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Abstract: Objective: This study was designed to demonstrate the accuracy of ultra-high performance liquid chroma-
tography-tandem mass spectrometry (UPLC-MS/MS) in detecting serum concentration of anti-schizophrenic drugs 
in patients with mental illness. Methods: The study participants were 186 schizophrenia patients treated in our 
hospital. Serum concentrations of anti-schizophrenic drugs in Chinese patients with mental illness were evaluated 
according to the reference intervals of drug therapy recommended in the guidelines. Results: Five drugs, namely 
Aripiprazole (ARI), Amisulpride (AMI), Olanzapine (OLA), Paliperidone (PAL) and Ziprasidone (ZIP) all showed good 
linearity within the linear range. The within-day precision of the above five drugs was all between 1.3%-8.9% and 
the inter-day precision was between 1.8%-7.6%, with within-day and inter-day relative standard deviations (RSDs) 
less than 15.00% and accuracy ranging from 87.00% to 106.73%. However, AMI had a mean blood concentration of 
436.31±241.05 ng/mL (median concentration: 379.34 ng/mL), which was significantly higher than the reference 
range (100-320 ng/mL) recommended in the guidelines. Good recovery rates (86.21%-99.77%) were obtained after 
the samples were stored at room temperature for 24 h, at 4°C for 48h and at -20°C for half a year. Conclusions: 
Given that UPLC-MS/MS renders more accurate results in detecting the concentration of psychotropic drugs, it can 
be applied clinically to detect the concentration of therapeutic drugs in patients with mental illness.
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Introduction

Schizophrenia, currently one of the most seri-
ous mental diseases in the world, is a psycho-
pathological form that includes disorders in 
perception, emotion and thinking [1]. The main 
cause is the loss of the basic functions of the 
brain such as ventricular enlargement and gray 
matter atrophy, resulting in varying degrees of 
mental activity disorders [2]. The initial mani-
festations of the disease are significant person-
ality changes, as well as abnormal and uncon-
trolled emotions, accompanied with common 
symptoms of severe disorders in conscious-
ness, memory and daily life, leading to patients’ 
strange behaviors or performances that are 
incomprehensible to ordinary people [3]. 
Currently, drug therapy is the mainstay of clini-

cal intervention of psychiatric patients. How- 
ever, most patients require long-term mainte-
nance treatment with drugs, which leads to 
delayed healing of some patients and increases 
the risk of other diseases [4]. Moreover, litera-
ture has shown that long-term use of anti-psy-
chotropic drugs in patients with mental illness 
will increase their psychological and biological 
drug dependence, which is not conducive to the 
control of their conditions. Therefore, it is of 
paramount importance to reduce drug addic-
tion and dependence in patients with mental 
illness and to find more drugs with better thera-
peutic effect and fewer side effects [5, 6]. 
However, there are currently few detection 
methods for drug concentration in the blood of 
patients with schizophrenia in China, which 
affects the treatment schedule and plan. In 
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view of this, the ultra-high performance liquid 
chromatography-tandem mass spectrometry 
(UPLC-MS/MS) method was adopted to detect 
the concentration of Aripiprazole (ARI), Ami- 
sulpride (AMI), Olanzapine (OLA), Paliperidone 
(PAL) and Ziprasidone (ZIP) in the serum of 
patients with schizophrenia, so as to provide an 
effective basis for the selection of drugs in the 
treatment of this disease.

Materials and methods

General materials

This study was approved by the Medical Ethics 
Committee of our hospital. The selected sam-
ples for this trial were 186 schizophrenic 
patients treated in our hospital from February 
2018 to May 2019, of whom, the ratio of male 
(100 cases) to female (86 cases) was 50:43; 
the age was 35-63 years old, with the average 
age of (48.2±6.8) years; and the course of dis-
ease ranged from 2 to 10 years with an average 
course of (4.58±1.46) years.

Inclusion and exclusion criteria

Inclusion criteria: Each enrolled patient met the 
ICD-10 criteria for schizophrenia symptoms, 
with the informed consent signed by the 
guardian(s). Exclusion criteria: Patients with 
severe somatic diseases that affected antipsy-
chotic drug metabolism; patients who dropped 
out of this trial; patients with incomplete clini-
cal data.

