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Abstract: Lignin nanoparticles emerged as a promising alternative for drug delivery systems owing
to their biodegradability and bioactive properties. This study investigated the antimicrobial activity
of the ethanolic extract of Ocimum basilicum-loaded lignin nanoparticles (OB-LNPs) and Lagenaria
siceraria seed oil-loaded lignin nanoparticles (LS-LNPs) to find a solution for antimicrobial resistance.
OB-LNPs and LS-LNPs were tested for their antimicrobial potential against Escherichia coli, Enterococ-
cus faecalis, Klebsiella pneumoniae, Staphylococcus aureus, Salmonella enterica, Trichophyton mentagrophytes,
Trichophyton rubrum, and Microsporum canis. OB-LNPs and LS-LNPs were further tested for their
anti-efflux activity against ciprofloxacin-resistant Salmonella enterica strains and for treating Salmonella
infection in a rat model. We also investigated the antifungal efficacy of OB-LNPs and LS-LNPs for
treating T. rubrum infection in a guinea pig model. Both OB-LNPs and LS-LNPs showed strong
antimicrobial potential against S. Typhimurium and T. rubrum infections. LS-LNPs showed antibac-
terial activity against Salmonella enterica species with a MIC range of 0.5–4 µg/mL and antifungal
activity against T. rubrum with a MIC range of 0.125–1 µg/mL. OB-LNPs showed antibacterial activity
against Salmonella enterica species with a MIC range of 0.5–2 µg/mL and antifungal activity against T.
rubrum with a MIC range of 0.25–2 µg/mL. OB-LNPs and LS-LNPs downregulated the expression
of ramA and acrB efflux pump genes (fold change values ranged from 0.2989 to 0.5434; 0.4601 to
0.4730 for ramA and 0.3842–0.6199; 0.5035–0.8351 for acrB). Oral administration of OB-LNPs and
LS-LNPs in combination with ciprofloxacin had a significant effect on all blood parameters, as well
as on liver and kidney function parameters. Oxidative stress mediators, total antioxidant capacity,
and malondialdehyde were abolished by oral administration of OB-LNPs and LS-LNPs (0.5 mL/rat
once daily for 5 days). Interferon-γ and tumor necrosis factor-α were also reduced in comparison
with the positive control group and the ciprofloxacin-treated group. Histopathological examination
of the liver and intestine of OB-LNPs and LS-LNPs-treated rats revealed an elevation in Salmonella
clearance. Treatment of T. rubrum-infected guinea pigs with OB-LNPs and LS-LNPs topically in
combination with itraconazole resulted in a reduction in lesion scores, microscopy, and culture results.
In conclusion, OB-LNPs and LS-LNPs possess immunomodulatory and antioxidant potential and
can be used as naturally derived nanoparticles for drug delivery and treatment of Salmonellosis and
dermatophytosis infections.
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1. Introduction

Recently, nanotechnology has developed a correlation between the physical and bio-
logical sciences by applying nanostructures and nanophases in different fields of science,
particularly nanomedicine and nano-based drug delivery systems [1]. Nanoparticles are
small nanospheres designed at the atomic or molecular level [2]. Therefore, they can move
more freely in the human body than larger materials [3]. A remarkable increase is observed
in green technologies for the synthesis of nanomaterials from forest process streams such
as lignin [4]. Lignin nanoparticles (LNPs) emerged from the recent valorization pathways
described for lignocellulosic biomass in the field of biomedical applications [5]. Lignin
is the most abundant amorphous aromatic biopolymer, so it has received great interest
in recent years [5]. Among the available natural biodegradable drug carriers, LNPs have
proven to be the most promising green material for drug delivery because of the low cost
of the raw material. Moreover, lignin possesses heterogeneous chemical structures; it is
simple and controllable to be converted into uniform NPs [6]. Lignin contains several
active functional groups, including phenyl, aliphatic, carbonyl, methoxy, and phenolic
hydroxyl groups that represent active sites for chemical modifications by oxidation, sul-
fonation, graft copolymerization, and hydroxymethylation reactions [7]. Owing to their
antioxidant, antimicrobial, anticancer, and anti-inflammatory activities, LNPs have been
used for drug delivery [8]. LNPs are used for stabilizing essential oils (Eos) and promoting
their growth inhibition activity against pathogens, especially bacterial pathogens [9,10].
Lagenaria siceraria is cultivated in Egypt for its seeds, which are utilized for making salad
oil [11]. Lagenaria siceraria seed oil contains a high amount of fatty acids and sterol com-
pounds. Also, they are beneficial for health owing to their high content of polyunsaturated
fatty acids such as linolenic and linoleic acids, which decrease the risk of cardiovascular and
atherosclerosis diseases through their resistance to oxidation [12]. Lagenaria siceraria seed
extract showed antibacterial and antifungal activities compared with those reported for
fruits. These variations in activity are attributed to the plant part utilized, the source of the
microbial strains, or environmental factors [13]. L. siceraria seed extract contains different
phytochemical compounds such as alkaloids, cardiac glycosides, terpenoids, saponins,
carbohydrates, phenols, and reducing sugars, which were considered biologically active
with antimicrobial properties [14]. Ocimum basilicum is cultivated globally for its Eo, which
is applied in medicine/pharmaceutical, cosmetics, perfumery, and as a flavoring agent [15].
O. basilicum has been used as a sedative, preservative, digestive regulator, and diuretic [16].
It has also been recommended for the treatment of headaches, coughs, infections of the up-
per respiratory tract, kidney malfunction, and toxin elimination [17]. The antioxidant and
antimicrobial activities of O. basilicum are attributed to its content of phenolic and aromatic
compounds such as phenolic acids and flavonol-glycosides [18]. Both Ocimum Eo and its
extracts have antibacterial activity against Gram-positive and Gram-negative bacteria [19].
O. basilicum extract contains different chemical compounds, including camphene, α-pinene,
β-pinene, limonene, myrcene, cis-ocimene, linalool, camphor, methyl chavicol, γ-terpineol,
citronellol, geraniol, eugenol, methyl cinnamate, and other terpenes [18].

Salmonellosis is a globally distributed food-borne zoonotic disease caused by the
consumption of contaminated poultry meat [20]. Salmonella enterica serovar Typhemurium
is one of the most known causes of food poisoning due to the consumption of contaminated
food or water [21]. Multidrug-resistant (MDR) Salmonella typically spreads because of
antibiotic overuse, especially in the veterinary sector. Therefore, an integrative “One Health”
approach for non-typhoidal Salmonella (NTS) surveillance among human, poultry, and
animal populations is necessary to mitigate the potential risk to public health posed by the
transmission of MDR NTS from poultry [22]. Recently, ciprofloxacin (CIP) and tigecycline
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(TIG) co-resistance were detected in extensive drug-resistant (XDR) Salmonella enterica
isolates from humans and poultry. These isolates overexpress ramA [20]. Overexpression
of the main efflux pump (AcrAB-TolC) in Salmonella efflux systems leads to a reduction in
cellular drug accumulation and MDR phenotype, including CIP and TIG [23,24].

Dermatophyte infections are one of the most prevalent fungal diseases globally, caus-
ing significant morbidity, especially in tropical areas, owing to the hot and moist cli-
mate [25,26]. One of the most widely distributed filamentous fungi is Trichophyton rubrum.
It is the main cause of cutaneous mycosis and onychomycosis [27]. T. rubrum induces
dermatophytosis through the adhesion of arthroconidia to the stratum corneum, after
which keratin destruction occurs [28,29]. Dermatophytosis is accompanied by various
symptoms such as redness, scaling, and itching in the affected region, along with mild to
severe alopecia [30,31]. Several topical and systemic medications are used to treat dermato-
phytosis, such as itraconazole and terbinafine. These drugs need long-term adherence and
can induce drug resistance and toxicity [32,33].

Due to the pharmacological properties of the two extracts and to lignin itself, the
current study is carried out to (i) evaluate the antimicrobial potentials of L. siceraria seeds
extract loaded lignin nanoparticles (LS-LNPs) and O. basilicum loaded lignin nanoparticles
(OB-LNPs) against different Gram-positive, Gram-negative bacteria, and dermatophytes,
(ii) develop an alternative naturally derived LS-LNPs and OB-LNPs as a drug delivery
system to overcome antimicrobial resistance in Salmonella enterica strains, (iii) evaluate
their antimicrobial potential against salmonellosis in a rat model, and (iv) evaluate their
anti-dermatophyte activity in vitro and in vivo in a guinea pig infection model.

2. Materials and Methods
2.1. Bacterial and Fungal Strains

To investigate the antimicrobial activity of LS-LNPs and OB-LNPs, a total of eighty
bacterial and dermatophytes strains (10 of each species) were included in this study, in-
cluding Escherichia coli, Enterococcus faecalis, Klebsiella pneumoniae, Staphylococcus aureus,
Salmonella enterica, Trichophyton mentagrophytes, T. rubrum, and Microsporum canis. These
strains were identified using the primers listed in Table S1. The source of each strain is
listed in Table S2. The commercially available antisera (Denka Seiken Co., Ltd., Coventry,
UK) was used for serotyping Salmonella isolates.

2.2. Antimicrobial Susceptibility of Tested Strains

The disc diffusion method was performed for the determination of the antibiogram of
each strain according to the Clinical and Laboratory Standards Institute (CLSI) [34]. Mueller
Hinton agar plates (MHA) (Merk, Darmstadt, Germany) were inoculated with the inoculum
suspension of each bacterial strain containing (1 × 108 CFU/mL) then the antimicrobial
discs (Oxoid, Hampshire, UK) including chloramphenicol (30 µg), ciprofloxacin (5 µg),
tigecycline (15 µg), vancomycin (30 µg) cefoxitin (30 µg), ampicillin (10 µg), gentamycin
(10 µg), fosfomycin (50 µg), sulfamethoxazole-trimethoprim (23.75/1.25 µg), colistin (10 µg),
imepinim (10 µg) and ceftriaxone (30 µg), aztreonam (30 µg), tetracycline (30 µg), amikacin
(30 µg), tobramycin (10 µg), nalidixic acid (30 µg), meropenem (10 µg), ertapenem (10 µg),
cefazolin (30 µg), cefuroxime (30 µg), cefepime (30 µg), ceftriaxone (30 µg), amoxicillin-
clavulanic acid (20/10 µg), ampicillin-sulbactam (20/10 µg) doxycycline (30 µg), rifampin
(30 µg), erythromycin (15 µg) piperacillin/tazobactam (20/10 µg), aztreonam (30 µg) fusidic
acid (10 µg), streptomycin, (10 µg) penicillin (30 µg) were inoculated and incubated at 37 ◦C
for 24 h. The inhibition zone diameters were measured and interpreted according to CLSI.
Disc diffusion results were confirmed by measuring the minimum inhibitory concentration
(MIC) for colistin, ciprofloxacin, tigecycline, and vancomycin using the broth microdilution
method [34]. CLSI determined the breakpoints for ciprofloxacin, tigecycline, colistin, and
vancomycin as ≥1 µg/mL, >2 µg/mL, ≥4 µg/mL, and >8 µg/mL, respectively [34].

The antifungal susceptibility of dermatophyte species was tested using a broth mi-
crodilution assay [35]. Serial two-fold dilutions of antifungals were prepared to reach
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the final concentration of 0.25–128 µg/mL for fluconazole and 0.03–16 µg/mL for itra-
conazole, voriconazole, ketoconazole, miconazole, and terbinafine. Fungal suspensions
(2 × 103 CFUs/mL) were prepared in RPMI 1640 medium (Life Technologies, New York,
NY, USA) and added to a 96-well microtitre plate (Iwaki, Tokyo, Japan). The plates were
incubated at 28 ◦C for 72 h.

2.3. Preparation of Ocimum basilicum Ethanolic Extract and Lagenaria siceraria Sedd Oil

Ocimum basilicum leaves that were harvested from a garden in Egypt and authenticated
by a taxonomist from the Department of Botany, Faculty of Science, Zagazig University,
Egypt, were subjected to extraction using 95% ethyl alcohol (Sigma, St. Louis, MO, USA).
Using the Soxhlet extractor apparatus (Electrothermal, London, UK), 50 g of plant leaf
powder was put inside the thumble, and 500 mL of 95% ethyl alcohol was put in the flask.
A clear, colorless solvent appeared in the extracting unit after the extraction was completed
for 24 h at a temperature that was maintained at 50 to 60 ◦C. Then, the extract was dried at
40–50 ◦C in an oven (Thermo Fisher Scientific Inc., Tokyo, Japan). The dry extract was kept
in an incubator set at 40 ◦C to ensure total dryness. The extract was kept at −20 ◦C until
use [36].

