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Abstract

Rapidly evolving drug delivery systems employ
therapeutic agents (liposomes, polymers, and
nanospheres) to achieve optimum therapeutic
and targeted effects with declined side effects
to cure chronic diseases like cancer. Nano-
formulation of a natural product i.e., Caralluma
tuberculata (Ct) extract, has been used as an
effective combinational therapy with enhanced
biocompatibility owing to its strong anti-
oxidant, anti-inflammatory, anti-bacterial, and
anti-tumor potential. Ct extract was prepared
using three solvents (EtOH, MeOH, and
CHCI,) amongst which methanolic Ct extract
exhibited the highest percentage yield (9.6%).
Qualitative  phytochemical screening, thin
layer chromatography (TLC), and antioxidant
assays (DPPH assay and H,O, assay) were
performed. The percentage free radical
scavenging values were found to be 86.25%
(IC,,=140.1 pg/ml) and 88% (IC,=14.22 pg/
ml) at 1000 pg/ml concentration for both

assays respectively. Methanolic Ct extract was
then encapsulated in chitosan-tripolyphosphate
(CS-TPP) nanoparticles using ionic gelation
method with an encapsulation efficiency of
87%. Characterization showed uniform size
distribution of 140 nm particle size using
DLS and encapsulation of Ct extract inside
CS-TPP nanoparticles was confirmed by UV
spectrophotometry and FTIR. Ct loaded CS-
TPP nanoparticles showed less than or equal
to 5% hemolytic activity at concentrations of
15.62 ug/ml, 31.25 pg/ml, 62.5 pg/ml, and
125 pg/ml, suggesting its safer usage at lower
concentration. Rhodamine conjugated Ct loaded
CS-TPP nanoparticles showed significant uptake
efficiency in breast cancer cells compared to
control. Ct extract and the nanoformulation were
treated against triple negative breast cancer cell
lines (CAL-51) for the evaluation of cytotoxicity
exhibiting 30-40% (IC,=122.3 pg/ml) and up to
75%(1C,,=14.39 ug/ml) cytotoxicity respectively.
The study paves way for the encapsulation of
medicinal plants in polymeric nanoparticles to
achieve safer and highly efficient drug delivery
systems.
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Introduction

Nano-delivery systems are a rapidly evolving
science in which molecules are used for the
efficient and targeted delivery of therapeutic
agents to achieve optimum therapeutic effects
[1]. The encapsulated therapeutic agents of
varying nature and properties, such as liposomes,
polymers, micelles, and nanospheres, are
prepared to enhance the therapeutic effect and
minimize the adverse side effects associated
with other drugs. The targeted and site-specific
drug delivery approach is employed to treat
many chronic human diseases [2].

Nanostructures are preferred as the carrier in the
drug delivery systems because these substances
tend to stay in the circulatory system for a longer
period of time. Also, the drug release at the site of
interest is controlled and specified. Resultantly,
the adverse side effects can be circumvented.
The extremely small size of these drug carriers
enables them to penetrate through the tissues
and be easily taken up by the cells at the target
site, thus entertaining an efficient delivery
system [3,4]. The efficacy and efficiency of
these structures may vary according to their
size, conformation, biophysical and chemical
characteristics. Polymeric nanoparticles, for
example, have proven to be efficient drug
carriers owing to their size i.e. 10 to 1000 nm
[5]. Studies show that targeted drug therapy
through nanoparticles is a notable approach in
reducing the problem of recurrence and drug
side effects reportedly associated with different
cancer therapies [6,7].

Synthesis of nanoparticles from natural sources
for different therapies embraces many benefits
such as biodegradability, biocompatibility and
bioavailability. These nanoparticles, due to their
low toxicity, bioavailability and stability are
used as nano carriers for the drug encapsulation
and drug delivery against different cancer cells
[8]. Biocompatible nanoparticles are preferred
since they deliver the drug to its targeted tumour
cell and offer less cytotoxicity [9]. Different
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nanoformulations in the form of liposomes,
polymers and nanoemulsions are widely used
for the delivery of the drug to its target [1,10].
Chitosan, a biopolymer has gained interest as
a nano carrier because of its biocompatibility,
biodegradability and non-toxicity. According
to reported studies, chitosan nanoparticles (CS-
NPs) are also successfully tested in different
in vitro and in vivo studies in case of cancer
[11,12]. Application of CS-NPs to the tumour
cells enhances the chance of uptake of drug
carrier by the cells [13,14]. It also helps them in
targeted delivery of drug to the cancer cells due
to their stability for longer time in blood stream
without any structural changes [15].

Caralluma tuberculata (Ct) is a medicinal
plant belonging to the family Apocynaceae,
present in abundance across South Asia, Africa
and Middle East [16]. The vernacular name
for Ct is “chunga” or “chung” and is eaten as
a vegetable in Punjab and Khyber Pakhtun
Khwa, Pakistan. The characteristic features
of Caralluma species is the absence of leaves
and a fleshy stem with grooves on it [17]. The
4-angled stem is erect with small, dark-colored
flowers on it [18,19]. Ct constitues a wide range
of phytochemicals including cardiac glycosides
(pregnane glycosides; C, chain), steroids,
saponins, flavonoids and phenols [20]. Plants of
the Caralluma genus have been of wide interest
to the researchers owing to its strong medicinal
properties such as anti-inflammatory, anti-
tumor, anti-oxidant, anti-arthritic, as well as
analgesic activity [21].

