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Abstract

Purpose: Colorectal Cancer (CRC) is among the most prevalent
malignancies of the gastrointestinal tract. Globally, it ranks as the third
most frequently diagnosed cancer and the second leading cause of
cancer-associated mortality. The objective of the research work was
to develop a formulation with improved targeting characteristics for
the efficient treatment of CRC. Thus, Folic Acid (FA) functionalized
Paclitaxel (PAC) loaded Chitosan (CH) Nanoparticles (FA-CH-PAC-
NPs) were developed and characterized.

Methods: The ionic gelation process was employed to develop
Chitosan Nanoparticles (CH-NPs), which were then conjugated with
FA utilizing the carbodiimide chemistry approach. Size of particles,
surface structure, drug entrapment efficiency, and zeta potential are
some of the critical factors that were taken into consideration when
evaluating the formulations and optimizing them for different process
variables. Furthermore, the MCF-7 cell line was used to assess In vitro
cytotoxicity of improved formulations.

Results: The optimized FA-conjugated formulations exhibited
an average particle size and zeta potential of 299 nm and 4.9 mV,
respectively, and the drug entrapment efficiency was an excellent
83.5%. Eventually, the % PAC released from pure PAC, CH-PAC-NPs,
and FA-CH-PAC-NPs was found to be 97.20%, 57.65%, and 68.88%,
respectively, after a 24 h study period. The IC50 values, representing
the concentration at which 50% of cell growth is inhibited, were 135.74
+ 0.053 pg/ml for PAC and significantly lower at 42.72 + 0.132 pg/ml
for FA-CH-PAC-NPs.

Conclusion: The results suggest that the optimized formulation
FA-CH-PAC-NPs would have improved anticancer effects as well as
targeting capability for the management of CRC.
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Introduction

Colorectal Cancer (CRC) is caused by
mutations that target Deoxyribonucleic Acid
(DNA) repair systems, oncogenes, and tumor
suppressor genes. Studies suggest that 70% of
CRC are sporadic, while 5% are inherited, and
25% of CRC are familial [1,2].

Colorectal Cancer (CRC) represents the
third most frequently detected neoplasm and
the second foremost contributor to cancer-
associated deaths globally, accounting for
approximately 1.9 million newly reported
cases and nearly 0.9 million fatalities in 2022
(3,4]). Although incidence rates have stabilized
or declined in high-income countries due to
effective screening and lifestyle modifications.
A sharp increase is observed in Asia, Latin
America, and Africa, driven by urbanization,
dietary shifts, obesity, and sedentary lifestyles
[5,6].Colorectal cancer stands as the fourth most
diagnosed cancer in India, with 64,863 recently
reported cases and 38,367 associated mortalities
in 2022. A growing concern is the rise in early-
onset CRC (< 50 years), projected to constitute
up to 23% of rectal cancers by 2030 [7,8]. Risk
factors include red meat consumption, alcohol,
tobacco, obesity, and diabetes, whereas high-
fiber diets, legumes, and physical activity confer
protection. Hence, the increased prevalence and
high mortality rate of CRC demand an urgent
need for novel treatment options.

CRC therapy is limited by systemic toxicity
and poor bioavailability of conventional drugs.
Colon-Targeted Drug Delivery Systems (CTDDS)
have been developed to release drugs specifically
in the colon, reducing premature degradation
and adverse effects in the upper gastrointestinal
tract [9-12]. These systems exploit colonic
physiology, including pH variation, prolonged
transit, and microbial enzymes capable of
degrading polysaccharides and azo linkages
[13-16]. CTDDS enables localized and sustained
delivery of agents like 5-fluorouracil,
capecitabine, and phytoconstituents, improving
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therapeutic outcomes [17]. Approaches include
pH-sensitive  polymers, time-dependent
systems, and microbiota-triggered carriers
using chitosan, pectin, and guar gum [18].
CTDDS thus represents a promising strategy for
personalized CRC therapy.

CRC therapy has increasingly turned toward
nanotechnology-based approaches to overcome
the limitations of conventional chemotherapy.
Among natural polymers, Chitosan (CH) has
attracted particular interest. Its cationic nature,
due to protonated amine groups, allows CH to
interactelectrostaticallywith negatively charged
mucosal surfaces, thereby prolonging residence
time in the gastrointestinal tract [19]. Moreover,
CH can transiently open epithelial tight
junctions, improving paracellular transport and
drug absorption. These properties, combined
with its biodegradability and safety profile,
make CH an excellent carrier for oral delivery of
anticancer agents, peptides, and nucleic acids
[20-22].

