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Abstract

Traditional Medicinal System (TMS) has been practiced for centuries and is a longstanding companion in the fight against
diseases. India possesses the Indian System of Medicines (ISM), which includes Ayurveda, Siddha, Unani, Naturopathy,
and Homoeopathy. Aloe vera and Terminalia chebula herbal formulation are traditional herbs used for various ailments.
This study focuses on the synthesis and characterization of silver nanoparticles (AgNPs) derived from the Aloe vera and
Terminalia chebula herbal formulation. Silver nitrate and leaf aqueous extracts were used as a precursor and capping
reducing agent, respectively. The AgNPs were characterized using UV-Visible Spectrophotometer (UV), Particle size
Analyzer (DLS), Scanning electron microscope (SEM), and Fourier-transform infrared spectroscopy (FT-IR). Furthermore,
the anti-carcinogenic potential of the Aloe vera and Terminalia chebula herbal formulation against the MCF-7 cell line

was evaluated through in vitro analysis.
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Traditional medicine systems have been utilized by
indigenous peoples worldwide, with Chinese, Indian, and
African systems being particularly renowned [26], [30]. Siddha
medicine, one of the oldest medical systems in India, has
flourished in the southern part of the country, especially in
Tamil Nadu [1]. Siddha and Ayurveda are the two most ancient
medical systems in India. Siddha, the mother medicine of
ancient Tamils/Dravidians of South India, was formerly known
as Marunthu (Medicine) [2]. Siddha formulations are believed
to act on multiple biochemical pathways and can influence
several organ systems simultaneously, providing nutrition and
reducing the side effects of modern therapeutic interventions.
Breast cancer is a significant and life-threatening disease that
continues to increase in frequency globally. Aloe vera, also
known as Aloe barbadensis or Aloe vera, has a long history of
use in topical and oral therapeutics. It is a hardy perennial
tropical plant belonging to the Liliaceae family, with a wide
range of medicinal applications in indigenous systems of
medicine such as Ayurveda, Siddha, Unani, and Homeopathy
[24]. Terminalia chebula is a highly branched deciduous tree

with  various  pharmacological activities, including
hypolipidemic, hypocholesterolemic, and anti-spermatogenic
properties. Nanoparticle biosynthesis involves reduction and
oxidation processes, and scientists have used microbial
enzymes and plant extracts for synthesizing nanoparticles.
Green synthesis of nanoparticles is  cost-effective,
environmentally friendly, and allows for easy large-scale
synthesis without the need for high temperature, pressure, or
toxic chemicals [27].

In recent decades, natural medicine has experienced
exponential growth in popularity. Medicines derived from
natural plant sources are gaining traction in both developing and
developed countries due to their natural origin and lower
incidence of side effects [25]. Natural drugs form a significant
portion of India’s officially recognized systems of health, such
as Ayurveda, yoga, unani, siddha, homeopathy, and
naturopathy, with more than 70% of India's population still
relying on these non-allopathic systems of medicine [3].
Natural drugs are considered safe and easily accessible. The aim
of this study is to evaluate the anti-tumor potential of the Aloe
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vera and Terminalia chebula herbal formulation against breast
cancer cell lines (MCF-7) [23], [28].

MATERIALS AND METHODS

Collection of plant materials: The herbal formulation
consisted of Aloe vera and Terminalia chebula fruit powder.
Aloe vera plants were collected from the Manachanallur area,
Tiruchirapalli, while Terminalia chebula fruit powder was
obtained from the Apollo Pharmacy in Tiruchirapalli.

Preparation of herbal formulation: The herbal
formulation was prepared by mixing Aloe vera pulp, obtained
by peeling and washing the Aloe vera plant, with Terminalia
chebula fruit powder. The mixture was allowed to stand for 1-
2 hours, filtered, and reduced by decoction to obtain the final
herbal formulation [4], [20].

Synthesis of silver nanoparticles: Silver nanoparticles
were synthesized by mixing silver nitrate with the herbal
formulation and incubating the mixture overnight. After
centrifugation, the pellet was dissolved in distilled water, and
the synthesized nanoparticles were characterized using UV-
Visible Spectroscopy, FT-IR, SEM, and particle analyzer [13-
15].

Evaluation of cytotoxicity of herbal formulation: Human
breast cancer cell line MCF-7 was used for in vitro analysis [8],
[19]. Cytotoxicity assays were performed using the trypan blue
exclusion method, MTT assay, and lactate dehydrogenase
(LDH) release assay [29].

RESULTS AND DISCUSSION

Phytochemical screening of the Aloe vera and
Terminalia chebula herbal formulation revealed the presence of
flavonoids, saponins, steroids, carbohydrates, tannins, and
terpenoids, which may contribute to its cytotoxic potential [5].
The synthesized silver nanoparticles were characterized using
UV-Visible spectroscopy, FT-IR, SEM, and particle analyzer,
confirming their successful formation and providing
information about their size and morphology. The cytotoxicity
evaluation of the herbal formulation against the MCF-7 cell line
showed a dose-dependent decrease in cell viability in all three
assays, indicating its potential as an anti-cancer agent [6].

