DE GRUYTER

Green Processing and Synthesis 2023; 12: 20228134

Research Article

Yan Lang®, Yuanjun Zeng®, Chunbin Zhang*, and Kuilin Lv*

Construction of fluorescence system of
felodipine—tetracyanovinyl-2,2’-bipyridine

complex

https://doi.org/10.1515/gps-2022-8134
received November 03, 2022; accepted January 11, 2023

Abstract: Felodipine (FEL)—tetracyanoethylene (TCNE)-2,2’-
bipyridine (Bpy) complex was prepared with FEL, TCNE-Bpy
and characterized by fluorescence, ultraviolet, and infrared.
By exploring the concentration and dosage of Bpy, it was
found that 1mL 2 x 10> mol-L ™! of Bpy had the best effect.
The sequence of reagent addition was determined to be fol-
lowed by FEL, then by TCNE, and then followed by Bpy. The
concentration of FEL was 2.5 x 10™ to 9.0 x 10> mol-L™,
which had a good linear relationship with fluorescence inten-
sity. The compound had good accuracy, precision, and spe-
cificity, and could be used for the determination of phelodi-
pine content in FEL sustained-release tablets.

Keywords: felodipine, felodipine complexes, fluorescence
intensity

1 Introduction

Felodipine (FEL) is a novel calcium channel antagonist in
the dihydropyridinium derivative family, which can selectively
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dilate peripheral blood vessels and thus reduce arterial pres-
sure and is a commonly used drug in clinical treatment of
hypertension [1,2]. It has no direct effect on myocardial con-
tractility and cardiac conduction, so it will not cause postural
hypotension [3]. It is suitable for the treatment of all types of
hypertension, ischemic heart disease, and heart failure [4,5].
FEL can improve exercise tolerance and reduce angina pec-
toris attack. It is absorbed quickly through the gastrointestinal
tract and is easily metabolized into inactive metabolites by the
liver after oral administration, which reduces the bioavail-
ability. It is clinically used in the treatment of mild to moderate
essential hypertension, chronic stable angina pectoris, and
Pratt’s angina pectoris [6].

2,2-Bipyridine (Bpy), C;oHgN,, in addition to its strong
affinity for most transition metal ions, the extremely strong
chelation due to the arrangement of two pyridine nitrogen
atoms makes it a very useful ligand for research. It is
widely used in the field of pharmaceutical and chemical
engineering and is often used as synthetic intermediates of
pesticides and medicines [7]. Due to the strong coordina-
tion between Bpy and many metal ions, it has attracted
extensive attention of scientists in many fields, such as the
synthesis of enemy grass fast [8—11],preparation of cata-
Iytic materials [12-15], electroless copper plating [16—19],
and supercritical extraction [20-23].

Tetracyanoethylene (TCNE) is considered to be a
strong acceptor and donor of i electron due to its large
conjugated system and abundant it electron, which can
form effective charge delocalization. These structural char-
acteristics determine that the compounds formed by TCNE
may have unusual electromagnetic properties [24-30].
There are four cyanide groups that can coordinate with
metal ions in the molecular structure of TCNE, which
can coordinate with metal ions through various coordina-
tion modes to form stable metal-organic complexes. The
negative ions of the TCNE radical have a unit negative
charge and can compensate for the positive charge of
the metal cations and do not need to counterbalance
ions to make the complex electrically neutral. In addi-
tion, intermolecular m—n packing further enhanced the
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structural stability of the complex. Based on the above
characteristics, TCNE has been widely used in the synth-
esis of metal-organic complexes [31-33].

In this article, a ternary compound of FEL-TCNE-Bpy
was successfully constructed, which can be used to detect
the content of FEL. There was no significant difference
between the test method and the labeled content of FEL
sustained-release tablets. Therefore, the method can be
used to determine the content of non-lodipine in drugs,
providing an accurate and reliable method for the detec-
tion of FEL. The method has the characteristics of simple
reaction conditions, easy control, simple operation, and
high sensitivity.

