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Abstract

Among the diverse nanomaterials, gold nanoparticles (AuNps) are utilised for various therapeutic application due to the
distinct physical, chemical properties and biocompatibility. Synthesis of gold nanoparticles using plants is the promising
route. This method is low cost, eco-friendly and higher biological activities. In this present study, Gold nanoparticles were
synthesised from fruit extract of Terminalia bellirica fruit extract. Their anticancer and anti-inflammatory activity was
evaluated against colorectal cancer cell line (HT29) and TNBS-induced zebrafish model. Highly stable tannin capped gold
nanoparticles were synthesised from fruit extract broth of Terminalia bellirica rapidly. Structural and functional properties
of the synthesised nanoparticles were studied by Fourier transform infrared spectroscopy (FTIR), Field Emission Scanning
Electron Microscopy (FESEM) equipped with energy-dispersive atomic X-ray spectroscopy (EDAX) and X-ray diffraction
(XRD). All the characterisation studies reveal highly stable, crystalline, phytochemicals, mainly tannin doped, spherical,
28 nm controlled sized gold nanoparticles. The molecular mechanism of anticancer activity was studied by determining
cancer markers’ expression, which was studied using quantitative real-time polymerase chain reaction (JPCR). Antioxidative
enzymes’ status and apoptosis changes were also investigated. Synthesised nanoparticles brought a drastic reduction of all
the tested cancer markers’ expression. Notable changes in antioxidative enzymes’ status and a good sign of apoptosis were
observed in nanoparticles’ treatment. The anti-inflammatory activity was studied against TNBS-induced zebrafish model,
which was confirmed by determining inflammatory markers’ expression TNF-a, iNOS (induced Nitric Oxide Synthase) and
histopathological examination. Nanoparticles’ treatment recorded a drastic reduction of inflammatory markers’ expression.
No marked sign of inflammation was also observed in histopathological analysis of the nanoparticles’ treatment group. The
present study suggests the possible utilisation of 7. bellirica-mediated gold nanoparticles as an effective therapeutic agent
against a prolonged inflammatory disease that progressively develops into cancer.

Keywords Gold nanoparticles - Terminalia bellirica - Colorectal cancer - Anticancer - HT29 - qPCR - Gene expression -
Anti-inflammation - Zebrafish

Introduction

In recent years, noble metal nanoparticles particularly, gold
nanoparticles (AuNps), have gained more considerations in
different fields of science and technology due to their notable
physical and chemical properties (Bogireddy et al. 2018). In
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and cancer. Whenever the outside of the nanoparticles is
adjusted by practical gatherings or atoms or covered with a
slim layer of different materials (with various constituents),
they show improved properties contrasted with the non-
functionalised uncoated particles (Arachchige et al 2017).

Some of the major advantages of nanoparticles as drug
delivery vehicles include targeted delivery of the drug,
increase in aqueous solubility of the drug, prevention of
drug degradation, sustained drug release, increased drug
accumulation in the targeted tumour site, prolonged drug
half-life, improved bioavailability and decrease in toxic side
effects of the drug, and offering an appropriate form for all
routes of administration. Thus, these systems could serve as
promising anticancer agents for tumour targeting.

Metal nanoparticles can be synthesised up to 50 nm in
size with a large surface area facilitating higher doses of
drugs. One of the commonly used metal nanoparticles for an
improved anticancer drug delivery system is gold nanopar-
ticles (AuNps). AuNps is easy to synthesise by cheap, reli-
able and straightforward methods in different size range by
simple alterations in parameters (Latha et al. 2018). AuNps
have various drug delivery applications due to their notable
physicochemical characteristics such as ultra-small size,
large surface area to mass ratio, higher surface reactivity.
AuNps exhibits surface Plasmon resonance bands respon-
sible for large absorption and scattering cross-sections four
to five orders of magnitude greater than conventional dyes
(Owaid et al. 2017). In addition, the negative charge on the
non-toxic and biocompatible AuNps allows them to be eas-
ily functionalised by various biomolecules (Hainfeld et al.
2006).

Size-controlled synthesis of noble metal nanoparticles
using biological principles has gained more attention. Bio-
synthesised nanoparticles from plant bioactive metabolites
have additional positive effects by exhibiting antimicrobial,
anti-inflammation and modulate fibrogenic cytokines (Bai
et al. 2018). Biosynthesis of nanoparticles eliminates the
environmental concerns with their chemically synthesised
counterparts that may involve hazardous chemicals. Dis-
tinct advantages in biosynthesis include enhanced stability,
better control over nanoparticle shape and monodispersity
(Singh et al. 2015). Most nanoparticles with sizes less than
100 nm have outstanding ability to target tumours, small
enough to permeate out from vascular endothelial openings
surrounding the tumour region and proved to be non-toxic,
biodegradable, preventing systemic side effects by improv-
ing the safety and efficacy of sustained drug release (Shang
et al. 2018).