Nanoparticles (NPs) could be altered using
targeted ligands, including polysaccharides,
transferrins, and integrins, as well as Folic Acid
(FA). This modification improves their targeting
ability and enhances the internalization of NPs
in target tissues to deliver the drug. The surface
of cancer cells exhibits high expression of folate
receptors when compared to normal tissues,
which makes them ideal for tumor-specific
drug delivery. To improve the NPs' targeting
ability towards tumor cells and boost the drug's
antitumor effect, FA is widely employed [23-25].

Building on this mucoadhesive platform,
functionalization with targeting ligands further
enhances specificity. Among these, Folic Acid
(FA) has become a prominent choice because
its receptor (FR-a) is overexpressed in several
malignancies, including CRC. Elevated FR-a
expression not only correlates with tumor
invasiveness but also predicts poor prognosis,
making it a clinically relevant target for drug
delivery.  Functionalizing  chitosan-based
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nanoparticles with FA improves selective
uptake by cancer cells, ensuring higher drug
accumulation in tumors while sparing healthy
tissues [26].

One therapeutic agent that particularly
benefits from such strategies is Paclitaxel (PAC).
Despite being an important chemotherapeutic
that stabilizes microtubules and induces
apoptosis, its clinical use is limited by poor
solubility and severe toxicities. These toxicities
areassociatedwithitssolvent-basedformulation
(Taxol®), which contains Cremophor EL and
ethanol. To mitigate these drawbacks, albumin-
bound nanoparticle formulations (Abraxane®)
have been developed, eliminating Cremophor
EL and improving tumor bioavailability. When
integrated into colon-targeted and FA-modified
chitosan nanoparticle systems, PAC delivery
can be further optimized-enhancing solubility,
reducing systemic toxicity, and exploiting
tumor-specific = FR-mediated uptake for
improved therapeutic outcomes in CRC [27,28].

To lessen the off-target effects on normal
healthy cells of traditional chemotherapy,
this research intends to develop and evaluate
the PAC-loaded CH-NPs. The research then
engineers them with FA for targeting cancer
cells overexpressed with folate receptors in the
colon region to effectively treat CRC. In detail,
FA-conjugated CH-NPs were aimed to target
CRC cells specifically owing to their significantly
high affinity towards excessively expressed
folate receptors. Schematic strategy of drug
targeting of designed formulations is shown in
figure 1. This novel approach will not only reduce
wastage of high-cost anticancer drugs but also
reduce toxicity on normal healthy cells.

Materials and Methods
Materials

A complimentary sample of Paclitaxel
(= 99% pure) was given by Fresenius Kabi
Oncology Ltd. (Gurgaon, Haryana). Chitosan
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(Low molecular weight, > 75% deacetylated)
and Sodium Tripolyphosphate (STPP) were
purchased from CDH Fine Chemicals, New Delhi.
Acetic acid, sodium hydroxide, and Folic Acid
(FA) (= 98% pure) were obtained from Central
Drug House Pvt. Ltd. (Darya Ganj, Delhi, India).
Sigma Chemicals (Sydney, Australia) supplied
the 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC).

Synthesis of FA-CH conjugates: FA-
CH conjugates were synthesized using the
carbodiimidechemistrytechnique(Figure2)[29].
In brief, 1.0 g of Chitosan (CH) was solubilized in
100 mL of 1% acetic acid solution. Folic Acid (FA)
and EDC were dissolved separately in anhydrous
Dimethyl Sulfoxide (DMSO) to obtain a mixed
solution. This solution was then added dropwise
into the CH solution under continuous magnetic
stirring (GI 631, ELICO, India) at different
temperatures. The reaction mixture was
allowed to stand for a predetermined time, after
which 300 mL of acetone was added to induce
coagulation. The product was subsequently
dialyzed against DMSO for two days, followed by
thorough washing with distilled water. Finally,
the obtained yellow-colored FA—CH conjugates
were freeze-dried (Macro Scientific Works,
India) for 24 h at 50°C.