The fruits of Lagenaria siceraria were collected and washed, then the seeds were exposed,
gently collected, washed, and dried for 72 h in the shade. After that, the seeds were
pulverized with a husk, and the pulverized seeds (804.40 g) were soaked in 1.2 L of
dichloromethane (Sigma-Aldrich, St. Louis, MO, USA) for 72 h and agitated frequently at
room temperature. The dry residue was then soaked in methanol for 72 h with frequent
agitation, filtered, and concentrated [14].

2.4. Synthesis and Characterization of LS-LNPs and OB-LNPs

LS-LNPs and OB-LNPs were prepared as previously described [37], with some modifi-
cations. As presented in Figure 1, lignin (0.2 mg) (Green Value S.A, Orbe, Switzerland) was
dissolved in 30 mL of polyethylene glycol 4000 (PEG) (Oxoid, Hampshire, UK), 0.5 mL of
tween 20 (Merck, Darmstadt, Germany) was added, and the mixture was stirred at 300 rpm
for 15 min at 50 ◦C to preactivate lignin. Then 1 mL of L. siceraria seed oil and O. basilicum
ethanolic extract at a final concentration of 1 mg/mL was added. After that, 3 mL of nitric
acid (HNO3) (Oxoid, Hampshire, UK) was added drop by drop, and the solution was sub-
jected to homogenizer (Heidolph, DIAX 900, Schwbach, Germany) for 10 min at 30,000 rpm,
then ultrasound (20 kHZ, 50% amplitude, Ti horn) for 1 h at 50 ◦C to produce LS-LNPs and
OB-LNPs (VCX 750 ultrasonic processor, Sonics & Materials, Inc., Newtown, CT, USA). The
mixture was centrifuged at 18,000 rpm for 20 min to remove unreacted molecules in the
supernatant. The pellet was resuspended in distilled water and concentrated five times,
and the particles were disaggregated by applying a low-intensity ultrasound. Finally, the
NPs were centrifuged at 500× g for 10 min to remove larger aggregates. The LS-LNPs and
OB-LNPs were stored at 4 ◦C. Preactivation of bulk lignin nanoparticles (LNPs) without
L. siceraria and O. basilicum was carried out as described above. Transmission electron
microscopy (TEM) and selected area electron diffraction (SAED) were used to study the
morphology and distribution of the NPs by placing 10 µL of diluted sample onto holey
carbon films on copper grids [38]. The samples were observed using a JEOL JEM-2100 LaB6
microscope (JEOL Ltd., Tokyo, Japan) operating at an accelerating voltage of 200 kV. The
UV-vis spectra were obtained using a GENESYS™ G10S spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). The absorbance of the solutions was measured in the range
of 200–800 nm. The Zeta potential of the particles was determined using a Zetasizer Nano
ZS™ ZEN3600 (Malvern Instruments Ltd., Malvern, UK). Carl Zeiss Microscopy (GmbH,
Rudolf Eber Str. Oberkochen, Germany) was used for obtaining X-ray diffractograms (XRD)
of the nanoparticles. A Fourier transform infrared (FTIR) spectrometer (JASCO FT-IR 4100
spectrometer, Hachioji, Tokyo, Japan) was used for obtaining the FTIR spectra over a range
of 4000–500 cm−1.
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2.5. Testing Antimicrobial Activity of LS-LNPs and OB-LNPs

The antimicrobial activities of LS-LNPs and OB-LNPs were evaluated against bacterial
and fungal strains by agar-well diffusion and broth microdilution tests. Before testing,
bacterial strains were subcultured on bile esculin agar (Oxoid Ltd., Hampshire, UK) for
E. faecalis, Eosin Methylene Blue (EMB) (Oxoid Ltd., Hampshire, UK) for E. coli and K.
pneumoniae, Baired Parker agar with egg yolk tellurite emulsion (Oxoid Ltd., Hampshire,
UK) for S. aureus, and Xylose Lysine Desoxycolate (XLD) (Oxoid Ltd., Hampshire, UK) for
Salmonella enterica and incubated at 37 ◦C for 24 h. Dermatophyte species were subcultured
on mycobiotic agar medium (CONDA, Madrid, Spain) slants and incubated at 28 ◦C for
7 days.

2.5.1. Agar Well Diffusion Test

Suspensions of each bacterial and fungal strain were prepared in sterile saline
(1.5 × 108 CFU/mL) and then swabbed on MHA (Oxoid Ltd., Hampshire, UK). Wells
(8 mm) were cut into each inoculated agar plate, and a 100 µL aliquot of LS-LNPs and
OB-LNPs was pipetted into each well. MHA plates were incubated at 37 ◦C for 24 h and at
25 ◦C for 96 h, with daily examination of bacteria and dermatophytes, respectively. The
inhibition zone diameters were measured and interpreted [39].

2.5.2. Broth Microdilution Test

Using 96-well plates (Iwaki, Tokyo, Japan), serial two-fold dilutions of LS-LNPs and
OB-LNPs (0.125 µg/mL to 512 µg/mL) were prepared in Mueller Hinton broth (BD Difco,
Thermo Fisher Scientific Inc., Tokyo, Japan) or RPMI 1640 media supplemented with
3-(N-morpholino) propanesulfonic acid (Sigma-Aldrich, St. Louis, MO, USA), for testing
bacteria and fungi, respectively. Each well was inoculated with 100 µL of the suspension
of standardized inoculum (106 CFU/mL), then incubated at 37 ◦C for 24 h and at 28 ◦C



Antioxidants 2024, 13, 865 6 of 26

for 48 h with daily examination of bacteria and dermatophytes, respectively. The test
was performed in triplicate, and a negative control broth and a growth control (broth and
inoculum) were included. MIC was determined as the lowest concentration of antimicrobial
agents that inhibits the growth of bacteria and fungi [40,41].

2.6. Testing of the Antiefflux Activity of LS-LNPs and OB-LNPs on Salmonella enterica Species

The efflux pump activity of 10 ciprofloxacin-resistant and intermediate Salmonella
enterica strains was determined using the ethidium bromide (EtBr) cartwheel method [42].
Briefly, tryptic soy agar (TSA, Oxoid, UK) plates containing EtBr (Sigma-Aldrich, Hamburg,
Germany) at concentrations ranging from 0 to 2 mg/L were prepared on the same day
of the experiment and protected from light. The plates were then divided into 10 sectors
using radial lines (cartwheel pattern). O.D-adjusted cultures (0.6 at 600 nm) were swabbed
onto EtBr-agar plates. Each plate included a reference strain that served as a comparative
control. The swabbed EtBr agar plates were wrapped in aluminum foil, incubated at 37 ◦C
for 18 h and examined under an UV transilluminator (Accuris Instruments, New York, NY,
USA). The minimum concentration of EtBr that produced fluorescence in the bacterial mass
was recorded. The index for efflux activity of the ciprofloxacin-resistant Salmonella strains
was calculated relative to the reference strain according to the following formula:

Efflux activity index = MCEtBr (MDR) − MCEtBr (REF)/MCEtBr (REF).

where MCEtBr (MDR) and MCEtBr (REF) represent the minimum concentration of EtBr
that produces fluorescence in the colonies of MDR-tested bacteria and the reference strain.
Strains expressing increased levels of efflux activity by the EtBr-agar cartwheel method
were tested in the presence of LS-LNPs and OB-LNPs. A significant efflux inhibition activity
was considered when a ≥4-fold decrease in the MIC values was detected [43,44].

2.7. Quantification of the Transcription Levels of Efflux Pump Genes

SYBR green real-time PCR was used to determine the relative expression levels of the
ramA and acrB efflux genes of the strains having detectable efflux pump activity. Total RNA
was extracted from Salmonella strains using the QIAamp RNeasy Mini kit (Qiagen, Hilden,
Germany) following the manufacturer’s instructions. The relative quantification was done
in triplicate using the Quanti Tect SYBR green real-time PCR kit (Qiagen, Germany) in
an MX3005P real-time PCR thermal cycler (Agilent, La Jolla, CA, USA) following the
manufacturer’s recommendations. Melting curve analysis was performed to confirm the
specificity of the assays. The 16S rRNA housekeeping gene was used as a normalizer [45],
and fold change values were estimated using the 2−∆∆CT method [46]. A susceptible
Salmonella Virchow isolate was used as a comparative control.

2.8. In Vivo Testing of Antibacterial Activities of LS-LNPs and OB-LNPs

Seventy Albino rats (150–180 g) were obtained from the laboratory animal farm at the
Faculty of Veterinary Medicine, Zagazig University. Rats were maintained on a standard
pellet diet and tap water ad libitum and were kept in plastic cages under a 12 h light/dark
cycle at a temperature of 22–24 ◦C. Rats were acclimatized to the environment for two
weeks prior to experimental use. Rats were randomly divided into seven groups (10 rats per
group). Rats were fasted overnight and administered 1 mL of a saline solution containing
1 × 106 CFU/mL of S. Typhimurium intraperitoneally [47]. Animals in group 1 (G1) were
not infected and received 1 mL of sterile saline. G2 were only infected. G3 were infected
and treated with 45 mg/kg ciprofloxacin (CIP), G4 were treated with CIP + OB-LNPs
(2.5 mL/kg bw: 0.5 mL orally daily for 5 days), G5 were treated with CIP + LS-LNPs
(2.5 mL/kg bw: 0.5 mL orally daily for 5 days), and G6 and G7 received OB-LNPs and LS-
LNPs, respectively. The study protocol was approved by the Institutional Animal Care and
Use Committee, Zagazig University, Egypt (approval number ZU-IACUC/2/F/114/2021).
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2.8.1. Measurement of Bacterial Load in Organs

On the 3rd, 7th, and 14th days post-challenge, the spleen, liver, and intestine were
aseptically collected, and 1 gm of organs was homogenized in 1 mL of sterile saline using
a tissue homogenizer at 4 ◦C. Appropriate 10-fold dilutions were spread-plated on XLD
agar medium (Oxoid Ltd., Hampshire, UK) and incubated at 37 ◦C for 24 h. Colonies were
counted, and the total CFU was calculated [48].

2.8.2. Blood Biochemical and Immunological Parameters

At 7- and 14-days post-challenge, five rats from each group were randomly chosen for
the aseptic collection of blood samples from the tail vein. The collected blood was divided
into two equal parts: the first part was collected on EDTA (Oxoid, UK) to determine Hb and
differential WBCs counts. The second part was immediately centrifuged at 3500 rpm for
15 min, and the serum was used to measure biochemical biomarkers for the liver (ALT, AST,
albumin, and total protein) and kidney functions (urea and creatinine). The phagocytosis
activity of neutrophils and monocytes was measured, and the phagocytic index (PI), the
average number of ingested particles/cells, was calculated. Evaluation of mediators
of oxidative stress: Total antioxidant capacity (TAC) and malondialdehyde (MDA) were
analyzed using commercial kits (Jiancheng Biotechnology Institute, Nanjing, China). Serum
pro-inflammatory cytokines interferon gamma (IFN-γ) and tumor necrosis factor alpha
(TNF-α) were analyzed spectrophotometrically using enzyme-linked immunosorbent assay
(ELISA) kits (Cusabio Biotech Co. Ltd., Wuhan, China).

2.8.3. Histopathological Examination of Internal Organs

On the 7th day post-challenge, liver and intestine specimens were preserved in a 10%
formalin solution. The samples were then dehydrated in gradual ethanol (70–100%) and
cleared in xylene (Oxoid, UK). Samples were then embedded in paraffin wax to prepare
sections (5 µm thickness), which were subsequently stained with hematoxylin and eosin
(H&E).

2.9. In Vivo Testing of the Anti-Dermatophyte Activity of LS-LNPs and OB-LNPs

Thirty-five guinea pigs, weighing approximately 250–300 g were housed in adequate
circumstances for five days. The animals were randomly assigned to seven groups.

