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Benzothiazoles, an anticonvulsant, antiviral, antihypertensive, and cancer-fighting medication of the heterocyclic scaffold family,
also acts as antibacterial and antiviral agents. There is much interest in this chemical’s production because of the strong and vital
biological action it possesses. Substituted aromatic aldehydes were combined with 2-amino-benzothiazole-6-sulfonic acid amides,
or Schiff base derivatives, to create Schiff base derivatives. Recrystallized, characterized, and tested for diuretic efficacy in vivo
using online tools, m.p. (melting point), Rf, FTIR (Fourier transform infrared), IH-NMR (proton nuclear magnetic resonance)
data The molecular characteristics of all the substances created were estimated using Lipinski’s rule of 5, OSIRIS (software)
molecular property explorer, Molsoft, and Autodock 4.0 docking software. Male Wistar rats were used to make all the compounds
traditionally in order to test for diuretic activity. Neither the elemental nor the spectral information for the synthesized
compounds disagreed. There were five different methods used to evaluate these compounds: Lipinski rule of five, Molsoft to
determine molecular characteristics, PASS (prediction of activity spectra for substances) values to determine the diuretic effect,
and OSIRIS software to determine toxicology. In order to investigate the diuretic effects of the selected drugs, docking analysis was
used. Acetazolamide was shown to have a diuretic effect that was superior to that of compounds IIIb and IIle, whereas 2-{(E)-[(3-
hydroxyphenyl)methylidene]amino}-1,3-benzothiazole-6-sulfonamide (IIIb) was found to be the most promising potential.

1. Introduction the lungs, and ascites may all improve from drug-induced

diuresis. Because diuretics all cause potassium loss even if
Patients with life-threatening diseases such as congestive they work well at boosting sodium excretion, researchers
heart failure, renal disease, hypertension, acute oedema of ~ have been searching for new diuretic medications that do not
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cause potassium loss yet still work well at maintaining
therapeutic efficacy [1, 2].

Derivatives of 2-aminobenzothiazoles are reported to
have diverse biological activities like cytotoxicity, anti-
inflammatory, analgesic, anthelmintic, antiviral, antidia-
betic, antimicrobial, antileishmanial, anticonvulsant, Alz-
heimer’s disease, and calcium channel blocking [3-6]. The
present study was carried out on 6-sulfonamide containing
2-aminobenzothiazole Schiff bases derivatives as lead mol-
ecules of the study with the aid of docking for evaluating
their diuretic activity, which is an adjutant therapy in
treating hypertension [7-9].

It is a common practice in SBDD to use molecular
docking because it can accurately anticipate the shape of
small-molecule ligands in the target-binding site. In addi-
tion, it is one of the most reliable approaches. Molecular
docking has been an essential method in drug discovery
since the first algorithms were developed in the 1980s [10].
In order to find the most likely binding configurations, two
processes must be completed: A wide range of probable
binding modes is examined, and the interaction energy
associated with each of these binding conformations is
accurately predicted [11].

The software used to determine if a molecule is a drug or
not follows the Lipinski rule of five [12]. It includes in-
formation on molecular weight, hydrogen bond donor,
hydrogen bond acceptor, logP value, and molar refractivity.
Molsoft L.L.C drug likeness and molecular property pre-
diction provides a molecule’s molecular formula, molecular
weight, hydrogen bond acceptor, hydrogen bond donor,
MolLogP, MolLogS, MolPSA, MolVol, pKa, BBB score,
number of stereo centres, and drug likeness score [13-15].
OSIRIS property explorer offers information if a molecule
[16], if produced, creates any toxicity impact by exhibiting in
the window on the screen,; green colour indicates nontoxic
while red colour harmful. Other data like solubility, TPSA,
clogP, drug likeness, and drug score are also provided. The
online freeware PASS (prediction of activity spectra for
substances) determines whether a chemical is physiologi-
cally active as Pa or inert as Pi. Molinspiration and SWISS
ADME [17] software’s were used to determine drug activity
ADME, physicochemical characteristics, GI absorption,
drug likeness, GPCR ligand, ion channel modulator, kinase
inhibitor, nuclear receptor ligand, protease inhibitor and
enzyme inhibitor, and bioavailability score. Based on the
premise, benzthiazoles (Figure 1) have diuretic action as
such, the experiment was planned to synthesize derivatives if
they exhibit diuretic activity.

2. Materials and Methods

There were three types of beakers used in this experiment:
dry Borosil glass, round bottomed glass, and conical glass.
MERCK precoated silica gel plates were utilized for TLC
monitoring, and a JASCO UV chamber was employed to see
spots in TLC.

Instruments for visual melting range measurements
were purchased from Lab India. KBr (potassium bromide)
disc on FTIR 8300, and KBr press Shimadzu were used to
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record the IR spectra of compound IIIb. The 'H-NMR
spectra of the synthesized chemical IITb were acquired on
a BRUKER-400 MHz spectrometer using DMSO as the
solvent, and the results were analyzed. Digital flame pho-
tometer Cisco 381 was used for the estimation of jons.

2.1. Chemistry. The synthetic procedures that were followed
in order to get the target compounds IIIa-i were represented
in diagrams. The structures of synthesized substances were
determined on the basis of elemental analysis and spectrum
data collected throughout the process. The preceding
starting ingredients for the synthesis of 2-amino-benzo-
thiazole-6-sulfonic acid amide (II), which is a cyclisation
process, were para-amino sulphanilamide and ammonium
thiocyanate. Compounds IIla-i were first made by reacting
equimolar quantities of (II) with suitable aldehydes in 100%
alcohol, which is an imine production reaction followed by
a nucleophilic addition reaction. Compounds IIIb-i were
then synthesized in the same manner [18].

2.1.1. General Method for the Synthesis of 2-amino-benzo-
thiazole-6-sulfonic acid amide (II). Everything was com-
bined with glacial acetic acid, which had been precooled to
5°C, and 0.06 mol of sodium hydroxide and 0.06 mol of p-
aminosulphanilamide. This mixture was kept in an ice bath
and mechanically agitated while bromine (0.02 mol) was
slowly introduced from an infusion funnel, maintaining
a temperature rise of no more than 4-5°C during the process.
The results were stunning. For an additional three hours, the
mixture was continually churned in an ice bath at a tem-
perature ranging from 0 to 10 °C. Acid was used to remove
the hydrochloride salt from the filter and dry it before
dissolving it in hot water. The water was used to wash the
solution after it had been neutralized with aq. NH; solution
(25 percent) and filtered. The needed pure chemical was
obtained using benzene recrystallization (II) [18-20].
Yellowish brown; m.p. 230°C; Yield 80%.

2.1.2. General Method for the Synthesis of Schiff’s Bases of 2-
amino benzothiazole Compounds (Illa-g). In 20mL of
ethanol, 6-nitro-2-aminobenzothiazole 2a (0.025 mol) was
dissolved and 10 mL of ethanol was added in drops to the
substituted aromatic aldehyde (0.030 mol). Twenty-four
hours at room temperature were spent stirring the re-
action mixture. A mixture of ethyl acetate:chloroform (1:2)
was then evaporated, and the result was recrystallized from
this combination to yield (Illa-g) [21, 22].

2.2. In Silico Tools. Softwares of Lipinski rule of Five,
Molsoft, PASS Online, OSIRIS Property Explorer, were used
online [23-25].

AutoDock is a programme for simulating molecular
models. Protein ligand docking is a particular strength of
this method. Vina is an upgraded version of Auto Dock 4.0
and Auto Dock 4.2. Using Auto Dock 4.0, researchers follow
four basic phases in the process, including synthesis of
proteins, ligands, and grids [11].
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FiGURrE 1: Benzothiazole. (a) Structure. (b) Model (ball and stick).

2.3. Molecular Docking Studies. Studies of enzyme-ligand
interactions in vivo may be predicted by molecular docking
studies. In order to do molecular docking experiments on
the 3D structure of CA-II enzyme, we used 64-bit operating
system under Windows 10 with an HP computer [Intel core
i5 8™ generation processor, 12 gigabytes of ram]. The 3D
structure of the enzyme CA-II was downloaded from the
RCSB-Protein Data Bank (PDB ID: 3BL1).

The enzyme’s structure was improved and verified for
any missing atoms, bonds, or connections. Remaining
residues were carefully removed, omitting ligands and water
molecules. Building the ligand molecules required the use of
the builder molecule, which reduced their energy. It created
an active site by using grid box tools, and an energy-efficient
conformer was selected and its energy was minimized. For
3BL1 compounds, IIIb, IIle, and standard, the optimum
binding modes are shown as illustrated in Figures 2-4.

2.4. Effect on Electrolyte Concentration. Flame photometry
was used to measure the concentration of Na* and K" ions.
For flame photometric examination, the major standard
solutions of sodium and potassium were produced at
a weight concentration of 1000 ppm each.

This method was used to dilute these solutions to the
correct concentrations before usage. Distilled water was used

Total urinary output (Vo)

to dilute the urine (1-3 ml) to a final volume of 100 ml, and
the resulting diluted solution was used to measure the ions
Na* and K" in the urine.

2.5. Evaluation of Diuretic Activity. Methods of diuretic
activity were carried out utilizing Lipschitz’s approach.
Institutional Animal Ethics Committee 4/IAEC/VCOP/2019
Central Animal House, Vaagdevi College of Pharmacy,
Hanamkonda, Warangal approved the study’s experimental
procedure.

An acute investigation of diuretic action was conducted
on five groups of male Wister rats (n = 6) whose weight was
about 100-120 g that had been acclimatized for 10 days. Each
group is housed in a metabolic cage with a wire mesh bottom
and a urine collection funnel. The faeces are caught in
stainless steel sieves in the funnel, which enable the urine to
go through. A regular diet of Altromin pellets and water
were given to the rats. The rats were fed and watered for
fifteen hours before the experiment in order to measure
diuretic activity. Gently compressing the pelvic region and
tugging the tails of the animals helped empty their bladders.
Individual cages for each animal were put 24 hours prior to
the experiment’s start date for environmental adaption. 0.9
percent NaCl solution was used to provide a dosage of 25
and 45 mg/kg of body weight, respectively. Only 0.9 percent
NaCl solution is given to the control group. Both 25 and
45 mg/kg body weight of the test compounds were compared
to the conventional diuretic acetazolamide in a 0.9 percent
NaCl solution (Scheme 1).

A graduated cylinder was used to collect urine, and the
volume was recorded every five hours and every 24 hours.
Fluorescence photometric analysis was used to determine
sodium and potassium concentrations, which were repre-
sented as mmol/L [26].

The amount of diuretic activity was determined by using
the following formula:

Urinary Excretion = x 100, 1
Y Total liquid administered (Vt) (1)
Diuretic Action = I'Jrinary Excr.etiO? in test group (UEt) ’ 2)
Urinary Excretion in control group (UEc)
Diuretic Action Dil.lretic. actic.)n of the test group (DAt)’ (3)
Diuretic action of urea group (DAu)
Lipschitz value = Urinary Excretion of test group (UEt) @

Urinary Excretion of urea group (UEu)’
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FIGURE 2: Molecular property explorers OSIRIS and standard for compounds ITTa-IIIi.

‘ Standard (Acetazolamide)
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FIGURE 4: Protein-ligand complex of 3BL1 and IlIe.

TaBLE 1: Lipinski filtering rule of five.