2 Experiment

2.1 Preparation of FEL standard solution

Weigh 38.4 mg of FEL standard, add a small amount of
anhydrous ethanol to dissolve it by sonication. Fix the
volume with anhydrous ethanol in a 100 mL brown volu-
metric flask to obtain 1.0 x 10> mol-L™! standard solu-
tion. Store it away from light and dilute it to the desired
concentration when used.

2.2 Preparation of FEL sample solution

A box of FEL extended-release tablets (National Pharmaceutical
Quantifier H20030414) manufactured by AstraZeneca
Pharmaceutical Co., Ltd was purchased. Five tablets
(500 mg) were crushed and powdered, evenly mixed,
and accurately weighed 1/10. Dissolved in anhydrous
ethanol and fixed in a 100 mL brown volumetric flask.
The sample solution of FEL (10 mg-L™") was obtained by
filtering through a 0.45 pm microporous membrane after
diluting 100 times.

2.3 Preparation of TCNE standard solution

Weigh 64 mg of TCNE standard, add a small amount of
acetone to dissolve it, fix the volume in a 50 mL volu-
metric flask. And configure it into a standard solution
of 1 x 10> mol-L™". Store it in a cool and dry place away
from light.
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2.4 Preparation of Bpy standard solution

Weigh 7.81 mg of Bpy standard, add a small amount of
anhydrous ethanol to dissolve it by ultrasonication, fix
the volume in a 50 mL volumetric flask, and configure the
solution to a concentration of 1 x 107> mol-L™". Store in a
cool and dry place away from light.

2.5 Preparation of FEL-TCNE-Bpy
complexes

About 5mL of ethanol FEL standard solution, 0.5 mL of
TCNE solution, and 1 mL of Bpy standard solution were
accurately pipetted into a 10 mL stoppered colorimetric
tube. Fixed with anhydrous ethanol and shaken to make
it fully react. The shock makes it fully reactive. The col-
orimetric tube was heated in a constant temperature
water bath at 40°C for 40 min and cooled to room
temperature.

3 Results and discussion

3.1 Fluorescence spectra

The fluorescence spectra of the ternary complex system
are shown in Figure 1. In Figure 1, there is a weak fluor-
escence peak at 443 nm when only FEL-TCNE is present.
After the addition of Bpy, the fluorescence emission peak
of the probe was blue-shifted from 443 to 440 nm. And
the fluorescence peak intensity was enhanced. It can be
inferred that the fluorescence system of the probe has
been successfully constructed.

3.2 UV-visible spectroscopy

The UV-visible spectrum of the complex is shown in
Figure 2. Bpy has characteristic absorption near 230
and 280 nm, which is attributed to the spinor-permitted
(Im—m*) transition in ligand. The weaker absorption bands
in the range of 300-400 nm are attributed to a mixture of
singlet and triplet metal-ligand charge transfers, ligand-
ligand charge transfers, and ligand center charge transfers
(3n—m*). This is because the transition that was originally
spin-barred becomes a spin-allowed transition under the
spin—orbit coupling of nitrogen atoms, resulting in a
weaker absorption peak in the spectrum. FEL-TCNE-Bpy
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Figure 1: FEL-tetracyanovinyl fluorescence spectra of
FEL-tetracyanovinyl-Bpy system UV spectrum.
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Figure 2: Ultraviolet absorption spectra of Bpy,
FEL-tetracyanovinyl-Bpy.

has characteristic absorption at 235, 285, and 360 nm.
Since the conjugated system increases after chelation
coordination, n-electrons decrease, and T — m* transition
mainly exists, resulting in redshift of the absorption peak.
The 360 nm absorption peak is attributed to the charge
transfer absorption between the metal and the ligand.

3.3 Infrared spectrum

The infrared spectra of the FEL-TCNE-Bpy ternary com-
plexes are shown in Figure 3.
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Figure 3: Infrared spectra of FEL-TCNE-Bpy ternary complex.

