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Abstract: Metallic nanoparticles, such as gold nanoparticles (AuNPs), have been extensively studied
as drug delivery systems for various therapeutic applications. However, drug-loaded-AuNPs have
been rarely explored in-vivo, for their effect on bacteria residing inside tissues. Ciprofloxacin (CIP)
is a second generation fluoroquinolone with broad spectrum antibiotic devoid of resistance
development. This research is focused on the synthesis and physical characterization of Ciprofloxacin
loaded gold nanoparticles (CIP-AuNPs) and their effect on the colonization of Enterococcus faecalis
in the liver and kidneys of mice. The successfully prepared CIP-AuNPs were stable and exerted
enhanced in-vitro antibacterial activity against E. faecalis as compared to free CIP. The optimized
CIP-AuNPs were administered (500 pg/Kg) once a day via tail vein to infected mice for eight days
and were found to be effective in eradicating E. faecalis from the host tissues. Moreover, unlike CIP,
CIP-AuNPs were non-hemolytic. The CIP-AuNPs showed to be a promising and biocompatible
alternative therapeutic for E. faecalis induced infections resistant to conventional drugs (e.g., beta-
lactams and vancomycin) and should be further investigated.
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1. Experimentation details

1.1. Concentration of AUNPs and CIP-AuNPs

The concentration of AUNPs and CIP-AuNPs was evaluated with the help of Beer’s Law.
A=E x| xC

Where,

A (L mol ~ Lem =D is the absorbance, E (M~! cm™) is the molar extinction coefficient, |
represent the path length (cm), and C is the concentration (mol).

The UV-visible spectroscopy (UV-vis) absorption spectra were recorded in the range of 300—
800 nm. The extinction coefficient was obtained from the standard curve.

1.2. Calculation of unloaded CIP
Beer Lambert’s Law was used to calculate unloaded CIP, which says that A = EcL

Where A is the absorbance of the CIP-AuNPs solution, E is the extinction coefficient, L is the
path length of the cuvette, and c is the concentration of the CIP in the solution.

1.4. Kinetic analysis of the drug release

To unveil the process of drug release from the CIP-AuNPs, numerous mathematical models (zero
order, first order, and Higuchi’s model) were employed.

To figure out whether the drug dissolution from the CIP-AuNPs was independent of the drug
concentration, the zero-order paradigm was applied [1].

Q=Qo+Kot

where Qt is the amount of CIP from CIP-AuNPs dissolved at time t, Qo is the initial amount of
CIP in the solution (most times, Qo = 0), and Ko is the zero-order release constant expressed in
units of concentration/time.

The first-order model was applied to find out if the CIP release from the CIP-AuNPs was
concentration-dependent [2].

Log C=log Co— K1/2.303
Where Cyis the initial concentration of CIP and K is the first-order constant.

The Higuchi model was applied to see if CIP release from CIP-AuNPs was similar to the release
mechanism from the matrix and polymeric systems [3].

Q=Kut

Where Q:is the amount of CIP released at time t and Ky is the release rate constant for the
Higuchi model.



The Korsmeyer-Peppas model was also employed to look for the CIP released from the matrix
and polymeric systems by using the following equation [3].

My/Moo =Kt"

Where Mt/Mwo is a fraction of CIP released at time t, K is the CIP release rate constant, and n is
the release exponent. For cylindrical-shaped matrices, the n value is used to describe multiple
releases. The n value indicates the release mechanism: when n = 1, the release rate is independent
of time (zero-order, case Il transport). n = 0.5 stands for Fickian diffusion and when 0.5 < n < 1.0,
diffusion and non-Fickian transport are implicated. Finally, when n > 1.0, super case Il transport
is apparent, and n is the slope value for log (Mt/Mw) versus log time curve.

