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Abstract Two new compounds, namely [Cd2(L)2(4-pybim)2(H2O)]n�3n(H2O) (1) and [Co(cam)(4-

pybim)]n�n(H2O) (2) (H2L = succinic acid, H2cam = D-(+)-camphoric acid, 4-pybim = (4-

pyridyl)benzimidazole), were successfully synthesized by the combination of carboxylate ligand,

4-pybim ligand and corresponding metal salts. Moreover, the luminescent property of 1 and pho-

tocatalytic activity of 2 were also investigated in detail. The application values of the new com-

pounds against coronary artery atherosclerosis were evaluated and the detail mechanism was

assessed simultaneously. First of all, the inflammatory cytokines levels released into plasma after

compound treatment was measured with the detection of enzyme-linked immunosorbent assay.

Then, the relative expression of the signaling pathway of NF-jb in the vascular endothelial cells

was tested through exploiting the real time reverse transcription-polymerase.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

According to WHO statistics, in 2015, cardiovascular diseases,
dominated by coronary and cerebrovascular atherosclerosis,
caused nearly 15 million deaths worldwide, accounting for

more than 25% of all deaths (Libby and Theroux, 2005).
Due to various reasons, the prevalence of atherosclerosis in
developing countries is still increasing, and due to the pro-
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longed life span of the population, the incidence is also increas-
ing (Boudoulas et al., 2016).

Metal-organic frameworks (MOFs), to date, has been con-

sidered to be one type of superior hybrid functional materials
employed in molecular recognizer, luminescence sensing, gas
separation and gas storage, non-linear optics, magnetism and

other areas, owing to their large surface area and porosity, tun-
able pore structure, high thermal/chemical stability, diversified
topological architectures (Fan et al., 2021; Wang et al., 2021;

Zhao et al., 2021; Fan et al., 2022; Hu et al., 2020). In order
to obtain the MOFs, it is important for us to choose an appro-
priate multifunctional organic building block and central
metal ion with specific coordination geometry. The

coordination-driven self-assembly process is very subtle that
can be affected through a variety of unpredictable factors,
for example, the temperature of reaction, pH, solvent,

structure-directing agent, the ratio of ligand and metal,
together with auxiliary ligand (Xue et al., 2018; Hu et al.,
2018; He et al., 2018; Dutta et al., 2021). Therefore, achieving

controllable syntheses of MOFs at molecular level remains a
huge challenge to chemists. As an effective synthetic strategy,
mixed-ligand self-assembly strategy that usually combine two

function-different ligands, such as carboxylate ligand and N-
donor ligand, has been widely used to construct MOFs with
desired structures and application properties owing to the syn-
ergistic bridging effect of the function-different ligands, which

not only combine the characteristics of two function-different
ligands into one MOF but also achieve better performance and
structural diversity of MOFs (Liu et al., 2021; Singh et al.,

2021; Qin et al., 2020; Wen et al., 2016; Wu et al., 2017; Liu
et al., 2020).

As a N-donor ligand, (4-pyridyl)benzimidazole (4-pybim)

with a large p-electron conjugated group, has three coordina-
tion sites, and may coordinate metal ions into novel MOFs
that can serve as good photoactive materials attributed to

the large p-electron conjugated group. By varing the organic
carboxylate ligand, Yao and his-coworkers employing (n-
pyridyl)benzimidazole (n = 2, 3, 4) has reported the sequence
of Zn(II)/Cd(II) MOFs exhibiting different structures and

excellent luminescent properties (Pan et al., 2020; Banerjee
et al., 2014). On the other hand, among various ligands avail-
able, amino acids, benzimidazoles and polypyridyl ligands

(1,10-phenanthroline, bipyridine, etc.) were chosen owing to
their advantageous properties. Benzimidazole derivatives inter-
act easily with biomolecules of living systems, due to their

structural relevance with naturally occurring nucleotides.
Hence, they have been extensively utilized in drug design and
medicinal chemistry. Furthermore, the benzimidazole deriva-
tives serve as good ligands for transition metal ions due to

the large conjugated p-system and the azomethine nitrogen.
The introduction of additional substituent on the benzimida-
zole nucleus could potentially affect the interaction of the

molecules with biological targets. Hence, a wide variety of
benzimidazole-based metal complexes were found to be effi-
cient catalytic and biologically active compounds