T. rubrum isolate was subcultured on mycobiotic agar slants and incubated at 30 ◦C
for 7 days. A suspension of conidia in sterile saline was prepared at 1 × 108 conidia/mL
for animal inoculation. An area of about 2.5 cm × 2.5 cm on the back of the animal was
clipped and shaved, then gently abraded with a sterile fine grit sandpaper. The conidial
suspension was applied and rubbed thoroughly on the abraded skin [26]. To validate
the success of the infection model, the inoculated areas were disinfected with 70% ethyl
alcohol, and skin scrapings and hair samples were collected using a sterile toothbrush
for subsequent microscopic examination using 20% KOH. The animals were clinically
evaluated using lesion scores twice weekly for a 2-week period in the treatment study [49].
The infected animals in group 1 (G1) were (non-infected control negative group), G2
were infected and untreated (control positive group), G3 were infected and treated with
10 mg/kg itraconazole daily by oral gavage for 12 days, G4 were infected and treated with
LS-LNPs topically + Itra, G5 were infected and treated with OB-LNPs topically + Itra, G6
were treated with OB-LNPs, and G7 received LS-LNPs. On days 3, 7, 10, and 14 post-
treatment (PT), redness, scales, and alopecia were scored as previously described [50].
Scales and hair samples were collected on days 3, 7, 10, 14, and 28 PT for microscopic
examination and culturing on mycobiotic agar medium (CONDA, Madrid, Spain) and
dermatophyte test medium (DTM) plus dermatophyte supplement (Himedia, Mumbai,
India). The cultures were incubated at 25 ◦C for a week and observed daily. Animals were
kept under observation for up to 28 days PT to evaluate the final clinical cure rate.
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2.10. Data Analysis

The data were processed using Microsoft Excel (v16.0, Microsoft Corporation, Redmond,
WA, USA). Levene and Shapiro–Wilk tests were performed to assess the normality and
homogeneity of variance [51]. Data analysis was conducted using a general linear model in
the statistical analysis system [52] to determine the significant effects of different treatments
on blood parameters. Multiple comparisons among means were conducted using Duncan’s
multiple range test. The exact Wilcoxon test was used for comparisons between untreated
and treated animals on specific days (3, 7, 10, and 14). Graphs were generated using
GraphPad Prism software 9.0 (GraphPad, San Diego, CA, USA). Statistical significance was
defined as a p-value less than 0.05.

3. Results
3.1. Physicochemical Properties and Transmission Electron Microscopy of LS-LNPs and OB-LNPs

As presented in Figure 2A,B, LS-LNPs and OB-LNPs vesicles are spherical in shape
and homogenous in size with no agglomeration. The UV–vis spectra show characteristic
surface plasmon resonance bands, with maximum absorption bands detected at 300 and
275 nm for LS-LNPs and OB-LNPs, respectively (Figure 3A).
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As revealed in Figure 3B, The FTIR absorption peak at 2935.18 cm−1 is assigned to O-H
stretching in the carboxylic acids of L. siceraria oil. The absorption peak at 1976.03 cm−1

represented X=C=Y of alkene and ketene groups. The C=O conjugation of the carboxylic
group with phenyl is represented by a peak at 1542.88 cm−1. The peak at 1463 cm−1 belongs
to the methyl scissoring vibrations of proteins. The peak at 833.58 cm−1 indicated C-H
deformation ring vibrations and C-OH out of plane bending (C-H out of plane in positions
2 and 6 of S units and in all positions of H units of lignin). These spectral peaks indicate the
presence of polyphenols, carbonyl, and alcoholic functional groups.

The FTIR spectra of OB-LNPs (Figure 3B) revealed a strong absorption peak at
3389 cm−1 corresponding to phenols and alcohols with a free O-H group in lignin. Also,
C-O vibrations in conjugated ester groups of lignin were indicated with an absorption
peak at 1169.16 cm−1. The spectrum at 1425.16 cm−1 was assigned to the C=O carbonyl
group stretching of O. basilicum extract. In addition, another spectral around 1118.5 cm−1

corresponds to the C-O in the plane bending of alkenes, alcohols, and carboxylic acids. The
band at 2933.37 cm−1 indicated the presence of alkyl and CHO groups. Both the 1514 and
1042.5 cm−1 peaks indicated vibration stretching for the C=O carbonyl group. Methylene
scissoring vibrations of proteins correspond to the spectrum at 1463 cm−1.

The zeta potential values of LS-LNPs and OB-LNPs were −14.3 mV and −17.0 mV
(Figure 3C), respectively. The XRD patterns of the LS-LNPs and OB-LNPs are illustrated in
Figure 3D. Three distinct diffraction peaks were observed at 2θ = 19.68◦, 29.64◦, and 41.81◦,
corresponding to the 2945, 3002, and 3095 crystalline planes of LS-LNPs, respectively. The
distinct diffraction peaks in OB-LNPs were detected at 2θ = 19.58◦, 48.76◦, and 25.46◦,
which corresponded with the 531, 575, and 537 crystalline planes of OB-LNPs, respectively.

3.2. The Antimicrobial Activity of LS-LNPs and OB-LNPs

Preliminary screening of the antimicrobial activity of LS-LNPs and OB-LNPs indi-
cated that LS-LNPs and OB-LNPs have strong antimicrobial potential against Salmonella
enterica species and T. rubrum (Table 1). LS-LNPs showed antibacterial activity against
Salmonella enterica species with a MIC range of 0.5–4 µg/mL and antifungal activity against
T. rubrum with a MIC range of 0.125–1 µg/mL. OB-LNPs showed antibacterial activity
against Salmonella enterica species with a MIC range of 0.5–2 µg/mL and antifungal activity
against T. rubrum with a MIC range of 0.25–2 µg/mL. While the antimicrobial effect of both
LS-LNPs and OB-LNPs was moderate against S. aureus, E. faecalis, K. pneumoniae, E. coli,
T. mentagrophytes, and M. canis. LS-LNPs showed antibacterial activity against bacterial
strains with MIC ranges of 4–16 µg/mL and 2–16 µg/mL for fungal isolates. OB-LNPs
showed antibacterial activity against bacterial strains with MIC ranges of 2–16 µg/mL and
4–32 µg/mL for fungal isolates (Table S2). The antibacterial and antifungal activities of
both LS-LNPs and OB-LNPs were confirmed using an in vivo model.

Table 1. The antimicrobial activity of LS-LNPs and OB-LNPs.

Species (No. of Strains) LS-LNPs MIC Range (µg/mL) OB-LNPs MIC Range
(µg/mL)

Salmonella enterica (10) 0.5–4 0.5–2
S. aureus (10) 8–16 2–16
K. pneumoniae (10) 4–16 2–16
E. faecalis (10) 4–16 2–16
E. coli (10) 4–16 4–16
T. rubrum (3) 0.125–1 0.25–2
T. mentagrophytes (4) 2–8 4–16
M. canis (3) 4–8 8–16
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3.3. ramA and acrB Efflux Pump Genes Expression in Ciprofloxacin-Resistant Salmonella
enterica Strains

Four ciprofloxacin-resistant Salmonella strains had efflux activity where they could
pump EtBr outward (Table S3). The relative expression of the ramA and acrB efflux pump
genes was studied at sub-MIC concentrations of LS-LNPs and OB-LNPs in ciprofloxacin-
resistant isolates using qRT-PCR. After treatment of strains with sub-MIC concentrations of
the nanocomposites, expression of the ramA and acrB efflux pump genes was downregu-
lated, indicating an inhibitory effect on the efflux pump (Figure 4 and Table S3).
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Figure 4. Expression of ramA and acrB efflux genes in Salmonella enterica strains treated with OB-LNPs
and LS-LNPs. The transcription of the ramA and acrB genes significantly reduced in response to
treatment with OB-LNPs and LS-LNPs, minimizing the OB-LNPs. ** indicates a highly significant
difference at p value < 0.001.

3.4. Biochemical, Haematological, Antioxidant, and Immunological Effects of CIP+LS-LNPs and
CIP+OB-LNPs on Blood and Serum Constituents of S. Typhimurium Challenged Rats

The in vitro results were encouraging for in vivo testing of the antibacterial activity
of LS-LNPs and OB-LNPs using S. Typhimurium infection model in rats. Biochemical
analysis of the blood serum constituents showed that the challenge with S. Typhimurium
had adverse effects on liver and kidney function parameters, represented by a significant
increase (p < 0.05) in alanine aminotransferase (ALT), aspartate aminotransferase (AST),
lactate dehydrogenase (LDH), urea, and creatinine levels at both 7- and 14-days post-
challenge. Moreover, total protein (TP) and albumin (Alb) levels significantly decreased at
both 7- and 14-days post-challenge. Serum ALT, AST, and LDH levels were significantly
decreased in the CIP+LS-LNPs group at both 7- and 14-days post-challenge. TP and Alb
levels in all treated groups were not significantly different from the negative control (NC)
group. At 7 days post-challenge, there were no significant differences observed in urea
levels between the CIP-, CIP+LS-LNPS-, and CIP+OB-LNPS-treated groups, as well as the
NC group. However, at 14 days post-challenge, significant differences were found between
the NC group and both the CIP+LS-LNPS- and CIP+OB-LNPS-treated groups. Regarding
the level of creatinine, significant differences were observed between all treated groups
and the NC group at both 7 and 14 days, except for the LS-LNPs-treated group and the NC
group (Table 2).

Herein, the antioxidant capacity showed a significant increase in malondialdehyde
(MDA) in the infected non-treated group in both 7- and 14-days post-challenge, respectively.
The CIP+LS-LNPs treated group revealed non-significant differences from the NC group in
both 7- and 14-days post-challenge. Total antioxidant capacity (TAC) indicated a significant
decrease in the challenged group. CIP+LS-LNPS, CIP+OB-LNPS, LS-LNPS, and OB-LNPS-
treated groups showed no significant differences from NC at 14th day post-challenge
(Table 2).
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Table 2. Effects of LS-LNPs, OB-LNPs, and ciprofloxacin on haematological, biochemical, oxidative stress mediators and the immunological parameters of rats on 7-
and 14-days post-challenge with S. Typhimurium.

Items
At 7 Days Post Infection At 14 Days Post Infection

NC PC CIP CIP +
OB-LNPs

CIP +
LS-LNPs

OB-
LNPs LS-LNPs ±SE p-Value NC PC CIP CIP +

OB-LNPs
CIP +

LS-LNPs
OB-

LNPs LS-LNPs ±SE p-Value

ALT 36.40 d 71.80 a 54.80 b 52.20 b,c 48.40 c 50.60 b,c 49.20 b,c 3.98 <0.0001 21.13 d 48.53 a 41.17 b 37.89 b,c 34.79 c 37.45 b,c 41.94 b 3.20 <0.0001
AST 89.60 b 113.32 a 89.60 b 89.16 b 75.32 c 89.12 b 89.22 b 4.25 <0.0001 67.74 bc 91.20 a 71.72 b,c 65.24 c 67.94 b,c 70.56 b,c 74.84 b 3.29 <0.0001

Creatinine 0.37 d 0.74 a 0.54 b,c 0.51 c 0.55 b,c 0.55 b,c 0.61 c 0.04 <0.0001 0.46 e 0.69 a 0.60 b 0.58 b 0.55 b,c 0.52 c,d 0.47 d,e 0.03 <0.0001
Urea 37.45 d,e 55.38 a 42.86 c,d 41.38 c,d,e 34.35 e 44.82 b,c 50.10 a,b 2.72 <0.0001 29.40 b 34.30 a 30.56 b 24.12 c 24.22 c 29.70 b 29.46 b 1.36 <0.0001
LDH 413.60 d 548.80 a 511.80 a,b 523.40 a,b 454.80 c 498.00 b 482.00 b,c 15.08 <0.0001 468.60 b 553.20 a 520.20 a,b 510.00 a,b 394.20 c 545.80 a 503.60 a,b 13.4 <0.0001
TP 6.90 a 5.98 c 6.67 ab 6.42 b 6.68 a,b 6.40 b 6.51 a,b 0.11 0.0030 7.05 a,b 6.29 e 6.72 b,c,d 6.63 c,d,e 7.10 a 6.47 d,e 6.89 a,b,c 0.11 0.0002
Alb 3.50 a,b 3.19 c 3.51 ab 3.49 ab 3.57 a 3.35 b 3.45 a,b 0.05 0.0008 3.72 a 3.41 b 3.58 a,b 3.60 a,b 3.64 a 3.60 a,b 3.53 a,b 0.04 0.0405

MDA 133.40 c,d 199.00 a 159.60 b 170.40 b 134.60 c,d 150.40 b,c 125.00 d 9.73 <0.0001 119.36 b 139.26 a 133.76 a 120.40 b 118.94 b 136.62 a 143.10 a 3.91 <0.0001
TAC 235.20 a 161.00 c 190.80 b 191.20 b 191.60 b 190.40 b 179.80 b,c 8.42 0.0001 179.60 a 142.40 c 155.60 b,c 167.80 a,b 180.80 a 172.80 a,b 168.60 a,b 5.17 0.0005
Hb 11.38 a 9.78 c 10.62 b 10.68 b 10.67 b 10.56 b 10.78 b 0.18 <0.0001 12.37 a,b 10.32 c 11.40 b,c 12.12 a,b 12.53 a,b 11.96 a,b 12.73 a 0.31 0.0044