In this study, AuNps was biosynthesised by reducing
Chloroauric acid with water extract of Terminalia bel-
lerica—one of the major component of the polyherbal
formulation of Triphala, which is renowned for its vari-
ous therapeutic uses that include gastro-protective effects,
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regulation of gut microbiota, anti-diabetic, antimicrobial,
antioxidant, radioprotective, anti-neoplastic and anti-
inflammatory (Peterson et al. 2017). Terminalia bellerica
(Combretaceae), commonly known as Bahera in India,
has been used in Ayurveda for its diverse medicinal uses
(Sharma et al. 2010). Terminalia bellerica is known for
its diverse, active medicinal properties such as analgesic
(Khan et al. 2008), antimicrobial (Devi et al. 2014), anti-
diarrhoeal (Kumar et al. 2010), wound-healing activity
(Saha et al. 2011) and anti-ulcer (Choudhary 2012). Poten-
tial biological activities of the fruit extract of Terminalia
bellerica has been revealed by Dharmaratne et al. (2018).
The metabolite constituents of the fruit include Tannins,
Chebulinic acid, Gallic acid, Glucoside and Ethyl Gallate,
which functions as an antioxidant, antimicrobial, antidiar-
rheal, anticancer, antihypertensive, hepatoprotective and
antipyretic agent (Deb et al. 2016). The presence of vari-
ous phytochemical constituents exhibits a wide range of
pharmacotherapeutic activities (Beigi et al. 2018). It can
be seen that the diverse phytochemical constituents in the
T. bellerica are responsible for the synthesis of diverse
nanoparticles by acting as bio-reducers or capping agents.
These capping agents exhibit diverse pharmacological
activities. Hence, T. bellerica is selected for the synthesis
of diverse nanoparticles via green route principles.

In the present study, gold nanoparticles were synthesised
from dried fruit powder extract broth. The synthesised
nanoparticles were screened for anti-inflammatory and
cancer-targeting effects on the zebrafish model and HT29
colon cancer cells. Prolonged Inflammatory Bowel Disease
(IBD), affecting at least one-third of the colon, is extensively
acknowledged as one of the most vital risk factors leading
to the development of colorectal cancer (CRC), in which
dysplasia or intraepithelial neoplasia is the precursor (Singh
et al 2017). Colorectal cancer ranks in the highest third of
cases reported globally (Khan and Khan 2018). Despite IBD
accounting only for 1-2% of CRC in the overall popula-
tion, IBD patients have the possibility of developing CRC
at a younger age with more aggressive multifactorial symp-
toms expressed at an advanced stage compared to sporadic
or familial CRC. These combined factors result in a worse
likely course of the medical condition, with one in six IBD
patients dying due to CRC. The risk factors involved in CRC
occurrence in IBD include the severity of inflammation,
extent and age of IBD onset, percentage of colon involved,
primary coexistent sclerosing cholangitis and familial CRC
history (Hao et al. 2019). Combined genetic and environ-
mental factors such as oxidative stress, epigenetic altera-
tion, genetic instability, intestinal microbiota and mucosal
inflammatory-mediated immune response are responsible for
neoplasia occurrence in IBD-associated CRC (Marill et al
2019).
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Conventional methods to treat CRC involve neoadjuvant
chemo- and radiotherapy followed by surgical excision and
adjuvant chemotherapy depending on the tumour stage.
Chemotherapy has considerable intolerance and failure due
to poor localisation of drugs to tumour-specific tissues and
systemic side effects. Some cancer cells have inherent resist-
ance towards radiations make them less effective (Chen et al.
2019). Nanotechnology-based principles are now extensively
utilised in biomedicine as an anti-inflammatory agent due
to the distinct Physico-chemical and biocompatibility prop-
erties (Namasivayam et al. 2020). Anticancer activity was
confirmed by inhibition in cell viability and proliferation,
changes in antioxidative enzymes and gene expression pat-
tern leading to apoptosis activation. Thus, green-synthesised
gold nanoparticles prove to be a promising anti-inflamma-
tory and anticancer agent that can prevent IBD and IBD-
associated colorectal cancer progression.

Materials and methods
Gold nanoparticles’ synthesis (AuNps)

Fruit extract of Terminalia bellirica was used for the syn-
thesis of nanoparticles. Dried fruit powder of T. bellirica
was obtained from siddha medical shop as the commercial
formulation. Aqueous extract or plant extract broth was pre-
pared from the collected powder was used as the source for
biosynthesis. Known quantity (2.5 g) of powder was sus-
pended in 100 ml of distilled water, boiled in water bath
(50 °C) for 2 h followed by filter through Whatman No. 1
filter paper. Collected filtrate was concentrated in rota evapo-
rator Concentrated extract thus obtained was collected in
screw cap vial and used for further studies. Qualitative phy-
tochemical analysis of the concentrated extract was studied
by the standard screening methods (Deb et al. 2016).

