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ABSTRACT

The aim of this study is to prepare and characterise mucoadhesive silica-coated silver nanoparticles
loaded with ciprofloxacin (S-AgNPs-CSCFX), and investigate serum biochemical, haematological, and histo-
pathological effects in Sprague Dawley rats upon oral administration. S-AgNPs-CSCFX microparticles were
prepared using three fluid nozzle spray drying and characterised by scanning electron microscopy (SEM),
X-ray dispersive spectrometry (EDX), transmission electron microscopy (TEM), Fourier transform infrared
(FTIR), zeta potential and particles size measurements and X-ray powder diffraction (XRPD). Adult male
Sprague Dawley rats were randomly divided between six-treated groups, including blank S-AgNPs and S-
AgNPs-CSCFX (LD: Low dose; MD: Median Dose; HD: High Dose) and control group. Each group was
treated daily to evaluate the effect of the prepared particles on the lipid profile, serum biochemical, hor-
monal level, haemogram, and vital organ histopathology. The results showed successful encapsulation of
silver nanoparticles which resulted in spherical-shaped S-AgNPs-CSCFX with an average size of 1-5pum
and surface charge of 25.2+£5.52mv. The in-vivo results showed that different doses of blank S-AgNPs
and S-AgNPs-CSCFX had no significant toxic effects on the physiological, biochemical, and haematological
parameters. There were no marked histopathological alterations in the vital organs of the treated rats
with blank and loaded particles.
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1. Introduction antiviral drug zidovudine (Pedreiro et al. 2022). A common
method to form the microparticles is often based on ionic gel-
ation in which chitosan is crosslinked using ionic crosslinking
agent such as glutaraldehyde, formaldehyde, tripolyphosphate
and polyaspartic acid sodium salt (Guadarrama-Escobar et al.
2023). This is based on exploiting the polycationic nature of the
chitosan when dissolved at acidic conditions (Feng et al. 2015).
This approach may reduce mucuadhesion as it will neutralize sur-
face groups that are able to exert mucuadhesion.

Three fluid nozzle spray drying is relatively novel approach
that has been used to spray dry drug and excipients that are not
soluble in a mutual solvent (Al-Obaidi et al. 2018; Mohammed
et al. 2020). Using this technology, we encapsulate silver coated

Silver nanoparticles (AgNPs) have been the focus of extensive
research due to their robust and broad antibacterial activity (Lee
and Jun 2019). In addition, silver nanoparticles have been
exploited in various biomedical applications, such as delivering
anticancer agents, wound healing, dental applications, and
implantable medical devices (Kumar et al. 2018). AgNPs have
been well recognised for their broad-spectrum antimicrobial prop-
erties through targeting microbial DNA, peptides, and enzymes
(Alavi and Rai 2019). Various hybrid nanoparticles using AgNPs as
the core were prepared to synergise their antibacterial activity
against Gram-negative and Gram-positive bacteria in vitro (Marin
et al. 2015), including antibiotics such as ciprofloxacin (CFX) (Al-

Obaidi et al. 2018; Liu et al. 2022), rifampicin (Farooq et al. 2019),
vancomycin (Kaur et al. 2019), and minocycline (Chen et al. 2019).

The use of chitosan for forming microparticles has been widely
attempted to help with mucuadhestion (Ways et al. 2018).
Examples include incorporation of chitosan to help with depos-
ition of inhaled drugs to aid with enhanced deposition and to
prevent exhalation of smaller particles (Al-Obaidi et al. 2018). In
another study, chitosan was used for its mucoadhesive properties
to control the release and improve oral drug delivery of the

silica nanoparticles inside a matrix of chitosan embedded with
ciprofloxacin. The benefit of this approach is that it is removes
the need for a linker and more importantly it will allow forming
surface mucoadhesive coat of chitosan allowing burst release of
the drug. To prevent aggregation of silver nanoparticles, the par-
ticles are coated with silica to form silica coated silver nanopar-
ticles (S-AgNPs). This enhances stability of the formed particles
and offers greater control for the dissolution of entrapped silver
and drug (Al-Obaidi et al. 2018).
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In this work, we use three fluid nozzle spray drying to form
core/shell microparticles in which the shell is made up of low
molecular weight chitosan (CS) with the antibiotic drug ciprofloxa-
cin while the core is made up of silica coated silver nanoparticles.
The surface of the formed microparticles allows mucuadhesion
thanks to the presence of the cationic chitosan while the core
allows burst deposition of the silica coated silver nanobeads. We
use this approach to maintain chitosan in its natural form rather
than forming cross linked network using a linker. The use of three
fluid nozzle spray drying adds another level of control in particle
engineering to ensure formed particles exhibit the desired core/-
shell structure. In addition, to the authors knowledge, there is no
evaluation of the in vivo safety of S-AgNPs-CSCFX; thus, in this
study, we aim to synthesize, characterise, and determine the toxi-
cological effects of S-AgNPs-CSCFX microparticles that were
administered via the oral route in healthy rats. Analysis of pre-
pared particles included a range of haematological, biochemical
and histopathological assessments.

2. Materials and methods
2.1. Materials

Tetraethyl orthosilicate (TEOS; >99.0%), silver (Ag; nanopowder,
<100 nm particle size, 99.5% trace metals basis), low molecular
weight chitosan (CS), dimethylamine solution (DMA; 40% in
water), and acetic acid (ReagentPlus®, >99%) were obtained from
Sigma Aldrich, USA, while ciprofloxacin (CFX; >98.0%) and anhyd-
rous lactose were ordered from Fluka, USA, and Ethanol absolute
(VWR International, Leicestershire, UK).

2.2. Preparation of silica only and silica-coated Ag
nanopatrticles

Two fluid nozzle spray drying (Buchi B290 mini spray dryer,
Switzerland) was used to prepare the silica only nanoparticles
using nozzle size of 0.7 mm. The method of forming the silica par-
ticles or silica coated silver nanoparticles was based on Stober
method and as described in the literature (Kobayashi et al. 2005;
Jarvie et al. 2009). Briefly, 75ml EtOH and 20 ml distilled water
was mixed, then 1.0 ml DMA was added and ultra-sonicated. This
was followed by the addition of 0.5 ml TEOS to the previous solu-
tion and vigorously stirred. To prepare the AgNPs, the same pro-
cedure was followed with slight modification: Ag was suspended
in the EtOH/water solution followed by TEOS addition which was
then ultrasonicated to prevent aggregation. As a result, the
amount of added Ag to the spray drying solution was equivalent
to 0.17% (w/v) and was guided by the approximate final content
of spray-dried particles (=~ 2%, w/w).