Instruments and reagents

Waters Acquity UPLC-TQ-D LC/MS system 
(Waters, USA); H1650R desktop high-speed 
refrigerated centrifuge (Shanghai Luxiangyi 
Centrifuge Instrument Co., Ltd., China); BT125D 
electronic balance (Sartorius, Germany); 
G560E vortex mixer (Scientific Industries, USA); 
formic acid (chromatographic grade, Shanghai 

Aladdin, Co. Ltd., China, Cat. No. F112034-
100mL); chromatographic methanol (Merck, 
Germany); Watsons distilled water (Guangzhou 
Watsons’s Food & Beverage Co., Ltd., China).

Blood collection

Patients were given a single full dose at a fixed 
time every night. After 5 days, blood samples 
were collected at a uniform time in the morn-
ing. Briefly, venous blood (2 mL) was collected 
from each patient into vacuum blood collection 
tubes (yellow cap, 5 mL) where separation gel 
and coagulant were added, and centrifuged at 
3,500 r/min for 3 min. Then the obtained serum 
was stored at -20°C.

Working solution ratio

The analyte and its stable isotope labeled inter-
nal standard (SIL-IS) stock solution were pre-
pared at a concentration of 100 μg/mL in 
methanol and stored at -20°C. The standard 
curve and quality control serum of the corre-
sponding concentration were obtained by using 
the control serum as the solvent dilution 
reserve solution [7] (Table 1).

Conditions of chromatography and mass spec-
trometry

Acquity UPLC BEH C18 IVD (2.1 mm × 50 mm, 
1.7 μm) chromatographic column was used, 
with 0.1% aqueous formic acid solution as 
mobile phase A and 0.1% formic acid-methanol 
solution as mobile phase B. Gradient elution 
was performed as follows: 0-0.8 min 5% B, 0.8-
1.3 min 5%-80% B, 1.3-1.6 min 80%-95% B, 
1.6-1.65 min 95-5% B, 1.65-2 min 5% B, with a 
flow rate of 0.5 mL/min. The positive ion mode 
and multiple-reaction monitoring mode of elec-
trospray ionization (ESI) source were adopted 
for mass spectrometry detection [8]. The mass 
spectrum parameters of five drugs and their 
corresponding SIL-ISs are shown in Table 2.

Table 1. Standard curve concentration and quality control products (High-QC, Medium-QC, Low-QC)

Drug name Standard curve  
concentration (ng/mL) SIL-IS (ng/mL) High-QC (ng/mL) Medium-QC (ng/mL) Low-QC (ng/mL)

ARI 10.0-1280.0 ng/mL 100.0 ng/mL 1000.0 ng/mL 500.0 ng/mL 25.0 ng/mL
AMI 20.0-2560.0 ng/mL 100.0 ng/mL 2000.0 ng/mL 500.0 ng/mL 50.0 ng/mL
OLA 2.5-320.0 ng/mL 20.0 ng/mL 250.0 ng/mL 50.0 ng/mL 5.0 ng/mL
PAL 2.5-320.0 ng/mL 20.0 ng/mL 250.0 ng/mL 50.0 ng/mL 5.0 ng/mL
ZIP 5.0-640.0 ng/mL 20.0 ng/mL 500.0 ng/mL 100.0 ng/mL 10.0 ng/mL
Note: SIL-IS: stable isotope labeled internal standard; ARI: Aripiprazole; AMI: Amisulpride; OLA: Olanzapine; PAL: Paliperidone; 
ZIP: Ziprasidone.
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Linear equation and linear range

The standard curve was calculated with the 
peak area ratio of analyte and SIL-IS as the 
ordinate and the concentration of analyte in the 
serum as the abscissa to obtain the regression 
equation.

Lowest limit of quantification

A series of standard serum samples with a 
mass concentration of 0.02-25 ng/mL-1 of each 
compound were determined under chromato-
graphic conditions. The minimum concentra-
tion of standard serum samples meeting the 
requirements of accuracy and precision at the 
same time was the lowest limit of quantification 
(LLOQ), namely, the lowest linearity point.

Precision and accuracy

Five quality control samples were prepared 
from blank human serum, and determined for 3 
days to calculate the corresponding mass con-
centration. Meanwhile, within-day and inter-day 
precision and accuracy were investigated 
respectively.