Hydrogen bond

Hydrogen bond

Compound Molecular weight donors acceptors Log p Molar refractivity
IIIa 322 0 7 1.22 75.45
IITb 322 0 7 1.15 76.10
IIIc 322 0 7 1.73 76.82
I11d 352 0 5 2.10 78.31
IIle 352 0 5 1.78 78.10
IIIf 352 0 5 1.78 78.10
IIIg 341.50 0 6 2.14 74.35
IITh 341.50 0 6 2.14 74.35
IIIi 341.50 0 6 2.14 74.35
Standard 216.00 0 7 0.30 40.97
TaBLE 2: Exploration of Molsoft’s properties.

Compound foll\r/[n?tla wl\é[i;.lt HBA HBD Mlogp Mlogs Mol PSA Mol volume
Illa C14H,N;058, 334.03 7 4 3.10 —4.50 85.28 269.20
IIIb Cy,H,,N;058, 334.03 7 4 3.22 -4.78 86.35 269.20
IlIc C14H,N5058, 334.03 7 4 3.22 -481 86.35 269.23
11d Cy4H,1N,0,S, 363.02 8 3 3.03 -5.16 101.81 283.12
Ille C1H,,N,0,S, 363.02 8 3 3.15 -5.73 102.11 283.74
IIf C4H,N,O,S, 363.02 8 3 315 -5.81 101.11 283.67
Ilg C,,H,,CIN;0,8, 352.00 6 3 4.08 -5.73 68.73 273.35
IITh C14H;,CIN;0,S, 352.00 6 3 4.20 -5.84 68.73 275.95
II1i C,,H,,CIN;0,8, 352.00 6 3 420 -5.91 68.73 275.87
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TABLE 3: Pass results.
Compound Carbonic anhydrase inhibition
I II v X XII
Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi

IIIa 0,012 0,003 — — — — 0,026 0,006 0,048 0,006
I1Ib — — 0,183 0,004 — — — — 0,045 0,006
IIIc 0,015 0,012 0,015 0,003 — — — — 0,051 0,005
I11d — — 0,199 0,002 — — — — 0,057 0,005
IIle — — 0,150 0,003 — — 0,033 0,005 0,056 0,008
IIIf 0,019 0,008 0,188 0,002 — — — — 0,064 0,004
IIIg 0,017 0,002 0,196 0,003 — — — — 0,055 0,001
IITh — — 0,070 0,004 — — 0,032 0,005 0,057 0,005
IIIi 0,015 0,012 0,092 0,003 — — — — 0,057 0,005
Standard 0,418 0,001 0,501 0,001 0,379 0,001 0,628 0,001 0,770 0,000

Here, Pa: probability to be active. Pi: probability to be inactive.

FIGURE 5: Protein-ligand complex of 3BL1 and standard (acetazolamide).

TaBLE 4: The molecular docking interactions and the binding energy of 3BL1 compounds.

. . Number . . o
Ligand Docking score (kcal/mol) of hydrogen bonds Key residues Distance (A)
HIS 4.A
TRPIOA 269
IIIb -5.63 5 LYS 4.A 3'35
HIS 10.A 3.88
GLY 8.A :
IIlc —4.81 0 — —
II1d -3.95 ASN 11.A 3.53
HIS 10.A
3.24
ASN 11.A
IIIe -5.08 3 HIS 4.A ig;
TRP 5.A ’
1IIf —4.56 0 — —
. HIS 10.A 2.80
Acetazolamide -3.38 2 ASN 1LA 255

EtOH-Ethanol, GAA-Glacial acetic acid.

3. Results

3.1. In Silico Analysis. The results of Lipinski filtering rule of
five, Molsoft’s properties, PASS results are shown in
Tables 1-3.

3.2. Docking Analysis. This approach, known as docking, is
used to establish the exact binding conformation and

orientation of ligand molecules into the active regions of
proteins using computer simulation. Nine benzothiazole
compounds were synthesized, and the standard (acetazol-
amide) was docked using AutoDock 4.2.6 against carbonic
anhydrase II.

The finest conformers have been identified via the use of
the Lamarckian genetic process. During each run of the
evolutionary algorithm, the population size was set at 150
persons at random, and the maximum number of energy
evaluations was restricted to 2,500,000 for each run. All active
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TaBLE 6: Diuretic activity of IIIb and IIle derivatives.

Urinary volume

Treatment Dose

Urinary excretion

Diuretic action  Diuretic activity

Lipschitz value

(ml) (Vo/Vt) X 100 UEt/UEc DAt/DAu
Control 0.9% NaCl 25 ml/kg 2.2 +0.act25 68.75 — — —
Urea 1 gm/kg 4.1+0.45""" 128.12 1.86 — 1.67
Acetazolamide 25mg/kg 3.56£0.45""" 114.83 1.67 0.89 0.89
45 mg/kg 4.21 £0.45""" 126.96 1.84 0.98 1.84
IIIb 25 mg/kg 3.7+0.317* 112.12 1.63 0.87 0.87
45 mg/kg 4.25+0.21""" 128.18 1.85 0.99 1.04
IIe 25 mg/kg 3.81+0.35"*" 119.06 1.73 0.93 0.92
45 mg/kg 4.43+0.26""" 134.24 1.95 1.04 1.95

UEt = Urinary excretion in the test group; UEc = Urinary excretion in the control group; DAt = Diuretic action in the test group; DAu = Diuretic action of
urea. * P < 0.05 (Dunnett’s multiple comparison test) when using one way ANOVA. ***P <0.001, **P <0.01, *P < 0.05 (Dunnett’s multiple comparison test)

when using one way ANOVA.

NH,
o KSCN
,>\ S (@)
°
NH I

(a) Br,solution (0.02 mol); GAA, Stirring for 3 h, 10 °C
(b) EtOH, rt, stirring for 24 h

R R R
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/
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NH,

ScHEME 1: Synthesis of novel benzothiazole derivatives.

site residues in stiff macromolecules were included in the
computations since the grid box size was increased to allow
for all active site residues. To fit all of the active site residues,
the grid box was centered at 9.323 A x 1.691 A x15.842 A and
its X, Y, and Z co-ordinates were all changed to 90, 90, 90 to
accommodate the active site residues.

Docking tests demonstrated that the top 5 ligands had
the lowest affinity for the target protein carbonic anhydrase
II, when compared to all other ligands evaluated in this
study. The binding energy (Kcal/mol) and the number of
hydrogen bonds formed with active site areas of the protein
were measured and analyzed in the study of protein-ligand
interactions. With the use of the Chimera 1.13.1 viewer, the
docking contacts between the six ligands and carbonic
anhydrase protein were seen and are shown in Figures 2-5.
The final docked confirmation for the different ligands is
shown in Tables 4-7 in accordance with the binding energy,

the number of hydrogen bonds formed, the bond distance,
and the interacting residues. Third, ITIb and acetazolamide
had the lowest binding energy, with a docking score of
—5.63 Kcal/mol (creating four hydrogen bonds with HIS)
and —3.38 Kcal/mol (forming two hydrogen bonds with each
of HIS and ASN), respectively.

3.3. Experimental. Compound IIIb: FTIR (cm™'): 3376 (O-
H str), 3154 (aromatic C-H str), 2923 (aliphatic C-H str),
(C=N str), 1078 (C-N str), 1459 (C =C str), 1376 (SO,NH,
str), 721 (disubstituted benzene), 829 cm™ (asymmetrically
substituted benzene) (Figure 6).

'"H NMR (8 ppm, DMSO): 2.4 (s,1H, C-H); 6.9 (d,
1H,ArH); 7.0-7.4 (m, 3H, ArH); 7.8-8.0 (2d, 2H, ArH); 7.9
(d, 1H, ArH); 8.4 (s, 1H, ArH); 10.0 (s, 2H, NH,)
(Figure 7).
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TaBLE 7: Electrolyte excretion of IIIb and IIle derivatives.
Electrolyte Excretion Index
Treatment Dose N .
Na K

Control 0.9% NaCl 125.83 +1.16 43.33+1.86
Urea 1gm/kg 144.83 +£1.94**" 54.55+3.14*"
Acetazolamide 25 mg/kg 193.83 £3.18"** 76.33 £3.66™"

45 mg/kg 283.00 £2.75*** 136.83 +3.24***
I1Ib 25 mg/kg 215.33 £3.14*** 84.5+3.01**

45 mg/kg 282.83 241" 144,33+ 1.63"**
IIle 25 mg/kg 188.83 +£3.70*** 69.33 +2.16**

45 mg/kg 277.5+2.48"** 123.66 + 1.75***

Results are presented as mean standard error of the mean (n =6), with ***P <0.001, ** P <0.01, *P < 0.05 (Dunnett’s multiple comparison test) and one way
ANOVA. Na" =sodium index, K* =potassium index.
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FIGURE 8: Diuretic activity in rats: a dose-response study.
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mm Control == IIIb (25 mg/kg)
mm Urea IIIb (45 mg/kg)
mm STD (25 mg/kg) IIIe (25 mg/kg)
mm STD (45 mg/kg) IIIe (45 mg/kg)

FiGure 9: Electrolyte excretion (Na" mmol/L) in rats.

3.4. Diuretic Activity. The in vivo diuretic activity of the
benzothiazole derivatives was determined using a conven-
tional technique against male Wistar rats, and the results
were compared to those of the reference compound
(Tables 6-7 and Figures 8-10).

Both the synthesized compounds (IIIb) are found to be
equipotent and (IIle) is more potent than the standard drug
(acetazolamide).

4. Discussion

Based on the results of Lipinski rule of five, the compounds
synthesized were obeying Lipinski rule of 5. PASS values
suggesting that all the synthesized compounds obey the
PASS values. The standard (acetazolamide) has action
nonselectivelyon all the sub classes of carbonic anhydrase
enzyme. The molecules IIIb, IIlc, IIId, Ille, IIIf, and IIIg
have Pa> 0.1 primarily acting on carbonic anhydrase II, but
the standard with Pa> 0.3 acting on all the subtypes of the
enzyme. Toxicity (tumorigenic and reproductive effects) is
present in the normal medicine, but not in the synthesized
molecules except for IIId and IIIf, according to the OSIRIS
molecular property explorer. The length of the hydrogen
bonds produced with the interacting residues in the docking
study findings reveals that the bonding was excellent for all
of the ligands tested. The PDB sum predicted most of the
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Treatment Groups

mm Control mm IIIb (25 mg/kg)
mm Urea IIIb (45 mg/kg)
mm STD (25 mg/kg) IIle (25 mg/kg)
mm STD (45 mg/kg) IIle (45 mg/kg)

FiGure 10: Electrolyte excretion (K" mmol/L) in rats.

important residues presented in Table 4 to be active site
residues. All of the ligands have docking contacts with the
protein carbonic anhydrase II, according to the docking
score. This research used ligands having diuretic activity,
which may have a distinct mechanism of action. Using
molecular docking simulations, this research found that the
ITIb and Ille, block carbonic anhydrase II.

All of the more modern benzothiazole derivatives were
created in the laboratory by mixing a number of different
chemical reagents together. Hydroxyl derivatives were more
productive in this case. TLC and melting points of the
synthesized compounds differed significantly from those of
the first stage product. One component, IIIb, was purified
using column chromatography and characterized using
spectroscopic methods including FTIR and "H NMR after it
was produced and recrystallized from ethanol.