(Sabithakala and Chittireddy, 2018; Cassemiro et al., 2020).
Considering that, in this work, we selected (4-pyridyl)
benzimidazole along with two diverse dicarboxylic acid ligands

(succinic acid and D-(+)-camphoric acid) to separately
react with Cd(II) and Co(II) ions under the conditions of
hydrothermal, obtained two novel coordination compounds
triumphantly, i.e., [Cd2(L)2(4-pybim)2(H2O)]n�3n(H2O) (1)
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and [Co(cam)(4-pybim)]n�n(H2O) (2) (H2L = succinic acid,
H2cam = D-(+)-camphoric acid, 4-pybim = (4-pyridyl)
benzimidazole). The luminescent property of 1 and photocat-

alytic activity of 2 were also investigated. The sequence of
bio-activities were implemented and the novel compounds’
mechanism were discussed as well.
2. Experimental

2.1. Materials and instrumentation

From Jinan Henghua company, we can gain the raw reagents,

which could be directly used. In order to investigate the ele-
ments of Carbon, Nitrogen together with Hydrogen, Vario
EL III was employed. Through applying PANalytical X’Pert

Pro, the pattern of PXRD could be analyzed at 0.05� step size
through applying the Cu/Ka radiation (in which k is
1.54056 Å). From 30 to 800 ℃ temperature, TGA was accom-
plished with the NETSCHZ STA-449C at 10 ℃ per min heat-

ing rate under a flow of nitrogen. Edinburg FLS920 TCSPC
was utilized to test the luminescence spectra in solid state at
environmental temperature.

2.2. Synthesis of [Cd2(L)2(4-pybim)2(H2O)2]n�3n(H2O) (1)

and [Co(cam)(4-pybim)]n�n(H2O) (2)

A mixture generated by 0.2 of mmol H2L, 0.2 mmol Cd(Ac)2-
�2H2O, 0.2 mmol of NaHCO3, 0.2 mmol 4-pybim, 10 mL H2O
was stored into the Teflon-lined stainless steel (23 mL) and it

was then in-depth heated under 160℃ temperature for three
days. The 10s colorless massive crystals were generated after
cooling the above product to the environmental temperature
with 2 ℃/min cooling rate and the yield of the crystal is 32%

in accordance with the Cd(Ac)2�2H2O. Anal. Calcd. (%) for
the C32H36Cd2N6O13 (937.49): N, 8.96, C, 40.96 and H, 3.84.
Found (%): N, 8.95, C, 40.98 and H, 3.81. IR (KBr, cm�1,

Fig S1): 3462 w, 3124 w, 2938 w, 1555 s, 1507 w, 1407 s,
1325 w, 1288 s, 1145 m, 1075 m, 1002 w, 934 w, 881 w,
741 m, 670 w.

The mixture synthesized from 0.2 mmol Co(Ac)2�4H2O,
0.2 mmol H2cam, 0.2 mmol of 4-pybim, 10 mL H2O and
0.2 mmol of NaHCO3, was sealed into the Teflon-lined stain-
less steel (23 mL) and it was subsequently in-depth heated

under 160℃ temperature for 72 h. The 20s purple massive crys-
tals were formed after cooling the above mixture to ambient
temperature with 2℃/min cooling rate and the yield of the

crystal is 41% on the basis of Co(Ac)2�4H2O. Anal. calcd.
(%) for C22H24CoN3O5 (469.37): N, 8.95, C, 56.25 and H,
5.11. Found (%): N, 8.97, C, 56.22 and H, 5.08. IR(KBr pallet,

cm�1): 3403 w, 3114 w, 2931 w, 1552 s, 1506 w, 1403 m, 1342
w, 1289 m, 1147 m, 1000 w, 771 w, 670 w.

2.3. X-ray crystallography

For the two compounds, their data of single crystal were
recorded with the Mercury CCD, which was equipped with
the graphite monochromated Mo–Ka radiation (where k is

0.71073 Å) under ambient temperature. ShelxT with dual
direct method and SHELXL-2014 with full-matrix least square
technology in accordance with F2 were respectively employed
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Table 1 The complexes’ architectural optimization along with

their data of crystallography.

