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Abstract

Saussurea costus is rich in numerous aromatic functional groups containing polyphenolic compounds, which possess a wide
range of biological properties. The present study focused on utilizing S. costus extract for the green synthesis of gold
nanoparticles (Au-NPs), which were subsequently used for in vitro biological activities.

The extraction process involved the use of 3 different solvents. It was observed that the methanolic S. costus extract had the
highest concentration of major phyto-constituents, and consequently, demonstrated the highest in vitro biological activities.
Consequently, it was chosen for the biosynthesis of the Au-NPs, which were characterized using various instrumental
techniques. The incorporation of Au-NPs enhanced the biological efficiency compared to the native methanolic extract.
Moreover, the gold S. costus nano-extract exhibited the lowest median inhibitory concentration (ICsp) against human
hepatocellular carcinoma (HepG2) cell lines. Treatment of the HepG2 cells with the nano-extract ameliorated the expression
of apoptotic genes (EGFR, Bcl-2, and Casp3) compared to the native extract. Furthermore, the gold nano-extract was safer
than the native extract when administered orally, as evidenced by the highest median lethal (LDs,) and therapeutic doses. The
study concluded that the in vitro biological activities and safety of the methanolic S. costus extract increased after
incorporating Au-NPs compared to the native extract.
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Saussurea costus, also known as Saussurea
lappa, is a valuable medicinal plant used for treating
various conditions such as tenesmus, dyspepsia,
diarrhea,  vomiting, inflammation,  asthma,
bronchitis, cough, throat infections, inflammatory
diseases, ulcers, and stomach disorders. It also
exhibits antiviral activity. Studies by Tousson et al.
[4,5] and Ansari et al. [6] have confirmed its
medicinal properties. Hassan and Masoodi [7]
found that S. costus is rich in phyto-constituents like
terpenes, anthraquinones, alkaloids, and flavonoids,
as well as dehydrocostus lactone and costunolide,
which possess various biological properties. These
constituents contribute to its anti-diabetic, anti-
hypertensive, anti-hepatotoxic, immunostimulant,
anthelmintic, anti-inflammatory, anti-tumor, anti-

1. Introduction

Since ancient times, alternative medicine has been
recognized as a significant source of remedies,
particularly those derived from medicinal plants.
Modern medicine, however, faces a challenge in its
inability to prevent the onset of diseases. As a
result, there is an urgent need to explore the vast
resources of nature [1]. Numerous medicinal plants
have been discovered and studied for their ability to
produce a wide range of active chemical compounds
that play a crucial role in treating various chronic
diseases, including cancer [2]. It is widely
acknowledged that plants are abundant in natural
antioxidants, which effectively reduce the harmful
effects caused by oxidative stress [3].
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ulcer, antimicrobial, and antifungal effects, as
reported by Ghasham et al. [8] and Nadda et al.
[9].

The methanolic extract of S. costus root showed
significant antioxidant activity, which can be
attributed to its high concentrations of phenols and
flavonoids [10]. The presence of various functional
groups in these secondary metabolites is responsible
for their positive biological effects [11]. As a result,
Deabes et al. [12] conducted a study to evaluate the
effectiveness of this plant extract in mitigating the
hepato- and neurotoxicity induced by chloropyrifos
in rats.

Nanotechnology is a prominent field of
scientific research that focuses on the synthesis and
design of particle structures [13,14]. Nanomaterials,
with their attractive properties such as stability and
the ability to modify their surfaces, have a wide
range of applications in advanced biotechnology
[15,16]. The shapes and sizes of nanoparticles (NPs)
play a crucial role in enhancing their chemical,
physical, optical, and electrical features [17].

The wvarious metal nanoparticles (M-NPs)
prepared using physical and chemical methods have
been found to be environmentally unfriendly [18].
As a result, the green synthesis of M-NPs has
emerged as an alternative approach to conventional
methods, particularly in biological research. This
method offers several advantages over chemical
synthesis, including its suitability for developing
biological processes and its potential for large-scale
production [19,20]. The fabrication of gold
nanoparticles (Au-NPs) is particularly important
due to their applications in optics, electronics, and
human contact. To achieve this in an eco-friendly,
cost-effective, and safer manner, researchers have
utilized plant extracts, agricultural  waste,
macroalgae, and macrofungi as stabilizing and
reducing agents for biogenic synthesis of Au-NPs
using green nanotechnology [21,22].