5. Conclusion

The results of the evaluation of diuretic activity indicated
that the compound IIIb having urinary excretion, diuretic
action, diuretic activity, and Lipschitz values higher than the
standard drug which indicate that it is more potent than the
standard. From Table 7 and Figures 8 and 9, it is evident that
the sodium excretion is more and potassium excretion is
moderate to that of the standard and urea-treated groups at
45 mg/kg dose.
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Background. Drug resistance is currently possible anywhere in the world. Due to the discovery of antimicrobials, medicine, and
health have made tremendous advances over the past several decades. Aim. This research evaluated the antimicrobial and
cytotoxicity effects of green synthesis of copper oxide nanoparticles (CuO NPs) on Lactobacillus acidophilus and human em-
bryonic kidney 293 cells (HEK). Method and Materials. Propolis was sampled and extracted. Green synthesis of CuO NPs was
synthesized and characterized using SEM, TEM, DLS, BET, and zeta potential methods. L. acidophilus (ATCC 4356) was used, and
the antimicrobial tests were carried out at different concentrations (10> mg/ml). Moreover, the cytotoxicity was evaluated using an
MTT assay on human embryonic kidney 293 cells (HEK). Results. Synthesized CuO NPs using propolis extracts from Khalkhal
(sample 1) and Gillan (sample 2) showed —13.2 and —14.4 mV, respectively. The hydrodynamic sizes of well-dispersed samples 1
and 2 were 3124.9 nm and 1726.7 nm, respectively. According to BET analysis, samples 1 and 2 had 5.37 and 8.45 m?/g surface area,
respectively. The surface area was decreased due to the addition of propolis extract, and the pore size was increased. CuO NPs of
samples 1 and 2 were visible on SEM images with diameters ranging from 75 to 145 nm and 120 to 155 nm, respectively. Based on
TEM analysis, the size of CuO particles was increased in samples 1 and 2. CuO NPs particles had narrow size distributions with
evenly dispersed NPs on all sides. The cell viability of the CuO NPs of samples 1 and 2 after 24, 48, and 72 hours was greater than
50%. As a result of the MIC and MBC tests, it was determined that samples 1 and 2 had the same effect against L. acidophilus
(0.0024 mg/ml). Biofilm formation and degradation of sample 1 were more efficient against L. acidophilus. Conclusion. There was
no evidence of cytotoxicity in the samples. In addition, results showed that the green synthesized CuO NPs from Khalkhal propolis
were effective against L. acidophilus. Thus, the green synthesized CuO NPs from Khalkhal propolis were the best candidates for
clinical application.

1. Introduction

Microorganisms in the mouth can destroy teeth.
Throughout the world, this disease affects many generations.
In recent years, silver metal has been replaced with resin
restorations due to the advent of silver amalgam treatments
in dentistry in the 19th century [1]. During the last few

decades, antibiotics have made considerable advances in the
medical field. An emerging phenomenon called antimi-
crobial resistance could impede international health and
sustainable development goals by compromising therapeutic
strategies. As a result of AMR, countries and continents have
been affected more rapidly than ever, making it one of the
most severe public health crises ever. Antibiotic Stewardship
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program activities include ensuring appropriate diagnostics
and treatment of drug-resistant infections and appropriate
use of antibiotics judiciously [2]. There is no doubt that
nanotheranostics represents an advancement in nano-
medicine. Nanomaterials and nanotechnology can be used
to improve medicinal Efficacy. A unique physicochemical
property, targeted delivery, and reduced chance of de-
veloping resistance make NPs a popular alternative to an-
tibiotics. Metallic NPs are most commonly reported as
alternative antibacterial agents [2-5]. Lactobacillus 1is
acidogenic bacteria that cause dental caries. Children and
adults suffer from pain, structural damage to their teeth, and
eventual tooth loss due to the loss of mineralized tissues.
Lactobacillus is the most common bacteria that cause
periodontal diseases and cause inflammation, and infection
[6-11]. An arsenal of redox potentials is found in plant
extracts. NPs with defined sizes can be produced by biogenic
synthesis using phytochemical compounds as stabilizers.
Propolis is used in traditional medicine for its biological
properties. The antioxidative, anti-inflammatory, and anti-
bacterial properties of propolis are noteworthy. Propolis
exhibits antiproliferative and antitumor properties in vitro
and in vivo. It depends on the region, climate, and extraction
season. Because propolis contains polyphenolic acids, fla-
vonoids, and terpenoids, it can produce gold NPs [12-18].
The cost of manufacturing metallic NPs can be reduced by
capping and reducing metallic NPs with biological com-
ponents. Since they do not require excessive pressure or
energy, they are environmentally friendly and energy-
efficient [18-21]. NPs can be manufactured from medici-
nal plants. Allium sativum, Aleo vera, and Punica granatum
have been used to synthesize copper NPs [22, 23]. This
research aimed to synthesize the CuO NPs using propolis
extracts and evaluate their antibacterial and cytotoxicity on
Lactobacillus acidophilus and HEK-293 cells, respectively.

2. Method and Material

2.1. Materials. Propolis was collected from Gillan and
Khalkhal (Figure 1). To synthesize CuO NPs, the following
materials need to be used: copper sulfate pentahydrate
(CuSO4.5H,0) (Sigma Aldrich, Co., USA) and absolute
ethanol (Merck, Germany). This experiment used reagents
purchased from Merck, Germany; none of them were pu-
rified before use.

2.2. Preparation of Propolis Extract. Ground samples were
prepared and frozen (-20°C) for a while. In this study, raw
propolis samples were extracted (by stirring them in a tet-
rafold amount of ethanol (70%) for three days in a dark
environment at room temperature) to quantify their ethanol
content. To remove waxes and other less soluble substances
from the suspensions, they were filtered (Whatman paper,
No.l) to make sure that all waxes and other less soluble
substances were removed from the suspensions. It was
necessary to repeat this procedure three times to get the
desired results. The freeze-dried extract solution was ob-
tained for the next steps [24].
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FIGUre 1: Two propolis samples were collected from Khalkhal,
Ardabil province, and Gillan province, Iran.

2.3. Green Biosynthesized Copper NPs. To synthesize CuO
NPs, the procedure was to dissolve 1mg of extract in
deionized water to form a solution and then adjust the pH of
this solution to 8 by adding NaOH to form a solution. A
solution of copper sulfide (6 mM) was slowly added to
100 ml of the extract solution while stirring with a rotation
speed of 1,000 rpm. The samples were then placed in a flask
and stirred (24°h, 37°C to 40°C) in the dark at a temperature
between 37°C and 40°C in the dark. After the colored
mixture (dark brown) had been obtained, it was centrifuged
at 13,000 rpm (15 min, 25°C) to obtain the colored mixture
(dark brown). A deionized water wash was performed on the
pellet twice to ensure that all residues were removed from
the extract. A lyophilized precipitate was then stored to be
analyzed in the future.

2.4. Zeta Potential Analysis. Zeta Potential analysis was
used to detect the hydrodynamic size polydispersity
index and the size polydispersity index of the synthesized
NPs. Particle sizes were evaluated under an angle of 90
degrees at 25°C.

2.5. DLS Analysis. This study used the DLS method to size
metal oxide NPs (measured in terms of hydrodynamic ra-
dius) according to the range sizing method. An open cap-
illary cell was used in a 37°C water bath, and a disposable
folded capillary cell was used to measure the particle sizes of
the dispersions after they had been prepared using a dis-
posable folded capillary cell.

2.6. BET Analysis. As a part of the investigation, the surface
area of NPs under vacuum was determined using the
Brunauer-Emmett-Teller (BET). As part of the surface area
measurement, a 2-hour vacuum degassing of the sample was
carried out at 120°C.
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2.7. SEM Analysis. To determine the structure and mor-
phology structure of the NPs, the SEM examination was
carried out. As part of the SEM studies, approximately 25 ul
of NPs were applied to the CuO stub, and the results were
evaluated. Using a scanning electron microscope, photo-
graphs of the samples were taken [25]. Approximately 10kV
of accelerating voltage was used with a working distance of
approximately 3 mm. The brightness and contrast correction
also resulted in clear and distinguishable images that could
be displayed. The lengths of the measurement scales, 500 nm
and 20 ym, were calibrated using the NISTRM for calibra-
tion purposes.

2.8. TEM Analysis. The shapes of the CuO NPs were ob-
served using TEM imaging based on suspensions induced by
propolis-mediated suspensions accelerated at 200 KV and
tilted at X-tilt + 60°. A copper grid coated with carbon was
used as a platform for the droplet of NPs solutions to achieve
this goal. A specimen holder was used to mount the grid
once it had dried, and a few minutes later, it was mounted on
the specimen holder for drying. The TEM image of the
selected area of the sample was overlaid with the selected
area’s diffraction pattern to clarify the sample’s lattice
pattern and crystallite size [26].

2.9. Cytotoxicity Assay. Biosynthesized NP solutions were
sonicated before using in any experiments. The NPs were
sterilized using UV light. In the culture of the human
embryonic kidney 293 cells (HEK), 100 U/mL penicillin,
10% fetal bovine serum (Himedia), 100 U/mL penicillin, and
2mM L-glutamine were used. The cells were maintained at
70-80% confluency by passage every 2—4 days in a 25 cm?
flask [27]. Human embryonic kidney 293 cells (HEK) were
used to test the green biosynthesized NPs [28-31]. In 96-well
plates, 100 ul of cell suspension was filled into each well,
containing 10000 cells. A set of parameters was followed
during incubation. The concentrations of CuO NPs were 2.5,
5, 10, 25, 50, 75, and 100 yg/mL, and the control group was
cell culture. Once the initial model had been dissolved in
DMSO, the NPs were dispersed in PBS. After adding the
samples, the plates were incubated for 48 hours. A control
medium was used without test samples. Each well was in-
cubated for four hours at 37°C with 15 yl of MTT in PBS. We
dissolved the formazan crystals in 100 ul of DMSO after
removing the MTT medium and the medium containing
MTT. 570 nm measurements were taken to determine the
absorbance. The cell viability percentage was calculated
using the following equation:

sample

Cell Viability% = (1)
control

2.10. Determination of Minimal Inhibitory/Bactericidal
Concentrations (MIC/MBC). This experiment used Lacto-
bacillus  acidophilus (ATCC 4356) as the bacteria.
1.5x10% CFU/mL was the final concentration [32]. MICs
and MBCs of green synthesized CuO NPs from Khalkhal

(sample 1) and Gillan (sample 2) propolis were determined
following the guidelines of the NCCLS. To prepare the
nutrient broth medium for dilution, a concentration of
10 mg/mL of CuO NPs was added to the nutrient broth at
10 mg/mL. To create solid nutrient agar plates, solid nutrient
agar was used for plating the bacteria. It was determined that
an inhibitory concentration was reached when the lowest
concentration inhibited bacterial growth. The MBC needs to
be determined in a concentration that allows bacterial
growth to be inhibited entirely. Our experiments were re-
peated in equal numbers for each sample. The average
growth rate of the bacteria on each plate was calculated based
on the average growth rate on each plate [33].

