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Rutin loaded bilosomes for
enhancing the oral activity and
nephroprotective effects of rutin
in potassium dichromate induced
acute nephrotoxicity in rats

Amira Mohamed Mohsen**, Marwa Anwar Wagdi® & Abeer Salama?

Rutin, a flavone glycoside, has shown to have a significant beneficial kidney protection effect in
drug-induced nephropathy. However, its poor solubility and low oral bioavailability have limited its
pharmacological applications. This study aimed at formulating rutin-loaded bilosomes to enhance

the renal protective effect of rutin for oral application. Rutin-loaded bilosomes were developed

using thin-film hydration technique. The prepared formulations were characterized by entrapment
efficiency percentage (EE%), vesicular size (VS) and zeta potential (ZP) measurement. The developed
formula exhibited moderate EE%, ranging from 20.02 + 2.85 to 48.57 + 3.57%, suitable VS results
that ranged from 502.1 + 36 to 665.1 + 45 nm and high ZP values (< -41.4 + 7.27 mV). Transmission
electron microscopy revealed the spherical shape of the developed bilosomes. The in-vitro release
study revealed prolonged release of rutin from bilosomes, relative to free drug. F,, prepared using

the molar ratio span 60: cholesterol: sodium cholate 1:1:0.5, was selected for further investigations
as it showed the highest EE%, smallest VS, optimum ZP, and persistent release profile. In-vivo

studies were performed on drug-induced nephropathy in rats. Acute renal failure was induced using

a single dose of potassium dichromate (PDC; 15 mg/kg; i.p). The selected formulation, F2, alleviated
kidney dysfunction, oxidative stress and inflammation via decreasing MDA, TNF-a and TGF-f and
increasing GSH. In addition, F2 promoted Akt/PI3K activation against PDC-induced acute renal failure.
Histopathology results came in accordance with in-vivo results. Thus, bilosomes could be considered a
potential delivery system for enhancing the oral delivery and kidney protection activity of rutin.
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Acute kidney injury is a serious renal disease characterized by a rapid reduction in kidney function. It is also
a major risk factor for chronic kidney disease, resulting in 2 million deaths globally every year. Unfortunately,
there is no effective drug therapy. Therefore, searching for new potency compounds with minimal side effects
is still a major challenge!. Rutin (3-rhamnosyl-glucosylquercetin)?, a flavone glycoside found in many plant
species as Polygonaceae and Rutaceae, is a drug with strong anti-inflammatory, anti-oxidant, antibacterial and
immunomodulatory properties; exhibiting protective effects on the heart, the kidneys and the liver®. Moreover,
many studies proved that rutin has significant beneficial renal protective effect in drug-induced nephropathy,
diabetic nephropathy and ischemia/reperfusion renal injury*. Rutin has the ability to scavenge ROS (reactive
oxygen species) by donating hydrogen atoms to hydroxyl radicals, singlet oxygen, superoxide anions and peroxy
radicals; furthermore rutin possess metal-chelating ability, which prevent metal ion-induced peroxidation®.
Therefore, rutin has the ability to reverse oxidative stress which is essential in the nephrotoxicity process®.
Unfortunately, the pharmacological application of rutin as an orally administered drug is restricted because of
its poor solubility (0.125 g/L) and low oral bioavailability>’.

Nanotechnology has made it possible for researchers to look deeply into more potent therapies. Many efforts
have been made to increase the medications’ efficacy and safety by integrating them into different nanosystems®.
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In the efforts to enhance oral bioavailability of rutin, different nanocarriers have been employed to improve its
therapeutic efficacy and its storage stability®. Rutin have been formulated in liposomes'®!!, PLGA nanoparticles'?,
solid lipid nanoparticles'?, inclusion complexes'* and phyto-sterosomes'®. Recently, vesicular carriers have been
considered as potential drug delivery systems6. Bilosomes (bile salts stabilized nanovesicles), are emerging as a
new form of vesicular carriers for enhancing the oral delivery of encapsulated drugs. They have been reported
to provide enhanced therapeutic efficacy to many natural compounds via different routes'’~22. Bilosomes were
initially described in 2001 by Conacher et al. in their pioneering works?® with more studies being carried out
over the last decade proving that bilosomes have the ability to enhance in-vivo drug performance following oral
administration®*.

Bilosomes are closed bilayer nanovesicles of non-ionic amphiphiles similar to niosomes but embodying bile
salts?>. They are frequently prepared with non-ionic surfactants, such as span series, in addition to cholesterol
and bile salts. The incorporation of bile salts into bilosomes offers better gastrointestinal stability in comparison
to conventional niosomes. Bile salts also function as edge activators which destabilize the bilayer by reducing its
surface tension, resulting in deformable vesicles with improved tissue penetration, triggering superior oral drug
bioavailability after bilosomal encapsulation®*?°. Cholesterol improve the rigidity of the bilayers and thereby
increase drug entrapment?’. These components used in the preparation of bilosomes are generally regarded as
safe and have been proved to be biodegradable and biocompatible?*.

The aim of the present work was to develop novel rutin-loaded bilosomes as an effective oral delivery system
to enhance oral activity and renal protective effects of rutin in potassium dichromate-induced acute renal injury
in rats.

Materials and methods

Materials

Chemicals

Rutin was supplied as generous gift sample from Kahira Pharmaceuticals and Chemical industries Co. (Cairo,
Egypt). Sorbitan monostearate (Span 60), sorbitan monopalmitate (Span 40), methanol HPLC, cellulose
membrane (molecular weight cut-off 12,000-14,000 g/mole), potassium dichromate (PDC) and cholesterol
from Lanolin, minimum 99% (GC) were provided from Sigma-Aldrich, St. Louis, MO, USA. Sodium cholate
99% (SC) was procured from Acros Organics, Belgium. Chloroform HPLC was provided by Fisher Scientific,
UK. Tween 80 was bought from Loba Chemie Co., India. Malondialdehyde (MDA) and reduced glutathione
(GSH) kits were bought from Biodiagnostic kits® (Egypt). Phosphoinositide 3-kinase (PI3K), transforming
growth factor-beta (TGF-f), tumor necrosis factor-alpha (TNF-a) as well as protein kinase B (Akt) ELISA kits
were purchased from Sunlong Biotech Co., LTD, China. Other chemicals or solvents were of analytical grade.

Animals

Wister albino male rats (140-150 g) were supplied by the Animal House of the National Research Centre (Cairo,
Egypt). Animals were kept in groups at controlled temperature and light (24+2 °C, 12/12-h light/dark cycle)
with free access to water and standard laboratory rat chow. In-vivo studies were carried out according to the
Animal Research Reporting of In Vivo Experiments (ARRIVE) guidelines and complied with the National
Institutes of Health guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised
1978). The institutional ethical committee [Medical Research Ethics Committee (MREC), NRC] approved the
experimental protocol (Number 13020252).