The present study aimed to explore the use of S.
costus extract, which contains polyphenolic
compounds with aromatic functional groups, for the
green synthesis of Au-NPs. Additionally, various
instrumental  techniques were employed to
characterize the biosynthesized Au-NPs.
Furthermore, this article evaluated the in vitro
biological efficacy of the biosynthesized Au-NPs
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and their impact on the expression of apoptotic
genes in human cancer cells.

2. Materials and Methods

2.1. Preparation of different plant extracts

The dried S. costus powder was percolated at a
concentration of 10% using different solvents
(aqueous, methanol, and ethyl acetate) at room
temperature, following the method described by
Deabes et al. [12]. Each extract was macerated for
72 hours, filtered three times, and then evaporated
under vacuum using a rotary evaporator, following
the procedure suggested by Akhtar et al. [23].

2.2. Quantitative determination of major phyto-
constituents

The concentration of total polyphenolic compounds
in various plant extracts (aqueous, methanolic, and
ethyl acetate) was determined as mg gallic acid/100
gm using the method described by Singleton and
Rossi [24]. The total tannin content was assessed
using tannic acid as a reference compound,
following the method proposed by Broadhurst and
Jones [25]. These assays were repeated in the most
effective extract after incorporating Au-NPs.

2.3. In vitro biological activities

The biological activities of various plant extracts
were assessed, and subsequently, the most effective
extract was selected for the biosynthesis of Au-NPs.
All analyses were conducted thrice for accuracy and
reliability.

2.3.1. Antioxidant activity

The total antioxidant capacity (TAC) was measured
in mg gallic acid/gm by analyzing the green
phosphate/Mo>* complex at a wavelength (1) of 695
nm, following the procedure described by Prieto et
al. [26]. 0.1 ml aliquots of samples were mixed with
1 ml of reagent solution containing 0.3 N sulfuric
acid, 28 mM sodium phosphate, and 4 mM
ammonium molybdate. Methanol (80%) was used in
place of the sample for the blank. The tubes were
sealed and incubated in a boiling water bath for 90
minutes. After cooling to room temperature, the
absorbance was measured at 695 nm against the
blank. The antioxidant capacity was expressed as
mg gallic acid equivalent per gram dry weight. All
samples were analyzed in triplicate.

The iron reducing power was determined in pg/mL
using the method proposed by Ovyaizu [27], with
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ascorbic acid as the standard. In short, 1ml of the
tested extract (Img/ml) was combined with 1ml of
200mM sodium phosphate buffer (pH 6.6) and 1ml
of 1% potassium ferricyanide. The mixture was then
incubated at 50°C for 20 minutes, followed by the
addition of 1ml of 10% trichloroacetic acid. After
centrifugation at 2000rpm for 10 minutes, the upper
layer solution (2.5ml) was mixed with 2.5ml of
double deionised water and 1ml of fresh ferric
chloride (0.1%). The absorbance was measured at
700nm against a blank prepared without the extract.
Ascorbic acid at various concentrations was used as
a standard. A high absorbance at 700nm indicates a
higher reducing power in the reaction mixture.

2.3.2. Scavenging activity

The ability of each extract to scavenge free radicals
was determined. The median inhibitory
concentration (1Csg) required from the tested extract
to inhibit 1,1-Diphenyl-2-picryl-hydrazyl (DPPH)
radicals was calculated using the method proposed
by Rahman et al. [28]. The inhibition percent (%)
of the 2,2-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radical was calculated using
the method described by Arnao et al. [29]. The
scavenging activities against DPPH and ABTS
radicals were compared to ascorbic acid, which was
used as the standard.

2.3.3. Anti-diabetic activity

This assay involved calculating the inhibition
percentages (%) of a-amylase and a-glucosidase
enzymes. The methods used were based on the
techniques demonstrated by Wickramaratne et al.
[30] for a-amylase inhibition and Pistia-
Brueggeman and Hollingsworth [31] for o-
glucosidase inhibition. Acarbose was used as the
standard drug.