2.11. Biofilm Formation Analysis. In the process of con-
ducting this test, microdilutions were used as a dilution
method. It was observed that bacteria were cultured for
24 hours using TSB. TSB containing 1% sucrose was used as
the dilution solution, and the suspension was diluted 1:100
in the solution. The extracts containing 10x MBC were used
for this test. To transfer 100l of a mixture of bacterial
suspension and extract solution to each of the microplate
wells, 200 ul of 100 yl of a suspension of pathogenic bacteria
was transferred, 1004l of extract solution, and 100l of
mouthwash. As a positive control, 0.2% chlorhexidine was
added as a solution to 200 ul of bacterial suspension and
physiological saline in which bacterial suspension and
physiological saline were mixed. During the incubation
period of 24 hours, the plate surface was incubated at 37°C in
an incubator. Using a buffer containing phosphate and
saline, the wells were washed three times with the solution
after the contents had been removed from them. It was
necessary to do this to remove disconnected cells. In the
following step, 200 ul of 33% glycolic acetic acid was added
to the wells containing cells that had adhered to the bottom
to remove them. After 15 minutes, the optical density at
570 nm of each well of each sample was measured using an
ELISA reader, and biofilm formation rates (%) were cal-
culated using the mentioned formula based on the optical
density at 570 nm of each sample.

Samples (OD) X100, (2)

The biofilm formation rate = ———— .
Control (OD)

OD treatments and OD controls are defined as the
absorbance at 570 nm in each well after the dissolving so-
lution was added to the well with and without the sample,
respectively.

2.12. The Biofilm Degradation Analysis. This test was also
conducted to investigate whether microdilution has any
destructive effects on biofilms. Microplates were inoculated
with bacteria using TSB medium, 3% glucose, and synthetic
saliva (McDougall solution) for growth. A biofilm was
formed as soon as the remaining culture medium of the
culture was discarded. The MBC solution was diluted ten
times with the sample solution. To remove the biofilms on
the walls of the wells, phosphate buffer was used. After



applying it to them, it took 15minutes for the walls
to become saturated with 1% violet crystal. Sterile so-
lutions of water mixed with 95% alcohol were used
to clean the wells, and three rinses of sterile water were
used after each. After the suspension was transferred
from one microplate to another, it was incubated for
45 minutes before the new microplate was used. Using
a microplate reader at a wavelength of 570nm, we
measured the optical density of the suspension in each
well to determine the extent of degradation of the biofilm.
The positive control was chlorhexidine 0.2%. Through the
use of the equation mentioned, we were able to calculate
the percentage rate of biofilm degradation using the
following equation [34]:

1 D
The biofilm degradation rate = 100 — <M> x 100.

Control (OD)
(3)

OD treatments and OD controls are defined as the
absorbance at 570 nm in each well after the dissolving so-
lution was added to the well with and without the sample,
respectively.

2.13. Statistical Analysis. It was performed independently in
triplicates for each of the tests. A one-way ANOVA test
(SPSS statistics model 20) was used to compare the means
among the groups, and Tukey’s post hoc test allowed further
comparisons. The significance level was P value <0.05.

3. Results

3.1. Characterization Results. A UV-visible spectropho-
tometer was used in a previous study and performed surface
plasmon resonance measurements on CuO NPs. In UV-Vis
spectra of CuO NPs prepared from propolis (Khalkhal)
extract, a characteristic peak at 385 nm can be seen on the
spectrum. As a result of further UV-Vis spectrophotometry
investigation into CuO NPs using propolis extract (Gillan),
peaks are observed at 243, 292, and 350 nm. CuO NPs were
analyzed using XRD techniques using extracts of propolis
(Khalkhal), resulting in crystallographic planes of face-
centered cubic (FCC) with peaks of diffraction around
20=35.74", 39.04°, and 49.04". The diffraction peaks of CuO
NPs using extracts of propolis (Gillan) were observed
around 20 =25.54", 26.69°, 38.79°, and 48.84". The Khalkhal
propolis extract FTIR spectrum showed a sharp peak at
3422cm™" due to free hydroxyl groups and their intra-
molecular and intermolecular hydrogen bonds. Sharp peaks
at 2925, 1637, and 1515 to 1076 cm ™" were associated with
C=0 and C=C aromatic stretching frequencies. CuO NP
monoclinic phase exhibits an absorption band of 602 cm™.
As a result of free hydroxyl groups and their intramolecular
and intermolecular H-bonds, CuO NPs of the Gillan
propolis extract spectrum also peak at 3410 cm™". CSp3-H
and aromatic stretching frequencies of C=0 and C=C were
related to the peaks at 2920, 1614, and 1515 to 1057 cm ™. An
absorption band of 603 cm ™" was observed in the monoclinic
phase of CuO NPs [35].
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3.2. Zeta Potential DLS Analysis. CuO NPs produced from
Khalkhal propolis extract (sample 1) showed a zeta po-
tential of —13.2mV. In contrast, the produced CuO NPs
from Gillan propolis extract (sample 2) had a zeta po-
tential of —14.4mV (Figure 2). As a result of using the
sonication method provided by the National Institute of
Standards and Technology (NIST), the CuO NPs were
separated from CuO NPs synthesized from Khalkhal
(sample 1) and Gillan propolis extracts (sample 2);
however, there was no noticeable difference between the
well-synthesized CuO NPs synthesized using propolis
extract and those synthesized using propolis extracts. For
well-dispersed samples 1 and 2, it was found that the
hydrodynamic sizes were 3124.9nm and 1726.7 nm, re-
spectively, based on DLS data (Figure 3).

3.3. BET Evaluation. Table 1 shows that the amount of
precursor used in the Brunauer-Emmett-Teller (BET)
process determines the system’s surface area. As a result of
the synthesized CuO NPs using different extracts of propolis,
it was found that they had a surface area of 5.37 to 8.45 m°/g
for samples 1 and 2, respectively. Propolis extract increased
the pore size and decreased the surface area.

3.4.SEM and TEM Evaluation. Images obtained from SEM
micrographs of the synthesized CuO NPs using propolis
extract showed that the crystallization structure of CuO
NPs synthesized from propolis extract was quite poly-
disperse and similar to anatase phase CuO crystallites. As
a result of the experiments in sample 1 (Khalkhal), NPs
with diameters ranging from 75 to 145 nm were observed.
There were also NPs ranging in diameter between 120
and 155 nanometers in sample 2. Based on the diameter
of the propolis extracts from Gillan and Khalkhal, it was
possible to compare the extracts based on their diameters
(Figure 4). As can be seen in Figure 4, green CuO NPs
were biosynthesized with propolis extracts and taken
from Khalkhal and Gillan. In part, the increase in CuO
particle size can be attributed to the green biosynthesis
among samples 1 and 2. It is important to note that CuO
NP particles had narrow sizes and were uniformly dis-
persed throughout all sides of the particle.

3.5. Cell Viability Evaluation. Various concentrations of
samples 1 and 2 NPs were incubated with HEK cells to
determine their effect on the cell-cultured cells (CuO NPs
concentration: 2.5, 5, 10, 25, 50, 75, and 100 yg/mL and
control: cell culture) for 24, 48, and 72 h. To determine
the viability of cells, the cytotoxicity test must be per-
formed. As a result of both the dose and time de-
pendence, the number of viable cells was decreased in
samples 1 and 2 NPs. It was determined that the cell
viability percentages for the HEK cells and the control
groups were calculated for 24, 48, and 72hours. As
a result of MTT data analyses, the cell survival rate of
both samples was approximately more than 50% during
24, 48, and 72 hours (Figure 5).
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FiGure 3: Size distributions of the synthesized CuO of (a) samples 1 (Khalkhal) and (b) sample 2 (Gillan).

TaBLE 1: The specific surface area of different kinds of green
synthesized CuO NPs from Khalkhal (sample 1) and Gillan (sample
2).

Samples Surface area (m?%/ 2)
Sample 1 5.3722
Sample 2 8.4537

3.6. Antimicrobial Analysis

3.6.1. MIC and MBC Results. As a result of broth micro-
dilution, MIC of samples 1 and 2 NPs against L. acidophilus
was determined. The range of MIC values was 0.0024 for
L. acidophilus (Table 2). As seen in Table 2, levels of MBC
were within the range of 0.0024 for L. acidophilus.

3.6.2. Biofilm Formation and Degradation Evaluation. It was
determined that the samples could prevent biofilm forma-
tion using microdilution tests as a method of determining
their effectiveness. Table 3 shows the biofilm formation
results, and the OD (570 nm) was determined to compare
the ODs of treated groups (samples 1 and 2). Sample 2 of the
NPs showed the highest levels of biofilm growth compared
to sample 1 which showed the highest effect against
L. acidophilus. Biofilms that had already been formed were
also treated with the same method to test the treatment’s
effects. As a result of the degradation of biofilm, a percentage
degradation was calculated (Table 4). There was a significant
effect of sample 1 NPs against L. acidophilus. Figure 6 shows
the biofilm formation and degradation tests of both NPs
against L. acidophilus.
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FIGURE 4: SEM (500 nm and 20 ym) and TEM (50 nm) images of the synthesized CuO NPs of (a) samples 1 (Khalkhal) and (b) sample 2

(Gillan).
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FIGURE 5: Cytotoxicity test of samples 1 and 2: (a) green synthesized CuO NPs from Khalkhal (sample 1), (b) Gillan (sample 2) (CuO NPs
concentration: 2.5, 5, 10, 25, 50, 75, and 100 yg/mL and control: cell culture) (*(P < 0.05), **(P < 0.01), and ***(P<0.001)), (c) the treated cell

culture with CuO NPs sample 1, and (d) sample 2.

4. Discussion

Health risks arise from biofilms containing pathogenic
microorganisms. Lactobacillus species can colonize tooth

surfaces due to bacterial adhesion. Along with mechanical
plaque removal, natural antimicrobial mouthwashes en-
hance it. Chlorhexidine mouthwashes promote tooth decay
more than herbal mouthwashes [13]. Global public health
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TaBLE 2: MIC and MBC of green synthesized CuO NPs from Khalkhal (sample 1) and Gillan (sample 2).

. Sample 1
Bacteria
MIC (mg/ml)

MBC (mg/ml)

Sample 2

MIC (mg/ml) MBC (mg/ml)

L. acidophilus 0.0024

0.0024

0.0024 0.0024

TaBLE 3: The biofilm formation percentages of species treated (10x MBC) with green synthesized CuO NPs from Khalkhal (sample 1), Gillan

(sample 2), and chlorhexidine 0.2% (CHX 0.2%).

OD (570 nm)

Bacteria
Sample 1

CHX 0.2 (%)
Sample 2

L. acidophilus 6.14%

5.11% 0.76

TaBLE 4: The biofilm degradation percentages of species treated (10x MBC) with green synthesized CuO NPs from Khalkhal (sample 1),

Gillan (sample 2), and chlorhexidine 0.2% (CHX 0.2%).

