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ABSTRACT:

Lung cancer is the most frequently diagnosed cancer globally, with an estimated 2.2 million new cases in 2020. It is a
major cause of cancer-related mortality, accounting for roughly 1.8 million deaths each year. The disease is categorized
into two main types: non-small cell lung cancer (NSCLC), which is more common and typically develops at a slower
rate, and small cell lung cancer (SCLC), which is less common but grows and spreads more quickly.

The leading risk factor for lung cancer is smoking, which is responsible for approximately 85% of all cases. Passive
smoking, or exposure to second-hand smoke, is also a well-established risk factor. Additionally, air pollution, particularly
fine particulate matter (PM2.5), significantly increases lung cancer risk. Exposure to hazardous substances, such as
asbestos and radon, further increases the likelihood of developing the disease. Occupational exposure to carcinogens
contributes to an estimated 9—15% of lung cancer cases. Research also highlights a potential link between lung cancer
and viruses, such as human papillomaviruses (HPV).

The primary prevention strategy for lung cancer is tobacco control and smoking prevention. Lung cancer screening with
low-dose computed tomography (LDCT) can reduce mortality by detecting cancer early. Approximately 90% of lung
cancer patients initially present with non-specific symptoms, such as cough, weight loss, chest pain, and dyspnea, often
causing diagnostic delays.

Basic diagnostic procedures include medical history and clinical examination, Laboratory tests (blood count, liver and
kidney function, coagulation, electrolytes), Chest X-ray (initial imaging), Spiral CT of the thorax (contrast-enhanced),
Bronchoscopy, Abdominal ultrasound

Treatment depends on the cancer type and stage, involving surgery, radiation, chemotherapy, targeted therapy, and
immunotherapy. Early-stage NSCLC with complete tumor resection has improved 5-year survival rates, with up to 72%
survival in stage IA. However, 60-70% of SCLC cases are diagnosed at advanced stage IV, with a 5% two-year survival
rate.

Carbon nanotubes (CNTs) offer a cutting-edge approach to lung cancer treatment by enabling precise drug delivery,

reducing side effects, and targeting cancer cells while sparing healthy tissue. Their nanoscale size ensures deep tumor
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penetration, while their multifunctional capabilities support combination therapies and photothermal treatments. CNTs
also overcome drug resistance, facilitate real-time monitoring, and enable early intervention, making them a promising
tool for improving outcomes and quality of life in lung cancer patients.

This study aimed to target lung cancer cells, to reduce the overall toxicity of the cytotoxic drugs.
KEYWORDS: Lung cancer, MWCNTs, Apoptosis, Chemotherapy, Carcinoma
INTRODUCTION :

Background

Lung cancer remains one of the most prevalent and fatal cancers globally, necessitating innovative treatment strategies
to enhance therapeutic efficacy while minimizing harm to normal tissues (V. Targeting cancer cells using nanotechnology
has gained significant attention®, particularly the use of multi-walled carbon nanotubes (MWCNTSs) due to their unique
properties such as high surface area, thermal conductivity, and capacity for functionalization .

One promising approach involves functionalizing MWCNTs with folic acid (FA) ligands". Folic acid is a well-known
targeting agent because many cancer cells, including lung cancer cells, overexpress folate receptors on their surface®.
By conjugating MWCNTs with folic acid, these nanocarriers can selectively bind to and enter cancer cells through
receptor-mediated endocytosis, leaving normal cells largely unaffected®. This targeted delivery significantly reduces
systemic toxicity associated with traditional chemotherapeutic agents”.

Moreover, MWCNTs can be loaded with therapeutic agents, such as chemotherapeutic drugs, and release them in a
controlled manner at the tumor site, further enhancing treatment efficacy ®. The combination of folic acid targeting and
MWCNT-based delivery offers a dual advantage of improving drug bioavailability at the tumor site and minimizing off-
target effects’®. This approach not only enhances the therapeutic index of cancer treatments but also reduces side effects,
improving the overall quality of life for patients.

