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HIGHLIGHTS ABSTRACT

o Antibiotic tetracycline was conjugated with
silver nanoparticles

o The prepared nanoparticles and the antibiotic
tetracycline formulation were characterized

o The formulation has good anti-bacterial and
antioxidants potentials

o The formulation induced cytotoxicity against
AMI-13 cancer cells

The antibiotic impacts of classical drugs against bacteria could be enhanced via
the conjugation of silver nanoparticles. After the successful coating of silver
nanoparticles (AgNPs) with Tetracycline, the characterization of the conjugate
properties was achieved through measurements with scanning electron microscopy
(SEM) coupled to an energy-dispersive X-ray analyzer (EDX). The SEM analysis
shows the appearance of silver nanoparticles with an average particle size of 22.82
nm and a cubic shape. Meanwhile, the EDX spectrum of silver NPs exhibits peaks
corresponding to elemental silver. The anti-bacterial activity of pure Tetracycline
and tetracycline-AgNP conjugates was examined against ten isolates of

ARTICLE INFO Pseudomonas aeruginosa. The tetracycline/AgNPs nanoparticles also strongly

inhibited the growth of P. aeruginosa, as shown in experiments that involved the
Handling editor: Qusay F. Alsalhy determ.ination of the lowest inhibitory gnd .le.thal concentratigns. It is noted that all

of the isolates recorded the minimum inhibitory concentration at 60%, while the
Keywords: minimum inhibitory concentration for two isolates (1 and 10) was 100%.
Antibiotics Genetically, higher frequencies of total chromosomal aberrations (TCAs) in blood
Nanoparticles cells were correlated with higher NP concentrations. The tetracycline-AgNPs
Anti-bacterial activity effectively scavenged the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals.
MIC Toxicity tests against MCF-7 cancer cells revealed an antitumor effect of NPs
Pathogenic bacteria against cancer cells, showing the capability of inhibiting the proliferation of cells

and demonstrating highly significant effects.

1. Introduction

Tetracyclines (TC) comprise a widely spread family of naturally occurring compounds, among which chlortetracycline and
oxytetracycline were the earliest to be described [1]. Excessive utilization of these compounds during the last decades has made
many bacterial species resistant to their impacts [2]. Many prominent investigations were carried out to determine the capability
of AgNPs to serve as vehicles to deliver various drug molecules to their exact targeted tissues, thereby enhancing their efficiency
[3-5]. These attempts also successfully demonstrated the synergistic actions of these particles with antibiotic compounds [6,7].
Subsequent research was able to re-examine these findings, revealing the capability of these particles to successfully conjugate
to several antibiotics, including Tetracycline, vancomycin, and the immunosuppressant azathioprine [8]. The strong activity of
AgNPs against various types of microbes encouraged their progressive usage in applications that include, for example, wound
dressings, catheters, and various domestic products [9]. Compounds with antibiotic properties proved crucial in various
industries, including textiles, medicine, water disinfection, and food packaging. Nanoparticles possess antibiotic features that
could be combined with those of classical drugs and overcome the problems caused by using organic materials, such as toxicity
to life forms [10]. Research has highlighted that AgNPs exert their activities against microbes via several mechanisms of action.
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Via these mechanisms, these nanoparticles adhere to the bacterial cell wall and membrane, penetrate into the cytoplasm, cause
damage to organelles, and induce reactive oxygen species (ROS) that induce cellular toxicity and oxidative stress [11,12].
Bacterial species resisting antibiotic treatment have raised growing concerns recently [13—15]. One species known as the main
cause of urinary tract infections is the P. aeruginosa bacteria [16]. The advancement of nanotechnology as a credible,
environmentally sustainable technique for producing a broad range of biocompatible materials and nanomaterials, including
metal/metal oxide nanomaterials and nanocomposites, depends on developing eco-friendly green methods for producing
nanoparticles. Green synthesis is therefore seen as an essential strategy to reduce the negative impacts associated with the
traditional synthesis methods for nanoparticles routinely utilized in laboratories and industry [17]. This study aimed to develop
a conjugation between Tetracycline and AgNPs and to enhance the latter's activity in treating this type of bacteria.