A study performed by Ahmed et al., 2015
concluded that methanolic extracts of Ct have
cytotoxic effect against different types of cancer
cells. Ethanolic extract of Caralluma species
has been found to have significant cytotoxic
effect against colon and lung cancer cells
[22,23]. Various pregnane glycosides isolated
from Ct extracts show cytotoxic effect when
tested against different human cell lines [24].
Ethyl acetate extract of Ct has proven to be the
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most effective anti-proliferative agent against
breast cancer cells. It has been established that
this apoptotic effect is due to the presence of
pregnane glycosides so this plant could be used
in the formulation of anti-cancer drugs [25,26].
Moreover, studies conducted to check the acute
and chronic toxicity of various concentrations
of Ct extracts on albino mice over a period
of 90 days have shown that these extracts are
completely non-toxic (safe) and biocompatible.
No growth inhibition or development retardation
was observed [27]. Numerous studies have
established that cardiac glycosides have the
potential of inducing apoptosis in cancer cells
by elevating the intracellular Ca*" levels,
since these phytochemicals are responsible for
inhibiting Na"/K* ATPase pathway [28]. Studies
have established that altering the intracellular
both cell
proliferation and cell death, in ovarian, prostate,

calcium homeostasis affects

brain and breast cancer cells [29]. This could be
explained by the underlying mechanism i.e.,

@ (b)
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the interaction of tumor necrosis facror (TNF),
related to Ca?" levels in the cell, with the death
receptor (DR4) inducing tumor cell death [30].

The purpose of this study was to prepare chitosan
nanoparticles encapsulating Ct, and check
its cytotoxicity via MTT assay against triple
negative triple negative breast cancer cells. For
this purpose, we have performed the qualitative
phytochemical screening of the methanolic Ct
extract and evaluated its antioxidant potential.
The nano-formulation synthesis was confirmed
by UV-Vis spectrophotometer, Fourier-
transform infrared spectroscopy (FTIR),
particle imaging, particle size and zeta potential
measurement. Fluorescence intensity was also
determined to assess the loading of Rhodamine
dye in the formulation. The biocompatibility of
the prepared nanoparticles was checked via the
haemolytic assay prior to exposure followed by
evaluation of anticancer effect on breast cancer
cells.

(c)

Figure 1) Preparation of Ct extract by maceration method (a) Collection and drying (b) 90g grinded powder in

airtight bag (c) Powdered 30g in each autoclaved reagent bottle (d) Reagent bottles placed on shaker (e) Filtration of

solvents (f) Prepared extracts stored in Eppendorf tubes (Methanol, Chloroform and Ethanol extractThe percentage

yield of all the prepared Ct extracts was calculated by the following formula:Percentage Yield=(Crude extract weight)/

(Dry plant weight) % 100.
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Material and Methods
Materials

The chemicals used during the study are
mentioned in supplementary data.

Plant Collection and Extraction

The plant Ct N. E. Brown was collected from
Quetta, Balochistan, Pakistan in November
2019. The plant material was identified and
authenticated (ITUDES 1102) by Dr. Muhammad
Ibrar Shinwari, Associate Professor, Department
of Environmental Sciences, International
Islamic University, Islamabad. The extraction
procedure is mentioned in supplementary data
and represented in Figures 1a to 1f.

The percentage yield of all the prepared Ct
extracts was calculated by the following
formula:

Percentage Yield=(Crude extract weight)/(Dry
plant weight) < 100

Qualitative Phytochemical Tests

Ct extract solution (2 mg/ml) was prepared
in methanol and screened for qualitative
phytochemicals tests to check the presence
of phenols, glycosides, steroids,
flavonoids, tannins and terpenoids according to a
previously described protocol [31,32], with few
modifications. Similar assays were performed
for the Ct loaded nanoparticles synthesized
through procedure stated further.

cardiac

Thin Layer Chromatography (TLC)

Thin Layer Chromatography was employed to
analyse the various classes of phytochemicals
(flavonoids, cardiac glycosides, steroids) present
inthe Ctextractfollowingapre-suggested protocol
[33]. The detailed procedure for flavonoids and
their glycosides, cardiac glycosides and steroids
is mentioned in supplementary data. Different
classes of aforementioned secondary metabolites
were tested later on by measuring the Rf values
of the obtained bands after using different
visualizing agents.
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Antioxidant Assays

DPPH (1, 1-diphenyl-2-picryl-hydrazyl) free
radical scavenging assay

The DPPH free radical scavenging assay was
carried out by using the standard procedure as
described earlier [34,35] with a few changes.
The procedure of DDPH assay is stated in
supplementary data. Antioxidant capacity was
determined by the following formula:

