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Qualitative and Quantitative Analysis 
of Clonazepam and its Metabolite 
7-aminoclonazepam in Blood by LC-tandem 
QTOF/MS and LC-MS/MS

Abstract  Objective  A highly sensitive and specifi c analytical method was developed for the qualitative and quantitative 
analysis of clonazepam (CLOZ) and its metabolite 7-aminoclonazepam (7-AC) in blood. The analytes were identifi ed by 
automated solid phase extraction-liquid chromatography-tandem quadrupole time-of-fl ight mass spectrometry (ASPE-
LC-QTOF/MS) and quantitatively determined by automated solid phase extraction-liquid chromatography-tandem triple 
quadrupole mass spectrometry (ASPE-LC-MS/MS). 

    Methods  After purifi ed by automated solid-phase extraction (ASPE), the qualitative analysis of CLOZ and 7-AC 
in blood was performed by separation on an Agilent Eclipse Plus C18 HPLC column (50 mm×2.1 mm, 1.8 μm) using 
methanol-0.1%(v/v) formic acid aqueous solution. The detection was performed on a quadrupole time-of-fl ight mass 
spectrometer. The quantitative analysis of CLOZ and 7-AC in blood was carried out on LC-MS/MS. The chromatography 
separation was performed on a Waters Atlantis TM dC18 column (150mm×3.9mm,5.0μm) using methanol-water with 
0.1%(v/v) formic acid as mobile phase. The detection was carried out on a triple quadrupole mass spectrometer under 
electrospray ion source (ESI) in positive ionization mode and multiple reaction monitoring (MRM).

    Results  The result screening database of antidepressants was built using Agilent Mass Hunter Personal Compound 
Database Library (PCDL) Manager software and then used for the analysis of spiked samples. The results showed that 
both CLOZ and 7-AC could be correctly identifi ed with low deviation of retention time (<0.1 min), mass (<1 mDa) and 
MS matching scores, isotopic abundance matching scores, isotope spacing matching scores (all> 95 points). Furthermore, 
good linear responses were obtained between the concentration range, 2-1000 ng/mL with a regression coeffi cient 
(r2) higher than 0.99 for both CLOZ and 7-AC. The LOD values for CLOZ and 7-AC were 0.5 ng/mL and 0.2 ng/mL, 
respectively. The LOQ values for CLOZ and 7-AC were 2 ng/mL and 1 ng/mL, respectively. The RSD values obtained 
from intra-day and inter-day experiments ranged from 4.2 to 10.3%. The recovery ranges for CLOZ and 7-AC were all 
above 70% for three spiked levels. 

    Conclusion  The developed method was further applied for the analysis of poisoning case, both CLOZ and 7-AC in 
blood were confi rmed and quantifi ed. The combination of ASPE-LC-QTOF/MS and ASPE-LC-MS/MS is suitable for the 
identifi cation and quantifi cation of benzodiazepines and their metabolites in forensic toxicology.

Keywords:  Forensic science, Toxicology, Clonazepam, 7-aminoclonazepam, Metabolite, Automated solid phase 
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spectrometry, Blood, ASPE-LC-QTOF/MS, ASPE-LC-MS/MS.
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1  Introduction

Clonazepam (CLOZ) is a 
benzodiazepine derivative that was 
approved for use as an anticonvulsant 
in the US in 1975[1]. At present, CLOZ 
has been one of the most frequently 
prescribed psychoactive drugs world 

wide due to its hypnotic, anxiolytic, 
anticonvulsant and muscle-relaxant 
properties[2-3]. However, CLOZ, 
because of its pharmacological effects 
has been identifi ed as a compound 
frequently used in drug-facilitated 
crimes (DFC) such as robberies and 
sexual assaults in recent years[4-6].

CLOZ has a plasma half-life 
varying from 19 to 60 h, where the 
mean value is 40 h[7]. It is extensively 
metabolized in the liver, primarily 
by CYP3A4, to its major metabolite 
7-aminoclonazepam (7-AC)[8]. 
7-AC is excreted mainly in urine. 
Only about 0.5% of parent drug is 
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excreted unchanged in the urine[6]. In 
clinical studies oral administration 
of a single 2 mg dose resulted in an 
average plasma concentration of 17 
ng/mL (range: 7-24 ng/mL) of CLOZ 
between 1 and 4 h after ingestion[9]. 
In studies of patients receiving 6 
mg/day chronic therapy, the plasma 
concentration of CLOZ and 7-AC 
were reported as 29-75 ng/mL and 23-
137 ng/mL, respectively[10]. 

