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Abstract

Despite the vital activity of many compounds, they lack that effectiveness due to their low solubility in water. Unfor-
tunately, for this reason, rutin often leads to low tissue permeability and insufficient bioavailability, which has greatly
limited its pharmacological utility. Therefore, the present investigation is designed to overcome this problem by for-
mulating the rotin to rotin nanocrystals (RNCs) with studying their some pharmacological applications in vitro

and in silico. RNCs were created via the ultrasonication approach and showed a spherical shape via Transmission
electron microscopy with a mean particle size of 27 nm. RNCs reflected inhibitory action against Helicobacter pylori
with an inhibition zone (IZ) of 22.67 mm compared to rutin (IZ of 18 mm) and standard control (IZ of 19.5 mm). RNCs
exhibited less minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) (7.8 pg/mL)
than rutin (62.5 pug/mL). The MBC/MIC index of rutin and RNCs indicated their bactericidal properties. RNCs were more
acutely (92.12%) than rutin (85.43%) for inhibition the H. pylori biofilm formation. A promising half maximal inhibitory
concentration (ICsy) (6.85 pg/mL) was recorded using RNCs for urease inhibition compared to the ICs, value of rutin
(97.8 pg/mL). The activity of rutin and RNCs was tested against cancer cells of human colon cancer (HT-29) and nor-
mal Vero cells. ICs, values of RNCs were less 168.23£1.15 pg/mL and 297.69+4.23 pug/mL than the ICs, values of rutin
184.96£4.33 pug/ml and 335.31£2.02 pg/ml against HT-29 cells and normal Vero cells, respectively. Different percent-
ages (72.2,77.3,and 81.9%) of hemolysis inhibition were recorded using RNCs, but 63.6, 68.9, 73.6, and 80.6% were
obtained using rutin at 600, 800, and 1000 pug/mL, respectively. Butyrylcholinesterase (BChE) inhibition % was docu-
mented at a lower ICq, value for RNCs (12.74 ug/mL) than the ICy, of rutin (18.15 pg/mL). The target molecule under-
went molecular docking research against H. pylori [Protein Data Bank (PDB) code: 4HI0], HT-29 cells (PDB code: 2HQ6),
and BChE (PDB code: 6EMI) in order to enhance the interactions between rutin and the chosen receptors and to esti-
mate its molecular operating environment (MOE) affinity scoring. Rutin has predicted strong binding interactions
and potent activity against the examined proteins 4HI0, 2HQ6, and 6EMI with low binding scores of — 7.47778 kcal/
mol, — 7.68511 kcal/mol, and — 9.50333 kcal/mol, respectively.
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Introduction

Well-known natural compounds are currently helpful in
biomedicine because of their high levels of safety, eco-
nomic viability, and biological impacts. Rutin is a natu-
ral polyphenolic flavonoid compound, also referred to
as vitamin P, with an intriguingly broad medicinal range.
Chemically, rutin is referred as quercetin-3-rutinoside
or 2-(3,4-dihydroxyphenyl)-4,5-dihydroxy-3-[3,4,5-
trihydroxy-6- [(3,4,5-trihydroxy-6-methyl-oxan-2-yl)
oxymethyl]oxan-2-yl]Joxy-chromen-7-one. According to
Mauludin et al. [1], it was discovered in several plants,
such as buckwheat, green tea, and citrus fruits, including
grapefruit, orange, lemon, and lime, besides apples.

The vast range of pharmacological activities, natural
sources, safety, and cost-effectiveness of rutin make it
an appealing medicine [2]. Additionally, numerous stud-
ies [3—5] have demonstrated that rutin has antioxidant,
antidiabetic, anticancer, anti-inflammatory, antibacterial,
anti-arthritic, and neuroprotective effects. The antihy-
pertensive, cardioprotective, antispasmodic, anti-throm-
botic, and anti-hyperlipidemia effects of rutin have also
been validated [6, 7]. According to research by Orhan
et al. [8], rutin has been proven to have potent antibacte-
rial and antifungal effects against human and food-borne
pathogens, including Staphylococcus aureus, Acinetobac-
ter baumannii, Pseudomonas aeruginosa, and Candida
krusei. Rutin has some disadvantages, including poor
water solubility, poor bioavailability, constricted stabil-
ity, and restricted membrane permeability, despite its
intriguing pharmacological, therapeutic, and nutritional
benefits [9].

Numerous formulation techniques and drug delivery
methods have been used to increase rutin’s therapeu-
tic effectiveness and overcome these drawbacks. Dried
rutin nanocrystals (RNCs), for instance, have been pro-
duced and added to tablets [1]. Nanocrystals (NCs) are
sub-micron colloidal dispersions that are entirely made
up of drug substances. They were initially launched in
the 1990s as a way to enhance the aqueous solubility and
bioavailability of medicines with low water solubility [5].
NCs are commonly created by grinding bulk drug mate-
rial and have a particle size in the nanometer range [10].
Surfactants, polymers, or both stabilize NCs in various
ways. The tablets of NCs achieved 100 % rutin dissolution
in 30 min compared to microcrystal and commercial-
ized tablets, which achieved only 71% and 55% disso-
lution, respectively. Rutin-loaded silver nanoparticles
were fabricated, and their anti-thrombotic activity was
evaluated [11]. In a recent report, the dissolution rate
and drug aqueous solubility were increased 2.3- to 6.7-
fold and 102- to 202-fold as a result of the formulation
of rutin into RNCs [5]. Rutin’s improved water solubility
and effectiveness compared to traditional administration
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were validated by the creation of RNCs for the various
therapeutic objectives [3]. Positively charged nanopar-
ticles are more effective than negatively charged ones at
enhancing the absorption profile. Rutin in NCs construc-
tion is more efficient for various therapeutic activities via
aqueous solubility enhancement compared to rutin in
non-NCs form [3]. When compared to bulk rutin, RNCs
minimum inhibitory concentration (MIC), biofilm, and
adhesion inhibitory properties were studied for several
bacterial species. It was discovered that the aqueous dis-
persion of RNCs was significantly more efficient than
the conventional delivery of rutin against Pseudomonas
aeruginosa, Staphylococcus aureus, Escherichia coli,
Enterococcus faecalis, Streptococcus mutans, Klebsiella
pneumonia, and Acinetobacter baumannii [4].

