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ABSTRACT

An approach has been undertaken to study the stability of six 1,4-benzodiazepines;
alprazolam, bromazepam, clonazepam, diazepam, flunitrazepam and lorazepam in spiked
plasma, urine and saliva samples at defined time intervals. Quantification was catried out using
high-petformance liquid chromatography equipped with a photodiode-array ultraviolet detector
while extraction was petformed using SPE. Spiked samples (0.5, 2.0 ng UL™") were stored at
-20°C and analysed at selected times duting 180 days for both plasma and urine, and 120 days
for saliva. At -20°C, at the end of the obsetrvation period dectrease was measured around 40%
for flunitraepam and clonazepam and around 20% for remaining four benzodiazepines of
the original levels. At end of study petiod for low concentrations (0.5 ng uL™) all benzodiazepines
were though detectable but a clear pattern of breakdown could not be established. Results of
stability study through freeze-thaw cycle during seven successive days for spiked samples
stored at -20°C were also reported. All analytes were seemed to be completely stable up to
five cycles in plasma, urine, and up to three cycles in saliva. Moreover, stability study of all
analytes over a period of one year revealed that standard solution in methanol stored at 4°C
can be used without any remarkable degradation. The data collected suggest that quantitative
results concerning long-term stored samples should be interpreted with caution in forensic
cases.

Keywotds: 1,4-benzodiazepines, bio-fluids, plasma, urine and saliva, solid-phase extraction.

1.INTRODUCTION

Benzodiazepines are the most widely
prescribed drugs being heavily used and
abused [1-3] and they play an important role
in screening blood samples of conspicuous
motorists. Information on the influence of
long-term storage on the stability of benzo-
diazepines in biological matrices is rare

[4]. Knowledge, about decrease of drug
concentration in biological samples depending
upon time, is of considerable significance for
forensic cases. Usually, there used to be a delay
of several days between sampling, drug
screening and finally drug quantification in
biological fluids. The subsequent confirmation
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may not be performed until the case goes to
court for trial and may be done many days or
weeks after the blood has been taken,
especially when analysis for drug monitoring
of the same sample is done by separate
institutions and at several places. Usually,
additives and preservatives had not been
added and sometimes, plasma had been
separated from blood and stored separately.
Generally, forensic laboratories have to store
samples for a time period of one year at least
to enable reanalysis if requested.

Recently, a comprehensive stability study
has been published on drugs of abuse in
authentic blood samples stored at ambient
temperature [5]. The stability of forensically
relevant drugs cocaine, benzoylecognine,
11-nor-A-9-tetrahydrocannabinol-9-carboxylic
acid, phencyclidine, amphetamines along with
benzodiazepines has also been reported
[6-8]. The influence of long-term storage on
the stability of benzodiazepines (BZD) in
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blood, plasma has been studied [4, 9-10].

The aim of this study is to investigate the
stability of commonly prescribed six 1,4
benzodiazepines (Figure 1) in biological
samples (plasma, urine, saliva), refrigerated
at -20°C for vatious time periods up to six
months, by a routine HPLC method developed
previously after solid-phase extraction (SPE).
In addition stability of the methanolic solution
of the analytes, stored at 4°C for a petiod of
one year, has been investigated.

2. EXPERIMENTAL
2.1 Chemicals

Colchicine used as the internal standard
was supplied by Sigma (Sigma-Aldrich
Chemie BV, The Netherlands). HPLC-grade
organic solvents (methanol, ACN) were
supplied by Carlo Erba (Milano, Italy). Water
used throughout the study was purified as
required by the reverse osmosis method to
gain high-purity water with a Milli-Q water

Figure 1. Chemical structure of benzodiazepines under study.
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Diazepam (DZP) I CH, H Phenyl Cl
Flunitrazepam (FNZ) CH, H 2-F-phenyl NO,
Lorazepam (LRZ) H OH 2-Cl-phenyl Cl
Alprazolam (APZ) II CH, H phenyl Cl
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putification system from Millipore (Millipore,
Bedford, MA, USA). Ammonium acetate p.a.
was supplied from Riedel-de Haen (Buchs,
SG, Switzerland). Six drug standards were
from Sigma Chemical Company (St. Louis,
MO, USA). Purity of reference compounds
was not less than 98%.