WBCs 1.94 c 3.08 a 2.41 bc 2.41 bc 2.12 b,c 2.52 b 2.51 b 0.14 0.0007 2.38 c 2.98 a 2.70 a,b,c 2.78 a,b 2.62 b,c 2.70 a,b,c 2.64 a,b,c 0.07 0.0349
Neutrophil 21.80 c 40.80 a 34.20 b 34.60 b 33.60 b 35.80 b 32.60 b 2.17 <0.0001 19.80 c 30.40 a 28.40 ab 26.40 b 25.00 b 28.20 a,b 27.60 a,b 1.29 <0.0001

Lymphocytes 78.20 a 57.60 c 66.20 b 66.00 b 66.40 b 63.40 b 66.00 b 2.32 <0.0001 79.80 a 67.80 c 69.40 bc 71.20 b,c 72.0 b 68.80 b,c 70.00 b,c 1.52 <0.0001
Phagocytosis 31.60 a 19.00 e 22.00 c,d,e 24.60 bc 26.60 b 21.40 d,e 22.80 c,d 1.56 <0.0001 36.60 a 26.60 d 30.00 c 32.60 b 34.00 b 26.80 d 27.80 c,d 1.47 <0.0001

PI 1.34 a 1.05 b 1.11 b 1.12 b 1.13 b 1.10 b 1.10 b 0.04 0.0041 1.23 a 1.11 c 1.15 bc 1.14 b,c 1.17 b 1.13 b,c 1.14 b,c 0.01 0.0002
INF-γ 35.68 e 52.42 a 41.64 cd 40.50 cd 38.56 d,e 46.30 b 44.44 b,c 2.09 <0.0001 32.70 c 49.94 a 39.18 b 35.72 b,c 38.44 b,c 41.74 b 40.54 b 2.05 0.0001
TNF-α 26.46 e 48.64 a 40.54 c 42.86 bc 47.30 a,b 32.94 d 35.52 d 3.03 <0.0001 28.06 d 53.32 a 44.90 a 49.22 a 51.56 a 40.42 c 44.56 b,c 3.23 <0.0001

The mean values followed by different superscript letters a,b,c,d,e in the same row are significantly different (p < 0.05). SE: standard error of mean; NC (negative control): noninfected
nontreated rats; PC (Positive Control): rats were infected with S. typhimurium intraperitonally; CIP (ciprofloxacin): rats were infected with S. Typhimurium intraperitonally and treated
with 45 mg/kg CIP orally once daily for 5 days; CIP-OB-LNPs: rats infected with S. Typhimurium intraperitonally and received Cip+ Ocimum Basilicum loaded-Lignin Nanoparticles
(45 mg/kg bw + 2.5 mL/kg bw), Cip+ LS-LNPs: rats were infected with S. Typhimurium intraperitonally and treated with Cip+ Lagenaria Siceraria loaded-Lignin Nanoparticles
(45 mg/kg bw + 2.5 mL/kg bw); OB-LNPs: rats were infected with S. Typhimurium intraperitonally and treated with Ocimum Basilicum loaded-Lignin Nanoparticles (2.5 mL/kg bw);
LS-LNPs: rats were infected with S. Typhimurium intraperitonally and treated with Lagenaria Siceraria loaded-Lignin Nanoparticles (2.5 mL/kg bw), as a single dose daily for 5 days.
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The blood hemoglobin (Hb) concentration level was significantly reduced in the
infected group, and a significant elevation was observed in all treated groups in both 7- and
14-days post-challenge. CIP+LS-LNPS, CIP+OB-LNPS, and OB-LNPS treated groups were
not significantly different from NC at 14th day post-challenge. Regarding the immunity
status, total leukocytic count (WBCs) and neutrophils were significantly elevated in the
infected group for WBCs and for neutrophils in both 7- and 14-days post-challenge. The
total leukocytic count (WBCs) and neutrophils of the CIP+ LS-LNPs treated group were
not significantly different from the NC group at both 7- and 14-days post-challenge. In
contrast, lymphocytes, phagocytosis, and phagocytic index showed a significant decrease
in the challenged group at both 7- and 14-days post-challenge. A significant elevation
in lymphocytes, phagocytosis, and phagocytic index was observed in the CIP+LS-LNPs
treated group. The results of proinflammatory cytokines revealed a significant increase
in the blood serum levels of IFN-γ and TNF-α in S. Typhimurium challenged group.
Meanwhile, a significant reduction was detected in all treated groups in both 7- and 14-days
post-challenge. The CIP+ LS-LNPs treated group revealed no significant differences in the
blood serum levels of IFN-γ and TNF-α when compared with the NC group in both 7- and
14-days post-challenge (Table 2).

3.5. Bacterial Load Counting

As depicted in Figure 5, liver, spleen, and intestinal homogenates revealed a significant
decrease in S. Typhimurium counts at 3-, 7-, and 14-days post-challenge in the treated
groups when compared with the non-treated group (p < 0.05). Whereas at 3 days post-
challenge, bacterial counts in liver, spleen, and intestinal homogenates of the treated
groups ranged between 4.5 log10 and 4.9 log10 CFU/g, compared with 5.2 log10 to 5.4 log10
CFU/g of the nontreated group. At 7 days post-challenge, S. Typhimurium counts in the
liver, spleen, and intestinal homogenate of the treated groups ranged between 4 log10 and
4.7 log10 CFU/g when compared with 4.7 log10 to 5 log10 CFU/g in the non-treated group.
Interestingly, at 14 days post-challenge, S. Typhimurium was not detected in the examined
organs of the treated groups, but the bacterial load in the nontreated group was 4 log10 to
4.6 log10 CFU/g. The CIP+LS-LNPs group achieved the most prominent results among
all treated groups (at day 7 post-challenge, log10 CFU/g of liver, spleen, and intestine of
animals were 4.5, 4.3, and 4, respectively).

3.6. Histopathological Features of Intestinal and Hepatic Tissues Post S. Typhimurium Infection

Intestinal tissue of the negative control group showed normal mucosal villi comprising
absorptive columnar epithelium with a variable number of goblet cells and normal Peyer’s
patches, submucosa, and muscular coat (Figure 6A). Meanwhile, in the positive control
group, intestinal sections showed villous necrosis, mucosal leucocytic infiltration, and mod-
erate lymphoid hyperplasia of Peyer’s patch. Villous atrophy with goblet cell metaplasia
was also detected (Figure 6B). The ciprofloxacin-treated group displayed normal jejunal
mucosa, normal submucosal glands, and mildly reactive Peyer’s patch. A few lympho-
cytes are seen in the submucosa (Figure 6C). CIP+OB-LNPs and CIP+LS-LNPs-treated
groups showed a variable number of goblet cells and a moderately reactive Peyer’s patch.
In addition, normal jejunal mucosal villi and a few lymphocytes are seen in the villous
mucosa (Figure 6D,E). Both the OB-LNPs and LS-LNPs-treated groups revealed normal
villi, comprising a variable number of goblet cells and a mildly reactive Peyer’s patch. The
submucosa and muscular coat are apparently normal (Figure 6F,G).
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Figure 5. Total bacterial counts (Log10 CFU) in liver (A), spleen (B), and intestine (C) samples from rats
in different groups treated with CIP (45 mg/kg bw), Cip+OB-LNPs (45 mg/kg bw + 2.5 mL/kg bw),
Cip+LS-LNPs (45 mg/kg bw + 2.5 mL/kg bw), OB-LNPs (2.5 mL/kg bw), and LS-LNPs
(2.5 mL/kg bw), daily for 5 days post S. Typhimurium challenge.
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Figure 6. Photomicrograph from the ileum and jejunum of rats using H&E staining at 7th day post
infection with S. Typhimurium. (A) noninfected and nontreated rats showing normal mucosal villi
comprising absorptive columnar epithelium with variable number of goblet cells (black arrow), nor-
mal Peyer’s patch (yellow arrow), normal submucosa (light blue arrow), and muscular coat (green
arrow). (B) infected, non-treated rats showing villous necrosis (black arrows), mucosal leucocytic
infiltration (green arrows), and moderate lymphoid hyperplasia of Peyer’s patch (yellow arrows).
(C) rats were infected and treated with 45 mg/kg CIP (ciprofloxacin) orally once daily for 5 days.
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The ileum revealed normal submucosal glands (black arrow) and mildly reactive Peyer’s patch
(yellow arrow). The jejunum revealed normal jejunal mucosal villi comprising absorptive colum-
nar epithelium with a variable number of goblet cells (black arrow), and few lymphocytes are
seen in the submucosa (light blue arrow). (D) rats were infected and received CIP+OB-LNPs
(45 mg/kg bw + 2.5 mL/kg bw). The jejunum and ileum show normal mucosal villi comprising
absorptive columnar epithelium with a variable number of goblet cells, occasional lymphocytic
infiltration (black arrow), and normal Peyer’s patch (yellow arrow), beside normal submucosa (light
blue arrows) and muscular coat (green arrow). (E) rats were infected and treated with CIP+LS-LNPs
(45 mg/kg bw + 2.5 mL/kg bw) showing normal mucosal villi comprising absorptive columnar ep-
ithelium with variable number of goblet cells (black arrow) and normal Peyer’s patch (yellow arrow),
beside normal submucosa (light blue arrows) and muscular coat (green arrow). Ileal villi of some
sections appear moderately stunted (white stars). (F) rats were infected and treated with OB-LNPs
(2.5 mL/kg bw), showing normal mucosal villi comprising absorptive columnar epithelium with
a variable number of goblet cells and occasional epithelial stratification (black arrow), moderately
reactive Peyer’s patch (yellow arrow), normal submucosa (light blue arrows), and muscular coat
(green arrow). (G) rats were infected and treated with LS-LNPs (2.5 mL/kg bw) daily for 5 days,
showing normal mucosal villi with variable number of goblet cells (black arrow), normal Peyer’s
patch (yellow arrow), normal submucosa (light blue arrows), and muscular coat (green arrow).

Liver sections in the negative control group revealed a normal central vein, a por-
tal area comprising vascular and biliary structures, hepatic sinusoids, and hepatocytes
(Figure 7A). In the positive control group, liver sections showed portal vascular congestion,
leucocytic infiltration, sinusoidal dilatation, biliary proliferation, hepatocellular atrophy,
disorganization, and scattered apoptosis (Figure 7B). The Ciprofloxacin-treated group
showed normal hepatic sinusoids and hepatocytes, mildly congested portal blood vessels,
and biliary proliferation (Figure 7C). The CIP+OB-LNPs treated group showed normal
portal blood vessels, hepatic sinusoids, and hepatocytes, as well as mild portal biliary
proliferation (Figure 7D). Likely, CIP + LS-LNPs treated group showed mild portal biliary
proliferation (Figure 7E). Portal vascular congestion, mild biliary proliferation, and portal
lymphocytic aggregation were detected in the OB-LNPs treated group (Figure 7F). The
LS-LNPs treated group showed normal portal structures, hepatocytes, central vein, and
sinusoids (Figure 7G).

3.7. In Vivo Antifungal Activity of LC-LNPs and OB-LNPs against T. rubrum

As shown in Figures S1, S2 and 8, the untreated control positive group revealed a clear
lesion of erythema, scales, and alopecia with elevated lesion scores. All treated groups
showed a reduction in lesion scores at 14 days PT. Meanwhile, complete elimination of
lesion scores occurred on the 28th day of PT in all treated groups (Table 3).