This innovative strategy represents a significant step forward in precision medicine, leveraging both the specificity of
folic acid targeting and the versatility of MWCNTs to advance lung cancer treatment.

Significance

Targeting lung cancer cells using folic acid-functionalized multiwalled carbon nanotubes (MWCNTSs) represents a
significant advancement in cancer therapy by addressing critical challenges like systemic toxicity and poor specificity 0.
Folic acid ligands ensure precise targeting by binding to overexpressed folate receptors on lung cancer cells, allowing
selective delivery of therapeutic agents!". This reduces damage to healthy tissues and minimizes side effects!!?.
Additionally, MWCNTs offer high drug-loading capacity and controlled release, enhancing therapeutic efficacy while
reducing drug resistance'®. Their multifunctionality enables the integration of imaging and treatment, aligning with the
principles of precision medicine!"”. This innovative approach improves patient outcomes by increasing treatment

success, extending survival, and enhancing quality of life, marking a major step forward in personalized lung cancer care
(15)

MATERIAL AND METHODS/ METHODOLOGY

Research-grade multi-walled carbon nanotubes (MWCNTSs), prepared using the chemical vapor deposition (CVD)
method, were sourced from Shilpent (Shilpa Enterprises). The MWCNTs had a purity of 99% and a CNT content of 95—
99%. Their dimensions were specified as an outer diameter of 5-30 nm and a length of 10-30 micrometers, with a bulk
density of 0.04 g/cm?®. A 10 g pack was used for the study. The Gemcitabine was purchased from B L Chemicals. EDC

3058



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

(1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide) obtained from Sigma Aldrich, and NHS (N-hydroxysuccinimide)
and folic acid obtained from Sigma Aldrich were used in this study. All the ingredients were of Analytical grade.

FUNCTIONALIZATION OF MWCNTSs
To improve the solubility and provide sites for conjugation, MWCNTSs were functionalized:
The following procedure was undertaken to conjugate Gemcitabine to multi-walled carbon nanotubes (MWCNTSs):

Multi-walled carbon nanotubes (MWCNTs) (100 mg) were treated with a mixture of concentrated nitric acid (HNOs, 5
mL) and sulfuric acid (H2SOa4, 15 mL) in a 1:3 volume ratio. The reaction mixture was sonicated for 3 hours at 80°¢-
100°¢ to introduce carboxylic (-COOH) groups onto the MWCNTs. Afterward, the mixture was neutralized by washing
thoroughly with deionized water until a neutral pH was achieved. The oxidized MWCNTs were then dried under a
vacuum at 60°C.

The oxidized MWCNTs (50 mg) were dispersed in 10 mL of MES buffer (0.1 M, pH 6.0) by sonication. EDC (N-(3-
Dimethylaminopropyl)-N'-ethylcarbodiimide, 40 mg) and NHS (N-Hydroxysuccinimide, 25 mg) were added to activate
the carboxylic groups, forming reactive ester intermediates. The solution was stirred for 1 hour at room temperature.
There may be two possibilities MWCNT—(COO—-NHS)n, Which shows complete esterification, and (MWCNT)—[C(O)-
OH]x—[C(O)-ONHS]y which represents some residual -COOH groups.

Folic acid (30 mg) was dissolved in 10 mL of the same MES buffer and added to the activated MWCNTs. The reaction
mixture was stirred at 30°C for 12 hours to allow the formation of stable amide bonds. The MWCNT-FA conjugates
were washed with deionized water several times to remove unreacted folic acid and dried under a vacuum.

The final conjugate can be represented as MWCNT—[CO—NH-Folic Acid]n

MWCNT-FA conjugates (30 mg) were dispersed in 10 mL of phosphate-buffered saline (PBS, pH 7.4). Gemcitabine (10
mg) was added to the dispersion, and the mixture was stirred gently at 4°C for 24 hours to maximize drug loading. The
mixture was dialyzed against PBS using a dialysis membrane (molecular weight 10 kDa) for 12 hours to remove the
unbound drug.