Because of above metabolic 
characteristics, sometimes parent drug 
CLOZ cannot be directly detected 
while only its major metabolite 7-AC 
can be detected[7-8]. This indicated the 
detection of 7-AC can be regarded 
as evidence of CLOZ intake. It 
has been reported that postmortem 
bioconversion to 7-amino metabolites 
may also occur, to the extent that little 
or no parent drug may be present; the 
identifi cation and quantifi cation of the 
7-amino metabolites are of importance 
toxicologically as they are often the 
only indication of nitrobenzodiazepine 
use prior to death[11]. Consequently 
the simultaneous determination of 
CLOZ and its metabolite 7-AC is 
very important in the fi elds of forensic 
toxicology.

On the other hand, in most cases, 
victims don’t often report until after 
some time; therefore, blood and urine 
samples are often detected more than 
24-72 h after ingestion[6]. Moreover, 
only immunoassay screening and 
sometimes liquid chromatography-
diode array detector (HPLC-DAD) 
and gas chromatography-mass 
spectrometry (GC-MS) analysis are 
performed on blood and urine at the 
hospital laboratory where the victim 
is admitted[12]. Since most of the drugs 
involved in DFC are not detectable 
at low levels by these techniques, 
resulting false negative results may 
lead to an inaccurate conclusion 
and to premature destruction of 
samples[12]. For this reason it is 
important to develop highly sensitive 
and specifi c analytical methods for the 
simultaneous determination of CLOZ 
and its metabolite 7-AC in biological 

fl uids.
Numerous analytical methods 

including spectrophotometry[13-14], 
gas chromatography (GC)[15-19], gas 
chromatography-mass spectrometry 
(GC-MS)[20-24] and high-performance 
liquid chromatography (HPLC)[3, 4, 9, 

25-26] have been presented for testing 
CLOZ in biological fl uids. However, 
when these methods are used, 
some problems of low sensitivity, 
specifi city and reproducibility are 
encountered[20]. Due to its ability to 
analyze thermally unstable or polar 
compounds, such as 7-AC, liquid 
chromatography (LC) based methods 
offer a distinct advantage over GC 
related techniques. Recently, detection 
of CLOZ and its metabolite 7-AC in 
biological fl uids has become available 
with the development of more and 
more sensitive LC-MS apparatuses[27]. 
Liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) has 
emerged as the most suitable tool to 
test for low concentrations of CLOZ[2, 

28-31] and its metabolite 7-AC[5, 7, 12, 27, 

32]. 
At present, LC-MS/MS is 

widely used in the determination of 
benzodiazepines and their related 
drugs due to its strong specifi city, 
high sensitivity, good reproducibility, 
wide linear dynamic range and other 
characteristics[30]. But LC-MS/MS 
can only analyze the target compound 
which is included in established 
database, while it can't screen the 
unknown compound which is not 
included in established database no 
matter how much concentration of the 
unknown compound is. These lacks 
of LC-MS/MS assays limit qualitative 
analysis and rapid screening of 
target compound containing multiple 
components at trace levels (e.g., ng/L)
[29].

Recent advances in LC-
MS technology have lead to the 
availability of time-of-fl ight (TOF) 
LC/MS systems. These provide 
a greater level of the analyte 
information as a result of high 
resolution and the ability to collect 

accurate mass information to the 
sub ppm levels[33]. This signifi cantly 
increases the confi dence in the analyte 
identifi cation by limiting the possible 
number of candidate compounds. 
The coupling of a quadrupole and a 
collision cell to the TOF analyzer, the 
fragmentation of pre-selected ions and 
the identifi cation of compounds based 
on their product ion spectra. Accurate 
mass determination of both the 
precursor and product ions is therefore 
possible[34-35]. Rapid screening and 
confi rmation of the analyte can 
be achieved with MS matching 
scores, deviation of retention time, 
measured mass, isotopic abundance 
matching scores and isotope spacing 
match scores and MS/MS matching 
scores[36-37].

