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Abstract: Objective: To establish a simple, easy and quick method to screen benzodiazepines, Z-drugs, and their me-
tabolites in whole blood samples by ultra-performance liquid chromatography tandem electrospray ionization triple 
quadrapole-mass spectrometry (UPLC-TQ/MS). Methods: Samples were prepared by modified Quick, Easy, Cheap, 
Effective, Rugged and Safe (QuEChERS) method. After being extracted with 0.1% acetic acid and dehydrated by an-
hydrous magnesium sulfate, the targets were separated and analyzed on a ZORBAX Eclipse PlusC18 (2.1 mm*100 
mm, 1.8 µm) column by gradient elution with 0.1% formic acid-0.1% formic acid/acetonitrile as mobile phase, 
then ionized with positive electrospray, and finally detected under a multiple reaction monitoring mode. Results: 
Chromatographic separation was achieved in less than 5 min. Limits of detection (LODs) varied from 0.5 to 2 ng/
mL. Conclusion: The experimental method outlined in this paper showed high accuracy, linearity, and repeatability, 
which can meet the demand of the analysis in actual cases.
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Introduction

Benzodiazepines and Z-drugs are the most 
commonly prescribed hypnotic agents with def-
inite curative effects and low toxicity, and are 
widely applied for insomnia therapy [1, 2]. 
However, they are also used by nefarious indi-
viduals with ill intent [3, 4]. Benzodiazepines 
and Z-drugs have also been detected in some 
cases of mixed drug abuse [5]. Therefore, quick 
and accurate detection of benzodiazepines and 
Z-drugs in human whole blood is a hotspot in 
Laboratory Science.

In the toxicological analysis of bio-samples, the 
most critical step is the pretreatment of human 
samples. The method of Solid Phase Extraction 
(SPE) requires a variety of different conditions 
for the extraction of different classes of com-
pounds; in addition to being more expensive 
and relying on a manifold vacuum, which is not 

always available in a laboratory setting [6, 7]. 
The method of Liquid-liquid Extraction (LLE) 
consumes too much organic reagents and is 
prone to emulsification during the experiment 
[8]. Therefore, it is necessary to establish more 
effective pretreatment methods.

The QuEChERS (Quick, Easy, Cheap, Effective, 
Rugged and Safe) method, is an emerging sam-
ple pretreatment technique which is character-
ized by its speed, low cost, high effectiveness, 
ruggedness and safety; and it is becoming 
increasingly popular in a number of fields, 
including the food, clinical, veterinary and foren-
sic science industries [9-12]. Briefly, the 
QuEChERS method required two steps: first, 
extraction-partitioning; second, dispersive sol-
id-phase extraction (DSPE) clean-up and con-
centration acquisition [13, 14]. With an ex- 
panded application of QuEChERS, laboratory 
personnel can further optimize the sample sol-
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vent for extraction, the sample purification pro-
cess, and the concentration process in order to 
reduce potential matrix effects [15-17].

Currently, the detection and analysis methods 
of benzodiazepines reported in the literature 
mainly include two kinds of methods: one 
includes ultraviolet spectrophotometry, fluores-
cence spectrophotometry, electrochemical 
analysis, thin-layer scanning optical density 
method, immunoassay; and another includ- 
es high performance liquid chromatography 
(HPLC), gas chromatography-mass spectrome-
try and liquid chromatography-mass spectrom-
etry (LC-MS) [18]. The former requires higher 
purity of the sample, but its effectiveness of 
quantitative identification is lower. The latter is 
used more often in practice. However, HPLC 
cannot detect drugs with very low concentra-
tion or differentiate between two drugs with 
similar retention times. GS-MS may impact the 
drug during the analysis because of the hot 
environment. LC-MS is the main way to study 
benzodiazepines and Z-drugs in bio-samples.