. OD (570 nm)
Bacteria CHX 0.2 (%)
Sample 1 Sample 2
L. acidophilus 82.29% 79.39% 98.34
Biofilm Formation
Control
20x% 10x 5% 2%

Sample 1

Sample 2

Sample 1 |

Sample 2

o e

~

FIGURE 6: The biofilm formation and degradation tests of samples 1 and 2 NPs. Green synthesized CuO NPs from Khalkhal (sample 1) and

Gillan (sample 2).

has been affected by AMR in recent years. MDR strains of
pathogenic bacteria are becoming more resistant to anti-
biotics due to the emerging trend of AMR. Recently, metallic
nanoscale materials have been used more frequently in
nanotechnology. The NPs show promising therapeutic ef-
fects due to their unique physicochemical properties
[36, 37]. In addition, NPs require a thorough understanding
of their physicochemical characteristics and appropriate
synthesis methods [36, 38]. A new method for synthesizing
metal NPs has been developed by utilizing biological cells’
highly structured physical and biosynthetic activities. As
nanotechnology continues to improve, it is now used in
nearly all biomedical applications, from laboratory to large-

scale manufacturing. In this study, CuO NPs were synthe-
sized using phase-pure, green propolis extract. Due to
phenolic compounds, antimicrobial properties are present in
natural materials [39]. In Barbosa et al., silver NPs (AgNP-P)
were synthesized from Brazilian propolis and studied for
their antimicrobial properties. A factorial design was used to
optimize the synthesis conditions for smaller particles. UV-
visible spectra revealed that AgNP-P was formed in
a spherical structure, with maximum absorbance at 412 nm.
This new material shows a good size distribution and a low
polydispersity index resulting from dynamic light scattering.
Silver NPs were found to contain propolis after centrifu-
gation, and microscopy analysis confirmed it. The principal



planes of the metallic silver crystalline structure were
identified by X-ray diffraction, while infrared spectroscopy
indicated that 22% of the AgNP-P in the sample was reduced
to silver. Silver NPs and propolis synergistically demon-
strated antimicrobial activity and had significant antimi-
crobial effects [40].

The CuO NPs were synthesized by Hajizadeh et al. and
characterized by FTIR, XRD, and UV-Vis absorption
spectra. According to FTIR analysis, propolis extract
compounds were found to modify the surface of synthesized
NPs. There was a sharp peak at 3422 cm™" in the spectrum of
the CuO NPs of the Khalkhal sample. An investigation of
UV-Vis spectrophotometry indicates that CuO NPs showed
SPR with CuO NPs of the Khalkhal sample at 385nm.
Moreover, CuO NPs of the Gillan sample demonstrated
peaks at 243, 292, and 350 nm wavelengths. According to an
XRD pattern of the CuO NPs of the Khalkhal sample, the
crystallographic planes were 35.74°, 39.04°, and 49.04" and
also, 25.54°, 26.69°, 38.79°, and 48.84° were for CuO NPs of
Gillan sample [35].

Manikandan et al. report that green-fabricated CuO NPs
with a —17.2mV zeta potential could have more excellent
colloidal stability when fabricated from a higher negative
charge. NP’s catalytic activity is primarily influenced by its
surface area, crystal size, and crystallinity. It may be possible
for NPs to be highly photocatalytic if the BET value is high,
the crystal size is small, and the crystallinity is high. Using
propolis increased the rate of photodegradation and specific
surface area while decreasing crystal size [41].

According to Moustakas et al., acute CuO NPs exposure
caused photosynthetic activity, oxidative stress, and CuO
bioaccumulation in seagrasses (Cymodocea nodosa). The
CuO NPs were characterized with SEM and DLS mea-
surements at 4, 12, 24, 48, and 72 hours (Optimum CuO NPs
exposure). In terms of size distribution, CuO NPs synthe-
sized with Pdi 0.35 had an average size of 233 nanometers
based on their results [42]. The present study demonstrated
that propolis extract could be used to synthesize CuO NPs,
but no smaller particles were found. Khalkhal and Gillan
propolis extracts were found to interact with CuO NPs in
terms of physical interactions.

Green tea (Camellia sinensis L.) and lavender (Lavandula
angustifolia) have been found to synthesize green and pure
CuO NPs, respectively. Based on SEM images of lavender-
produced samples, it appears that NPs tightly adhered to
each other, and lavender was more efficient in generating
pure and uniform CuO NPs (50 nm) [43]. A compact dis-
tribution of NPs was observed with narrow dispersion.
According to the average particle size measurement, NPs
were spherical and ranged from 75 to 145 nm for sample 1
(extracted from Khalkhal) and 120 to 155 nm for sample 2
(extracted from Gillan). It has been possible to detect ag-
gregates and NPs of synthetic CuO NPs with spherical
shapes on a micrograph.

Veisi et al. studied CuO NPs synthesis with the help of
aqueous extracts of Stachys lavandulifolia flowers, and they
demonstrated that TEM analysis provides morphological
information about CuO NPs shapes and dimensions.
According to the authors, NPs are synthesized with
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moderately good monodispersity, with sizes ranging be-
tween 15 and 25nm without agglomeration [44]. As the
surface-to-volume ratio decreases, the particle size decreases
inversely, facilitating easy penetration of the cell wall and
rapid destruction of microorganisms; Khalkhal and Gillan
(Khalkhal and Gillan) propolis extract enhanced the anti-
microbial activity of green synthesized CuO NPs.

Botteon et al. (2021) described the biosynthesis of AuNPs
and evaluated their structural properties. An SPR band was
observed at 535nm in AuNPs. The Brazilian red propolis
(BRP) sample used in the reaction affected the sizes and
morphologies. All strains tested showed antimicrobial ac-
tivity against AuNPdichloromethane and AuNPhexane. In
both T24 and PC-3cells, AuNPs showed dose-dependent
cytotoxicity. ANPdichloromethane and AuNPextract were
the most cytotoxic. Apoptosis-related mechanisms are also
responsible for biogenic nanoparticle cytotoxicity [12]. Rao
and colleagues employed the coprecipitation method to
stabilize and cap Zinc oxide NPs (2018). NPs (PZnO) were
synthesized from P betel. PZnO was tested for its antibac-
terial activity against dental pathogens using a well-diffusion
method. Both tested microbes were inhibited by PZnO at
concentrations of as low as 3.25 ug/mL, indicating higher
antimicrobial activity than DZnO. PZnO and DZnO
inhibited cellular growth by 40% using Balb 3T3 mouse
fibroblast cell lines [45]. There were no significant cyto-
toxicity results during the incubation of samples 1 and 2 NPs
during the 24, 48, and 72 hours of incubation, which showed
that the viability of the samples was approximately more
significant than 50%.

NPs synthesized from biosynthetic materials were sub-
jected to MTT assays to assess their impact, and they sig-
nificantly reduced the survival of cancer cells. NPs
synthesized using green methods have been shown to
possess antiproliferative properties against cancer cell lines
[46, 47]. Silver NPs were green synthesized using leaf extract
from Justicia glauca by Emmanuel et al. AgNOj solution was
mainly reduced to AgNPs by water-soluble organics in leaf
extracts. TEM images showed that AgNPs were 10-20 nm in
diameter. S. mutans, S. aureus, L. acidophilus, and C. albicans
were used, and the antibacterial and antifungal activities of
AgNPs were demonstrated. AgNPs demonstrated MICs
between 25 and 75 g/mL [6]. Based on extracts of A. javanica
leaf, CuO NPs’ antibacterial properties were evaluated
against P. aeruginosa, E. coli, S. aureus, and A. baumannii.
There was greater effectiveness of the CuO NPs against
S. aureus, P. aeruginosa, A. baumannii, and E. coli.
According to the sample, S. aureus had a maximum in-
hibition zone of 9+ 1 mm in the sample. As a result of the
extractions with A. javanica, P. aeruginosa displayed an even
more significant inhibition zone. The pathogens that were
most active against CuO NPs were S. aureus, A. baumannii,
P. aeruginosa, and E. coli, while those with minor activity
were E. coli and P. aeruginosa. It has been demonstrated
previously that S. aureus was more susceptible to CuO NPs
than E. coli, based on a comparison between the two samples
[48]. There was no difference between samples 1 and 2 in
terms of their effect on L. acidophilus (0.0024 mg/ml) in the
MIC and MBC tests in this study. It was found that the effect
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of green synthesized CuO NPs from Khalkhal (sample 1) on
biofilm formation was more effective than green synthesized
CuO NPs from Gillan (sample 2).

5. Conclusion

The use of nontoxic, cost-effective, ecofriendly, and easy-
to-use materials have proven successful and expanded. All
samples were tested for cytotoxicity, and it showed that all
samples were free of any notable cytotoxicity. In addition,
the results showed that the green synthesized CuO NPs from
propolis had antibacterial effects against L. acidophilus. It
can be concluded that green synthesized CuO NPs derived
from propolis may be the best candidate for clinical ap-
plication due to their high antibacterial properties.
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FET is to resuscitate the endometrium and transfer the embryo into the uterus after the endometrium is ready. The quality of
transferred embryos is an important factor affecting the outcome of assisted reproductive technology. This paper aims to explore
the feasibility of D4 frozen-thaw embryo transfer and analysis of related factors affecting the outcome of freeze-thaw embryo
transfer. A retrospective analysis of the clinical data of 2925 patients who received frozen-thaw embryo transfer (FET) in the
Department of Reproductive Medicine, General Hospital of Northern Theater Command from January 1, 2017 to July 31, 2019.
Including the woman’s age, body mass index (BMI), endometrial thickness on the day of transplantation, number of embryos to
be transferred, and type of embryos to be transferred. A single factor, multivariate logistic regression and nomogram were used to
analyze the influence of different factors on the clinical outcome of FET. Nanomedicines and related nanomedicines are rapidly
developing and establishing their importance in embryo transfer. This paper uses nanomaterials to explore the feasibility of
D4 frozen-thawed embryo transfer. The woman’s age, endometrial thickness on the day of transplantation, BMI, the number of
embryos transferred, and the type of embryos transferred all affect the outcome of FET. The pregnancy rate of the D5 and D4
transplantation groups was, respectively, higher than that of the D3 transplantation group, with statistically significant differences.
In the FET cycle, the age of the woman, endometrial thickness on the day of transplantation, the number of embryos transferred,
and the type of embryos transferred are all independent factors influencing the outcome of FET. D5 blastocyst is the easiest to get
pregnant, and that has the best clinical outcome which is better than the D6 blastocyst group; D4 morula and D5 blastocyst FET
have little difference in clinical pregnancy outcomes, but both of them are significantly better than D3 cell embryos, so D4 morula
can be considered for transplantation in the FET cycle. In conclusion, whether it is a patient who has failed the fresh cycle
transplantation or the whole embryo freezing cycle whose transplantation is canceled due to high hormone levels on the
transplantation day, FET is required.

1. Introduction

With the rapid development of assisted reproductive tech-
nology, the technology of embryo cryopreservation and
embryo culture technique in vitro are becoming more and
more perfect and stable, and they are widely used by re-
productive centers around the world. On the one hand,
frozen-thawed embryo transfer (FET) can reasonably con-
trol the number of embryos transferred and avoid the oc-
currence of multiple pregnancies. On the other hand, FET

can not only reduce the occurrence of ovarian hyperstim-
ulation syndrome when the embryo is synchronized with the
endometrial “implantation window,” but it can also increase
the embryo implantation rate and the cumulative pregnancy
rate of a single oocyte retrieval cycle, and reduce the patients’
treatment costs [1, 2]. FET has been widely used clinically.
Many factors affect the clinical outcome of FET, and embryo
quality is one of them. Many research results suggest that
blastocyst should be thawed first in the cycle of FET, but in
actual clinical work, due to individual differences in patients,
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the success rate of each blastocyst transfer cannot be
guaranteed. There are many studies on the influence of the
endometrial preparation program on FET pregnancy, but
most studies believe that it has no effect [3, 4]. Studies have
reported that under natural physiological conditions, early
embryos develop in the fallopian tube and do not enter the
uterine cavity until they are close to the blastocyst stage [5].
Blastocyst transfer is more in line with natural physiological
phenomena, so blastocyst transfer can improve the clinical
pregnancy rate and embryo implantation rate [6-8]. There
have always been different research reports on the de-
velopmental potential of blastocysts at different times. Some
scholars believe that there is no significant difference in
clinical pregnancy rates after transplantation of D5 and
D6 freeze-thawed blastocysts [9, 10]. Studies have also
shown that the clinical pregnancy rate of D5 freeze-thawed
blastocyst transplantation is significantly higher than that of
D6 [11].

