1975). 

100. J. Clifford and W. Smyth. The determination of some 1,4-ben- 
zodiazepines and their metabolites in body fluids: A review. 
Analyst 99:241-72 (t974). 

101. E.R. Rutter. Automated method for screening urine for am- 
phetamine and some related primary amines. Clin. Chem. 18: 
616-20 (1972). 

Manuscript received January 25, 1991; 
revision received July 1, 1991. 