2.3. Preparation of silica-coated AgNPs loaded CS/CFX by three
fluid spray drying

Three-fluid nozzle spray drying (Buchi B290 mini spray dryer,
Switzerland) was used to prepare the hybrid AgNPs-CSCFX. Briefly,
CFX (3.5g) and CS (0.5g) were added to 3% (v/v) acetic acid and
vigorously stirred for complete dissolution. Then, the produced S-
AgNPs suspension was injected in the internal nozzle, while the
CS/CFX with the acetic acid solution was pumped through the
external feed nozzle. The spray-dried suspensions resulted in solid
particles with an Ag content of 2% (w/w). Content analysis was
performed to determine CFX content in the final spray dried par-
ticles. This was carried out via dissolving 20mg of powder in
100ml of 3% (v/v) acetic acid followed by appropriate dilution

prior to measurement of absorption at wavelength 277 nm using
UV spectrophotometer (Jenway, Staffordshire, UK). The yield fol-
lowing spray drying varied between 30-50% per sample.

2.4. Characterisation of spray-dried powders by scanning
electron microscopy (SEM)

SEM (Scanning Electron Microscopy) (Microscope: FEI Quanta 600
FEG SEM) was used to examine the shape, surface, morphology,
and microstructure of the particles. The prepared microparticle
samples were mounted on aluminum stubs (Pin stub 12.5 mm alu-
minum with groove 8 mm pin) with double-sided adhesive carbon
tabs (Leit Adhesive Carbon Tabs 12 mm). All samples were coated
twice with carbon fiber. Edwards Sputter Coater (5150B) was used
to gold coat the samples for images taken under high vacuum.
All specimens were then imaged at an accelerating voltage of
20kV at different magnifications ranging from 100X to 10000X.

2.5. Transmission electron microscopy (TEM)

TEM was run on selected samples to define their shape and size
using a Philips Tecnai T20 microscope at 200 kV provided with a
dispersive energy spectrum (EDS) detector. A drop of sample (sil-
ica coated nanoparticles inside matrix of CFX and CFX/chitosan)
suspended in 0.1 ml deionized water was placed on a carbon-film
coated copper grid at 200kV of a transmission electron micro-
scope (TEM Philips Tecnai T20, Philips Ltd, Tokyo, Japan). After
drying for 20min, the copper grid was fixed onto the sample
holder and placed in a vacuum chamber. TEM images were cap-
tured under low vacuum using print magnifications of 260000x
and 51900x.

2.6. Energy dispersive X-ray (EDX) analysis

X-ray dispersive spectrometry was used to understand the chem-
ical composition at the surface of the prepared particles. Three
different sites of interest for each sample were examined using
EDX analysis using a scanning electron microscope (SEM) (oper-
ated at 20kV) with an X-ray detector using same method
described above for SEM samples. This method identifies the
atomic composition and characterises the spatial chemical distri-
bution of the sample.

2.7. X-ray powder diffraction (XRPD)

Bruker D8 Advance X-ray diffractometer (Bruker AXS GmbH,
Germany), a Cu-source, theta—theta diffractometer with a Lynx
eye position sensitive detector (40 kV voltage and 40 mA current)
was used. DFFRAC plus XRD commander software (Bruker AXS
GmbH, Germany) with a 26 range of 5-45°, a step size of 0.02°
and a time per step of 1.33 s was used to analyze the scanned
samples.

2.8. Characterisation of spray-dried powders by Fourier
Transform infrared spectroscopy (FTIR)

Fourier transform infrared (FTIR) spectra measurements were col-
lected for all spray-dried samples using a Perkin-Elmer Spectrum
100 FTIR spectrophotometer, over a scan range of 650-4200cm ™~
! with an average of 16 scans. The effect of carbon dioxide was
eliminated by obtaining a background spectrum for each experi-
mental condition.



2.9. Dynamic light scattering (DLS) and zeta potential
measurements

Samples were diluted to 1 ml with ultra-pure water and transferred
to a glass cuvette and analyzed using a Zetasizer (Malvern Zetasizer
nano series, UK). The refractive index and viscosity of distilled water
were used as reference values. A series of dilutions were made to
ensure consistent scattering and to avoid multiple scattering. The
temperature was set at 25°C and each sample was allowed to
equilibrate for 60s and a total of 12 runs per measurement were
performed with 10s per run. Z-average diameter in nm obtained
represented the particle size of the samples. Zeta potential analysis
was undertaken using electrophoretic light scattering (Malvern
Zetasizer nano series, UK). Every sample was diluted to the same
extent as in size analysis using deionized water before measurement.
All results were recorded as the mean of three repeats.

2.10. In vivo study: preparation of animals

Male 6-8weeks Sprague Dawley rats (100-125g) were received
by the Department of Biology, College of Science, University of
Tikrit, Irag. The rats were acclimatized for 7 days with a 12-h dark/-
light cycle at 25+2°C.

2.11. Subchronic toxicity protocol

Animals (N=28) were randomly allocated to 7 groups (N=4): (i)
normal control drenched with distilled water (CN: Control Negative);
oral treatment with (ij) AGNPs-CSCFX (LD: Low dose, 30 mg/Kg body
weight); (iii) AgNPs-CSCFX (MD: Median Dose, 60mg/Kg body
weight); (iv) AgNPs-CSCFX (HD: High Dose, 90 mg/Kg body weight),
(v) Blank AgNPs without CFX (LD: Low Dose, 30 mg/Kg body weight),
(vi) Blank S-AgNPs without CFX (MD: Median Dose, 60 mg/Kg body
weight), and (vii) Blank S-AgNPs without CFX (HD: High Dose,
90 mg/Kg body weight). The powders of blank and loaded NPs were
prepared in 1% glacial acetic acid. All drenching processes were
done using a force-feeding, ball-tipped needle; for exactly 3 consecu-
tive weeks. The body weights were measured on days 0, 7, 14, and
21 using a scientific measuring scale. Every morning, the animals
were investigated for behavioral abnormality, unusual symptoms,
food intake, and gross appearance.