2.2 Instrumentation

A Shimadzu (Kyoto, Japan) quaternary
low-pressure gradient system was used for
the chromatographic determination of the
examined analytes. The solvent lines were
mixed in an FCV-10ALVP mixer. An LC-
10ADVP pump equipped with a Shimadzu
SCL-10ALVP System Controller, permitting
fully automated operation, was used to deliver
the mobile phase to the analytical column.
Sample injection was performed via a
Rheodyne 77251 injection valve (Rheodyne,
Cotati, California, USA) equipped with a 20
UL loop. Detection was achieved by an
SPDM10AVP Photodiode Array Detector,
complied with data acquisition Lab Solutions-
LC-Solutions by Shimadzu. Degassing of the
mobile phase was performed by helium
sparging in the solvent reservoirs by a
DGU-10B degassing unit.

The analytical column, a Kromasil C,
(250%4 mm, 5 um) was purchased from MZ-
Analysentechnik (Mainz, Germany). A glass
vacuum-filtration apparatus obtained from
Alltech Associates was employed for the
filtration of the buffer solution, using 0.2 um
cellulose nitrate 0.2 pm-WCN Type (47 mm
DIA) membrane filters (Whatman Laboratory
Division, Maidstone, England). The SPE study
was carried out on a 12-port vacuum manifold
from Supelco (Bellefonte, PA, USA). LC-18
cartridge 500 mg/3 mL was supplied from
Supelco. All evaporations were performed
with a Supelco 6-port Mini Vap concentrator/
evaporatof.
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2.3 Collection of Specimens

Drug free plasma samples were kindly
provided from the Blood Donation Unity of
a State Hospital, (Thessaloniki, Greece) while
urine and saliva samples were provided by
one male healthy volunteer. Pooled samples
wete prepared. Both urine and saliva samples
were collected in polypropylene tube. Saliva
samples was collected over 180 min by
spitting at fixed time intervals, without any
stimulation of the saliva production, to obtain
approximately 3 mL of sample. By the 30
min before sampling no food or drink was
taken by saliva donor and mouth was rinsed
with fresh water before spitting [11]. Supplied
drug-free plasma, as soon as possible after
collection without any preservative the urine
and supernatant of saliva obtained after
centrifugation at 2,500 g for 10 min to remove
potential food debris, were separated into 1.5
mL aliquots in eppendof and stored at -20°C
until analysis.

2.4 Chromatographic Conditions

Chromatography was performed under
gradient conditions at ambient temperature
(about 25°C). The mobile phase consisted of
a mixture of methanol, acetonitrile and
ammonium acetate buffer (0.05 M) delivered
in gradient mode as shown Table 1 at a flow-
rate of 1.0 mL min™. It generated an operating
back pressute of initial 230 km/cm® which
was finally reduced to 200 km/cm? at 10 min.
Before use, the mobile phase was degassed
for 10 min with helium. Absorbance of the eluent
was monitored with a variable wavelength
UV-vis detector set at 240 nm. After an
equilibration time of about 30 min the first
injection can be applied. Three injections of a
standard solution consisting of all analytes in
presence of internal standard were performed
prior to each sequence in order to verify the
performances of the system.

Buffer: 0.05 M aqueous solution of
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ammonium acetate buffer was always freshly  water and filtered just before use.
prepared by mixing appropriate weight in MQ

Table 1. Gradient program for the proposed method.

0.01 30.00

15.00
A¥* 2.00 50.00 18.30 31.70 1.0 9.94+0.07
3.00-10.50 50.00 20.00 30.00

2.5 Standard Solutions

Stock solutions (100 ng pL) of all
benzodiazepines and colchicine (IS) were
prepared by dissolving an appropriate amount
of each compound in methanol and were
stored at 4°C, protected from light and
remained stable for at least 12 months. The
mixture solution of drugs at concentration
level 2 ng L' were prepared containing
internal standard at a concentration of 4 ng
uL". Mixture solutions were prepared without
internal standard for spiking biological samples
at concentration levels 0.5, 2 ng uL™.

2.6 Preparation of Spiked Samples and
Storage

200 pL standard solutions at experimental
levels 0.5, 2 ng pL.* for spiked sample or 200
UL of methanol for blank samples was added
to aliquots of 50 uL of pooled plasma or
100 pL of urine or 500 pL saliva samples. All
spiked samples were stored in freezer at -20°C
before analysis for a period up to 6 months.

2.7 Sample Pre-treatment

Prior to extraction, spiked biological
samples were pre-treated for the removal of
proteins by precipitation with the addition of
200 pL of acetonitrile. After centrifugation
for 15 min at 3,000 rpm, the clear supernatant
was applied to solid-phase extraction protocol

optimized previously using Nexwus Varian
cartridge for the isolation of 1,4-benzodia-
zepines [12].

