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Abstract

Background Urine is conventionally used as a specimen to document diazepam-related crimes; however, few reports have
described the pharmacokinetics of diazepam and its metabolites in urine.

Objective This study aimed to investigate the pharmacokinetics of diazepam and its metabolites, including glucuronide
compounds, in the urine of Chinese participants.

Methods A total of 28 volunteers were recruited and each participant ingested 5 mg of diazepam orally. Ten milliliters of
urine were collected from each participant at post-consumption timepoints of prior (zero), 1, 2, 4, 8, 12, and 24 h and 2,
3, 6, 12, and 15 days. All samples were extracted by solid-phase extraction and analyzed using high-performance liquid
chromatography—tandem mass spectrometry. Diazepam and its main metabolites, except for temazepam, were detected in
the urine of volunteers. Pharmacokinetic parameters were analyzed using the pharmacokinetic software DAS according to
the non-compartment model.

Results Urinary diazepam peaked at 2.38 ng/mL (C,,,,) and 1.93 h (7,,,,)- The urinary metabolite nordiazepam peaked at
1.17 ng/mL and 100.21 h; temazepam glucuronide (TG) peaked at 145.61 ng/mL and 41.14 h; and oxazepam glucuronide
(OG) peaked at 101.57 ng/mL and 165.86 h. The elimination half-life (¢,,,) and clearance (CLz/F) for diazepam were 119.58
h and 65.77 L/h, respectively. The #,,, of the metabolites nordiazepam, TG, and OG was 310.58 h, 200.17 h, and 536.44 h,
respectively. Finally, this study found that both diazepam and its main metabolites in urine were detectable for at least 15
days, although there were individual differences.

Conclusion The results regarding diazepam pharmacokinetics in urine would be of great help in forensic science and drug

screening.

The pharmacokinetics of diazepam and its main metabo-
lites, including phase II metabolites, in urine of 28
Chinese participants were investigated.
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1 Introduction

Diazepam is the most typical hypnotic for benzodiaz-
epines. It has been widely used to treat central nervous
system disorders such as anxiety, epilepsy, and alcohol
withdrawal since the 1960s [1, 2]. However, many other
major problems emerged, such as drug dependence and
drug abuse, which finally led to an increasing number of
forensic cases, such as suicide, drug-driving, and robbery
[3-5].

Diazepam is metabolized to nordiazepam, temazepam,
oxazepam, temazepam glucuronide (TG), and oxazepam
glucuronide (OG) [6]. In the process of diazepam metabo-
lism, the glucuronides were reported to represent 88% and
71.4% of the total temazepam and oxazepam in human
urine, respectively [7], leading to lower concentrations of
temazepam and oxazepam. The concentrations of temaz-
epam are especially low.

Diazepam is metabolized through the liver and elimi-
nated from the kidney. Therefore, urine is a conventional
specimen used to document diazepam-related crimes. In
addition, because of the convenience and non-invasive
nature of its collection, testing for diazepam abuse in
urine is also required for multiple reasons, including legal
and workplace policies [8]. Studies have reported a great
value in urine levels of metabolites of diazepam due to
their longer detection window [9—14], but these studies
used different animals or studied urinary kinetics for a
short period of time and in a small number of subjects.
More importantly, published detection methods for diaz-
epam in urine always involve hydrolysis of the glucuro-
nide metabolites and focus on diazepam as well as on its
active metabolites nordiazepam, temazepam, and oxaz-
epam. These methods have many limitations, including
the possibility of incomplete hydrolysis due to competitive
inhibition of the enzyme, reduction reactions of oxazepam
or OG to nordiazepam, conversion of temazepam to diaz-
epam during enzymatic hydrolysis, and decomposition of
benzodiazepine molecules to benzophenones during acid-
catalyzed hydrolysis [15].