With the exception of some 
immunoassays[1], liquid liquid 
extraction (LLE)[3, 9, 20, 21, 25] and 
solid phase extraction (SPE)[28, 

31, 38-40] are commonly included in 
sample pretreatment methods for the 
determination of CLOZ and 7-AC 
in biological fl uids. Compared with 
LLE, SPE can improve the extraction 
recovery of CLOZ and 7-AC in 
biological fl uids due to its advantages 
such as less use of organic solvents, 
stronger selectivity, shorter separation 
time, better reproducibility and better 
the clean-up effect. Furthermore, 
a large-diameter extraction disk is 
equipped with fully automatic solid 
phase extraction system (ASPE) for 
SPE, and the sample pretreatment 
procedure becomes simple and 
effi cient[29].

The aim of this report is to 
develop a highly sensitive and specifi c 
analytical method for qualitative and 
quantitative analysis of CLOZ and its 
metabolite 7-AC in blood by using 
ASPE-LC-QTOF/MS combined 
with ASPE-LC-MS/MS. This study 
details the use of a ASPE coupled 
to LC-QTOF/MS system for the 
qualitative determination of CLOZ 
and its metabolite 7-AC in blood. The 
screening database of antidepressants 
is built using Agilent Mass Hunter 
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Personal Compound Database Library 
(PCDL) Manager software and then 
used to screen and confi rm CLOZ 
and its metabolite 7-AC in blood. In 
addition, a ASPE coupled to LC-MS/
MS system is used for the quantitative 
determination of CLOZ and 7-AC 
in blood. In order to evaluate the 
reliability of the developed method, 
it was applied for the simultaneous 
determination of CLOZ and 7-AC in 
case of poisoning.

2  Materials and Experiments

2.1 Chemicals and reagents
CLOZ and 7-AC were purchased 

from Sigma-Aldrich (St Louis, 
USA). HPLC-grade methanol and 
acetonitrile were obtained from 
TEDIA (Ohio, USA). All other 
chemicals were of analytical-grade 
in the highest purity available. Water 
was distilled and purifi ed using 
a Millipore Milli-Q Plus system 
(Bedford, USA). 

2.2 Preparation of stock 
solutions and working solutions

Stock solutions of CLOZ and 
7-AC were prepared by dissolution 
of each drug in methanol to obtain a 
concentration of 1 mg/mL. Working 
solutions of CLOZ and 7-AC were 
prepared respectively each day by 
making appropriate dilutions of the 
stock solutions in methanol. All these 
solutions were stored at -20 °C in the 
absence of light. 

2.3 Sample pretreatment
1 mL blood sample was added 

a 16 mm × 125 mm screw top test 
tube and diluted with 2 mL of Milli-Q 
water and then buffered with 2 mL of 
saturated sodium carbonate (Na2CO3) 
solution to give a fi nal pH of 9. The 
tube was capped and submitted to 
vortex mixing for 5 min. 

2.3.1 Liquid-liquid extraction 
(LLE)

The resultant mixture was shaken 
for 5min with 5 mL ethyl acetate. 
After centrifugation at 9500 r/min 
for 5 min, the upper organic phases 
were transferred to conical tubes and 

separated. The aqueous phase was 
re-extracted with 5 mL ethyl acetate. 
The organic phases were evaporated 
at 40 °C under fl ow of nitrogen to 
obtain good results. The residue was 
dissolved in 1 mL of the mobile phase 
and fi ltered with a Nylon fi lter (0.22 
μm).

2.3.2 Automatable solid-phase 
extraction (ASPE)

A C18 cartridge (500 mg/3 mL, 
Waters technologies, USA) was 
activated with 3 mL of methanol and 
washed with 3 mL of Milli-Q water. 
After that, the resultant mixture 
was loaded and washed with 3 mL 
of Milli-Q water. The elution was 
performed with 3 mL of methanol. 
The whole SPE procedure was 
performed on a Gilson GX-274 fully 
automatable solid phase extraction 
apparatus (Wisconsin, USA). The 
collected solvent was evaporated at 
40 oC under fl ow of nitrogen and the 
residue was dissolved in 1 mL of 
the mobile phase and fi ltered with a 
Nylon fi lter (0.22 μm). 