2.12. Collection of biochemical parameters

On days 22 and 24 h after cessation of the last treatments, animals
were deeply anesthetized using xylazine/ketamine solution. Blood
samples (10 ml/rat) were obtained via cardiac puncture, and serum
was collected (from half of the blood) by centrifugation (3500 rpm
for 10min). The level of serum total protein (TP), albumin (ALB),
globulin (GLB), total serum bilirubin (TSB), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP)
(liver function tests), urea, and creatinine, total calcium, phosphate,
(Kidney function tests) were determined using standard diagnostic
kits. Additionally, serum levels of lipid profile include total cholesterol
(TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL),
very low high-density lipoprotein (VLDL), and triglyceride (TG) were
determined using a biochemical analyzer (Accent 200, Cormy,
Poland) with prolactin (PCT) values using Cobas e601 (Roche,
Germany).

2.13. Hematological assessment

A blood samples (5 ml) was transferred to ethylene-diamine tetra-
acetic acid (EDTA) tubes, mixed well, and analyzed immediately.
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The complete blood count (CBC), including total red blood cells
(RBC), hemoglobin (Hgb), hematocrit (HCT), Mean Corpuscular
Volume (MCV), Mean Corpuscular Hemoglobin (MCH), Mean
Corpuscular Hemoglobin Concentration (MCHC), RDWC, RDWS,
together with total and differential white blood cells (WBC), plate-
lets (PLT), Mean Platelet Volume (MPV), Platelet Distribution Width
(PDW), and Platelet-Large Cell Ratio (PLCR) in each sample were
measured by an automatic hematology analyzer (Mythic 22,
Orphee, Switzerland).

2.14. Histopathological examination

Immediately after animal sacrifice (at necropsy), samples of the
liver and kidneys were collected, rinsed in normal saline, and
examined for grossly visible lesions. About 1.0g from each tissue
was processed (fixed in 10% formalin for two nights, dehydrated,
paraffin-embedded, rehydrated, and sliced into 3.0 um thick) for
histopathological examination using previously established
methods.(Crissman et al. 2004) The sections were then stained
with Harris’s hematoxylin and eosin (H&E), then fixed with DPX,
observed under the light microscope, and photos were captured.

2.15. Data analysis

The data were analyzed using SPSS version 25.0 (Chicago, USA)
and data were expressed as mean = SD. One-way analysis of vari-
ance (ANOVA) and Post hoc comparison tests was done using the
Tukey's-b, Bonferroni and Duncan test. Probability values of <0.05
were considered statistically significant.

3. Results

3.1. Physicochemical characterisation of prepared spray dried
microparticles

Silica agglomerates of small nanoparticles of approximately
100nm were produced by 2-fluid spray drying with a size of
agglomerates varied between 1 to 4um (Figure 1(A)). The par-
ticles maintained this structure when Ag was incorporated exhib-
iting similar size range (Figure 1(B)). When CFX was added in, the
surface of the particles became less smooth indicating possible
deposition of the drug at the surface (Figure 1(C)). Particles that
included chitosan (i.e. S-AgNPs-CSCFX) were irregular in shape
with surface showing entangled chitosan chains across the silica
coated silver agglomerates (Figures 1(D)). Size analysis of the
entrapped silica coated silver nanoparticles showed a size of
87 nm which agreed well with the SEM images.

Further analysis of the surface using EDX analysis showed a
consistent trend in which the surface of the silica only nanopar-
ticles had the highest Si content (expressed as %weight) (Figure
2(A)). The amount of Si decreased slightly in S-AgNPs which may
indicate the presence of free Ag deposited on the surface. The
ratio decreased considerably in S-AgNPs-CFX and S-AgNPs-CSCFX
to approximately 10% (weight %) suggesting that the surface has
been covered by the CFX/CS. Theoretically, a complete coverage
should result in no Si at the surface hence results suggest partial
but successful coating of the particles which agreed with the SEM
images in Figure 1. When comparing the content of Ag, the data
agreed with analysis above as it shows high abundance in S-
AgNPs which indicates presence of silver on the surface (Figure
2(B)). Amount of silver is significantly lower in S-AgNPs-CFX and
S-AgNPs-CSCFX  signifying the successful entrapment of silver
within the silica/CFX/CS matrix. Zeta potential measurements
revealed the following results: silica only particles —33.2+10.7 mv,
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Figure 1. Scanning electron microscopy (SEM) images of silica nanoparticles prepared by 2-fluid nozzle spray drying (A), silica coated silver nanoparticles prepared by
2-fluid nozzle spray drying (B), silica coated silver nanoparticles and entrapped with a layer of CFX prepared by 3-fluid nozzle spray drying (C) and silica coated silver

nanoparticles inside CFX/chitosan prepared by 3-fluid nozzle spray drying (D).

silica coated silver nanoparticles — 38.7+6.19 mv, silica coated sil-
ver with CFX — 40.4+8.19mv and silica coated silver nanopar-
ticles with CFX and chitosan 25.2+5.52 mv.

To confirm the above findings, the samples were further ana-
lysed to assess molecular interactions and surface morphology. As
can be seen in Figure 3, the results showed broadening in car-
bonyl group stretching of CFX at 1612cm™". The ionised COO-
can be seen as symmetric and asymmetric vibrations at 1585 and
1375cm™" respectively (Mohammed et al. 2020). Among assigned
peaks, it is clear that there is a significant shift in peaks positions
1612, 1585, 1540, 1499, 1282cm™"'. CFX is known to exhibit a
zwitterion behavior due to electronic cloud movement promoting
ionization (Mohammed et al. 2020). This pattern, however, is
altered when hydrogen bonds are formed minimising deprotona-
tion. This suggests molecular interactions with the chitosan chain,
which is rich with hydrogen bond donor groups.