Preparation of CH-PAC-NPs and FA-CH-
PAC-NPs: The polymer (CH/FA-CH, 1.2 mg/mL)
was dissolved in a 1% acetic acid solution and
subjected to continuous stirring for 24 hours.
Sodium Tripolyphosphate (STPP) solution (0.9
mg/mL) was prepared separately in distilled
water, in which paclitaxel (PAC, 50 mg) was
dissolved. The STPP solution was filtered, and
4 mL of this solution was added dropwise,
using a 22-gauge syringe, into 10 mL of the
polymer solution under continuous magnetic
stirring (1500 rpm) at room temperature
(Remi Service Pvt. Ltd., Mumbai, India). The
mixture was subjected to continuous stirring
for 2 hours to facilitate crosslinking. Thereafter,
the nanoparticle dispersion was left to stand
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<

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issn:| 2766-2276

TOPIC(S).ONCOLOGY | NANOMEDICINE

Y+0— Y@+

=S —

.m_éu-uu—ﬂ-@“"““‘ﬁ ﬁ

Folate-clutosan conjugate

Polymer Ligand Chitasan-Folic acid Drug: Paclitaxe )
chitosan Folic acid conjugated polymer Folate conjugated polymer
Drug nanoparticles (FA-CS-
PTX-NPs)
Over expressed
folate receptors
'F'lll'll receplon
—————n | mediated Endo-cytosis
Endosome
/ }tl:rﬂmhule Blncidnw ==
Drug release . I:‘ K Nuﬂeu’ Cell Death
Figure 1 Strategy of drug targeting.
CHLOH
Hy—NH Qc —HH—--‘. H
J% n:'u, +
HaM n’."ll.
(I_'mH H NH g n
Folate 5
Clhintosa
CHLOH
L8]
\o OH EDC. DMSO
H NH n
S &

Figure 2 Chemical synthesis reaction of FA-CH conjugated polymer.

overnight. The sample was centrifuged at 10,000
rpm for 30 min to separate the supernatant,
which was discarded. The resulting residue was
collected and freeze-dried (Lyophilized) at -40
‘Cfor 48 h. The obtained powdered nanoparticles
were separated and stored in a freezer for
subsequent studies [25].

Factors for formulation design: Some
variables of the formulation, such as CH and
STPP, were considered as variables, while the
amount of drug, stirring speed, stirring time,
temperature, and needle size were kept constant
(Tables 1,2).
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Table 1: Factors for formulation design.
Formulation

S. No. Variable Variable @ Constant
code
FA-CH-PAC-
H TPP
NPs/ CH-pac-  CH MY/ STPP(ma/ o\ o)
ml) ml)
NPs
1. F1/C1 1.2 1.2 50
2. F2/C2 1.2 0.9 50
3 F3/C3 0.9 1.2 50

Table 2: Constant parameter for formulation design.

S. No. Constant parameters Amounts
1. Drug amount 50 mg
2. Stirring speed 1500 rpm
3. Stirring time 2h
4. Temperature 25°C
5 Needle size 22 gauge

Characterization parameters

Fourier Transform Infrared (FTIR) study:
Powder samples of PAC, CH, FA, FA-CH
conjugate, CH-PAC-NPs, and FA-CH-PAC-
NPs were analyzed through FTIR (GX-1, Perkin
Elmer, USA). Samples were taken in a KBr pellet
and scanned between 600 and 4000 cm-1 in the
infrared spectrum.

Differential Scanning Calorimetry (DSC)
study: DSC analysis was performed for PAC,
CH, FA, CH-PAC-NPs, and FA-CH-PAC-NPs
using a DSC (DSC 6000, Perkin Elmer, USA). One
aluminum panwasfilled with reference material,
and another pan was filled with 10 mg samples.
Samples were heated in a nitrogen environment
at a rate of 10 °C per minute and examined in the
temperature range from 0 to 300 °C [30].

NPs morphology study: The surface
morphology of both types of NPs, ie., the
unconjugated formulation (CH-PAC-NPs) and
the FA-conjugated formulation (FA-CH-PAC-
NPs), was analyzed using the Transmission
Electron Microscopy (TEM) method (Morgagni
268D, Fei Electron Optics, USA). Formulations
were fixed using 2% phosphotungstic acid, and
fixed samples were observed in a TEM at the All
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India Institute of Medical Sciences (AIIMS), New
Delhi's Electron Microscopy Division [31].