Recently, diazepam and its glucuronide metabolites
TG and OG were directly detected using a liquid chro-
matography—tandem mass spectrometry (LC-MS/MS)
procedure in postmortem blood and urine of volunteers
after the consumption of diazepam [15, 16]. This suggests
that glucuronide compounds could also be easily detected.
At the same time, the study reported a longer duration
of detection of TG and OG in urine, thus extending the
detection window of diazepam. Additionally, our previous
study found that the glucuronide metabolites of diazepam
can distinguish between poisoning in a living being versus
postmortem exposure, which plays an important role in the
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identification of diazepam-related cases. However, to the
best of our knowledge, no experimental studies of glucu-
ronide metabolite kinetics in urine have been performed.

The purpose of this study was to investigate the pharma-
cokinetics of diazepam and its metabolites, including glu-
curonide compounds, in the urine of Chinese participants.
Among the metabolites of diazepam, the amount of temaz-
epam is the smallest and therefore least significant; thus, it
was excluded from this study. After healthy Chinese volun-
teers ingested diazepam, we investigated the concentrations
of diazepam and its metabolites (nordiazepam, TG, and OG)
in urine for up to 15 days and established the basic phar-
macokinetic information for diazepam and its metabolites,
especially glucuronide metabolites, in urine.

2 Methods
2.1 Materials

Diazepam and oxazepam were obtained from the National
Institute for the Control of Pharmaceutical and Biological
Products (Beijing, China); nordiazepam (1 mg/mL), OG
(0.1 mg/mL), and TG (0.1 mg/mL) were purchased from
Lipomed AG (Switzerland). The internal standard, nordiaze-
pam-d5 (1 mg/mL), was obtained from Cerilliant (USA). All
analytes were stored at 4 °C. High-performance liquid chro-
matography (HPLC)-grade methanol and acetonitrile were
obtained from RCI Labscan Ltd (Thailand), and ultrapure
water was obtained from a water purification system (Milli-
Q Academic, USA). Solid-phase extraction (SPE) cartridges
(Bond Elut C18, Part No: 12102099) were purchased from
Agilent Technologies (USA).

2.2 Volunteers

Healthy female (n = 14) and male (n = 14) volunteers with
no history of somatic or psychiatric illness, drinking, or
medication were recruited into the study following their
informed consent and comprehensive medical and psycho-
logical evaluations. Their median age was 24.4 years (range
22.5-26.5) and the average body mass index was 21.1 kg/
m? (range 17.0-35.0). The experiment was approved by the
Institutional Animal Care and Use Committee of Shanxi
Medical University (2014087) and all methods were per-
formed in accordance with the relevant guidelines and reg-
ulations in China regarding the use of human subjects in
scientific research.

2.3 Biosamples

Urine from each volunteer (10 mL) was collected before
the experiment. After 12 h of fasting, the participants
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were administered one oral dose of 5 mg of diazepam in
the school infirmary, after which 10 mL of urine was col-
lected at 1, 2,4, 8, 12, and 24 h and 2, 3, 6, 12, and 15 days
post-consumption timepoints. All samples were stored at
—20 °C until assayed. The volunteers were provided with
standardized meals at 180 and 450 min after drug ingestion
and allowed to return to their dormitories on campus during
the study period.

2.4 Sample Preparation and Analysis

Diazepam and its main metabolites (nordiazepam, oxaz-
epam, TG, and OG) in urine samples from each volunteer
were extracted via SPE and analyzed by an LC-MS/MS
method operated in a positive multiple response monitoring
mode. The analysis was based on our published LC-MS/MS
method for the measurement of diazepam and its metabolites
in blood [17] and validated for the analysis of diazepam and
its metabolites in urine.

2.5 Pharmacokinetic Analysis

The pharmacokinetic software DAS 3.0 (BioGuider Co.,
Shanghai) was used to calculate the maximum concentration
(Cpax)> time to maximum concentration (7;,,,), elimination
half-life (¢,,,), kidney clearance (CLz/F), and area under the
curve (AUC,) according to the non-compartment model.

2.6 Statistics

All data are summarized using descriptive statistics. Arith-
metic means and standard deviations of the pharmacokinetic
parameters are provided.