Methods

Preparation of rutin-loaded bilosomes

Rutin-loaded bilosomes were prepared adopting thin-film hydration method, stated by Baillie et al.*, commonly
used for the preparation surfactant-based vesicles*. 100 mg of non-ionic surfactants (Span 60 or Span 40) and
cholesterol in a molar ratio of 1:1 or 2:1 together with 20 mg of rutin were dissolved in 10 ml chloroform: methanol
mixture (2:1) in a long neck quick fit round-bottom flask which was fitted in a rotary evaporator (Biichi-M/hb-
140, Switzerland). The organic solvent was evaporated under vacuum, at an adjusted temperature of 60+0.5 ‘C
and a constant rotation speed (150 rpm), till the formation of a thin dried film onto the flask wall. The film was
hydrated with 10 mL phosphate buffer (pH 7.4), containing sodium cholate in 2 different concentrations, under
rotation at 60+0.5 ‘C for half an hour to obtain a bilosomal suspension®’. The composition of rutin-loaded
bilosomes was illustrated in Table 1.

1.28

Characterization of rutin-loaded bilosomes
Entrapment efficiency (EE %) Non-entrapped rutin was separated from bilosomal suspensions by cooling cen-
trifugation (Union 32R, Korea) rotating at 7000 rpm (at 5200 X g), at —4 ‘C for one hour. Supernatants were col-
lected and analysed for free rutin spectrophotometrically at A =257 nm utilizing UV- Visible spectrophotome-
ter (Shimadzu UV Spectrophotometer (2401/PC), Japan)®!*2, after comparison to a pre-constructed calibration
curve (n=3, R?=0.999). The regression equation of standard curve was y=0.035x +0.0012.

Entrapment efficiency (%) and Drug Loading (%) were estimated as follows?”:

Total amount of drug - Amount of free drug

EE % = 100,
! Total amount of drug x
ED
DLY% = x 100,

(Amount of Span + Amount of SC)
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Formulae code

Molar ratio

Span 60 | Span 40 | Cholesterol | Sodium cholate | EE% +S.D | Drugloading +S.D. (%) | VS+S.D. (nm) | PDI+S.D ZP +S.D. (mV)

F1

1

- 1 0.25 36.84+4.56 | 3.55+0.31 646.6 +41 0.410+0.025 | —44.7+7.84

F2

1

- 1 0.5 48.57+£3.57 | 4.63+0.27 502.1+36 0.351+£0.057 | —47.3+6.16

F3

1 1 0.25 21.07+3.92 | 2.06+0.13 665.1+45 0.456+0.069 | —45.9+9.18

F4

1 1 0.5 28.57+3.14 | 2.77+0.24 513.2+39 0.412+0.045 | —50+7.37

F5

- 1 0.25 23.92+3.82 | 2.33+0.19 603 +32 0.391+£0.055 | —41.4+7.27

F6

- 1 0.5 47.14+0.71 | 4.50+0.31 522+ +29 0.341+0.039 | —49+10.5

F7

2 1 0.25 20.02+2.85 | 1.96+£0.15 652+35 0.490+0.068 | —47.3+9.54

F8

2 1 0.5 22.14+4.28 | 2.16+£0.28 566.3+31 0.431+£0.074 | —49.1+£10.9

Table 1. Composition and characterization parameters of the developed rutin loaded bilosomes.

where ED is the amount of entrapped drug and SC is sodium cholate.

Vesicle size (VS), polydispersity index (PDI) and zeta-potential determination (ZP) Zeta sizer (Malvern Ze-

ta-sizer Nano ZS, Malvern Instruments, UK) was utilized to estimate VS, ZP and PDI of all prepared bilosomes.
0.1 ml of each formula was diluted by 10 ml bidistilled water®?, then the sample was put in a quartz cuvette and
examined at 25 ‘C34,

Transmission electron microscopy (TEM) The morphological aspect of F, and F6 was studied using TEM
(JEOL, JEM-1230, Tokyo, Japan) after suitable dilution. A drop was placed upon the carbon-coated grid 300-

mesh and left for 15 min to be air-dried at room temperature. One droplet of a negative staining agent (1% phos-
photungestic acid solution) was added, the excess was removed using filter paper. Specimens were left for 2 min
at room temperature to dry in order to be examined using TEM at 25+0.5 C, then micrographs were recorded
at appropriate magnifications?.

Fourier transform infrared spectroscopy (FT-IR) Rutin, Span60, Cholesterol, SC, plain bilosomes and ru-
tin-loaded bilosomes were analyzed using FT-IR spectrophotometer (JASCO 6100, Tokyo, Japan). Each sample

was combined separately with potassium bromide and compacted under 200 kg/cm? of hydraulic pressure for
two minutes to create compact disks. Every sample was scanned using a frequency range of 4000 to 400 cm™, all
against a background of blank KBr pellets*.

In-vitro release study

In-vitro release profiles In-vitro release of rutin from selected bilosomes was studied utilizing dialysis mem-
brane diffusion technique in the shaking water bath (Memmert, SV 1422, Schwabach, Germany)*. An amount,
equivalent to 2 mg rutin, was withdrawn from the selected formulations and from free rutin suspension
and transferred into previously hydrated dialysis bags (Spectra/Por® having molecular weight cut oft 12000-
14000 Da) which were sealed at both sides. Dialysis bags were immersed into 100 ml phosphate buffer (pH 7.4)
containing Tween 80 (0.5% w/v) to preserve sink conditions for the drug>*” and rotated at 100 rpm under a well
maintained temperature of 37 +0.5 ‘C>!338, At fixed time intervals (1, 2, 3, 4, 5, 6, 8 and 24 h.), samples were
taken, while an equal volume of fresh medium was added to maintain sink condition. Drug concentration was
determined in each sample spectrophotometrically. Cumulative release percentage (ratio of the amount of rutin
released to the initial amount of rutin) was computed at each time interval. Results were presented as mean of

three replicates + S.D. Cumulative release percentages were plotted vs. time™.

Drug release kinetics Data of in-vitro release study were kinetically treated to predict the mechanism of rutin
release from bilosomes. Drug release profiles were fitted with zero-order, first-order, second-order, Higuchi and
Korsmeyer-Peppas equation. Release model having highest regression coefficient (R?) values was considered as
appropriate fit model.

In-vivo study

Study design Rats were assigned in five groups (n=38) at random. Acute renal failure was induced by intra-
peritoneal injection of a single dose of PDC (15 mg/kg)*. The first group (normal control) received single i.p.
injection of saline and daily oral bidistilled water for 7 days. Group 2 received only PDC. Groups 3-5 received
drug-free bilosomes (blank), free rutin, and the selected rutin-loaded bilosomes (F,), respectively, at a dose of
200 mg/kg orally?’, for 7 days before PDC injection.

Serum biochemical analysis In the end of the study, blood specimens were withdrawn from the retro-orbital
vein of each animal in all groups after being anesthetized by intraperitoneal injection of sodium pentobarbital
(40 mg/kg)*. Specimens were left 10 min at room temperature in order to stand, and then centrifuged in a cool-
ing centrifuge (Laborezentrifugen, 2k15; Sigma, Germany) at 3000 rpm and 4 ‘C for 10 min. Serum creatinine
and urea were estimated in the resultant serum samples.
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Tissue biochemical analysis Animals were sacrificed by cervical dislocation under anesthesia (sodium pento-
barbital 40 mg/kg, i.p.), just after blood sampling®. Rats’ kidneys were dissected out and washed with phosphate
buffer saline to remove residual blood. Right kidneys were homogenized (MPW-120 homogenizer, Med in-
struments, Poland). 20% homogenate was obtained, stored overnight at —20 ‘C, then centrifuged using cooling
centrifuge rotated at 5000 g for 5 min. Collected supernatants were stored at — 80 C to be used for determination
of MDA, GSH, TGF-, TNF-a, Akt and PI3K contents in renal tissues using specific ELISA kits.