Particle Size (PS) and Zeta Potential (ZP): A
particle size analyzer (Shimadzu SALD-2201,
Japan) was used to determine the average PS
of the optimized unconjugated formulation
and the FA-conjugated formulation. Briefly,
the nanoparticulate sample dispersion was
added to a distilled water-filled dispersion bath.
The ZP of CH-PAC-NPs and FA-CH-PAC-NPs
was assessed by zetasizer (Litesizer 500, UK).
Briefly, the ZP was determined while the NPs
were suspended in ultra-pure deionized water
and maintained in an electrophoresis cell with
an electric field of 15.24 V/cm [31].

Drug Entrapment Efficiency (EE): The 1 ml
sample of each freshly prepared FA-CH-PAC-
NPsand CH-PAC-NPswasaccurately transferred
into a centrifuge tube and was centrifuged for
45 min at 5000 rpm using a centrifuge (YJo3-
0434000, Shanghai, China). Subsequently, the
supernatant was separated, and free drug in
supernatant was measured using Ultraviolet
(UV) spectroscopy at a wavelength of 228 nm
(1800, Shimadzu, Japan). To confirm potential
interference, polymer solutions (Chitosan and
FA-CH conjugates)without drug were scanned at
228 nmunder identical experimental conditions.
No significant absorbance was observed at
this wavelength, indicating that the polymers
did not interfere with the spectrophotometric
quantification of paclitaxel. Thus, Entrapment
Efficiency (EE) calculations were based solely
on the absorbance corresponding to paclitaxel.
Finally, the %EE of the drug in the formulation
was calculated indirectly by determining
the free drug in the supernatant [32]. %EE
of formulations was calculated as per below
equation.

Total drug added — Free drug in supernatant
%EE = * 100
Total drug added

Drug release study

In vitro release studies were performed for
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pure PTX, FA-CS-PTX nanoparticles, and
CS—-PTX nanoparticles was evaluated using
the dialysis bag diffusion method. A dialysis
membrane (MWCO = 12 to 14 kDa, Dialysis
membrane-110, Himedia) was sealed at one
end, equilibrated with phosphate buffer (pH
7.4.), and subsequently loaded with nanoparticle
dispersion equivalent to 10 mg of PTX, serving as
the donor compartment. The dialysis membrane
was suspended in 50 mL of phosphate buffer
solution (pH 7.4), which served as the receptor
compartment, and was maintained at 37 + 0.5°C
under continuous magnetic stirring at 100 rpm
to simulate physiological conditions. Samples
were withdrawn at predetermined intervals
ranging from 1 to 24 h, and the withdrawn
volume was replaced with fresh buffer to
maintain sink conditions. The samples were
then spectrophotometrically examined at 228
nm, and the drug content was calculated using a
standard curve [10].

TOPIC(S).ONCOLOGY | NANOMEDICINE

In vitro cytotoxicity study of PAC and FA-
CH-PAC-NPs

The cytotoxic potential of drug-loaded NPs
was tested against MCF-7 cell line (purchased
from the National Centre for Cell Science, Pune)
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay
[34]. The MCF-7 cell lines were selected for
cytotoxicity studies because they over-express
the folate receptor in abundance and therefore
MCF-7 cell lines may be the best model for
testing targeting potential for folic acid-
modified NPs. MCF-7 cells (104 cells/well) were
cultured in 96-well plates and incubated for 24
h. The incubation was performed in Dulbecco's
Modified Eagle Medium (DMEM) supplemented
with 10% FBS and 1% antibiotic solution at 37 °C
in a 5% CO. atmosphere.

Cells were exposed to several formulation
concentrations the following day. After a 24 h
incubation period, the cells were exposed to
250 pg/mL of MTT reagent and maintained for
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a further 2 h. Thereafter, 100 uL of DMSO was
introduced to the cell matrix, and absorbance
was recorded at 540 and 660 nm using an
Enzyme-Linked Immunosorbent Assay (ELISA)
plate reader. The resulting supernatant was
finally removed. The IC,  value of the samples
was estimated using GraphPad Prism software
(v6). Finally, an AmScope digital camera (10 MP
Aptima CMOS) was used to obtain images using
an inverted microscope (Olympus ek2). All the
studies were performed in triplicate (n = 3, mean
+ SD).