In a typical procedure of nanoparticles synthesis, known
volume of extract thus prepared (1 ml) was mixed with 4 ml
of 0.1 molar final concentration of metal precursor chloro-
auric chloride (Sigma) that kept in screw cap vial. Reaction
mixture thus obtained was incubated at room temperature
(30 °C). Preliminary confirmation of synthesis was done by
conversion of reaction mixture into ruby red. After the con-
firmation, the reaction mixture containing the synthesised
nanoparticles were purified from the reaction mixture by
centrifugation (10,000 rpm, 30 °C). Collected pellets were
washed with deionised water thoroughly to remove non-
reactive residues and the washed pellets were lyophilised.

Characterisation

Suitable characterisation methods studied the structural
and functional properties of the purified nanoparticles.

Before characterisation studies, the sample was dispersed
thoroughly in a suitable dispersion medium followed by
sonication. UV—visible absorption spectroscopy study was
done to determine surface Plasmon absorption maxima
using Shimadzu-1800 spectrophotometer with 800-200 nm
range. Functional groups were determined by Fourier trans-
forms infrared spectroscopy (FTIR) analysis with Bruker
Optic GmbH Tensor 27 (400-4000 cm™! scanning range).
Morphology studies were done with field emission scanning
electron microscopy (FESEM). SUPRA 55-CARL ZEISS
(magnification range 35-10,000, resolution 200 A°, acceler-
ation voltage 19 kV). Technai F 12. Elemental composition
was studied by energy-dispersive atomic X-ray spectroscopy
(EDAX) equipped with FESEM.

Further characterisation was done using atomic force
microscopy (AFM), which reveals surface topology. Sam-
ples were examined with AFM Ntegra Prima-NTMDT, Ire-
land. The crystalline phase of the nanoparticles was deter-
mined by X-ray diffraction (XRD) analysis (Rigaku smart
lab—Voltage of 40 kV and a current of 30 mA with Cu Kal
radiations).

Stability was done by exposing the synthesised nanoparti-
cle suspension at ambient condition. After 30-day exposure,
zeta potential was measured using zetasizer (Malvern, UK).
Evaluation of colour change and aggregate formation also
reveals the notable stability.

Anticancer activity

Anticancer activity was studied against human colorectal
cancer Cell Line (HT29) by determining cell viability inhi-
bition, antioxidative enzymes’ status and gene expression
pattern (qualitative), which triggers apoptosis process.

Cell viability assay

Primary determination of the cytotoxic effect of gold nano-
particles on the HT 29 cells was studied by tetrazolium-
based semiautomated colourimetric assay (Carmichael et al.
1987). The cell line was obtained from the National Centre
for Cell Sciences (NCCS), Pune, India. The collected cell
line was maintained on RPMI media supplemented with
10% foetal calf serum and 1% penicillin—streptomycin solu-
tion. Nanoparticles induced toxic effect on the cell line. The
optimum condition was provided for the culturing of the
cells. After reaching sufficient growth, the cultured cells
were exposed to different concentration of nanoparticles,
incubated at optimum condition. After the incubation period,
the contents were removed completely, fresh medium sup-
plemented with MTT solution (0.5 mg/ml) was added. The
seeded plate was incubated at 37 °C for 4 h. During the
incubation period, formazan crystal was formed and solu-
bilised by the addition of DMSO. The optical density of the
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solubilised mixture was measured at 490 and 630 nm. Three
replicates and control were also maintained. Cell viability
inhibition rate was determined by measuring the differences
in the optical density of the control and treatment group.
Nanoparticle-mediated impact on the cell morphological
changes was studied by phase-contrast microscopic exami-
nation, which reveals the sign of the cytotoxic effect.

Biocompatibility using Vero cell line

Followed by the determination of inhibitory effect, a cell
viability assay was done with the Vero cell line to confirm
the biocompatibility. Vero is the most commonly employed
in vitro model for the toxicity assessment among the various
cell cultures due to its fast growth rate and high replication
efficacy. As described above, an MTT assay was adopted to
study the toxic effect of synthesised nanoparticles with three
dosages of synthesised nanoparticles (LCs, dosage—49.8,
lower LC5;—24.9 and higher LC5;—74.7 ng).

Propidium iodide fluorescent staining

Apoptotic changes in the nanoparticles exposed cells were
studied by propidium iodide fluorescent staining. This study
was divided into four groups—group l—untreated control,
group 2—nanoparticles treated with 25 pg, group 3—nan-
oparticles treated with 50 ug and group 4—nanoparticles
treated with 100 pg. The respective treatment group were
washed with phosphate-buffered saline (PBS) followed by
fixation with ethanol (70%). Staining of the cells carried out
with 0.5 ml of PBS containing 0.01 mg/ml of propidium
iodide, incubated in a dark chamber for 30 min at ambient
temperature. Stained cells were washed with PBS after the
incubation period. Stained cells were examined for the deter-
mination of apoptotic changes by the fluorescence micro-
scope with the standard filters.