2. Materials and methods

2.1 Synthesis of the AgNPs

The chemical reduction method was used to prepare AgNPs. Silver nitrate (0.0849 g; Sigma-Aldrich, USA) was dissolved
in 100 mL of deionized water. At 80°C, Trisodium Citrate Dihydrate (0.0103 g; Sigma-Aldrich, USA) and Sodium Dodecyl
Sulfate (0.0144 g; Sigma-Aldrich, USA) were mixed in 100 mL of deionized water. The two mixtures were added dropwise over
30 minutes under continuous stirring, and the reaction was continued at 80°C for 4 hours. to ensure completion, which showed
a yellow color. The produced AgNPs were cooled, collected in an amber bottle, and refrigerated [14,18].

2.2 AgNPs—Tetracycline Mixture

AgNPs (100 pg/mL) were mixed with Tetracycline (Sigma-Aldrich, USA) to a final 15 pg/mL concentration. A total of 0.2
mL of Tetracycline in 0.8 mL of AgNPs was mixed and well-homogenized on a stirrer, and the resultant solution was kept in the
dark at room temperature [19].

2.3 Characterization of the conjugated AgNPs—Tetracycline

The conjugate of Tetracycline and AgNPs was characterized by SEM in addition to UV, FTIR, and XRD tests in the reference
[20].

2.4 Bacterial isolates

Bacterial isolates of P. aeruginosa were obtained from the microbiology laboratory at Al Azizya Hospital, Wasit, Iraq. The
isolates were directly transferred to the laboratory. The conventional methods to ensure their identity were based on microscopic
examinations and were confirmed with the VITEK 2 system (VITEK, Biomérieux, Marcy-1’Etoile, France).

2.5 Determination of Minimum inhibitory concentration (MIC)

The MIC of the Tetracycline/AgNPs conjugate against each isolate was achieved using the macro-broth dilution method.
Serial concentrations (10-90 pg/mL) were prepared in nutrient broth medium (NB; supplied by Hi-Media, India), followed by
inoculation with bacterial cultured cells (10° cells, 0.2 pL). Tubes containing growth medium only were used as controls. The
MIC represented the lowest conjugate concentration that caused growth inhibition in P. aeruginosa isolates [4].

2.6 Growth curve tests

AgNPs activity against the growth of pathogenic bacteria was determined according to [21]. A mixture involving AgNPs
(0.1 mL) and (0.1 mL) from bacterial suspension was poured onto nutrient broth (10 mL), and 0.1 mL was distributed on a

plate containing Mueller-Hinton agar, followed by incubation (37 °C, 24 h) and then observation of viable bacterial cells after 0,
30, 60, and 90 min.

2.7 Chromosomal analysis

The experiment started with the addition of whole blood (0.5 mL) collected in a tube coated with heparin to RPMI-1640
medium (4.5 mL), including supplementations of 10% fetal bovine serum, a combination of penicillin and streptomycin, and 10
pg/mL of hemagglutinin (PHA). After incubation, the samples were left at room temperature until completely dried. The
preparation slides were subjected to staining with Giemsa stain (2.5 min). Calculations of MI and BI values were made utilizing
1000 cells, whereas those of TCAs were achieved utilizing 25 wells of mitotic cells [22].

2.8 DPPH (1, 1-Diphenyl-2-picryl-hydrazyl) Assay

The pure AgNPs and the conjugate of Tetracyclin-AgNPs (12.5, 25, 50, and 100 pg/mL each) were tested for their
antioxidant potential in a scavenging DPPH radical solution (0.02 g DPPH in 50 mL methanol). Ascorbic acid (10 pg/mL) was
used as a positive control treatment. Firstly, a mixture that included the sample (750 pL) and DPPH, or ascorbic acid (750 uL),
followed by storage at 37 °C in darkness. A wavelength of 517 nm was adopted for the measurement of optical density (OD),
whereas the Equation (1) below was utilized for the calculation of the antioxidant activity:

.. i (OD Control- OD Sample)
0, j—
Antioxidant activity %o = Control X 100 (1)
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OD control refers to the optical density of the control, and OD sample refers to the optical density of the sample.

Cytotoxicity analysis using 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT)

A breast cancer cell line MCF-7 (Michigan Cancer Foundation-7) was plated in 96-well microtiter plates (1x104 cells/well)
to evaluate their ability to stay viable in response to treatments (72 h) with AgNPs and the conjugate with the abovementioned
concentrations, based on the MTT cell viability assay. The effect of treatment was tested by replacing the culture medium with
2 mg/mL of the MTT solution and incubating it (1.5 h, 37 °C). Following the removal of MTT, dissolution of the produced
formazan was achieved via the addition of DMSO (130 pL) and incubation (15 h, 37 °C, with shaking) [23]. The ELISA kit
reader and OD of 492 nm were utilized for reading absorbance. In contrast, inhibition rate as a parameter for testing the cytotoxic
activity of triplicate treatments was extracted following the Equation (2) below:

(A-B)

Inhibition rate (%) = —;

x 100 (2)

A and B = OD values for the control and the treatment, respectively.