The most common type of neurological disorder is
Alzheimer’s disease, which characterized by persistent
memory loss, cognitive dysfunctions, and behavioral
imbalances. Several drugs are now used to treat Alzhei-
mer’s disease, but they each have a unique set of side
effects on health. Scientists have been concentrating on
plants as an alternate method of treating or managing
Alzheimer’s disease as well as other diseases [12—14]. In
an in vivo study, Xu et al. [15] demonstrated that rutin
via oral administration attenuated memory deficits in
Alzheimer’s illness transgenic mice, reduced levels of
oligomeric p-amyloid, glutathione disulfide, and malon-
dialdehyde levels, as well as increased activity of super
oxide dismutase in the brain. Habtemariam [16] men-
tioned that rutin can control the cognitive as well as sev-
eral behavioral symptoms of Alzheimer’s disease due to
its capability to cross the blood-brain barrier. Rutin is one
of the flavonoids with the most extensive applications as
an antioxidant and an antitumor agent among flavonoids
due to its abundance in foods like fruits and vegetables
that are consumed by people [17]. The effect of rutin on
cancer cell line proliferation, like breast, prostate, colon,
and lung, was investigated in numerous studies in vitro as
mentioned in the review study by Satari et al. [18].

In silico approaches are promising scientific tools for
studying and understanding the mechanisms of biologi-
cal processes. One of the in silico approaches is molecular
docking, which is used to investigate the appropriateness
of any drug before its application [19-23]. Currently,
computer-aided drug designing mainly depends on the
molecular docking approach for the identification of
new pharmacological agents. Also, molecular docking
approaches play a critical role in discovering and devel-
oping of drugs by studying the interaction a drug recep-
tor or predicting the activity and affinity of a ligand to the
binding site of target cell proteins. However, rutin was
experimented on the management of several illnesses but
its NCs do not cover most of the studied illnesses. So the
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current investigation aimed to preparation of RNCs and
their evaluation against H. pylori growth, cancer prolif-
eration, hemolysis, and butyrylcholinesterase as a marker
of Alzheimer’s disease development. Also, the molecular
docking interactions of the rutin with H. pylori, cancer
cells, and butyrylcholinesterase were assigned.

Materials and methods

Source of used chemicals, normal, cancer cell lines

and tested H. pylori

Rutin (RT) (purity > 95%) and Tween 80 were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Other used
chemicals including reagents, solvents, and microbial
growth media were obtained from El-Gomhouria Com-
pany and United Company for Chemicals and Medical
Preparations, Cairo, Egypt. American Type Culture Col-
lection (ATTC) was the source of normal and cancer cell
lines. Ain Shams University Hospitals; Cairo Egypt was
the source of H. pylori.

Creation of rutin nanocrystals and their characterization
An ultrasonication approach was applied to prepare rutin
nanocrystals (RNCs). A mixture of ethanol and hexane
was used as a solvent (25/75 v/v) of rutin (50 mg/mL).
The reaction mixture was subjected to ultrasonication at
a frequency of 50 kHz using an ultrasonic source. Then,
2% of tween 80 (a surfactant) was added as a surfactant
to the mixture. The mixture was centrifuged for 30 min
at 1000 rpm. Via rotary evaporation, the resulting solu-
tion was evaporated while the obtained precipitate yel-
low powder was used as rutin nanoparticles [5]. The
size and shape of rutin and RNCs were photographed
by Transmission electron microscopy (TEM), model
JEOL 1010 manufactured in Japan. The rutin and RNCs
were dropped on a carbon-coated copper-grid, and then
inserted in a specimen holder. Fourier Transform Infra-
red Spectroscopy (FTIR) (Shimadzu 8400S, Japan) was
applied to identify the FTIR spectra of the rutin and
RNCs via mixing and compressing these compounds
with the potassium bromide (FTIR grade).

Anti-H. pylori activity, MIC and MBC of rutin and RNCs

The well diffusion technique was utilized to assess the
Anti-H. pylori activity of rutin and RNCs. In the begin-
ning, the colonies of H. pylori were put in McFarland’s
0.5 Muller Hinton fluid. Subsequently, H. pylori was cul-
tivated on supplemented Muller Hinton agar with 5%
horse blood. The diameter of the inhibition zone around
the well was measured after 5 days of incubation at 37 °C
and under microaerophilic conditions. Clarithromycin
was used as a positive control [24].
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The minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) of rutin and RNCs
were detected against H. pylori. In 96-flat well microplates,
the rutin and RNCs underwent the MT'T tetrazolium reduc-
tion evaluation. At different quantities ranging from 7.8 to
500 g/mL, the rutin and RNCs were dissolved in Brucella
broth. The plate wells were filled with 50 uL of 2 x 10° cells/
mL of H. pylori, and then incubated. The MTT reduc-
tion experiment was used to determine the MIC, which is
the smallest concentration of rutin and RNCs in the plate
at which no H. pylori growth occurred. We added 15 L of
MTT to the rutin and RNCs before incubating them for
15 min, after which the formazan crystals were dissolved by
the addition of 80 uL of DMSO. At 570 nm, the absorbance
was recorded in the microplate readers (DTX 800/880 Mul-
timode Detectors, Fullerton, CA) to detect the MIC. MBC
was detected by mixing 50 pL aliquots of preparations that
showed no H. pylori growth after the incubation period dur-
ing the MIC test with 150 pL of sufficient broth [25]. These
preparations were incubated at 37 °C for 72 h under micro-
aerophilic conditions. MBC was assumed to have the lowest
concentration of rutin or RNCs which did not develop any
color change after MTT addition as described above.

