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ABSTRACT

Objective: The objective of this study is to develop Rutin Nanoparticles (RTN) and coat them with Hyaluronic Acid (HA) to overcome rutin's
solubility and bioavailability limitations, and to enhance its uptake by cancer cells through selective delivery mechanisms.

Methods: RTN were synthesized employing soya lecithin and chitosan through the homogenization technique. To further enhance the delivery of
rutin to cancer cells, the optimized nanoparticle formulation was coated with HA to enhance its accumulation in cancer cells. The nanoparticles
were characterized in terms of particle size (PS) distribution, zeta potential (ZP), entrapment efficiency (EE), morphology, in vitro drug release and
in vitro cytotoxicity activities.

Results: The resulting RTN and HA-coated RTN (HA RTN) exhibited particle sizes of 202.8 nm and 714 nm, with Polydispersity index (PDI)
values of 26.4% and 25.5%, respectively. These findings suggest favourable stability and potential for cellular uptake. Moreover, in vitro
examinations of drug release showcased a prolonged release pattern consistent with the Higuchi kinetic model, indicating a mechanism where
drug release is primarily governed by diffusion. The in vitro cytotoxicity assay revealed that the HA RTN formulation demonstrated superior
efficacy in inhibiting MCF-7 cells compared to free rutin and the uncoated RTN, as evidenced by the respective ICso values of 145ug, 342 pg, and
413 pg.

Conclusion: These findings highlight the promising potential of the HA RTN formulation as an effective anti-cancer treatment, paving the way for

further development and clinical application of rutin-loaded nanoparticles in cancer therapy.
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INTRODUCTION

The increasing focus on natural active ingredients has garnered
significant interest in various fields, including nutraceuticals,
cosmetics, pharmaceuticals, and medical research. Rutin, a natural
flavonoid abundantly present in various natural sources, has
gained attention due to its potential protective role against
diseases associated with oxidative stress [1-3]. Its effectiveness in
countering numerous cancers has been attributed to its diverse
mechanisms of action, including cell cycle arrest, inflammation
suppression, inhibition of malignant cell growth, induction of
apoptosis, modulation of angiogenesis and regulation of cellular
signaling pathways [4]. However, rutin exhibits low in vivo
bioavailability, possibly attributable to its chemical structure,
particularly glycosylation at the C3 position. Additionally, rutin's
inherently low water solubility presents a challenge [5]. To
address these limitations, various delivery systems for rutin have
been investigated [6, 7]. The attributes of these delivery systems,
including substantial surface area, sustained drug release, superior
cellular uptake, and the ability to enhance solubility and drug
bioavailability, make them particularly suitable, especially for
lipophilic drugs [8, 9]. Incorporating rutin into nanoparticles
represents a promising strategy to address its solubility and bio
availability limitations. Furthermore, the selective delivery of HA
to cancer cells, achieved via the enhanced permeability and
retention (EPR) effect, represents a significant advancement.
Additionally, HA's interaction with specific receptors, such as
CD44 and IYVE-1, which are involved in HA-mediated motility,
significantly contributes to augmenting its targeting abilities [9,
10]. Coating or conjugating nanoparticles with HA can significantly
augment the availability of the drug at cancer cells [11]. In this
study, we have developed nanoparticles of rutin and subsequently
coated them with HA. This innovative approach aims to overcome
the solubility and bioavailability challenges associated with rutin
and enhance its uptake by cancer cells.

MATERIALS AND METHODS

Rutin, soya lecithin and chitosan were purchased from loba Chemie
Pvt. Itd, (Mumbai, India); HA was obtained from carbanio; dialysis
membrane (MW 12,000-14,000 D) was obtained from HiMedia,
(Mumbai, India).

Compatibility study

In this study, Fourier-Transform Infrared Spectroscopy (FTIR)
analysis was employed to investigate potential interactions among
rutin, soya lecithin, chitosan, and HA present in the formulation. The
analysis was conducted across a wavelength range from 400 cm! to
4000 cm’t, aiming to discern any observable interactions between
these components [12].