After storage at room temperature (25°C) for 
24 h, ordinary refrigeration temperature (4°C) 
for 48 d and -20°C for half a year, the sample 
stock solution was collected for recovery test to 
determine the stability under different storage 
conditions.

Statistical analysis

All the data were analyzed by SPSS 23.00 sta-
tistical software. The measurement results 
were represented by mean ± standard devia-
tion (

_
x  ± sd), and analyzed by the independent 

sample t test.

Results

Linear equation and linear range

The linear ranges of ARI, AMI, OLA, PAL and ZIP 
were 10.0-1280.0 ng/mL, 20.0-2560.0 ng/mL, 
2.5-320.0 ng/mL, 2.5-320.0 ng/mL, and 5.0-
640.0 ng/mL, respectively, and the correlation 
coefficients (r2) were 0.998849, 0.999161, 
0.999334, 0.999545, and 0.997643, respec-
tively, indicating that the five drugs had good 
linearity within the linear range (Table 3).

Table 2. Mass spectrometry parameters of drugs and corresponding 
SIL-ISs

Drug name Precursor ion 
(m/z)

Product ion 
(m/z)

De-clustering 
potential DP (V)

Collision  
pressure CE (eV)

ARI 448.03 285.10 54 26
ARI-d8 456.03 293.15 54 26
AMI 370.07 241.97 54 26
AMI-d5 375.08 241.98 52 27
OLA 313.03 256.05 48 22
OLA-d3 316.07 256.06 42 22
PAL 427.10 207.11 50 28
PAL-d4 430.90 211.04 52 28
ZIP 412.97 194.03 54 30
ZIP-d8 420.99 193.90 56 30
Note: SIL-IS: stable isotope labeled internal standard; ARI: Aripiprazole; AMI: Amisul-
pride; OLA: Olanzapine; PAL: Paliperidone; ZIP: Ziprasidone.

Recovery and matrix ef-
fect

Three groups of samples 
were prepared to examine 
the matrix effects: in 
Group 1, a mixed solution 
of analyte and SIL-IS was 
prepared; in Group 2, ana-
lyte and SIL-IS were added 
to the blank serum sam-
ples after pre-treatment, 
and; in Group 3, analyte 
and SIL-IS were added to 
the blank serum samples 
before pre-treatment. The 
MF value was obtained by 
comparing the peak areas 
of the analytes in Group 2 
and Group 1, while the SIL-
IS normalized MF was 
obtained by comparing the 
peak area ratios of the 
analytes and SIL-ISs in 
Groups 2 and 1. For the 
experimental results of dif-
ferent human serum ma- 
trix, the CV should not be 
higher than 15% [9].

Stability investigation

Table 3. Linear equation and linear range

Drug name Linear range 
(ng) Linear equation Correlation  

coefficients (r2)
ARI 10.0-1280.0 y = 0.0085412x-0.00391624 0.998849
AMI 20.0-2560.0 y = 0.00978084x-0.000522478 0.999161
OLA 2.5-320.0 y = 0.05263x+0.00300725 0.999334
PAL 2.5-320.0 y = 0.00722055x-0.000603362 0.999545
ZIP 5.0-640.0 y = 0.00674121x-0.000306634 0.997643
Note: ARI: Aripiprazole; AMI: Amisulpride; OLA: Olanzapine; PAL: Paliperidone; ZIP: 
Ziprasidone.
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Figure 1. Drug response at the lower limit of quantification. ARI: Aripiprazole (10 μg/L); AMI: Amisulpride (20 μg/L); 
OLA: Olanzapine (2.5 μg/L); PAL: Paliperidone (2.5 μg/L); ZIP: Ziprasidone (5 μg/L).

Standard curve and lowest limit of quantifica-
tion

ARI, AMI, OLA, PAL and ZIP all responded well at 
the lower limit of quantification of 1.0 μg/L 
(Figure 1).

Within-day and inter-day precision and accu-
racy

The results showed that the within-day preci-
sion and the inter-day precision of ARI, AMI, 
OLA, PAL and ZIP were 1.3%-8.9% and 1.8%-
7.6% respectively. The within-day and inter-day 
relative standard deviations (RSDs) of all the 
five drugs were less than 15.00%, and the 
accuracy was 87.00%-106.73% (Table 4).