For assaying a-amylase inhibition (%), 0.5 ml of the
test solution was combined with 0.5 ml of a-
amylase solution (0.5 mg/ml) and buffer
(Na,HPO4/NaH,PO, (0.02 M), NaCl (0.006 M) at
pH 6.9) to create concentrations ranging from 25 to
800 pg/mL. The mixture was then left at room
temperature for 10 minutes before adding 200 pL of
starch solution (1% in water (w/v) buffer
(Na;HPO,/NaH,PO, (0.02 M), NaCl (0.006 M) at
pH 6.9)). The reaction was stopped by adding 200
pL of DNSA (coloring) reagent (12 g of sodium
potassium tartrate tetrahydrate in 8.0 mL of 2 M
NaOH and 20 mL of 96 mM of DNSA solution).
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The test tubes were then placed in a boiling water
bath (100 °C) for 10 minutes and the mixture was
cooled to room temperature and diluted with 5 mL
of distilled water. The absorbance was measured at
540 nm using a UV-Visible spectrophotometer.

The a-glucosidase inhibition (%)was estimated by
incubating the extract (50 uL) with 10 pL of the a-
glucosidase enzyme solution (1 U/mL) for 20 min at
37 °C with an additional 125 puL of 0.1 M phosphate
buffer (pH 6.8). After 20 minutes, the reaction was
started with the addition of 20puL of 1M p-
nitrophenyl-a-D-glucopyranoside (pPNPG)
(substrate), and the mixture was incubated for
30 minutes. The reaction was terminated with the
addition of 50 uL of NayCOj; (0.1 N), and final
absorbance was measured at 405 nm.

2.3.4. Anti-Alzheimer's activity

In this assay, the percentage of inhibition of the
acetyl cholinesterase (AChE) enzyme was evaluated
using Ellman’'s method [32], with donepezil as the
standard drug.

The tested extract was dissolved in a 0.1 M
phosphate buffer at pH 8. For each run, 5 pl of
Acetylthiocholine (ATCh) at a concentration of 0.5
mM, 5 pl of 5,5-dithiobis-2-nitrobenzoic acid
(DTNB) at a concentration of 0.03 mM, and 5 pl of
the tested sample solution at various concentrations
were added to a flat bottom 96-well plate. The
mixture was then incubated for 10 minutes at 30°C.
After incubation, 5 pl of AChE at a concentration of
0.3 U/ml was added to start the reaction, and the
absorbance was measured at 412nm. A control run
was also performed, which included all the
components except for the test extract. All
experiments were conducted in triplicate.

2.3.5. Anti-inflammatory activity

This assay involved the determination of protein
denaturation (%) [33] and proteinase inhibition [34]
using diclofenac sodium as the standard non-
steroidal anti-inflammatory drug, as prepared
according to Meera et al. [35].

The protein denaturation (%) was measured by
mixing the test control solution (0.5ml) was
prepared by mixing 0.45 ml bovine serum albumin
(BSA) (5% wi/v aqueous solution) with 0.05 ml
distilled water. The test solution (0.05 ml) added to
0.45 ml distilled water to form the product control
(0.5 ml). The different extracts (test solution) and
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diclofenac sodium (standard) were used. The pH
value in all prepared solutions was adjusted to 6.3
using HCI (1N). All the samples were incubated at
37 °C for 20 min and the temperature increased to
57 °C and the samples were maintained at that
degree for 3 min. Phosphate buffer (2.5 ml) was
added to the prepared solutions after cooling. The
absorbance was determined at 416 nm using a UV-
Visible spectrophotometer. Percentage of protein
denaturation inhibition can be calculated.

Proteinase inhibitory activity was determined by
adding the test sample (1 ml) to a reaction mixture
consisting of 0.06 mg trypsin dissolved in 1 ml of
20 mM Tris HCI buffer (pH 7.4). After incubating
the mixture for 5 minutes at 37°C, 1 ml of casein
(0.8% wi/v) was added. It was then incubated for an
additional 20 minutes, followed by the addition of 2
ml perchloric acid (70%) to terminate the reaction.
After centrifugation of the cloudy suspension, the
absorbance of the supernatant was determined at
210 nm against buffer as the blank, and the
percentage of the proteinase inhibitory activity was
calculated.

2.3.6 Cytotoxic activity

The efficiency of each extract against human colon
(Caco2) and hepatocellular carcinoma (HepG2) cell
lines was determined by assaying the optical density
(OD) at wavelength 570 wusing the 3-(4,5-
dimethythiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay [36]. The percentage of cell-
growth inhibition (%) and median inhibitory
concentration (ICsy) were calculated using 1Csg
calculation software.