Histopathological examination The left Kidneys were collected and fixed in 10% phosphate buffered formalin
just after animals scarification. Renal tissue specimens were dehydrated then embedded into paraffin wax. Serial
paraffin Sects. (4 um) were obtained and left for more than twelve hours at 37 C. Sections were stained with
haematoxylin and eosin (H&E) for examination using an optical microscope to study histopathological changes.

Statistical analysis

Values were presented as means + SD. Results of EE%, PS and ZP of investigated groups were compared utilizing
one-way analysis of variance (ANOVA) followed by Fisher’s LSD test using SPSS software 17.0. Analyses of in-
vivo data were carried out utilizing GraphPad Prism software, version 5 (GraphPad Prism Inc., USA). Differences
were significant when p <0.05.

Results and discussion

Preparation of rutin-loaded bilosomes

Drug loaded bilosomes were successfully developed employing thin film hydration method*!. The two non-ionic
surfactants (NIS) employed were Span 40 and Span 60 while one bile salt (sodium cholate, SC) was included
in bilosomal formulations. Four molar ratios were used, namely, NIS: Cholesterol: bile salt (1:1:0.25), (1:1:0.5),
(2:1:0.25) and (2:1:0.5). The composition of the developed formulae is represented in Table 1.

Characterization of rutin-loaded bilosomes

Entrapment efficiency (EE%)

The EE% of rutin-loaded bilosomal formulae (Table 1) shows that all developed formulations exhibited good
capability to encapsulate rutin, showing an EE% ranging from 20.02 +2.85 to 48.57 +3.57% and a DL% ranging
from 1.96+0.15 to 4.63 +0.27.The increase in the ratio of SC from 0.25 to 0.5 led to an increase in the EE% of
rutin, where a significant (p <0.05) increase was shown between F1 and F2, F3 and F4, F5 and F6, while a non-
significant increase (p > 0.05) was observed between F7 and F8. This could be due to the surfactant characteristics
of bile salts, which might integrate vertically into the surface of the bilayer membrane, disturb the lipid matrix’s
a Veyl chains, and enhance the membrane’s flexibility. This would lead to an enhancement of the solubility of
lipophilic drugs in the membrane??-** and hence enhancement of the drug entrapment.

The results also reveal that bilosomes developed with Span 60 had a higher EE% than those prepared with
Span 40 (Table 1). There are three possible explanations for this. Firstly, the longer saturated alkyl chain (C18)
of Span 60 results in a more stable bilosome bilayer>. Additionally, with a lower HLB value (4.7) compared
to that of Span 40 (HLB 6.7), Span 60 is more hydrophobic, leading to improved EE%?’%. Lastly, its solid
consistency at room temperature and higher phase transition temperature (53 ‘C) could aid in its stability
by decreasing vesicles permeability in comparison with vesicles prepared using Span 40 having lower phase
transition temperature (42 ‘C)4648,

Vesicle size (VS), Polydispersity index (PDI) and Zeta Potential (ZP)

Particle dimensions applied in nanoparticle delivery can vary between 10 and 1000 nm. All the prepared
bilosomal formulae were in the nanometric dimensions (from 502.1 + 36 to 665.1 +45 nm) (Table 1). Results
showed that increasing the concentration of SC led to a significant (p < 0.05) decrease in vesicle size. This could
be due to the enhanced flexibility and lower surface tension of the vesicles after increasing the amount of bile
salt*’, in addition to higher negative charge of the external layer. The results also showed the impact of type of
surfactant, where bilosomes prepared using span 40 exhibited larger VS than those developed using span 60.
This might be attributed to the higher surfactant hydrophilicity of span 40 (HLB 6.7) compared to that of span
60 (HLB 4.7). Higher HLB results in higher water uptake resulting in increasing the bulk size of vesicles*'. The
results presented in Table 1, also revealed that the PDI value of the developed formulae ranged from 0.351 to
0.490 (i.e. PDI values < 0.5), indicating a narrow size distribution with good homogeneity**°!.

The Zeta potential (ZP) values of the bilosomal vesicles assessed in this research were highly negatively
charged, ranging from —41.4+7.27 to—50.1 +7.37 mV, indicating outstanding physical stability for all the
created systems. Heightened ZP values (greater than 30 mV) signify electrostatic repulsion among charged
particles, preventing particle clumping and thereby boosting physical stability>2. The negative ZP is likely due to
the presence of Span 40 or Span 60. At a neutral pH, nanostructured lipid carriers generate a negatively charged
surface due to the selective absorption of hydroxyl ions at the vesicle’s surface®>*. Moreover, incorporating
negatively charged bile salts increased the negative charge. It was noted that increasing the bile salts amount led
to a rise in the absolute ZP value. Statistical analysis revealed that formulae prepared using higher amounts of
SC (F2, F4, F6 and F8) acquired significantly higher absolute ZP values than their corresponding formulations
prepared using lower amounts of bile salt (F1, F3, F5 and F7) (p <0.05). ZP values came in accordance with VS
results, where ZP of span 40 vesicles (F3, F4, F7 and F8) was significantly higher than span 60 bilosomes (F1, F2,
F5 and F6) (p <0.05). Higher ZP values enhances the repulsion force between bilosomal bilayers resulting in an
increase in the VS>.
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Based on the abovementioned results, the bilosomal formulations F2 and F6 revealed the highest EE%, as
well as the small vesicle size and excellent physical stability (high ZP values). Thus, they were chosen for further
studies. The graphs of particle size and zeta potential of F2 and F6 are demonstrated in Fig. 1.

Transmission electron microscopy

TEM micrographs of rutin-loaded bilosomes F2 and F6 are demonstrated in Fig. 2. Clear outlines of spherical-
shaped vesicles were visible in both micrographs. The vesicles were well identified and homogenously dispersed.
TEM-obtained vesicle sizes were marginally smaller than the vesicle size analysis results. This might be because
Zetasizer can measure the hydrodynamic layer around the vesicle, whereas TEM can only see the vesicle®.

Fourier transforms infrared (FI-IR) spectroscopy

Figure 3 reveals the FT-IR spectra for rutin, plain bilosomes, rutin loaded bilosomes in addition to the individual
components of bilosomal formulation (Span60, Cholesterol, SC). FT-IR spectrum of Span 60 showed peaks
for the strong C=0 ester bond at 1734.8 cm™!, the hydroxyl group at 3377.5 cm™!, and the asymmetric and
symmetric aliphatic C-H stretching at 2916.3 & 2849.2 cm™, respectively’’. The distinctive peaks in the
cholesterol spectrum corresponded to the hydroxy group and carboxylic acid functional group which were
located at 3426.4 and 2930.5 cm™!, respectively™.

SC spectrum showed a broad band at 3488.59 cm™! which is assigned for O-H bond stretching. The spectrum
also revealed a sharp peak at 1635.34 cm~! which is assigned for ~-C =0 group of carboxylate ester group in SC.
Another sharp peak of CCO bonds appeared at 1031.73 cm™'* FT-IR spectrum of plain bilosomes revealed a
broad peak at 3415.314 which might correspond to a shift of O-H bond stretching of SC. Sharp peaks appeared
at 1619.91 and 1020.15 which corresponds to -C-O group and CCO groups, respectively, which are characteristic
peaks of SC,. Moreover, another peak appeared at 2852.2026, which is a shift of C-H stretching of Span 60.