X-ray powder diffraction (XRPD) data showed that the silica
particles were completely amorphous, while the entrapment of
Ag can be clearly seen with the lower intensity of peak at 20 of
38° which is typically found in pure crystalline Ag (Figure 4).
When CFX was included, some signs of crystalline residues could
be seen, while embedding with chitosan almost led to completely

amorphous dispersions (Figure 2). Residual peak of 26 of 38°
could still be seen in S-AgNPs-CFX and S-AgNPs-CSCFX which fur-
ther supports above SEM and EDX results. Overall, these results
confirm that the produced particles were predominantly amorph-
ous with evidence for total or partial encapsulation of Ag inside
the CFX/CS matrix.

Dissolution was evaluated using transmission electron micros-
copy (TEM) using same approach used before (Al-Obaidi et al.
2018) (Figure 5). As can be seen, particles dissolution was seen to
release the entrapped particles as aggregates of multiple silica
coated Ag particles which were seen as dark dots. The particles
can be seen to completely dissolve showing traces of the dis-
solved silica. These results confirmed the successful design of the
particles which could dissolve to release the entrapped silver
nanoparticles.

3.2. In vivo assessment of clinical vital signs

In vivo assessment of clinical vital signs revealed no signs of tox-
icity such as behavioral change, segregation, laying down, mortal-
ity, ruffled hair, cannibalism, or loss of appetite. Weight change is
considered a vital toxicity index for tested laboratory animals; as
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Figure 2. X-ray dispersive spectrometry (EDX) results showing surface abundance of (A) silicon (Si) and (B) silver (Ag) of samples prepared by spray drying.
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Figure 3. FTIR spectra of prepared solid dispersions prepared using two and 3-fluid nozzle spray drying along with corresponding spectra for ciprofloxacin (CFX) and
chitosan. The dotted lines show peak positions in CFX where a shift was seen compared to S-AgNPs-CSCFX microparticles signifying structural changes.
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Figure 4. X-ray powder diffraction diffractograms of spray dried microparticles of silica, silica coated silver particles, silica coated silver nanoparticles loaded with CFX,
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Figure 5. Transmission electron microscopy (TEM) images showing dissolution of silica coated nanoparticles inside matrix of CFX/chitosan (A) and CFX (B) prepared by
3-fluid nozzle spray drying.

significant body weight reduction is a dangerous sign of toxic starting treatment. Control group and treated animals with vari-
products in treated animals. This study measured the animal's ous doses of blank and loaded NPs showed significant steady
body weight before dosing (day 0) and after 7, 14, and 21days of increment in body weight (p <0.05), while there were not any
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Table 1. Body weight of rats treated with blank and loaded silica-coated silver nanoparticles with ciprofloxacin.

Time Treatments Day-0 Day-7 Day-14 Day-21
Control Negative A136.2+1.83% A162.7 +28.80" A188.50 + 40.27% A205.7 +54.71%
blank LD A125.5+9.13%8 AB143.2+10.99" 8167.2+15.77% 8C183.7+10.40"
blank MD M38.2+7.72%8 1745+ 11.73" BC196.2 +9.98" €210.0+12.66"
blank HD A138.0+8.32"8 AB157.2+16.74" 8179.2 +27.97% C197.5+11.96"
Loaded LD 2140.7 +4.39%8 B168.2+16.78" BC189.7 +£10.71* €209.2 +14.08"
loaded MD A150.2+10.618 81747 +13.63" 8C198.7£12.92" €216.7+9.25"
loaded HD A39.5+9.13%8 AB167.3+10.96" BC186.2 +8.54" ¢1975+7.02"

*CN: Control negative; LD: Low dose (30 mg/Kg body weight); MD: Median Dose (60 mg/Kg body weight); and HD: High Dose
(90 mg/Kg body weight); S-AgNPs: Silica coated silver nanoparticles; S-AgNPs-CSCFX: Silica coated silver nanoparticles loaded

with ciprofloxacin.

The data are mean + Std. Deviation. Bonferroni Post Hoc test was used. The superscript letters on the right of each data repre-
sent the statistical differences between groups. While the superscripts letters on the left represent the statistical differences
within the groups. P-value less than 0.05 was considered statistical differences.

Table 2. Serum liver function tests of rats treated with blank and loaded silica-coated silver nanoparticles with ciprofloxacin.

Alanine Aspartate Alkaline Total Serum

Total protein Albumin (ALB)  Globulin (GLB) Aminotransferase Aminotransferase Phosphatase Bilirubin (TSB)
Test Group (TP) (g/L) (g/L) (g/L) (ALT) (U/L) (AST) (U/L) (ALP) (U/L) (?mol/L)
CN 6.03+0.24° 3.4+0.07° 3.55+75.15° 85.25+28.77° 142.5+12.84° 595.25 + 86.04° 0.0+0.0°
LD-S-AgNPs 6.07+0.15% 34+0.12 3.93+1.25% 82.0+3.51° 169.0 +15.72% 563.67 +67.77° 0.0+0.0%
MD-S-AgNPs 7.03£0.11¢ 3.7+0.11%° 3.2+0.112 73.75 £ 5.66° 159.25 +24.77° 480.75 + 41.58%° 0.0+0.0°
HD-S-AgNPs 6.43+0.17% 3.63+0.14%° 2.8+0.11% 89.5+23.6 192.0 +23.23% 500.75 + 84.17° 0.0+0.0°
LD-S-AgNPs-CSCFX 7.08+0.11¢ 4,08 +0.08° 3.0+0.08° 95.25 +6.49° 172.25+12.17° 507.5 + 36.36° 0.023 £0.023°
MD-S-AgNPs-CSCFX 6.75+0.12°¢ 3.8+0.0 2.95+0.12% 88.50+7.9% 161.25+5.34° 549.75 + 55.65° 0.0+0.0%
HD-S-AgNPs-CSCFX 6.83 +0.26° 3.95+0.16™ 3.08+0.27° 63.0£6.15% 144.25 +15.61° 406.5 +26.08” 0.0£0.0°

CN: Control negative; LD: Low dose (30 mg/Kg body weight); MD: Median Dose (60 mg/Kg body weight); and HD: High Dose (90 mg/Kg body weight); S-AgNPs:
Silica coated silver nanoparticles; S-AgNPs-CFX: Silica coated silver nanoparticles loaded with ciprofloxacin.
Superscripts on the right of the means indicate statistical differences (p < 0.05) between the groups. Values are means + standard error. Values are means + standard

errors for N=4. Statistical analysis was by one way ANOVA.

significant differences between the weight of the groups when
compared to each other at the same time point throughout the
course of the treatment (days 7, 14, and 21) (Table 1).