Table 1 Result of phytochemical screening of Aloe vera
and Terminalia chebula herbal formulation
Test Inference
Alkaloids -
Flavonoids
Saponins
Steroids
Carbohydrates
Glycosides -
Proteins -
Phenols -
Tannins +
Anthraguinone -
Terpenoids -
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Data depicted in (Table 1, Fig 1a-b) show the presence
of flavonoids, saponins, steroids, carbohydrates, tannins and
Terpenoids which might be responsible for its cytotoxic
potential of the herbal formulation.
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Fig 1a-b Result of the phytochemical screening of Aloe vera and
Terminalia chebula herbal formulation

Characterization of silver nanoparticles
UV-Visible spectroscopy

In the present study, The UV-VIS absorption spectra of
AgNPs were given in figure 1. It shows a peak at 215.6 and
269.9 nm which is attributed to the formation of silver
nanoparticles which is in close agreement with the earlier
reports [17].
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Fig 2 UV- Visible spectra of silver nanoparticles of herbal
formulation of Aloe vera and Terminalia chebula

FTIR characterization
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Fig 3 FTIR spectra of Herbal formulation of Aloe vera and
Terminalia chebula silver nanoparticles

The FTIR measurements for the synthesized silver NPs is
given in (Fig 2) which helps in identifying possible
biomolecules that acts as reducing and capping agents. The
strong peaks observed at 3436, 2066, 1633 and 1384
cm!corresponds to OH, N=C C=C and aliphatic C-H
stretching vibrations respectively. The peaks at 666 cm™!
corresponds to silver nanoparticles [18].

Scanning electron microscopy
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Fig 4 SEM images of silver nanoparticles

The surface morphology the silver NPs synthesized
using Herbal formulation of Aloe vera and Terminalia chebula
was shown in (Fig 4). It shows the presence of nanoparticles
with more or less uniform shape but varying in sizes.

Particle analyzer

Assessed the hydrodynamic diameters of AgNPs and
found that the cumulant diameters of AgNPs suspended in H,O
was 315nm shows in (Fig 4).

Anti-cancer activity of herbal formulation
Tryphan blue exclusion method

To assess time dependent cytotoxicity, direct counting of
viable and non-viable cells after exposure to Herbal formulation
of Aloe vera and Terminalia chebula against MCF-7 cell line
were carried out using tryphan blue dye assay [7]. Untreated
cells served as control. Resultant cell suspension was then
admixed with 0.2% tryphan blue dye and counted in
haemocytometer [10].
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Fig 5 AgNPs hydrodynamic particle sizes in H,O were also
assessed by a Beckman Coulter Delsa Nano particle analyzer

Table 2 Cytotoxicity potential of Aloe vera and Terminalia
chebula MCF-7 Cell lines -Tryphan blue exclusion method

Concentration (ug)

Dead cells (%)

Control 4,68+ 1.26
100 16.86 + 1.54
200 28.43 +2.02
300 36.68 + 0.42
400 50.72 + 2.09
500 69.74 + 1.28
90.00

80.00
70.00

60.00

50.00

40.00

30.00

20.00

10.00 %

coo - =2 B = = =

100.00 200.00 300.00 400.00 500.00

Dead cells %

_10.00 control

Concentration pg

Fig 6 Cytotoxicity potential of Aloe vera and Terminalia chebula
herbal formulation against MCF-7 Cell lines -Trypan blue
exclusion method

(Table 2, Fig 6) shows that MCF-7 cell lines treated with
various concentrations of Aloe vera and Terminalia chebula
herbal formulation (100, 250, 500, 750 and 1000 pg/ml)
showed progressive reduction in cell viability over a period of
3 hrs. In fact, at 3hrs there was a complete loss of cell viability
in all the cancer cell lines with treatment of herbal formulation
against MCF-7, the percentage of non-viability cells at 0, 100,
250, 500, 750 and 1000 pg/ml were found to be 4.5%, 16.86%,
28.43%, 36.68%, 50.72%, and 69.74% respectively. ICso of
herbal formulation was analyzed and noted as 500 pg/ml. In this
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study, the cytotoxicity effect of Herbal formulation was more
than 50% at maximum concentration. It indicates that the herbal
formulation has effective and high anticancer activity. Tryphan
blue, a diazo dye, is a vital stain used to selectively colour dead
tissues or cells blue. Breast cells or tissues with intact cell
membranes are not coloured. Since cells are very selective in
the compounds that pass through the membrane, in a viable cell,
tryphan blue is not absorbed; however, its transverses the
membrane in a dead cell. Hence, nonviable cells are excluded
from this staining and this aglycones could provide the
chemical basis of its staining method described as a dye
exclusion cytotoxic effect against MCF-7 cell line. From the
results of tryphan blue dye exclusion method, it was observed
that the cytotoxic effect of Herbal formulation was increased
with increase in the concentration. It was found that it has
effective cytotoxic potential against MCF-7 cell line [9] [12].