Inhibition (%)=(Abs of control-Abs of sample)/
(Abs of control) x 100

Hydrogen peroxide radical scavenging assay

The capacity of the Ct extract to quench H,O,
was evaluated by conducting the experiment
according to [36] with slight modifications.
The detailed procedure is mentioned in
supplementary data. The scavenging ability of
H,0, was calculated using the formula:

Inhibition (%)=(Abs of control-Abs of sample)/
(Abs of control) x 100

CS-TPP nanoparticle synthesis

CS-TPP  nanoparticles synthesized
employing the ionic gelation method [37].
Briefly, chitosan was dissolved in 1% acetic
acid solution to prepare 0.1% chitosan solution
under magnetic stirring at 500 rpm overnight.
The TPP solution (1%) was prepared in distilled
water. Nanoparticle formation was achieved by
the addition of 1ml TPP into 10 ml CS solution.
This mixture was subjected to constant magnetic
stirring (500 rpm) at room temperature for 30
min. afterwards, centrifugation at 10,000 rpm
was done for 1 hour. The pellet was re-suspended
in distilled water three times followed by ultra-
sonication (3 mm probe, Sonics Vibra cell;
Sonics & Material, Inc., USA) at 80% pulser
ratio, 55 seconds ON, 5 seconds OFF. The
sample was lyophilized and kept at 4°C for
further use, as shown in Figure 2a.

WwEre

Ct loaded nanoparticle synthesis

CS-TPP nanoparticles were synthesized
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employing the ionic gelation method [37].
First, 1g of Ct extract was dissolved in Iml TPP
solution (1%). The mixture was added into the
CS solution followed by magnetic stirring for
30min at 500rpm. Centrifugation, washing,
and sonication was performed. The sample
was lyophilized and kept at 4°C, as shown in
(Figure 2b). Encapsulation efficiency (%) was
calculated by the following formula:

Encapsulation efficiency=(Plant added-Plant
encapsulated)/ (Plant added) x 100

Rhodamine conjugated Ct loaded
nanoparticle synthesis
Ct loaded CS-TPP nanoparticles were

synthesized employing the ionic gelation
method. Rhodamine green dye was conjugated
with the nanoparticles. Stock solution (1 pg/ml)
of rhodamine green was prepared. First, 1g of
Ct extract was dissolved in 1ml TPP solution
(1%) followed by addition of 10ul rhodamine
green dye. The mixture was then added into the
chitosan solution followed by magnetic stirring
for 30min at 500rpm. Centrifugation, washing,
and sonication was performed. The sample was
lyophilized and kept at 4°C for use.

Characterization of nanoparticles

For characterization of synthesized
nanoparticles, Dynamic Light Scattering
(DLS), Cell imaging, FTIR analysis and the UV
spectrophotometry were used, and its details are
mentioned in supplementary data.

Biocompatibility study

In vitro haemolytic assay for Ct extract and Ct
loaded CS-TPP nanoparticles was performed
following the protocol explained earlier [38,39],
with slight modifications. Fresh blood (5cc) was
derived from a human volunteer and collected
into a sterile vacutainer. Centrifugation was
done at 14000rpm for 10min at 4°C to separate
the plasma. The Eppendorf was washed three
times with phosphate-buffered saline (PBS)
(pH 7.2) solution. The volume was made up
with PBS in a falcon tube such that the blood
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suspension was 2% of the whole volume. A
series of concentrations for each sample were
taken i.e., 15.62 pg/ml to 1000 pg/ml. Equal
volumes of the sample were incubated with
the blood suspension in water bath at 37°C for
lhour. Plasma was collected via centrifugation
at 15000rpm for 10min. The absorbance was
measured at 540 nm using microplate reader
(Model FLx800; Biotek, VA, USA). Triton
X-100 (10%) was kept as positive control. Red
blood cells were kept as the negative control.
The percentage of haemolysis was calculated
using the following formula.

Hemolysis (%)=(Abs of sample-Abs of
negative control)/ (Abs of positive control-Abs
of negative control) x 100

Cellular uptake study

Triple negative breast cancer cells were
collected and seeded in a 24 well plate with
600pl per well and incubated for 24h according
to the protocol [40]. The cells were washed with
PBS thoroughly after removing the media. Ct
loaded CS-TPP nanoparticles with and without
rhodamine dye were diluted with PBS to 100
ng/ml. Nanoparticles (300ul) were added to
each well and incubated for 30min. Afterwards,
the cells were washed with PBS thrice followed
by addition of 4% paraformaldehyde (300ul)
and incubation for 15min to fix the cells. After
removing the paraformaldehyde, staining of the
nucleic acid was achieved by addition DAPI
solution (100ul, 100ng/ml) for 15min. again,
the cells were washed with PBS twice. The
fluorescence of the cells was observed using
cell imager (Evos® FL Cell Imaging System;
Thermo Fisher Scientific, MA, USA).