2.8 Solid-phase Extraction

With the addition of 2 mL distilled water
to decrease the petcentage content of ACN,
supernatant was applied to SPE cartridge
preconditioned with 2 mL of methanol and
2 mL of water. After washing with 1 mL
water retained drugs were eluted with (2x1)
mlL MeOH:CH,CN (50:50 v/V) followed by
the evaporation to dryness under a gentle flow
of N, at 30°C. The residue was reconstituted
with 200 ul. of methanolic internal standard
solution at concentration 4 ng pL! prior to
their injection into the liquid chromatographic
system. Aliquots of 20 pL. were injected onto
column.

2.9 Stability Study
2.9.1 Standard solution

The stability of standard solutions was
tested by the proposed HPLC method over
a period of 1 year. The freshly prepared
solutions at room temperature and seven
different days over a period of 1 year stored
samples in a refrigerator at 4°C, were
analyzed, chromatogram and recoveries were
compared.
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2.9.2 Spiked Solution

Freeze-thaw cycle of spiked samples: Biological
plasma, urine and saliva samples, spiked with
2 ng UL of analytes, were stored in freezer
at -20°C. For short-time stability assay each
sample was analyzed once daily for seven
successive days after freeze-thaw cycle for
investigation of stability when spiked samples
were allowed to thaw at room temperature.
Recovery of analytes for the stored samples
were calculated and compared to that of
freshly prepared spiked samples.

- Long-term Stability: Biological samples
spiked at 0.5, 2 ng pL! concentration levels
were stored in freezer at -20°C, and analyzed
over a petiod of 180 days for plasma, urine
and 120 days for saliva. Each sample was
subjected to deprotenization before analysis
at definite days during tested period. The
comparison of recoveries in spiked samples
over study period was performed to that
obtained for freshly prepared spiked samples
at room temperature.

3.RESULTS
3.1 Chromatography

The influences on stability of six 1,4-
benzodiazepines: alprazolam, bromazepam,
clonazepam, flunitrazepam, lorazepam and
diazepam in spiked biological samples, stored
at -20°C for long-term storage of 6 months
and short-term through freeze-thaw cycle, were

Table 2. Sensitivity data for the proposed method.
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studied. Under the described chromatographic
conditions, the BZDs were well separated
and summary of linearity and sensitivity,
and validation data are given in Table 2
and Table 3, respectively. Relative standard
deviation (RSD) was calculated for standard
at three concentration levels (1, 5, 10 ng pL™)
taking six measurement each for both within-
and between-day analyses. Precision of retention
times was examined to evaluate system
suitability from these measurements (n=36)
which revealed RSD values of 0.4-0.7%.
The limit of detection, LOD was obtained
by use of the slope (@) and the standard error
of the intercept (S, ) of the regression line;
LOD=3(S, /a) [13]. Column performance
was evaluated by calculating resolution factor
(R ) and number of theoretical plate (N) for
a standard representative chromatogram
(Figure 2). Retention times of the examined
benzodiazepines are 5.51+0.05 for the internal
standard, 6.63+0.02 for BRZ, 7.23+0.04 for
CLZ, 7.45+0.04 for FNZ, 7.96+0.04 for
LRZ, 8.22+0.05 for ALP, and 9.94+0.07 min
for DZP. The study indicated that the extracts
from blank plasma, urine and saliva did not
show peaks that interfered with the quantitative
determination of the analytes. Therefore, high
precision and sensitivity were observed from
the biological matrices calculated by proposed
HPLC-SPE method.

Bromazepam | 0.999 0.07 | 0.999 0.13 0.997 0.35 | 0.999 0.20
Clonazepam 0.999 0.10 | 0.998 | 0.50 0.999 0.17 | 0.999 0.20
Flunitrazepam | 0.999 0.11 0.999 | 0.36 0.998 | 0.19 | 0.999 0.13
Lorazepam 1.000 0.02 | 0998 | 0.38 0.998 | 0.29 | 0.998 0.25
Alprazolam 0.999 0.15 | 0998 | 0.51 0.998 | 0.20 | 0.999 0.17
Diazepam 0.999 0.01 0.999 0.34 0.999 0.13 | 0.999 0.15
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Table 3 Vahdatlon data for the proposed method

38854
Ciz 101 06 16 22 56 40 06 | 275 | 47763

FNZ 9.6 2.0 1.8 5.0 6.6 3.2 0.5 0.80 2855.8
LRZ 32 2.8 4.9 3.0 52 7.3 0.5 1.76 4157.7
ALP 4.0 5.1 3.0 9.2 9.0 9.3 0.6 1.10 6355.4
Dzp 1.2 2.5 8.8 7.2 10.1 10.1 0.5 4.51 12494.3
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Figure 2. Typical HPLC chromatogram of the six examined benzodiazepines (10 ng pL") in
the presence of colchicine (4 ng uL™?) as internal standard. Chromatographic conditions are
described in text. Peaks: 5.553 min (IS), 6.675 min (BRZ), 7.257 min (CLZ), 7.490 min (FNZ),
7.981 min (LRZ), 8.341 min (ALP), and 10.300 min (DZP).