It can be seen from the figure that the absorption peak
of the FEL-TCNE-Bpy ternary complex at 1,750 cm™* is
generated by ester group stretching vibration. At 2,218 cm™
is the stretching vibration peak of cyanide group,
1,489 cm™! is the stretching vibration peak of benzene
ring. At 3,331cm ™ is the stretching vibration peak of N-H
bond, and at 3,050 cm™ is the C-H stretching vibration. At
1,557 cm™! is the stretching vibration peak of aromatic ring
and 612 cm™! is the out-of-plane bending vibration of aro-
matic hydrogen. The FEL-TCNE-Bpy ternary complex can
be determined because of the characteristic peaks of each
substance.

3.4 Selection of optimal experimental
conditions for the system

3.4.1 Selection of Bpy concentration

Figure 4 shows the fluorescence spectrum of the FEL-TCNE
reaction with different concentrations of Bpy. Bpy at con-
centrations of 0.5 x 1072, 1.0 x 102, 2.0 x 1072, 3.0 x 10,
and 4.0 x 10> mol-L . It can be seen from Figure 4 that the
fluorescence intensity of the system gradually increases
with the increase of Bpy concentration, and reached
the maximum at the concentration of 2 x 10> mol-L™".
After that, the fluorescence intensity of the system
decreased with the increase in the concentration. With
increasing concentration, the maximum fluorescence
intensity is first shifted to red and then blue. Therefore,
the optimal concentration of Bpy was determined to be
2 x 10> mol-.L ™%,
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Figure 4: Effect of Bpy concentration on the maximum fluorescence
intensity of the system.

3.4.2 Selection of Bpy dosage

Figure 5 shows the fluorescence spectrum of FEL-TCNE
reaction with different amounts of Bpy. Configure 0.5, 1.0,
1.5, 2.0 mL of Bpy. The change in fluorescence intensity
was measured by heating in a 40°C bath for 40 min. It can
be seen from Figure 5 that the fluorescence intensity of
the system is the strongest when the dosage of Bpy is
1mL. Too much or too little will reduce the fluorescence
intensity. So, this experiment chose the dosage of 1 mL of
Bpy solution to continue the subsequent experimental
research.

950

900

850

800

Fluorescence intensty

750

700

T + T
04 0.6 0.

T T T - T T T
8§ 1.0 12 14 16 18 2.0 22

Volume/mL

Figure 5: Effect of dosage of Bpy on maximum fluorescence intensity
of system.
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3.4.3 The order in which reagents are added

The effects of different reagent addition sequences on the
fluorescence intensity of the system were also investigated.
Using a single variable method, the FEL-TCNE-Bpy fluor-
escence system was separately measured with different
addition orders, changes in light intensity, and the optimal
order of addition of the screening reagents. The results are
shown in Table 1.

As can be seen from Table 1, the fluorescence intensity of
the system was maximum when the order of reagent addition
was FEL-TCNE-Bpy. Therefore, in this experiment, FEL
should be added first, then TCNE, and finally Bpy.

3.5 Methodological examination
3.5.1 Specificity inspection

To validate the specificity of the FEL-TCNE-Bpy probes,
we performed the following study. The fluorescence pro-
files of the blank solvent, the fluorescence system con-
taining the FEL standard solution, and the fluorescence
system containing the same concentration of the FEL
sample solution were detection separately.

According to Figure 6, it can be seen that blank sol-
vent has no interference with the main peak of the system,
and impurities do not interfere with the determination of
FEL. It is proved that the complex has good specificity.

3.5.2 Linear relationship

The standard working curve of FEL was determined
under other suitable conditions and constant experimental
conditions. As can be seen from Figure 7, the fluorescence
intensity of the system increased with the increase of

Table 1: Effect of adding different reagent sequence on fluorescence
intensity of system

Number First Second Third Fluorescence
addition addition addition intensity
1 TCNE FEL Bpy 941
2 TCNE Bpy FEL 940
3 FEL Bpy TCNE 945
4 FEL TCNE Bpy 952
5 Bpy FEL TCNE 930
6 Bpy TCNE FEL 924
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Figure 6: (a) Fluorescence map of blank solution, (b) fluorescence system containing standard FEL solution, and (c) fluorescence system

containing sample FEL solution.