Anti-biofilm activity of rutin and RNCs

In 96-well polystyrene flatbottom plates, the impact of
rutin and RNCs on the development of H. pylori biofilms
was assessed. Trypticase soy yeast broth (TSY) (300 pL)
was inoculated with 10° CFU/mL of H. pylori, and then
transferred to wells of a microplate with the existence of
the previously established sub-lethal quantities of MBC
(75, 50, and 25%). As controls, wells containing medium
with methanol and without rutin or RNCs were employed.
For 48 h, plates were incubated at 37 °C. After the incuba-
tion period, the supernatant was removed, and each well
was carefully washed with sterile distilled water to elimi-
nate free-floating cells. The plates were then allowed to
air dry for 30 min, and the biofilm that had developed was
stained for 15 min at room temperature with a 0.1% crystal
violet aqueous solution.

After incubation, the excess of crystal violet was removed
by washing the plates three times with sterile distilled
water. Finally, 250 pL of 95% ethanol was added to each well
to solubilize the cell-bound dye, incubated for 15 min, and
then measured for absorbance at a wavelength of 570 nm
using a microplate reader [26]. H. pylori biofilm inhibition
was calculated according to the subsequent formula:

Biofilm inhibition
_ (Absorbance at treatement — Absorbance at blank >

Absorbance at control — Absorbance at blank)
x 100
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Assay of urease activity

With some modification on the Berthelot spectro-
photometric approach, urease inhibition by rutin and
RNCs was assayed at 625 nm [27]. The reaction mixture
contained 850 pL of urea and different concentrations
of rutin and RNCs ranged from 1.95 to 1000 pg/mL
with 100 mM phosphate buffer (pH 7.4). To start the
enzymatic reaction, 15 pL of urease enzyme was added
to the reaction mixture. Then after 1 h, the concen-
tration of liberated ammonia was measured utilizing
1000 pL of solutions A and B (500/500 v/v). Solution A
was prepared from 2.5 mg of sodium nitroprusside and
0.5 g phenol dissolved in 50 mL of H,O, while solution
B was prepared from 250 mg of NaOH and 820 pL of
NaOCI 5% dissolved in 50 mL of H,O at the temper-
ature of 37 °C for 30 min. Uninhibited urease activity
was selected as 100% of the control activity. The enzy-
matic reaction value was calculated from the following
formula:

o (AbT>
Urease inhibition% =1 — [ —— | x 100
AbC

where AbT is the absorbance of the tested rotin or RNCs
or positive control in the existence of urease, AbC is the
absorbance of the solvent in the existence of urease. The
activity of tested samples was compared to the standard
compound hydroxyurea which is already shown to have
inhibitory action for urease enzyme. The concentration
that stimulates the inhibition halfway among the mini-
mum and maximum response of rutin or RNCs (IC,)
was determined by observing the inhibition influence of
different concentrations of tested samples in the exami-
nation. The values of IC;, were assayed utilizing Graph-
Pad Prism 5 software.

Butyrylcholinesterase activity assay

BChE hydrolysis of S-butyrylthiocholine iodide (BTC)
(0.05-0.4 mM) was recorded spectrophotometrically
in MOPS buffer (50 mM, pH 8) at 25 °C in the exist-
ence of 5,5-dithiobis(2-nitrobenzoic acid) (DTNB)
(0.125 mM) based to the Ellman method. The reac-
tions were started by adding 0.2 U/mL BChE. The rate
of increase of absorbance was monitored at 405 nm on
a Biosystem — 310 spectrophotometer. The activity of
BChE was assessed based on the linear segments of the
progress curves in the initial 60 sec period utilizing the
extinction coefficient of 14.2 mM~!/cm ™1, BChE inhibi-
tion was planned by adding 0-0.375 uM DMMB to the
reaction mixture (final volume was 1.2 mL). Enzyme
activity was not affected by the existence of methanol
(£1.25%, v/v) in the reaction mixture [28, 29].
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Cytotoxicity detection of Rutin and RNCs using MTT assay
Two types of cells were used to measure the cytotoxicity
of rutin and RNCs including normal Vero cells (Organ-
ism: Cercopithecus aethiops, Tissue: Kidney, Cell type:
Epithelial, Culture properties: Adherent, Disease: Nor-
mal, ATCC: CCL-81) and human colon cancer (HT-29)
(Organism: Homo sapiens Human, Tissue: Colon, Cell
type: Epithelial, Culture properties: Adherent, Disease:
Adenocacinoma Colrectal, ATCC: HTB-38). Rutin and
RNCs were dissolved in dimethyl sulfoxide. The 96-well
tissue culture plate was injected with 1 x 10° tested
cells per mL (100 pL per well), and then let to establish
a full monolayer sheet for 24 h at 37 C. Subsequently, a
confluent cells sheet had grown, the 96 well micro-titer
plates’ growth material was decanted, and the cell mon-
olayer was double washed using wash media. The rutin or
RNCs were diluted twice in RPMI medium containing 2%
of serum. In examine wells; 0.1 mL of each dilution was
examined, leaving 3 wells as controls that just received
RPMI medium. The plate was examined after 37 C of
the incubation period to check any signs of toxicity on
the tested cells. Each well was amended with 20 uL of the
prepared MTT solution (5 mg/mL in PBS), followed by
shaking for 5 min at 150 rpm to mix the MTT into the
RPMI medium. The plate containing wells was incubated
for 4 h under certain conditions of CO, (5%) and 37 C
to permit the MTT to be metabolized. The plate was
dried using paper towels to remove any residue from the
media. Using 200 pL of DMSO, the formazan (MTT met-
abolic product) was resuspended via shaking for 5 min
at 150 rpm to allow the mixing of the formazan into the
DMSO [12]. The optical density was measured at 570 nm.
The viability of cells was calculated using the subsequent
formula:

Absorbance attreatement cells

Cell Viability (%) = x 100

Absorbance at untreated cells

An inverted light microscope (Leica Microsystems,
Leica DM IL LED, Germany) was used to image the mor-
phological changes in the incubated cells.