Therefore, how to choose the most suitable embryo for
transplantation to increase the pregnancy rate while mini-
mizing the number of the embryo and the multiple preg-
nancy rate in the cycle of FET is an urgent problem to be
solved in clinical work. This article retrospectively analyzes
the clinical outcomes of 2925 FET cycles from January 2017
to July 2019 and further compares frozen-thawed embryos at
different times and other related factors that affect the
outcome of FET, providing a useful reference for the se-
lection of embryos for FET cycles.

2. Materials and Methods

2.1. Research Object. The data of patients who underwent
FET in our department from 2017.01 to 2019.07 were col-
lected, and a total of 2925 cycles were included for retro-
spective analysis. Inclusion criteria are as follows: (1) Age
<45 years old (2) Number of embryo transfers <2, excluding
(1) patients with previous ovarian surgery history, genital
malformations, endometriosis, submucosal fibroids and
intrauterine adhesions, hydrosalpinx and other factors that
may affect embryo implantation. (2) Chromosomal ab-
normality in either partner (3) cycles of preimplantation
genetic testing (PGT). The endometrium preparation of all
patients in this study adopted hormone replacement ther-
apy. The study was reviewed and approved by the medical
Ethics Committee of our hospital, and the freeze-thaw
embryo transfer was performed with the full informed
consent of the patients. Collecting patients data, patients are
divided into <35 years old group, >35 years old group by age;
that are divided into <0.8 cm group, 0.81~1.0 cm group, and
>1.0cm group according to endometrial thickness on the
embryo transfer day; and divided into <18.5 group,
18.6~23.9 group, 24~26.9 group, 27~29.9 group, and >30
groups by BMI; the number of embryos transferred is di-
vided into 1 embryo transfer group and 2 embryos group;
according to the morphology of embryo transfer, they are
divided into D3 frozen-thawed embryo transfer group,
D4 frozen-thawed embryo transfer group, D5 frozen-thawed
embryo transfer group, and D6 frozen-thawed embryo
transfer group.
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2.2. Research Methods. Among assisted reproductive tech-
nology, such as perform in vitro fertilization (IVF) or
intracytoplasmic sperm injection (ICSI). The first day after
fertilization, embryologists judge fertilization by the pres-
ence of double pronucleus, and record the number of
blastomeres and embryo grading according to the Peter
cleavage scoring system. They select D3 high-quality
cleavage embryos to freeze, and the remaining embryos
continue to be cultured after the patients’ informed consent.
D4 embryo develops into morula embryos. If the D5 or D6
embryo develops into blastocyst that formation would be
recorded, using Gardner scoring system scores
blastocysts [12].

2.2.1. Embryo Culture and Score. The standard of embryo
freezing in this laboratory is: on the D3, we select high-
quality cleavage embryos that divide into 7-9 cells, with
uniform blastomeres and fragment rates less than 10% for
freezing [13]. If the embryo developed into a morula on D4,
that would be frozen. The blastocysts would be frozen with
a score of 3BC or above on D5. If D5 does not develop
blastocysts that meet the standard, continue to culture until
day 7, during which embryos that meet the standard will be
frozen again. When the patient has no blastocysts that meet
the standards of 3BC or 3CB, the secondary embryos will be
frozen after being informed and signed informed consent.

2.2.2. Cryopreservation. We adopt vitrification freezing
technology, before freezing, laser drilling is used to artifi-
cially shrink the blastocyst to release the liquid in the
blastocyst cavity. The resuscitated embryos are incubated
with laser. For the blastocyst and morula, the zona pellucida
away from the inner cell mass is punched through, and the
zona pellucida of cleavage embryo is thinned. The re-
suscitated embryos are transferred to the pre-equilibrated
culture medium the previous day, and placed in the in-
cubator for culture. They are observed before trans-
plantation, the survival of embryos is determined according
to whether the blastocyst cavity, morulae are re-expanded,
and the number of cells survived by cleavage embryos after
thawing [14].

2.2.3. Endometrial Preparation. Compared with fresh cycle
transplantation, the FET cycle endometrial and embryonic
development are more synchronized. There are many studies
on the influence of the endometrial preparation program on
FET pregnancy, but most studies believe that it has no effect
[3, 4]. All patients enrolled in this study used a hormone
replacement cycle: starting from the 3rd to 5th day of the
menstrual cycle, oral estradiol valerate (Progynat, Bayer,
Germany) was administered 4-6 mg daily, and the thickness
of endometrium was monitored by ultrasound after 7 days.
Thickness and hormone levels. Adjust the dosage of estradiol
valerate in time. When the endometrial thickness needs to
reach at least 0.6cm, an intramuscular injection of
40-60 mg/d of progesterone is injected to support the corpus
luteum. Blastocyst transplantation was performed on the 5th
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or 6th day after the ketone injection. D5 or D6 blastocysts
were selected for resuscitation and transplantation.

2.2.4. Observation Indicators and Evaluation Criteria.
Test blood human chorionic gonadotropin (3-HCG) on the
14th day after embryo transfer. If it is positive and 4 to
5 weeks after transplantation, a vaginal B-ultrasound ex-
amination is performed. The gestational sac and heart tube
pulsation in the uterus are clinically pregnant, and the
corpus luteum support is continued until 10 to 12 weeks of
pregnancy, and the follow-up is to live birth.

2.3. Statistical Methods. Statistical analysis was performed
using SPSS 25.0 software. Continuous variable data is
expressed in the form of mean + standard deviation x+s,
independent samples ¢-test is used, and #’ test is used when
the variance is not homogeneous; categorical variable data is
expressed in the form of n (%), and the nonparametric chi-
square test is used for group analysis. If the frequency is less
than 5 and greater than or equal to 1, the continuous
correction chi-square test is used; logistic regression is used
for multivariate regression analysis; R language (4.1.1) is
used to draw a nomogram. The analysis results were con-
sidered statistically significant at P <0.05.

3. Results

3.1. Basic Data of Patients during the Frozen-Thaw Embryo
Transfer Cycle. The basic clinical data of 2925 patients were
collected, with an average age of 33.08 years, an average
endometrial thickness of 0.98 cm on the day of transfer, and
an average BMI of 23.44. The specific distribution of the
number of transferred embryos and the types of transferred
embryos is shown in Table 1.

3.2. Analysis of Single Factors Affecting the Pregnancy Out-
come of Frozen-Thaw Embryo Transfer Cycle. Univariate
analysis of factors that may affect the outcome of FET in
patients showed that the woman’s age, endometrial thick-
ness, BMI, number of embryos transferred, and embryos on
the day of transfer all affected the clinical outcome of FET,
and the differences were statistically significant (P <0.05),
see Table 2 for details.

3.3. Analysis of Multiple Factors Affecting the Pregnancy
Outcome of Frozen-Thaw Embryo Transfer Cycle.
Multivariate logistic regression analysis showed (Hos-
mer-Lemeshaw test P = 0.897), the woman’s age, endo-
metrial thickness on the day of transfer, BMI, and the
embryo on the day of transfer were the influencing factors of
pregnancy in the FET cycle; Hosmer-Lemeshaw test
(P =0.505). Among them, the clinical outcome of FET of
D4 frozen-thawed embryos was better than that of
D3 frozen-thawed embryos, and the difference was statis-
tically significant (P <0.05), see Table 3 for details.

3.4. Multivariate Analysis of Transferring D4 Frozen-Thawed
Embryos and D5 Frozen-Thawed Embryos as Controls.
Using D4 frozen-thawed embryos as the control standard,
multivariate logistic regression analysis showed that in the
FET cycle, the clinical outcome of D4 frozen-thawed em-
bryos was better than that of D3 frozen-thawed embryos,
and the difference was statistically significant (P < 0.05), but
D4 frozen-thawed embryos had a statistically significant
difference (P < 0.05). There was no significant difference in
the outcome of frozen-thawed embryos with D5 and D6
(P >0.05), see Table 4 for details.

Taking D5 frozen-thawed embryos as the control stan-
dard, multivariate logistic regression analysis showed that in
the FET cycle, the clinical outcome of D5 frozen-thawed
embryos was better than that of D6 and D3 frozen-thawed
embryos, and the difference was statistically significant
(P <0.05). There was no significant difference in the out-
comes of thawed embryos and D4 frozen-thawed embryos
(P >0.05), see Table 5 for details.

3.5. Nomograms of Factors Influencing the Outcome of Frozen-
Thaw Embryo Transfer Cycle. The nomogram (C-Index-
=0.628) intuitively shows the correlation between the
woman’s age, endometrial thickness, body mass index BMI,
the number of embryos transferred and the embryos on the
first day of transfer and other factors with FET pregnancy,
among which age is less than or equal to 35 age, endometrial
thickness on the day of transfer >1.0 cm, BMI greater than or
equal to 27 and less than or equal to 29.9, and it is relatively
easier to get pregnant after transferring 2 embryos,
D5 frozen-thawed embryos have the best correlation with
pregnancy, followed by D4 frozen-thawed embryos, and
D3 frozen-thawed embryos. Embryo pregnancy had the
worst correlation and was relatively least fertile. See Figure 1
for details.

4. Discussion

FET is to resuscitate the endometrium and transfer the
embryo into the uterus after the endometrium is ready, so
that the endometrium and embryo development tend to be
synchronized, the time interval is shortened between further
development and implantation after embryo transfer, and
the occurrence of complications such as ectopic pregnancy is
reduced (15, 16].

As we all know, the quality of transferred embryos is an
important factor affecting the outcome of assisted re-
productive technology. The study in this article shows that
D5 freeze-thawed blastocysts are the most likely to become
pregnant in the FET cycle, and the clinical outcome is
significantly better than D6 freeze-thawed blastocysts and
D3 freeze-thawed blastocysts. The difference is statistically
significant, which confirms the second point of view. The
reason may be that the development of D6 blastocysts lags
one day to form blastocysts. Under the condition that the
embryos are recovered without damage, it may be that their
developmental speed affects their developmental potential
and embryo quality.
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TaBLE 1: Basic data of patients during the frozen-thaw embryo transfer cycle.
N (%) X*s
Age 2925 33.08£4.14
<35 2154 (73.6) 31.20+£2.83
>35 771 (26.4) 38.34+2.25
Endometrial thickness (cm) 2925 0.98+0.21
<0.8 688 (23.5) 0.72+0.078
0.81~1.0 1247 (42.6) 0.94 £ 0.061
>1.0 990 (33.8) 1.21+0.13
BMI (kg/m2) 2925 23.44+3.70
<18.5 175 (5.9%) 17.75+0.83
18.6~23.9 1573 (53.7%) 21.32+1.46
24~26.9 669 (22.8%) 25.29+0.83
27~29.9 331 (11.3%) 28.18 £0.82
>30 177 (6.0%) 31.99£1.80
Number of embryos transferred
1 726 (24.8)
2 2199 (75.1)
Day of embryo transferred
D3 1234 (42.1)
D4 53 (1.8)
D5 725 (24.7)
D6 913 (31.2)
TaBLE 2: Analysis of single factors affecting the pregnancy outcome of frozen-thaw embryo transfer cycle.
No pregnancy Pregnancy t/x2 P
Age
xXts 33.80+£4.35 32.50+3.86 8.48 P <0.001
<35 890 (67.58) 1264 (78.61) 45.37 P<0.001
>35 427 (32.42) 344 (21.39)
Endometrial thickness (cm)
X*s 0.96 +0.22 0.93+0.2 -4.80 P <0.001
<0.8 372 (28.25) 316 (19.65)
0.81~1.0 543 (41.23) 704 (43.78) 31.65 P <0.001
>1.0 402 (30.52) 588 (36.57)
BMI (kg/m2)
X*s 23.22+3.61 23.61+£3.76 -2.83 P =0.005
<185 84 (6.38) 91 (5.7)
18.6~23.9 744 (56.49) 829 (51.55)
24~26.9 282 (21.40) 387 (24.1) 10.18 P =0.037
27~29.9 132 (10.00) 199 (12.4)
>30 75 (5.70) 102 (6.3)
Number of embryos transferred
1 369 (28.02) 357 (22.20) 13.13 P <0.001
2 948 (71.98) 1251 (77.80)
Day of embryo transferred
D3 616 (46.77) 618 (38.43)
D4 19 (1.44) 34 (2.11)
D5 254 (19.29) 471 (29.29) 4423 P<0.001
D6 428 (32.50) 485 (30.16)