3 Results
3.1 Method Development and Validation

All analytes were well separated and no endogenous peak
coeluted with the analytes. The methods were also fully
validated, as shown in Tables 1 and 2. The limit of detec-
tion (LOD) in urine was 0.01 ng/mL for diazepam, nordi-
azepam and oxazepam, and the lower limit of linearity was
0.1 ng/mL. The limit of quantitation (LOQ) and lower limit

Table 2 Standard calibration curves of diazepam and its metabolites
in urine

Compound 7 Linearity LOD (ng/mL) LOQ (ng/mL)
range (ng/
mL)
Diazepam 0.9950 0.1-100 0.01 0.05
Nordiazepam 0.9933 0.1-100 0.01 0.05
Oxazepam 0.9912 0.1-100 0.01 0.05
TG 0.9953 0.5-100 0.5 0.5
OG 0.9923  5-100 0.5 5

LOD limit of detection, LOQ limit of quantification, 7G temazepam
glucuronide, OG oxazepam glucuronide

Table 1 Recovery, precision, and accuracy of diazepam and its metabolites in urine (x = S; n = 3)

Compound Spiked (ng/  Found (ng/mL) Recovery (%) Precision (%) Accuracy (%)
mL) Inter-assay Intra-assay Inter-assay Intra-assay
Diazepam 1 0.98 +0.02 98.00 £ 2.00 0.06 0.02 90.60 98.00
10 10.02 +2.59 100.20 + 25.90 0.12 0.26 115.33 100.20
50 50.90 + 3.67 101.80 = 7.34 0.07 0.07 89.67 101.80
Nordiazepam 1 0.93 +£0.14 93.00 + 14.00 0.07 0.15 76.60 93.00
10 8.60 + 1.82 86.00 + 18.20 0.14 0.21 98.60 86.00
50 49.40 + 0.85 98.80 + 1.72 0.09 0.02 102.07 98.00
Oxazepam 1 0.94 +£0.15 94.00 + 15.00 0.04 0.16 83.90 94.00
10 10.03 + 1.73 100.30 + 17.30 0.06 0.17 82.80 100.30
50 50.13 +3.00 100.26 + 6.00 0.04 0.06 96.13 100.26
TG 1 1.14 £ 0.20 114.00 = 20.00 0.06 0.18 128.50 114.00
10 11.87 £ 0.15 118.70 = 1.50 0.05 0.01 118.00 118.70
50 50.63 + 6.6 101.26 +13.20 0.08 0.13 106.67 101.26
oG 5 4.96 +1.28 99.20 + 25.60 0.04 0.12 129.62 99.20
10 10.98 + 1.56 109.80 + 15.60 0.10 0.14 113.67 109.80
50 46.57 + 3.36 93.14 + 6.72 0.16 0.07 100.93 93.14

TG temazepam glucuronide, OG oxazepam glucuronide
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of linearity of TG in urine were 0.5 ng/mL, and those of OG
in urine were 5 ng/mL.

3.2 Pharmacokinetic Analysis

After the volunteers consumed 5 mg of diazepam, only diaz-
epam, its main oxidative product nordiazepam, and glucuro-
nide metabolites (TG, OG) were detected in urine samples,
and the detection time window ranged from 1 h to 15 days,
as shown in Table 3. However, as shown in Fig. 1, although
diazepam and nordiazepam could still be detected after 15
days, their concentrations were much lower than those of TG
and OG. In addition, as summarized in Fig. 1 and Table 4,
following the consumption of 5 mg of diazepam, diazepam
reached its highest concentration (2.30 + 1.36 ng/mL) within
1 h and then declined gradually, and the metabolite nordi-
azepam reached its highest concentration (0.96 + 0.47 ng/

mL) at 72 h. In comparing the concentration-time curve of
diazepam and nordiazepam, it was found that the concen-
tration of nordiazepam was obviously higher than that of
diazepam 24 h after diazepam consumption. While the peak
blood concentrations of TG (114.4 + 152.15 ng/mL) and
OG (71.95 + 83.20 ng/mL) were observed at 48 and 72 h,
respectively, in comparing their concentration-time curve it
was found that TG was at a higher concentration than OG
until 72 h when their concentrations were reversed.

