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Abstract
A novel capillary electrophoresis method was developed for the determination of new 4-aryl-pyrido[1,2-c]pyrimidine deriva-
tives, potential antidepressant agents, in serum. The derivatives have conformationally restricted tryptamine moiety in 
pharmacophore portion and exhibit high affinity to molecular targets: 5-HT1A receptor and serotonin transporter protein. 
The separation process was conducted using an eCAP fused-silica capillary, detection wavelength 214 nm, 200 mM phos-
phate buffer adjusted to pH = 8.0, temperature 20 °C, voltage 5 kV. The proposed method was validated by determining its 
linearity in the concentration range of 200–1000 ng/mL. A satisfactory linearity was obtained for the method, with  R2 from 
0.9978 to 0.9999 for all five derivatives and a limit of quantification level from 287.1 to 310.1 ng/mL. The recoveries for 
all derivatives were in the range from 94.7 to 100%. The speed of obtaining the result of the analysis was only 3 min. The 
developed method allows to determine all five derivatives both in water solutions and serum.
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Introduction

Serotonin (5-HT) is a monoamine neurotransmitter in the 
human brain that is involved in the regulation of certain 
physiological functions, including the sleep–wake cycle, 
body temperature, blood pressure, and pain perception. It 
also regulates the extremely important hormonal functions 
of the hypothalamus and psychological functions such as 
depression and anxiety [1–3]. Therefore, maintaining an 
appropriate level of serotonin seems to play an important 
role in mood regulation, and thus, alleviating or eliminating 
depressive episodes.

Depressive problems associated with abnormal levels 
of serotonin can be conditioned by many factors such as 
defective synthesis, release, re-uptake and breakdown of 
5-hydroxytryptamine, or a defect in one or more serotonergic 
receptors [4, 5]. In cases of confirmed serotonin deficiency, 
widely used pharmacological therapy is practiced, involv-
ing the administration of drugs from the group of selective 
serotonin reuptake inhibitors (SSRIs), which include citalo-
pram, escitalopram, fluoxetine, fluvoxamine, paroxetine, and 
sertraline [6–10]. The mechanism of action of these drugs 
involves inhibiting the reabsorption of previously secreted 
serotonin into the presynaptic space, thanks to which its con-
centration increases between neuronal connections and the 
time of interaction of this neurotransmitter with serotoner-
gic receptors on the surface of the postsynaptic membrane 
increases [11–14].

The second point of action of drugs from the group of 
SSRIs is the transmembrane serotonin transporter (SERT). 
This protein belongs to the soluble carriers of solute car-
rier 6 (SLC6) genes. This is connected with the activity of 
ATPase, also known as the sodium pump, which, by pump-
ing sodium ions out of the cell, creates a concentration 
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gradient that allows the transport of serotonin into the cell. 
The serotonin transporter has a specific binding site for this 
neurotransmitter and an allosteric site to which the drug 
binds. Blocking this protein significantly reduces its affinity 
for the substrate, and thus prevents the resorption of seroto-
nin into the cell [15].

Considering the above, it seems extremely important 
to search for new antidepressants and to develop new 
methods of their investigations. The new antidepressant 
compounds (I, II, III, IV and V) investigated in this work 
are the recently synthesized 4-aryl-pyrido[1,2-c]pyrimi-
dine derivatives (Fig. 1) [16]. Their action is associated 
with both high affinity to the 5-HT1A receptor and to the 
serotonin transporter protein [16], which makes these com-
pounds very interesting from the point of view of their dual 
mechanism of action. Since the above mentioned deriva-
tives (I, II, III, IV and V) will be the subject of further 
research, there is a real and great need to develop meth-
ods for their studies. The existence of a proven method 
that allows qualitative and quantitative research of new 
derivatives in biological material also seems to be very 
important in a case of its use in clinical trials. In turn, the 
study of their individual forms in aqueous solutions will be 
the basis for qualitative and quantitative measurements of 
these substances in various drug forms. Therefore, to meet 
the expectations, in this work a new method of capillary 
electrophoresis was developed for the determination of all 
five derivatives (I, II, III, IV and V) in aqueous solutions 
and biological material (serum). The aim of our research 

was to develop a fast and reproducible analytical method 
that would provide an appropriate limit of quantification 
(LOQ). Of course, capillary electrophoresis has been used 
in the past for the determination of other antidepressants 
[17–19] and many other active pharmaceutical ingredients 
[20–28], but to the best of our knowledge there are no 
reports of the determination of 4-aryl-pyrido[1,2-c]pyrimi-
dine using capillary electrophoresis (CE). In the available 
literature many different pyrido[1,2]pyrimidine derivatives 
have been described, however, no work has described their 
clinical trials and thus their potential range of concentra-
tions in serum and other body fluids [29–37].