Rutin’s FT-IR spectrum showed its characteristic bands at 3423.03 cm™! (OH bonded), 1655.59 cm™!
(C=0 stretch) and 1601.59 cm™! (aromatic structure). These peaks were shifted, in the rutin-loaded bilosomes
spectrum, to 3417.24 cm™! (OH bonded), 1635.34 cm™~! (C=O stretch) and 1621.84 cm~!. FT-IR spectrum of
rutin-loaded bilosomes revealed also a peak at 1114.65 which might correspond to a shift of the characteristic
peak of SC. FT-IR analysis of rutin-loaded bilosomes (F2) displayed the distinctive peaks of the drug and
ingredients with a slight shifting, confirming the absence of any chemical interactions between the drug and the
excipients. This comes in accordance with previously reported studies®®°!.

In-vitro release studies

In-vitro release profiles

In-vitro release of drug from the bilosomal formulation as well as free drug suspension are shown in Fig. 4.
The profiles reveal a biphasic release pattern, where the drug release exhibited a fast release pattern which was
followed by a sustained release profile. The release of drug from bilosomal formulations showed more sustained
release effect, compared to free drug suspension. The prolonged release of rutin from the formulations under
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Fig. 1. PS and ZP graphs of selected rutin-loaded bilosomes F2 (a, ¢) and F6 (b, d).
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Fig. 2. TEM micrographs of selected rutin-loaded bilosomes; F2 (a, ¢) and F6 (b, d).

investigation is attributed to the benefit of bilosomes as colloidal particle nanocarriers in comparison to
traditional dosage forms. They have the potential to act as drug reservoirs, allowing the entrapped medication
to release gradually®?. Furthermore, it is possible to attribute the delayed release of rutin from the vesicular
formulations to the lipophilic rutin’s high affinity for the hydrophobic moieties in the formulations. Additionally,
by reducing the fluidity of the vesicular membrane, the use of cholesterol in the vesicle preparation process
reduces the permeability or release of the drug that is entrapped.

Drug release kinetics

Table 2 reveals the analysis of rutin release kinetics data from the prepared bilosomal formulae. After analyzing
the in-vitro release data using various models, it was found to be best matched to Higuchi’s equation based on the
highest correlation coefficients. A deeper understanding of the mechanism governing the release can be obtained
by applying Peppas model analysis to the release data and by clarifying the release exponents “n”. Table 2 reports
good linearity (R?=0.9016-0.9092). As previously reported by Peppas et. al., the drug release follows the Fickian
diffusion if n £0.43, anomalous (non-Fickian) diffusion if 0.43 <n < 0.85, case II transport if n=0.85 and super-
case II transport if n>0.85. According to Table 2, the release exponent “n” values were <0.43, suggesting a
Fickian diffusion mechanism. This result is consistent with previously reported study®*. F2, which showed the
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Fig. 3. FT-IR spectra of rutin, plain bilosomes, rutin loaded bilosomes (F2) and individual components of
bilosomes.
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Fig. 4. In-vitro release profiles of rutin from the selected bilosomes (F2 and F6) compared to free drug
suspension at 37 ‘C (n=3).

Zero order ‘ First order ‘ Higuchi | Peppas
Code | R? R? n
F2 0.6306 0.4962 0.8053 0.9016 | 0.2032
F6 0.5634 0.5117 0.755 0.9092 | 0.2556

Table 2. The calculated correlation coefficients and kinetics parameters of rutin release profiles from the
developed bilosomes.
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Fig. 5. Higuchi release kinetic graph of optimized formulation F2.

highest EE%, smallest VS, optimum ZP, and persistent release profile, was chosen for more investigations. The
release kinetic graph of the optimized formulation F2 is presented in Fig. 5.

In-vivo studies

Effect of rutin-loaded bilosomes on renal function

Acute kidney injury (AKI) is a clinical problem in which severe renal tubules damage with a sudden renal
function decline is observed. PDC, a toxic form of chromium, provokes AKI through the production of ROS
such as MDA and also mediates inflammatory process via TNF-a and TGF-f3 over expression®.

Scientific Reports|  (2024) 14:23799 | https://doi.org/10.1038/s41598-024-73567-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

level

inine serum

Creat

Our results revealed that the renal function parameters were significantly (p <0.05) elevated in PDC rats;
creatinine and urea serum levels were elevated by 28 and 6% respectively, as compared to normal control. The
administration of free rutin & F, significantly (p <0.05). Reduced serum levels of creatinine by 10 and 20%; and
urea by 4 and 5% respectively, as compared to PDC group. Furthermore, F2 significantly (p <0.05) enhanced
the elevation in creatinine and urea by 19 and 5% as compared to free rutin. It was obvious that treatment with
F, returned creatinine and urea levels to normal values as there is no significant difference between the normal
control and F, groups regarding creatinine and urea levels (p > 0.05) (Fig. 6). Previously, rutin protected against
kidney disease induced by adenine through improving kidney function®.

Effect of rutin-loaded bilosomes on oxidative stress and AKT/PI3K pathway in renal tissue
There is a significant reduction in the renal content of GSH by 56% in the PDC group with an elevation of MDA
renal content by 109%, compared to the normal rats (p <0.05). Treatment with free rutin & F, resulted in a
significant (p <0.05). Elevation of the renal content of GSH by 65 and 125%, respectively, however free rutin
& F2 treatments resulted in a significant (p <0.05) reduction in renal MDA level by 46 and 53%, respectively,
compared to the PDC group. Moreover, F2 treatment was superior to free rutin by causing a significant elevation
(p<0.05) in GSH by 107% as well as a significant decrease (p<0.05) in MDA by 53%. Furthermore, F2
treatment returned the GSH and MDA level to their normal value as there is non-significant difference between
F, and normal groups in the levels of GSH and MDA (p>0.05) (Fig. 7). Rutin nanoparticles, in previous study,
upregulated Nrf-2/HO-1/ GSH antioxidant pathway and decreased MDA ameliorating diabetic nephropathy®°.
PDC down-regulates Akt/PI3K gene in kidney tissues, inducing apoptosis. The Akt/PI3K pathway plays a
crucial role in protein synthesis and cellular defense against oxidative damage. PI3K activates Akt which in turn
enhances cellular growth and autophagy®. Analysis of our data revealed a significant reduction (p <0.05) of
Akt and PI3K in PDC rats by 55 and 54% respectively, as compared to normal rats. Treatment with free rutin
& F, resulted in a significant (p <0.05) enhancement of the renal content of Akt by 82 and 117%, respectively,
also, free rutin & F, resulted in a significant (p <0.05) increase of renal PI3K level by 24 and 42%, respectively,
compared to the PDC group. Moreover, F2 treatment resulted in a significant elevation (p <0.05) of Akt/PI3K
kidney contents by 111 and 43% as compared to free rutin and returned Akt to its normal value where there is
a non-significant difference (p>0.05) in Akt level between F2 and normal groups (Fig. 7). These results suggest
kidney cryoprotection of rutin, for the first time, via up regulating Akt/PI3K signaling pathway. Previously,
another flavonoid apigenin stimulated Akt and contributed to protect human renal proximal tubular epithelial
(HK-2) cells preventing cisplatin cytotoxicity®’.