2.4. Molecular assays

2.4.1. DNA content analysis

The cultured HEGP-2 cells (3x10°/well) were
treated with each extract, fixed, and then incubated
with propidium iodide (PI) staining solution (50
ng/mL) and RNA-ase (0.1 mg/mL) in a dark place
for 15 minutes. The DNA in the HEGP-2 cells was
quantified using flow cytometry (BD FASCCalibur-
USA).

2.4.2. Extraction of RNA and quantitative RT-PCR

The cultured HepG2 cells were treated with each
extract at a concentration of 100 pg/ml. Total RNAs
were extracted from the treated cells using the
RNeasy Mini Kit (Qiagen RNA extraction/BioRad
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syber green PCR MMX) following the method
suggested by Pfaffl [37]. The extracted RNAs were
then used for cDNA synthesis during the reverse
transcription process using the High Capacity
cDNA Reverse Transcriptase kit (Applied
Biosystems, USA). To quantify the levels of EGFR,
Bcl-2, and Casp3 gene expressions, the Step One
instrument (Applied Biosystems, USA) was used to
amplify the cDNA with the Syber Green | PCR
Master Kit (Fermentas). The amplification process
followed a thermal program consisting of 10
minutes at 95 °C for enzyme activation, followed by
40 cycles of 15 seconds at 95 °C, 20 seconds at 55
°C, and 30 seconds at 72 °C. The ACt method was
used to normalize the changes in expression of each
target gene relative to the mean critical threshold
(CT) values of the housekeeping gene (GAPDH).
For each target gene, specific primers (1ul) were
added: EGFR (F: 5'-
GACTCCGTCCAGTATTGATCG-3' B: 5-
GCCCTTCGCACTTCTTACACTT-3"), Bcl2 (F: 5'-
TCCCTCGCTGCACAAATACTC-3 B: 5'-
ACGACCCGATGGCCAAGA-3), Casp3 (F: 5'-
TGTTTGTGTGCTTCTGAGCC-3'; B: 5'-
CACGCCATGTCATCATCAAC-3'), and GAPDH
(F: 5-GAAGGTGAAGGTCGGAGTCA-3; B: 5
TTGAGGTCAATGAAGGGGTC-3"). The 2-AACq
method, as suggested by Wang et al. [38], was used
to quantify the levels of mMRNA expression. The
results for each target gene were calculated from
triplicate experiments.

2.5. Cell apoptosis

The HepG2 cells (3x10°%well) were cultured
overnight and then treated with each extract at
concentrations of 50, 100, 150, and 200 pg/ml.
Additionally, the tested extract was added to the
cultured HepG2 cells at a concentration of 100
pg/ml and at different time points (24, 36, 48, and
72 hrs). The HepG2 cells were collected by cold
centrifugation at approximately 300 x g for 10 min,
and then 100 pl of 1X Binding Buffer was added
per sample. The Annexin V-FITC apoptosis
detection kit (Annexin V-FITC-BD Bioscience
PharmingenTM, USA) was used to assess cell
apoptosis. Annexin V (100 pl) was incubated with
treated HepG2 cells (1076 cells/ml). Annexin V-
FITC (5 pl) and PI (5 pl) were incubated in a dark
place for 15 min, followed by the addition of 400 pl
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of binding buffer (1X). The flow cytometry (BD
FASCCalibur-USA) was immediately used to
analyze the HepG2 cells for a maximal signal
within 1 hr, as suggested by Koopman et al. [39].

2.6. Biosynthesis of gold nanoparticles (Au-NPs)
2.6.1. Preparation of gold plant nano-extract

The fabrication of Au-NPs was conducted in two
main steps using the chemical reduction method as
described by Zhao et al. [40]. In Part I, Au®
(HAuUCI,) was reduced to AuO through a reaction in
an aqueous solution containing trisodium citrate
(NazCgHs07.2H,0). Part Il focused on stabilizing
the Au-NPs to prevent particle aggregation, which
was achieved by using cetyltrimethylammonium
bromide (CTAB).

The spontaneous emulsification method was
used to prepare a nano-emulsion. The dried
methanolic extract was mixed with Tween 20 (a
non-ionic surfactant), cellulose nanocrystal (CNC),
and water in two steps. In the first step, the organic
phase was created by mixing the dried extract with
Tween 20. Then, CNC (3 gm) was added, followed
by sonication for 30 minutes. During the second
step, the organic phase containing the plant extract,
Tween 20, and CNC was gradually added to water
using a separating funnel, drop by drop (20
mL/min). The mixture was then stirred for 5 hours
at 800 rpm. To this nanoemulsion, the prepared Au-
NPs were added at a concentration of 1% and
sonicated for 30 minutes at 50 °C.