Since the compounds presented in this work are cur-
rently in the early phase of preclinical research, we are 
not able to say at this time what their effective therapeutic 
concentration ranges in body fluids are. Therefore, this 
work shows the possibilities of determining the tested 
compounds in serum within the concentration ranges of 
the developed method. The lack of knowledge regarding 
the actual concentration values of the tested derivatives 
in the serum of potential patients may be (although not 
necessarily) the only limitation of the developed method 
in relation to the limit of quantitation of the tested deriva-
tives. Nevertheless, this is the first work describing the 
possibilities of determining 4-aryl-pyrido[1,2-c]pyrimi-
dine derivatives in serum, which may become the basis 
for the development of other techniques and methods for 
their testing.

Fig. 1  Structural formulas of 4-aryl-pyrido[1,2-c]pyrimidine derivatives I, II, III, IV and V
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Materials and Methods

Chemicals and Reagents

The synthesis and spectroscopic analysis nuclear magnetic 
resonance (NMR) and high resolution electrospray ioniza-
tion mass spectrometry (ESI-HRMS) and the biological 
tests of the compounds have been described in the previ-
ous work [16]. The tested derivatives were synthesized and 
obtained from the laboratory of the Medical University of 
Warsaw. Purity of the reference compounds were found 
to be greater than 95%. All the other analytes applied in 
the separations had a purity of 99%. Sodium monophos-
phate, deionized water were purchased from Sigma-Aldrich 
(Darmstadt, Germany), ethyl acetate and methanol from 
Sigma-Aldrich (Steinheim, Germany), and hexane from 
Sigma-Aldrich. Human serum standard, was purchased from 
Sigma-Aldrich (Poznań, Poland). Paroxetine as an internal 
standard (IS) (Fig. 1) was purchased from Sigma-Aldrich 
(Poznań, Poland).

Instrumentation

Analysis was performed with Beckman P/ACE System 
MDQ capillary electrophoresis, equipped with an autosam-
pler and a UV/Visible detector, was used. All the parameters 
of the CE were controlled by Karat software version 32. An 
eCAP fused-silica capillary (30 cm total length, 20 cm effec-
tive length, 50 µm id, 375 µm od) was used.

Sample Preparations

In the extraction procedure 500 µL of serum standard, 50 µL 
of each of the five derivatives I, II, III, IV and V at a con-
centration of 20 µg/mL, 50 µL of methanolic paroxetine 
solution (IS) at a concentration of 10 µg/mL and 3 mL of 
n-hexane/ethyl acetate (90:10, v/v) were added and shaken 
for 3 min. After centrifugation (5 min, 3000 rpm) of the 
layers, the organic layer was decanted and evaporated under 
a stream of nitrogen at 37 °C. The sample was dissolved in 
100 µL of methanol: deionized water (1:1) and injected into 
the capillary.

CE Conditions

Electrophoretic separations were obtained using an eCAP 
fused silica capillary (30 cm length, 25 cm effective length, 
50  μm I.D.). The compounds I, II, III, IV and V were 
determined using 200 mM sodium phosphate buffer as a 
background electrolyte (BGE) adjusted to pH = 8.0. Buffer 
before introduction into the capillary was filtered through a 

0.45 μm pore size filter. Serum samples after extraction of 
n-hexane–ethyl acetate mixture in the ratio of 90:10 (v/v) 
and reconstitution in the 0.1 mL methanol:water solution 
(1:1) were automatically injected using pressure injection 
(20.685 Pa, 5 s). The vials containing the anode and cath-
ode buffer were emptied and refilled with the running buffer 
before each analysis. The detector was set at 214 nm and the 
separation of compounds I, II, III, IV and V was carried out 
at a temperature of 20 °C and voltage of 5 kV. The separa-
tion processes were conducted for serum and water solutions 
(the results have been presented in the figures in the “Results 
and Discussion” section).

Preparation of Stock and Working Standard 
Solutions

Primary standard stock solutions for compounds I, II, 
III, IV and V were prepared separately in methanol 
(Sigma–Aldrich) with concentrations of 1 mg/mL, respec-
tively. These solutions were further diluted with methanol: 
deionized water (1:1) to obtain mixed working standard 
solutions of 100, 200, 300, 400, 500, 700, and 1000 ng/mL. 
for derivatives I, II, III, IV and V respectively. The studies 
showed that all analytes were stable in solution. The pre-
pared solutions were stored in a refrigerator at 3 °C and were 
stable for 30 days of research.