Sample 1 2

Formula C32H36Cd2N6O13 C22H24CoN3O5

Fw 937.49 469.37

Crystal system triclinic monoclinic

Space group P-1 P21/c

a (Å) 8.649 12.2805(5)

b (Å) 10.1740(6) 13.1223(9)

c (Å) 11.6661(4) 13.2263(8)

a(�) 85.790(12) 90

b(�) 70.241(9) 95.069(5)

c(�) 76.089(13) 90

Volume (Å3) 937.74(10) 2123.1(2)

Z 1 4

Density (calculated) 1.660 1.468

Abs. coeff. (mm�1) 1.204 0.848

Total reflections 6010 9068

Unique reflections 3170 4231

Goodness of fit on F2 1.003 1.063

Final R indices [I greater

than 2sigma(I2)]

R = 0.0331,

wR = 0.0951

R = 0.0770,

wR2 = 0.1637

R (all data) R = 0.0349,

wR = 0.0968

R = 0.1320,

wR2 = 0.1784

CCDC 2,099,270 2,099,271
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to solve and refine the compounds’ architectures (Sheldrick,
2015). All of the non-H atoms were anisotropically refined.
The complexes’ architectural optimization along with their

data of crystallography are illustrated in the Table 1. And
Table S1 reflects the chose angles (�) along with lengths (Å)
of bond for the compounds.

2.4. Photocatalytic experiment

50 mg powders of 1 were added to the aqueous solution of

methyl violet (MV) (100 mL, 10 mg�L�1). After that, the sus-
pension was maintained for one hour in darkness to establish
the absorption–desorption equilibrium (Fig S4). After that, the

as-prepared mixture was exposed to the lamp irradiation with
125 W Hg (365 nm, Beijing Zhongjiao Jinyuan). Then, 5 mL
reaction solution was taken out every 15 min, and further cen-
trifugally separated to remove the trace amounts of powders.

The obtained solution was finally analyzed by the UV–Vis
spectrophotometer.

2.5. Enzyme linked immunosorbent assay (ELISA)

To determine TNF-a content and IL-18 content released via
vascular endothelial cells into the plasma after treated by the

complex, the enzyme-linked immunosorbent assay detection
was applied in our experiment. This study was carried out
strictly following the instructions’s guidance with slight
changes. Shortly, forty SD rats (6 to 8 weeks, 200 to 220 g)

applied in our study were gained from Nanjing University
Model Animal Research Center (Nanjing, China), and they
were subsequently cultivated from 20 to 25 ℃ and 45 percent

of humidity, with free food and free water. All of the investi-
gations were granted via Nanjing University Ethics Committee
of the Nanjing University (Nanjing, China). These rats in the

compound treatment and model groups were fed by high fat
feed for the induction of the animal model of coronary artery
atherosclerosis, the two compounds were subsequently applied

through ip at 5 mg/ kg concentration. Eventually, the animal
plasma could be harvested and the TNF-a level and IL-18 level
was tested with indicated detection of enzyme-linked
immunosorbent assay.

2.6. Real time reverse transcription-polymerase chain reaction

(RT-PCR)

The real time reverse transcription-polymerase was imple-
mented to detect the activation levels of the signaling pathway
of NF-jb in the vascular endothelial cells after treating

through the compound. This study was implemented fully
adhere to the protocols’ guidance with little changes. Gener-
ally, forty SD rats (between 6 and 8 weeks, from 200 to

220 g) utilized in our study were offered by Nanjing University
Model Animal Research Center (Nanjing, China), and they
were subsequently cultured from 20 to 25 ℃ and 45 percent
of humidity, with a condition of free food and free water.

All the experiment were authorized through Nanjing Univer-
sity Ethics Committee of the Nanjing University (Nanjing,
China). These rats in the compound treatment and model

groups were fed by high fat feed for the induction of the
animal model of coronary artery atherosclerosis, the two
compounds were subsequently employed through ip with
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5 mg per kg concentration. After finishing this treatment, the
animal vascular endothelial cells were collected, and the
reagent of TRIZOL was applied to conduct the extraction of
the entire RNA in vascular endothelial cells. After testing its

concentration, which was subsequently reverse trascripted into
the cDNA via using indication kit. In the end, the nf-jb along
with p53 relative expression in vascular endothelial cells was

detected, through utilizing the gapdh as an internal control.
This study was conducted for 3 or more times, and the out-
comes were described as mean ± SD.