Cytotoxicity assay

The synthesized nanoformulation was tested for
its anti-cancer activity against triple negative
breast cancer cell lines. The cytotoxicity of the
Ct extract and Ct-loaded CS-TPP nanoparticles
was assessed by performing the MTT assay
[41]. Triple negative breast cancer cell lines
were seeded at a density of 3x10* cells in
Dulbecco’s Modified Eagle Media (DMEM),
supplemented with 10% Fetal Bovine Serum
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(FBS). Further supplementation was done
with penicillin and streptomycin antibiotics.
The cells were maintained at 37°C in 5% CO,
incubator. Trypsinization was performed to
harvest the cells at room temperature. Cells were
exposed to varying concentrations of Ct extract
and Ct-loaded CS-TPP nanoparticles and were
incubated in 5% CO,. An exposure period of 24
hour is given after which 10ul of MTT solution
(5 mg in Iml of PBS) (Sigma Aldrich, USA)
was added to the culture plates. The plates were
then incubated at 37°C for 4 hour. Plates were
analysed using microplate reader microplate
reader (Model FLx800; Biotek, VA, USA) and
the absorbance was measured at 570 nm. The
percentage cell viability was calculated using
the following formula.

Cell Viability (%)=(Absorbance of sample-
Absorbance of blank)/ (Absorbance of control-
Absorbance of blank) x 100

Statistical Analysis

All the experiments were performed in
triplicates. The latest version of Graph Pad
Prism 9.1.0 was used for the statistical analysis.
Data represented as mean + SD and p< 0.05
was considered significant.

Results

Among the three extracts, the methanolic
Ct extract gave the maximum yield of 9.6%

A RS

Steroids (+)

Fhenols (=)

C b L F
-

Terpenoids (=) Flavonoids (+)
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whereas the ethanolic and chloroform Ct
extracts showed a percentage yield of 6.26%
and 4.8% respectively. Hence, the methanolic
Ct extract was used (Figure 2).

12+ *
i mm Chloroform
mm Ethanol
9+ == Methanol

CHO EtOH MeOH

Ct extracts
Figure 2) Percentage yield of Ct extracts. A significant
difference (p<0.001) in the percentage yield of all
solvents has been found but methanolic extract provides
a maximum yield of up to 9.6%.

Qualitative Phytochemical Analysis

The methanolic Ct extract was tested for
six phytochemicals i.e. flavonoids, phenols,
tannins, terpenoids, steroids and cardiac
glycosides. The results shown in (Figure 3)
state the presence of all the phytochemicals
except for  terpenoids and  phenols.

Cardiac
glyveosides (+)

Tannins (+)

Figure 3) Qualitative Phytochemical Tests of methanolic extracts of Ct tested against various classes of secondary

metabolites. The “+” sign indicates presence and “—" sign indicates absence of a particular class.
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TABLE 1
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Confirmatory tests for various phytochemicals in different solvent systems.

Phytochemicals Solvent Systems

Confirmatory Tests

Chloroform: Methanol

Flavonoids and their glycosides 73

Ethyl acetate: Methanol: Water

Cardiac glycosid
ardiac glycosides 81:11:8

3% boric acid + 10% oxalic acid spray

10% KOH + 50% MeOH solution
spray

Ethyl acetate: Methanol: Water

Saponins and steroids
81:11:8

10% H,SO, spray

Thin layer chromatography (TLC)

The results of TLC for methanolic Ct extract
are shown in (Table 1). The TLC plates were
observed under UV for visualization (Figures
4a and 4b). It showed the presence of all tested
secondary metabolites. The sample run in
chloroform and methanol solvent system clearly
showed the presence of flavonoids and their
glycosides with Rf value of 0.77. Appearance of
creamy white color on the plate after the spray
of boric acid and oxalic acid further confirmed
the presence of flavonoids and their glycosides.
The sample run in ethyl acetate, methanol
and water solvent system clearly showed the
presence of cardiac glycosides with Rf value of
0.83. Appearance of reddish grey spots on the
plate after the spray of potassium hydroxide
and methanol further confirmed the presence
of cardiac glycosides. The sample run in ethyl
acetate, methanol and water solvent system
clearly showed the presence of saponins and
steroids with Rf value of 0.84. Appearance of
reddish-brown spots on the plate after the spray
of sulfuric acid further confirmed the presence
of saponins and steroids.

DPPH free radical scavenging assay

Anti-oxidantactivity ofaseries of concentrations
of methanolic Ct extract was measured by
DPPH free radical scavenging assay. Figure 5a
shows that antioxidant activity of methanolic Ct
extract compared with standard ascorbic acid.
Results showed that a percentage inhibition
of 86.25% was exhibited at a concentration

Int J Adv Nano Comput Anal Vol 2 No 1 July 2023

of 1000 pg/ml indicating strong antioxidant
activity. The IC_ value calculated was 140.1
ng/ml for the methanolic Ct extract.