Results and Discussion

Method Development

In order to develop a method for the quantification of com-
pounds I, II, III, IV and V by capillary electrophoresis, 
optimization of the method was carried out at different pH 
values and BGE concentrations. A buffer containing sodium 
monophosphate at the concentration of 200 mM adjusted to 
pH 8.0 with 0.1 M sodium hydroxide turned out to be the 
best separation system.

The effect of pH was studied in the range of 3.0–8.0 for 
the BGE. When the pH was 3.0 the peaks shape were inad-
equate and resolution for all investigated compounds I, II, 
III, IV and V was not obtained at this pH value (Fig. 2A). 
Therefore, by varying the pH, the best resolution was 
attempted. It turned out that, the resolution of the inves-
tigated compounds increased with increasing pH of the 
buffer. A clear but only partial separation of compounds 
I, II, III, IV and V was obtained at a buffer pH value of 
6.0 (Fig. 2B). However the best results in terms of sepa-
ration efficiency and analysis time were obtained using a 
pH of 8.0 (Fig. 2C). Investigations for the determination 
of the mentioned compounds were carried out in the range 
of buffer concentrations from 50 to 200 mM at pH 8.0. It 
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was observed that good resolution could not be obtained 
at buffer concentrations lower than 50 mM (Fig. 2A). Only 
above the concentration of 50 mM the resolution increased 
with its concentration, which was clearly visible when the 
buffer concentration reached 100 mM (Fig. 2B). Finally, 
the best resolution was obtained with a buffer concentra-
tion of 200 mM (Fig. 2C). Resolution factors for adjacent 
peaks were also calculated. For the parameters presented in 
Fig. 2B, they were, respectively: Rs1 = 0.196, Rs2 = 0.109, 
Rs3 = 0.077, Rs4 = 0.066. However, for the parameters 
presented in Fig. 2C they were, respectively: Rs1 = 0.323, 
Rs2 = 0.200, Rs3 = 0.205, Rs4 = 0.104, which clearly indi-
cates an increase in resolution. The migration times of adja-
cent peaks (t  m1, t  m2) and the width of these peaks base (W 
 b1, W  b2) were used to calculate the resolution. According 
to the formula: Rs = 2(tm2 −  tm1)/(Wb1 +  Wb2). Calculations 
have been performed for each pair of peaks.

Different analytical conditions were also exam-
ined. Voltage, analysis temperature, capillary length, 
and detection wavelength were optimized in the ranges 
of 5–30  kV, 15–30  °C, 30–80  cm (total length), and 
200–300 nm, respectively. Voltage was set to 5 kV, capil-
lary temperature + 20 °C, capillary length was 30 cm and 
50 μm I.D, and detection wavelengths was 214 nm. With 
optimized electrophoretic condition, the average migra-
tion times were 2.15 ± 0.023, 2.32 ± 0.027, 2.61 ± 0.026, 
2.83 ± 0.024, and 3.16 ± 0.026 min, for I, II, IV and V 
respectively (Fig. 3A). The developed method has also 
been used to measure the compounds I, II, III, IV and V 
concentrations in serum (Fig. 3B). Based on the obtained 

results it was found that the proposed method allows the 
measure of the concentrations of these drugs using the 
extraction method.

Method Validation

The methodology for analysis of compounds I, II, III, IV 
and V using CE was validated in terms of selectivity, lin-
earity, sensitivity, precision, and accuracy according to the 
FDA guidelines [38] and ICH guidelines [39].

Specificity

The selectivity of the method was evaluated by monitor-
ing and comparing the quantification derivatives I, II, III, 
IV and V of each analyte in blank human plasma from six 
different sources to those in blank human plasma spiked 
with analytes at LOQ to check the possible interference at 
the peak regions. Selectivity was guaranteed if the interfer-
ence due to endogenous substances was < 20% and < 5% 
of the mean peak response of each analyte at LOQ. The 
specificity of the method was confirmed by overlaying 
electropherograms of the blank solution and a sample 
of compound I, II, III, IV and V. An electropherogram 
obtained from a blank serum sample is represented in 
Fig. 3C. There were no interfering peaks of endogenous 
compounds observed at the retention time of the analytes.