C

3. Results and discussion

3.1. Crystal structure of compound 1

The analysis of single crystal X-ray in crystallography reflected

that in a triclinic space group of P-1, complex 1 was crystal-
lizes, revealing a two-dimensional layered architecture, and
its fundamental unit is composed of a Cd(II) ion, two halves
L2-, a 4-pybim, a terminal ligand of water together with one

and a half lattice molecule of water. As displayed in the
Fig. 1a, the Cd1 ion possesses a 6-coordinated octahedral
structure, where the separation of Cd-O/N is between 2.224

(2) and 2.374(3) Å, this is defined via four carboxylic acid O
atoms provided via three distinct L2-, a N atom offered via a
4-pybim, and a terminal ligand of water. The dicarboxylic acid

ligand of L2- in compound 1 exhibit two diverse coordination
patterns: where the first one mode with its two carboxylic acid
groups in an uniform chelating pattern connecting two Cd(II)
ions and the second other mode with its 2 carboxylic acid in an

uniform monodentate pattern containing four Cd(II) ions.
Two l2-carboxylic acid groups links 2 consecutive Cd(II) ions



Fig. 1 (a) The Cd(II) ion coordination environment in the complex 1 (symmetrical code a: 1-X, 1-Y, -Z). (b) The dinuclear subunit of

[Cd2(COO)2]. (c) The two-dimensional Cd-L layer extending along plane ab. (c) The two-dimensional layered architecture of the

compound 1. (d) The complex 10s H-bonds linked three-dimensional supramolecular framework.
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to create a dinuclear subunit of [Cd2(COO)2], and the length of
Cd. . .Cd distance is 3.61 Å (Fig. 1b). These dinuclear subunits
[Cd2(COO)2] are in-depth bridged through the L2- to extend

into a two-dimensional Cd-L2- layer along plane ab
(Fig. 1b). The 4-pybim molecules acting as a terminal ligands
coordinated to Cd(II) ions with the benzimidazole spacers
inclined upward and downward the 2D Cd-L2- layer, forming

the final 2D layer of 1 (Fig. 1c). In this 2D layer, the H atoms
from the lattice and coordinated molecules of water act as
donors that can be accepted by carboxylate oxygen atoms,

forming weak intramolecular O-H. . .O hydrogen bonds (OH..
O = 2.684(5) and 2.763(13) Å, \OHO = 163.3� and
149.7�). Finally, the intermolecular hydrogen bonds of NH. . .-

O1w (NH. . .O1w = 2.779(5) Å and \NHO1w = 145.0�)
between the NH– groups of benzimidazole spacers in one layer
and the coordinated water molecules from the adjacent layer
linked these two-dimensional layers into an interdigitated

three-dimensional supramolecular framework (Fig. 1d).

3.2. Crystal structure of compound 2

The crystallographic study of X-ray suggested that the 2 also
exhibits a two-dimensional layered architecture that comes
from the space group P21/c in monoclinic system. In the com-

pound 20s fundamental unit, there exist a Co(II) ion, a cam2-, a
4-pybim, as well as a free molecule of water. As exhibited in
the Fig. 2a, the six-coordinated Co1 ion situated in the coordi-

nation structure of octahedron surrounded via five carboxylic
acid O atoms belong to four diverse cam2- and a N atom pro-
vided by a 4-pybim, and the spacing of Co-O/N in the range of
1.999(4)-2.356(4) Å. The carboxylic acid groups of cam2- reveal

two diverse coordination patterns, namely, bidentate
chelating-bridging and bis-monodentate bridging patterns.
As illustrated in the Fig. 2b, two symmetry-related Co(II) ions

are connected through two bis-monodentate bridging car-
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boxylic acid groups and two bidentate chelating-bridging car-
boxylic acid groups to provide a dinuclear subunit of
[Co2(COO)4], and the length of Co. . .Co is 2.92 Å. The above

subunits are in-depth extended into a two-dimensional Co-
cam layer with the linkage of the ligands cam2- (Fig. 2c). Like
1, the 4-pybim ligands also act as terminal ligands decorating
up and down the 2D Co-cam layer, leading to the formation

of the final 2D layer of 2 (Fig. 2d). The free molecules of water
are glued to this two-dimensional layer through the intramolec-
ular H-bonds of N-H. . .O1w and O1w-H. . .O3 (NH. . .-

O1w = 2.769(7) Å, O1wH1wa. . .O3 = 2.796(7) Å,
\N2H2O1w = 167.9�, \O1Wh1waO3 = 169.5�). Viewing
along crystallographic c axis, each 2D layer can be interdigi-

tated by the benzimidazole spacers of 4-pybim ligands from
the neighboring 2D layer directed through the weak interac-
tions of Van der Waals, ultimately leading to the creation of
interdigitated three-dimensional supramolecular framework

(Fig. 2e).