In the present study, we developed a simplified 
extraction method for blood samples with the 
aim of developing an easy and quick method to 
extract various analytes like benzodiazepines, 
Z-drugs, and their metabolites from blood spec-
imens and analyzed them via UPLC-MS/MS, in 
hope to apply this screening method to real 
specimens.

Materials and methods

Chemicals and reagents

The standard drugs we used were obtained as 
follows: acetonitrile (analytical grade) and for-
mic acid (analytical grade) were purchased 
from Aladdin biochemical technology co., LTD, 
Shanghai, China; alprazolam, a-hydroxyalpra-
zolam, clonazepam, 7-aminoclonazepam, tema- 
zepam, zolpidem, zolpidem 6-carboxylic acid 
(ZCA), and zolpidem phenyl-4-carboxylic acid 
(ZPCA) were obtained from Sigma-Aldrich (St. 
Louis, MO, USA); chlordiazepoxide, diazepam, 
nordazepam, estazolam, flunitrazepam, 7-ami-
noflunitrazepam, midazolam, a-hydroxymidaz-
dam, nitrazepam, 7-aminonitrazepam, chlor-
promazine, triazolam, and a-hydroxytriazolam 
were obtained from Wako Pure Chemical 
Industries (Osaka, Japan); zopiclone, zopi-
clonen-oxide, n-desmethylzopiclone were pur-

chased from Tocris Bioscience (Bristol, UK); 
zaleplon, 5-oxozaleplon and desethylzaleplon 
were purchased from Toronto Research 
Chemicals (Canada); melatonin and 6-hydrox-
ymelatonin were purchased from Cerilliant 
(Round Rock, TX, USA).

Standard stock solutions of the 29 above-men-
tioned drugs were prepared in acetonitrile and 
stored in the dark at -10°C. A mixture contain-
ing the standard stock solutions (1 µg/mL) of 
all analytes was prepared in acetonitrile; the 
working standard solutions were prepared and 
diluted into 0.1 ng/mL to 100 ng/mL by 
acetonitrile.

Sample preparation

A sample of 200 μL mixed standards was 
added to the whole blood samples (500 μL, the 
samples came from the healthy volunteers). A 
sample of 300 mg anhydrous magnesium sul-
fate (MgSO4) was then added into the test tube, 
and immediately vortex-mixed for 10 s. Further, 
a volume of 1.3 mL acetonitrile containing 0.1% 
formic acid was added into the tube containing 
the mixture of MgSO4. Finally, the above mix-
ture was separated by centrifugation (8,000 r/
min, 10 min) after being shaken for 5 min. The 
extracting solution was transferred to an autos-
ampler vial after the filtration with 0.22 μm 
organic membrane.

UPLC-MS/MS analysis

The LC-MS/MS system consisted of a QTRAP® 
5500 triple quadruple linear ion trap mass 
spectrometer (AB Sciex, USA) fitted with a 
Shimadzu 30A Ultra Performance LC (Shima- 
dzu, Japan). The Waters ACQUITY UPLC®BEH 
C18 column (2.1 mm*150 mm, 1.7 μm) and 
ZORBAX Eclipse PlusC18 column (2.1 mm*150 
mm, 1.8 μm) column were used, respectively. 
The mobile phase consisted of 0.1% formic 
acid in water (A) and 0.1% formic acid in aceto-
nitrile (B). Temperature was set to 40°C for the 
column oven. The gradient was programmed as 
follows: 0~0.3 min, 10% (B); 0.3~3 min, 
10%~90% (B); 3~3.5 min, 90% (B); 3.5~3.51 
min, 90%~10% (B); 3.51~4.5 min, 10% (B). The 
total run time was 4.5 min with a flow rate of 
0.4 mL/min. The injection volume was 2 μL.

The mass spectrometer was operated in the 
electrospray ionization (ESI) positive ion mode. 
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Parameters for the multiple reaction monitor-
ing (MRM) method were optimized by direct 
infusion of analytes.