Results and Discussion

FA was selected as a targeting ligand due to
its high affinity for FR, which are frequently
overexpressed on colorectal cancer cells,
thereby enabling site-specific delivery of
anticancer drugs [24,25]. To exploit this
pathway, Chitosan Nanoparticles (CH-NPs)
were synthesized via the ionic gelation method
and subsequently conjugated with FA using
carbodiimide chemistry. The formulations were
systematically optimized by varying process
parameters, including polymer-to-drug ratio,
STPP concentration, and stirring speed, to
achieve favorable PS, ZP, EE, and morphology.
The optimized formulation parameters included
a polymer concentration of 1.2 mg/mL, STPP
concentration of 0.9 mg/mL, stirring speed of
1500 rpm, and crosslinking time of 2 h, which
yielded stable FA-CH—-PAC nanoparticles with
desirable physicochemical properties.

FTIR Spectral Analysis

The purpose of the FTIR investigation was to
examine the structural integrity of the functional
groups found in the API in conjunction with
other NP formulation components (Figure 3).
Functional groups, namely N-H, C=0, H-C-H,
and CONH, were represented by the different
significant peaks for PAC (Figure 3a), which
were obtained at 3394, 1971, 2976-2089, and
1614 cm™, respectively. Another, a peak at

| Pooja KM, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2246
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1338 cm™ represent the structure of the ester
bond; on the other hand, the peak at 1053
cm™ correspond to the C-N functional group.
Moreover, the spectrum also detected some
peaks of aromatic bonds like 1605, 1056, 710,
and 839 cm™, however, these peaks were away
from the observed peak. Thorough spectrum
analysis of PAC confirmed its pure form.

For CH (Figure 3b), the broadband vibration
peaks were recorded at 3699, 2880-2212, 1558,
and 1320 cm™ for NH/OH (stretching vibration),
C-H, C=0, and C-N (amide-III oscillation),
respectively. Strong absorption peaks were also
detected at 1087 cm™, which is due to C-0-C
vibration. The FTIR spectrum of FA (Figure 3c)
exhibited intense peaks at 3910, 1694, 1605,
and 1484 cm1, which are attributable to the
N-H and C=0 stretching of the amino group
in the pteridine ring, along with C=C and C=N
vibrations of FA. FA-CH conjugation was
confirmed by thorough analysis of significant
differences in recorded peak values of FA-
CH conjugates and CH polymer (Figure 3d). A
notable difference was recorded among peak
values of CH as well as FA-CH. Furthermore,
the absorption peak at 3910 cm™ becomes more
intense when the vibrations of the OH & N-H
functional groups coincide. Additionally, peaks
at 1694 and 1484 cm™ vanished, while two new
peaks were recorded at 1723 and 1012 cm?,
corresponding to C-N vibration. Eventually, the
absorption peak of the amide group in CH shifted
from 1598 cm™ to 1484 cm™, coinciding with the
absorption peak of the newly created C-N bond.

Similarly, FTIR analysis of CH-PAC-NPs
revealed a strong absorption band at 3394
cm ! (Figure 3e), indicative of the presence of
NH/OH functional groups. Moreover, the C—H
stretching peaks of CH were absent in CH-PAC,
while the C=0 peak shifted to 1534 cm and the
C—N peak shifted to 1315 cm1, which indicates
that CH-PAC-NPs were completely cross-linked
and the active drug PAC was present in the
formulation. The CH, peak of PAC disappears in
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the CH-PAC spectrum. On the other hand, some
peaks, like 1694 cm*were replaced by 1693 cm™!
for CONH; a peak at 1971 cm™ is replaced by 1987
cm™ for C=0, and a peak at 1338 cm™ is replaced
by 1315 cm* for the ester bond of the CH-PAC-
NPs formulation.

The strongest peak was observed at 3910
cm/1012 cm™, for NH/OH groups in the case
of the FA-CH-conjugated polymer. However,
this peak was replaced by 3717 ¢cm/1033 cm™
in formulation FA-CH-PAC-NPs (Figure 3f). In
the FA-CH-PAC-NPs formulation, the PAC CH.
peaks shifted from 2920 to 2820 cm1, the C=0
peak was observed at 1972 cm1, but the C-N
peak for the CONH group was not confirmed.
This means that the FA-CH-PAC-NPs were
slightly less cross-linked compared to the CH-
PAC-NPs of the formulation and have less PAC
drug incorporated compared to CH-PAC-NPs.