2.4 Instrumentation
The qualitative detection of 

analyses was performed on the 
Agilent 1290-6550 ultra-high 
performance liquid chromatography-
tandem quadrupole time-of-fl ight 
mass spectrometer equipped with 
Dual Agilent Jet Stream Electrospray 
Ionization (Dual AJS ESI) (Agilent 
Technologies, Santa Clara, USA). The 
quantitative detection of analyses was 
carried out using the LC-20A liquid 
chromatography (Shimadzu, Japan)- 
API2000 tandem triple quadrupole 
mass spectrometer (AB Technologies, 
USA). 

2.5 Analytical conditions
2.5.1 Chromatographic 

conditions
Qualitative conditions: the 

chromatographic separation was 
performed on Agilent Eclipse Plus 
C18 (50 mm × 2.1 mm, 1.8 μm; 
Agilent Technologies, Santa Clara, 
USA) at 35 oC with the eluents A = 
methanol and B = water (containing 
0.1% formic acid) and the following 

time program of the gradient: 0.0-2.0 
min 20% A, linear to 95% A at 7.0 
min, const. 95% A to 9.0 min, back 
to 20% A at 9.1 min and equilibration 
for 3 min. The fl ow rate was 0.3 mL/
min. 

Quantitative conditions: gradient 
elution was performed on separation 
column (Waters Atlantis TM dC18, 
50 mm × 3.9 mm, 5.0 μm; Waters 
technologies, USA). The mobile 
phase consisted of methanol (eluent 
A) and water containing 0.1% formic 
acid (eluent B). The gradient was 
programmed as follows: 0.0-5.0 min: 
gradient increases from 20% to 100% 
eluent A; 5.0-12.0 min: gradient 100% 
eluent A; 12.0-12.1 min: gradient 
decreases to 20% eluent A; 12.1-
16.0 min: gradient 20% eluent A. The 
column oven was set at 35 oC and the 
fl ow rate was 1.0 mL/min. 

2.5.2 MS conditions
Qualitative conditions: The 

QTOF-MS instrument was operated 
under electrospray ion source (ESI) 
in positive ionization mode with full 
scanning range of m/z 50-1000 Da. 
The source parameters were: dry gas 
temperature 200 oC, dry gas fl ow rate 
16.0 L/min, nebulizer pressure 35 
psi, sheath gas temperature 350oC, 
sheath gas fl ow rate 12.0 L/min, 
VCap voltage 4000 V and fragmentor 
voltage 135 V, reference ions for 
mass calibration: purine 121.050873 
[M+H]+, HP-921 = hexakis 
(1H,1H,3H-tetrafl uoropropoxy) 
phosphazine 922.009798 [M+H]+.

Data acquisition and qualitative 
management were performed by 
Agilent Mass Hunter Workstation 
Data Acquisition and Agilent Mass 
Hunter Qualitative Analysis (B.06.00) 
software, respectively. The screening 
database of antidepressants was 
established by Agilent Mass Hunter 
Personal Compound Database Library 
(PCDL) Manager software and 
then used for the analysis of spiked 
samples.

Quantitative conditions: For 
detection and quantifi cation the 
following ESI inlet conditions were 
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applied: gas 1, nitrogen (35 psi); gas 2, 
nitrogen (40 psi); ion spray voltage, 
5200 V; ion source temperature, 
450 °C; curtain gas, nitrogen (20 
psi). The mass spectrometer was 
operated in the information dependent 
acquisition (IDA) mode. As survey 
scan the multi-reaction monitoring 
mode (MRM) was used, followed 
by the dependent scan, which was 
an enhanced product ion scan (EPI). 
The settings for the MRM mode 
were as follows: collision gas was 
set at 4, the dwell time was set at 20 
ms. All other settings were analyte-
specifi c and were determined using 
Analyst software in the quantitative 
optimization mode. The MRM 
transitions per analyte and respective 
settings for both LC-MS/MS systems 
are summarized in Table 1.

2.6 Method validation
The method was validated for 

the following parameters: sensitivity 
(limit of detection LODs and limit of 
quantifi cation LOQs), linearity, intra- 
and inter-day precision, recovery and 
matrix effect. 