On day 14 PT, all treated animals were culture-negative, but some animals remained
microscopy positive (Table 3). All treated animals were culture- and microscopy-negative
on day 28th PT. The mycological cure rate was 80% (samples from 4/5 animals in the group
were microscopy and culture negative for successive two weeks) in the ITRA+LS-LNPs
(G4) and ITRA+OBLNPs treated groups (G5) after 14 days of treatment.
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Figure 7. Photomicrographs of liver sections of rats using H&E staining at 7th day post infection
with S. Typhimurium. (A) noninfected and nontreated rats showing a normal central vein and
portal area comprising vascular and biliary structures (red arrow at 120 µm; orange and blue arrows
at 60 µm) and, hepatic sinusoids (black star), and hepatocytes (red star). (B) infected non treated
rats showing focal hepato-cellular degeneration (green arrowhead), early necrotic changes (yellow
arrowhead), and scattered apoptosis (yellow star) beside focal round cells aggregation (dark green
arrow). (C) rats were infected and treated with 45 mg/kg CIP (ciprofloxacin) orally once daily for
5 days, showing mildly congested portal blood vessels and biliary proliferation (yellow star and red
arrow). Normal hepatic sinusoids (black star) and hepatocytes (red star) are also seen. (D) rats were
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infected and received CIP+OB-LNPs (45 mg/kg bw + 2.5 mL/kg bw) showing apparently normal
hepatic parenchyma with occasional portal fibroplasia (brown star), biliary proliferation (orange
star), reactive Von-Kupffer cells (black star), and focal interstitial round cells aggregation (dark green
arrow). (E) rats were infected and treated with CIP+ LS-LNPs (45 mg/kg bw + 2.5 mL/kg bw),
showing normal central vein (red arrow), portal area comprising vascular and biliary structures
(orange and blue arrows), hepatic sinusoids (black star), and hepatocytes (red star). (F) rats were
infected and treated with OB-LNPs (2.5 mL/kg bw), showing apparently normal hepatic parenchyma
(red arrow, red star, and dark blue arrows) with occasional reactive Von-Kupffer cells (black star)
and focal interstitial round cells aggregation (dark green arrow). (G) rats were infected and treated
with LS-LNPs (2.5 mL/kg bw) daily for 5 days showing apparently normal hepatic parenchyma (red
arrow, red star, and dark blue arrows) with occasional reactive Von-Kupffer cells (black star).
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Figure 8. Means of erythema (A), scales (B), and alopecia (C) scores in Trichophyton rubrum infected 
guinea pigs in different groups. Symbols on the graphs indicate significant differences among the 
treated groups (itraconazole (ITRA), ITRA+LC-LNPs, ITRA+OB-LNPs, OB-LNPs, and LS-LNPs) and 
the untreated positive control group (p < 0.05). p-value was estimated using Exact Wilcoxon test.

Figure 8. Means of erythema (A), scales (B), and alopecia (C) scores in Trichophyton rubrum infected
guinea pigs in different groups. Symbols on the graphs indicate significant differences among the
treated groups (itraconazole (ITRA), ITRA+LC-LNPs, ITRA+OB-LNPs, OB-LNPs, and LS-LNPs) and
the untreated positive control group (p < 0.05). p-value was estimated using Exact Wilcoxon test.
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Table 3. Mycological evaluation of dermatophytosis treatment in a guinea pig model.

3rd Day PT 7th Day PT 10th Day PT 14th Day PT 28th Day PT

G1 G2 G3 G4 G5 G6 G7 G1 G2 G3 G4 G5 G6 G7 G1 G2 G3 G4 G5 G6 G7 G1 G2 G3 G4 G5 G6 G7 G1 G2 G3 G4 G5 G6 G7
M 0 4 3 2 3 3 3 0 5 3 3 3 4 4 0 4 3 2 3 2 2 0 3 2 1 1 2 2 0 0 0 0 0 0 0
C 0 4 2 2 2 2 5 0 3 2 1 1 2 2 0 3 2 0 * 0 * 1 1 0 3 0 * 0 * 0 * 0 * 0 * 0 0 0 0 0 0 0

M&C 0 3 2 2 2 2 3 0 3 2 1 1 2 2 0 3 2 0 * 0 * 1 1 0 3 0 * 0 * 0 * 0 * 0 * 0 0 0 0 0 0 0

M: indicates No. of microscopy positive; C: No. of culture positive animals in each group (5 guinea pigs/group). Treated groups versus positive controls were compared using the
fisher’s exact test; * Differs significantly with positive control p < 0.05. G1: non infected control negative group; G2: infected untreated control group; G3: infected and treated with
10 mg/kg itraconazole daily by oral gavage; G4: infected and treated group with Lagenaria siceraria loaded lignin nanoparticles + itraconazole; G5: infected and treated group with
Ocimum basilicum loaded lignin nanoparticles + itraconazole; G6: infected and treated group with Ocimum basilicum loaded lignin nanoparticles; G7: infected and treated group with
Lagenaria siceraria loaded lignin nanoparticles.
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4. Discussion

Nanotechnology plays a vital role in providing effective antimicrobial nanotherapeu-
tics to counteract antimicrobial resistance [53,54]. In addition, lignin NPs are a great carrier
for hydrophobic molecules [8], and L. siceraria and O. basilicum extracts are known to be
natural stabilizing and reducing substances for the formation of NPs with low toxicity
and eco-friendliness [55]. This study investigated for the first time the antimicrobial and
anti-efflux activities of both OB-LNPs and LS-LNPs as green NPs. The phytochemical
profiling of O. basilicum and L. siceraria seed oil that was described in phytochemical stud-
ies [12–15,18,19] potentially responsible for the antimicrobial and antioxidant properties of
both extracts. The previously described [12] phytochemical profiling of L. siceraria seed oil
indicated an acid value of 10.77± 0.06 mg/g, free fatty acids 2.23 ± 0.04 mg/g, a peroxide
value of 0.55 ± 0.04 mEq/kg, a saponification value of 71.52 ± 0.03 mg/g, and an ester
value of 60.75 ± 0.03 mg/g. Gas chromatography–mass spectrometry (GC–MS) spectral
analysis showed several fatty acids such as stearolic acid, palmitic acid, erucic acid, stearic
acid, and other active ingredients. The GC-MS phytochemical profiling of O. basilicum
extracts revealed the presence of 75 components, including hydrocarbons, monoterpenes,
triterpenes, sequiterpenes, phthalates, and phytosterols [15]. The main detected fatty acids
were terpineol (1.42%), linalool (7.65%), tau-cadinol (13.55%), methyl palmitate (14.24%),
palmitic acid (14.31%), linolenic acid (1.30%), and methyl linolinate (17.72%) [15]. The
sub-MICs of OB-LNPs and LS-LNPs diminished efflux pump activity and downregulated
the efflux pump genes (ramA and acrB) of Salmonella enterica strains, inducing antimicrobial
activity. This agrees with Khosravani et al. [56], who documented the inhibitory effect of
Artemisia tournefortina extract on the acrB gene of S. enteritidis strains after treatment with a
sub-MIC concentration of the extract. Moreover, Mehta and Jandaik [57] and Mahmood
et al. [58] reported the inhibitory activity of Phyllanthus emblica extract and zinc oxide
NPs on the efflux pumps of S. Typhimurium strains. Moreover, Zhang et al. [59] found
that pyrano-pyridine (MBX2319) is an efflux pump inhibitor against resistance nodulation
diffusion (RND) of the efflux system in Enterobacteriaceae. It could reduce the MICs of
ciprofloxacin against E. coli strains.

In vivo testing of LS-LNPs for treating S. Typhimurium infection in a rat model
indicated a significant decrease (p < 0.05) in biochemical blood parameters, including AST,
ALT, TP, and Alb, in comparison with the infected, non-treated group. The hepatoprotective
effect is attributed to its flavonoids and phenolic content [60]. Nevertheless, treatment
with OB-LNPs alone or in combination with ciprofloxacin induced a significant decrease
(p < 0.05) in liver enzymes. The current findings showed a significant increase in total
protein in all treated groups compared to the infected non treated group on 7th and 14th
day PI.

Albumin level is considered an indicator of liver function [61]. Our results revealed
a significant increase in the serum albumin level in all treated groups when compared
to the non-treated group on both 7th and 14th day PI. However, silver nanoparticles
(AgNPs) reduced serum albumin levels due to the stress effect on the hepatic tissue [61].
Significant improvement was observed in urea and creatinine levels in all treated groups
when compared to the non-treated group on both 7th and 14th day PI. While Ramadan
et al. [62] reported that oral administration of zinc oxide NPs to rats at different doses
induced a significant increase in urea and creatinine levels.

The serum LDH level has been reported to be an indicator of tissue damage [63]. There
was a significant decrease (p < 0.05) in the concentration of LDH in the CIP+LS-LNPs-
treated group compared to the non-treated group, indicating a treatment effect on the
hepatic tissue. Similarly, Singh et al. illustrated that L. siceraria fruit powder extract showed
cardioprotective effects in both isoprenaline and doxorubicin-induced cardiotoxicity, as
indicated by the significant decrease in creatine-kinase, lactate dehydrogenase, and low-
density lipoprotein [64]. These effects are attributed to the elevated concentration of
polyphenolic components in fruits [65].
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Concerning the antioxidant effect of nanocomposites-treated groups, there was a
significant decrease in the serum MDA concentration in all treated groups compared to
the non-treated group on both 7th and 14th day PI. These antioxidant and lipid peroxi-
dation effects of L. siceraria seeds are due to the presence of bioactive compounds such
as flavonoids, phenols, tannins, and terpenoids [66]. Furthermore, lignin possesses a free
radical scavenging activity that reduces oxygen radicals and stabilizes oxidation reactions
owing to the phenolic hydroxyl groups in its structure [10]. A significant increase in the
serum TAC level was detected in all treated groups compared with the non-treated group.
These results go hand in hand with those of Karakas and Hacioglu Dogru [67], who found
that AgNPs produced from O. basilicum leaf extract possess greater antioxidant activity
than those produced from O. basilicum extract. Moreover, the antioxidant activity of O.
basilicum hydroethanolic extract raised the serum levels of antioxidant and oxidant markers
in rats [68]. L. siceraria seeds extract (LSSE) elevated the antioxidant enzymes owing to its
content of phytochemicals, which act as reducing agents, metal chelators, singlet oxygen
quenchers, and hydrogen donors [69–72].

A significant increase in haematological parameters, including Hb, was observed in
CIP, OB-LNPs, and LS-LNPs treated groups compared to the non-treated group on both
the 7th and 14th days of PI.

Interestingly, a significant decrease in total leukocyte count and neutrophil count,
in addition to an increase in lymphocyte count, was observed in all treated groups in
comparison with the non-treated group on both the 7th and 14th day PI. However, the total
leukocytic count and neutrophils increased in mice treated with fresh L. siceraria fruit juice
after induction of immunosuppression by pyrogallol [73]. Regarding the activity of the
immune system, a significant elevation in macrophage phagocytic activity was observed in
the OB-LNPs and LS-LNPs-treated groups in comparison with the non-treated group on
both the 7th and 14th days of PI.

Salmonella infection stimulates proinflammatory cytokines such as IFN-γ and TNF-α
in both infected and adjacent cells [74]. OB-LNPs and LS-LNPs-treated groups, either alone
or in combination with ciprofloxacin, showed a decrease in IFN-γ and TNF-α levels on
both the 7th and 14th days of PI.

Salmonella load in the liver, spleen, and intestine homogenates was high in both the
3rd and 7th days of PI, while the bacterial count decreased to zero in the 14th day of PI in
all treated groups compared with the non-treated group. A significant decrease in bacte-
rial count was observed in the combined treatment groups (OB-LNPs or LS-LNPs + CIP)
compared to the other treated groups. Moreover, Salmonella load in the 7th day PI (4 log10
to 4.7 log10 CFU/g), was less than bacterial load in the 3rd day PI (4.5 log10 to 4.9 log10
CFU/g), while no growth was detected at day 14 PI.

Histopathological analysis of the intestinal and liver tissues supported these results.
In the non-treated group, S. Typhimurium infection was reflected in the histopathological
findings through diffuse inflammatory cell infiltration and desquamation of the epithelial
tissue of the intestine. In addition, leucocytic infiltration, sinusoidal dilatation, hepato-
cellular atrophy, disorganization, and scattered apoptosis were observed in liver tissues.
Meanwhile, the administration of CIP in combination with LS-LNPs and OB-LNPs resulted
in a reduction in both intestinal inflammation and liver damage, returning their tissues to
normal.

Dermatophytosis of the skin is mainly caused by the Trichophyton species. T. rubrum
and T. mentagrophytes have been documented as the primary pathogens that induce ony-
chomycosis and tinea corporis [75]. T. rubrum is well-known for its fungal resistance [76].
This study investigated, for the first time, an alternative topical treatment for T. rubrum
infection using LS-LNPs and OB-LNPs. In vitro testing of both LS-LNPs and OB-LNPs
against T. rubrum using the agar well diffusion method and broth microdilution test in-
dicated a significant inhibition of fungal growth with an inhibition zone of 22–24 mm
and MIC values ranging from 0.125 to 2 µg/mL. It has been reported that L. siceraria seed
extract has antifungal potential against Candida species and Aspergillus niger [13]. Inter-
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estingly, lignin NPs possess antifungal properties against filamentous fungi [5,77]. The
in vivo therapeutic effects of LS-LNPs and OB-LNPs were evaluated against dermatophy-
tosis induced in a guinea pig model. Significant differences in lesion scores were found
between groups treated with Itra+LS-LNPs and Itra+OB-LNPs and the positive control
group after 10 days of treatment. In addition, significant differences were found in the
direct microscopy and culture results of hair and scale samples from all treated groups
when compared with the positive control group after 14 days PT. Fortunately, most treated
animals were culture-negative, but some animals remained microscopically positive on day
14 PT (Table 2). This may be attributed to the presence of non-viable conidia and hyphae
that were indicated microscopically and would not grow on culture [78]. Skin redness,
scales, and alopecia were significantly diminished following the topical application of
LS-LNPs and OB-LNPs alone or in combination with itraconazole for 12 days. The efficacy
of treatment was determined by hair growth recurrence in the infected areas in all treated
groups compared to the infected non-treated group. Owing to the small size of lignin
NPs, keep them in direct contact with the stratum corneum and facilitate the entry of
drugs into the skin [79,80]. Most treated animals were culture-negative, but some animals
remained microscopy-positive on day 14 PT. This may be attributed to the presence of
non-viable conidia and hyphae that were indicated microscopically and would not grow
on culture [78]. The mycological cure rate in T. rubrum infected and treated animals after
14 days of PT was 80%. Similar studies documented that the cure rates after treatment with
antifungal agents ranged from 80 to 100% [78,81].