Preparation of erythrocyte suspension for hemolysis
inhibition

Healthy participants’ fresh whole blood (3 mL) was
drawn into heparinized tubes and centrifuged for 10 min
at 3000 rpm. The red blood pellets were dissolved in a
volume of normal saline that was equal to the volume of
the supernatant. A 40% v/v suspension of the acquired
dissolved red blood pellets was made using an isotonic
buffer solution (10 mM sodium phosphate buffer, pH 7.4)
after the volume of the pellets was determined. In one
L of distilled H,O, the buffer solution included 0.2 g of
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NaH,PO,, 1.15 g of Na,HPO,, and 9 g of NaCl. Red blood
cells that had been reconstituted (resuspended superna-
tant) were applied in this way.

In distilled water, rutin or RNCs were dissolved (hypo-
tonic solution). The centrifuge tubes were filled with
duplicate pairs (per dosage) of the hypotonic solution
(5 mL) containing graded doses of the investigated sub-
stance (100, 200, 400, 600, 800, and 1000 pg/mL). Addi-
tionally, duplicate pairs (per dosage) of centrifuge tubes
were filled with an isotonic solution (5 mL) containing
graded doses of the extracts (100-1000 pg/mL). 5 mL
of the vehicle (distilled water) and 5 mL of indometha-
cin 200 pg/mL were each included in the control tubes.
Each tube received 0.1 mL of erythrocyte suspension,
which was gently mixed in. The mixtures were then cen-
trifuged for 3 min. at 1300g after being incubated for 1 h.
at room temperature (37 °C). Using a Spectronic (Milton
Roy) spectrophotometer, the haemoglobin concentra-
tion of the supernatant’s absorbance (OD) was calculated
at 540 nm. By assuming that all hemolysis generated in
the presence of distilled water is 100%, the percentage of
hemolysis was estimated [21]. The extract’s inhibition of
hemolysis (%) was determined as follows:

OD2 — OD1
Haemolysis inhibition(%) = 1 — ( ) x 100

OD3 - OD1

where OD1 = absorbance of rutin or RNCs in isotonic
solution, OD2 = absorbance of rutin or RNCs in hypo-
tonic solution, OD3 = absorbance of control sample in
hypotonic solution.

Molecular docking experiment of rutin

A molecular operating environment (MOE) is an amal-
gamation of software programs used to create biologi-
cally active compounds or a package. It allows for the
possibility to drawing molecules and minimizing them
for optimal conformations. Rutin structure was drawn
using ChemDraw Ultra 15.0, and this structure was saved
as MDL files (“sdf”) for MOE2019 to show. The Crystal
Structure of H. pylori [(Protein Data Bank (PDB) code:
4HIO], Colon cancer (PDB code: 2HQ6), and Butyryl-
cholinesterase (PDB code: 6EMI) have been down-
loaded from the protein data bank (https://www.rcsb.
org/ accessed on 10 April 2021). After the water mole-
cules and co-ligand were extracted, the protein molecule
undergoes 3D protonation. The protein was exhibited
using the MMFF94x force field implemented in the MOE
2019 software. While the side chains are still flexible, the
main chain has been kept rigid. The side chains of the
proteins can locate the location where interactions are
most favorable attributable to this approximation. The
lowest energy result correlates to the best interactions
between the ligand and the enzyme’s active site, thus we
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then logged that result as the best score (S, kcal/mol). The
MOE program’s dock scoring was calculated using the
London dG scoring formula, placement: triangle matcher,
retain 10, and refinement: force field. The leading confor-
mations of the docked ligands were determined by taking
into account the Root Mean Square Deviation (RMSD)
values, binding energies, and binding modes with the
chosen residues.

Statistical analysis

Outcomes are detected as mean + SD (standard devia-
tion) and the results were taken three times. Statistical
program of computer programs Microsoft Excel version
365 and SPSS v.25 (statistical package for the social sci-
ence version 25.00) were applied to calculate statical
analysis. Quantitative data with parametric distribution
between the various treatments were done using variance
analysis for the one-way ANOVA and Post hoc-Tukey’s
test, at 0.05 probability levels.

Results and discussion

Prepared RNCs and characterization

Unfortunately, certain chemicals’ extremely low water
solubility frequently results in their poor permeability
into cells and tissues as well as inadequate bioavailability,
which has severely constrained their use in pharmacol-
ogy. One of these compounds is rutin (Empirical formula
Cy;H3O4¢), therefore nano-formulation was developed
to overcome this problem. In the present study, rutin
was transformed into rutin nanocrystals (RNCs) via the
ultrasonication process, and then some pharmacologi-
cal applications were evaluated as summarized in Fig. 1.
TEM showed that the mean particle size of the pre-
pared RNCs was 27 nm with the spherical shape of the
most detected RNCs. On the other hand, rutin appeared
in bulk mass that not differentiated into RNCs (Fig. 2).
Bohlouli et al. [30] found that the created RNCs exhib-
ited a mean size of 75 nm using the same method of
synthesis. The differences in RNCs size may be due to
the potency of the sonication process. Slight differences
were observed between FTIR analysis of rutin and RNCs
indicating that the chemical composition of rutin was not
affected during the sonication process. Our results were
in agreement with other findings [4, 30]. More than 20
similar bands were detected in the FTIR analysis of rutin
and RNCs, for instance, the detected bands 3423.36,
1656.52, 1599.71, 1572.91, 1555.98, 1504.85, 1456.94,
1362.06, 1294.85, 1234.25, 1203.67, 1012.16, 969.85,
878.94, 806.41, 688.55, 726.17, 655.42, 630.15, 595.90, and
531.59 cm ™! in rutin were similar to the detected bands
3423.23, 1655.58, 1598.82, 1573.57, 1556.63, 1504.97,
1457.86, 1361.17, 1295.60, 1236.47, 1204.21, 1012.83,
970.90, 878.98, 806.51, 687.89, 725.93, 655.47, 630.60,
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Anti- H. pylori activity