Validation study

The analytical performance of the above meth-
od was examined by looking at its linearity, 
recovery, matrix effects, limit of detection 
(LOD), and limit of quantification (LOQ). St- 
andard curve linearity was measured by the 
ratio of the analyte peak area to the IS area ver-
sus nominal concentration of standards by 
weighted linear regression (1/X2). The analyte 
concentration at which the signal-to-noise ratio 
(S/N) was greater than 3 was chosen for the 
LOD and that with less than 20% coefficient of 
variation (CV) for precision and less than ±20% 
for bias was selected for the LOQ. The recovery 
and matrix effect were evaluated for three dif-
ferent concentrations. Recovery of the extrac-
tion procedure (RE, %) was evaluated by com-
paring the signal obtained when the analytes 
were added to a blank sample before (n=3) to 
the signal obtained when the same amounts of 
analytes were added after extraction (n=3) at 
three concentrations, as proposed by Matus- 
zewski [19].

Results

Optimization of the chromatographic condi-
tions

This study compared the Waters ACQUITY 
UPLC®BEH C18 column (2.1 mm*150 mm, 1.7 
μm) and ZORBAX Eclipse PlusC18 column (2.1 
mm*150 mm, 1.8 μm). Our findings indicated 
that the latter provided better separation 
results with a better peak shape (data not 
shown). Therefore, the ZORBAX Eclipse PlusC18 
column (2.1 mm*100 mm, 1.8 μm) was used.

Our optimization experiments demonstrated 
that when using water (A) and acetonitrile (B) 
for the mobile phase, the mixed targets have 
close retention times and cannot be properly 
separated. However, when using 0.1% formic 
acid in water (V/V) (A) and 0.1% formic acid-
acetonitrile (V/V) (B) for the mobile phase, the 
mixed targets achieved ideal separation (see 
Figure 1).

Optimization of MS conditions

The optimal conditions were as follows: ion-
spray voltage was 5,500 V, source temperature 

was 600°C, curtain gas flow was 30psi, the col-
lisionally activated dissociation (CAD) gas set-
ting was high, the nebulizer gas (GS1) pressure 
was 55psi, and the heating gas (GS2) pressure 
was 50psi. Table 1 presents the optimal condi-
tions of drugs and metabolites.

Linearity and limit of detection (LOD) and limit 
of quantification (LOQ)

The mean values of correlation coefficients (r) 
and the determined values of LOD are shown in 
Table 2. The concentration of each compound 
showed good linearity (r>0.997). Limits of 
detection (LODs) varied from 0.5 to 2 ng/mL.

Recovery and matrix effects

Table 3 summarizes the recoveries, and matrix 
effects of each analyte from the blood sam-
ples. The results showed that QuEChERS pre-
treatment combined with UPLC-MS/MS had 
the advantages of being quick and simple, with 
high sensitivity, a stable matrix effect and high 
recovery in the analysis of benzodiazepines 
and Z-drugs.