Based on the non-compartment model, the pharmacoki-
netic parameters of diazepam and its metabolites after oral
administration of 5 mg of diazepam were calculated and
are shown in Table 5. It was found that diazepam could
reach its peak concentration in urine (2.38 + 1.26 ng/mL)
at 1.93 + 2.91 h, and the metabolites nordiazepam, TG, and
OG reached their peak concentrations (1.17 + 0.40 ng/mL,
145.61 + 136.98 ng/mL, and 101.57 + 76.86 ng/mL) at

Table 3 Detection time of

T Compound
analytes in urine (X + S; n = 28)

Urine

Start, h (minimum-maximum)

End, h (minimum-maximum)

Diazepam
Nordiazepam
TG

oG

1.0 + 0.0 (1.0-1.0)
1.5+ 1.5 (1.0-8.0)
1.1 + 0.6 (1.04.0)
1.1 + 0.6 (1.04.0)

347.1 + 43.3 (144.0-360.0)
354.9 + 18.5 (288.0-360.0)
336.9 + 66.8 (144.0-360.0)
334.3 + 67.3 (144.0-360.0)

TG temazepam glucuronide, OG oxazepam glucuronide
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Fig. 1 Concentration-time curves of diazepam and its metabolites in urine. The left y-axis represents diazepam and nordiazepam, and the right
y-axis represents TG and OG. Breaks are performed at 20 and 150 h, respectively. 7G temazepam glucuronide, OG oxazepam glucuronide
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Table 4 Co.ncen.trations Time (h) Diazepam (ng/mL) Nordiazepam (ng/mL) TG (ng/mL) OG (ng/mL)

of analytes in urine at 12

timepoints (x + S; n = 28) 0 _ - — -
1 2.30 + 1.36 0.04 +0.26 23.99 +19.00 29.16 + 21.65
2 1.27 £0.74 0.35+0.28 34.83 + 38.27 15.44 +£19.18
4 0.96 + 0.54 0.27 £ 0.11 21.21 +£30.25 9.44 +10.45
8 0.67 +0.33 0.38 +0.22 62.81 + 65.38 20.92 +20.75
12 0.68 + 0.25 0.45 +0.27 76.25 + 76.95 31.85 +28.45
24 0.46 +0.26 0.49 +0.24 79.83 +138.13 28.22 +27.95
48 042 +0.25 0.71 £ 0.36 1144 £ 152.15 47.54 + 28.49
72 0.35 +0.20 0.96 + 0.47 98.13 + 115.53 71.95 +83.20
144 0.16 + 0.08 0.81 +0.33 42.80 + 56.33 58.33 +40.30
288 0.07 + 0.05 0.52 +0.25 21.25 +30.39 43.09 + 29.79
360 0.06 + 0.04 0.51 +£0.27 13.97 £ 10.74 51.32 + 40.90
TG temazepam glucuronide, OG oxazepam glucuronide

Table 5 Pharmacokinetic parameters of analytes in urine (x + S, minimum-maximum; n = 28)

Parameter Diazepam Nordiazepam TG oG

AUC, (ug/L*h) 77.86 +29.43 (36.82-155.49) 241.61 + 83.36 (151.60—

16,202.12 + 17,348.38 16,622.45 + 7844.85

505.31) (2193.74-90,514.00) (2941.84-37,397.18)
t,, (h) 119.58 + 114.59 (38.27— 310.58 + 369.26 (75.91- 200.17 + 271.99 (34.70— 536.44 + 999.86 (43.48—
653.00) 1915.83) 1183.63) 4836.94)
Tnax (1) 1.93 +2.91 (1.00-12.00) 100.21 + 70.07 (2.00-288.00) 41.14 + 29.95 (8.00-144.00) 165.86 + 121.68 (12.00—
360.00)
Chax (ng/L) 2.38 +1.26 (0.83-4.9) 1.17 + 0.40 (0.62-2.20) 145.61 + 136.98 (35.70— 101.57 + 76.86 (26.80-451.00)