Regarding the serum biochemical tests, there was no significant
elevation of liver function tests (except for AST) (p > 0.05) (Table 2)
and renal function tests (Table 3) in treated animals with blank and
loaded AgNPs related to the control group. Subsequently, treated
rats with blank and loaded AgNPs resulted in significant increment
(p < 0.05) in TG and VLDL with no substantial changes in other lipid
profile tests and prolactin values (Table 4). Regarding the hemato-
logical tests, no significant differences were seen in all tests in
treated animals with various doses of blank and loaded AgNPs
except for WBC, lymphocyte, monocyte, and granulocyte values,
where the changes were significant in treated animals compared to
control group (p<0.05) (Table 5). Furthermore, histopathological
observation showed no toxicological lesions with no remarked differ-
ences in the renal and hepatic histological structures in the control
and the treated groups with various doses of blank and loaded
AgNPs for three consecutive weeks.

3.3. Histopathological findings

Liver sections of treated animals did not show signs of destructed
hepatic cell cords, polyploidization, presence of inflammatory
cells, focal lymphocytic infiltration, dilation of sinusoidal space,
eosinophilic cytoplasm, and pyknotic nuclei of hepatocytes. Also,
there were no membrane leakage, necrosis, and/or apoptosis.
Similarly, the overall structure of the liver, hepatocytes, sinusoids,
portal triads, and central veins were normal. However, some
groups of treated animals saw mild Kupffer cell proliferation with
mild hydropic degeneration (Figure 6). Meanwhile, the kidney sec-
tions of treated rats exhibited normal structure and appearance of
glomeruli/tubules. The proximal convoluted tubules (PCT), distal
convoluted tubules (DCT), and macula densa were intact with no

Bowman'’s capsule thickening and interstitial inflammation. As can
be seen in Figure 6, liver section showed no significant morpho-
logical changes, evident by normally radiated column of hepato-
cytes (HP) surrounding mildly widened central vein (CV) with
distinctively dilated sinusoidal capillaries. On the other hand, Low
dose group (G2) treated with 30 mg/kg of S-AgNPs-CSCFX, reveal
mild to moderate vacuolar degeneration (VD) with clear hydropic
changes. The section reveals dilated central vein (CV) together
with normally appeared sinusoidal capillaries (S).

Medium dose group treated with 60 mg/kg of S-AgNPs-CSCFX,
demonstrated the presence of moderate to significant hydropic
degeneration (HD). On the other hand, it showed some typically
appeared hepatocytes around the central vein (CV). High dose
group treated with 90 mg/kg of S-AgNPs-CSCFX, showed more
significant vacuolar degenerations (VD). This revealed area of
some normally distributed hepatocytes (HP) together with typical
sinusoidal capillaries, disseminated structurally around the central
vein (CV). Low dose group treated with 30mg/kg of blank S-
AgNPs, showed moderate vacuolar degenerations (VD), together
some areas of dilated and congested sinusoidal capillaries (yellow
arrows). Presence of ordinary arranged hepatocytes (HD) around
the central vein (CV) with no obvious congestion. Medium dose
group treated with 60 mg/kg of blank S-AgNPs, show significant
vacuolar degenerations (VD) within the hepatocytes, together
with regular sinusoidal capillaries, and perfectly arranged hepato-
cytes column around the central vein (CV) with evident vascular
congestion. High dose group treated with 90 mg/kg of blank S-
AgNPs. Presence of eosinophilic proteinaceous fluid within the
central vein lumen (CV), together with slightly severe vacuolar
and hydropic degenerations (VD, HD). In addition to, the section
reveals some centrilobular area of typically appeared parenchymal
cell around the central vein (CV).

In vivo results were compared to the findings in kidneys as
shown in Figure 7. Some groups of treated animals detected low-
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Table 3. Serum kidney function tests of rats treated with blank and loaded silica-coated silver nanoparticles with ciprofloxacin.

Test Group Urea (mmol/L) Creatinine (umol/L) Total Calcium (mmol/L) Phosphate (mmol/L)
CN 34042122 0.37+0.22%° 11.53+0.48° 7.99+0.91
LD-S-AgNPs 30.33+4.37° 0.45+0.05% 13.4+0.75° 9.7 +0.69°
MD-S-AgNPs 33.5+1.32° 0.58 +0.24° 12.78+0.37° 8.33+0.37°
HD-S-AgNPs 30.0 +3.922 0.55+0.01 13.08+0.39° 8.23 +0.49
LD-S-AgNPs-CSCFX 346+291° 0.33+0.05% 13.23+0.25° 8.13+0.23°
MD-S-AgNPs-CSCFX 36.5 + 1.55 0.39+0.06 13.20+0.35° 82+032°
HD-S-AgNPs-CSCFX 36.25+2.17° 0.34+0.05%° 12.95+0.21° 8.1+0.30°

CN: Control negative; LD: Low dose (30 mg/Kg body weight); MD: Median Dose (60 mg/Kg body weight); and HD: High Dose (90 mg/Kg
body weight); S-AgNPs: Silica coated silver nanoparticles; S-AgNPs-CFX: Silica coated silver nanoparticles loaded with ciprofloxacin.
Superscripts on the right of the means indicate statistical differences (p < 0.05) between the groups.Values are means + standard error.
Values are means + standard errors for N = 4. Statistical analysis was by one way ANOVA.

Table 4. Lipid profile and hormone values of rats treated with blank and loaded silica-coated silver nanoparticles with ciprofloxacin.