Effect of rutin-loaded bilosomes on inflammatory mediators

Renal cells expressed TNF-a proinflammatory cytokines and mediated inflammatory response and inducing
AKI®, PDC, in this study, induced the release of inflammatory mediators like TNF-a and TGF-f by 6.6-fold
and 1.7 folds, respectively, as compared with normal control group. The use of free rutin & F, treatments
significantly decreased (p <0.05) TNF-a renal content by 64 and 76% as well as TGF-f renal content by 26 and
46%, respectively, as compared to PDC group. Moreover, F2 significantly reduced (p <0.05) TNF-a and TGF-$
kidney contents by 76 and 45% as compared to free rutin (Fig. 8). Flavonoids have anti-inflammatory effects due
to suppression of IL-6, TNF-a, TGF-B1 in nephritis®.
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Fig. 6. Effect of blank bilosomes, rutin-loaded bilosomes (F2) and free rutin on renal function. All the values
are expressed as means + standard deviation of the means (SD). Different groups comparisons were carried out
using one-way analysis of variance (ANOVA) followed by Fisher’s LSD test. Same letter means non-significant
difference, while different letter means significant difference at p <0.05.
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Fig. 7. Effect of blank bilosomes, rutin-loaded bilosomes (F2) and free rutin on oxidative stress and AKT/PI3K
pathway in renal tissue. All the values are expressed as means + standard deviation of the means (SD). Different
groups comparisons were carried out using one-way analysis of variance (ANOVA) followed by Fisher’s LSD
test. Same letter means non-significant difference, while different letter means significant difference at p <0.05.

Histopathological studies

Sections of the kidney from the control group displayed normal tubule architecture (T), normal urine space (Us),
and normal Bowman’s space between the glomeruli (G) (Fig. 9a). Sections of rat kidneys treated with PDC were
examined histopathologically, and the results revealed mildly inflammatory cells (arrow), tubular epithelial cell
degeneration (arrowhead) with present pyknotic cells (P), and shrunken glomeruli (G) with an unusually wide
urine space (US) (Fig. 9b). The kidneys of animals treated with PDC and blank (drug-free) bilosome exhibited
minimal ameliorative effects, including slight interstitial bleeding, dilated urinary space (Us), mitigated tubular
degeneration (arrowhead), and atrophy of glomeruli (G) (Fig. 9¢).

Kidneys of animals treated with PDC, and free drug showed moderately ameliorative effect with mild
pyknotic nuclei (P), mild tubular degeneration (arrowhead), mild dilated urine space (Us), and slight atrophy
of glomeruli (G) (Fig. 9d). Kidneys from animals treated with PDC and rutin-loaded bilosomes F2 showed
relatively normal histological structure; where renal corpuscles were apparently normal and were formed of a
rounded glomerulus (G), with relatively normal urinary space (Us) in-between. Tubular epithelial apparently
nearly normal with few tubules exhibit pyknotic nuclei (P) (Fig. 9e).
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Fig. 8. Effect of blank bilosomes, rutin-loaded bilosomes (F2) and free rutin on inflammatory mediators. All
the values are expressed as means + standard deviation of the means (SD). Different groups comparisons were
carried out using one-way analysis of variance (ANOVA) followed by Fisher’s LSD test. Same letter means non-
significant difference, while different letter means significant difference at p <0.05.

Fig. 9. Photomicrographs of H & E-stained histological sections of normal, Potassium dichromate (PDC)-
intoxicated, standard and test drug treated rats’ kidney. (a) Normal control; (b) PDC (positive control); (c)
PDC +blank niosomes; (d) PDC + F2 bilosomes, (e) PDC + free rutin, where glomerulus is symbolized as (G);

urinary space (Us), tubules (T); tubular epithelial cell degeneration (arrowhead); pyknotic nuclei (P); mild
inflammatory cells (arrow).
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In conclusion, the biological evaluation results revealed that the kidney protection effect of rutin in drug-
induced nephropathy was significantly improved via loading into bilosomes. This could be attributed to the
enhancement of intestinal membrane permeability due to the ability of the incorporated bile salts to fluidize
membrane lipid bilayer with subsequent improvement of intestinal permeation and to the solubilizing effect
of Span 60 which act as a penetration enhancer?*”°. Moreover, the integration of bile salts in the bilayer make
vesicles resistant to physiological bile salts in the GIT?’. These results come in accordance with previous studies
which suggested that bilosomes might serve as potential carriers to enhance the oral bioavailability of drugs®>*.

Conclusion

The developed rutin-loaded bilosomes exhibited relatively moderate entrapment efficiency percentage
(20.02+2.85-48.57+3.57%), suitable vesicle size (502.1+36-665.1+45 nm) and high zeta potential
values< —41.4+7.27. Transmission electron microscopy revealed the developed bilosomal vesicular
formulations to be spherical in shape. In-vitro release studies showed sustained release of drug from the developed
formulations, compared with free drug suspension. In-vivo studies revealed enhancement of the pharmacological
effect of rutin. The results revealed that the selected formulation, F2, ameliorated kidney dysfunction, oxidative
stress and inflammation. In addition, it enhanced Akt/PI3K activation against PDC-induced AKI. This was
confirmed by histopathology study. Accordingly, we can conclude that bilosomes could be a potential drug
delivery system for enhancing the oral application and pharmacological activity of rutin.

Data availability
All data supporting the findings of this study are available within the paper and its Supplementary Information.

Received: 1 June 2024; Accepted: 18 September 2024
Published online: 11 October 2024

References

1. Yu, H,, Liu, D,, Shu, G,, Jin, E & Du, Y. Recent advances in nanotherapeutics for the treatment and prevention of acute kidney
injury. Asian J. Pharm. Sci. 16(4), 432-443 (2021).

2. Asfour, M. H. & Mohsen, A. M. Formulation and evaluation of pH-sensitive rutin nanospheres against colon carcinoma using
HCT-116 cell line. J. Adv. Res. 9, 17-26. https://doi.org/10.1016/j.jare.2017.10.003 (2018).

3. Liu, Y. et al. Characterization and evaluation of the solubility and oral bioavailability of rutin-ethanolate solvate. AAPS
PharmSciTech 21, 1-12. https://doi.org/10.1208/5s12249-020-01779-w (2020).

4. Han, Y, Lu, J.-S., Xu, Y., Zhang, L. & Hong, B.-E. Rutin ameliorates renal fibrosis and proteinuria in 5/6-nephrectomized rats by
anti-oxidation and inhibiting activation of TGFp1-smad signaling. Int. J. Clin. Exp. Pathol. 8(5), 4725-4734 (2015).

5. Khan, R. A., Khan, M. R. & Sahreen, S. Protective effects of rutin against potassium bromate induced nephrotoxicity in rats. BMC
Complement. Altern. Med. 12, 1-12. https://doi.org/10.1186/1472-6882-12-204 (2012).

6. Rahmani, S., Naraki, K., Roohbakhsh, A., Hayes, A. W. & Karimi, G. The protective effects of rutin on the liver, kidneys, and heart
by counteracting organ toxicity caused by synthetic and natural compounds. Food Sci. Nutr. 11(1), 39-56 (2023).