Antioxidative enzymes’ status

Effect of nanoparticles on the major antioxidative enzymes
and Lipid peroxidase and glutathione was done by the
method of Yuan et al (2017). Glutathione is measured by
its reaction with DTNB (5,5’dithio 2-nitrobenzoic acid)
(Ellman’s reaction) to give a mixture that absorbs light at
412 nm. 1.8 ml of 0.2 M Na,HPO, was combined with 40
pL 10 mM DTNB and 160 pL of cell homogenate (derived
from different concentration of extract and gold nano-
particles separately). The blank contained distilled water
instead of cell homogenate. It is allowable to stand for
2 min, and the absorbance was read at 412 nm in a UV-Vis
spectrophotometer.
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Nanoparticle-mediated effect on another major antioxi-
dative enzyme, glutathione S transferase (GST), was also
studied. GST catalyses the conjugation of L-glutathione
to CDNB through the thiol group of the glutathione. Cell
homogenate (derived from Triphala extract, nanoparticles)
was mixed with a suitable substrate. The reaction product
obtained was measured spectrophotometrically. The reac-
tion product, GS-DNB Conjugate, absorbs at 340 nm. The
increase in the absorption is directly proportional to the GST
activity in the sample (Uchide et al. 2006).

Followed by GSH, GST, LPO, antioxidative enzymes,
measurement of lactate dehydrogenase (LDH)—an oxidore-
ductase that catalyses the lactate’s interconversion pyruvate.
LDH is most often measured to assess the presence of tis-
sue or cell damage. The non-radioactive colourimetric LDH
assay is based on reducing the tetrazolium salt MTT in an
NADH Coupled enzymatic reaction to a decreased form
of MTT that shows a maximum absorption peak (OD) at
565 nm. The purple colour concentration is directly pro-
portional to the enzyme activity (Halliwell and Gutteridge
2015).

Nanoparticle-induced changes in the gene
expression pattern

The impact of nanoparticles on the gene expression profile
of three major genes (B-actin, PRAP and tumour necrosis
factor-alpha) was studied by reverse transcriptase quanti-
tative real-time polymerase chain reaction. gPCR was car-
ried out followed by RT-PCR to reveal the expression level
quantitatively. Quantitative assessment of PCR-amplified
products of each gene reveals the nanoparticle-based impact.
The amount of the expressed respective gene reveals nano-
particle-mediated effect. Initially, DNA was extracted from
the cell lines treated with LCy, dosage of fruit extract and
nanoparticles using a DNA extraction kit (Sigma-Aldrich).
Nucleotide sequence alignments of f-Actin and PARP genes
were obtained through databases. Based on these align-
ments, primers were designed (Table 1).

Table 1 Primers of selected colon cancer and inflammatory marker
genes

Primer sequence Nucleotide sequences

PARP forward
PARP reverse
B-Actin forward
B-Actin reverse
TNF-a forward
TNF-a reverse
iNOS forward
iNOS reverse

5’CCCAGCCTTGTGGAAAACAC3’
5’CACCTGCAGAGACAGGCATT 3’
5S’TCAAGGTGGGTGTCTTTCCTG3’
S’ATTTGCGGTGGACGATGGAG 3’
5S’ACACAGAAGACACTCAGGGA3Z’
5’CCGGTACTAACCCTACCCCC 3°
5S’ACACTTCGAAAAGCAAGATGG 3’
5’ACGGGCATCGAAAAGCTGTA 3’
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In RT-PCR, the total RNA of the respective treatment
group was isolated under standard isolation protocol, and
the isolated pure RNA was used as the template for cDNA
synthesis. Followed by cDNA synthesis, qPCR —ideally
used for gene expression analysis which measures relative
and absolute amounts of genes with appropriate and refer-
ence values. Synthesised cDNA attaches to the fluorescent
marker, amplified into millions of copies with the respective
colon cancer gene primers. Data were analysed using the
comparative ¢l method.

Anti-inflammatory activity

Gold nanoparticle-induced anti-inflammatory activity of
nanoparticles against the zebrafish model was studied by
determining inflammatory markers and histological analy-
sis. The synthesised nanoparticles always need to be tested
for their biological effects, such as biocompatibility and
cytotoxicity, before applying. Several biological models
from mammalian cell lines for in vitro and mice and the
Danio rerio (Zebrafish) model for in vivo studies have been
employed. Zebrafish models have been established as a
promising and effective model to study biological effects
due to their short life cycle, economic rearing and higher
genetic similarity with humans (Kumari et al. 2019).

Zebrafish collection and maintenance

Adult zebra fishes that are healthy and devoid of any malfor-
mations or infections were chosen for the study. Before the
initialisation of the experiment, fishes were acclimatised to
lab conditions according to OECD guidelines (OECD, 203).
Fishes were grouped as a positive control (TNBS +PBS).
The treatment group composed of LCsy, dosage of fruit
extract nanoparticles separately. At the ending of the experi-
ment, fishes were euthanised by decapitation with proper
anaesthesia.