High-Density Low-Density Very low-Density
Triglyceride (TG) Lipoprotein (HDL) Lipoprotein (LDL) Lipoprotein

Test Group Cholesterol (mg/dL) (mg/dL) (mg/dL) (mg/dL) (VLDL)(mg/dL) Procalcitonin% (PCT)
CN 78.25+11.65° 62.75 + 18.74° 18.13£1.95% 27.45 +5.29° 12.55+3.75° 0.38+0.03°
LD-S-AgNPs 78.0+231° 99.33+15.93° 17.23+£1.04° 22.77 +4.48° 19.87 +£3.19° 0.29+0.01%
MD-S-AgNPs 80.23 +2.46% 102.0+7.67° 18.9+0.20° 24.70 + 1.59° 20.4+1.53° 0.36+£0.02%°
HD-S-AgNPs 74.75+10.55° 99.0 +5.82° 18.05+1.06° 23.18+2.189° 19.8+1.16° 0.32+0.04%
LD-S-AgNPs-CSCFX 78.5+1.94° 88.50 +9.95%° 20.38+0.96° 25.08+0.21° 17.65+1.97% 0.38+0.03°
MD-S-AgNPs-CSCFX 80.36+9.11° 93.75+ 8.29%° 18.55+1.18% 23.90 +2.25° 18.75 + 1.66° 0.37+0.02 *
HD-S-AgNPs-CSCFX 745+4.17° 72.0+1.63%° 17.4+0.426° 22.55+1.07° 143 +0.33% 0.34+0.03%

CN: Control negative; LD: Low dose (30 mg/Kg body weight); MD: Median Dose (60 mg/Kg body weight); and HD: High Dose (90 mg/Kg body weight); S-AgNPs:

Silica coated silver nanoparticles; S-AgNPs-CFX: Silica coated silver nanoparticles loaded with ciprofloxacin.
Superscripts on the right of the means indicate statistical differences (p < 0.05) between the groups.Values are means + standard error. Values are means + standard
errors for N=4. Statistical analysis was by one way ANOVA.

Table 5A. Hematological values of rats treated with blank and loaded silica-coated silver nanoparticles with ciprofloxacin.

Mean
Mean Mean Corpuscular
Corpuscular Corpuscular Hemoglobin
Red Blood Cell Hemoglobin Hematocrit% Volume Hemoglobin Concentration

T Test Group (RBC) (105/pL) (Hgb) (g/dL) (HCT) (MCV) (umol) (MCH) (Pg) (MCHO) (g/dL) RDWC% RDWS (1m)
CN 5.93 +0.40° 13.98 +0.84° 45.78 £3.20° 71.55+1.7° 21.95+1.132 30.65+0.96%  18.18+0.74°  49.5+42.88°
LD-S-AgNPs 6.02+0.17 1413 +0.31° 43.7+.97° 72.65+1.34° 23.48+ 45 3235+0.94 17.8+£0.51%  49.4+40.77°
MD-S-AgNPs 6.16+0.16° 144+0.27° 44.8+1.69° 72.7+1.81° 23.4+0.63%® 32.23+0.85° 163+0.69°  43.73 +35.89°
HD-S-AgNPs 6.02+0.21° 14.28+0.47° 452+1.53° 75.43 +3.98° 23.75+0.15% 31.73+£1.58 17.88+147°  52.6+2152°
LD-S-AgNPs- 6.39+0.199° 151+0.17° 47.73+1.28° 75.08 +3.97° 23.7 £0.70% 31.73+£071%  17.35+155°  48.65+27.61°

CSCFX
MD-S-AgNPs- 5.97 +0.166° 14,63 +0.13° 44.85+0.66° 75.18+1.29° 24.55 +0.86° 32,65+ 0.66° 159+0.22°  44.05+41.93°

CSCFX
HD-S-AgNPs- 6.14+0.34° 14.4+0.46° 4433+1.28° 72.68+2.93° 23.55 +0.59%° 3248+0.69°  17.73+1.18°  49.85+32.35°

CSCFX
Table 5B. Hematological values of rats treated with blank and loaded silica-coated silver nanoparticles with ciprofloxacin.

Mean Platelet Platelet Platelet-Large White Blood
Platelets (PLT) Volume Distribution Cell Ratio% Cells (WBCQ)

Test Group (103/pL) (MPV) (um3) Width% (PDW) (PLCR) (103 /pL) Lymphocyte%  Monocyte%  Granulocyte%
CN 456.0+59.17° 8.58+0.73° 17.7+0.73? 17.35+5.35% 7.8+.69° 7490+484  698+0.73° 18.1+4.74°
LD-S-AgNPs 303.75 + 16.40° 9.65 +0.29° 16.7 +0.88° 17342159 10.23+.84° 83.45+167° 543+067° 11.13+1.01°
MD-S-AgNPs 443.25+26.73° 8.25 +0.20%° 17.25 +1.04° 14.6+1.81° 14.58 +2.14° 87.73+.54° 4.98+0.23° 7.3+0.532
HD-S-AgNPs 406.75+ 57.79°° 7.88+0.31% 17.05+0.75° 12.5+1.87° 15.23+137° 86.88+248°  498+.71° 8.15 +1.80°
LD-S-AgNPs- 3735+33.93%  10.25+0.45° 17.25+0.76° 19.45 +3.73¢ 15.95+.96° 83.18+2.72°  515+046®  10.68+2.23%

CSCFX
MD-S-AgNPs- 419.5+15.44% 8.85+0.12% 18.3+0.39° 18.35+1.12b¢ 15.55+1.95° 87.23+.74° 53+051®  7.48+0.51

CSCFX
HD-S-AgNPs- 359.5+21.75%° 9.53+0.23% 17.50+1.12° 24.95 + 3.07° 18.73+1.63° 89.38+.87° 5.05 + 0.44° 5.58 +0.50°

CSCFX

grade vacuolar degeneration within the renal tubular epithelium
and very mild vascular congestion (Figure 7). Control negative
group received (D.W), showed no visible morphological deviation,
apparent by representative glomeruli and regular Bowman's cap-
sule (BC). Renal tubules (RT) as well exhibit no significant lesions
except for slight and non-significant tubular dilation. Low dose
group treated with 30mg/kg of S-AgNPs-CSCFX, showed non-

significant to moderate cellular swelling within the renal tubular
epithelia. The section also reveals many areas of typically
arranged renal tubules (RT) together with renal glomeruli (GL)
with no clear morphological changes. Medium dose group,
treated 60mg/kg of S-AgNPs-CSCFX, showed moderate cellular
swelling within the renal tubular epithelium (CS). The section also
demonstrates some area of vascular congestion (VC) together
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Figure 6. Photomicrograph of liver from groups; G1: Control negative group received (D.W); G2: Low dose group (G2) treated with 30 mg/kg of S-AgNPs-CSCFX; G3:
Medium dose group (G3), treated with 60 mg/kg of S-AgNPs-CSCFX; G4: High dose group (G4) treated with 90 mg/kg of S-AgNPs-CSCFX; G5: Low dose group (G5)
treated with 30 mg/kg of blank S-AgNPs; G6: Medium dose group (G6) treated with 60 mg/kg of blank S-AgNPs; G7: High dose group (G7) treated with 90 mg/kg of

blank S-AgNPs. H&E. Scale bar: 4 mm.