7. Pedriali, C. A., Fernandes, A. U., Bernusso, L. & Polakiewicz, B. The synthesis of a water-soluble derivative of rutin as an antiradical
agent. Quim. Nova 31(8), 2147-2151 (2008).

8. El-Hadi, A. A., Ahmed, H. M., Zaki, R. A. & Mohsen, A. M. Enhanced enzymatic activity of Streptomyces griseoplanus
L-asparginase via its incorporation in an oil-based nanocarrier. Int. J. Appl. Pharm. 2020, 203-210 (2020).

9. Mohamed, A. M. et al. Preparation and characterization of alginate nanocarriers as mucoadhesive intranasal delivery systems
for ameliorating antibacterial effect of rutin against pasteurella multocida infection in mice. OpenNano 13, 100176. https://doi.
0rg/10.1016/j.0nano.2023.100176 (2023).

10. Guo, Y. et al. Preparation of rutin-liposome drug delivery systems and evaluation on their in vitro antioxidant activity. Chin. Herb.
Med. 8(4), 371-5 (2016).

11. Lopez-Polo, J. et al. Effect of the incorporation of liposomes loaded with rutin on the transport properties of edible film produced
with hydroxypropyl methylcellulose: An in vitro release study. LWT 191, 115583 (2024).

12. Kizilbey, K. Optimization of rutin-loaded PLGA nanoparticles synthesized by single-emulsion solvent evaporation method. ACS
Omega 4(1), 555-562 (2019).

13. De Gaetano, F et al. Rutin-loaded solid lipid nanoparticles: characterization and in vitro evaluation. Molecules 26(4), 1039 (2021).

14. Naeem, A. et al. Synthesis and evaluation of rutin-hydroxypropyl p-cyclodextrin inclusion complexes embedded in xanthan gum-
based (HPMC-g-AMPS) hydrogels for oral controlled drug delivery. Antioxidants 12(3), 552 (2023).

15. AbouSamra, M. M., Afifi, S. M., Galal, A. F. & Kamel, R. Rutin-loaded Phyto-Sterosomes as a potential approach for the treatment
of hepatocellular carcinoma: in-vitro and in-vivo studies. J. Drug Deliv. Sci. Technol. 79, 104015 (2023).

16. Arzani, G., Haeri, A., Daeihamed, M., Bakhtiari-Kaboutaraki, H. & Dadashzadeh, S. Niosomal carriers enhance oral bioavailability
of carvedilol: effects of bile salt-enriched vesicles and carrier surface charge. Int. J. Nanomed. 10, 4797-4813. https://doi.
org/10.2147/TJN.584703 (2015).

17. Elsheikh, M. A. et al. A brain-targeted approach to ameliorate memory disorders in a sporadic Alzheimer’s disease mouse model
via intranasal luteolin-loaded nanobilosomes. Pharmaceutics 14(3), 576 (2022).

18. Hegazy, H., Amin, M. M., Fayad, W. & Zakaria, M. Y. TPGS surface modified bilosomes as boosting cytotoxic oral delivery systems
of curcumin against doxorubicin resistant MCF-7 breast cancer cells. Int. J. Pharm. 619, 121717 (2022).

19. Abbas, H. et al. Development and optimization of curcumin analog nano-bilosomes using 21.31 full factorial design for anti-tumor
profiles improvement in human hepatocellular carcinoma: In-vitro evaluation, in-vivo safety assay. Drug Deliv. 29(1), 714-27
(2022).

20. Zakaria, M. Y. et al. Investigating the superiority of chitosan/D-alpha-tocopheryl polyethylene glycol succinate binary coated
bilosomes in promoting the cellular uptake and anti-SARS-CoV-2 activity of polyphenolic herbal drug candidate. Int. J. Pharm.
646, 123385 (2023).

21. Naseri, A., Taymouri, S., Hosseini Sharifabadi, A. & Varshosaz, J. Chrysin loaded bilosomes improve the hepatoprotective effects
of chrysin against CCl4 induced hepatotoxicity in mice. J. Biomater. Appl. 38(4), 509-526 (2023).

22. Zafar, A, Yasir, M., Khalid, M., Amir, M. & Singh, L. Pegylated bilosomes for improvement of oral delivery of Biochanin A:
Development to preclinical evaluation. S. Afr. J. Bot. 162, 633-643 (2023).

23. Conacher, M., Alexander, J. & Brewer, J. M. Oral immunisation with peptide and protein antigens by formulation in lipid vesicles
incorporating bile salts (bilosomes). Vaccine 19(20-22), 2965-2974. https://doi.org/10.1016/S0264-410X(00)00537-5 (2001).

Scientific Reports |

(2024) 14:23799 | https://doi.org/10.1038/s41598-024-73567-6 nature portfolio


https://doi.org/10.1016/j.jare.2017.10.003
https://doi.org/10.1208/s12249-020-01779-w
https://doi.org/10.1186/1472-6882-12-204
https://doi.org/10.1016/j.onano.2023.100176
https://doi.org/10.1016/j.onano.2023.100176
https://doi.org/10.2147/IJN.S84703
https://doi.org/10.2147/IJN.S84703
https://doi.org/10.1016/S0264-410X(00)00537-5
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

24.

25.

26.

27.

28.
29.

30.

31.
32.
. Zakaria, M. Y., Abd El-Halim, S. M., Beshay, B. Y., Zaki, I. & Abourehab, M. A. ‘Poly phenolic phytoceutical loaded nano-bilosomes

34.

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

50.

51.

52.

53.
54.
55.
56.
57.
58.

59.

Binsuwaidan, R. et al. Bilosomes as nanoplatform for oral delivery and modulated in vivo antimicrobial activity of lycopene.
Pharmaceuticals 15(9), 1043-1065. https://doi.org/10.3390/ph15091043 (2022).

Al-Mahallawi, A. M., Abdelbary, A. A. & Aburahma, M. H. Investigating the potential of employing bilosomes as a novel vesicular
carrier for transdermal delivery of tenoxicam. Int. J. Pharm. 485(1-2), 329-340. https://doi.org/10.1016/j.ijpharm.2015.03.033
(2015).

El Taweel, M. M., Aboul-Einien, M. H., Kassem, M. A. & Elkasabgy, N. A. Intranasal zolmitriptan-loaded bilosomes with extended
nasal mucociliary transit time for direct nose to brain delivery. Pharmaceutics 13(11), 1828-1855. https://doi.org/10.3390/
pharmaceutics13111828 (2021).

Alruwaili, N. K. et al. Development of surface modified bilosomes for the oral delivery of quercetin: Optimization, characterization
in-vitro antioxidant, antimicrobial, and cytotoxicity study. Drug Deliv. 29(1), 3035-3050. https://doi.org/10.1080/10717544.2022.
2122634 (2022).

Baillie, A. J., Florence, A. T., Hume, L. R., Muirhead, G. T. & Rogerson, A. The preparation and properties of niosomes—non-ionic
surfactant vesicles. J. Pharm. Pharmacol. 37(12), 863-868. https://doi.org/10.1111/j.2042-7158.1985.tb04990.x (1985).

Abbas, H. & Kamel, R. Potential role of resveratrol-loaded elastic sorbitan monostearate nanovesicles for the prevention of UV-
induced skin damage. J. Liposome Res. 30(1), 45-53. https://doi.org/10.1080/08982104.2019.1580721 (2020).