mIC
NN
—l> P p lx Jx <l~ P
Gy (559 ‘_';‘ ‘,,‘._.; "-_) )]
MBC \. m

Rutin nanocrystals

Molecular docking

Anti-biofilm activity

Created in BioRender.com bio

Fig. 1 Rutin transformed to RNCs and their performed activities including Anti-H. pylori activity, Minimum inhibitory concentration (MIC), Minimum
bacteriocidal concentration (MBC), anticancer activity, anti-Alzheimer activity, and molecular docking

596.19, and 531.76 cm™' in RNCs. The detected peaks (Additional file 1). The similarity of most detected bands
at 3423 cm™}, 1456.94 cm™, and 1736 cm ™! are associ-  in rutin and RNCs analysis by FTIR indicating that ultra-
ated with the OH, ketone, and ester groups, respectively  sonication process did not affect the rutin structure.
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Anti-H. pylori activity of rutin and RNCs

RNC:s exhibited anti-H. pylori activity with a significantly
(p < 0.05) inhibition zone of 22.67 mm while rutin exhib-
ited less inhibition zone of 18 mm (Fig. 3 and Table 1). At
the same time, the activity of rutin and RNCs compared
to the positive control (Clarithromycin) gave an inhibi-
tion zone of 19.5 mm. MIC and MBC of RNCs (7.8 pg/
mL) were less than MIC and MBC of rutin (62.5 pg/mL).
The obtained values of MBC/MIC index indicated the
bactericidal properties of rutin and RNCs as well as posi-
tive control. Rutin activity against H. pylori is described
previously [31]. The probable mechanisms of nano-drugs
interaction with microbial cells, they may fuse with
microbial cells surface leading to enhancing the drug’s
permeability into the cells; or they are absorbed on the
cell wall and operate as a depot to discharge active drug
[32]. In the biofilm formation of H. pylori was more
affected by RNCs compared to rutin at all used doses of
MBC, where at 25 %, 50 % and 75 % of MBC, the anti-
biofilm % was 64.59, 71.52 and 85.43 % using rutin, while
it was 70.74, 84.02 and 92.12 % using RNCs, respectively
(Fig. 4A), which documented also by a color change of
stained H. pylori biofilm in the microtiter plate (Fig. 4B).
Exopolysaccharides play an important role in bacterial
biofilms to resist antimicrobial drugs. Biofilm forma-
tion of S. aureus and E. coli was inhibited as a result of
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exposure to rutin [33] via reduction of exopolysaccha-
rides production. According to Wang et al. [34] rutin
exhibited strong inhibition against growth and biofilm
formation of E. coli and K. pneumoniae with MIC 512 pg/
mL and 1024 pg/mL, respectively. The inhibitor poten-
tial of rutin and RNCs against H. pylori was documented
via the detection of urease activity. Urease inhibition
increased with the increment of rutin and RNCs concen-
trations in the range of 1.95 to 1000 pg/mL, but the high-
est inhibitory action was observed using RNCs compared
to rutin at all applied concentrations. For instance, at
1.95, 7.18, and 250 pg/mL, the urease inhibition was 35,
43.5 and 82.3% using RNCs compared to the 8.4, 22.9 and
59.1% of urease inhibition, respectively caused by rutin
(Fig. 5). Promising ICg, (6.85 pg/mL) was recorded for
urease inhibition using RNCs while rutin exhibited ICg,
value of 97.8 pg/mL.

Cytotoxic activity of rutin and RNCs was performed
against the proliferation of HT-29 cells and normal Vero
cells (Fig. 6). Cytotoxicity against HT-29 cells increased
with the increment concentrations of rutin and RNCs
up to 1000 pg/mL. At a low concentration of 31.25 pg/
mL, RNCs exhibited no toxicity against HT-29 while
rutin exhibited very low toxicity (0.23 %). A remark-
able effect on the HT-29 cells was observed at concen-
trations 62.5 to 1000 pg/mL of rutin and RNCs where

Fig. 3 Anti-H. pylori activity of rutin, RNCs and positive control (Clarithromycin) (Three wells with inhibition zone) using Muller Hinton agar with 5%
horse blood. Well without inhibition zone in each plate indicating the negative control (Solvent)

Table 1 Inhibitor activity, MIC and MBC of rutin and RNCs against H. pylori

Treatment Inhibitions zones mean MIC (png/mL) MBC (pg/mL) MBC/
(mm) MIC
index
Rutin 18.00+0.00 62.5 62.5 1.0
RNCs 22.67+0.58 7.8 7.8 1.0
Positive control (Clarithromycin) 19.5+0.50 31.25 31.25 1.0
Negative control (Solvent) 0.0+£0.0 0.0 0.0 0.0
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Fig. 5 Urease inhibition (%) of H. pylori at different concentrations
of rutin and RNCs up to 1000 pg/mL with ICy, values

the toxicity was 97.01 and 97.06 %, respectively. RNCs
reflected significantly high cytotoxicity (40.11 and 80.45
%) (p < 0.05) at 125 pg/mL and 250 pg/mL, respec-
tively, compared to the cytotoxicity (24.12 and 77.29 %)
of rutin at the same concentrations. The IC;, value of
RNCs was less (168.23 + 1.15 pug/mL) than the ICy, value
184.96 + 4.33 pg/mL of rutin against HT-29 cells