Discussion

Matrix effect refers to the phenomenon that 
occurs when substances (other than the ana-
lyte) directly or indirectly affect analyte 
response during the sample measurement pro-
cess [20]. With an expanded application of 
QuEChERS, according to our specific experi-
mental conditions, laboratory personnel can 
further optimize the sample solvent for extrac-
tion [15], the sample purification process [16], 
and the concentration process in order to 
reduce potential matrix effects [17]. A blood 
sample’s matrix composition is extremely com-
plex, primarily made up of endogenous phos-
pholipids, fat, cholesterol, triglycerides, and 
proteins [21, 22]. To prevent the matrix effects 
from affecting quantitative detection due to 
complex matrix components in LLC detection, 
organic solvent extraction was conducted. 
According to the reviewed literature [22], formic 
acid can precipitate protein and fat. From the 
point of view of selectivity, sensitivity, and sep-
aration efficiency, acetonitrile is more desirable 
for the mobile phase than methanol. The addi-
tion of an appropriate volume of formic acid 
has the potential to increase ionization efficien-
cy. Previous studies have found that adding an 
appropriate amount of formic acid in an organic 
solvent (0.1%, V/V) could increase protein pre-
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Figure 1. Total ion chromatogram of the mixed targets. 1, 7-aminoflunitrazepam; 2, 6-hydroxymelatonin; 3, zolpi-
dem phenyl-4-carboxylic acid (ZPCA); 4, zopiclone; 5, N-desmethylzopiclone; 6, 7-aminoclonazepam; 7, zopiclone 
N-oxide; 8, zolpidem 6-carboxylic acid (ZCA); 9, zolpidem; 10, 7-aminonitrazepam; 11, chlordiazepoxide; 12, 5-oxo-
zaleplon; 13, midazolam; 14, a-hydroxymidazdam; 15, melatonin; 16, desethylzaleplon; 17, chlorpromazine; 18, 
a-hydroxytriazolam; 19, a-hydroxyalprazolam; 20, zaleplon; 21, nitrazepam; 22, estazolam; 23, clonazepam; 24, 
alprazolam; 25, triazolam; 26, nordazepam; 27, temazepam; 28, flunitrazepam; 29, diazepam.

cipitation [23]. Therefore, in our study, 0.1% for-
mic acid-acetonitrile (V/V) was used as the 
post-optimization extraction solvent.

To avoid matrix effects caused by buffering salt 
in MS, no buffer solution was used in the 
extraction process. The anhydrous magnesium 
sulfate was used as a dehydrating salt in our 
experiment. The magnesium sulfate we added 
to the blood was quickly wrapped by blood dur-
ing shaking, and formed tiny blood-magnesium 

sulfate particles. These particles effectively 
increased the contact area of the target drug 
and the extraction solvent. Consistent with the 
relevant research reports, our results revealed 
that sodium sulfate easily compacted with 
water and had difficulty properly mixing with 
the blood [24].

The purpose of sample purification is to remove 
impurities and keep the targets as much as 
possible, so as to ensure a high recovery rate 
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Table 1. Drugs, Q1 and Q3 mass, retention time (Rt; min), declustering potential and collision energy
Compounds Q1 mass Q3 mass Rt (min) DP (V) CE (eV) Lonization mode
Zaleplon 306.1 236.0* 2.66 140 36 Positive

264.4 28
5-oxozaleplon 322.2 280.2* 2.22 140 22 Positive

252.2 35
Desethylzaleplon 278.2 236.4* 2.46 90 32 Positive

260.3 26
Zolpidem 308.1 263 2.15 100 46 Positive

235* 34
ZCA 338.2 265* 2.10 130 47 Positive

293 36
ZPCA 338.2 265* 1.89 130 47 Positive

293 36
Zopiclone 389 245* 2.01 70 22 Positive

345 12
Zopiclone N-oxide 405.1 143.1* 2.07 90 14 Positive

245.2 19
N-desmethylzopiclone 375.1 245* 1.99 60 24 Positive

331.1 14
Melatonin 233.1 174* 2.36 70 18 Positive

159 35
6-hydroxymelatonin 249.1 190.1* 1.80 70 19 Positive

158 33
Alprazolam 309 280.9* 2.75 130 33 Positive

205 58
A-hydroxyalprazolam 325 297.1* 2.63 200 38 Positive

278.8 34
Triazolam 342.9 307.9* 2.79 130 39 Positive

314.9 39
A-hydroxytriazolam 359 331* 2.61 140 38 Positive

175.9 38
Midazolam 326 290.9* 2.31 170 38 Positive

243.9 35
A-hydroxymidazdam 342.1 324 2.30 150 29 Positive

203.1* 39
Clonazepam 316.1 214* 2.78 130 51 Positive

240.9 47
7-aminoclonazepam 285.9 222* 2.04 160 34 Positive

121 42
Diazepam 285.1 193.2 3.12 150 37 Positive

154.0* 43
Nordazepam 271.1 243* 2.83 230 31 Positive

165 46
Flunitrazepam 314 268.1* 2.94 160 35 Positive

239 46
7-aminoflunitrazepam 284 135* 2.17 180 34 Positive

225.9 36
Nitrazepam 281.9 236* 2.72 160 32 Positive

207.1 47
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7-aminonitrazepam 252.2 120.9* 1.62 170 35 Positive
224.2 26