Figure 7. Photomicrograph of kidney from groups; G1: Control negative group received (D.W); G2: Low dose group (G2) treated with 30 mg/kg of S-AgNPs-CSCFX; G3:
Medium dose group (G3), treated 60 mg/kg of S-AgNPs-CSCFX; G4: High dose group (G4) treated with 90 mg/kg of S-AgNPs-CSCFX; G5: Low dose group (G5), treated
with 30 mg/kg of blank S-AgNPs; G6: Medium dose group (G6), treated with 60 mg/kg of blank S-AgNPs; G7: high dose group (G7), treated with 90 mg/kg of blank S-

AgNPs; H&E. Scale bar: 4 mm.

with normally appeared renal glomeruli. High dose group treated
with 90 mg/kg of S-AgNPs-CSCFX, presented severe and signifi-
cant glomerular atrophy (GA), evident by obvious widening of the
Bowman'’s capsule (BC). In addition, the section shows area of cel-
lular swelling within the renal tubular epithelia, together with usu-
ally appeared renal tubules (RT). Low dose group, treated with
30mg/kg of blank S-AgNPs, demonstrated mild to moderate
glomerular atrophy (GA) as well as vascular congestion. Renal
tubular epithelium (RT) reveals area of vacuolar degeneration
(VD). Moreover, many areas show typically arranged tubules.
Medium dose group treated with 60mg/kg of blank S-AgNPs,
showed significant vascular congestion within the renal blood
vessels. In addition, a moderate glomerular atrophy (GA) mani-
fested by sensible spreading of Bowman’s space (BC) was
observed. Renal tubular epithelium (RT) expresses slight hydropic
degeneration. High dose group treated with 90 mg/kg of blank S-
AgNPs, displayed significant cellular swelling within the renal
tubular epithelium. The section also demonstrates moderate

vascular congestion (VC), together with areas of ordinary
appeared renal glomerular structure (GL) and tubules (RT).

4. Discussion

S-AgNPs-CSCFX microparticles were prepared successfully using
three fluid nozzle spray drying. Successful encapsulation was
achieved and confirmed using surface techniques (EDX and XRPD)
as well as using bulk/morphology using SEM and TEM. When chi-
tosan was present the particles seemed to aggregate which may
suggest that the polymer/CFX mixture partially segregated into a
different phase from the core liquid (silica coated Ag). While this
is a desired outcome in which two phases were obtained, it also
suggests that further optimisation was needed to ensure forma-
tion of core/shell structures. Molecular interactions showed clear
shift in FTIR peaks of CFX when chitosan was present confirming
the presence of solid dispersion coating the core silica coated sil-
ver nanoparticles. Presence of Ag, as shown in EDX and XRPD
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data, indicate incomplete coating by silica which have resulted in
detecting traces of Ag. However, considering the dilution effect
(i.e. intensity of peaks is lower due to lower Ag ratio), the results
confirmed the formation of a chitosan/CFX coat around the silver
coated silica nanoparticles. Zeta potential measurements showed
consistency with other data showing significant enhancement in
zeta potential of chitosan containing microparticles to
25.2+5.52mv. It is clear from these results that the surface has
changed according to the composition with a noticeable differ-
ence when chitosan was incorporated reflected by the positive
zeta value. When compared with reported values, the positive
charge obtained in the prepared particles reflects success of three
fluid nozzle spray drying to prepare cationic microparticles. It is
interesting to observe that the silica nanoparticles formed spher-
ical micro aggregates which were ultimately coated by the
chitosan/CFX coat. This added to the control in dissolution which
was seen in the TEM images indicating release of the entrapped
silver.

Investigation of the oral intake of blank and loaded AgNPs was
carried out on body weight, biochemical/hematological parame-
ters, and histopathological observations using oral doses for
21days. Body weight is widely utilized as a reliable indicator of
the substance toxicity (Nirogi et al. 2014). According to several
studies, contact to gold (Xia et al. 2014), nickel (Kong et al. 2014),
and silver (Wen et al. 2017) NPs can cause loss of body weight.
Despite this, there is contradictory evidence in the literature
(Gromadzka-Ostrowska et al. 2012; Yin et al. 2015). During the
treatment period, we assessed the rats’ body weight and discov-
ered that the rats’ weight increased dramatically with age after all
treatments. These results agreed with Adeyemi and Adewumi
(2014) who found that the body weights of the rats treated with
AgNPs increased at all dosages, and the weight gains were signifi-
cant in the 1000 mg/kg for 2weeks and 5000 mg/kg for 3 weeks
(Adeyemi and Adewumi 2014). However, findings contradict
Zhang et al. (2013) who found that the male rat body weight was
sensitive to AgNPs, and the intravenous (iv) dosage of NPs (20
and 40mg/kg) caused body weight loss (Zhang et al. 2013).
Whereas Kim et al. (2008) demonstrated that the male/female
Sprague Dawley rats did not display any substantial body weight
changes concerning the various doses of AgNPs (30-1000 mg/kg)
during the 4weeks experiment (Kim et al. 2008). Similarly, Sung
et al. (2011) found that AgNPs inhalation (0.94 x 10° to 3.08 x 10°
particle/cm®) did not reduce male and female Sprague Dawley’s
body weight during the 2-week observation period (Sung et al.
2011). It was reported that fluctuation in the body weight in ani-
mals treated with AgNPs might be related to the method of NPs
preparation, NPs content, duration of administration, administra-
tion route, and dose (Moradi-Sardareh et al. 2018).