3.3. Powder X-ray diffraction patterns (PXRD),
thermogravimetric analyses (TGA) and FT-IR analysis

The compounds’ polycrystalline samples were employed to
perform the PXRD experiments under room temperature.

The good consistencies of the experimental and simulated pat-
terns demonstrate that the two compounds’ massive products
are pure phase. The differences in the intensity of the diffrac-

tion peaks may be resulted from the crystals preferred selection
in the process of collecting the data (Fig S2).

To estimate the thermostablities of these two compounds,
we also conducted TGA experiments using the powder samples

of 1–2 under nitrogen atmosphere at the temperature of 30–
800 ℃ (Fig. 3). The compound 10s curve of TGA suggests that
its architecture occurs two-step weightlessness process: the first

weightlessness appeared between 80 and 110 ℃ is owing to the
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Fig. 2 (a) The Co(II) ion coordination environments in the complex 2 (symmetrical code a: 2-X,1/2 + Y,1/2-Z; b: 2-X, 1-Y, -Z; c: X, 1/

2-Y, �1/2 + Z). (b) The dinuclear subunit of [Co2(COO)4]. (c) The compound 20s two-dimensional Co-cam layer. (d) The 2-dimensional

layered structure of the complex 2. (e) The interdigitated three-dimensional supramolecular framework directed through the weak

interactions of Van der Waals.
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release of the free and coordinated molecules of water (the cal-
culated and observed value is 9.60% and 9.53%) and the sec-
ond weightlessness appeared between 282 and 426 ℃
temperature was resulted from the organic ligand decomposi-
tion. And 20s curve of TGA reflects a two-step weightlessness
process: the first weightlessness of 3.74% in the temperature

of 76-96℃ is associated with the removal of lattice molecules
of water, and the second one in the range of 285-448℃ is also
assigned to the combustion of the organic ligand. In the IR
spectra of 1 and 2, the absorption bands at 3462 and

3403 cm�1 for 1 and 2 can be assigned to the stretching vibra-
tion of hydroxyl (O–H) group, suggesting the presence of
water molecules in their frameworks. The weak bands atT

R

Fig. 3 The curves of TGA (a) for

R
E

3124 and 3114 cm�1 can be assigned to m(Ar–H) of 4-pybim
ligands. The band of 2 at 2931 cm�1 can be attributed to the
m(C–H) of methyl group in D-(+)-camphoric acid ligand

The characteristic bands of carboxyl groups in 1 are shown
at 1555 cm�1 for asymmetric stretching and 1407 cm�1 for
symmetric stretching, and those for 2 are shown at 1552 and

1403 cm�1. The respective values of (masym(COO�)-msym(-
COO�)) (148 cm�1 for 1 and 149 cm�1 for 2) suggest the pres-
ence of chelating coordination mode of the carboxylate groups
in Pim2�. The absence of the expected absorption bands at

around 1700 cm�1 for the protonated carboxyl group indicates
that all carboxyl groups of carboxylic acid ligands have been
deprotonated. The bands at 1325 and 1288 cm�1 as well as

C

compound 1 and (b) for the 2.



Fig. 4 The emission spectra of free ligand 4-pybim and complex

1 at environment temperature.
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those from 1002 to 670 cm�1 in 1, and the bands at 1342 and
1289 cm�1 as well as those from 1000 to 670 cm�1 in 2, should
be attributed to the imidazole of the 4-pybim ligands. These

spectral information are consistent with the results of the
single-crystal X-ray diffraction analyses.