Temazepam 301 254.7* 2.94 130 30 Positive
283 20

Estazolam 295.1 266.9* 2.70 130 31 Positive
205 53

Chlordiazepoxide 327.1 270* 2.19 130 29 Positive
192.1 56

Chlorpromazine 319.4 86* 2.78 150 31 Positive
245.9 31

Note: ZCA, zolpidem 6-carboxylic acid; ZPCA, zolpidem phenyl-4-carboxylic acid; *Qualitative ion pair.

matrix effects. The second me- 
thod applied ISOLUTE® PLD 
phospholipid removal plate 
(Method 2): after centrifuga-
tion, the extract was purified 
with a 96-well ISOLUTE® PLD 
phospholipid removal plate, 
which can effectively remove 
phospholipids from the blood 
to decrease the influence of 
matrix effects on the experi-
ment. The third method skip- 
ped the purification process 
altogether (Method 3): after 
centrifugation, the extract was 
directly filtered through a 0.22 
μm organic membrane, and the 
filtrate was subjected to LC/
MS. Our results showed that 
the first two methods effective-
ly reduced matrix effects, how-
ever, the detection limit was 
high, especially for the metabo-
lites of α-Hydroxyalprazolam, 
Hydroxymidazolam, and Z-line 
drugs (data not shown). Method 
3 provided a higher recovery 
rate while completing extrac-
tion and purification in one 
step, which saves time and 
reduces costs as well. Given 
these results, we used the 
third method for this ex- 
periment.

Table 2. Calibration range, correlation coefficients, LODs and 
LOQs values of devised method (n=9)

Compounds Calibration 
range (ng/mL)

Correlation 
coefficient (r)

LOD 
(ng/mL)

LOQ 
(ng/mL)

Zaleplon 1-100 0.9932 0.50 1.00
5-oxozaleplon 1-100 0.9971 0.50 1.00
Desethylzaleplon 1-100 0.9958 0.50 1.00
Zolpidem 1-100 0.9986 0.50 1.00
Zca 1-100 0.9961 0.50 1.00
Zpca 1-100 0.9979 0.50 1.00
Zopiclone 2-100 0.9923 1.00 2.00
Zopiclone N-oxide 2-100 0.9951 1 2.00
N-desmethylzopiclone 1-100 0.9999 0.50 1.00
Melatonin 1-100 0.9988 0.50 1.00
6-hydroxymelatonin 1-100 0.9971 0.50 1.00
Alprazolam 2-100 0.9998 1.00 2.00
A-hydroxyalprazolam 5-100 0.9997 1.00 5.00
Chlordiazepoxide 2-100 0.9900 1.00 2.00
Chlorpromazine 1-100 0.9980 0.50 1.00
Triazolam 1-100 0.9992 0.50 1.00
A-hydroxytriazolam 5-100 0.9999 2.00 5.00
Midazolam 1-100 0.9931 0.50 1.00
A-hydroxymidazdam 2-100 0.9990 1.00 2.00
Clonazepam 5-100 0.9932 2.00 5.00
7-aminoclonazepam 2-100 0.9949 1.00 2.00
Diazepam 1-100 0.9949 0.50 1.00
Nordazepam 2-100 0.9958 1.00 2.00
Flunitrazepam 1-100 0.9938 0.50 1.00
7-aminoflunitrazepam 1-100 0.9982 0.50 1.00
Nitrazepam 1-100 0.9998 0.50 1.00
7-aminonitrazepam 1-100 0.9996 0.50 1.00
Temazepam 1-100 0.9972 0.50 1.00
Estazolam 2-100 0.9980 1.00 2.00