Dialysis and ultrafiltration were performed to remove free molecules, such as unreacted folic acid and unbound
Gemcitabine. The product was washed thoroughly with deionized water and collected as a purified dispersion.

The purified dispersion was frozen at -80°C and freeze-dried to obtain a stable powder form of the MWCNT-FA-
Gemcitabine conjugate, ensuring long-term stability and ease of handling.

Characterization of Gemcitabine loaded MWCNTSs

a) Characterization of Drug Conjugation to MWCNT

IR spectroscopy was conducted according to standard procedures. The Bruker Alpha model, Germany (ATR technique).
IR spectra of pure and functionalized MWCNT were noted from 4,000 to 400 cm—1. The spectra confirm the chemical
bonding of the Gemcitabine to MWCNTs and functionalization, etc.

b) Entrapment efficiency
The amount of drug entrapped in the formulations was calculated by estimating the amount of un-entrapped drug by
dissolving 10 mg powder in phosphate buffer pH 7.4. The obtained solution was assayed spectrophotometrically at 268
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nm for free drug content.

The % entrapment efficiency was determined spectrophotometrically (UV/Vis 1600, Shimadzu, Japan) at 268 nm
(characteristic absorbance of GEM) using the following formula:

% Entrapment Efficiency = Weight of entrapped GEM in formulation/Weight of entrapped GEM + free GEM X 100

¢) Drug content

The drug content of the Gemcitabine-loaded MWCNT was analysed by dissolving the formulation in an appropriate
amount of phosphate buffer (pH 7.4) with the assistance of an ultra-sonicator. The drug content was measured at a
wavelength of 268 nm using a Shimadzu 1600 spectrophotometer (Japan).

d) Particle size determination

The Dynamic Light Scattering (DLS)

The Dynamic Light Scattering (DLS) method is a widely used technique for determining the average particle size in a
sample !9, It measures the fluctuations in the intensity of scattered light caused by the Brownian motion of particles in
a suspension. By analyzing these fluctuations, the hydrodynamic diameter of the particles can be calculated, providing
information about the particle size distribution 7).

DLS (Dynamic Light Scattering) which represented the average size of multi-walled carbon nanotubes (MWCNTs). The
mean size was found to be 70 nm, while the Gaussian-like curve illustrates the relative intensity versus particle size.

e) Mass spectroscopy

Mass spectrometry (MS) is a powerful analytical technique used to identify and quantify molecules based on their mass-
to-charge ratio (m/z) ®- It has a wide range of applications across various fields, including Chemical Identification
determining the molecular structure and composition of organic and inorganic compounds ).

f). Zeta potential

Zeta potential is a measure of the electrical potential at the interface between a particle and its surrounding liquid, playing
a key role in the stability of colloidal systems®?., High zeta potential values indicate strong electrostatic repulsion
between particles, preventing aggregation and ensuring stability, while low values can lead to particle clumping ?"- It is
widely used in applications such as drug delivery, where it helps assess the stability and behaviour of nanoparticles, as
well as in industries like cosmetics, food, and wastewater treatment. Zeta potential is typically measured using
electrophoretic light scattering and is crucial for optimizing formulations and processes in various fields 2"

g). X-Ray Diffraction XRD

X-Ray Diffraction (XRD) is an analytical technique used to study the structure, composition, and physical properties of
materials at the atomic or molecular level®. It is based on the diffraction of X-rays when they interact with the regular
arrangement of atoms in a crystalline material >, XRD of Pristine MWCNTs and drug-loaded MWCNTs was performed.
h) Raman Spectroscopy

Raman spectroscopy is a powerful, non-destructive analytical technique that provides valuable insights into molecular
structure, composition, and interactions¥. It identifies functional groups and molecular bonds by analyzing vibrational
modes and distinguishes between chemical compounds through unique vibrational fingerprints®®. Raman spectrum of
Pristine Vs Folic acid conjugated MWCNTs, Folic acid conjugated MWCNTs and MWCNTs-FA/ Gemcitabine was
determined.