3.4. Luminescent property of compound 1

Considering the large p-electron conjugated system of 4-pybim
ligand, herein, the solid-stated luminescent spectra of 1 as well

as 4-pybim ligand were measured at room temperature
(Fig. 4). With 350 nm excitation, the free ligand of 4-pybim
exhibits a strong emission band, and at 396 nm, the maximum

peak is appeared, owing to the p*?p electron transition of p-
conjugated system of 4-pybim ligand (Zhang et al., 2020).
Under the same excitation wavelength, the luminescent spec-
trum of 1 shows 23 nm red-shift in contrast to that of free

ligand 4-pybim, and the complex 10s maximum emission peak
occurs at around 419 nm. Due to the electronic configuration
of d10 of Cd(II) ion, the 10s luminescence is neither MLCT nor

LMCT, it principally stem from the transition of p*?p of 4-
pybim in the ligand. The red-shift of the emission of 1 com-
pared with that of the 4-pybim ligand should be due to the

coordination of the ligand with the metal center, which could
change the ligand geometry and enhance the strength of rigid-
ity in the solid state (Qin et al., 2011).

3.5. Optical band gap and photocatalytic property of compound
2

The optical band gap of Eg, an important indicator to evaluate

the semiconductor property of 2, was calculated by the func-
tion of Kubelka–Munk exploiting the data of ultraviolet–visi-
ble diffuse reflectance (Fig S3) (Qian et al., 2019; Wang et al.,

2019; Qian et al., 2021). As displayed in Fig. 5a, the compound
20s band-gap is 3.30 eV, indicating that compound 2 can acts as
a potential UV photoactive material. Its photocatalytic perfor-

mance was further accessed by the methyl violet photodegra-
dation under an irradiation of ultraviolet light. At 580 nm,
the maximum MV absorption peak was selected to monitor
the process of photocatalysis. As reflected in the Fig. 5b,

employing 2 as the photocatalyst, the absorption intensities
of 580 nm for MV decreased gradually as the time extension
of UV light irradiation. The comparative test in absence of 2

was also conducted at the same conditions. As shown in
Fig. 5c, without the photocatalyst of 2, the degradation effi-
ciency of MV is calculated to be 18.1% after 105 min of UV

light irradiation. While, in the presence of 2, the degradation
efficiency of MV increased to 83.4% after the 140 min irradi-
ation, demonstrating that 2 is very efficient for the MV photo-

catalytic degradation under ultraviolet light. After the reaction
of photocatalysis, its PXRD pattern match well with that of
the as-synthesized sample, indicating that the structure of 2

was not damaged during the photodegradation process

(Fig. S1b). As shown in Fig. 5d, it is obvious that the MV
degradation reaction adhere to the first-order kinetic equation,
that is ln(Ct/C0) = -kt + b, and the degradation rate constant

of k is 0.01435 min�1. As far as we know, the photocatalytic
activity of this compound is better than that of formerly
reported compounds under the similar catalytic conditions

such as [Zn2 (pa)2(bip)2], [Cd(L)(Hbpz)] and [Cu(bidpe)(mpa)

R
E
T
R

(H2O)], which needs more reaction time and have less catalytic
efficiency (Wang et al., 2019; Cai et al., 2019; Zong et al.,

2019). The divergences between the photocatalytic activities
in these CPs may be arising due to the differences in their
framework because of the variation in the nature of N-donor

ancillary ligands and the conjugated systems in the carboxylate
ligands which affect the electronic communications within
their frameworks.

From the results of photo-degradation, the catalytic mech-
anism is worth studying. A series of factors may affect CPs
degradation ability, such as the coordination environments
of the central metals, the specific surface area, the structures

of CPs, and the optical band gap. It is known that when
CPs are exposed to UV light (photo-excitation), the electrons
transfer from the highest occupied molecular orbital (HOMO)

contributed by the oxygen and/or nitrogen 2p bonding orbital
(valence band) to the lowest unoccupied molecular orbital
(LUMO) contributed by an empty metal orbital (conduction

band). The hydroxyl radical �OH, being a very strong oxidizing
agent, can oxidize most of the dyes to the mineral end-
products. The hydroxyl radical trapping experiments were car-
ried out to detect the main oxidative species in the photocat-

alytic process to conform the catalytic mechanism using
isopropanol (IPA), ammonium oxalate (AO), and benzo-
quinone (BQ) as scavengers. As shown in Fig. S5, when

1 mM IPA as a radical scavenger was added into the reaction
solution with the existence of 2, the photo-degradation effi-
ciency of dyes is significantly inhibited for MV [decreased from

83.4% to 40.5%] under UV light irradiation. The results indi-
cate that �OH radicals were the main active species in the pho-
tocatalytic reaction process.