5. Conclusions

In essence, OB-LNPs and LS-LNPs are natural efflux inhibitors that can enhance the
activity of ciprofloxacin by suppressing the resistance mechanism of Salmonella enterica
strains to this antibiotic and reducing the chance of resistance development when com-
bined with antibiotics. In addition, OB-LNPs and LS-LNPs alone or in combination with
itraconazole had a high inhibitory effect against T. rubrum infection in a guinea pig model
with reduced clinical symptoms within 12 days. Moreover, OB-LNPs and LS-LNPs pos-
sess immunomodulatory and antioxidant potential. Hence, lignin is a naturally derived
source of nanoparticles to be used as a drug delivery system for L. siceraria and O. basilicum
against Salmonellosis and dermatophytosis in an attempt to tackle the looming crisis of
antimicrobial resistance, paving the way for further investigations in this aspect. This study
opens up new horizons for future studies to explore ciprofloxacin or itraconazole co-loaded
with the extracts in the lignin nanoparticles.
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guinea pig models at day 3 post treatment G1: infected untreated control positive group; G2: infected
and treated with 10 mg/kg itraconazole once daily through oral gavage; G3: Itra+LS-LNPs treated
group; G4: Itra+OB-LNPs treated group; G5: OB-LNPs; G6: LS-LNPs treated groups topically
once daily. Figure S2: Trichophyton rubrum-infected guinea pig models at day 14 post-treatment G1:
infected untreated control positive group; G2: infected and treated with 10 mg/kg itraconazole once
daily through oral gavage; G3: Itra+LS-LNPs treated group; G4: Itra+OB-LNPs treated group; G5:
OB-LNPs; G6: LS-LNPs treated groups topically once daily.

Author Contributions: Conceptualization, Y.H.T., S.M.E.-N. and L.A.E.-S.; methodology, Y.H.T.,
S.M.E.-N. and L.A.E.-S.; validation, Y.H.T., S.M.E.-N. and L.A.E.-S.; formal analysis, Y.H.T., S.M.E.-N.
and L.A.E.-S.; investigation, Y.H.T., S.M.E.-N., L.A.E.-S., A.A., I.P. and M.A.; data curation, Y.H.T.,
S.M.E.-N., L.A.E.-S., A.A., I.P. and M.A.; writing—original draft preparation, L.A.E.-S. and Y.H.T.;
writing—review and editing, Y.H.T. All authors have read and agreed to the published version of the
manuscript.

https://www.mdpi.com/article/10.3390/antiox13070865/s1
https://www.mdpi.com/article/10.3390/antiox13070865/s1


Antioxidants 2024, 13, 865 23 of 26

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the institutional Animal Care and Use Committee, Zagazig University,
Egypt (approval number ZU-IACUC/2/F/114/2021).

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated or analyzed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Patra, J.K.; Das, G.; Fraceto, L.F.; Campos, E.V.R.; Rodriguez-Torres, M.D.P.; Acosta-Torres, L.S.; Diaz-Torres, L.A.; Grillo, R.;

Swamy, M.K.; Sharma, S.; et al. Nano based drug delivery systems: Recent developments and future prospects. J. Nanobiotechnol.
2018, 16, 71. [CrossRef] [PubMed]

2. Rudramurthy, G.R.; Swamy, M.K.; Sinniah, U.R.; Ghasemzadeh, A. Nanoparticles: Alternatives against drug-resistant pathogenic
microbes. Molecules 2016, 21, 836. [CrossRef] [PubMed]

3. Lam, P.L.; Wong, W.Y.; Bian, Z.; Chui, C.H.; Gambari, R. Recent advances in green nanoparticles systems for drug delivery:
Efficient delivery and safety concern. Nanomedicine 2017, 12, 357–385. [CrossRef]

4. Li, Y.; Zhou, M.; Pang, Y.; Qiu, X. Lignin-based microsphere: Preparation and performance on encapsulating the pesticide
avermectin. ACS Sustain. Chem. Eng. 2017, 5, 3321–3328. [CrossRef]

5. Verdini, F.; Gaudino, E.C.; Canova, E.; Tabasso, S.; Behbahani, P.J.; Cravotto, G. Lignin as a Natural carrier for the efficient delivery
of bioactive compounds: From waste to health. Molecules 2022, 27, 3598. [CrossRef] [PubMed]

6. Tian, D.; Hu, J.; Chandra, R.P.; Saddler, J.N.; Lu, C. Valorizing recalcitrant cellulolytic enzyme lignin via lignin nanoparticles
fabrication in an integrated bio refinery. ACS Sustain. Chem. Eng. 2017, 5, 2702–2710. [CrossRef]

7. Buono, P.; Duval, A.; Verge, P.; Averous, L.; Habibi, Y. New insights on the chemical modifications of lignin: Acetylation versus
Silylation. ACS Sustain. Chem. Eng. 2016, 4, 5212–5222. [CrossRef]

8. Alqahtani, M.S.; Alqahtani, A.; Al-Thabit, A.; Roni, M.; Syed, R. Novel lignin nanoparticles for oral drug delivery. J. Mater. Chem.
B 2019, 7, 4461. [CrossRef]

9. Chen, L.; Shi, Y.; Gao, B.; Zhao, Y.; Jiang, Y.; Zha, Z.; Xue, W.; Gong, L. Lignin nanoparticles: Green synthesis in a γ-
valerolactone/water binary solvent and application to enhance antimicrobial activity of essential oils. ACS Sustain. Chem.
Eng. 2020, 8, 714–722. [CrossRef]

10. Freitas, F.M.C.; Cerqueira, M.A.; Goncalves, C.; Azinheiro, S.; Garrido-Maestu, A.; Vicente, A.A.; Pastrana, L.M.; Teixeira, J.A.;
Michelin, M. Green synthesis of lignin nano and micro-particles: Physicochemical characterization, bioactive properties and
cytotoxicity assessment. Int. J. Biol. Macromol. 2020, 163, 1798–1809. [CrossRef]

11. Hegazy, E.M.; El Kinawy, O.S. Characteristics of pumpkin and bottle gourd in Egypt and potentially their contamination by
mycotoxins and mycotoxigenic fungi. J. Am. Sci. 2011, 7, 615–622.

12. Abd El-Rahman, A.A.; Mahmoud, A.Z.; Sayed, A.A.; Abd El latif, M.A. Physiochemical properties and Phytochemical Character-
istics of bottle gourd (Lagenaria siceraria) seed oil. Egypt. J. Chem. 2022, 65, 269–277. [CrossRef]

13. Essien, E.E.; Antia, B.S.; Peter, N. Lagenaria siceraria (Molina) standley. Total polyphenols and antioxidant activity of seed oils of
bottle gourd cultivars. World J. Pharm. Res. 2015, 4, 274–285.

14. Essien, E.E.; Antia, B.S.; Udoh, B.I. Phytochemical screening and antimicrobial activity of Lagenaria siceraria seeds extracts. Int. J.
Pharmacogn. Phytochem. Res. 2015, 7, 554–558.

15. Qamar, F.; Sana, A.; Naveed, S.; Faizi, S. Phytochemical characterization, antioxidant activity and antihypertensive evaluation
of Ocimum basilicum L. in L-Name induced hypertensive rats and its correlation analysis. Heliyon 2023, 9, e14644. [CrossRef]
[PubMed]

16. Keita, S.M.; Vincent, C.; Schmit, J.P.; Belanger, A. Essential oil composition of Ocimum basilicum L., O. gratissium L. and O. suave L.
in the republic of Guinea. Flavour Fragr. J. 2000, 15, 339–341. [CrossRef]

17. Ramesh, B.; Satakopan, V.N. Antioxidant activities of hydroalcoholic extract of Ocimum sanctum against cadmium induced toxicity
in rats. Indian J. Clin. Biochem. 2010, 25, 307–310. [CrossRef]

18. Hadush, G.; Aman, D.; Bachheti, R.K. Characterization of some compounds isolated from sweet basil (Ocimum basilicum L.) leaf
extract. Int. J. Sci. Rep. 2016, 2, 159–164.

19. Wannissorn, B.; Jarikasem, S.; Siriwangchai, T.; Thubthimthed, S. Antibacterial properties of essential oils from Thai medicinal
plants. Fitoterapia 2005, 76, 233–236. [CrossRef]

20. Abd El-Aziz, N.K.; Tartor, Y.H.; Gharieb, R.M.A.; Erfan, A.M.; Khalifa, E.; Said, M.A.; Ammar, A.M.; Samir, M. Extensive drug-
resistant Salmonella enterica isolated from poultry and humans: Prevalence and molecular determinants behind the co-resistance
to ciprofloxacin and tigecycline. Front. Microbiol. 2021, 12, 738784. [CrossRef]

21. Scallan, E.; Hoekstra, R.M.; Angulo, F.J.; Tauxe, R.V.; Widdowson, M.A.; Roy, S.L.; Jones, J.L.; Griffin, P.M. Foodborne illness
acquired in the United States-Major pathogen. Emerg. Infect. Dis. 2011, 17, 7. [CrossRef] [PubMed]

https://doi.org/10.1186/s12951-018-0392-8
https://www.ncbi.nlm.nih.gov/pubmed/30231877
https://doi.org/10.3390/molecules21070836
https://www.ncbi.nlm.nih.gov/pubmed/27355939
https://doi.org/10.2217/nnm-2016-0305
https://doi.org/10.1021/acssuschemeng.6b03180
https://doi.org/10.3390/molecules27113598
https://www.ncbi.nlm.nih.gov/pubmed/35684534
https://doi.org/10.1021/acssuschemeng.6b03043
https://doi.org/10.1021/acssuschemeng.6b00903
https://doi.org/10.1039/C9TB00594C
https://doi.org/10.1021/acssuschemeng.9b06716
https://doi.org/10.1016/j.ijbiomac.2020.09.110
https://doi.org/10.21608/ejchem.2021.96352.4529
https://doi.org/10.1016/j.heliyon.2023.e14644
https://www.ncbi.nlm.nih.gov/pubmed/37064472
https://doi.org/10.1002/1099-1026(200009/10)15:5%3C339::AID-FFJ922%3E3.0.CO;2-H
https://doi.org/10.1007/s12291-010-0039-5
https://doi.org/10.1016/j.fitote.2004.12.009
https://doi.org/10.3389/fmicb.2021.738784
https://doi.org/10.3201/eid1701.P11101
https://www.ncbi.nlm.nih.gov/pubmed/21192848


Antioxidants 2024, 13, 865 24 of 26

22. Anbazhagan, P.V.; Thavitiki, P.R.; Varra, M.; Annamalai, L.; Putturu, R.; Lakkineni, V.R.; Pesingi, P.K. Evaluation of efflux pump
activity of multidrug-resistant Salmonella Typhimurium isolated from poultry wet markets in India. Infect. Drug Resist. 2019, 12,
1081–1088. [CrossRef] [PubMed]

23. Chopra, I.; Roberts, M. Tetracycline antibiotics: Mode of action, applications, molecular biology and epidemiology of bacterial
resistance. Microbiol. Mol. Biol. Rev. 2001, 65, 232–260. [CrossRef] [PubMed]

24. Zhang, H.L.; Tan, M.; Qiu, A.M.; Tao, Z.; Wang, C.H. Antibiotics for treatment of acute exacerbation of chronic obstructive
pulmonary disease: A network meta-analysis. BMC Pulm. Med. 2017, 17, 196. [CrossRef] [PubMed]

25. Agidigbi, T.S.; Lawal, T.O.; Ajala, T.O.; Odeku, O.A.; Adeniyi, B.A. Antifungal activities of an extract and cream formulation of
cola millenii K. Schum in dermatophyte-infected Wistar rats. Eur. J. Pharm. Med. Res. 2019, 6, 61–69.