DSC Study

DSC was employed to confirm drug-polymer
interactions in nanoparticles. Furthermore,
this could help determine the melting point and
extent of crystallinity of the drug in developed
NPs and their components [28,33]. Figure 4
shows the DSC curves recorded for different
samples, namely PAC, CH, FA, CH-PAC-NPs,
and FA-CH-PAC-NPs.

PAC (Figure 4a) showed its crystalline nature,
which can be confirmed by an endothermic peak
corresponding to a melting point value at 220 °C.
The polymer CH showed a sharp endothermic
peak representing its melting point at 77.78-
80.44 °C (Figure 4b). The DSC curve of ligand
FA (Figure 4c) shows a characteristic peak at
163.31°C.

On the other hand, no crystalline
characteristic peak of drug was detected in the
formulations, suggesting that PAC exists as an
amorphous form in the formulations (i.e., CH-
PAC-NPs and FA-CH-PAC-NPs).
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Figure 3 FTIR spectrum of (a) PAC, (b) CH, (c) FA, (d) FA-CH Conjugate, (e) CH-PAC-NPs, (f) FA-CH-PAC-NPs.

The peak of CH-PAC-NPs and FA-CH-PAC-
NPs is slightly shifted to lower temperatures
of 98.11 °C and 98.14 °C. It has been shown that
when the drug is incorporated into NPs, the
ordered position of the polymer is disturbed,
which can reduce the crystallization property of
drugs [27,33].

PS, ZP, and Surface Morphology

An average PS of CH-PAC-NPs was recorded
tobe 230 + 6 nm, whereas the PSvalue of FA-CH-
PAC-NPs was confirmed to be 299 + 10 nm, as
shown in table 3 and figures 5(A,B), respectively.
As indicated in table 3, the Polydispersity Index
(PDI) for CH-PAC-NPs and FA-CH-PAC-NPs
was determined to be 0.284 + 0.06 and 0.353 +
0.04, respectively. The importance of the small
size of NPs lies in their ability to easily evade

leaky tumor vasculature and accumulate in
the tumor area, where they can exert cytotoxic
effects on actively growing cells [34].

The ZP of CH-PAC-NPs and FA-CH-PAC-NPs
was determined tobe 15.6 + 0.7 mV and 4.9 + 0.4
mV. However, there was a decrease in ZP when
FA-CH-PAC-NPs was compared with CH-PAC-
NPs (Figures 6(a,b), Table 3). After conjugation
with FA, a decrease in the ZP value was also
observed in other studies [35-37]. The ZP value
(4.9 + 0.4 mV) of FA-modified CH-NPs suggests

Table 3: Physicochemical characterization of CH-PAC-NPs
and FA-CH-PAC-NPs (Mean + S.D., n = 5).

Formulation Size ZP %Drug
. %EE
code (nm) (mV) loading (DL)
230 156+ 0.284% 83.50 +
CH-PAC-NP 90.21+1.6
° 16 07 006 2.8
FA-CH-PAC- 299+ 49+ 0.353% 76.50 +
80.52+2.4
NPs 10 0.4 0.04 3.6
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Figure 4 DSC spectrum of (a) PAC, (b) CH, (c) FA, (d) CH-PAC-NPs, (e) FA-CH-PAC-NPs.

that FA binds to CH quite strongly. The positive
value could be explained by the free positive NH,
groups present in CH molecules. The positively
charged ZP facilitates passage through the
negatively charged cancer cell membrane.
The stability of colloidal aqueous dispersions
can be predicted using the ZP value, which
represents the repulsive interactions between
suspended particles. TEM images of developed
formulations, i.e., CH-PAC-NPs and FA-CH-
PAC-NPs (Figures 7(A,B)), display smooth and

spherical surfaces of the NPs. The size of FA-
CH-PAC-NPs was observed to be somewhat
larger than that of CH-PAC-NPs, according to
TEM images.