Up to 125 pug/mL, rutin and RNCs showed a negligible
cytotoxic effect, against normal Vero cells at level less
than 1% (Fig. 6), while at 250 to 1000 pg/mL, these com-
pounds reflected toxicity. Unfortunately, the IC;, value

of RNCs was less (297.69 + 4.23 ug/mL) than the IC,
value of rutin (335.31 + 2.02 pug/mL) against Vero normal
cells. However, from the obtained IC,, values of rutin and
RNCs against HT-29 and Vero normal cells, the applica-
tion of RNCs at their IC, values may affect cancer cells
but not normal cells. Nanoemulsion of rutin reflected
strong anticancer potential against prostate carcinoma
cells compared to bulk rutin [35]. Also, Asfour and
Mohsen [36] enhanced the anticancer potential of rutin
via rutin nanospheres development. Viability reduction
of HT-29 colon cancer cells was recorded using rutin that
stimulated the apoptotic cycle depending on mitochon-
dria by controlling the Bax and Bcl-2 expression, acceler-
ating the cleaved caspases-3, -8 and -9 [37]. The findings
of Bohlouli et al. [30] showed no cytotoxic effect of rutin
on HNG5 cells up to 2000 uM, while RNCs exhibited a
decline in viability of the cells in a concentration- and
time-dependent manner with IC;, values of 30.51 uM
and 27.34 pM at 1 and 2 days of incubation period,
respectively. According to Bohlouli et al. [30], RNCs
reflected anticancer activity at least 100 times compared
to bulk rutin.

Image analysis using the inverted microscope reflected
the morphological changes of HT-29 and Vero normal
cells exposed to the different concentrations of rutin
and RNCs. At low concentrations (31.25 pg/mL and
62.5 pg/mL) of rutin, there are no appeared morpho-
logical changes in HT-29, while at 250 to 1000 pg/mL
remarkable changes were recorded particularly at 500
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Fig. 6 Cytotoxicity of rutin and RNCs against HT-29 cell lines and normal vero cells up to 1000 pg/mL

and 1000 pg/mL including reduced confluence with lack-
ing their well-defined morphology and presence of sev-
eral dead cells (Additional file 2). The same pattern was
observed in case RNCs, but more dramatic changes were
recorded particularly at high concentrations 500 and
1000 pg/mL where the cells seemed rounded-shaped, as
dead, separated cells with loss of polygonal form (Addi-
tional file 3). The observed changes in the morphology
of HT-29 cells explained the cytotoxic influence of rutin
and RNCs. Up to 250 pg/mL, Vero normal cells were not
affected by rutin (Additional file 4) or RNCs (Additional
file 5) but showed morphological alterations at 500 and
1000 pg/mL including apoptotic cells with cell shrinkage.
All these observations were compared to the polygonal-
shaped of control cells (Additional file 6) that were not
exposed to rutin or RNCs. In a recent study, rutin exhib-
ited morphological alterations in cancer cells of the colon
(HCT-116) [38].

Red blood cells (RBCs) play a crucial function in deliv-
ering oxygen from the lungs to the tissues so that all cells

may get it. RBCs are continually exposed to reactive
oxygen species (ROS) from both endo- and exo-genous
sources throughout circulation, which damage the RBC
and impair their function. Erythrocyte rupture brought
on by hemolysis is a blatant sign of the harm done by
these radicals and can be avoided by taking antioxidants
[39]. Attractive findings were recorded for hemolysis
inhibition using rutin and RNCs (Fig. 7). Different levels
of hemolysis inhibition depending on the concentration
of rutin or RNCs ranging from 100 to 1000 ug/mL were
visualized. From the Fig. 7, RNCs exhibited more % of
hemolysis inhibition (72.2, 77.3, 81.9, 87.8,93.9 and 99.9
%) compared to hemolysis inhibition using rutin (63.6,
68.9, 73.6, 80.6, 89.8 and 97.1%) at all tested concentra-
tions 100, 200, 400, 600, 800, and 1000 pg/mL, respec-
tively. From the activity of indomethacin as a control
drug, it’s clear that RNCs are considered promising anti-
hemolytic agents. It’s also from the hemolysis test, RNCs
do not liberate hemoglobin from RBCs. Our results were
consistent with other findings [40], they showed that
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Fig. 8 Butyrylcholinesterase (BChE) inhibition at different
concentrations of rutin and RNCs with ICy values

rutin provides hemolysis inhibition (69.8%) at 500 pg/
mL. Rutin’s antioxidant properties help to shield the
body from the cell damage caused by free radicals. It
helps to improve blood flow, increase artery wall elastic-
ity, and remove cholesterol from the body.
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Butyrylcholinesterase inhibition by rutin and RNCs

In the human brain, butyrylcholinesterase (BChE), which
degrades butyrylcholine (BCh), is mostly expressed in
glial cells and white matter. Alzheimer’s illness is associ-
ated with significantly higher BChE levels [41]. Addition-
ally, it is known that AChE and BChE are associated with
AD and function separately from one another, which
may help with disease diagnosis and the creation of pro-
spective therapeutic targets [42]. In the present investi-
gation, BChE inhibition % was stimulated by increasing
the concentration of rutin as well as RNCs (Fig. 8), but
a high level of inhibition was obtained using RNCs com-
pared to rutin. At a concentration of 1.56 ug/mL, RNCs
reflected 17.8% while rutin reflected 7% of BChE inhibi-
tion. Also, less value of RNCs IC;, (12.74 pg/mL) than
ICy, (18.15 pg/mL) of rutin was recorded. According to
Pan et al. [43], the development of Alzheimer’s disease
was repressed by rutin administration. Finally, although
few reports about RNCs compared to other compounds,
most of the performed studies indicated that NCs exhibit
the advantages of increased release of active compounds.
NCs can enhance drug invasion, favour controlled
release, and promote targeting, also promising littler or
more attenuated side effects than traditional preparations
[44]. The in vitro release of NCs formulated in pellets for
pharmaceutical utilize was 3—4 times better than that of
coarse particles [6].