26. Song, X.; Wei, Y.; Lai, K.; He, Z.; Zhang, H. In Vivo antifungal activity of dipyrithione against trichophyton rubrum on guinea pig
dermatophytosis models. Biomed. Pharmacother. 2018, 108, 558–564. [CrossRef]

27. Schmidt, M. Boric acid inhibition of Trichophyton rubrum growth and conidia formation. Biol. Trace Elem. Res. 2017, 180, 349–354.
[CrossRef]

28. Blutfield, M.S.; Lohre, J.M.; Pawich, D.A.; Vlahovic, T.C. The immunologic response to Trichophyton rubrum in lower extremity
fungal infections. J. Fungi 2015, 1, 130–137. [CrossRef]

29. Baldo, A.; Monod, M.; Mathy, A.; Cambier, L.; Bagut, E.T.; Defaweux, V.; Symoens, F.; Antoine, N.; Mignon, B. Mechanisms of
skin adherence and invasion by dermatophytes. Mycoses 2012, 55, 218–223. [CrossRef]

30. Crawford, F. Athlete’s foot. BMJ Clin. Evid. 2009, 2009, 1712.
31. Tartor, Y.H.; El-Damaty, H.M.; Mahmod, Y.S. Diagnostic performance of molecular and conventional methods for identification of

dermatophyte species from clinically infected Arabian horses in Egypt. Vet. Dermatol. 2016, 27, 401. [CrossRef] [PubMed]
32. Ishii, M.; Matsumoto, Y.; Yamada, T.; Abe, S.; Sekimizu, K. An invertebrate infection model for evaluating antifungal agents

against dermatophytosis. Sci. Rep. 2017, 7, 12289. [CrossRef]
33. Yamada, T.; Maeda, M.; Alshahni, M.M.; Tanaka, R.; Yaguchi, T.; Bontems, O.; Salamin, K.; Fratti, M.; Monod, M. Terbinafine

resistance of trichophyton clinical isolates caused by specific point mutations in the squalene epoxidase gene. Antimicrob. Agents
chemother. 2017, 61, e00115-17. [CrossRef] [PubMed]

34. Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antimicrobial Susceptibility Testing; CLSI Supplement
M100-Ed32; CLSI: Wayne, PA, USA, 2022.

35. Clinical and Laboratory Standards Institute (CLSI). Reference Method for Broth Dilution Antifungal Susceptibility Testing of Filamentous
Fungi, 3rd ed.; CLSI standard: Wayne, PA, USA, 2017.

36. Ibrahim, O.M.S.; Sarhan, S.R. In Vitro and in vivo antibacterial activity of ethanolic extract of sweet basil (Ocimum basilicum L.)
leaves against Escherichia coli in experimentally infected rats. Adv. Anim. Vet. Sci. 2015, 3, 308–320. [CrossRef]

37. Maldonado-Carmona, N.; Marchand, G.; Villandier, N.; Oak, T.; Pereira, M.M.; Calvete, M.J.F.; Calliste, C.A.; Zak, A.; Piksa,
M.; Pawlik, K.J.; et al. Porphyrin-loaded lignin nanoparticles against bacteria: A Photodynamic Antimicrobial Chemotherapy
Application. Front. Microbiol. 2020, 11, 606185. [CrossRef]

38. Taleb, F.; Ammar, M.; Mosbah, M.; ben Salem, R.; ben Moussaoui, Y. Chemical Modification of Lignin Derived from Spent Coffee
Grounds for Methylene Blue Adsorption. Sci. Rep. 2020, 10, 11048. [CrossRef]

39. Selim, M.S.; Hamouda, H.; Hao, Z.; Shabana, S.; Chen, X. Design of γ- A1OOH, and α-Mn2O3 nanorods as advanced antibacterial
active agents. Dalton Trans. 2020, 49, 8601–8613. [CrossRef]

40. Parvekar, P.; Palaskar, J.; Metgud, S.; Maria, R.; Dutta, S. The minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of silver nanoparticles against Staphylococcus aureus. Biomater. Investig. Dent. 2020, 7, 105–109. [CrossRef]

41. Shanmugam, J.; Dhayalan, M.; Savaas Umar, M.R.; Gopal, M.; Ali Khan, M.; Simal-Gandara, J.; Cid-Samamed, A. Green synthesis
of silver nanoparticles using Allium cepa var. Aggregatum natural extract: Antibacterial and cytotoxic properties. Nanomaterials 2022,
12, 1725.

42. Martins, M.; Viveiros, M.; Couto, I.; Costa, S.S.; Pacheco, T.; Fanning, S.; Pages, J.; Amaral, L. Identification of efflux pump-
mediated multidrug-resistant bacteria by the ethidium bromide-agar cartwheel method. In Vivo 2011, 25, 171–178.

43. Rushdy, A.A.; Mabrouk, M.I.; Abu-Sef, F.A.; Kheiralla, Z.H.; Mohamed, A.S.; Saleh, N.M. Contribution of different mechanisms
to the resistance to fluoroquinolones in clinical isolates of Salmonella enterica. Braz. J. Infect. Dis. 2013, 17, 431–437. [CrossRef]
[PubMed]

44. Deng, M.; Zhu, M.H.; Li, J.J.; Bi, S.; Sheng, Z.K.; Hu, F.S.; Zhang, J.J.; Chen, W.; Xue, X.W.; Sheng, J.; et al. Molecular epidemiology
and mechanisms of tigecycline resistance in clinical isolates of Acinetobacter baumannii from a Chinese university hospital.
Antimicrob. Agents. Chemother. 2014, 58, 297–303. [CrossRef] [PubMed]

45. Fabrega, A.; Balleste-Delpiere, C.; Vila, J. Differential impact of ramRA mutations on both ramA transcription and decreased
antimicrobial susceptibility in Salmonella Typhemurium. J. Antimicrob. Chemother. 2016, 71, 617–624. [CrossRef] [PubMed]

46. Livak, K.J.; Schmittgen, T.D. Analysis of relative gene expression data using real-time quantitative PCR and the 2−∆∆CT method.
Methods 2001, 25, 402–408. [CrossRef] [PubMed]

47. Thygesen, P.; Martinsen, C.; Hougen, H.P.; Hattori, R.; Stenvang, J.P.; Rygaard, J. Histologic, cytologic, and bacteriologic
examinations of experimentally induced Salmonella Typhimurium infection in Lewis rats. Comp Med. 2000, 50, 124–132. [PubMed]

https://doi.org/10.2147/IDR.S185081
https://www.ncbi.nlm.nih.gov/pubmed/31190903
https://doi.org/10.1128/MMBR.65.2.232-260.2001
https://www.ncbi.nlm.nih.gov/pubmed/11381101
https://doi.org/10.1186/s12890-017-0541-0
https://www.ncbi.nlm.nih.gov/pubmed/29233130
https://doi.org/10.1016/j.biopha.2018.09.045
https://doi.org/10.1007/s12011-017-1019-x
https://doi.org/10.3390/jof1020130
https://doi.org/10.1111/j.1439-0507.2011.02081.x
https://doi.org/10.1111/vde.12372
https://www.ncbi.nlm.nih.gov/pubmed/27549079
https://doi.org/10.1038/s41598-017-12523-z
https://doi.org/10.1128/AAC.00115-17
https://www.ncbi.nlm.nih.gov/pubmed/28416557
https://doi.org/10.14737/journal.aavs/2015/3.6.308.320
https://doi.org/10.3389/fmicb.2020.606185
https://doi.org/10.1038/s41598-020-68047-6
https://doi.org/10.1039/D0DT01689F
https://doi.org/10.1080/26415275.2020.1796674
https://doi.org/10.1016/j.bjid.2012.11.012
https://www.ncbi.nlm.nih.gov/pubmed/23742803
https://doi.org/10.1128/AAC.01727-13
https://www.ncbi.nlm.nih.gov/pubmed/24165187
https://doi.org/10.1093/jac/dkv410
https://www.ncbi.nlm.nih.gov/pubmed/26679248
https://doi.org/10.1006/meth.2001.1262
https://www.ncbi.nlm.nih.gov/pubmed/11846609
https://www.ncbi.nlm.nih.gov/pubmed/10857002


Antioxidants 2024, 13, 865 25 of 26

48. Havelaar, A.H.; Garssen, J.; Takumi, K.; Koedam, M.A.; Dufrenne, J.B.; Van Leusden, F.M.; De La Fonteyne, L.; Bousema, J.T.; Vos,
J.G. A rat model for dose-response relationships of Salmonella Enteritidis infection. J. Appl. Microbiol. 2001, 91, 442–452. [CrossRef]
[PubMed]

49. Saunte, D.M.; Hasselby, J.P.; Brillowska-Dabrowska, A.; Frimodt-Moller, N.; Svejgaards, E.L.; Linnemann, D.; Nielsen, S.S.;
Haedersdals, M.; Arendrup, M.C. Experimental guinea pig model of dermatophytosis: A simple and useful tool for the evaluation
of new diagnostics and antifungals. Med. Mycol. 2008, 46, 303–313. [CrossRef] [PubMed]

50. Balikci, E. Antidermatophyte and antioxidant activities of nigella sativa alone and in combination with enilconazole in treatment
of dermatophytosis in cattle. Vet. Med. 2016, 61, 539–545. [CrossRef]

51. Razali, N.M.; Wah, Y.B. Power comparisons of shapiro-wilk, Kolmogorov-smirnov, Lilliefors and Anderson-darling tests. J. Stat.
Model. Anal. 2011, 2, 21–33.

52. SAS Institute Inc. SAS/STAT Statistics user’s guide. In Statistical Analytical System, 5th ed.; SAS Institute Inc.: Cary, NC, USA,
2012.

53. Escarcega-Gonzalez, C.E.; Garza-cervantes, J.A.; Vazquez-Rodriguez, A.; Montelongo-Peralta, L.Z.; Trevino-Gonzalez, M.T.;
Castro, E.D.B.; Saucedo-Salazar, E.M.; Morales, R.M.C.; Soto, D.I.R.; Gonzalez, F.M.T.; et al. In Vivo antimicrobial activity of silver
nanoparticles produced via a green chemistry synthesis using Acacia rigidula as a reducing and capping agent. Int. J. Nanomed.
2018, 13, 2349–2363. [CrossRef]

54. Pogurschi, E.N.; Petcu, C.D.; Mizeranschi, A.E.; Zugravu, C.A.; Cîrnat,u, D.; Pet, I.; Ghimpeteanu, O.M. Knowledge, Attitudes and
Practices Regarding Antibiotic Use and Antibiotic Resistance: A Latent Class Analysis of a Romanian Population. Int.J. Environ.
Res. Public Health 2022, 19, 7263. [CrossRef] [PubMed]

55. Abdelsattar, A.S.; Hakim, T.A.; Rezk, N.; Farouk, W.M.; Hassan, Y.Y.; Gouda, S.M.; El-Shibiny, A. Green synthesis of silver
nanoparticles using Ocimum basilicum L. and Hibiscus sabdariffa L. extracts and their antibacterial activity in combination with
phage ZCSE6 and sensing properties. J. Inorg. Organomet. Polym. Mater. 2022, 32, 1951–1965. [CrossRef]

56. Khosravani, M.; Soltan Dallal, M.M.; Norouzi, M. Phytochemical composition and anti-efflux pump activity of hydroalcoholic,
aqueous and hexane extracts of Artemesia tournefortiana in ciprofloxacin-resistant strains of Salmonella enterica serotype Enteritidis.
Iran J. Public Health. 2020, 49, 134–144. [PubMed]

57. Mehta, J.; Jandaik, S. Evaluation of phytochemical and synergistic interaction between plant extract and antibiotic for efflux pump
inhibitory activity against Salmonella enterica serovar Typhimurium strains. Int. J. Pharm. Pharm. Sci. 2016, 8, 217–223. [CrossRef]

58. Mahmood, H.Y.; Jamshidi, S.; Sutton, J.M.; Rahman, K.M. Current Advances in developing inhibitors of bacterial multidrug efflux
pumps. Curr. Med. Chem. 2016, 23, 1062–1081. [CrossRef] [PubMed]

59. Zhang, L.; Tian, X.; Sun, L.; Mi, K.; Wang, R.; Gong, F.; Huang, L. Bacterial efflux pump inhibitors reduce antibiotic resistance.
Pharmaceutics 2024, 16, 170. [CrossRef]

60. Ahmed, D.; Naseer, Y.; Hina, S.; Bukhari, A. Hepatoprotective, anti-hemolytic and antiradical properties of cold-pressed,
non-solvent extract of bottle gourd fruit. Int. J. Veg. Sci. 2018, 10, 1931–5279.