Ahmed, S., Kassem, M. A. & Sayed, S. Bilosomes as promising nanovesicular carriers for improved transdermal delivery:
construction, in vitro optimization, ex vivo permeation and in vivo evaluation. Int. J. Nanomed. 15, 9783-9798. https://doi.
org/10.2147/IJN.S278688 (2020).

Savale, S. UV spectrophotometric method development and validation for quantitative estimation of rutin. . Drugs Med. 9, 7-10
(2018).

Alam, M. S. et al. Quality by design-optimized glycerosome-enabled nanosunscreen gel of rutin hydrate. Gels 9(9), 752 (2023).

for enhanced caco-2 cell permeability and SARS-CoV 2 antiviral activity’: in-vitro and insilico studies. Drug Deliv. 30(1), 1-12.
https://doi.org/10.1080/10717544.2022.2162157 (2023).

Badria, F. & Mazyed, E. Formulation of nanospanlastics as a promising approach for improving the topical delivery of a natural
leukotriene inhibitor (3- acetyl-11-keto-B-boswellic acid): Statistical optimization, in vitro characterization, and ex vivo
permeation study. Drug Des. Dev. Ther. 14, 3697-3721. https://doi.org/10.2147/DDDT.S265167 (2020).

Elhabak, M., Ibrahim, S. & Abouelatta, S. M. Topical delivery of -ascorbic acid spanlastics for stability enhancement and treatment
of UVB induced damaged skin. Drug Deliv. 28(1), 445-453 (2021).

Narayanan, V. A., Sharma, A., GM, P. & John, A. Bilosomes as a Potential Carrier to Enhance Cognitive Effects of Bacopa monnieri
Extract on Oral Administration. J. Health Allied Sci. NU 13(3), 421-30. https://doi.org/10.1055/s-0042-1757969 (2022).

Banjare, L. & Ghillare, N. Development of biocompatible nanoparticles for sustained topical delivery of Rutin. Int. J. Pharm. Biol.
Arch. 3(2), 326-332 (2012).

Hassan, A. S. & Soliman, G. M. Rutin nanocrystals with enhanced anti-inflammatory activity: Preparation and ex vivo/in vivo
evaluation in an inflammatory rat model. Pharmaceutics 14(12), 2727 (2022).

Salama, A. A., Mostafa, R. E. & Elgohary, R. Effect of L-carnitine on potassium dichromate-induced nephrotoxicity in rats:
modulation of PI3K/AKT signaling pathway. Res. Pharm. Sci. 17(2), 153 (2022).

Hussein, S. A., Abou Zaid, O. A., Abdel-Maksoud, H. & Khadija, A. Anti-inflammatory and anti-oxidant effect of rutin on 2, 4,
6-trinitrobenzene sulfonic acid induced ulcerative colitis in rats. BVM J. 27, 208-220 (2014).

Aziz, D. E.,, Abdelbary, A. A. & Elassasy, A. Investigating superiority of novel bilosomes over niosomes in the transdermal delivery
of diacerein: in vitro characterization, ex vivo permeation and in vivo skin deposition study. J. Liposome Res. 29(1), 73-85 (2019).
Sun, J. et al. Liposomes incorporating sodium deoxycholate for hexamethylmelamine (HMM) oral delivery: development,
characterization, and in vivo evaluation. Drug Deliv. 17(3), 164-170 (2010).

Porter, C. J. H. & Charman, W. N. In vitro assessment of oral lipid based formulations. Adv. Drug Deliv. Rev. 50, S127-S147. https://
doi.org/10.1016/S0169-409X(01)00182-X (2001).

Chen, Y. et al. Enhanced bioavailability of the poorly water-soluble drug fenofibrate by using liposomes containing a bile salt. Int.
J. Pharm. 376(1), 153-160. https://doi.org/10.1016/j.ijpharm.2009.04.022 (2009).

Abdelbary, G. & El-Gendy, N. Niosome-encapsulated gentamicin for ophthalmic controlled delivery. AAPS PharmSciTech. 9,
740-747 (2008).

Gupta, M., Vaidya, B., Mishra, N. & Vyas, S. P. Effect of surfactants on the characteristics of fluconazole niosomes for enhanced
cutaneous delivery. Artif. Cells Blood Substit. Biotechnol. 39(6), 376-384 (2011).

Hao, Y., Zhao, E, Li, N. & Yang, Y. Studies on a high encapsulation of colchicine by a niosome system. Int. J. Pharm. 244(1-2),
73-80 (2002).

Khazaeli, P., Pardakhty, A. & Shoorabi, H. Caffeine-loaded niosomes: characterization and in vitro release studies. Drug Deliv.
14(7), 447-452 (2007).

Guan, P. et al. Enhanced oral bioavailability of cyclosporine A by liposomes containing a bile salt. Int. J. Nanomed.https://doi.
org/10.2147/TJN.S19259 (2011).

Ammar, H. O., Mohamed, M. I, Tadros, M. I. & Fouly, A. A. Transdermal delivery of ondansetron hydrochloride via bilosomal
systems: In vitro, ex vivo, and in vivo characterization studies. AAPS PharmSciTechhttps://doi.org/10.1208/s12249-018-1019-y
(2018).

El Menshawe, S. E, Aboud, H. M., Elkomy, M. H., Kharshoum, R. M. & Abdeltwab, A. M. A novel nanogel loaded with chitosan
decorated bilosomes for transdermal delivery of terbutaline sulfate: artificial neural network optimization, in vitro characterization
and in vivo evaluation. Drug Deliv. Transl. Res. 10(2), 471-485. https://doi.org/10.1007/s13346-019-00688-1 (2020).

Abd El-Alim, S. H., Kassem, A. A., Basha, M. & Salama, A. Comparative study of liposomes, ethosomes and transfersomes as
carriers for enhancing the transdermal delivery of diflunisal: In vitro and in vivo evaluation. Int. J. Pharm. 563, 293-303. https://
doi.org/10.1016/j.ijpharm.2019.04.001 (2019).

Basha, M., Hosam Abd El-Alim, S., Alaa Kassem, A., El Awdan, S. & Awad, G. Benzocaine loaded solid lipid nanoparticles:
Formulation design, in vitro and in vivo evaluation of local anesthetic effect. Curr. Drug Deliv. 12(6), 680-92 (2015).
Junyaprasert, V. B., Singhsa, P., Suksiriworapong, J. & Chantasart, D. Physicochemical properties and skin permeation of Span 60/
Tween 60 niosomes of ellagic acid. Int. J. Pharm. 423(2), 303-311. https://doi.org/10.1016/j.jjpharm.2011.11.032 (2012).

El Zaafarany, G. M., Awad, G. A., Holayel, S. M. & Mortada, N. D. Role of edge activators and surface charge in developing
ultradeformable vesicles with enhanced skin delivery. Int. J. Pharm. 397(1-2), 164-172 (2010).

Jana, U., Mohanty, A. K., Manna, P. K. & Mohanta, G. P. Preparation and characterization of nebivolol nanoparticles using Eudragit®
RS100. Colloids Surf. B Biointerfaces 113, 269-275 (2014).