% Drug Loading (DL) and %EE

%DL of CH-PAC-NPs and FA-CH-PAC-NPs
wasfoundtobe 90.21% and 80.52%, respectively.
However, the drug's EE in the formulations
CH-PAC-NPs and FA-CH-PAC-NPs was
found to be 76.50% and 83.50%, respectively.
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Polymer solutions (Chitosan and FA-CH)
showed no absorbance at 228 nm, confirming
no interference in paclitaxel quantification.
The addition of FA to CH molecules neutralized
some of the positive charges on the amino
groups. This weaker attraction between the CH
and the drug resulted in a lower %EE for the NPs
[38]. As a result, it was clear that the %EE was
significantly influenced by the amount of FA
conjugations present in the mixture (Table 3).In
vitro Drug Release

PACreleasesfromdifferentnanoformulations,
such as CH-PAC-NPs, FA-CH-PAC-NPs, and
pure drug PAC, were measured In vitro at pH
7.4 using a Franz diffusion cell. The amount
of PAC released after 24 h was measured, and

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issn: 2766-2276

percentages weret ale found to be 97.20%,
57.65%, and 68.88% for pure PAC, CH-PAC-
NPs, and FA-CH-PAC-NPs, respectively. After
the first 2 h at pH 7.4, 10.21% and 11.26% of
PAC were released from CH-PAC-NPs and FA-
CH-PAC-NPs, respectively. There was minimal
variation in discharge pattern between these
two formulations, as can be shown in figure 8.
Following the first release at pH 7.4, PAC was
released continuously for up to 24 h. Initial
release may have been caused by weakly bound
drugs on the surface of NPs.

According to these In vitro results, the FA-
decorated NPs exhibit a typical controlled
release process of PAC. The drug was discharged
from the FA-conjugated NPs at a remarkably
high rate, although not as fast as the pure drug

(39].

In vitro Cytotoxicity

The percentage of cell death was presented in
figure 9 in response to the cytotoxicity effect of
two formulations, i.e., free drug (PAC) and FA-
CH-PAC-NPs, against MCF-7 cells. After the
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Figure 8 Release profile of drug PAC, CH-PAC-NPs, and FA-CH-PAC-NPs.
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Figure 9 Graph showing percentage inhibition at different concentrations using MTT assay against MCF-7 cells.

(a) PAC and (b) FA-CH-PAC-NPs.

MTT assay, findings advocated the inhibitory
effect of FA-CH-PAC-NPs against MCF-7 cells
was more effective compared to free PAC. The
IC,, values, representing the concentration at
which 50% of cell growth was inhibited, were
135.74 + 0.053 pg/ml for PAC and significantly
lower at 42.72 + 0.132 pg/ml for FA-CH-PAC-
NPs. This substantial reduction in IC50 values
implies that the incorporation of FA enhances
the anticancer efficacy of PAC. This points
towards the potential of FA-CH-PAC-NPs as
an effective strategy for improving therapeutic
outcomes in cancer treatment.

Conclusion

10. The study successfully developed
paclitaxel-loaded chitosan nanoparticles (CH-
PAC-NPs) and folic acid-conjugated chitosan
nanoparticles (FA-CH-PAC-NPs) utilizing
the ionic gelation method. An average PS and
ZP of optimized FA-conjugated formulations
were 299 nm and 4.9 mV, respectively, and the
excellent drug EE was 83.5%. Eventually, the
% PAC released from pure PAC, CH-PAC-NPs,
and FA-CH-PAC-NPs was found to be 97.20%,
57.65%, and 68.88%, respectively, after a 24
h study period. Studies of In vitro drug release
revealed prolonged paclitaxel release; FA-CH-
PAC-NPs demonstrated increased drug release

at colon pH (7.4), which made them appropriate
for colon-targeted delivery. The IC50 values,
representing the concentration at which 50%
of cell growth is inhibited, were 135.74 + 0.053
pg/ml for PAC and significantly lower at 42.72
+ 0.132 pg/ml for FA-CH-PAC-NPs. The FA-
CH-PAC-NPs demonstrated selective uptake
by colon tumor cells due to FR targeting.
Cytotoxicity studies revealed that FA-CH-PAC-
NPs (IC50 = 42.72 + 0.132 pg/ml) were more
effective than free PAC (IC50 = 135.74 + 0.053
pg/ml). Their ability to sustain drug release
and target tumor cells makes them a potential
candidate for adjunct chemotherapy in colon
cancer treatment.
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