LC,, determination

Zebrafishes of interest were weighed. According to their
weight, the concentration of the sample to be injected in 20
uL volume was calculated (in PBS, Ph—7.4). 31G Calibre
injections were employed in this study. Before injection, a
base plane was set to hold the fish; a soft sponge with 1.5 cm
cut in the centre, in a box or a Petri dish filled with ice water
(12 °C). Test solutions were loaded up in the injection before
anaesthesia. Each fish was slowly anesthetised by adding +ce
chips into the fish water until the temperature reaches 12 °C.
When the fish remains to any external stimuli, transfer it to the
base plane, holding the fish in the sponge with the abdomen
facing up. Without delay, injected intrarectally and fishes were

injected into normal water, where fish recovers at once, regain-
ing normal behaviours. From the time of injection, fishes were
observed for 10 days (OECD, 203). The number of animals
dead in each concentration from O to 10 days was noted, and
LCs, was determined.

Induction of inflammation with TNBS and efficacy analysis

For testing the efficacy, extract and nanoparticles were injected
intraperitoneally at LCs, dosages. TNBS was prepared in the
concentration range of 160 mM using 30% ethanol. The fishes
were weighed, and TNBC injection was given 1 uL/0.1 g body
weight. After 6 h of TNBS induction, drug (Samples) was
given and maintained for the treatment period of 10 days. After
that, fishes were euthanised to cease the biological reactions at
the end of the experiment.

Histology

After 4 h, fishes were decapitated. Their abdomen region was
excised and fixed in Dietrich’s fixative and transferred for his-
topathology analysis (source: Zebrafish International Resource
centre). The remaining tissues were immediately stored at 4 °C
for DNA extraction.

Inflammatory markers’ gene expression

Gold nanoparticle-induced effect on the expression of inflam-
matory markers such as TNF-a and iNOS (induced Nitric
Oxide Synthase) was studied by quantitative RT-PCR. Respec-
tive gene primers were designed with the NCBI Primer-
BLAST tool. The sequences are listed in Table 1. Other than
the inflammatory markers employed here, -actin was taken as
the control for the housekeeping gene. Total RNA was isolated
from the respective treatment group using a standard protocol.
The isolated cellular total RNA was used as the template for
the synthesis of cDNA.

The real-time qPCR conditions are followed according to
the manufacture instruction as follows: initial denaturation at
95 °C for 10 min, trailed by 45 cycles of 3 step amplification
consisting denaturation at 95 °C for 15 s, annealing 60 °C for
15 s and extension at 72 °C for 30 s. The melting curve was
analysed from 60 to 95 °C for 20 s. The expression of each tar-
get genes has its own (ct) amplification value at the threshold
level. The products of the PCR start to detect the fluorescence.

Statistical analysis

All the data were subjected to ¢ test models for the determina-
tion of statistical significance.
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Results and discussion

Among the diverse nanomaterials, gold nanoparticles
(AuNPs) play a major role in biomedicine owing to their
distinct structural, functional properties, including biocom-
patibility (Kamal et al. 2018). Synthesis of gold nanopar-
ticles using plants based is quite popular due to the high
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efficacy and eco-friendly. In this present investigation, gold
nanoparticles (AuNps) were synthesised from fruit extract
of Terminalia bellirica. The synthesised nanoparticles were
evaluated for the molecular mechanism of anticancer and
anti-inflammatory activities. Colorectal cancer cell line
(HT29) was selected for the anticancer activities using cell
viability antioxidative enzymes’ status, apoptosis and gene

(b)

&

21.7

H

IIIIIIIII|IIII|IIII|IIIl|IIIII|IIIIIlIIlIIIII

1791.87,

s
|

"
o
)

)

n

)

|

n

d
ta

Fig. 1 Characterisation of AuNps: a synthesised AuNps in the fruit extract broth, b UV-visible spectra of the synthesised AuNps and ¢ FTIR
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Fig.2 Characterisation of AuNps: a SEM micrograph, b EDAX spectra
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Fig.3 Characterisation of AuNps: a AFM micrograph-2D, b AFM micrograph-3D

expression pattern. TNBS-induced zebrafish was selected for
the determination of anti-inflammatory activity.

Phytochemical analysis

Terminalia bellirica aqueous extract prepared for the biosyn-
thesis was evaluated for phytochemical analysis. Aqueous
fruit extract prepared from Terminalia bellirica was tested
qualitatively to determine the presence of various bioactive

phytoconstituents. The analysis results show various bio-
active phytochemical constituents such as alkaloids, flavo-
noids, phenolics and tannins. Hazra (2019) reported the phy-
tochemical screening of various parts of Terminalia bellirica
fruits in the aqueous extract. A variety of phytochemicals
present in the plant extracts are non-nutrient compound pos-
sessing biological activity that can be of valuable therapeutic
index. Diverse phytochemicals have been found to possess
a wide range of activities, which may help in protection
against chronic diseases.
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Fig.4 Characterisation of 3
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Fig.5 Zeta potential (mV) of synthesised AuNps

Synthesis of gold nanoparticles (AuNps)