while reducing matrix effects. In this study we 
investigated three purification methods. The 
first is the conventional QuEChERS method 
(Method 1): after centrifugation, the extract 
went through the ethylenediamine-N-propyl 
(PSA) solid phase extraction column and was 

eluted with 0.1% formic acid-acetonitrile elu-
tion. PSA was used to remove organic acids, 
phenols, and a small amount of pigments, 
hence effectively eliminating any interference 
from organic acids and pigments in the pesti-
cide’s residue determination, thereby reducing 
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Table 3. RE, ME and RSD of analysis of test drugs at three different concentrations (n=3)

Compounds Spiked concentration (ng/mL) Recovery (%) Matrix effect (%)
Precision (RED %)
Intraday Interday

Zaleplon 1 84.48 99.8 6.74 12.25
10 94.9 97.06 8.47 10.12

100 90.1 96.6 5.69 6.77
5-oxozaleplon 1 84.61 96.20 2.29 14.08

10 90.90 94.33 5.71 11.28
100 113.1 116.5 6.56 7.40

Desethylzaleplon 1 106.3 128.2 7.65 13.84
10 85.04 98.49 1.54 14.96

100 89.74 98.52 9.61 8.87
Zolpidem 1 73.61 62.11 4.73 9.23

10 71.5 108.6 6.38 6.44
100 104.10 108.1 6.91 7.64

Zca 1 80.3 96.37 3.97 12.12
10 86.63 85.2 5.31 7.36

100 94.19 90.89 4.35 6.88
Zpca 1 106.52 111.67 6.72 8.59

10 101.59 92.37 2.65 10.02
100 95.15 82.60 6.99 9.21

Zopiclone 2 93.86 80.64 8.48 14.42
10 86.90 84.01 4.99 7.49

100 104.3 107.1 8.23 8.69
Zopiclone N-oxide 2 86.31 84.37 1.31 10.68

10 84.79 85.41 5.51 9.05
100 103.2 102.1 8.23 9.05

N-desmethylzopiclone 1 90.29 95.79 1.61 14.72
10 109.52 86.41 4.88 8.58

100 103.7 108.4 2.01 8.76
Melatonin 1 87.29 67.41 7.8 15.04

10 83.33 82.36 6.4 11.39
100 86.98 89.35 5.5 12.45

6-hydroxymelatonin 1 67.36 77.54 8.6 8.89
10 77.71 82.36 6.9 7.33

100 71.35 75.29 6.3 7.42
Alprazolam 2 92.67 102.89 6.43 8.62

10 72.48 90.65 3.93 3.88
100 94.37 97.17 5.43 12.46

A-hydroxyalprazolam 5 85.48 95.52 6.77 9.86
10 100.3 111.97 8.89 10.10

100 113.4 115.14 1.62 8.88
Triazolam 1 99.6 80.8 4.02 12.38

10 99.06 121.1 5.81 10.34
100 86.38 100.8 4.63 6.42

A-hydroxytriazolam 5 89.73 109.42 8.56 15.32
10 75.17 99.0 9.25 14.02

100 102.2 105.5 4.92 14.96
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In this study, ESI (+) ionization mode was used 
and the mixed targets were injected respective-
ly. A parent ion scan of m/z from 100 to 400 
was conducted and the parent ion number 
[M+H]+ was obtained from the generated first-
order full scan spectra. The instrument param-

eters were adjusted using [M+H]+ as the parent 
ion to perform second-order fragmentation 
analysis. As the collision energy increased, ion 
fragments gradually increased as well. Finally, 
the two daughter ions with the strongest sig-
nals were paired with respective parent ions, as 