Preparation of RTN

RTN were prepared by molecular self-assembly using soya lecithin
and chitosan. Initially, a solution of soya lecithin was prepared in
96% ethanol. The nanoparticle formulation was prepared through
the combination of a lecithin-rutin-ethanol solution (4 ml) with a
chitosan solution (46 ml) using plastic needle tubing with an
internal diameter of 0.4 mm. The chitosan solution was made by
dissolving chitosan in 50 ml of distilled water, supplemented with
3% acetic acid. This emulsion was subjected to mechanical agitation
at 10,000 rpm for a duration of 15 min using an OMNI Mixer
homogenizer. The resulting lecithin-chitosan nanoparticles
suspension was subjected to centrifugation at 19,000 rpm for 60 min
at 4 °C, resulting in the separation and removal of the supernatant.
The sediment was resuspended in 5 ml of deionized water and
subjected to centrifugation once again. This double centrifugation
process was repeated, after which the nanoparticles were subjected
to lyophilization for a period of 48 h. 3% dextrose was used as a
cryoprotectant during the lyophilization process. Finally, the
lyophilized nanoparticles were stored at -20 2C until further use
(table 1) [13, 14].
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Table 1: Formulation of RTN

Trial Rutin (mg) Ratio
Soya lecithin Chitosan

T1 5mg 1 10
T2 5mg 1 15
T3 5mg 1 20
T4 5mg 1 25
T5 5mg 1 30
T6 5mg 1 32
T7 5mg 1 38
T8 5mg 1 40
T9 5mg 1 44
T10 5mg 1 48
T11 5mg 1 50
T12 5mg 1 54

Preparation of HA RTNs

The HARTN formulation was prepared using the electrostatic
attraction technique. In a nutshell, 1 ml of a 0.02% (w/v) solution of
HA (300 kDa) was meticulously introduced with continuous stirring
(20000 rpm) into a dispersion of RTN, maintaining a weight ratio of
12:1. Subsequently, the formulation was lyophilized and stored at a
temperature of 4 °C [16].

Evaluation of HA RTNs
Entrapment efficiency (EE) and drugloading

The EE of the RTN dispersion was assessed using the centrifugation
method as described by reference. Specifically, RTN with an
equivalent amount of 5 mg of the rutin was subjected to
centrifugation at 20,000 rpm for 1 h in a centrifuge (REMI motors) in
order to separate the supernatant liquid. Subsequently, the liquid
was filtered, and the concentration of free rutin was determined
after appropriate dilution with a fresh phosphate buffer saline (PBS)
at pH 7.4. The UV spectrophotometer was utilized to measure the
absorbance at 207 nm [15].

Particle size, zeta potential and surface morphology

The particle size (PS) distribution analysis and zeta potential
(ZP)of RTN and HA RTN was conducted through laser scanning
utilizing Anton Paar litesizer DLS 500 instrument, following
proper dilution with distilled water. This assessment provided
data on the mean PS, PDI and ZP. The zeta ZP plays a crucial role in
assessing the charges present on the particle surface, offering
insights into the sustained stability of the formulation. Meanwhile,
the PDI parameter characterizes the extent of dispersity in the
lipid nanoparticle dispersions. It is imperative to attain a minimal
PDI value, as higher dispersity leads to greater mass scattering
[17,18].

To analyse the surface morphology of HA RTN, a scanning electron
microscope (SEM) (SE S-3400N; HITACH]I, Japan) was employed. For
this examination, lyophilized HA RTNs were securely affixed to the
metal surface using double-sided adhesive tape. Subsequently, all
samples underwent a gold-palladium (Au-Pd) coating before being
examined under vacuum conditions at 5 kV [19].

Invitro drug release

The study of HA RTN was conducted at 37 °C using the dialysis bag
method, with 200 ml of PBS and ethanol in a ratio of 65:35 serving
as the dialysis medium. The experiment was carried out with
continuous agitation at a fixed rate of 100 rpm. A precisely
measured quantity of freeze-dried HA RTN (equivalent to 5 mg) was
placed inside a dialysis bag with a 10 kDa molecular weight cut-off.
Samples of the release medium were collected at various time points
over a period of 48h. After each sampling, 1 ml of the solution taken
out was substituted with an equivalent volume of the new medium
to maintain a consistent sink condition. The quantity of rutin in the
solution was assessed via UV-Vis spectrophotometry at a
wavelength of 207 nm [20-22]. All experiments were conducted in
triplicate.