Fig. 2  Electropherograms: A separation of compounds I (1), II (2), III 
(3), IV (4) and V (5) at a concentration of 1000 ng/mL at pH = 3.0 
and buffer concentration = 50 mM, B separation of compounds I (1), 
II (2), III (3), IV (4) and V (5) at a concentration of 1000 ng/mL at 

pH = 6.0 and buffer concentration = 100  mM. C separation of com-
pounds I (1), II (2), III (3), IV (4) and V (5) at pH = 8.0 and buffer 
concentration = 200 mM
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Linearity, Precision and Sensitivity of the Method

Linearity Six calibration curves were prepared using six 
calibrabtion points in the range of 200–1000  ng/mL for 
compounds I, II, III, IV and V, on six separate days. Cali-
bration curves were constructed by plotting peak area ratios 
(analyte) versus nominal serum concentrations. Stand-
ard solutions of analytes I, II, III, IV and V were added to 
0.5  mL of serum to produce final concentrations of 200, 
300, 400, 500, 700, and 1000 ng/mL. The peak area values 
obtained for each sample were determined from the ratio of 
the analyte peak area/IS versus the analyte concentrations 
with respect to the six-point calibration curves. The correla-
tion coefficients of calibration curves were in the range of 
0.9987–0.9999 for all five compounds (Table 1).

Limit of Detection and Quantification The limits of detec-
tion (LOD) and limits of quantification (LOQ) were 

determined in accordance with the FDA procedure as: 
LOD = 3.3 × δ/S and LOQ = 10 × δ/S (where δ = standard 
deviation and S = slope). The LOD was determined by ana-
lyzing loaded serum samples with increasing analyte con-
tent. Each concentration was analyzed six times. The pro-
posed method allows the compounds I, II, III, IV and V to 
be determined with LODs between 50.6–58.5  ng/mL and 
LOQs between 167.1–186.1 ng/mL (Table 1).

Absolute Recovery Analytical recoveries were performed 
at three different concentrations (300, 500, 1000  ng  mL) 
for all five compounds in the presence of a constant inter-
nal standard concentration of 500 ng/mL. The recovery of 
the extraction procedure was determined by comparing the 
values of peak areas obtained with those of standard solu-
tions of equivalent concentrations of five the analytes. The 
recovery for the 4-aryl-pyrido[1,2-c]pyrimidine derivatives 
was obtained by determining the ratio of the peaks areas of 

Fig. 3  Electropherograms: A separation of compounds I (1), II (2), III 
(3), IV (4) and V (5) at a concentration of 1000 ng/mL in water solu-
tion in the presence of an internal standard concentration of 500 ng/
mL. B: separation of compounds I (1), II (2), III (3), IV (4) and V (5) 

at a concentration of 1000 ng/mL in the presence of an internal stand-
ard concentration of 500 ng/mL. in serum after extraction procedure. 
C blank serum after extraction procedure

Table 1  Regression equation, limits of detection and quantification for I, II, III, IV and V compounds (n = 6)

LOD and LOQ were determined at S/N (of signal-to-noise ratio) of 3 and 10, respectively

Compounds Linearity 
range ng/mL

R2 RSD (%) LOD ng/mL LOQ ng/mL Regression equation Standard deviation

Slope Intercept

(I) 200–1000 0.9999 2.14 50.6 167.1 y = 0.998x−1.744  ± 0.009  ± 0.085
(II) 200–1000 0.9978 3.11 56.4 186.1 y = 0.996x + 2.834  ± 0.015  ± 0.110
(III) 200–1000 0.9989 2.86 55.8 184.3 y = 1.007x−0.052  ± 0.014  ± 0.103
(IV) 200–1000 0.9991 2.25 58.5 177.3 y = 1.003x + 3.060  ± 0.014  ± 0.096
(V) 200–1000 0.9998 2.18 52.8 174.1 y = 1.003x + 1.278  ± 0.011  ± 0.092
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five 4-aryl-pyrido[1,2-c]pyrimidine derivatives to the peaks 
areas of the internal standard (paroxetine) against known 
amounts of (I), (II), (III), (IV) and (V) 4-aryl-pyrido[1,2-c]
pyrimidine derivatives added to the plasma samples.. The 
recovery of concerned analytes was found in a satisfactory 
range of 95.5–100.0% (Table 2).

Intra and Inter‑day Precision Precision and accuracy of the 
method was carried out by analyzing the standard solutions 
of five 4-aryl-pyrido[1,2-c]pyrimidine derivatives at three 
different concentration levels (300.0 ng/mL, 500 ng/mL and 
1000 ng/mL.) containing IS at a constant concentration of 
500 ng/mL. (Table 3). The intra-day precision was within 
limits 2.2–5.3% RSD for the peak area. The inter-day pre-
cision was within limits 2.8–5.5% RSD for the peak area 
for all five investigated compounds. The precision results 
(Table 3) showed the low values of intra- and inter-day % 
RSD of peak areas (< 5.6%).