2.9 Statistical analysis

The results were referred to as the mean + SD of three replicates. Data were statistically analyzed utilizing the SPSS version
11.5 program. Differences were estimated by utilizing the Analysis of Variance (ANOVA) test. The significance of variations
was demonstrated using the least significant difference (LSD) test.

3. Results and discussion

3.1 Characterization of conjugate Tetracycline —AgNPs

Generally, the biosynthesized nanoparticles are characterized by their size, shape, and dispersion [24]. Particle homogeneity,
monodispersity with tiny sizes, and an extremely large surface area are among the required characteristics that would be
important in several practical applications. The common techniques applied in this study for characterizing the bio-synthesized
AgNPs are scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS). According to the previous study in
[25], the UV absorbance showed the color shift of the tetracycline solution from pale yellow to greenish following the
introduction of the Ag" ions, where the absorbance peak was at 390 nm.

Figure 1(A, B, and C) shows the appearance of silver nanoparticles using a scanning electron microscope (SEM), with an
average particle size of 22.82 nm and a cubic shape. SEM is an important technology that uses radiation and electronic imaging
to draw an image of the surfaces of materials, through which the shape of nanoparticles can be determined. EDX spectrum of
silver NPs Figure 1D, exhibiting peaks corresponding to elemental silver, referred to in the literature as falling in the 3-3.5 keV
range, and spectra for chlorine, oxygen, nitrogen, and potassium.

ke

| Date(midly): 00/05/20 o

Figure 1: A-C refer to SEM images of AgNPs at different scale bars 200 nm, 10 pm , and 2 um,
respectively. D refers to the EDX spectrum of AgNPs
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Other studies reported the synergistic effect of Tetracycline (TC) and AgNPs. TC-AgNPs yield was optimal when
synthesized using the combination of silver nitrate, Tetracycline, and sodium hydroxide at a molar ratio of 1:6:24. Tetracycline
works as a co-reducing and stabilizing agent [26]. AgNPs could be conjugated with various antibiotics such as Tetracycline
(polykeptide), neomycin (aminoglycoside), and penicillin (B-lactam). The tetracycline- or neomycin-AgNPs conjugates could
efficiently inhibit the bacteria's growth through the improved binding capacity of the Tetracycline- or neomycin-AgNPs
conjugate with bacterial isolates [27].

3.2 Chromosomal Analysis

Results in Figure 2a-c and Table 1 reflect the behavior of peripheral blood lymphocytes (measured in terms of blastogenic
index (BI), mitotic index (MI), and total chromosomal aberration (TCA) values in response to the treatment with pure AgNPs
and their conjugate with Tetracycline. Figure 2A showed the microscopic image of noral metaphase, while images in Figures 2B
and C showed the dicentric and ring chromosomes , respectively. An apparent concentration-dependent increase in TCA values
is observed, whereas BI and MI were subject to a significant reduction. These findings concur with earlier works on malignant
cells regarding dose-dependent reductions in cell division rate, mitotic cell number, and the aggravation of chromosomal
aberrations. Such responses are remarkably similar to the chemotherapy mechanism of action, which depends on inhibiting the
mitotic spindle and, on the other hand, on inhibiting protein synthesis during the cell cycle [28-30]. Whether spontaneous or
induced, Aberrations in chromosomes manifest as an altered structure or number of chromosomes [31]. Structure abnormalities
might occur when the DNA is broken, its synthesis is inhibited, or its replication is based on altered strands. However, aberrations
in the number of chromosomes, whether in polyploidy or aneuploidy, occur when they are abnormally segregated, either as a
spontaneous behavior or in response to eugenic factors [32].
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Figure 2: Chromosomal abberrations of peripheral blood lymphocytes. (A) normal metaphase, (B) Black arrow showing
dicentric chromosome induced by Tetracycline —AgNPs at concentration of 100 pg/mL, (C) Black arrow
showing ring chromosome induced by Tetracycline —AgNPs at concentration of 50 pg/mL. Magnification