2. Results

2.1.  Elemental chemical composition of AUNPs by EDS

EDX analysis was carried out for elemental mapping and to chemically characterize the NPs,
which showed distribution of metallic gold (Figure S1). Due to the specific atomic structure of
each element present in the AuNPs and CIP-AuNPs, a specific group of peaks were shown on
their spectra for electromagnetic emission [4]. EDAX analysis for CIP-AuNPs showed the
presence of Au as the major element in the sample, in addition to carbon, oxygen, chloride and
other elements. The respective relevant spectra with strong signals of Au (1.5-2, 9.5-10 and 11-
11.5 keV) at characteristic energy were observed. The EDX spectra identified the presence of
chloride as a characteristic for CIP-HCI (0- 0.5 keV, 2.5-3 keV). The Na peak (1-1.5 keV) is due
to trisodium citrate used as a reducing and capping agent during CIP-AuNPs synthesis. The
percentage composition of carbon and oxygen was elevated in the CIP-AuNPs when compared
with the EDS spectra of AuNPs from previous studies [5]. A significant overlap from the peaks
of Si was observed from 1.5-2 KeV which was due to the silicon substrate on the mounting base.



Spectrum 1

Figure S1. EDX analysis of the CIP-AuNPs

Table S1. Spectral assignments for unloaded AuNPs, CIP-AuNPs and free CIP.

Wavenumber Bond Functional Group
(cm™)
Free CIP 3410 N-H Imine
1655 N-H Amine
Unloaded AuNPs 3320 O-H Aromatic Alcohol,
Phenol compounds
1634 C=0 Carboxyl
1381 C-O
CIP-AuNPs 3341 O-H Aromatic Alcohol,
Phenol compounds
2062 C-H Carboxyl
3449 N-H Imine

1667 N-H Amine
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Figure S2: Kinetic analysis of the drug release for CIP-AuNPs (0.5 mM CIP): (A) Zero-
order kinetics, (B) Kosermayer—Peppas plot, (C) First-order kinetics, and (D) Higuchi
kinetics.
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Figure S3: Kinetic analysis of the drug release for CIP-AuNPs (1 mM CIP): (A) Zero-
order kinetics, (B) Kosermayer—Peppas plot, (C) First-order kinetics, and (D) Higuchi

kinetics.
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Figure S4: Kinetic analysis of the drug release for CIP-AuNPs (1.5 mM CIP): (A) Zero-order
kinetics, (B) Kosermayer—Peppas plot, (C) First-order kinetics, and (D) Higuchi kinetics.
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Figure S5: Kinetic analysis of the drug release for CIP-AuNPs (2 mM CIP): (A) Zero-order
kinetics, (B) Kosermayer—Peppas plot, (C) First-order kinetics, and (D) Higuchi kinetics.
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Figure S6: Kinetic analysis of the drug release for CIP-AuNPs (2.5 mM CIP): (A) Zero-order
kinetics, (B) Kosermayer—Peppas plot, (C) First-order kinetics, and (D) Higuchi kinetics.
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Figure S7: Temperature effect on CIP-AuNPs formulated with 0.5 mM CIP.
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Figure S8: Temperature effect on CIP-AuNPs formulated with 1 mM CIP.
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Figure S9: Temperature effect on CIP-AuNPs formulated with 1.5 mM CIP.
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Figure S10. Temperature effect on CIP-AuNPs formulated with a 2 mM CIP concentration.
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Figure S11: Temperature effect on CIP-AuNPs formulated with 2.5 mM CIP.
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Figure S12: pH effect on CIP-AuNPs formulated with 0.5 mM CIP.
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Figure S13: pH effect on CIP-AuNPs formulated with 1 mM CIP.
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Figure S14: pH effect on CIP-AuNPs formulated with 1.5 mM CIP.
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Figure S15. pH effect on CIP-AuNPs formulated with 2mM CIP.
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Figure S16: pH effect on CIP-AuNPs formulated with 2.5 mM CIP.
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Figure S17: Effect of salt concentrations on CIP-AuNPs formulated with 0.5 mM CIP.
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Figure S18: Effect of salt concentrations on CIP-AuNPs formulated with 1 mM CIP.
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Figure S19: Effect of salt concentrations on CIP-AuNPs formulated with 1.5 mM CIP.



—50 MM

y Peaks=271-274nm ~— 100 mM
3.0 | — 500 mM

2.5

2.0 -

1.5 1

Absorbance

1.0 -

0.5 -

0.0 4

| TR I P S PR T S, TR [t SR E S TR YO [Ny S (- e |
200 250 300 350 400 450 500 550 600 650
Wavelength (nm)

Figure S20. Salt (NaCl) concentrations effect on CIP-AuNPs formulated with 2 mM CIP.
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Figure S21: Effect of salt concentrations on CIP-AuNPs formulated with 2.5 mM CIP.
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