Biosynthesis of AuNps was affirmed by the conversion
of reaction mixture into trademark ruby red rapidly at
5-10 min. (Fig. 1a). The oscillation of free conduction elec-
trons incited by an associating electromagnetic field is liable
for the colour change. Essential affirmation was done by
UV-visible spectroscopy examines which demonstrate that
a sharp plasmon peak at 545 nm associated with a striking
peak at 270 nm, which uncovers the nearness of tannins—a

,
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significant phytochemical responsible for bioreduction
(Fig. 1b). The characterisation was additionally examined
by FTIR examination, which is utilised to investigate the
functional groups. FTIR spectra show the wavenumbers
which specific to essential amine, alkyl, ketone or car-
boxylic groups. Particles’ morphology study by scanning
electron microscopy (SEM) equipped with energy-disper-
sive atomic X-ray spectroscopy (EDAX) shows that the
particles are monodispersive, non-agglomerated spherical
shape with the size of 28 nm (Fig. 2) and various factors
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govern the synthesis of nanoparticles with the controlled
size. Synthesis of nanoparticles with the controlled size and
shape by physical and chemical methods has been reported
earlier. However, biological principles for the synthesis of
nanoparticles with controlled size are limited. A study by
Bogireddy et al. (2018) reported that the gold nanoparticles
with the controlled size were synthesised from an aqueous
extract of Coffea Arabica. Their finding revealed that the pH
of the aqueous extract of Coffea Arabica acts as the factor

Fig.7 Phase-contrast micro-
scopic examination of HT29
cells: a control, b 25 pg, ¢ 50 pg
and d 100 pg

for synthesising gold nanoparticles with the controlled size.
Our present study, an aqueous extract of Terminalia bel-
lirica, brought about gold nanoparticles with the controlled
size and shape. Phytochemical constituents in the aqueous
extract of T. bellirica seems to be reducing and capping
agent for the growth of AuNps It may be hypothesised that
the various phytochemicals and the pH of the extract act as
the determinative factor for the controlled size and shape
of the nanoparticles. Elemental composition was studied
by EDAX analysis equipped with SEM. EDAX spectra of
the synthesised gold nanoparticles are displayed in Fig. 2b.
A notable sign from the incorporated gold nanoparticles
(60.0% in mass) was recorded. A more fragile sign from C
and O was also observed, which affirms bio-reducer. AFM
is a significant characterisation technique for the assurance
of disintegration and agglomeration as an example of syn-
thesised nanoparticles. The geographical picture of gold
nanoparticles, specifically brilliant spots, demonstrates the
shaped nanoparticles all around appropriated with the nor-
mal size of 28 nm (Fig. 3).

Further characterisation of synthesised AuNps was done
by XRD investigation, which is utilised to decide the nano-
particles’ shape, size and basic physical security. The XRD
pattern is shown in Fig. 4, which uncovers distinct diffrac-
tion peak in the entire range of 2 h values, going from 20 to
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(a)

(b)
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Fig. 8 Propidium iodide staining of HT29 cells: a control, b 25 pg, ¢ 50 pg and d 100 pg

80. XRD spectra of unadulterated crystalline gold structures
have been distributed by the Joint Committee on Powder
Diffraction Standards (record nos.04—0784). A correlation
of our XRD range with the standard example affirmed that
the gold nanoparticles had been framed as crystalline. A
strong peak at 2 h estimations of 38.21, 44.44, 64.61 and
77.63 relating to (111), (200), (220) and (311) arrangement
of planes for gold nanoparticles which demonstrates that
crystalline nature of the readied AuNps.

Stability of the synthesised nanoparticles was done by
zeta potential which is the important parameter which
influences their stability in suspension. Zeta potential-
recorded after 30 days after storage. Zetasizer (Malvern,
UK) was used to determine zeta potential, particle size dis-
tribution, which reveals well-distributed particles with a
size range of 204.1 nm dia. Zeta potential is the important
parameter which influences their stability in suspension.
Zeta potential value of the nanocomposite was in nega-
tive range — 14.6 mV and — 19.1 mV (Fig. 5). The mutual
repulsion of nanoparticles depends on having either a sig-
nificant negative or positive zeta potential. Zeta potential
of the nanoparticles in the negative range indicates high
stability, colloidal nature and high disparity.
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Anticancer activity