CLz/F (L/h) 65.77 + 25.42 (30.43-131.50) -

739.00)

TG temazepam glucuronide, OG oxazepam glucuronide, AUC, area under the curve, t,,, elimination half-life, 7,,,,, time to C

concentration, CLz/F clearance

100.21 +70.07 h, 41.14 + 29.95 h, and 165.86 + 121.68 h,
respectively. The t,,, of diazepam, nordiazepam, TG, and
OG was 119.58 + 114.59 h, 310.58 + 369.26 h, 200.17 +
271.99 h, and 536.44 + 999.86 h, respectively. The CLz/F of
diazepam was 65.77 + 25.42 L/h; however, the CLz/F of the
metabolites of diazepam (nordiazepam, TG, and OG) could
not been calculated accurately because their initial dose was
difficult to obtain.

4 Discussion

Urine is a conventional specimen with prospects for moni-
toring drugs of abuse in the workplace, clinical toxicology,
criminal justice, and drug-driving programs. The analyti-
cal method used in this study has proven to be sensitive
and accurate for the analysis of diazepam and its metab-
olites in urine. The lower LOD (0.01 ng/mL) and LOQ
(0.05 ng/mL) achieved are not only particularly useful for
quantifying the lower levels of diazepam and its oxidative
metabolites presented in urine during pharmacokinetic

maxs Cmae Maximum

investigation of diazepam as illustrated in Fig. 1, but also
to some degree influence the detection times. The dose (5
mg) used in the study was close to the therapeutic dose
of the drug (5-10 mg), suggesting that the method might
be suitable for monitoring driving under the influence of
diazepam.

In this study, we detected lower concentrations of diaz-
epam and nordiazepam and higher concentrations of TG and
OG in the urine of volunteers after oral administration of
diazepam 5 mg, and their detection time limit was more
than 15 days. However, oxazepam could not be detected
throughout the whole process, suggesting that oxazepam,
in urine, might convert completely to OG. However, some
studies have reported the presence of oxazepam in urine
samples because of the difference in sample preparation,
which hydrolyzes the OG in urine with B-glucuronidase to
produce oxazepam [10, 12]. Additionally, as mentioned in
the introduction, oxazepam in urine has a much lower con-
version rate to OG than temazepam to TG; thus, we specu-
lated that both oxazepam and temazepam in urine might
be conjugated completely with glucuronide, justifying the
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omission of temazepam as an analyte for drug monitoring
purposes as well.

This study aimed to investigate the pharmacokinetics
of diazepam and its metabolites in urine, especially for the
glucuronide metabolites of diazepam. It was found that the
concentration of nordiazepam was obviously higher than that
of diazepam 24 h after diazepam consumption, and TG was
at a higher concentration than OG until 72 h, when their
concentrations were reversed. This observation suggests that
diazepam and its metabolites nordiazepam, TG, and OG,
can act as specific markers of diazepam consumption and
their relative concentrations can be used to eliminate the
possibility of coadministration of diazepam with other ben-
zodiazepines such as temazepam and oxazepam.