2.6.1 Linearity
Analytes were quantifi ed 

by means of calibration curves 
constructed from seven known 
concentrations of analyte standards in 
pure solvent (2, 5,10, 50, 200, 500 and 

1000 ng/mL). Linearity of calibration 
curves based on peak area as function 
of the nominal concentration was 
assessed by least square regression[25].

2.6.2 Sensitivity
The limit of detection (LOD) was 

considered the lowest concentration 
of these analytes corresponding to 
three times the background noise or 
relationship signal to noise ratio 3:1. 
The limit of quantifi cation (LOQ) 
was defi ned as the lowest point of 
the calibration curve and fulfi lled the 
requirement of LOQ signal-to-noise 
ratio of 10:1[39]. 

2.6.3 Precision and recovery
Intra- and inter-day precision of 

the analytical method were shown 
by following the analysis of three 
different spiked blood samples (50, 
200 and 800 ng/mL). Precision 
was calculated as relative standard 
deviation (RSD) of the experimental 
concentrations[33]. 

The recoveries of COLZ and 
7-AC were determined by comparing 
the response of the analyte from pure 
standard (n = 6) with the response 
of the analyte from extracted 
spiked blood sample at equivalent 
quantity[27]. Recovery was determined 
at low, mid, and high quality control 
concentrations, 50, 200 and 800 ng/
mL respectively.

2.6.4 Matrix effect
The matrix effect of biological 

samples can affect the analyte signals, 
enhance background noises or 
suppress the analyte responses[41]. This 
matrix effects may result as positive 
or negative responses depending 
on the level of ion suppression 
and can greatly affect the method 
reproducibility and accuracy[42].

3  Results and Discussion

3.1 Optimization of sample 
pretreatment

3.1.1 Liquid-liquid extraction 
(LLE) and Automated solid phase 
extraction (ASPE)

The impact of the extraction 
pretreatment (LLE or ASPE) of blood 
sample on extraction recoveries 
of analyte in blood sample was 
investigated in LC-QTOF/MS system. 
Extraction recoveries were calculated 
from peak area ratios between 
extracted blood samples spiked at 
three concentrations (50, 200 and 800 
ng/mL) before and after the extraction 
pretreatment[45]. 

It was shown in Table 2 that 
extraction recoveries of CLOZ and 
7-AC in blood sample by LLE ranged 
between 56.4% and 82.5%, while 
extraction recoveries of CLOZ and 
7-AC in blood sample by ASPE 
ranged between 68.4% and 91.8%. 
The results suggested that the 
extraction effi ciency of CLOZ and 
7-AC in blood sample by ASPE were 
better than that by LLE. On the other 
hand, the RSD values of CLOZ and 
7-AC in blood sample by ASPE were 
obviously lower than those by LLE. 
The results indicated that compared 
with LLE, ASPE provided superior 
stability, better repeatability and lower 
susceptibility to matrix interferences 
for the extraction pretreatment of 
CLOZ and 7-AC in blood sample.

3.1.2 pH values of blood sample
In the present study the effect of 

different pH values of blood sample 
extracted by ASPE on extraction 
recoveries of the analyte at medium 

Table 1. Th e MRM transitions per analyte and respective settings for LC-MS/MS system (CE: collision 

energy [V], DP: declustering potential [V],  EP: entrance potential [V], CEP: collision cell exit 

potential [V]).

Analyte Ion pairs (m/z) CE DP EP CEP

CLOZ
316.1/270.0*

26,36 20 10 8
316.1/241.1

7-AC
286.2/222.2*

36,28 20 10 8
286.2/250.1

* stands for the quantitative ion pair.

Table 2. Extraction recoveries of analytes in blood sample by liquid-liquid extraction(LLE) and 

automated solid phase extraction (ASPE) (n = 6, LC-QTOF/MS system)

Analyte Concentration 
added(ng/mL)

LLE ASPE
Recovery (%) RSD(%) Recovery(%) RSD(%)

CLOZ
50 56.4 8.5 68.4 6.8
200 70.3 7.9 78.7 5.9
800 78.9 5.4 87.3 5.4

7-AC
50 61.7 8.9 73.7 7.1
200 75.3 9.2 86.9 5.4
800 82.5 5.8 91.8 4.4
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concentration was also investigated. 
The results were shown in Table 3. 
It was seen that increasing sample 
pH value provided higher extraction 
recoveries for CLOZ and 7-AC in 
blood sample. Nevertheless, in order 
to avoid analyte decomposition in 
strong alkaline solutions (pH ≥11) and 
blood solidifi cation resulting in low 
extraction recovery, pH 9 was chosen 
as fi nal pH value of blood sample 
extracted by ASPE.