=)

()

Flivesgsils amd
H =1 *__ll'.'.;\..ﬂ.u,'-ch

Saomobils

Carding ='|:-|.| L

Figure 4) Glass TLC profiling of methanolic Ct extract
for various phytochemicals (a) Visualization through
naked eye (b) Visualization through Gel-Doc system
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Figure 5) Antioxidant activity of Ct extract and Ct loaded CS-TPP nanoparticles. (a) DPPH radical scavenging
activities of various concentrations of Ct extract, Ct loaded CS-TPP NPs, and positive control (Ascorbic acid) (b)

Hydrogen peroxide radical scavenging activity of the Ct extract, Ct loaded CS-TPP NPs, and ascorbic acid. Ct loaded

CS-TPP nanoparticles showed significant antioxidant activity (p<0.0001) as compared to Ct extract.

Hydrogen peroxide radical scavenging assay

Anti-oxidantactivity ofaseries of concentrations
of methanolic Ct extract was measured by
hydrogen peroxide scavenging assay. Results
showed that a percentage inhibition of 88%
was exhibited at a concentration of 1000 pg/
ml indicating strong antioxidant activity. The
IC,, value calculated was 14.22 pg/ml for the
methanolic Ct extract. Figure 5b shows the
anti-oxidant activity of methanolic Ct extract
compared with standard ascorbic acid.

CS-TPP nanoparticle synthesis

CS-TPP
rhodamine

nanoparticles,  Ct-loaded and

conjugated Ct-loaded CS-TPP
nanoparticles were synthesized employing the
ionic gelation method. Appearance of a white
milky suspension confirmed the interaction
of amine group (+ve charge) of CS with the
phosphate group (-ve charge) of TPP and hence,
the synthesis of nanoparticles. The samples were
lyophilized and kept at 4°C. The methanolic
Ct extract was encapsulated efficiently in
the nanoformulation as shown in Figure 6a.
The percentage encapsulation efficiency was
calculated to be 87%.

Characterization of nanoparticles
UV spectrophotometry

The UV spectra for the synthesized nanoparticles
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were recorded in the range of 100-400 nm (U-
2900 UV-VIS Spectrophotometer - HITACHI
High-Tech Science, Tokyo, Japan; A=200-
1100 nm). The shift in peaks was recorded
for the confirmation of CS-TPP nanoparticle
formation and Ct encapsulation. The peak for
pure chitosan solution (0.1%) is visible at 340 nm,
as shown in Figure 6b. The peaks for Ct-loaded
CS-TPP nanoparticles is visible at 340 nm and
327 nm. The second peak at 327 nm confirms
the presence of Ct extract. Thus, these results
confirm the synthesis of Ct loaded CS-TPP
nanoparticles.

Fourier transform infra-red analysis (FTIR)

FTIR analysis was performed to confirm the
synthesis of nanoparticles (4000-400/ cm
using FTIR Spectrophotometer, equipped with
software OMNIC"™ version 6.0 a; Thermo Fisher
Scientific). Figure 6c shows the absorption
spectra of pure chitosan, CS-TPP nanoparticles,
Ct extract and Ct loaded CS-TPP nanoparticles.

The FTIR spectra for pure chitosan showed
characteristic absorption peak at 3332 cm’
because of the stretching vibration in O-H
group of pyranose ring and N-H group of
amine group. The peak observed at 1630 cm™!
indicates the stretching vibrations in C=0
bond in amide groups. The peak visible at 1344
cm’ corresponds to the —C—C ring stretching
vibrations, and pyrimidine compound vibrations
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Figure 6) Characterization of Ct loaded CS-TPP nanoparticles. a) Prepared CS-TPP and Ct loaded CS-TPP
nanoparticles (0.1% w/v CS and 1% w/v TPP); b) UV spectra showing peak at 340 nm for chitosan and at 327 nm
confirming the presence of Ct extract; c¢) FTIR spectra of Ct-loaded CS-TPP nanoparticles showing the appearance

characteristic peaks similar to the spectra of Ct extract confirming the encapsulation of Ct in CS-TPP nanoparticles;

d-f) Morphological appearance of nanoparticles before and after loading of Ct extract and visualized with Rhodamine

dye; g-i) The particle size distribution of Ct extract, Ct loaded CS-TPP nanoparticles and rhodamine conjugated CS-

TPP nanoparticles respectively measured by DLS showing size, zeta potential and polydispersity index values confirming

good stability of the prepared nanoparticles.

respectively. The absorption peak at 1289 cm!
was due to N-H vibration in amide group. The
FTIR spectra of CS-TPP nanoparticles showed
the characteristics peaks at 3332 cm™! and 1640
cm’!. Absorption peak shift from 1630 cm™ in
the spectra of pure chitosan to 1640 cm™ in the
spectra of CS-TPP nanoparticles confirms the
synthesis of nanoparticles.

The FTIR  spectra of Ct  extract
showed absorption peaks at 3332 cm’,
1010 cm™, 1130 cm™, 1440 cm™!, 2830 cm™ and
2950 cm™. The FTIR spectra for Ct-loaded CS-
TPP nanoparticles showed characteristic peaks
at 3332 cm, 1640 cm™ and 1010 cm™. The
appearance of absorption peaks at 1010 cm™,
1130 cm™, 1440 cm™, 2830 cm™ and 2950 cm™ in

Int J Adv Nano Comput Anal Vol 2 No 1 July 2023

the spectra of Ct-loaded CS-TPP nanoparticles,
similar to the spectra of Ct extract confirms the
encapsulation of Ct in the nanoparticles.