Recovery and matrix effect

The results revealed that the matrix effects of 
ARI, AMI, OLA, PAL and ZIP were all in the range 
of 0.94-1.17, with small fluctuation, which can 
be considered as no matrix effect (Table 5).

Drug concentration monitoring results

Compared with the treatment reference range, 
the detection results of ARI, OLA, PAL and ZIP 
all showed good consistency, indicating that 
the recommended reference range of these 
four drugs in the guidelines also had good appli-
cability in China. However, for AMI, the mean 
blood concentration was 436.31±241.05 ng/
mL (median concentration: 379.34 ng/mL), 
which was significantly higher than the refer-
ence range of 100-320 ng/mL recommended 
in the guidelines (Table 6).

Stability investigation

Good recovery rates (86.21%-99.77%) were 
obtained after the samples were stored at room 
temperature for 24 h, at 4°C for 48 h and at 
-20°C for half a year (Table 7).

Discussion

At present, therapeutic drug monitoring (TDM) 
for psychotropic drugs in China is still in its 
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infancy and lacks systematic research. This 
gap will undoubtedly adversely affect the safety 
and efficacy of related drugs [10]. Due to the 
great difference in individual drug metabolism 
ability of adolescents and elderly patients, the 
serum concentration is prone to be high with-
out TDM, resulting in toxic and side effects (diz-
ziness, cognitive impairment, constipation, 

etc.). For patients with long-term out-of-hospital 
medication, TDM can help doctors to quickly 
and accurately understand the patient’s com-
pliance with medical advice, and assist in the 
diagnosis of relapse caused by improper medi-
cation. To accurately quantify drug concentra-
tions, a variety of analytical techniques have 
been introduced, including high performance 
liquid chromatography (HPLC), gas chromatog-
raphy-mass spectrometry (GC-MS) and liquid 
chromatography-mass spectrometry (LC-MS) 
[11]. Although most of them yield results with 
sufficient sensitivity and accuracy, complex 
pre-treatments (such as extraction, drying) and 
long chromatographic separation time hinder 
their popularization in daily clinical TDM [12]. 
Recently, the emergence of UPLC-MS/MS has 
attracted wide attention.

The increasing application of UPLC-MS/MS in 
recent years is due to the excellent resolution 
of tandem mass spectrometry detector and the 
efficient separation capability of UPLC. Samples 
can be analyzed rapidly by simple pre-treat-
ment such as protein precipitation, which 
makes UPLC-MS/MS a promising method for 
TDM in clinic [13]. Using the efficient and stable 
UPLC-MS/MS method established in this study, 
clinical samples in our hospital were examined 
[14]. It was found that ARI, OLA, PAL and ZIP 
show good consistency compared with the ref-

Table 4. Within-day and inter-day precision and accuracy

Analyte Concentration 
(ng/mL)

Within-day Inter-day
Mean (ng/mL) RSD (%) Accuracy (%) Mean (ng/mL) RSD (%) Accuracy (%)

ARI 25.0 24.8 3.4 99.20 25.5 6.9 101.84
500.0 501.1 3.6 100.23 500.3 3.7 100.06

1000.0 986.4 3.9 98.64 988.8 3.4 98.88
AMI 50.0 46.4 3.9 92.74 47.1 3.7 94.12

500.0 474.3 2.4 94.87 474.4 2.2 94.88
2000.0 1999.2 2.3 99.96 1975.1 1.8 98.76

OLA 5.0 4.4 8.4 87.60 4.4 7.6 87.00
50.0 44.9 3.0 89.78 45.2 2.4 90.34

250.0 248.8 1.3 99.53 251.3 2.7 100.52
PAL 5.0 4.9 5.3 98.40 4.9 5.5 98.20

50.0 49.0 2.2 98.02 49.8 3.0 99.66
250.0 260.1 1.8 104.04 266.8 3.2 106.73

ZIP 10.0 9.9 8.9 98.60 9.6 6.4 96.00
100.0 98.8 4.1 98.80 99.0 4.9 99.03
500.0 505.4 1.7 101.07 505.6 2.6 101.11

Note: RSD: relative standard deviation; ARI: Aripiprazole; AMI: Amisulpride; OLA: Olanzapine; PAL: Paliperidone; ZIP: Ziprasi-
done.