This study recruited a Chinese population of 28 individu-
als consuming 5 mg of diazepam. In view of the greater indi-
vidual difference in the metabolism of diazepam in human,
which was reflected well in our data, a non-compartment
model was used to calculate the pharmacokinetic param-
eters of diazepam and its metabolites in human urine. The
models estimate that diazepam reached its peak concentra-
tion (2.38 + 1.26 ng/mL) in urine at 1.93 h, and nordiaz-
epam reached its peak concentration (1.17 + 0.40 ng/mL)
in urine at 100.21 h. Umezawa et al. [13] administered a
single 10 mg oral dose of diazepam to five healthy subjects
aged 28—-48 years and reported that diazepam and nordiaz-
epam reached their peak concentrations (9.08 + 3.24 ng/mL,
8.19 + 1.30 ng/mL) at 1.5 and 12 h, respectively. In another
study [10], 11 European patients (nine male and two female
volunteers aged 20-35 years) received a 10 mg oral dose of
diazepam. The T, ,, of nordiazepam in urine was 11 h, but
the parent compound, diazepam, could not be detected. The
great difference in those studies may be due to the influ-
ence of dosage, age, and interethnic differences [18-21].
Other influencing factors may include sex, liver disease,
concurrent exposure to cytochrome P450 (CYP) inducers
or inhibitors, and genetic variability [18, 22-28]. It is evi-
dent from this study that the pharmacokinetic parameters
of diazepam and its metabolites vary significantly among
individuals (Table 5). Smith-Kielland et al. [9] reported that
the half-life of diazepam was 20-50 h and that of nordiaz-
epam was 40-100 h. In contrast, in our study, the elimina-
tion half-lives of diazepam and nordiazepam in urine were
38.27-653.00 h and 75.91-1915.83 h, respectively. Further-
more, the longest detection period of diazepam varies sig-
nificantly, with reported values ranging from O to 68 h [10,
15], compared with 347.10 + 43.30 h (ranging from 144.00
to 360 h) observed in this study. The longest detection period
of nordiazepam varies from 1.50 to 252.00 h [10, 13], com-
pared with 354.90 + 18.50 h (288.00-360 h) observed in this
study, indicating a significant difference.

TG and OG are phase II metabolites of diazepam; there
have been studies stating that the glucuronide metabolites of

A\ Adis

diazepam have higher concentrations and longer detection
windows in urine [15, 29]. However, none of the pharmacoki-
netic parameters of diazepam glucuronide metabolites are cur-
rently available. This study first evaluated the kinetic disposi-
tion of glucuronide metabolites of diazepam in the urine of
a Chinese population. It was found that the levels of TG and
OG in urine were much higher than those of diazepam and its
oxidation products, and the half-life, especially for OG (536.44
+ 999.86 h), was longer than that of diazepam and its other
metabolites, which reminded us that it would be feasible to
identify the ingestion of diazepam based on the pharmacoki-
netic results of the glucuronide metabolites in urine, even after
a much longer time. Therefore, although there were significant
individual differences, the results could be used to identify
drivers under the influence of diazepam using a sensitive test-
ing method, especially in retrospective cases.

As mentioned above, diazepam metabolism is influenced
by many factors. Among these factors, genetic differences
are considered one of the major contributors to the phar-
macokinetic variations of diazepam [20]. CYP2C19 is a
CYP isozyme responsible for N-demethylation of diazepam
to form nordiazepam during the metabolic process, and its
polymorphism plays a major role in the observed metabolic
differences [30, 31]. CYP2C19 m1/m1 and CYP2C19 wt/
ml are two CYP2C19 phenotypes, in which the former is a
poor metabolizer and the latter is an extensive metabolizer.
Qin [26] reported a significant difference in the pharmacoki-
netic behavior of diazepam and nordiazepam between the
two groups. In addition, Smith-Kielland et al. [9] reported
that the existence of poor and extensive metabolizers of
diazepam and nordiazepam can account for the wide range
of half-lives observed.

The strength of the present study is the experimental
design and the collection of samples to study the pharma-
cokinetics of diazepam and its metabolites, including glu-
curonide compounds, in the urine of 28 Chinese volunteers
for a relatively long time period. The limitation of the pre-
sent study is that CYP phenotyping was not performed in
advance. In addition, the analyte concentration in urine was
not corrected for urinary creatinine concentration, which
might be another important factor accounting for the large
individual differences observed. Thus, further studies are
needed to investigate the influence of the CYP phenotype
and urinary creatinine concentration on the pharmacokinet-
ics of diazepam and its metabolites in the urine of the Chi-
nese population.

5 Conclusion

This study demonstrated the pharmacokinetics of diazepam
and its metabolites, including glucuronide compounds, in
the urine of Chinese volunteers after a therapeutic dose.
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Although there were significant individual differences, these
results would be useful for law enforcement officers to ana-
lyze such cases.
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