Anticancer activity of gold nanoparticles was examined
against human colon cancer cell line HT29 by determining
cell viability, antioxidative enzyme profile, the qualitative
expression profile of B-actin, PRAP and tumour necrosis
factor-alpha (TNF-a). Figure 6 portrays the cell viability rate
(%) of gold nanoparticles against HT 29 cell line adopting
MTT assay. All the tested concentration of nanoparticles
restrained the cell viability. A continuous increase in cell
viability was recorded in higher dosages (Fig. 6). A com-
pelling anticancer activity was likewise affirmed by LCsy,.
Lower LCy, demonstrates the most elevated restraint action.
Gold nanoparticles recorded LCs, at 49.2 ug also reveals
an enhanced anticancer activity. Microscopic examination
using phase-contrast microscopy shows the cytotoxic effect
of nanoparticles which was inferred from Fig. 7. Notable
changes in cell morphology, including cell number, were
observed in nanoparticles exposed cells. Nanoparticle-
induced toxic effect was confirmed by the characteristic
changes in cellular architecture such as cell fragmentation,
more cellular abnormalities, aggressive with cytoplasmic
condensation and membrane integrity changes.
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Further morphological changes such as apoptosis were
investigated by propidium oxide fluorescence staining. A
good sign of apoptosis was observed in nanoparticle-treated
HT 29 cells. The fluorescent micrograph depicted in Fig. 8
shows highly condensed and fragmented nuclear material.
Table 2 shows a comparative analysis of diverse nanoma-
terials with the gold nanoparticles synthesised in the pre-
sent study. These findings indicate the noteworthy effect of
synthesised gold nanoparticles from the aqueous extract of
T. bellirica against the HT29 cell line by recording a high
rate of cell toxicity and a good sign of apoptosis at the least
concentration.

Nanoparticle-intervened impact on the antioxidative
enzymes such as lipid peroxidase (LPD), reduced glu-
tathione (GSH) and glutathione S transferase (GST) was
carried out in this study. Assessment of stress enzymes is
a noteworthy parameter for the lethality evaluation. Oxida-
tive stress, which is because of the lopsidedness of reactive
oxygen species (ROS), is a basic factor that intercedes the
change of sound cells into cancerous cells or the advance-
ment of different maladies. In this present investigation,
both the tried doses of plant concentrate and nanoparticles
achieved extraordinary changes in the degree of oxidative
catalysts. Lipid peroxidase (LPO) level was seen as raised
in both fruit extract broth and nanoparticle treatment. A
notable rise in LPO was seen in AuNps’ treatment (Fig. 9).
LPO assumes a huge job in the appearance of oxidative
harm brought about by receptive oxygen species. Among
the diverse treatment, AuNps’ treatment uncovers a note-
worthy decrease in GSH and GST levels (Figs. 10 and
11). This investigation demonstrates outstanding oxidative
stress initiated by the nanoparticles against tried cancer
line.

The nanoparticle-mediated impact on lactate dehydro-
genase (LDH) was also considered, and the results were
recorded as LDH release. Assurance of LDH release is a
significant parameter for the affirmation of apoptosis, cyto-
toxicity and the degree of intracellular LDH changes the
permeability of the cell membrane. In this present examina-
tion, trademark changes in the LDH release were recorded
(Fig. 12). AuNps’ treatment brought about a notable impact
on LDH discharge. Nanoparticles with all the dosages
showed higher LDH release than fruit extract broth. Impact
of various nanoparticles (Iron oxide-chitosan nanocompos-
ite, silver nanoparticle-loaded gemcitabine) on LDH release
of different cancer cell line model against different cancer
cell line models have bolstered our present finding (Rabel
et al. 2019.

Active principles of nanoparticles against the tested
colon cell line were additionally affirmed by examining the
expression of colon cancer markers TNF-a and PARP. The
impact of synthesised AuNps on the respective marker gene
was analysed by real-time quantitative polymerase chain

reaction (RT -PCR). gPCR—quantitative real-time PCR was
done followed by RT-PCR which is used to determine gene
expression level quantitatively. LCy, dosage of fruit extract
broth and synthesised gold nanoparticles on the respective
marker gene expression level was quantified. Total RNA
was isolated from the respective treatment groups. The iso-
lated pure RNA was used as a template for cDNA synthesis
with reverse transcriptase quantitative real-time polymerase
chain reaction. Synthesised cDNA attaches to the fluorescent
marker, amplified into millions of copies with the respective
gene primers. Data were analysed using the comparative c1
method. Figure 13 depicts the cDNA expression pattern of
the respective treatment group, including control. Thick,
sharp DNA bands recorded in the control group were easily
differentiated from the treatment groups by showing light,
thin bands.

The impact of AuNps on the expression of the respec-
tive marker gene is presented in Fig. 14. AuNps’ treatment
brought about a drastic reduction of TNF-alpha and PRAP
gene expression. Results indicate that the expression level
was significantly lower than the fruit extract broth and con-
trol (P> 0.05%). Several cell death pathways, including
apoptosis, necrosis and autophagy, are activated in disease
states, including cancer (Marill et al 2019). High levels
of tumour-associated calcium signal transduction protein
(TROP)-2 have been demonstrated to be strongly associ-
ated with tumour necrosis factor (TNF)-a levels in colon
cancer (Zhong et al. 2019). Notable reduction of relative
gene expression of TNF- o in AuNps’ treatment recorded
in this study reveals that the tested AuNps triggers the inhi-
bition of the molecular mechanism of cancer progression.
PRAPI, a novel gene encoding proline-rich acidic protein
1 (PRAP1), is a pS3-responsive gene induced by genotoxic
stress (Huang et al. 2012). The level of expression of PRAP
determines the progression of cancer. Notable changes in the
PRAP gene expression recorded in this study reveal that the
synthesised AuNps brought about a marked interruption of
cancer progression.