3.6. Compound could significantly reduce the releasing of

inflammatory cytokines into the plasma

In the creation of coronary artery atherosclerosis, there was

commonly combined with the enhanced inflammatory cytoki-
nes level in plasma. Thus, after the synthesis of the new com-
pounds, their biological activity was firstly evaluated with

ELISA assay by measuring the inflammatory cytokines in

C
T
E



Fig. 5 (a) The diffuse reflectance spectrum for the function of Kubelka-Munk versus energy for compound 2. (b) The ultraviolet–visible

absorption spectra of MV in the existence of 2. (b) The plots of degradation efficiencies of MV with or without 2 as photocatalyst. (c) The

plots of C/C0 vs. the time of irradiation. (d) The first-kinetic plot for the MB photodegradation in the existence of photocatalysts.
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the plasma. As the data displayed in the Fig. 6, we can observe
that model group exhibits a remarkably increased inflamma-

tory cytokines level than control group. After treating via
the 1, the inflammatory cytokines levels of model group were
evidently decreased. Nevertheless, compound 2 exhibited only

slight effect against the inflammatory cytokines levels in
plasma.
Fig. 6 Remarkably decreased inflammatory cytokines releasing leve

coronary artery atherosclerosis was generated and then the injection of

animal plasma could be harvested and the suggested enzyme-linked imm

level and IL-18 level released by the vascular endothelial cells into pla

R
E
T
R

3.7. Compound obviously inhibited the activation levels of NF-jb
signaling pathway in the vascular endothelial cells

In this study, we have proven that the 1 reflects superior appli-
cation values against the treatment of coronary artery

atherosclerosis via decreasing the TNF-a level and IL-18 level
ls in plasma after treating via compound. The animal model of

compounds was conducted by ip at 5 mg per kg concentration. The

unosorbent assay detection assay was exploited to test the TNF-a
sma.



Fig. 7 Evidently inhibited activation levels of signaling pathway of NF-jb in vascular endothelial cells after treating by compound. The

coronary artery atherosclerosis was generated and then the injection of compounds were conducted by ip at 5 mg per kg concentration.

The vascular endothelial cells were separated and the signaling pathway activation of NF-jb in vascular endothelial cells was tested via

exploiting real time RT-PCR.
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released through vascular endothelial cells into the plasma. As
the signaling pathway of NF-jb in the vascular endothelial

cells regulated the TNF-a releasing and IL-18 releasing, there-
fore, the real time reverse transcription-polymerase was in-
depth accomplished to detect the activation levels of the signal-

ing pathway of NF-jb in the vascular endothelial cells. The
data in the Fig. 7 indicates that the model group exhibits evi-
dently higher activation levels of the signaling pathway of NF-
jb than control group. After the complex 1 treatment, the acti-

vation levels of the signaling pathway of NF-jb was signifi-
cantly inhibited. Different from compound 1, the influence of
compound 2 on the signaling pathway of NF-jb was much

weaker.

4. Conclusions

In summary, we have successfully prepared two new coordina-
tion polymers via using the mixed-ligand method. As func-
tional materials, compound 1 emits intense 4-pybim ligand-

centered luminescence, and compound 2 possesses superior
photocatalytic performance for the MV photodegradation
under ultraviolet light. The ELISA assay data exhibited that

the 1 could obviously down-regulated the inflammatory
cytokines levels released into plasma after carrying out treat-
ment than the compound 2. Besides, the activation of the sig-
naling pathway of NF-jb in vascular endothelial cells was

obviously inhibited through the 1, but not the 2. Ultimately,
we can find that the 1 was more superior to complex 2 against
the treatment of coronary artery atherosclerosis via inhibiting

the signaling pathway of NF-jb in vascular endothelial cells.
Data Availability

Selected bond lengths (Å) and angles (�) for compounds 1–2

(Table S1), The IR spectra of complexes 1–2 (Fig. S1), The
PXRD patterns (a) for compound 1 and (b) for compound 2

(Fig. S2), The UV–Vis spectrum for 1 recorded in solid state
(Fig. S3), View of the adsorbent 1 on MV in dark (Fig. S4),

R
E
T
R

Change in the catalytic efficiency in the presence of 2 and dif-
ferent active species as scavengers (Fig. S5), the information

could be found in the supporting information file.
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