Midazolam 1 100.0 103.5 2.79 10.95
10 88.32 94.0 1.37 12.44

100 86.94 81.7 4.62 12.06
A-hydroxymidazdam 2 84.18 84.5 6.88 6.76

10 94.42 90.4 5.24 12.06
100 90.56 80.3 2.24 7.65

Clonazepam 5 90.35 94.2 7.28 8.38
10 98.37 86.4 7.97 9.17

100 95.02 99.0 4.29 6.05
7-aminoclonazepam 2 100.4 95.1 5.26 4.93

10 99.5 98.9 7.15 4.02
100 96.4 109.4 9.41 7.05

Diazepam 1 105.44 87.5 2.53 8.36
10 101.4 99.7 1.71 6.02

100 98.46 97.5 1.12 5.47
Nordazepam 2 99.17 95.1 4.27 7.53

10 95.07 94.0 3.66 7.17
100 93.85 89.4 4.25 6.57

Flunitrazepam 1 102.7 91.8 3.82 8.38
10 92.0 88.5 6.45 9.17

100 104.0 111.0 3.01 6.05
7-aminoflunitrazepam 1 84.65 92.1 11.8 4.93

10 60.22 99.4 4.26 4.02
100 85.58 101.2 6.71 7.05

Nitrazepam 1 104.8 82.6 2.40 8.05
10 98.50 125.7 10.0 11.11

100 91.70 119.8 0.62 5.20
7-aminonitrazepam 1 102.3 143.0 2.99 10.45

10 106.8 128.1 1.54 4.80
100 108.5 112.0 3.32 7.39

Temazepam 1 97.69 95.43 2.79 12.61
10 92.24 88.1 1.37 9.18

100 107.46 104.6 4.62 6.55
Estazolam 2 76.32 70.17 3.82 5.03

10 90.37 86.95 5.20 6.69
100 80.79 87.05 3.65 8.82

Chlordiazepoxide 2 72.79 61.88 8.99 7.99
10 65.03 73.91 9.74 12.29

100 79.33 88.10 1.4 9.59
Chlorpromazine 1 97.54 126.1 2.20 14.01

10 97.08 86.2 1.30 9.70
100 90.14 99.1 4.23 14.63
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Figure 2. Toxicology screening MRM chromatogram of a victim’s blood sample. A: Blank blood sample; B: Standard; C: Standard addition; D: The victim’s blood 
sample.
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the indicator of qualitative analysis, and the 
pair with the strongest signal was used as the 
indicator of quantitative analysis. Meanwhile, 
the declustering potential, the collision energy, 
and other parameters were also optimized.  
The targets were analyzed under selected 
conditions.

In April of 2016, a person went to dinner with a 
friend, and a few minutes later said person was 
in a coma. The next day, the victim woke up to 
discover she had been raped, and called the 
police. The police sent the victim’s blood sam-
ple for testing within 24 hours. Clonazepam 
(26.77 ng/mL, tR=2.80 min, quantitative ion 
m/z 214.000) and the metabolite 7-amino-
clonazepam (7.50 ng/mL, tR=2.09 min, quanti-
tative ion m/z 121.000) were detected in the 
victim’s blood. The reliability of these results 
was validated by spiking experiments, as shown 
in Figure 2. The results demonstrated that this 
method can be used for the analysis of real 
samples.

In conclusion, by optimizing chromatography, 
mass spectrometry conditions, and pretreat-
ment methods, this study established a 
QuEChERS-UPLC-TQ/MS analysis method for 
these 29 drugs and their metabolites in whole 
blood. Our optimized QuEChERS pretreatment 
method takes advantage of simple and rapid 
protein removal via filtration and the low matrix 
effects of solid phase extraction, ensuring a 
high recovery rate while effectively reducing 
matrix effects. Our proposed method is fast-
acting and sensitive, exhibits a high recovery 
rate, and can meet the needs of actual, real-
world handling.
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