Docking studies of rutin

Molecular docking is an appealing approach for examin-
ing chemical and protein interactions for the design and
development of novel medications. The binding modes of
compound can bind in different modes to a specific bind-
ing site of the protein. This is especially evident in the
crystallographic structures of ligand-protein complexes.
Docking of rutin was carried out with H. pylori (PDB
code: 4HIO0), HT-29 (PDB code: 2HQ6), and Butyryl-
cholinesterase (PDB code: 6EMI) demonstrates strong
behavior within the active pocket and was found a low
binding score of — 7.47778 Kcal/mol, — 7.68511 Kcal/
mol, and — 9.50333 Kcal/mol, respectively. The interac-
tions in 3D are displayed in Additional files 7, 8, 9 and the

Table 2 Docking scores and energies of rutin with crystal structure of H. pylori 4HI0

Mol S rmsd_refine E_conf E_place E_scorel E_refine E_score2
Rutin — 747778 1.957023 177.1588 —62.5887 —10.5208 —27.7999 — 747778
Rutin —7.30962 151214 140.1248 — 743798 —-10.9772 —44.6774 —7.30962
Rutin —6.94588 1.932674 133.3282 —86.3139 —12.1694 —41.521 —6.94588
Rutin — 6.7668 3.867486 131.0068 —90.865 —10.8535 —39.5178 — 6.7668
Rutin —6.71519 2.079944 132.2194 —87.5385 —10.3369 —304621 -6.71519
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Table 3 Docking scores and energies of rutin with crystal structures of colon cancer 2HQ6 and butyrylcholinesterase 6EMI

Mol Colon cancer 2HQ6

S rmsd_refine E_conf E_place E_scorel E_refine E_score2
Rutin —7.68511 2.349049 132.271 —123.92 —13.0537 —49.3727 —7.68511
Rutin —7.60016 2.348212 126.5045 —103.569 —-1223 —44203 —7.60016
Rutin —7.39895 1.889362 129.7233 —150.22 —14.7096 — 485907 —7.39895
Rutin —7.3079 1.897974 1294777 - 110.06 — 125711 —45.2671 —7.3079
Rutin —6.99121 1.554326 1385355 —87.1548 —12.5681 —40.8826 —6.99121

Butyrylcholinesterase 6EMI
Rutin —9.50333 1.890657 152.8203 —75.8811 — 134338 —53.1697 —9.50333
Rutin -929916 2.056552 130.7517 — 118942 —14.2454 —51.3429 —9.29916
Rutin —9.04007 3.989687 2785143 —73.1489 —14.115 — 54701 —9.04007
Rutin —8.99539 291718 1474303 —120.081 —14.2492 — 583387 —8.99539
Rutin —881397 2213047 134.2875 —71.2674 —15.1458 —46.3784 —881397

Table 4 Interaction of rutin with crystal structure of H. pylori 4HI0

Mol Ligand Receptor Interaction Distance E (kcal/mol)
Rutin O 13 OPRO 111 (B)  H-donor 262 - 26
047 OE1 GLU 251 H-donor 267 -20
(B
064 OE1 GLU 251 H-donor 2.70 -29
(B
066 OE2GLU 47 (B) H-donor 3.04 -26
047 NH1 ARG 250 H-acceptor 2.74 -2.7
(B
064 NH1 ARG 76 (B) H-acceptor 3.16 -15
6-ring  CAGLN80(B) Pi-H 3.96 -0.7

binding energies are given in Tables 2, 3. Rutin formed
seven interaction bonds against 4HIO protein by amino
acid residues (PRO 111, GLU 251, GLU 47, ARG 250,
ARG 76, GLN 80) through (013, O 47, O 64, O 66, 047,

O 64, 6-ring) respectively as recommended in table 4.
While in the case of 2HQ6 protein (HT-29) showed
four hydrogen bonding between oxygen atoms (O 11, O
13, O 68, and O 45) of rutin towards ASP 108, GLY 74,
ASP 152, and GLN 64 amino acid residues (Table 5). The
hydrogen bond varied from 2.99 to 3.30 A distance and
the energy stabilization by — 1.0 to — 2.2 K cal. Also, it
was found that rutin exhibited the best docking score
according to its interaction with 6EMI protein (Butyryl-
cholinesterase) through O 11, O 28, O 64, and C 70
atoms with GLU 197, SER 287, ASP 70, and TRP 430
amino acid residues as hydrogen bonding interactions
with the key amino acid residues of the identified bind-
ing pockets based on the output in Table 5, stabilized the
structure of the target receptor. The MOE-Dock exami-
nation is trustworthy for docking this inhibitor, and the
RMSD values were found to be 1.957, 2.349, and 1.89 A
for 4HIO, 2HQ6, and 6EMLI, respectively, proving that our
docking method is suitable for the studied inhibitor. All
the docked pose with the least binding energy has the

Table 5 Interaction of rutin with crystal structures of colon cancer 2HQ6 and butyrylcholinesterase 6EMI

Mol Colon cancer 2HQ6
Ligand Receptor Interaction Distance E (kcal/mol)

Rutin 011 O ASP 108 (A) H-donor 330 -1.1
013 OGLY 74 (A) H-donor 3.04 - 2.1
068 O ASP 152 (A) H-donor 3.17 -10
045 NE2 GLN 64 (A) H-acceptor 2.99 -22