MTT Assay

Table 3 Cytotoxic potential of herbal formulation against
MCEF-7 cell lines -MTT assay method

Concentration (ug) Cytotoxicity (%)
15.62 8.50+0.53
31.25 16.83 +1.31
62.50 35.80+0.53
125.00 47.43+£0.63
250.00 66.43 £ 0.56
90.00
80.00
70.00
X 60.00
ey
S 50.00
3
5 40.00
S
© 30.00
20.00
10.00 ‘
0.00 —— —— —— —— —
1000 1562 3125 6250 125.00 250.00
Concentration pg

Fig 7 Cytotoxicity potential of Aloe vera and Terminalia chebula
Herbal formulation against MCF-7 Cell lines -MTT

Assay method

In this study, MCF-7 cell line was treated with Aloe vera
and Terminalia chebula Herbal formulation at different
concentration for 24h and 48h [35]. A mitochondrial enzyme in
living cells, succinate dehydrogenase cleaves the tetrazolium
ring of MTT and converting it to an insoluble purple formazan.
Therefore, the amount of formazon produced is directly
proportional to the number of viable cells [30]. Viability of the
MCF-7 cancer cells was decreased with increasing
concentration of Herbal formulation (15.62 to 2250 pg/ml).
Thus, the herbal formulation exhibited a high cell inhibition rate
against MCF-7 as 8.50, 16.83, 35.80, 47.43 and 66.43%
respectively. I1C 50 value for MCF-7 was found to be 250 ug/ml.

The results of tryphan blue exclusion method are in
agreement with the 1C50 values calculated in the MTT assay.
Both cytotoxic assays presented have comparable results and
the small differences was observed in the cytotoxic values

might be due to their assay principles, MTT reduction assessing
the functional metabolic activity of mitochondria based on the
enzymatic reduction of a tetrazolium salt by mitochondrial
dehydrogenases of viable cells, while tryphan blue is based on
cell membrane integrity [34].

LDH Assay method

Table 4 Cytotoxicity potential of Aloe vera and Terminalia
Chebula against MCF-7 Cell lines -LDH assay method

Concentration (ug) Cytotoxicity (%)
15.62 10.23+0.7
31.25 18.37+0.85
62.50 28.43+0.66
125.00 47.43+£0.50
250.00 62.93+0.50
80.00
70.00
60.00
@ 50.00 {
o 40.00
Z
30.00 [
20.00 ‘
10.00 I ‘
1023 1837 2843 4743  62.93
0.00
15.62 3125 6250 125.00 250.00
Axis title

Fig 8 Cytotoxicity potential of Aloe vera and Terminalia chebula
against MCF-7 Cell lines -LDH Assay method

The Kinetic determination of the amount of the enzyme
lactate dehydrogenase (LDH) released from lysed target cells
was determined to provide a sensitive and precise measurement
of natural cytotoxicity when used in conjunction with
appropriate controls and calculational methods. LDH is
oxidoreductase present in a wide variety of organisms. It
catalyzes the interconversion of pyruvate and lactate with
concomitant interconversion of NADH and NAD [33]. When
disease or injury or toxic material damages tissues, cells release
LDH into the bloodstream. Since LDH is a fairly stable enzyme,
LDH has been widely used to evaluate the presence of damage
and toxicity of tissue and cells. Quantification of LDH has a
broad range of applications. In this colorimetric LDH
quantification assay, LDH reduces NAD to NADH, which then
interacts with a specific probe to produce a colour (Amax = 340
nm) [32]. Aloe vera and Terminalia chebula showed the 10.23,
18.37, 28.43, 47.43 and 62.93% of LDH released from
nonviable cells at 15.62, 31.25, 62.5, 125 and 250 pg/ml of Aloe
vera and Terminalia Chebula herbal formulation. ICsy value of
MCF-7 was found to be 250 pug/ml moreover, it was found that
the spontaneous release of LDH from the target cells. This
enzyme-release cytotoxicity assay is convenient reaction,
including antibody-dependent and Tcell-mediated reactions.
From this, it is clear that the Herbal formulation have effective
anti- cancer potential against MCF-7 cell lines [31].

CONCLUSION

The study demonstrates the cytotoxic and anticancer
potential of the Aloe vera and Terminalia chebula herbal
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formulation based on the Siddha medicine system. Herbal treat concomitant infections in cancer patients. Further research
formulations have been shown to be effective in treating cancer is needed to develop a safe and effective drug for breast cancer

wi

10

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

thout causing harmful side effects and have the potential to based on this herbal formulation.
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