Farmoudeh, A. et al. Methylene blue-loaded niosome: preparation, physicochemical characterization, and in vivo wound healing
assessment. Drug Deliv. Transl. Res. 10, 1428-1441 (2020).

Rehman, M. U. et al. Development of niosomal formulations loaded with cyclosporine A and evaluation of its compatibility. Trop.
J. Pharm. Res. 17(8), 1457-1464 (2018).

Kamel, H. A. et al. Modified potentiometric screen-printed electrodes based on imprinting character for sodium deoxycholate
determination. Biomolecules 10(2), 251 (2020).

Scientific Reports |

(2024) 14:23799 | https://doi.org/10.1038/s41598-024-73567-6 nature portfolio


https://doi.org/10.3390/ph15091043
https://doi.org/10.1016/j.ijpharm.2015.03.033
https://doi.org/10.3390/pharmaceutics13111828
https://doi.org/10.3390/pharmaceutics13111828
https://doi.org/10.1080/10717544.2022.2122634
https://doi.org/10.1080/10717544.2022.2122634
https://doi.org/10.1111/j.2042-7158.1985.tb04990.x
https://doi.org/10.1080/08982104.2019.1580721
https://doi.org/10.2147/IJN.S278688
https://doi.org/10.2147/IJN.S278688
https://doi.org/10.1080/10717544.2022.2162157
https://doi.org/10.2147/DDDT.S265167
https://doi.org/10.1055/s-0042-1757969
https://doi.org/10.1016/S0169-409X(01)00182-X
https://doi.org/10.1016/S0169-409X(01)00182-X
https://doi.org/10.1016/j.ijpharm.2009.04.022
https://doi.org/10.2147/IJN.S19259
https://doi.org/10.2147/IJN.S19259
https://doi.org/10.1208/s12249-018-1019-y
https://doi.org/10.1007/s13346-019-00688-1
https://doi.org/10.1016/j.ijpharm.2019.04.001
https://doi.org/10.1016/j.ijpharm.2019.04.001
https://doi.org/10.1016/j.ijpharm.2011.11.032
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

60. Badria, F. & Mazyed, E. Formulation of nanospanlastics as a promising approach for improving the topical delivery of a natural
leukotriene inhibitor (3- acetyl-11-keto-p-boswellic acid): statistical optimization, in vitro characterization, and ex vivo permeation
study. Drug Des. Dev. Ther. 14, 3697-721 (2020).

61. Fathalla, D., Youssef, E. M. & Soliman, G. M. Liposomal and ethosomal gels for the topical delivery of anthralin: preparation,
comparative evaluation and clinical assessment in psoriatic patients. Pharmaceutics 12(5), 446 (2020).

62. Allam, A. & Fetih, G. Sublingual fast dissolving niosomal films for enhanced bioavailability and prolonged effect of metoprolol
tartrate. Drug Des. Dev. Ther. 10, 2421-33 (2016).

63. Nair, V. S. et al. Exploring penetration ability of carbonic anhydrase inhibitor-loaded ultradeformable bilosome for effective ocular
application. AAPS PharmSciTech 24(6), 157. https://doi.org/10.1208/5s12249-023-02617-5 (2023).

64. Salama, A., Hussein, R. A., Mettwally, W. S., Helmy, M. S. & Ali, G. H. C-Phycocyanin isolated from Microcystisaeruginosa Kiitzing
mitigates renal injury induced by potassium dichromate via toll-like receptor-4 down regulation in rats. Egypt. J. Chem. 64(7),
3439-3450 (2021).

65. Diwan, V,, Brown, L. & Gobe, G. C. The flavonoid rutin improves kidney and heart structure and function in an adenine-induced
rat model of chronic kidney disease. J. Funct. Foods 33, 85-93. https://doi.org/10.1016/j.jf£.2017.03.012 (2017).

66. Zaghloul, R. A., Abdelghany, A. M. & Samra, Y. A. Rutin and selenium nanoparticles protected against STZ-induced diabetic
nephropathy in rats through downregulating Jak-2/Stat3 pathway and upregulating Nrf-2/HO-1 pathway. Eur. J. Pharmacol. 933,
175289. https://doi.org/10.1016/j.ejphar.2022.175289 (2022).

67. Ju, S. M. et al. The flavonoid apigenin ameliorates cisplatin-induced nephrotoxicity through reduction of p53 activation and
promotion of PI3K/Akt pathway in human renal proximal tubular epithelial cells. Evid. Based Complement. Altern. Med. 2015,
186436. https://doi.org/10.1155/2015/186436 (2015).

68. Salama, A. & Elmalt, H. Aescin ameliorates acute kidney injury induced by potassium dichromate in rat: involvement of TLR 4/
TNF-a pathway. Egypt. J. Chem. 64(4), 2067-2074 (2021).

69. dos Santos, M. et al. Protective effects of quercetin treatment in a pristane-induced mouse model of lupus nephritis. Autoimmunity
51(2), 69-80. https://doi.org/10.1080/08916934.2018.1442828 (2018).

70. Ismail, A., Teiama, M., Magdy, B. & Sakran, W. Development of a novel bilosomal system for improved oral bioavailability of
sertraline hydrochloride: Formulation design, in vitro characterization, and ex vivo and in vivo studies. AAPS PharmSciTech 23(6),
188 (2022).

Acknowledgements
The authors would like to express their deep appreciation to the Project’s Sector at the National Research Centre,
Cairo, Egypt, for funding this study through the project number 13020252.

Author contributions
A. M. M., M.AW. and A.S. Conceptualization, Methodology, Writing original draft. A.M.M Investigation
M.A.W. and A.S. Data curation A.M.M. and M.A.W. review and editing A.S. Formal analysis.

Funding
National Research Centre, 13020252, 13020252, 13020252.

Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in
cooperation with The Egyptian Knowledge Bank (EKB).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/s41598-024-73567-6.

Correspondence and requests for materials should be addressed to A.M.M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:23799 | https://doi.org/10.1038/s41598-024-73567-6 nature portfolio


https://doi.org/10.1208/s12249-023-02617-5
https://doi.org/10.1016/j.jff.2017.03.012
https://doi.org/10.1016/j.ejphar.2022.175289
https://doi.org/10.1155/2015/186436
https://doi.org/10.1080/08916934.2018.1442828
https://doi.org/10.1038/s41598-024-73567-6
https://doi.org/10.1038/s41598-024-73567-6
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Rutin loaded bilosomes for enhancing the oral activity and nephroprotective effects of rutin in potassium dichromate induced acute nephrotoxicity in rats
	﻿Materials and methods
	﻿Materials
	﻿Chemicals
	﻿Animals


	﻿Methods
	﻿Preparation of rutin-loaded bilosomes
	﻿Characterization of rutin-loaded bilosomes
	﻿Entrapment efficiency (EE %)
	﻿Vesicle size (VS), polydispersity index (PDI) and zeta-potential determination (ZP)
	﻿Transmission electron microscopy (TEM)
	﻿Fourier transform infrared spectroscopy (FT-IR)


	﻿﻿In-vitro﻿ release study
	﻿﻿In-vitro﻿ release profiles
	﻿Drug release kinetics

	﻿﻿In-vivo﻿ study
	﻿Study design
	﻿Serum biochemical analysis
	﻿Tissue biochemical analysis
	﻿Histopathological examination

	﻿Statistical analysis
	﻿Results and discussion