In vitro cytotoxicity assay

The study investigated the cytotoxicity effects and safety of rutin,
RTN and HA RTN using an in vitro (3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyl tetrazolium bromide) (MTT) assay. For in vitro cytotoxicity
assessment, Michigan Cancer Foundation-7 (MCF-7) Cells (1x10%)
were seeded in individual wells of a 96-well plate and incubated for
48 h under 5% CO2 at 37 °C. Subsequently, the cells were exposed to
varying concentrations (20, 30, 50, 100, 150, 200, and 300 pg/ml) of
pure rutin, RTN and HA RTN for a duration of 72 h. When cells
reached 70% confluence, MTT reagent (10uL, at a final
concentration of 0.5 mg/ml) was introduced into each well and
incubated for 4 h. Afterwards, acidified isopropanol, serving as the
MTT destaining solution (100 ul), was added and the solution was
agitated for 15 min [23-25]. Ultimately, the determination of optical
density at the 570 nm wavelength was conducted using a microplate
reader.

RESULTS AND DISCUSSION
Compatibility study

FTIR analysis was employed to investigate the intermolecular
interactions and compatibility among the lipids, HA, and Rutin. In
the FTIR spectrum of soy lecithin, the peaks at 3346.27 and 1739.67
correspond to O-H bending and C=0 stretching, respectively.
Additionally, the peaks observed at 1234.36 and 1068.49 are
attributed to the presence of C-O and C-C bonds within the soy
lecithin molecule [26]. Chitosan showed its characteristic peaks at
3305.76 associated to N-H and O-H stretching and 2881 attributed
to C-H stretching, 1664.45 corresponds to C=0 stretching [27]. In the
identification spectrum of Rutin, peaks at 1654.81 and 1456.16
indicate aromatic C-H bending and C=0 stretching, respectively.
Additionally, the peak at 808.12 signifies C=C bending in Rutin [28].
The characteristic peaks of HA were identified at 1606.59 (amide
C=0 stretching), 3314.44 (N-H stretching), 3045 (O-H stretching),
and 1554.52 (C-O stretching) [29]. The physical mixture was
observed with the characteristic peaks of individual components,
indicating no interaction between the components in the
nanoparticle preparation (fig. 1-5).

Preparation of nanoparticles

Nanoparticles were prepared by molecular self-assembly method
using soya lecithin and chitosan. The ratio of soya lecithin to
chitosan was fixed based on the entrapment efficacy of the prepared
RTNs. The soya lecithin to chitosan ratio of 38:1 (T7) was found to
have the maximum entrapment efficacy.

Entrapment efficacy

Trials T1 and T2 failed to provide the EE data, potentially due to
formulation or experimental variables. With an increase in the ratio
of soya lecithin to chitosan, a substantial enhancement in drug EE
was observed, culminating in a peak of 91.12% in trial T7. However,
as the ratio exceeded a certain threshold (T8 and beyond), there was
a decline in EE, indicating the existence of an optimal range for the
soya lecithin to chitosan ratio [30]. Trail T7 with maximum EE was
selected for H A coating (table 2).