61. Sulaiman, F.A.; Adeyemi, O.S.; Akanji, M.A.; Oloyede, H.O.B.; Suliman, A.A.; Olatunde, A.; Hoseni, A.A.; Olowolafe, Y.V.;
Nlebedim, R.N.; Muritala, H.; et al. Biochemical and morphological alterations caused by silver nanoparticles in wistar rats. J.
Acute Med. 2015, 5, 96–102. [CrossRef]

62. Ramadan, A.G.; Yassein, A.A.M.; Eissa, E.A.; Mahmoud, M.S.; Hassan, G.M. Biochemical and histopathological alterations
induced by sub chronic exposure to zinc oxide nanoparticle in male rats and assessment of its genotoxicity. J. Umm Al-Qura Univ.
Appl. Sci. 2022, 8, 41–49. [CrossRef]

63. Zhang, H.; Jacob, J.A.; Jiang, Z.; Xu, S.; Sun, K.; Zhong, Z.; Varadharaju, N.; Shanmugam, A. Hepatoprotective effect of silver
nanoparticles synthesized using aqueous leaf extract of Rhizophora apiculata. Int J. Nanomed. 2020, 14, 3517–3524. [CrossRef]

64. Singh, M.K.; Mohd, F.; Ayaz, A.; Ankur, S.; Jyoti, Y. Protective effect of lagenaria siceraria against doxorubicin induced
cardiotoxicity in wister rats. Int. J. Drug Dev. Res. 2012, 4, 298–305.

65. Fard, M.H.; Bodhankar, S.; Dikshit, M. Cardioprotective activity of fruit of lagenaria siceraria (Molina) Standly on Doxorubicin
induced cardiotoxicity in rats. Int. J. Pharmacol. 2008, 4, 466–471.

66. Attar, U.A.; Ghane, S.G. In Vitro antioxidant, antidiabetic, antiacetylcholine esterase, anticancer activities and RP-HPLC analysis
of phenolics from the wild bottle gourd (Lagenaria siceraria (Molina) Standl.). S. Afr. J. Bot. 2019, 125, 360–370. [CrossRef]

67. Karakas, I.; Hacioglu Dogru, N. Some biological potential of silver nanoparticles synthesized from Ocimum basilicum. GSC Biol.
Pharm. Sci. 2023, 22, 107–113. [CrossRef]

68. Aminian, A.R.; Mohebbati, R.; Boskabady, M.H. The effect of Ocimum basilicum L. and Its main ingredients on respiratory
disorders: An experimental, preclinical, and clinical review. Front. Pharmacol. 2022, 12, 805391. [CrossRef]

69. Attar, U.A.; Ghane, S.G. Phytochemicals, antioxidant activity and phenolic profiling of Diplocyclos palmatus (L.) C. Jeffery. Int. J.
Pharm. Pharm. Sci. 2017, 9, 101–106. [CrossRef]

70. Attar, U.A.; Ghane, S.G. Proximate composition of cucumissativus forma hardwickii (Royle) WJ De Wilde & Duyfjes. Int. J.
Phytomed. 2017, 9, 101–112.

71. Ghane, S.G.; Attar, U.A.; Yadav, P.R.; Lekhak, M.M. Antioxidant, Anti-diabetic, Acetylcholinesterase inhibitory potential and
Estimation of Alkaloids (Lycorine and Galanthamine) from Crinum species: An important source of anticancer and anti-alzheimer
drug. Indus. Crops Prod. 2018, 125, 168–177. [CrossRef]

https://doi.org/10.1046/j.1365-2672.2001.01399.x
https://www.ncbi.nlm.nih.gov/pubmed/11556909
https://doi.org/10.1080/13693780801891732
https://www.ncbi.nlm.nih.gov/pubmed/18415837
https://doi.org/10.17221/32/2015-VETMED
https://doi.org/10.2147/IJN.S160605
https://doi.org/10.3390/ijerph19127263
https://www.ncbi.nlm.nih.gov/pubmed/35742513
https://doi.org/10.1007/s10904-022-02234-y
https://www.ncbi.nlm.nih.gov/pubmed/32309232
https://doi.org/10.22159/ijpps.2016v8i10.14062
https://doi.org/10.2174/0929867323666160304150522
https://www.ncbi.nlm.nih.gov/pubmed/26947776
https://doi.org/10.3390/pharmaceutics16020170
https://doi.org/10.1016/j.jacme.2015.09.005
https://doi.org/10.1007/s43994-022-00008-3
https://doi.org/10.2147/IJN.S198895
https://doi.org/10.1016/j.sajb.2019.08.004
https://doi.org/10.30574/gscbps.2023.22.3.0099
https://doi.org/10.3389/fphar.2021.805391
https://doi.org/10.22159/ijpps.2017v9i4.16891
https://doi.org/10.1016/j.indcrop.2018.08.087


Antioxidants 2024, 13, 865 26 of 26

72. Patel, S.B.; Attar, U.A.; Ghane, S.G. Antioxidant potential of wild Lagenaria siceraria (Molina) Standl. Thai J. Pharm. Sci. 2018, 42,
90–96. [CrossRef]

73. Zaatout, H.; AlShaikh, N.; Sallam, S.; Hammoda, H. Phytochemical and biological activities of Lagenaria siceraria: An overview.
Egypt. J. Chem. 2023, 66, 479–495. [CrossRef]

74. Kaiser, P.; Hardt, W.D. Salmonella Typhemurium diarrhea: Switching the mucosal epithelium from homeostasis to defencer. Curr.
Opin. Immunol. 2011, 23, 456–463. [CrossRef] [PubMed]

75. Santhoshkumar, J.; Sowmya, B.; Kumar, S.V.; Rajeshkumar, S. Toxicology evaluation and antidermatophytic activity of silver
nanoparticles synthesized using leaf extract of Passiflora caerulea. S. Afr. J. Chem. Eng. 2019, 29, 17–23. [CrossRef]

76. Baltazer, L.M.; Krausz, A.E.; Souza, A.C.O.; Adler, B.L.; Landriscina, A.; Musaev, T.; Nosanchuk, J.D.; Friedman, A.J. Trichophyton
rubrum is inhibited by free and nanoparticle encapsulated curcumin by induction of Nitrosative stress after photodynamic
activation. PLoS ONE 2015, 10, 0120179. [CrossRef] [PubMed]

77. Espinoza-acosta, J.L.; Torres-Chavez, P.I.; Ramirez-Wong, B. Antioxidant, Antimicrobial and antimutagenic properties of technical
lignins and their applications. Bio. Resour. 2016, 11, 5452–5481.

78. Nasr, A.M.; Badawi, N.M.; Tartor, Y.H.; Sobhy, N.M.; Swidan, S.A. Development, Optimization, and invitro/in vivo evaluation of
Azelaic acid transepithelial gel for antidermatophyte activity. Antibiotics 2023, 12, 707. [CrossRef] [PubMed]

79. Maeki, M.; Kimura, N.; Sato, Y.; Harashima, H.; Tokeshi, M. Advances in microfluidics for lipid nanoparticles and extracellular
vesicles and applications in drug delivery systems. Adv. Drug. Deliv. Rev. 2018, 128, 84–100. [CrossRef] [PubMed]

80. Ganesan, P.; Narayanasamy, D. Lipid nanoparticles: Different preparation techniques, characterization, hurdles and strategies for
the production of solid lipid nanoparticles and nanostructured lipid carriers for oral drug delivery. Sustain. Chem. Pham. 2017, 6,
37–56. [CrossRef]

81. Soleimanian, Y.; Goli, S.A.H.; Varshosaz, J.; Sahafi, S.M. Formulation and characterization of novel nanostructured lipid carriers
made from beewax, propolis wax and pomegranate seed oil. Food Chem. 2018, 244, 83–92. [CrossRef] [PubMed]

82. Liu, D.; Lawrence, M.L.; Austin, F.W. Evaluation of PCR primers from putative transcriptional regulator genes for identification
of Staphylococcus aureus. Lett. Appl. Microbiol. 2005, 40, 69–73. [CrossRef]

83. Dutka-Malen, S.; Evers, S.; Courvalin, P. Detection of glycopeptide resistance genotypes and identification to the species level of
clinically relevant enterococci by PCR. J. Clin. Microbiol. 1995, 33, 24–27. [CrossRef]

84. Amit-Romach, E.; Sklan, D.; Uni, Z. Microflora Ecology of the Chicken Intestine Using 16S Ribosomal DNA Primers. Poultry Sci.
2004, 83, 1093–1098. [CrossRef] [PubMed]

85. Liu, Y.; Liu, C.; Zheng, W.; Zhang, X.; Yu, J.; Gao, Q. Huo; Y.; Huang, X. PCR Detection of Klebsiella pneumoniae in Infant Formula
Based on 16S-23S Internal Transcribed Spacer. Int. J. Food Microbiol. 2008, 125, 230–235. [CrossRef] [PubMed]

86. De Clercq, D.; Ceustermans, A.; Heyndrickx, M.J.; Coosemans, J.; Ryckeboer, A. A rapid monitoring assay for the detection of
Salmonella spp. and Salmonella Senftenberg strain W775 in composts. J. Appl. Microbiol. 2007, 103, 1364–5072. [CrossRef] [PubMed]

87. White, T.J.; Bruns, T.D.; Lee, S.B.; Taylor, J.W. Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenet-
ics. In PCR Protocols: A Guide to Methods and Applications; Innis, M.A., Celfand, D.H., Sninsky, J.J., White, T.J., Eds.; Academic
Press: San Diego, CA, USA, 1990; pp. 315–322.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.56808/3027-7922.2385
https://doi.org/10.21608/ejchem.2023.182665.7373
https://doi.org/10.1016/j.coi.2011.06.004
https://www.ncbi.nlm.nih.gov/pubmed/21726991
https://doi.org/10.1016/j.sajce.2019.04.001
https://doi.org/10.1371/journal.pone.0120179
https://www.ncbi.nlm.nih.gov/pubmed/25803281
https://doi.org/10.3390/antibiotics12040707
https://www.ncbi.nlm.nih.gov/pubmed/37107069
https://doi.org/10.1016/j.addr.2018.03.008
https://www.ncbi.nlm.nih.gov/pubmed/29567396
https://doi.org/10.1016/j.scp.2017.07.002
https://doi.org/10.1016/j.foodchem.2017.10.010
https://www.ncbi.nlm.nih.gov/pubmed/29120809
https://doi.org/10.1111/j.1472-765X.2004.01629.x
https://doi.org/10.1128/jcm.33.1.24-27.1995
https://doi.org/10.1093/ps/83.7.1093
https://www.ncbi.nlm.nih.gov/pubmed/15285498
https://doi.org/10.1016/j.ijfoodmicro.2008.03.005
https://www.ncbi.nlm.nih.gov/pubmed/18579248
https://doi.org/10.1111/j.1365-2672.2007.03449.x
https://www.ncbi.nlm.nih.gov/pubmed/18045394

	Introduction 
	Materials and Methods 
	Bacterial and Fungal Strains 
	Antimicrobial Susceptibility of Tested Strains 
	Preparation of Ocimum basilicum Ethanolic Extract and Lagenaria siceraria Sedd Oil 
	Synthesis and Characterization of LS-LNPs and OB-LNPs 
	Testing Antimicrobial Activity of LS-LNPs and OB-LNPs 
	Agar Well Diffusion Test 
	Broth Microdilution Test 

	Testing of the Antiefflux Activity of LS-LNPs and OB-LNPs on Salmonella enterica Species 
	Quantification of the Transcription Levels of Efflux Pump Genes 
	In Vivo Testing of Antibacterial Activities of LS-LNPs and OB-LNPs 
	Measurement of Bacterial Load in Organs 
	Blood Biochemical and Immunological Parameters 
	Histopathological Examination of Internal Organs 

	In Vivo Testing of the Anti-Dermatophyte Activity of LS-LNPs and OB-LNPs 
	Data Analysis 

	Results 
	Physicochemical Properties and Transmission Electron Microscopy of LS-LNPs and OB-LNPs 
	The Antimicrobial Activity of LS-LNPs and OB-LNPs 
	ramA and acrB Efflux Pump Genes Expression in Ciprofloxacin-Resistant Salmonella enterica Strains 
	Biochemical, Haematological, Antioxidant, and Immunological Effects of CIP+LS-LNPs and CIP+OB-LNPs on Blood and Serum Constituents of S. Typhimurium Challenged Rats 
	Bacterial Load Counting 
	Histopathological Features of Intestinal and Hepatic Tissues Post S. Typhimurium Infection 
	In Vivo Antifungal Activity of LC-LNPs and OB-LNPs against T. rubrum 

	Discussion 
	Conclusions 
	References