3.2 Stability refrigerator at 4°C, were analyzed and
3.2.1 Standard Solution recoveries were compared. Comparison

The freshly prepared solutions in methanol ~ concludes that there were no degradation
at room temperature and seven different days  drugs and the drug is stable at 4°C for at least
over a period of 1 year stored samples in a 1 year, indicating the possibility of using all
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studied drugs over a period of 1 year stored data are presented in Figure 3.
in refrigerator without degradation. Analytical
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Figure 3. Long-term stability of benzodiazepines in standard solution in methanol.

3.2.2 Spiked samples
Short-term stability through freege-thaw cycle
Spiked plasma, urine or saliva samples
(2 ng uL"), were analyzed once daily for seven
successive days after freeze-thaw cycle for
investigation of stability when spiked samples
were allowed to thaw at room temperature.
Recovery of analytes for the stored samples
was compared to that of freshly prepared
spiked samples. Short-term stability results of
plasma have already been reported in previous
experiments and it was found to be consistence
with three experiments conducted before
[12,14,15]. Short-term stability results for
remaining two samples, urine and saliva are
reported and these are graphically presented
in Figure 4, 5, respectively. All analytes seemed
to be completely stable up to five freeze-thaw
cycles in plasma and urine, and up to three
freeze-thaw cycles in saliva while recovery was
decreased by less than 10%.

Long-term Stability

Spiked samples, stored in freezer at -20°C
at two different concentrations of 0.5ng uL*!
and 2 ng uL!, were analysed by the proposed
HPLC method over a period of 180 days
for plasma, urine and 120 days for saliva.
There was a continuous decrease in high
concentration at -20°C, which was more
distinct at the beginning of the experiments
and showed quite different tendencies
depending on the biological matrices and the
particular drug substance. The comparison of
recoveries to that obtained for freshly spiked
samples at room temperature concludes that
decrease was remarkable for saliva than
plasma and urine. A significant decrease in
concentration occurred at - 20°C in both
plasma and urine samples for all analytes
during the 180-day interval and in saliva at
the end of study period of 120 days. The
estimated values largely fitted with those
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Figure 4. Short-term stability of spiked saliva through freeze-thaw cycles.
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Figure 5. Short-term stability of spiked urine through freeze-thaw cycles.

reported in the literature [9,10]. The results  nitro compounds it was comparable for the
upon analysis are summarized in Figure 6-8.  petiod of 30 days only. At -20°C, the dectrease
Concentrations of four benzodiazepines for  for low concentrations (0.5 ng pL") at end of
storage periods 60 days were comparable to  study period was around 60%, for all the
freshly spiked samples, for remaining two  benzodiazepines mentioned above, except
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for clonazepam and flunitrazepam for which 4. DISCUSSION

the decrease was even mote than 80% but a When deciding on the method of analysis
clear pattern of breakdown could not be for the present study the desirable factors of
established. simultaneous determination of all substances
120
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Figure 6. Long-term stability of benzodiazepines in spiked plasma sample.
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Figure 7. Long-term stability of benzodiazepines in spiked urine sample.



460

Chiang Mai J. Sci. 2010; 37(3)

120

100

80

60

% Recovery

40

20

m BRZ
#CLZ
BFNZ
W LRZ

BALP

60 90 120

Day

Figure 8. Long-term stability of benzodiazepines in spiked saliva sample.

under investigation, ease of extraction, and
the limits of detection wete considered. This
study on the stability of benzodiazepines in
plasma, urine, saliva cleatly demonstrated
that a decrease in concentration must be
considered for a storage petiod of 6 months
at -20°C. The expetiments were performed
using identical biological matrices. Drug
concentrations chosen for spiking were at the
upper limit of the therapeutic ranges [16].
There was a continuous decrease in drug
concentration without a clear pattern of
degradation. After 6 months, the concentrations
of all analytes still detectable were at least 40%
lower than in the corresponding initial sample.
A similar decrease in diazepam, nordazepam
and bromazepam concentration has been
reported by Skopp e /. [10] in a study on
authentic blood, plasma samples after 8
months storage at 4°C. Present study shows
that after four months storage at -20°C
detection level was less than 70% for saliva
sample. Both flunitrazepam and clonazepam
was detected less than 60%. The stability was

found to be less in saliva than plasma or urine
samples which was consisted with the
previous reports [17].