209



S. S. Bhuvaneswari & D. Kumudha

Int ] App Pharm, Vol 16, Issue 4, 2024, 208-217

NANDHA COLLEGE OF PHARMACY, ERODE-S2, [EsHiMaDzu
o ]
«1 S |
ool \
w0 11 ~
W 248 |
1 ¢ ' 1 €0 A
§ H W . |
| \ (LN
o: al
® ‘ [ | L)
£ \ , | Li? ‘
| ¥ i |
n \ il |
o 3 l !
2 \ !
il | s |af (177
% )
(| Vs
A
£ H : |
£l E 2|1 g
L2 3|8 9
!5 i i
a 3
0
Ty ' L S | —r—r—r L | P
00 e EON 2 a0 p2i 00 " 1500 e 100 0 ®©o
Sample1D: R Apadization : lapp-Geazel Analyst : DrM Jagadeeswaran
Resalution -4 cm”! No.of Scans ;45 Method : KBr Pellet
Fig. 1: FTIR of soya lecithin
NANDUHA COLLEGE OF PHARMACY, ERODE-52, EsHMADZU
£ v
N \
| P | |
"1 ! i 1!
! v, & | |
= / A T
B3
| Y = 3]
| 3 ('l | 3 €3
i3 Vi H |
@ ' B N H
| e
| - ]
L . |
| | $ \
| |! s L
|
| |
E R i
H
H P
| 2
| 3 |
2 H
"% ,i | | - !
£
L]
o i
e ; " ; o e , —
e e 0 um 0 7% %0 2% 20 B 1500 1% 100 ™ s0
e
Sumple LD : S-L Apodization : Happ-Genzel Anulyst : Dr.M.Jagadeeswaran
Resolution : 4 emy* No.of Scans : 45 Method : KBr Peller
NANDHS COLLEGE OF PHARMACY, ERODE-€2. GsHmanzu
¥
ok i : |
- U .
| 9 S ko
T 2 [ x e |
H L ] |
1 ]
i “
” :
3
m S
3 .
s * H
I E S >
& g
m
e TS
Samphe 102 € Apcdiration - Fapp-Gonzel Asalyst : DeMagadosswurm

Resslution : dem!

Noof Scacs <45

Methed : KPBr Pelle

Fig. 2: FTIR of rutin

210



S. S. Bhuvaneswari & D. Kumudha
Int ] App

Pharm, Vol 16, Issue 4, 2024, 208-217

NANDHA COLLEGE OF PHARMACY, ERODE-S2 ElsHmanzu
i
% — !
i, f
S .
E L ER I' ". V , )
| [0 R
! - [ LT
il . - 4 !
I"I'"I\,'r h 2 ¥l g 2
' W i P l’ H \
#0h LR | )
HH g i N f p i
s 4 |. L roy ‘| V¥ J
\ VIR G | ¥ ' "
¥, w° . (I i § } )
:}M- i 1 i ‘ f s i o
™ i l: f A | ERREH
i 13 i
A
ws | ,;
£ e !!‘N IEID R f-‘lﬂ < s ZIIK/ ' :'n:‘ “’m o 'Im g we .?’) =
-n
Sample [D : Hyalucoaic acid Apedization : Happ-Geazel Anziyst : Dr M. Jagadocswann
Resohutian 4 et Naof Scans ; 45 Method : KBr Pellet
Fig. 3: FTIR of HA
NANDIIA COLLEGF. OF PHARMACY, ERODE-SL, S)SHIMADZY
A,
E i Y .
i S
W |
i
I
al \
- i
o - |
o i
85—
5
b
4 HiH
|
L N i
4007 ki 0 u0 o o =0 a5 a0 10 1600 L] 100 " .
Sumple LD : Physical Mixture Apocization : Happ-Geizel Anlyst : DrM Jagodeeswaran

Resolution |4 ens! No.of Scars 148 Methed : KBr Pellet

Fig. 4: FTIR of physical mixture

Table 2: EE of prepared RTN

Trial Entrapment efficacy
T1 _

T2 _

T3 24.73+0.032
T4 36.11+£0.046
T5 68.44+0.025
T6 70.86+0.013
T7 91.12+0.021
T8 69.42+0.087
T9 67.17+0.098
T10 66.50+0.063
T11 54.91+0.045
T12 49.14+0.071

value are expressed as mean+SD, Number of experiments, n=3
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Particle size, PDI and zeta potential

The PS of RTN and HA RTN were determined to be 202.8 nm and
714 nm, respectively (fig. 6,8). The PDI values were 26.4% and
25.5% for RTN and HA RTN, indicating a narrow distribution width
and confirming a uniform PS distribution, demonstrating high
dispersion quality. ZP measurement is crucial for predicting the

Particle size distribution (intensity)