Particle imaging

The  morphological  characteristics  of
nanoparticles were observed using cell imager
(Evos® FL Cell Imaging System; Thermo Fisher
Scientific, MA, USA). The images, as shown
in Figures 6d and 6f, correlate with the DLS
results, showing irregular shaped spherical
nanoparticles. With the loading of the drug, the
size of the nanoparticles has decreased which is

consistent with the DLS results.

Measurement of size and zeta potential using
dynamic light scattering
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Particle size measurement of CS-TPP
nanoparticles, Ct loaded CS-TPP nanoparticles
and rhodamine conjugated CS-TPP

nanoparticles by dynamic light scattering
(DLS) showed 187 +£4.583 nm, 140 = 1.528 nm
and 142 + 3.334 nm respectively, as shown in
Figures 6g to 6i. The zeta potential values were
+44.5 £ 0.37mV, +59.5 £ 0.61mV and +61.5 +
0.56mV respectively, confirming good stability
of the prepared nanoparticles. After loading
of the drug, the zeta potential value increased.
This can be attributed to the higher interaction
between the Ct extract and the nanoparticles.
The prepared nanoparticles had a narrow size
distribution with a polydispersity index less
than or equal to 1.0.

Stability Study

The storage stability of the nanoformulations,
with and without the loading of Ct extract, at
4°C was evaluated. Stability studies showed
that these formulations were stable up to 3
months retaining their initial size (183.66 to
206.66 =4.583 nm) , zeta potential (44.5 to 61.2
+ 0.37mV) and polydispersity index less than
1. Therefore, these prepared nano-formulations
could be a promising candidate for application
on cancer cells.

Biocompatibility study

It is evident from Figure 7, that with the increase
in concentration, the RBC inhibition potential
also increases. The percentage inhibition of
the Ct extract was found to be less than 5% at
minimum concentrations of 15.62 pg/ml, 31.25
pg/ml and 62.5 pg/ml. For the Ct loaded CS-
TPP nanoparticles, the percentage inhibition
was found to be less than or equal to 5% for
concentrations of 15.62 pug/ml, 31.25 pg/ml,
62.5 ng/ml and 125 pg/ml. Hence, the prepared
nano-formulation is safe to use at lower
concentrations.

Cellular uptake
Cellular uptake of Ct loaded CS-TPP

nanoparticles by triple negative cells was studied
by visualizing the fluorescence of Rhodamine

Int J Adv Nano Comput Anal Vol 2 No 1 July 2023
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Figure 7) Biocompatibility study of Ct extract and Ct-
loaded CS-TPP nanoparticles. Physical observation after
centrifugation and result analysis indicated that CS TPP
nanoparticles loaded with Ct showed low haemolytic
activity i.e. less than 5% up to 125 ug/ml of concentration
compared to Ct extract alone.

dye using cell imager (Evos imager (Evos® FL
Cell Imaging System; Thermo Fisher Scientific,
MA, USA). The samples were incubated for
24 hour and then fluorescent images were
taken showing the uptake and retention of the
nanoformulation by the cancer cells. However,
the control cells showed no fluorescence, further
validating the study Figures 8a to 8c.

In vitro anticancer effect

The cytotoxic effect of Ct extract and Ct loaded
CS-TPP nanoparticles was tested against
triple negative breast cancer cell lines at a
concentration range of 0.156 to 2 pg/ml via
MTT assay. The percentage cell viability of Ct
extract and Ct loaded CS-TPP nanoparticles is
shown in Figure 8d. It is clearly evident that
the encapsulation of Ct extract in polymeric
nanoparticles  significantly increased the
inhibition effect on the breast cancer cells
from 30-40% for Ct extract alone to almost
75% for the Ct loaded nanoformulation. The
IC,, of growth inhibition is 122.3 pg/ml for Ct
extract and 14.39 pg/ml for Ct loaded CS-TPP
nanoparticles.
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Figure 8) Cellular uptake and cytotoxicity study of rhodamine conjugated nanoparticles in cancer cells. (a-c) Cell

uptake of nanoparticles after 6 hours in cancer cells. The fluorescence intensity of rhodamine-loaded nanoparticles

showed maximum cell uptake compared to Ct extract alone (d) CS-TPP nanoparticles containing Ct extract showed

approximately 75% cytotoxicity on triple-negative breast cancer cells after 24 hours of treatment compared to Ct extract

alone (30-40% cytotoxicity).

Discussion

In the current study, Ct extract was successfully
incorporated into CS-TPP nanoparticles
through ion gelation method. The Ct loaded
CS-TPP nanoparticles demonstrated a uniform
size distribution with good stability for up to 3
months. Zeta potential is an important criteria to
evaluate the stability of nanoparticles and their
interaction with the cell membranes. Generally,
nanoparticles exhibiting a zeta potential value
higher than or equal to 30mV are considered
stable [42]. The free primary amine group in
chitosan may undergo ionization in a colloidal
solution to form -NH,", resulting in an overall
positive zeta potential [43]. The zeta potential
value, after the loading of Ct extract, has
increased from +44.5mV to +59.5mV. This can
be attributed to the higher interaction between
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the Ct extract and the CS-TPP nanoparticles.