3.2 Establishment and 
optimization of qualitative method 
in LC-QTOF/MS system (Database 
building and screening)

A large number of 
antidepressants, which included 
CLOZ and 7-AC, were selected as 
target compounds and the screening 
database of them was built using 
Agilent Mass Hunter PCDL Manager 
software. The target compound name, 
molecular formula, retention time 
and extract mass for (de)protonated 
compounds, and information on the 
elemental compositions for their main 
fragment ions were included in the 
database[43]. The resulting screening 
database was built using Agilent Mass 
Hunter PCDL Manager software and 

then used to screen unknown samples 
based on a combination of retention 
time, observed spectral molecular 
weight and isotope ratio, generating 
a match score for any identifi ed 
compounds[35]. Further confi dence 
in analyte identifi cation can then 
be obtained through the selected 
fragmentation of any identifi ed 
compounds, and comparing the MS/
MS data with that stored as library 
spectra[36].

Thus, the built screening database 
was used for the analysis of spiked 
samples. MS matching scores, 
isotopic abundance matching scores, 
isotope spacing matching scores (all> 
95 points) and MS/MS matching 
scores (> 70 points)[3] were applied 
to identify the analytes (CLOZ and 
7-AC). The results were shown in 
Table 4. As it can be seen that both 
CLOZ and 7-AC could be correctly 
identifi ed with low deviation of 
retention time (<0.1 min), mass (<1 

mDa) and MS matching scores, 
isotopic abundance matching scores, 
isotope spacing matching scores (all> 
95 points). 

Moreover, MS/MS matching 
scores of 7-AC were 73.87 points (> 
70 points) while MS/MS matching 
scores of CLOZ were 65.42 points 
(< 70 points). The main reason 
was that this drug CLOZ might 
produce the low signal response 
(e.g. in sensitivity) and might be 
highly affected by matrix effect[44]. 
As shown in Fig. 1, the agreement 
of the spectra (similarity index and 
specifi c fragments m/z of identity) 
as well as of the retention time were 
used as criteria for identifi cation. This 
indicated that CLOZ was screened 
and identifi ed.

3.3 Establishment and 
optimization of quantitative method 
in LC-MS/MS system

3.3.1 Optimization of 
chromatographic Separation

Table 3. Extraction recoveries of C18 disk under diff erent pH values (n = 3, LC-QTOF/MS system)

Analyte Extraction recoveries (%)
pH 3.0 pH 5.0 pH7.0 pH9.0 pH 11.0

CLOZ 42.5±8.4 58.2±5.9 72.5±6.3 80.3±5.6 78.6±6.4
7-AC 51.8±7.8 64.2±8.1 80.4±6.0 85.9±5.7 87.2±7.1

Table 4. Screening results of analytes from Agilent MassHunter PCDL Manager software (LC-QTOF/MS system)

Name MS matching 
scores

Theoretical 
Mass/Da

Measured 
Mass/Da

Deviation of 
Mass/mDa

Deviation 
of retention 

time/min

Isotopic 
abundance 
matching 

scores

Isotope 
spacing 

matching 
scores

MS/MS 
matching 

scores

CLOZ 91.68 315.0411 316.0499 -1.58 -0.031 95.85 99.18 65.42
7-AC 97.68 285.0675 286.0748 -0.63 -0.064 96.76 99.38 73.87

Fig 1. A chromatogram identifying CLOZ in blood sample using the custom PCDL( retention time < 0.1 min, mass < 1 mDa).
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The optimization of LC 
conditions was focused on improving 
the shape of peaks in order to achieve 
good separation among major 
substances from complicated matrices. 
Thus, the effects of two different 
mobile phases on ionization degree 
were compared in the present study. 
Two different mobile phases were (1) 
acetonitrile -water with 0.1%(v/v) 
formic acid and (2) methanol-water 
with 0.1%(v/v) formic acid. The result 
suggested a better chromatographic 
resolution and sensitivity for blood 
samples using methanol-water with 
0.1%(v/v) formic acid as mobile 
phase.