There are few studies on D4 freeze-thaw mulberry
embryo transfer. Embryo development is a “survival of the
fittest” selection process. Fertilized eggs gradually cleavage
and develop into cellular embryos, morulae, and blastocysts.
The morula is an embryo morphology between the cellular
embryo and the blastocyst. The embryonic cells at the
morula stage are in a dense or semidense state. Some cells
that develop faster will also form early blastocysts, and the

cells are tightly connected to form a network. The structure,
which constitutes the embryonic skeleton, has good re-
sistance to some drastic changes in the mother’s body, avoids
adverse reactions such as miscarriage, and thus increases the
pregnancy rate [17]. Studies have shown that even high-
quality embryos at the cleavage stage maybe 60% aneuploid,
and the aneuploidy rate of embryos that develop into morula
and blastocysts can be reduced to about 30% [18]. On the one
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TaBLE 3: Analysis of multiple factors affecting the pregnancy outcome of frozen-thaw embryo transfer cycle.
OR (95% CI) p
Age P <0.001
<35
>35 0.64 (0.54-0.76) P <0.001
Endometrial thickness (cm) P<0.001
<0.8
0.81~1.0 1.56 (1.28-1.89) P <0.001
>1.0 1.74 (1.42-2.13) P <0.001
BMI (kg/m2) P=074
<18.5
18.6~23.9 1.03 (0.75-1.42) P =0.852
24~26.9 1.29 (0.91-1.81) P=0.151
27~29.9 1.33 (0.91-1.94) P =0.143
>30 1.23 (0.80-1.89) P =0.350
Number of embryos transferred P <0.001
1
2 1.76 (1.46-2.14) P <0.001
Day of embryo transferred
D3
D4 1.81 (1.01-3.25) P =0.045
D5 2.41 (1.95-2.98) P <0.001
D6 1.36 (1.13-1.63) P =0.001
TaBLE 4: Multivariate analysis of frozen-thawed embryo on Day 4 of transplantation as control.
OR (95% CI) P
Day of embryo transferred P <0.001
D4
D3 0.55 (0.31-0.99) P =0.045
D5 1.33 (0.73-2.41) P =0.358
D6 0.75 (0.42-1.35) P =0.331
TaBLE 5: Multivariate analysis of frozen-thawed embryo on Day 5 of transplantation as control.
OR (95% CI) P
Day of embryo transferred P<0.001
D5
D3 0.42 (0.34-0.51) P <0.001
D4 0.76 (0.42-1.37) P =0.358
D6 0.56 (0.46-0.69) P <0.001

hand, mulberry embryos are developed from cleavage stage
embryos with good developmental potential. Embryo cul-
ture is a natural selection process for the survival of the
fittest. Mulberry embryos are the elimination of de-
velopmentally retarded and unfused embryos and form
semifusion or fusion. Potential embryo. On the other hand,
morula freezing is better than blastocyst freezing. Blastocyst
freezing requires artificial shrinkage to remove a large
amount of water in the blastocyst cavity. It is easy to form ice

crystals and cause embryo damage, and insufficient de-
hydration affects the thawing effect [19-23], artificial
shrinkage also increases embryo manipulation and in vitro
exposure time, which may affect embryo safety. In addition,
blastocyst culture requires embryos to be cultured for 5-6
days, which prolongs the exposure time of embryos in vitro.
Cell quality and culture environment may affect the de-
velopment process of embryos, and even affect the formation
of blastocysts, resulting in no embryos available. Risk [24].
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FIGURE 1: Nomograms of factors influencing the outcome of frozen-thaw embryo transfer cycle.

5. Conclusion

To sum up, whether it is a patient who has failed the fresh
cycle transplantation or the whole embryo freezing cycle
whose transplantation is canceled due to high hormone
levels on the transplantation day, FET is required. In the FET
cycle, the patient’s age, BMI, and embryo development
should be fully considered. According to the actual condi-
tions and blastocyst formation, the transplantation plan is
tailored for each patient, the appropriate endometrial
thickness is adjusted, and the embryos with good devel-
opment potential are selected for transfer. In the case of
patients with more blastocysts, it is recommended to give
priority to the recovery of D5 freeze-thawed blastocysts.

The results of this study show that the FET outcome of
D5 freeze-thawed blastocysts is the most relevant to preg-
nancy; if D5 does not form blastocysts, D6 blastocysts can be
selected; but if the patient’s blastocyst quality is poor or there
is no blastocyst formation or the experience of blastocyst
transfer failure, D4 freeze-thawed morulae can be consid-
ered for FET; this study found that D4 freeze-thaw mulberry
embryos and D5 freeze-thawed blastocysts have a similar
pregnancy probability There is no significant difference in
clinical outcome, and it is significantly better than D3 freeze-
thaw cleavage embryo. Freezing and thawing mulberry
embryos for FET is a viable option.

However, there are few studies on D4 freeze-thaw
mulberry embryo transfer. And the data are limited in
our study. In the future work, we need to collect more data to
obtain more scientific results. If some patients have special
conditions or have no transplantable D5 blastocysts, using
D4 morula for FET is also a new and feasible option, which
not only increases FETs. The flexibility of FET, and provides
a new idea for the selection of FET embryos.
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The initiation and maintenance of AF is a complex biological process that is the ultimate manifestation of many cardiovascular
diseases. And the pathogenesis of atrial fibrillation (AF) is unclear. Therefore, this study aimed to find the potential competing
endogenous RNAs (ceRNAs) network and molecular dysregulation mechanism associated with AF. GSE135445, GSE2240, and
GSE68475 were obtained from the Gene Expression Omnibus (GEO). Differential analysis was utilized to identify the differentially
expressed mRNAs, miRNAs, and IncRNAs between AF and sinus rhythms (SR). AF-associated mRNAs and nanomaterials were
screened and their biological functions and KEGG signaling pathways were identified. Nanomaterials for targeted delivery are
uniquely capable of localizing the delivery of therapeutics and diagnostics to diseased tissues. The target mRNAs and target
IncRNAs of differentially expressed miRNAs were identified using TargetScan and LncBase databases. Finally, we constructed the
ceRNAs network and its potential molecular regulatory mechanism. We obtained 643 AF-associated mRNAs. They were sig-
nificantly involved in focal adhesion and the PI3K-Akt signaling pathway. Among the 16 differentially expressed miRNAs
identified, 31 differentially expressed target mRNAs, as well as 5 differentially expressed target IncRNAs were identified. Among
them, we obtained 2 ceRNAs networks (hsa-miR-125a-5p and hsa-let-7a-3p). The aberrant expression of network target genes in
AF mainly activated the HIF-1 signaling pathway. We speculated that the interaction pairs of miR-125a-5p and let-7a-3p with
target mRNAs and target IncRNAs may be involved in AF. Our findings have a positive influence on investigating the pathogenesis
of AF and identifying potential therapeutic targets.

1. Introduction

Atrial fibrillation (AF) is one of the most common ar-
rhythmias and is strongly associated with poor quality of life,
stroke, heart failure, and increased mortality [1]. AF has an
incidence of up to 4% in modern Western populations and
0.5%-2% in Asian populations [2]. The lifetime risk for
people aged 40 to 55 years has been estimated to be between
22% and 26% [3]. In 2010, the estimated number of people
living with AF around the world was around 33.5 million [4].
Currently available treatments for AF have limited efficacy,
and the mechanisms of development are poorly defined
[5, 6]. Therefore, elucidating the exact molecular mecha-
nisms of AF is urgently needed to identify suitable thera-
peutic targets. AF is one of the final manifestations of diverse

disease pathological processes, and its occurrence and
maintenance cannot be explained by a single mechanism.
Electrophysiological remodeling and structural remodeling
have been reported to characterize the pathomechanism of
AF [7]. Multiple molecular factors are involved in the
progression of AF pathophysiology, including fibrosis, Ca2+
abnormalities, immune-inflammatory responses, and so on
[8, 9].

Long noncoding RNAs (IncRNAs) are a class of tran-
scripts greater than 200 NT in length that are involved in
a variety of biological processes. Dysregulation of IncRNAs
was found to be associated with many cardiac diseases,
including AF [10]. MicroRNAs (miRNAs) are a class of small
noncoding RNAs approximately 18-25 nucleotides in length
that negatively regulate the expression of target genes by
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binding to complementary sequences in 3'-untranslated
regions (3'-UTRs) of target mRNAs, thereby promoting
their degradation or inhibiting their translation [11].
Therefore, it is important to determine their role in the
development of AF and whether they can be used to treat AF.
It is well known that IncRNAs can play a certain role as
a kind of competing endogenous RNA (ceRNA), thereby
sequestering miRNAs away from target mRNAs [12]. These
are also the ceRNA regulation guidelines. Bioinformatics
analysis provided a new perspective to study the ceRNA
involved in AF and laid a foundation for further in-
vestigation of their potential roles in AF. The enrichment
results of differentially expressed mRNAs were the un-
derlying molecular dysregulation mechanism of AF. Focal
adhesion and extracellular matrix (ECM)-receptor in-
teraction were reported to be associated with AF [13]. Focal
adhesion group proteins are considered novel disease can-
didates with the potential to contribute to arrhythmia [14].
Abnormal deposition of ECM, which affects the mainte-
nance of myocardial tissue structure, contributes to the
pathological remodeling of AF [15]. There is evidence that
downregulation of PI3K-Akt expression is associated with
an increased incidence of AF in diabetic rats [16]. The PI3K-
Akt pathway was confirmed to reduce the incidence of AF
and attenuate atrial fibrosis [17].

Therefore, we aimed to screen differential genes in pa-
tients with AF, identify networks of AF-related molecular
biological mechanisms, and explore key regulators during
the progression of AF. In this study, the ceRNA network was
established to facilitate the search for diagnostic and ther-
apeutic targets associated with AF. In addition, enrichment
analysis was performed on the differentially expressed
mRNAs, and the signaling pathways regulated by the ceRNA
network were identified. Several molecular mechanisms
involved in cardiovascular remodeling are further high-
lighted. We believe that hsa-miR-125a-5p, hsa-let-7a-3p,
and target genes may participate in the pathogenesis of AF
through the HIF-1 signaling pathway.