FEL concentration. The standard curve was drawn with
fluorescence intensity as the ordinate and FEL concentration
as the abscissa. In a certain range, the fluorescence intensity
of the system has a good linear relationship with FEL con-
centration. The regression equation is
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R*=10.9992
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Figure 7: Standard curve of FEL concentration and fluorescence
intensity.

Table 2: Precision test results of probe detection of FEL

Number of AF (F- Fy) AF average RSD (%)
measurements value

1 956.72

2 947.61

3 954.15 949.15 0.66

4 941.12

5 946.14

Table 3: Experimental results on the accuracy of probe detection
of FEL

Concentration Recovery mean + RSD (%)
(102 mol-L ™ SD (%)

0.2 98.32 + 1.76 1.79

1.0 101.19 + 2.01 1.99

2.0 99.43 + 1.32 1.33
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Table 4: Determination of FEL sample and comparison with labeled quantity

Number Sample measurement (mg-L™") Average measured value mean + SD (mg-L™) Marking amount (mg-L™?) RSD (%)
1 100.13, 98.81, 97.12, 96.79 98.21 + 1.55 100 1.58
2 99.82, 97.88, 99.11, 100.43 99.31 + 1.10 100 1.11

y = 9.8401x + 43.678, R? = 0.9976 (1) 100.13, 98.81, 97.12, 96.79 mg-L", respectively, and the

and the linear range is 2.5 x 10 t0 9.0 x 10> mol-L ™. It is
proved that the ternary complex of FEL—tetracyanovinyl-Bpy
can be used for the determination of FEL.

3.5.3 Degree of precision

Table 2 shows the precision experiment of the con-
structed FEL fluorescence system. Five groups of com-
plexes of equal volume and concentration are configured.
Add 1mL of FEL solution with a concentration of
1 x 102 mol-L! to all of them, and measure 5 min later.
In the table, F is the fluorescence value of the solution
after the complex is fully combined with FEL, F, is the
fluorescence value of the blank solution of the complex,
and AF is the difference between F and F,. Fluorescence
intensity at 435nm was recorded and the relative stan-
dard deviation RSD = 0.66% was calculated. Experi-
mental data show that the complex measurement of
FEL detection method error is small and can be used.

3.5.4 Accuracy

Table 3 shows the experimental results of the accuracy
of this complex in measuring FEL. Three concentrations
0of 0.2 x 1072, 1 x 1072, and 2 x 107> mol-L™* complexes of
the same volume were selected, respectively, to deter-
mine the content of 1 x 10> mol-L™* FEL. Fluorescence
intensity at 435 nm was recorded and recovery rate and
RSD were calculated to test the accuracy of FEL measure-
ment. The recovery rate was 98.32 + 1.76, 101.19 + 2.01,
99.43 + 1.32. RSDs were calculated to be 1.79%, 1.99%,
and 1.33%, respectively, and RSDs were all less than 2%,
indicating that the fluorescence detection accuracy of the
constructed system was good.

3.6 Sample content determination

Table 4 shows the determination of phelodipine content
in FEL sustained-release tablets. After fluorescence test
and linear analysis, the content determination results
were as follows: the detection amount of sample 1 was

average detection amount was 98.21 mg-L™". The detection
amount of sample 2 was 99.82, 97.88, 99.11, 100.43 mol-L7Y,
respectively, and the average detection amount was
99.31 mg-L™. The RSD is less than 2%. The results indi-
cated that the complex could be used for the determina-
tion of phelodipine in FEL sustained-release tablets.

4 Conclusion

In conclusion, this article successfully prepared the
FEL-TCNE-Bpy ternary complex, which significantly enhanced
the fluorescence intensity of the ternary complex. The
concentration and dosage of Bpy, the order of adding
reagents were investigated. The specificity, precision,
and accuracy of the complex were also investigated.
The detection of FEL has a good linear relationship at
2.5 x 107 t0 9.0 x 10> mol-L™%, It can be used for the
determination of FEL. It provides an accurate and reli-
able method for the detection of FEL. The method has
the characteristics of simple reaction condition, easy
control, simple operation, and high sensitivity.
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