Phytochemical study of the Ct extract confirmed
the presence of medicinally important
constituents such as tannins, cardiac glycosides,
flavonoids and steroids. The qualitative tests for
terpenoids and phenol came out to be negative.
Previous studies also revealed the presence
of these phytochemicals in the Ct extract.
The presence of these secondary metabolites,
specifically cardiac glycosides makes this plant
a promising anti-cancer drug as reported earlier
[44,45].

The percentage free radical scavenging values

were found to be 86.25% (IC,=140.1 pg/ml)
and 88% (IC,=14.22 pg/ml) at a concentration
of 1000 pg/ml for DPPH scavenging assay and
H,O, radical scavenging assay respectively.
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Similar study was conducted in which
methanolic Ct extract showed strong anti-
oxidant activity of over 80% inhibition at a
concentration of 500 ng/ml [46]. Other studies
also confirm the strong anti-oxidant potential of

methanolic Ct extract [47].

In vitro hemolytic assay for Ct extract and Ct
loaded CS-TPP nanoparticles was performed to
determine the safe range of dose concentration
for testing against cancer cells. The RBC
inhibition potential increases with the increase
in concentration. The percentage inhibition
was found to be less than or equal to 5% for
concentrations of 15.62 pg/ml, 31.25 pg/ml,
62.5 ng/ml and 125 pg/ml. Hence, the prepared
nano formulation was safe to use at lower
concentrations. These results are in agreement
with another study where the anti-hemolytic
potential of Caralluma species was evaluated.
A dose-dependent inhibition was observed in
the concentration range of 50 -1000 ug/ml and
10-250 pg/ml. The phytoconstituents in the
Caralluma extract scavenge the generated free
radicals hence, preventing the red blood cells
from membrane damage caused by oxidative
stress [48].

The Ct extract and Ct loaded CS-TPP
nanoparticles were treated against triple negative
breast cancer cell lines for the evaluation of
cytotoxicity. The IC, of growth inhibition
is 122.3 pg/ml for free Ct extract and 14.39
pg/ml for Ct loaded CS-TPP nanoparticles.
The nano-formulation exhibited up to 75%
cytotoxic effect while that of Ct extract was
found to be 30-40%. These results showed that
CS-TPP nanoparticles, when loaded with Ct
extract led to a significantly higher viability
reduction of cancer cells (P<0.0001). The
substantial anticancer effect of Ct loaded CS-
TPP nanoparticles may be because of better
internalization of the nanoparticle system as
compared to that of the free extract. Also,
the positive charge on the surface of chitosan
nanoparticles greatly increases its chances of
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internalization in negatively charged cancer
cells [49,50].

In agreement to these results, a study was
performed by where Russelioside A, a pregnane
glucoside from Ct exhibited a considerable
inhibition effect on the metastatic ability of
breast cancer cells. This shows the potential of
Ct extract to inhibit the cell viability of cancer
cells. A recent study has reported the effect of Ct
capped AgNPs and Ct capped AgNPs hybridized
with poly(ethylene glycol) methacrylate against
prostatic adenocarcinoma (PC-3) cell lines. The
results confirmed the significant anticancer potential
(IC,,;=38 pg/ml and 34 ug/ml respectively) of
Ct capped metallic nanoparticles [51]. Other
species of Caralluma such as Caralluma
acutangula have also been reported for their
excellent cytotoxic and anticancer activity
against hepatocellular carcinoma (HEPG2)
and breast cancer (MCF-7) cells [52]. Another
study to evaluate the anticancer potential of
methotrexate loaded chitosan nanoparticles was
performed in HeLa cells. The results showed
a considerable cell growth inhibition effect
(42.72%) after treatment for 72hour [53].

Conclusion

We have reported the synthesis of chitosan
nanoparticles, loaded with pharmacologically
endowed Ct extract exhibiting significant anti-
oxidant potential. The findings of the current
study showed that the methanolic Ct extract
and the Ct loaded nanoformulation exhibited
significant anti-cancer potential with 30-40%
inhibition (IC,=122.3 pg/ml) and up to 75%
inhibiton (IC,;=14.39 pg/ml) respectively. The
dosage was found safe at lower concentrations
up to 125 pg/ml via hemolytic assay. The
results conclusively showed that the anti-cancer
activity of Ct extract against triple negative
breast cancer cells is enhanced by its loading in
the CS-TPP nanoparticles, authenticating its use
as an anti-cancer nanodrug. Hence, Ct extract in
conjugation with nanoparticles proved to be an
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effective combinational therapy against breast
cancer cells since it allowed for a more targeted
and biocompatible drug delivery system with
higher potency and significance. Our findings
may pave the way for further studies on the
concentration-dependent effect of Ct extract on
cancer cells to yield even more efficient results.
Moreover, this study suggests possible leads
for researchers to study the use of Ct loaded
nanoformulations against other cancer cell lines.
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Supplementary Data Appendix