Conclusions

In this work, it has been shown that the developed CE 
method allows to determine new derivatives of 4-aryl-
pyrido[1,2-c]pyrimidine in serum. A simple extraction 
method allowed the isolation of all investigated compounds 
from biological material. Based on the results, it can be 
concluded that the extraction method had good linearity 
for all tested compounds  (R2 > 0.9978) According to avail-
able literature, the developed CE method has not yet been 
used to isolate and determine these kinds of antidepressant 
compounds in serum. The method was found to be suitable 

Table 2  Recovery data of compounds I, II, III, IV and V from serum 
samples after extraction procedure (n = 6)

Concentra-
tion (ng/
mL)

Average peak 
area (accu-
racy)

Average peak 
area (linear-
ity)

Recovery (%) RSD (%)

Compound (I)
 300 179.2 185.3 98.3 ± 0.62 0.63
 500 308.9 309.5 99.8 ± 0.43 0.43
 1000 620.1 620.1 100.0 ± 0.12 0.12
 Average 99.4

Compound (II)
 300 162.9 172.1 94.7 ± 0.71 0.75
 500 277.1 281.0 98.6 ± 0.55 0.56
 1000 563.1 569.9 98.8 ± 0.23 0.22
 Average 97.4

Compound (III)
 300 157.2 164.6 95.5 ± 0.75 0.79
 500 269.8 272.2 99.1 ± 0.58 0.59
 1000 537.8 541.5 99.3 ± 0.22 0.22
 Average 98.0

Compound (IV)
 300 170.4 176.0 96.8 ± 0.98 1.01
 500 293.4 293.4 100.0 ± 0.38 0.38
 1000 580.4 582.7 99.6 ± 0.21 0.21
 Average 98.8

Compound (V)
 300 177.2 180.6 98.1 ± 0.73 0.74
 500 300.5 301.1 99.8 ± 0.62 0.62
 1000 602.1 602.1 100.0 ± 0.22 0.22
 Average 99.3

Table 3  Intra-day and inter-day 
precision of compounds I, II, 
III, IV and V analytes

Compound Concentra-
tion (ng/mL)

Inter-day Intra-day

Calculated con-
centration ± SD

RE % RSD % Calculated con-
centration ± SD

RE % RSD %

300 289 ± 11.85 − 3.7 4.5 293 ± 12.30 − 3.3 4.2
I 500 494 ± 17.78 − 1.2 3.6 496 ± 16.00 − 0.8 3.2

1000 1000 ± 28.00 0.0 2.8 1000 ± 22.00 0.0 2.2
300 273 ± 15.02 − 9.0 5.5 281 ± 14.89 − 6.3 5.3

II 500 485 ± 20.86 − 3.0 4.3 491 ± 22.09 − 1.8 4.5
1000 991 ± 29.73 − 0.9 3.0 995 ± 26.87 − 0.5 2.7
300 292 ± 14.02 − 2.7 4.8 295 ± 13.28 − 1.7 4.5

III 500 496 ± 19.34 − 0.8 3.9 497 ± 16.40 − 0.6 3.3
1000 995 ± 28.86 − 0.5 2.9 998 ± 25.95 − 0.2 2.6
300 286 ± 13.16 − 4.7 4.6 297 ± 13.07 − 1.0 4.4

IV 500 495 ± 17.33 − 1.0 3.5 498 ± 15.94 − 0.4 3.2
1000 998 ± 28.94 − 0.2 2.9 998 ± 25.95 − 0.2 2.6
300 288 ± 13.25 − 4.0 4.6 299 ± 12.86 − 0.3 4.3

V 500 497 ± 15.41 − 0.6 3.1 499 ± 15.97 − 0.2 3.2
1000 999 ± 28.97 − 0.1 2.9 1000 ± 2 6.00 0.0 2.6



123Determination of New 4‑Aryl‑pyrido[1,2‑c]pyrimidine Derivatives, Potential Antidepressant…

1 3

for determining the I, II, III, IV and V derivatives within 
the LOQ range 167.1–186.1 ng/mL of nominal analyte con-
centration. In addition, the RSD for intra- as well as inter-
day precision was also low and did not exceed 6% for all 
investigated compounds.The reliability of the electrophoretic 
procedure for its desired application has been demonstrated 
by means of the electrophoretic procedure for its desired 
application by means of the experimental results like lin-
earity, accuracy, specificity, sensitivity and precision. The 
presented results show that the CE method allowed fast and 
reliable screening and identification as well as accurate, pre-
cise, and sensitive quantification of compounds I, II, III, IV 
and V in serum.
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