Biocompatibility using Vero cell line

Cell viability of synthesised nanoparticles on the Vero cell
line was carried out to determine biocompatibility. Vero is
the most commonly employed in vitro model for the toxicity
assessment among the various cell cultures due to its fast
growth rate and high replication efficacy. Vero cells exposed
to three different dosages of synthesised nanoparticles (LCs
dosage, lower LCs, and higher LCs), followed by measur-
ing the cell viability adopting MTT assay. Results indicate
that tested nanoparticles with all the tested dosages were not
inducing any cytotoxic effect. As in the control group, nano-
particles with all the dosages reveal no effect on cell viability
(Fig. 15). No changes in morphological characteristics of the
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Fig. 12 Lactate dehydrogenase (LDH) activity of HT29 cells

tested cells that were analysed by microscopic examination

Beta Actin such as cell count reduction, cell shrinkage, cell lysis, frag-
mentation or other undesirable abnormalities also confirm
the best biocompatibility (Fig. 16).

INF Anti-inflammatory activity

The anti-inflammatory action of nanoparticles against the
PRAP zebrafish model was considered by assuring inflammatory
markers and histological examination. After the inflamma-
tion induction with TNBS in the zebrafish model, synthe-

Fig. 13 PCR-amplified products of marker genes. Lane 1—control,

Lane 2—fruit extract broth, Lane 3—AuNps sised nanoparticles were administrated. After the treatment,
120 120
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Fig. 14 Relative expression profile of colon cancer marker genes: a TNF-alpha, b PRAP
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Fig. 16 Microscopic examination of AuNps on Vero cells
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the tested zebrafish were assessed for inflammatory mark-
ers and histopathological examination. RT-PCR determined
quantitative inflammatory markers’ expression—TNF-o and
iNOS (actuated Nitric Oxide Synthase). Total RNA of the
respective treatment group was transcribed to cDNA fol-
lowed by qPCR. qPCR widely used for gene expression
analysis measures relative and absolute amounts of genes
with appropriate and reference values. cDNA bands shown
in Fig. 17 indicate the nanoparticle-mediated impact. cDNA
bands observed in control were sharp and thick compared to
the thin, low expressed bands in the nanoparticles’ treatment
group. The relative gene expression rate presented in Fig. 18
reveals that both the fruit extract broth and the orchestrated
AuNps recorded changes in all the tried inflammatory mark-
ers’ expression. A significant effect on the expression was
observed in nanoparticle’ treatment (P> 0.05%).
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IoNS

TNF

TLR

Fig. 17 cDNA of inflammatory marker genes. Lane 1—control, Lane
2—fruit extract broth, Lane 3—AuNps

Further affirmation of the anti-inflammatory activity of
AuNps was done by histopathological assessment of intes-
tinal tissues of the TNBS-incited zebrafish model. Improved
decrease of inflammation was seen in AuNp-administrated
treatment groups. The degree of decrease was seen as high
in AuNps’ treatment at the respective incubation period

(Fig. 19). Histopathological assessment of positive control
shows that the movement of inflammatory cells (neutrophil)
to the inflammation site. Tissue segments from the tested
zebrafish of AuNps’ treatment demonstrate no unmistakable
tissue structure changes or damage signs. A noteworthy sign
of aggravation as the relocation of inflammatory cells or
neutrophil to the inflammation site was not recorded in the
AuNps’ treatment groups.

All these results that obtained in this study clearly reveal
the biogenic gold nanoparticle-mediated effect on the molec-
ular mechanism of colon cancer and inflammation manifes-
tation. Table 2 shows the comparison of diverse nanoma-
terials with the gold nanoparticles that are synthesised in
the present system-based anticancer and anti-inflammatory
activity. From these data, it is very clear that the synthesised
nanoparticles showed prominent anticancer anti-inflamma-
tory action by recording noteworthy changes in the gene
expression pattern of suitable model system.
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Fig. 18 Relative expression profile of inflammatory markers: a TNF-alpha, b iNOS
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(@

Fig. 19 Histopathological examination of zebrafish model intestinal tissue: a control, b TNBS induced, ¢ fruit extract broth, d AuNps

Conclusion

Due to the high efficacy and biocompatibility, gold nanopar-
ticles have numerous applications in the biomedical field. In
this present examination, profoundly stable AuNps with the
controlled size were synthesised from 7. bellirica and the
synthesised nanoparticles achieved a high pace of anticancer
activity against human colorectal cancer cell line (HT29) by
recoding high cell viability inhibition, prominent changes
in antioxidative enzymes and marker genes. Synthesised
AuNps also exhibited marked anti-inflammatory action,
which was tried utilising TNBS-incited zebrafish model by
recording changes in expression of inflammatory markers
and histological parameters. Further examinations with an
animal model will be helpful to exploit the principles of T.
bellirica-initiated AuNps as an eco-friendly, biocompatible
pharmacological agent.
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