Power was 400X
Table 1: Chromosomal aberrations n peripheral blood lymphocytes (PBLs) as a result of treatment with AgNPs, Tetracycline, and Tetracycline
—AgNPs
AgNPs Tetracycline Tetracycline- AgNPs
Conc.pg/mL BI MI TCA Conc.ug/mL. BI MI TCA  Conc.ug/mL. Bl MI TCA
0.0 40.50 0.72 0.12 0.0 40.5 0.72 0.12 0.0 40.50  0.72 0.12
50 37.12 0.66 0.17 50 38.77  0.70 0.14 50 36.28  0.54 0.22
100 36.35 0.58 0.25 100 3845  0.66 0.14 100 33.11 0.46 0.24
150 36.09 0.43 0.31 150 3643  0.63 0.18 150 31.09  0.38 0.24
200 33.24 0.41 0.44 200 32.21 0.60 0.19 200 3025  0.36 0.27
250 28.67 0.37 0.56 250 31.18  0.57 0.25 250 2823  0.25 0.31
650.MTX 18.26 0.12 0.0

3.3 Estimation of minimum inhibitory concentration

The MIC refers to the lowest concentration that causes the complete inhibition of bacterial growth. In the present work, this
test was conducted using liquid culture media, involving both bacterial filtrate and silver nanoparticles, to determine the extent
of the effect on the growth of the microorganism isolates by means of the turbidity test. It is noted from the results that almost
all of the isolates recorded the minimum inhibitory concentration at 60%, while the minimum inhibitory concentration for two
isolates (1 and 10) was 100%.

3.4 Growth Curve Test

A growth curve test was used to estimate the anti-bacterial activity of AgNPs (100 pg/mL) at zero time, 2 hours., and 6
hours. At exposure time zero, there was no significant effect on bacterial growth. However, the effect appears gradually after
two hours of exposure and then 6 hours, which showed a significant effect in inhibiting bacterial growth in the isolates (C, E) or
in the appearance of a small number of bacterial colonies as in the isolates (A, B, D, F, G, and H) Figure 3. This is related to the
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interactions of the AgNPs with the bacterial cell membrane. It is suggested that the sulfur and phosphorus-containing entities
within the components of the cell walls are the favorite sites for the AgNPs, leading to bacterial cell breakdown and death. The
AgNPs were observed to exhibit inhibition, and it was inferred that the AgNPs produce reactive oxygen species (ROS) in the
nutrient broth, which led to the growth inhibition of bacteria. There is evidence that time contributes to the suppression and
growth of bacteria. The growth time and lag phase for bacteria depend on nanoparticle characteristics and functional
participation, including the conditions necessary for bacterial growth and development [33,34].

Figure 3: Growth curve assay of AgNPs against different P. acruginosa isolates. A decrease in growth is observed after
increasing the exposure time to AgNPs (zero time, 2 h, and 6 h). A. Isolate No.1, B. Isolate No.2, C. Isolate
No.3, D. Isolate No.4, E. Isolate No.5,F. Isolate No.6, G. Isolate No.7, and H. Isolate No.8
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3.5 Antioxidant potentials

DPPH shows high stability at room temperature while displaying a dark violet color after dissolving in an organic solvent.
It has a strong absorption wavelength of 517 nm. When silver nanoparticles are added, the color shifts to yellow. Phenolic OH
groups were reported to reduce DPPH (35-37). In the present work, the DPPH test revealed potential concentration-dependent
scavenging impacts of sliver nanoparticles against free radicals. The results of the concentrations of the different treatments
showed significant differences at a p-value <0.05. When conjugated to Tetracycline, this impact slightly increases compared
with ascorbic acid at different concentrations (50, 100, and 150 pg/mL) Table 2. The DPPH (2,2-diphenyl-1-picryl-hydrazyl-
hydrate) free radical method is an antioxidant assay based on electron transfer that produces a violet solution in ethanol. This
free radical, stable at room temperature, is reduced by an antioxidant molecule, giving rise to a colorless ethanol solution. The
use of the DPPH assay provides an easy and rapid way to evaluate antioxidants by spectrophotometry [10], so it can be useful to
assess various products at a time.

Table 2: The antioxidant effects using the DPPH method for different concentrations of Tetracycline-AgNPs

Tetracycline- AgNPs Ascorbic Acid
Conc. pg/mL Abs AA%# Conc. pg/mL Abs AA%#
0.0 0.280+0.04 0.0 0.0 0.280+0.04 0.0
50 0.175+0.02 37.50 A2 50 0.167+0.01 40.35 42
100 0.163+0.03 41.79 Ba 100 0.122+0.01 56.42 Bb
150 0.141+0.02 49.65 ¢ 150 0.097+0.01 65.35

#AA%=Percentage of antioxidant activity; Abs: Absorbance.
Different capital case letters: Significant difference (P < 0.05) between means of columns.
Different lowercase letters: Significant difference (P < 0.05) between means of rows.