Butyrylcholinesterase 6EMI

Rutin o1 OE1 GLU 197 (A) H-donor 3.02 -38
028 O SER 287 (A) H-donor 3.00 -13
064 OD2 ASP 70 (A) H-donor 291 —-24
C70 5-ring TRP 430 (A) H-Pi 463 -05
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highest affinity, thereby, is considered the best docked
conformation. Docking interaction of chlorogenic acid
and ferulic acid with 4HIO protein enzyme of H. pylori
resulted in low energy scores of — 6.4876 kcal/mol [14]
and — 5.58 Kcal/mol [20] but not the same energy score
(— 7.47778 Kcal/mol) in the current study. As mentioned
in other reports, the high value of the negative score
indicated the inhibitory potential of compounds against
target cells [12, 21, 22, 45, 46], therefore negative score
value of the free binding energy in the current study
documents the biological efficacy of rutin. Also, a low
energy score of — 8.9 kcal/mol was recorded as a result of
rutin docked with the main protease of severe acute res-
piratory syndrome coronavirus-2 [47]. In another study,
a higher binding affinity was recorded using rutin among
different natural flavonoids for monoamine oxidase,
butyrylcholinesterase, and acetylcholinesterase with low
energy scores of — 12.0, — 12.2, — 12.6, respectively [48].
The obtained findings from docking interaction revealed
that rutin may be a candidate as an inhibitor for H. pylori,
HT-29 cells and BChE. Numerous still unanswered ques-
tions remain about rutin and RNC:s. In light of this, other
biological investigations against various microorganisms
and cancer cell lines, besides in vivo tests, will be planned
to support and confirm the obtained findings. Moreo-
ver, the mechanisms for biological activities of rutin and
RNCs should be the focus of additional investigations in
the future.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513765-023-00832-z.

Additional file 1: FTIR of rutin (A) and RNCs (B) showed more than

20 similar bands in rutin and RNCs, such as 3423.36, 1656.52, 1599.71,
157291, 1555.98, 1504.85, 1456.94, 1362.06, 1294.85, 1234.25, 1203.67,
1012.16,969.85, 878.94, 806.41, 688.55, 726.17,655.42,630.15, 595.90,
and 531.59 cmn—1 in rutin which similar to the detected bands 3423.23,
1655.58,1598.82, 1573.57, 1556.63, 1504.97, 1457.86, 1361.17, 1295.60,
1236.47,1204.21,1012.83,970.90, 878.98, 806.51, 687.89, 725.93, 65547,
630.60, 596.19, and 531.76 cm—1 in RNCs.

Additional file 2: Morphological features of HT-29 cell exposed to dif-
ferent concentrations of rutin including 31.25 pg/mL (A), 62.5 ug/mL (B),
125 pg/mL (C), 250 pg/mL (D), 500 pg/mL (E) and 1000 pg/mL (F). No
seemed morphological changes at 31.25 pg/mL and 62.5 ug/mL, while
at 250 to 1000 pg/mL notable changes were appeared such as reduced
confluence with lacking well-defined morphology and occurrence of
numerous dead cells.

Additional file 3: Morphological features of HT-29 cell exposed to differ-
ent concentrations of RNCs. 31.25 pg/mL (A), 62.5 ug/mL (B), 125 pg/mL
(€), 250 pg/mL (D), 500 pg/mL (E) and 1000 pug/mL (F). Visualized altera-
tion were documented particularly at high concentrations 500 and 1000
pg/mL where the cells seemed rounded-shaped, as dead, separated cells
with loss of polygonal form

Additional file 4: Morphological features of Vero cell exposed to different
concentrations of rutin. 31.25 pg/mL (A) , 62.5 ug/mL (B), 125 pg/mL

(€), 250 pg/mL (D), 500 pg/mL (E) and 1000 pug/mL (F). Vero normal cells
were not affected by rutin up to 250 ug/mL but morphological changes
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was observed at 500 and 1000 pg/mL including apoptotic cells with cell
shrinkage.

Additional file 5: Morphological features of Vero cell exposed to different
concentrations of RNCs. 31.25 pg/mL (A), 62.5 ug/mL (B), 125 ug/mL (C),
250 pg/mL (D), 500 pg/mL (E) and 1000 pg/mL (F). Up to 250 pg/mL, Vero
normal cells were not affected by RNCs up to 250 pg/mL but morphologi-
cal changes was observed at 500 and 1000 pg/mL including apoptotic
cells with cell shrinkageas in case rutin.

Additional file 6: Polygonal-shaped of control cells of HT-29 cells (A) and
Vero cells (Unexposed to rutin or RNCs) (B).

Additional file 7: Molecular docking process of rutin with 4HI0. AThe
interaction between rutin and active sites of 4HI0 protein; B the most
likely binding conformation of rutin and the corresponding intermolecular
interactions are identified; C molecular surface of rutin with 4HI0; D the
contact preference of rutin with 4HI0; E interaction potential of rutin with
4HI0; F the Electrostatic map of rutin with 4HI0.

Additional file 8: Molecular docking process of rutin with 2HQ6.; A the
interaction between rutin and active sites of 2HQ6 protein; B the most
likely binding conformation of rutin and the corresponding intermolecular
interactions are identified; C molecular surface of rutin with 2HQ6; D the
contact preference of rutin with 2HQ6; E interaction potential of rutin with
2HQ6; F the Electrostatic map of rutin with 2HQ6.

Additional file 9: Molecular docking process of rutin with 6EMI. AThe
interaction between rutin and active sites of 6EMI protein; B the most
likely binding conformation of rutin and the corresponding intermolecular
interactions are identified; C molecular surface of rutin with 6EMI; D the
contact preference of rutin with 6EMI; E interaction potential of rutin with
6EMI; F the Electrostatic map of rutin with 6EMI.
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