2. Materials and Methods

2.1. Data Collection. GSE135445 included mRNA and
IncRNA expression profiles of epicardial adipose samples from
patients with persistent nonvalvular AF (n=6) and sinus
rhythm (SR, n = 6) based on the GPL20301 platform. GSE2240
included an mRNA expression profile of atrial tissue from 10
permanent AF and 20 SR based on the GPL97 platform.
GSE68475 included miRNA expression profile of atrial right
appendages from 10 samples were from patients with persistent
AF and 11 normal SR based on the GPL15018 platform.

2.2. Difference Analysis. Difference analysis for mRNAs and
IncRNAs between AF and SR in GSE135445 was performed
using the edger R package [18]. The limma R package [19]
was used for the difference analysis of mRNAs and miRNAs
between AF and SR in GSE2240 and GSE68475. P val-
ue<0.05 was used to define significant differentially
expressed mRNAs (DEmRs), differentially expressed
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IncRNAs (DEIncRs), and differentially expressed miRNAs
(DEmiRs) in the results of the difference analysis.

2.3. Functional and Pathway Enrichment. The enrichment
analysis of Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis
for mRNAs was performed using the clusterProfiler R
package [20]. The biological process (BP) was one kind of
GO enrichment. The P <0.05 was set as the threshold of
statistical significance. Gene set variation analysis (GSVA)
was performed using the GSVA R package to display en-
richment results of target mRNAs. To identify the un-
derlying molecular dysregulation mechanisms of AF, we
performed an enrichment analysis of AF-associated mRNAs.
These mRNAs were enriched to three ontologies of GO:
cellular component (CC), molecular function (MF), and
biological process (BP).

2.4. Immune Cell Infiltration. The xCell R package [21] was
used to assign and visualize 31 types of immune cells in AF
and SR samples based on ssGSEA (single-sample gene set
enrichment analysis) in GSVA (gene set variation analysis).
P value <0.05 was considered statistically significant for
xCell scores between AF and SR which were calculated with
the limma R package.

2.5. Target Prediction and CeRNA Network Construction.
The LncBase Predicted v.2 was used to predict the target
IncRNAs regulated by differentially expressed miRNAs. The
screening threshold was set as 0.7. Then, the target mRNAs
regulated by differentially expressed miRNAs were predicted
using TargetScan (https://www.targetscan.org/vert_72/)
database. The ceRNA network was established from the
differentially expressed IncRNAs, miRNAs, and mRNAs.
CeRNA networks identified by us included a downregulated
IncRNA (AC125807.2) that was regulated by upregulated
hsa-miR-125a-5p, as well as downregulated mRNAs (EGFR,
MACF]1, TRPS1, EEF1A1, MASP1, PANX1, PUM2, CGNLI,
NPM1, and TFRC). Upregulated IncRNA (LINCO01139) and
upregulated mRNA (SRI) were regulated by downregulated
hsa-let-7a-3p.

3. Results

3.1. Identification of AF-Associated mRNAs. To identify AF-
associated mRNAs, we performed differential expression
analysis of mRNAs in GSE135445. By threshold screening,
we obtained 1556 differentially expressed mRNAs between
AF and SR (Figure 1(a)). These included 733 upregulated
differentially expressed and 823 downregulated differentially
expressed (Figure 1(b)). We obtained 7084 differentially
expressed mRNAs in GSE2240, and by comparing them with
those of GSE135445, we identified 643 common differen-
tially expressed mRNAs (Figure 1(c)). There were significant
differences in the expression of common mRNAs between
AF and SR samples in GSE2240 (Figure 1(d)), and they may
be AF-associated mRNAs.
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FIGURE 1: Screening of differentially expressed mRNAs between AF and SR. (a). Heatmap of differentially expressed mRNAs between AF and SR
in GSE135445. (b). Volcano plot of differentially expressed mRNAs between AF and SR in GSE135445. Red is upregulated and blue is
downregulated. (c). Venn diagram of differentially expressed mRNAs in GSE135445 and GSE2240. (d). Heatmap of common mRNAs in GSE2240.

3.2. Biological Functions of Common mRNAs. Figure 2(a)
shows the top 10 GO terms in AF-associated mRNAs en-
richment. In CC results, we identified significantly enriched
focal adhesion, cytoskeleton, and secretory granule lumen.
RNA binding, cadherin binding, and protein kinase binding
were significantly enriched in MF. And regulation of cell
migration, regulation of angiogenesis, and neutrophil-
mediated immunity were significantly enriched in BP. In
addition, we found focal adhesion, PI3K-Akt signaling path-
way, and ECM-receptor interaction to be significantly enriched
in KEGG results (Figure 2(b)). On the other hand, we cal-
culated the infiltration of immune cells in AF patients. CD8+
naive T cell and Th1 cell infiltration were significantly higher in
AF, whereas macrophage M1 and Th2 cell infiltration were
significantly lower in AF, compared with SR (Figure 2(c)).

3.3. Differentially Expressed MiRNAs and IncRNAs.
Sixteen differentially expressed miRNAs in GSE68475 were
identified in AF patients after comparison with Sr

(Figure 3(a)). In GSE135445, we found 286 differentially
expressed IncRNAs between AF and SR (Figure 3(b)). Using
the TargetScan database, we identified 529 target mRNAs of
the differentially expressed miRNAs. Comparing with the
differentially expressed mRNAs, we obtained 31 differen-
tially expressed target mRNAs (Figure 3(c)). Using the
LncBase database, we identified 2358 target IncRNAs of
differentially expressed miRNAs. Compared with the dif-
ferentially expressed IncRNAs, we obtained 5 differentially
expressed target IncRNAs (Figure 3(c)).

3.4. CeRNA (DEIncRs-DEmiRs-DEmRs) Regulatory Network.
According to the ceRNA regulation guidelines, the two
ceRNA networks were established by Cytoscape software
(Figure 4(a)), which included upregulated hsa-miR-125a-5p,
downregulated IncRNAs, and mRNAs target, as well as
downregulated hsa-let-7a-3p, upregulated IncRNAs, and
mRNAs target. The results of enrichment analysis showed
that the target mRNAs were mainly involved in the HIF-1
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FiGURe 2: Identification of potential molecular maladjustment mechanisms of AF. (a). The top 10 GO terms in AF associated mRNAs
enrichment. (b). Significantly enriched KEGG pathways of AF-associated mRNAs. (c). Levels of immune cell infiltration in patients with AF
and SR. *P<0.05, **P <0.01, ***P <0.001.
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FIGURE 3: Identification of differentially expressed miRNAs and prediction of their target IncRNAs and mRNAs. (a). The differentially
expressed miRNAs between AF and SR in GSE68475. (b). The differentially expressed IncRNAs between AF and SR in GSE135445. (c). The
intersection of target mRNAs and differentially expressed mRNAs. (d). The intersection of target IncRNAs and differentially expressed
IncRNAs.
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FIGURE 4: The IncRNA-miRNA-mRNA network in AF. (a). The ceRNA network in AF. Rectangles, triangles, and circles represent IncRNAs,
miRNAs, and mRNAs, respectively. (b). Significant KEGG signaling pathways are involved in the target genes. (c). Heatmap of the score of
signaling pathways calculated GSVA in AF and SR. (d). Differential analysis identified signaling pathways activated or inhibited in AF

compared with SR.

signaling  pathway, endocytosis, and ferroptosis
(Figure 4(b)). Using GSVA, we evaluated the expression of
these signaling pathways in AF patients (Figure 4(c)).
Comparison with SR found that the GnRH signaling
pathway was inhibited in AF and the other signaling
pathways were all activated in AF (Figure 4(d)):

4. Discussion

In recent years, with the rapid development of high-
throughput technologies, researchers have been able to
observe changes in molecular regulatory mechanisms at the
gene expression level. In this study, we used transcriptome
data of AF patients from public databases containing
mRNAs, IncRNAs, and miRNAs. A total of 643 differentially
expressed mRNAs, 286 differentially expressed IncRNAs,
and 16 differentially expressed miRNAs were identified. In
the results of enrichment analysis, the differentially
expressed mRNAs were mainly associated with focal ad-
hesion, PI3K-Akt signaling pathway, and ECM-receptor
interaction. In addition, we identified a significant in-
filtration level of immune cells in AF. Importantly, we
successfully constructed a ceRNA network to further un-
derstand the underlying regulatory mechanism of AF.
Interestingly, we identified 2 ceRNA networks. Con-
sistent with the results of our analysis, miR-125a-5p was
upregulated in patients with AF [22]. Studies have shown
that genetic polymorphisms of miR-125a are associated with
the recurrence of AF [23]. Moreover, dysregulated miR-
125a-5p expression is associated with the formation of
vascular plaques and vascular restenosis [24]. In addition,
hsa-let-7a-3p expression was downregulated in AF

compared with SR [25]. Khudiakov et al. showed that hsa-
let-7a-3p was abnormally expressed in cardiovascular dis-
ease [26]. It is shown that let-7a-3p acts as a tumor sup-
pressor and participates in the regulatory processes of
proliferation and apoptosis in cancer cells [27].

Here, the results of our analysis suggest that AC125807.2
is a regulator of AF and competitively binds to miR-125a-5p
with multiple target mRNAs. Among them, p38-mitogen-
activated protein kinase has been implicated in AF and atrial
remodeling after epidermal growth factor receptor (EGFR)
activation [28]. EGFR is required for cardiovascular function
and its deletion produces cardiac damaging effects [29].
MACEF1 has a regulatory effect on the focal adhesion of the
cytoskeleton [30]. In addition, LINCO01139 is competitively
bound to let-7a-3p with SRI, thereby participating in the
molecular regulation of AF. Sorcin (SRI), an accessory
binding protein, regulates sarcoplasmic reticulum Ca2+
release and has important functions in the pathogenesis of
AF [31, 32]. Seidler et al. showed that SRI overexpression
affects cardiomyocyte excitation-contraction coupling [33].

Among the signaling pathways regulated by the ceRNA
network, we found that the HIF-1 signaling pathway was
significantly activated in AF. Hypoxia-induciblefactor-1
(HIF-1) is a regulator that regulates the body’s response
to hypoxia-induced angiogenesis [34]. Atrial hypoxia pro-
motes atrial fibrillation substrate formation by promoting
atrial structural remodeling [35]. In the early response of
cardiomyocytes to AF, the expression of genes of HIF-1«
was increased in synchrony with the onset of atrial mye-
lofibrosis [36]. Activation of the gonadotropin-releasing
hormone (GnRH) receptor is associated with coronary
heart disease and myocardial infarction [37]. However, in



the results of our analysis, the GnRH signaling pathway was
significantly inhibited. This is consistent with the findings of
Chiang et al. [38]. These results suggest that the ceRNA
network may be involved in the development of AF through
the regulatory mechanisms of HIF-1 and GnRH signaling
during the pathogenesis of AF, but these mechanisms re-
quire further investigation.

5. Conclusion

We identified two ceRNA networks, including hsa-miR-
125a-5p, hsa-let-7a-3p, and target genes. They may partic-
ipate in the pathogenesis of AF through the HIF-1 signaling
pathway. These results provide a partial description of the
comprehensive regulatory network of AF, which may help
provide new insights into the pathogenesis of AF and
identify potential therapeutic targets. However, there are
also certain limitations in this study. First, considering our
low number of analyzed samples, more samples are needed.
Second, we provided two sets of AF-related ceRNA net-
works, but further experimental validation is needed. We
hope to conduct further studies in large-scale clinical
samples to identify potential regulatory mechanistic mem-
ory therapeutic targets.
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