Furthermore, several other 

chromatographic conditions, such 
as type of column and its length, 
fl ow rate, elution gradient program 
and column temperature were also 
optimized to obtain a satisfactory 
chromatographic separation (good 
resolution and effi ciency) for 
target analytes. These optimized 
chromatographic conditions were 
described in Section 2.5.1 and 
produced the results presented in Fig. 
2. It can be observed that CLOZ had a 
retention time of 5.82 min and 7-AC 
of 4.03 min.

3.3.2 Optimization of MS 
conditions

The MS spectra were obtained 
in positive mode using LC-MS/MS, 

and the experimental conditions were 
optimized. Results were described 
in Section 2.5.2 (Table 1). As shown 
in Table 1, the protonated molecule 
[M+H]+ were observed at m/z 
316.1 and 286.2 in Q1 full scan for 
CLOZ and 7-AC, respectively. The 
major fragments observed in MS-
MS spectrum of CLOZ and 7-AC 
were at m/z 270.0 and 241.1, 222.2 
and 250.1, respectively. Precursor-
product ion transitions were selected 
according to the highest sensitivity, 
optimal selectivity and reproducibility 
of the ion ratio. Confi rmation of the 
identity of CLOZ and 7-AC was 
based on retention time, transitions 
selected and ion ratio statistics for the 

Fig 2. MRM chromatogram (LC-MS/MS system) of CLOZ(clonazepam) and 7-AC(7-aminoclonazepam) (100 ng/mL) in methanol.
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transition monitored. The m/z ions 
270.0 and 222.2 were used for the 
quantifi cation of CLOZ and 7-AC, 
respectively, with 241.1 and 250.1 as 
qualifi er ions. An external standard 
method was developed for qualifying 
CLOZ and 7-AC over a level of 
2-1000 ng/mL. Replicate calibration 
standards (n=6) for each level were 
analyzed, and peak areas were used 
for quantifi cation.

3.4 Quantitative method 
validation in LC-MS/MS system

3.4.1 Linearity, LOD and LOQ
Good linear responses were 

obtained between the concentration 
range, 2-1000 ng/mL with a 
regression coeffi cient (r2) higher than 
0.99 for both CLOZ and 7-AC. Each 
calibration equation was fi tted by the 
linear regression equation y=mx+c 
where y was the signal peak area 
of the spiked analyte and x is the 
corresponding concentration of the 
spiked analyte. Slopes, intercepts, 
and regression coeffi cients were 
summarized in Table 5. 

LOD and LOQ for all analyzing 
CLOZ and 7-AC were calculated in 
the range of 2-1000 ng/mL and were 
also presented in Table 5. It can be 
seen that the LOD values for CLOZ 
and 7-AC were 0.5 ng/mL and 0.2 ng/
mL, respectively. The LOQ values for 
CLOZ and 7-AC were 2 ng/mL and 
1 ng/mL, respectively. This indicated 
that the proposed method was suitable 
for the high sensitive determination of 
CLOZ and 7-AC in blood samples.

3.4.2 Precision and recovery
In this work, the precision 

of intra- and inter-day of low, 
medium and high (50, 200 and 
800ng/mL) spiked blood samples 
were determined. The RSD values 
obtained from intra-day (fi ve 
successive injections) and inter-day 
(three successive days) experiments 
ranged from 4.2 to 10.3%. Recovery 
study was carried out by preparing 
the spiked blood samples at three 
concentrations of low, intermediate 
and high spiked levels as mentioned 
in precision. The recovery ranges for 

CLOZ and 7-AC were all above 70% 
for three spiked levels. Results of 
both precision and recovery tests were 
shown in Table 6.

3.4.3 Evaluation of matrix effect
Due to the complexity and high 

inter-subject variability of blood, 
ESI-MS signals may seriously 
impair the reliability of a method[41]. 
The assessment of matrix effects in 
different batches of blood has been 
included as part of the validation 
procedure. In the present study, 
the matrix effect was calculated 
by comparing peak areas of each 
analyte standard in pure solvent (S) 
with the those of corresponding peak 
areas of spiked blood extracted by 
ASPE, according to the following 
equation[42].