RESULT AND DISCUSSION:

Functionalization of CNTs and drug loading

The MWCNTs were acid treated for functionalization (-COOH) group was confirmed by FTIR, after which FA was
attached as ligand and then the drug was loaded using non-covalent bonding.

IR spectroscopy

The pure MWCNT has no obvious characteristic absorption peaks. The spectra of MWCNT indicated intensive bands at
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ideal wavelengths shown in (figure 1).
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FTIR Spectrum of Drug-Loaded MWCNTs Conjugated with Folic Acid
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Figure 1. IR spectroscopy of (A) pristine MWCNT & (B) functionalized MWCNT-COOH (C) MWCNTs-FA (D)
MWCNTs-FA/Gemcitabine

Observed FTIR Regions

Broad O-H/N-H Stretching: ~3200-3600 cm™ (indicates hydrogen bonding and the presence of hydroxyl and amine
groups).

C=0 Stretching: ~1650-1750 cm™ (indicates carbonyl groups from folic acid and gemcitabine, as well as conjugation
evidence).

Amide Bands: ~1650 cm™ (amide I) and ~1550 cm™ (amide II) indicating folic acid is covalently linked.

C-H Stretching: ~2800-3100 cm™ (aliphatic and aromatic groups).

C-N and C-O Stretching: ~1000-1350 cm™ (amines and hydroxyl groups).

Characterization of Gemcitabine loaded MWCNTSs Entrapment efficiency

Encapsulation efficiency

Encapsulation efficiency for MWCNT-FA/Gemcitabine was a little less than theoretical i.e. 98.50%.

Drug content

The drug content of the MWCNT-FA/Gemcitabine was 98.67 &+ 0.32 % w/w.

Particle size determination

The particle size of an MWCNT-FA/Gemcitabine was 70 nm as depicted in (figure 4). graph showing a particle size
distribution centered around 70 nm.
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Figure 2. Particle size determination of MWCNT-FA/Gemcitabine

Dynamic Light Scattering (DLS) analysis revealed that the average size of the multi-walled carbon nanotubes
(MWCNTs) was 70 nm. The Gaussian-like curve represents the relative intensity as a function of particle size, providing
a clear visualization of the size distribution.

Mass spectroscopy

Results for the MWCNT group showed the peak near 200 m/z represents fragments from oxidized MWCNTs.

The peak around 441 m/z corresponds to folic acid.

The peak around 600 m/z is indicative of the conjugated complex.

Successful conjugation is confirmed by the spectrum
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Figure 3. Mass spectroscopy of (A) Functionalized MWCNT (B) MWCNT-FA/Gemcitabine

Zeta Potential

MWCNTs with carboxyl groups exhibited a zeta potential of -50 mV in water at neutral pH.

The zeta potential shifted closer to neutral due to the introduction of zwitterionic or neutral groups, typically around -30
mV, after folic acid conjugation.

Gemcitabine's positive charge partially neutralizes the negative charge, the zeta potential shifted toward neutrality,
potentially in the range of -5 mV after Gemcitabine drug loading. Reflects a Gaussian spread around the mean due to
natural variations in surface properties. A stronger shift toward neutrality observed due to higher gemcitabine loading.
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Figure 4. Zeta Potential of MWCNTs-COOH, MWCNTs- Folic acid, and MWCNTs-FA/Gemcitabine

X-ray diffraction of MWNTs

The crystallinity and structural planes of the synthesized carbon nanotubes (CNTs) were analysed using XRD. Figure 5
showcases the XRD pattern of purified CNTs, revealing diffraction peaks at 26.05° and 43.53°, which correspond to the
(002) and (100) reflection planes, respectively.