Assessment of liver and kidney function is of major significance
in measuring the toxic characteristics of extracts, chemicals, and
drugs. They are major target organs for several substances due to
their critical role in various body processes, including detoxifica-
tion and excretion (Al-Doaiss et al. 2020). In this study, there were
no substantial changes in the mean value of all biochemical
parameters (except for AST) in all treated groups compared to the
healthy controls. The renal and hepatic enzyme level alterations
may be an adaptive strategy used by the animals to counteract
the stress brought on by AgNP exposure (Adeyemi and Adewumi
2014). In the past several years, because of the importance of
these enzymes, studies of serum aminotransferases have evolved
into a widely used indicator of hepatotoxicity (Al-Doaiss et al.
2020). These enzymes are often found in the liver and other

tissues, where they participate in the transamination of amino
acids, a process that helps the body use energy.

The AST and ALT, however, may escape into the blood stream
in situations of cellular injury, resulting in increased activity (Bello
et al. 2016). Our results agreed with the findings of Alwan et al.
(2021) who found that AgNPs (0.85, 1.76, and 3.53 mg/kg) did not
induce any fluctuations in the mean of biochemical parameters
(AST, ALT, urea, and creatinine) (Alwan et al. 2021). Whereas
Adeyemi and Adewumi (2014) displayed that AgNPs significantly
decreased levels of serum and tissue AST, ALT, and ALP at
100 mg/kg (Adeyemi and Adewumi 2014). In contrast, treatment
of adult male Balb/C mice with 35 intraperitoneal (ip) injections of
AgNPs (1.0mg/kg) using particle sizes of 10, 20, 40, 60, and
100 nm; markedly elevated hepatic and renal biomarkers (Al-
Doaiss et al. 2020). Abbas et al. (2011) indicated that AgNPs mark-
edly inhibited AST and ALT in rats due to Ag interaction with
functional groups (thiol) of these enzymes, resulting in protein
denaturation and inactivation (Abbas et al. 2011). Moreover, treat-
ing rats with blank and loaded AgNPs did not elevate lipid profile
tests (except TG and VLDL) and prolactin values. In this respect,
Kim et al. (2008) found substantial elevation in TC in both the
high-dose (1000 mg/kg AgNPs) (p < 0.05) male rats and the mid-
dle and high-dose (300 and 1000 mg/kg AgNPs, respectively)
(p<0.01) female rats with no changes to TG values (Kim et al.
2008), while Sulaiman et al. (2015) found depletion in the level of
HDL by AgNPs exposure (10, 50, and 100 mg/kg) (Sulaiman et al.
2015). On the other hand, Ali and Khudair (2019) found that
AgNPs loaded Nigella sativa (25-50 mg/kg) receded a case of dys-
lipidemia in treated adult male rats (Ali and Khudair 2019), while
Dandapat et al. (2021) declared that AgNPs loaded Ganoderma
applanatum (400 mg/kg) increased hyperthyroid and hypolipi-
demic activity (Dandapat et al. 2021). Moreover, Elle et al. (2013)
reported that AgNPs (500 mg/kg) resulted in cholesterolemia
(9.5%), increased LDL (30%), but lowered TG (41%) (Elle et al.
2013). Regarding the hematological parameters, AgNPs signifi-
cantly reduced WBC, lymphocyte, monocyte, and granulocyte val-
ues since others blood tests were not changed considerably in
treated animals with various doses of blank and loaded AgNPs
compared to the healthy controls. In this regard, Park (2013)
found decreased RBC counts, HCT, and Hgb in the Ag-treated
groups, while raised PLT levels and MPV were found in the AgNP-
treated rats. In contrast, MCV, MCH, MCHC, RDW, hemoglobin dis-
tribution width (HDW), WBC count, and percent differential leuko-
cytes were not changed (Park 2013). In contrast to our results,
MCV in high-dose male (1000 mg/kg AgNPs), RBC, Hgb, and HCT
in both the middle and high-dose (300 and 1000 mg/kg AgNPs,
respectively) female rats were increased significantly in a research
conducted by Kim et al. (2008). Moreover, Heydrnejad et al.
(2015) showed that RBC, Hb, and HCT did not vary significantly in
the AgNPs (20 and 50ppm) treated male/female mice
(Heydrnejad et al. 2015), as well as Qin et al. 2017, concluded that
RBC increased and PLT decreased significantly in male rats treated
with 1.0mg/kg AgNPs (p <0.05) (Qin et al. 2017). Furthermore,
reports indicate that AgNPs affect hematological indices in birds.
Loghman et al. (2012) found that broiler chickens receiving AgNPs
had lower WBC, RBC, and Hgb values (Loghman et al. 2012). The
histopathological findings of the vital organs of rats treated with
various doses (30, 60, and 90mg/kg) of the blank and loaded
AgNPs showed no remarkable alterations in the liver and kidneys
compared to controls. This was in line with the work of (Alwan
et al. 2021) who mentioned that AgNPs did not induce any
changes in histopathologic features of the liver and kidneys
(Alwan et al. 2021). Controversially, these findings differed from



the work of Sardari et al. (2012) who highlighted how repeated
oral administration of AgNPs caused hepatotoxicity and discov-
ered that the process of phagocytosis, which removes NPs from
the liver by macrophages, increased the levels of oxygen radicals
in the blood (Sardari et al. 2012). Moreover, Wen et al. (2017)
found serious cell degeneration and necrosis in the liver/kidneys
rat treated with AgNP reliable with the bio-distribution and bio-
chemical outcomes and due to the high Ag amounts that col-
lected in these organs (Wen et al. 2017). Additionally, Adeyemi
et al. (2015) showed diverse inimical histopathological alterations
to renal cellular architecture in rats orally administered with
AgNPs (1000-5000 mg/kg) (Adeyemi et al. 2015). Loghman et al.
(2012) determined that the cytotoxicity of AgNPs to mitochondrial
action raised with the rise in AgNPs amount, causing a radical
decreasing in mitochondrial action, enhanced membrane leakage,
necrosis, and initiation of apoptosis in chicken liver cells
(Loghman et al. 2012).

5. Conclusions

The results showed the feasibility of using three fluid nozzle spray
drying to form silver coated silica nanoparticles encapsulated
within ciprofloxacin and chitosan matrix. S-AgNPs and S-AgNPs-
ciprofloxacin nanoparticles oral usage had no adverse effects, and
they appear to be safe if they are used in human for treating
infectious diseases. This requires further studies to confirm toxic
dose levels in humans which will be the focus of future studies.
These findings demonstrate the effectiveness of these particles
and the potential use in targeting different systemic and regional
bacterial infections.
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