However, before analysis analyte
degradation is often a result of chemical or
physical decomposition because of the drug
instability which loses the protective effect by
binding to plasma proteins. For example,
bromazepam is susceptible to hydrolysis [18]
and flunitrazepam was reported to significantly
degrade in plasma within only 24 h when
exposed to sunlight [19,20]. The water present
in blood samples plays a very important role
in hydrolysis reactions as an active reagent that
cleaves drug molecules [21]. Benzodiazepines
show a marked protein binding with high
association constants, the proportion of drug
molecules bound ranging from 77-79% for
flunitrazepam to 96-99% for diazepam at
therapeutic levels [18]. However, these
differences in drug protein interaction did not
allow establishing a clear relationship between
drug binding and the observed dectease in
concentration during storage.
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Degradation may also be due to enzyme
activities which continue in an unpreserved
sample after collection or to bacterial
contamination during sampling, for example
from unprotected skin. The conversion of
flunitrazepam to 7-aminoflunitrazepam was
already reported when incubated in bacterially
contaminated post-mortem blood and tissues
[22]. The conversion rate of nitrazepam was
strongly dependent on the composition of
the subject’s saliva [17]. Also, the loss of drug
molecules due to adsorption to the glass vial
or the rubber stopper has been observed for
diazepam [23]. i

Kratzsch et al. [24] evaluated the long-
term stability over 1 month at “20°C, freeze/
thaw stability over three cycles of a number
of benzodiazepines and their metabolites, and
it might be concluded that benzodiazepines
are rather stable and un-degradable analytes.
However, benzodiazepines show considerable
degradation to complete degradation if not
stored at “20°C or lower [25-28]. Benzodia-
zepines and their metabolites are relatively
stable species under short-term storage con-
ditions. However, it is strongly recommended
to store specimens under frozen conditions
(—20°C ot lower) even if blood is collected
in tubes containing fluoride/oxalate [9,10,
29-32]. Freeze-thawing was found not to
affect the concentration of nitrobenzodiazepine
and 7-amino metabolites [22]. Both flunitrazepam
and clonazepam showed less stability than
remaining four as the possibility of conversion
of nitro group to corresponding amino
group. It is reported previously that 7-nitro
benzodiazepines were unstable in blood,
particularly post-mortem blood (and other
tissues) due to conversion to the respective 7-
amino form [33]. This can be reduced by using
fluoride/oxalate but in most post-mortem
cases this conversion has already occurred
prior to specimen collection [34].

Further studies seem to be urgently
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necessary to investigate suitable sample
preparation, e.g. addition of preservatives like
potassium/sodium fluoride or oxalate and
antibacterial agents, and to establish optimal
storage conditions. Moreover, authentic
samples should be routinely opened several
times in order to simulate actual use and
to study influence on benzodiazepines
concentration [16]. High-pressure liquid
chromatography [35] seemed to be most
appropriate regarding sensitivity, but it
failed to detect some important metabolites
and to identify major degradation products,
for example arising from 7-nitro-1,4-
benzodiazepines. For further information
concerning the degradation of benzodiazepines,
investigations should use advanced analytical
methods, such as liquid chromatography
coupled to mass spectrometry, in ordet to
better identify degradation products.

5. CONCLUSION

For refrigerated samples at -20°C over a
period of six months, it can be concluded
from the present investigations that the time
interval between sampling and analysis may
strongly influence the analytical results for
benzodiazepines. As a consequence, results
from samples stored at -20°C for some time
prior to analysis should be interpreted
cautiously. The present study also demonstrates
that -20°C could influence the interpretation
of toxicological results after prolonged
storage. In case of saliva degradation is
faster compared to plasma and urine.
Therefore, the data obtained suggest the
tollowing: benzodiazepines should be
determined as soon as possible after specimen
collection; results from long-time stored
samples should be interpreted cautiously in
forensic cases in order to avoid serious
consequences; plasma collected for the
purpose of nitro-benzodiazepine determina-
tions should be preserved with oxalate or



462

fluoride, stored at -20°C and assayed soon
preferably within a month of collection; a
decrease between 10 and 20% should be
expected when benzodiazepines should be
stored at least at -20°C.
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