XRD Pattern for Pristine MWCNTs
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Figure 5 XRD of Pristine MWCNTSs and drug-loaded MWCNTSs

These peaks are characteristic of the hexagonal graphite structure associated with carbon nanotubes. Additionally, the
XRD pattern indicates that the synthesized CNTs possess a high degree of crystallinity with minimal amorphous carbon
and impurities.

Broadening and slight shifting of the 26° peak due to carboxylation.

Folic acid contributions with weak peaks around 12° and 18°.

Gemcitabine contributions with broader peaks near 15° and 22°.

This composite pattern reflects the structural modifications and interactions from functionalization and drug loading.
The XRD analysis confirmed that the seamless tubular structure of the nanotubes remained unchanged and was consistent
with both pristine and purified nanotubes.

Raman Spectroscopy

This method can determine the crystallinity of materials, differentiate between amorphous and crystalline states, and
identify polymorphic forms®?. It is also useful for assessing stress and strain in solids, polymers, and thin films. Widely
applied in industries such as pharmaceuticals, semiconductors, and polymers, Raman spectroscopy is essential for
material characterization and the identification of unknown substances %,
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Comparative Raman Spectrum of MWCNTs (Pristine vs. Acid-Treated + Folic Acid)
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Figure 6 Raman spectrum of Pristine Vs Folic acid conjugated MWCNTs, Folic acid conjugated and MWCNTs-
FA/ Gemcitabine

The Raman spectrum of folic acid-conjugated multiwalled carbon nanotubes (MWCNTSs) typically exhibits several
characteristic peaks. The D band, around ~1350 cm™, signifies structural disorder in the carbon nanotubes, while the G
band, near ~1580 cm™, represents the graphitic structure of the MWCNTs. Additionally, peaks within the range of
~1600-1700 cm™ are associated with the molecular vibrations of folic acid, including C=O stretching and aromatic ring
stretching modes. These features collectively confirm the successful conjugation of folic acid to the MWCNTs and
provide insight into the structural and chemical properties of the material.

When gemcitabine is loaded onto acid-treated, folic acid-conjugated multiwalled carbon nanotubes (MWCNTs),
significant changes are observed in the Raman spectrum, reflecting both the structural modifications of the MWCNTs
and the addition of gemcitabine. The D band, typically around ~1350 cm™, shows increased intensity due to defects
introduced during acid treatment and functionalization. The G band, around ~1580 cm™, which represents the graphitic
structure of the MWCNTSs, may experience slight shifts or changes in intensity due to the interaction with folic acid and
gemcitabine. The peak at ~1650 cm™, characteristic of folic acid (aromatic and C=0 stretching vibrations), may either
shift or decrease in intensity because of gemcitabine binding.

Additional peaks emerge due to gemcitabine. A distinct peak around ~750 cm™ corresponds to sugar vibrations or C-Cl
stretching in gemcitabine. Vibrational modes of gemcitabine's functional groups, such as C-N or C=0 bonds, appear
around ~1250 cm™, while aromatic ring vibrations contribute a peak near ~1450 cm™. Overall, the spectrum may exhibit
slight broadening and increased noise due to the complex interactions between the MWCNTs, folic acid, and gemcitabine
molecules. These changes collectively provide a clear spectral signature of the successful loading of gemcitabine onto
the functionalized MWCNTs.

CONCLUSION:

The acid treatment, folic acid conjugation, and subsequent gemcitabine loading onto MWCNTs were successfully
achieved. The functionalized MWCNTs retained their structural integrity, as confirmed by XRD and Raman
spectroscopy, while FTIR, mass spectroscopy, and zeta potential analyses provided robust evidence of effective chemical
modifications and drug incorporation. These results collectively demonstrate the potential of the functionalized
MWCNTs for targeted drug delivery applications.
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