Material and Methods
Materials

The materials and chemicals used or this study
included; Acetic acid, ascorbic acid, boric acid,
carbon dioxide (CO,), chitosan (molecular
weight  >150kDa),  chloroform, @ DAPI
(4°,6-diamidino-2-phenylindole), Dulbecco’s
Modified Eagle Media (DMEM), penicillin-
streptomycin, DPPH (1, 1-diphenyl-2-picryl-
hydrazyl), ethanol, ethyl acetate, fetal bovine
serum (FBS), ferric chloride, hydrogen peroxide,
methanol, MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide), oxalic
acid, paraformaldehyde, penicillin, phosphate
buffered-saline (PBS), potassium hydroxide,
rhodamine dye, sodium tripolyphosphate (TPP),
sulfuric acid, Triton X-100.

Plant collection and extraction

The whole plant was shade-dried and grounded.
The powdered sample was extracted in a ratio
of 1:5 in three solvents; Methanol (MeOH),
Ethanol (EtOH), and Chloroform (CHCI,). The
extracts were then placed in a drying oven for
48 hours. Prepared extracts were then collected,
weighed, and stored for further analysis. Ct
extracts possessed colour variations ranging
from black to dark green. Most of the fractions
were non-sticky.

Qualitative Phytochemical Tests
Thin layer chromatography (TLC)

Ct extract (2 mg/ml) was used. The glass TLC
plates (silica gel coated, L x W20 c¢cm x 20 cm)
were cut into equal sizes. The sample was loaded
with the help of capillary tubes. The extract was
tested for different mobile phase combinations
for a better understanding of bands. The solvent
system used was Chloroform: Methanol (7:3)
and Ethyl acetate: Methanol: Water (81:11:8)
respectively. The prepared TLC plates were
then placed inside the TLC jars and the mobile
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phase was allowed to run. When the solvents
reached the top line of the TLC plates, the plates
were removed and air-dried for few minutes
followed by spraying with visualizing agents
and observed under UV.

For flavonoids and their glycosides, the dried
TLC plate was sprayed with a mixture of 3%
boric acid and 10% oxalic acid solutions. These
solutions were prepared separately, mixed,
and kept for a few minutes before spraying.
For cardiac glycosides, the dried TLC plate
was sprayed with the mixture of 10% KOH
and 50% methanol solutions. These solutions
were prepared separately, mixed, and kept for
a few minutes before spraying. For steroids, the
dried TLC plate was sprayed with 10% H,SO,
solution.

Antioxidant assays

DPPH (1, I1-diphenyl-2-picryl-hydrazyl) free
radical scavenging assay

To prepare the stock solution, 0.24g of DPPH
was dissolved in 100ml of methanol and
stored at 20°C for use. Further dilution was
done by adding methanol to the solution until
the absorbance was optimized (0.8-0.9) at
517 nm (U-2900 UV-VIS Spectrophotometer
- HITACHI High-Tech Science, Tokyo, Japan;
A=200-1100 nm). In various concentrations,
100ul of Ct extract solution was added to 900ul
of DPPH. This was followed by incubation
in the dark for 30min at room temperature. A
similar procedure was performed for Ct loaded
CS-TPP nanoparticles. Ascorbic acid was run as
standard.

Hydrogen peroxide radical scavenging assay

Stock solution (2mM H,O,) was prepared in
phosphate buffered-saline PBS (50mM, pH 7.4).
A series of seven concentrations of Ct extract
was added and the overall volume was made
up to Sml by the addition of H,O, solution. The
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absorbance was measured at 230 nm (U-2900
UV-VIS Spectrophotometer - HITACHI High-
Tech Science, Tokyo, Japan; A=200-1100 nm)
against a blank containing only PBS. A similar
procedure was performed for the Ct loaded CS-
TPP nanoparticles. Ascorbic acid was used as a
reference.

Characterization of nanoparticles

The UV spectra for the synthesized nanoparticles
were recorded in the range of 100-400 nm (U-
2900 UV-VIS Spectrophotometer - HITACHI
High-Tech Science, Tokyo, Japan; A=200-1100
nm). The shift in peaks was recorded for the
confirmation of CS-TPP nanoparticle formation
and Ct encapsulation. FTIR analysis was done
to confirm the synthesis of nanoparticles. The
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samples were screened (4000-400/ cm using
FTIR  Spectrophotometer, equipped with
software OMNIC™ version 6.0 a; Thermo Fisher
Scientific). Particle imaging to visualize the
morphological characteristics of nanoparticles
was achieved using a cell imager (Evos® FL
Cell Imaging System; Thermo Fisher Scientific,
MA, USA). The images for the nanoformulation
were taken at a magnification of 40x. Dynamic
Light Scattering (DLS) was used for the
measurement of particle size, polydispersity
index (PDI), and zeta potential of nanoparticles
(DLS; Microtrac Nanotrac Wave II, PA, USA).
Each sample was analysed three times at 25°C
and 90°C scattering angle. Distilled water was
used as a reference.
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