100

Distribution [%]

Int ] App Pharm, Vol 16, Issue 4, 2024, 208-217

storage stability of colloidal particles, as charged particles are less
prone to aggregation. The measured ZP were-0.0124V and-0.003V,
indicating a negative charge on the particle surface (fig. 7,9). The
combination of low PDI values and slightly negative ZP suggests that
the chosen method for preparing nanoparticle, along with the
incorporation of HA coating, was well-suited for the formulation of
these nanoparticles [31, 32].
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Scanning electron microscopy

SEM analysis revealed that the RTN and HA RTN exhibited a
spherical morphology characterized by a smooth surface, as
depicted in fig. 10 and 11 (A and B), respectively.

In vitro drug release

In vitro study provided valuable understanding into the behaviour of
HA RTN. As illustrated in fig. 12, the cumulative release from RTN
and HA RTN exhibited a prolonged release pattern over time. The
optimized batch RTN and HA RTN drug release profile demonstrated
a significant increase from an initial content of 15.36+1.47% to final

20.0kV 5.5mm x25.0k SE

concentration of 96.73+1.01% and 12.61+1.60% to a final content of
94.95+£2.43% respectively. This observed gradual release can be
attributed to the effective diffusion of the drug through the lipid core
of the nanoparticles [33, 34].

The analysis of the data involved the application of various models,
including zero-order, first-order, the Higuchi model and the
Korsmeyer-Peppas model. The optimized batch, Higuchi's model
exhibited the highest correlation coefficient (R2=0.9807), followed
by the Korsmayer Peppas model (0.9781), first-order (R2=0.9756),
Hixon Crowell model (0.9745) and zero-order (R2=0.8525) models,
as illustrated in the (table 3) (fig. 13-17).

Fig. 10: SEM image of RTN (Magnification: X5000 and X10,000)

$3400 5.00kV 5.7mm x6.00k SE

Fig. 11A: SEM image of HA RTN (Magnification X 5000)
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$3400 5.00kV 5:7mm x2.00k SE

Fig. 11B: SEM image of HA RTN (Magnification X 10,000)

In vitro drug release
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Fig. 12: Cumulative % drug release, ICso values were expressed as mean+SD, with the number of experiments, n=3
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Table 3: Regression coefficients from release data

Release Kkinetics Zero order model First order model Higuchi model Korsmayer peppas model Hixon Crowell model
R2value 0.8525 0.9756 0.9807 0.9781 0.9745
120 1 Higuchi model
100 A
80 1
60

y=14465x+ 29596
*=0.9807

0 2 4
Root Time (h)

Fig. 15: Higuchi model drug release Kinetics
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Fig. 16: Kors Mayer Peppas model drug release kinetics
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Fig. 17: Hixon Crowell model drug release kinetics

In vitro cytotoxicity assay
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Fig. 18: In vitro cytotoxicity assay, IC50 values were expressed as mean * SD, with the number of experiments, n=3
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CONCLUSION

In conclusion, our study successfully developed and characterized
HA RTN for enhanced delivery to cancer cells. The formulation
exhibited favourable physicochemical properties, with a PS of 714
nm, PDI of 25.5%, and a ZP 0f-0.0124V, ensuring stability and
potential for cellular uptake. The in vitro investigations on drug
release exhibited a prolonged release pattern, aligning with the
principles of the Higuchi kinetic model, suggesting a mechanism for
drug release predominantly governed by diffusion. Significantly, the
cytotoxicity assay revealed the superior efficacy of HA RTN in
inhibiting MCF-7 cancer cells compared to free rutin and uncoated
formulation (RTN). The ICso values for HA RTN, RTN, and rutin were
145 pg/ml, 342 pg/ml, and 413 pg/ml, respectively. These results
highlight the promising potential of the developed HA RTN
formulation as an effective anti-cancer treatment, addressing the
solubility and bioavailability challenges associated with rutin. This
innovative approach of combining nanoparticles with HA coating
demonstrates a synergistic strategy for targeted drug delivery,
offering a foundation for further development and potential clinical
applications of HARTN in cancer therapy.
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