3.6 Anti-cancer activity of nanoparticles

The influence of silver nanoparticles on the growth of the MCF-7 cell line is illustrated in Figure 4. As shown in Figure 4A,
treatment with tetracycline-AgNPs at concentrations of 26.5 and 100 pg/mL showed a concentration-dependent decrease in the
number of colonies of MCF-7 as compared to those of non-treated cells. The viability of tumor cells after 24 h of incubation
with 50 pg/mL was highly affected (60%). Similar toxicity effects were obtained with the high concentration, but the effect was
more potent (85%) than that observed in the previous one Figure 4A. Figure 4B showed the microscopic image of MCF-7 cell
line before treatment with AgNPs, while Figure 4C showed the microscopic image of MCF-7 cells after treatment with AgNPs
at concentrations 50 pg/mL which rvealed a decrease in number of colonies of MCF-7 as compared to those of nontreated cells

Figure 4B.
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Figure 4: Cytotoxic effect of AgNPs on MCF-7 cell line, A: Percentage of cytotoxicity against
MCEF-7 cells B: before treatment with AgNPs, While C. after treatment with AgNPs
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Cancer takes its rank as being among the most common fatal factors worldwide. Further investigations are required to
discover the capability of the natural products of different plants to overcome the emerging issue of resistance to anti-cancer
drugs. In recent times, plants, herbs, and materials introduced by traditional medicine have been clearly appreciated as a major
pool for producing chemical drugs to prevent malignancy and various other health applications. Thus, decisions about their
potential and diverse usages need to be built on an extensive information base covering their properties in terms of benefits and
risks. For example, spices are known to be the source of active components found in dietary phytochemicals. The findings of the
present work could infer that the NPs, which have been under extensive research during the last decade, are of great value as
nature-derived chemicals with strong actions against microorganisms and free radicals. Nevertheless, further investigation is
essential to better identify the compounds with biological activity, including in vivo studies using suitable animal species [20].
The toxic, antitumor effect of the prepared nanoparticles NPs against MCF-7 cells was investigated by examining their capability
of inhibiting proliferation, demonstrating highly significant effects, as shown in Figure 4. An indication of such an impact was
extracted from their clear potential to inhibit the proliferation of the targeted cells in a dose-dependent manner. Recent studies
indicated that treating cancer cells with NPs for 72 hours helped in the emergence of a noticeable decrease in the reproduction
capacity of these cells. Other findings indicated that these particles confer a selective induction of cell death and growth inhibition
on THP-1 and AMJ-13 cells [38].

4. Conclusion

This work established that using the chemical reduction approach to synthesize AgNPs confers them with relatively higher
stability in terms of physiochemical characteristics. The conjugate between these particles and Tetracycline resulted in a product
with potent antibiotic, antitumor, and anti-free radical properties. The widespread concern about antibiotic-resistant microbes
promotes research in discovering new antibiotic compounds and the pharmaceutical development of antibiotic drugs. AgNPs
have been proven to have anti-bacterial activity and are used in various products, such as cosmetics, medical products, and anti-
microbial dressings. The article provides a state-of-the-art review of the physicochemical factors that affect its bactericidal
activity and mechanism of action. It highlights the synergistic anti-bacterial activity of antibiotic-AgNP conjugates against drug-
resistant bacteria. Studies reported that AgNPs physicochemical parameters that affect the anti-microbial activity of the particles
are size, shape, surface charge, concentration, and colloidal state. The anti-bacterial activity of these nanoparticles works through
direct contact with the bacteria's cell surface and membrane, and penetration through the bacteria's cell leads to intracellular cell
damage, cell toxicity, oxidative stress, and signal transduction pathway alteration. These activities were enhanced when the
AgNPs were conjugated with antibiotics. Information regarding the effects of AgNPs at a cellular level is essential to further
determining the dosage and safety profile. In addition, knowledge about the characteristics of AgNPs in biological systems and
their synergism with antibiotics will offer essential information in developing nanomaterial technologies to prevent and treat
infections caused by pathogenic bacteria. That is why suitable approaches for their usage must be premeditated and fostered to
relegate the emergence of resistant strains.
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