Table 5. Recovery and matrix effect

Analyte Concentration 
(ng/mL) Recovery (%) Matrix 

effect
ARI 25.0 105.87 1.05

500.0 98.93 0.95
1000.0 100.97 1.00

AMI 50.0 100.40 1.11
500.0 99.10 0.98

2000.0 96.82 1.10
OLA 5.0 101.07 1.06

50.0 105.88 1.17
250.0 104.57 0.96

PAL 5.0 102.67 1.01
50.0 98.77 0.94

250.0 98.74 0.98
ZIP 10.0 98.80 0.95

100.0 102.06 1.08
500.0 103.32 0.94

Note: ARI: Aripiprazole; AMI: Amisulpride; OLA: Olanzap-
ine; PAL: Paliperidone; ZIP: Ziprasidone.
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erence range of treatment, indicating that the 
recommended reference range of these four 
drugs in this guideline also has good applicabil-
ity in China. On the other hand, it suggests that 
UPLC-MS/MS has better accuracy in detecting 
drug concentration in the blood of patients with 
mental illness, which can be extended to detec-
tion of other drugs and to monitoring of the con-
centration of anti-schizophrenic drugs in clini-
cal practice. According to the test results and 
clinical feedback of nearly 500 samples, UPLC-
MS/MS has shown the following advantages: 
(1) when the patient’s condition has not 
improved significantly after medication, it 
assists in evaluating the safety of increasing 
the dosage of drugs; (2) when the patient devel-
ops adverse reactions (drowsiness, vomiting, 
constipation, etc.), it can help to determine 
whether it is caused by excessive blood con-
centration; (3) it helps doctors confirm the pre-
vious medication of patients referred to hospi-
tals; (4) it assists doctors to confirm the compli-
ance of the patient with the prescribed medica-
tion during the out-of-hospital period [15, 16]. It 
has been shown that through TDM, individual-
ized drug delivery scheme can be realized, so 
as to improve drug therapy and achieve safe, 
effective and rational drug use in clinic [17]. Xin 
et al. determined that the mean blood concen-
tration of 42 AMI specimens was significantly 
higher than the recommended reference range 
in the guidelines [18]. In view of the preceding 
research results, some researchers collected 
the clinical medication information of patients, 
some of which had AMI blood concentration 
exceeding the “AGNP laboratory warning level” 
(640 ng/mL). However, in the actual treatment 
process they found that: (1) under high AMI 
blood concentration levels, there were no obvi-
ous side effects in these patients; (2) when the 
clinician reduced the dosage of AMI, the dis-

later period. Such studies on racial differences 
in drug metabolism have also been found in 
other antipsychotics like Clozapine, but no rel-
evant studies have been published on blood 
concentration of AMI in the Chinese [20, 21]. 
Yang et al. established a highly applicable 
UPLCMS/MS method for the simultaneous 
quantitative determination of five antipsychotic 
drugs in plasma [22]. Their clinical test results 
revealed that the concentrations of ARI, OLA, 
PAL and ZIP accord with the therapeutic con-
centration reference range in AGNP guidelines; 
whereas for AMI, the serum concentration of 
patients is significantly higher than the recom-
mended range. In order to achieve the goal of 
rational and safe drug use, redefining of the ref-
erence range of AMI treatment concentration 
for Chinese population is warranted through 
more systematic research [23].

Due to the small number of patients selected in 
this experiment and the small sample size, 
there is a certain deviation in the detection 
results. There are also many types of drugs 
available to treat schizophrenia in China, but 
not many were analyzed in this study. It is 
hoped that the concentration of more kinds of 
psychotropic drugs can be detected in future 
studies, so as to provide more evidences for 
the clinical treatment of patients with mental 
illness.

In conclusion, UPLC-MS/MS is more accurate 
in detecting the concentration of psychotropic 
drugs, and can be clinically used to detect the 
concentration of therapeutic drugs in patients 
with mental diseases.
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Note: ARI: Aripiprazole; AMI: Amisulpride; OLA: Olanzapine; PAL: Paliperidone; ZIP: Ziprasidone.
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