Ion suppression or enhancement 
(%) = (Y - X) / X ×100

Where, X is the peak area of an 
analyte standard in S and Y is the 
peak area of the analyte standard 
in blood extracted by ASPE. The 
results showed that the values of 
matrix effects for CLOZ and 7-AC 
in extracted blood samples spiked 
at three concentrations (50, 200 and 
800 ng/mL) were 6-14% and -14-1%, 
respectively. The ion suppression or 
enhancement by blood was within 
±15% for all for both CLOZ and 
7-AC and was within acceptable 
experimental errors. It was confi rmed 

that after spiked blood sample 
extracted by ASPE, no serious matrix 
interferences with the analyte’s signal 
occurred. 

3.5 Case examples
The practical application of the 

developed method using ASPE-LC-
QTOF/MS combined with ASPE-
LC-MS/MS was demonstrated at two 
examples.

3.5.1 Case #1
This is a sample of blood taken 

from a 58-year-old male. He was 
robbed at home after having had a 
cup of coffee offered by two men who 
spent the night at his home. Blood 
was collected at the hospital 24h after 
the crime.

3.5.2 Case #2
This is a sample of blood taken 

from a victim of drug-facilitated 
sexual assault. The 23-year-old 
female suspected that she had been 
victim of a sexual assault during her 
stay at a retiring room of a nightclub 
after having had two drinks in the 
nightclub. Blood was collected at the 
hospital 48h after the crime.

The blood samples of two case 
examples were analyzed by the 
present methodology. The CLOZ and 
7-AC levels of Case #1 were 24.5 and 
30.8 ng/mL, respectively. The CLOZ 
and 7-AC levels of Case #2 were 
12.5 and 20.2 ng/mL, respectively. 
The results indicated that this 

Table 5. Quantitative performance of the analytes in LC-MS/MS system

Analyte Calibration 
range (ng/mL)

Calibration 
curve

Regression 
coeffi cient (r2)

LOD 
(ng/mL)

LOQ
(ng/mL)

CLOZ 2-1000 y = 90.2x+11.6 0.9964 0.5 2
7-AC 2-1000 y = 167x+1050 0.9918 0.2 1

Table 6. Recoveries and RSDs of the analytes in LC-MS/MS system (n = 6)

Analyte Concentration 
added(ng/mL) Recovery (%) RSD (%)

Intra-day Inter-day

CLOZ
50 72.6 5.6 10.3

200 78.6 5.2 8.7
800 85.6 4.8 7.6

7-AC
50 79.1 6.2 9.4

200 84.2 5.4 8.2
800 96.3 4.2 6.8

Recovery = peak area of the analyte spiked in blood after ASPE/peak area of the analyte spiked with the 

same concentration in blank matrix extract×100%
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metabolite 7-AC can be regarded as 
the target analyte to prove ingestion 
of clonazepam. Furthermore, CLOZ 
and 7-AC were judged to be the 
signifi cant contributors in the two 
poisoning cases.

4  Conclusion

In the present work, the 
combination of ASPE-LC-QTOF/
MS and ASPE-LC-MS/MS proved to 
be a practicable and effi cient way for 
the simultaneous identifi cation and 
quantifi cation of CLOZ and 7-AC in 
blood. The developed method using 
ASPE-LC-QTOF/MS is regarded 
as a sensitive and specifi c analytical 
method successfully applied to 
the simultaneous screening and 
confi rmation of CLOZ and 7-AC in 
blood due to QTOF analyzer’s higher 
sensitivity, its much higher separation 
power by retention time as well as 
by accurate mass. Additionally, by 
using ASPE-LC-MS/MS, a sensitive 
and robust analytical method for the 
simultaneous quantifi cation of CLOZ 
and 7-AC in blood has also been 
developed with good linearity, LOD, 
LOQ, precision and recovery as well 
as its low susceptibility to matrix 
interferences. 

The above developed method 
was further applied for the analysis 
of poisoning cases, both CLOZ 
and 7-AC in blood were confi rmed 
and quantifi ed. In conclusion, the 
developed method using ASPE-LC-
QTOF/MS combined with ASPE-LC-
MS/MS can be used in future studies 
for the simultaneous identifi cation 
and quantifi cation of benzodiazepines 
and their metabolites in forensic 
toxicology.
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