2.6.2. Characterization of the biosynthesized Au-
NPs

The spectrum of the biosynthesized Au-NPs was
assessed by diluting it 10-fold with deionized water.
The assessment was done using a Shimadzu UV-
VIS recording spectrophotometer UV-240, with a
wavelength range of 200 to 800nm. To analyze the
crystalline nature and size of the biosynthesized Au-
NPs, a Philips X-ray diffractometer (XRD) was
used. The XRD was equipped with an X-ray source
(Cu Ka radiation) with the following specifications:
45 kV, 40 mA, and a wavelength of 0.15418 nm.
The morphological nature of the biosynthesized Au-
NPs, including their shapes and sizes, was measured
using a transmission electron microscope (TEM).
The specific model used was JEM-1230 from Japan.
The analysis was carried out at a resolution of up to
0.2 nm, with a maximum magnification of 600X10°,
and a high resolution level of 200 KV.
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2.7. Median lethal dose (LDsg)

One hundred and sixty (160) adult albino mice
weighing between 20-25 g were divided into 16
groups, with 10 mice in each group. Seven groups
were orally treated with increasing doses (1000,
2000, 4000, 6000, 8000, 10000, and 12000 pg/Kg)
to determine the LDs, of the native extract. The
remaining nine groups were treated with increasing
doses (1000, 2000, 4000, 6000, 8000, 10000,
12000, 14000, and 16000 pg/Kg) to determine the
LDs, of the gold nano-extract. The LDs, was
calculated by counting the number of dead mice
after 24 hours of oral administration, using the
equation proposed by Paget and Barnes [41].

3. Results

3.1. Quantitative determination of the major
phyto-constituents

During the current study, the polyphenolic
compounds and tannins were quantified in the plant
extracts prepared using different organic solvents
(aqueous, methanolic, and ethyl acetate) because
they are the major active phyto-constituents.

The results of the total polyphenolic and tannin
contents, as well as the TAC and IRP of different
plant extracts, are presented in Table 1. It was
observed that the total methanolic extract had the
highest concentrations of total polyphenolic
(154.99+0.10 mg gallic acid/100 gm) and tannin
contents (37.28+0.02 pg/mL). The antioxidant
activity of the extracts was found to be directly
related to the concentrations of these phyto-
constituents. Consequently, the total methanolic
extract exhibited the highest values of TAC and IRP
(172.01£0.11 mg gallic acid/gm; 156.73+0.04
pg/mL, respectively).

3.2. In vitro biological activities of different plant
extracts

The biological activities of various plant extracts
were evaluated by measuring their scavenging
activities against DPPH and ABTS radicals.
Ascorbic acid was used as a standard for
comparison. Additionally, the extracts were tested
for their anti-diabetic, anti-Alzheimer's, and anti-
inflammatory activities. The scavenging activity
against DPPH radicals was quantified using 1Cs
values, with lower values indicating stronger
antioxidant activity.
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Thus, the extract with the lowest ICs, value
exhibited the highest scavenging activity against
DPPH radicals. In terms of ABTS radicals, the
scavenging activity was determined by the highest
inhibitory percentage. The data presented in Table
2 demonstrated that the total methanolic extract
displayed the highest scavenging activities against
DPPH radicals (ICs,=7.35+0.02 pg/ml) and ABTS
(25.27+0.03%) compared to the other extracts.

The anti-diabetic activity of the extracts was
assayed by determining their inhibitory effect on a-
amylase and a-glucosidase enzymes using acarbose
as a standard drug. The highest inhibitory effects
against the activities of a-amylase (41.70£0.03%)
and a-glucosidase (38.17+0.01%) were noticed with
the total methanolic extract, indicating the highest
anti-diabetic activity. The anti-Alzheimer's activity
of the different extracts was assayed by measuring
their inhibitory effect against the activity of AChE
enzyme. It possessed the highest inhibitory effect
against the activity of AChE (26.18+0.01%),
indicating the highest anti-Alzheimer's activity
compared to the other native plant extracts using
donepezil as a standard. Regarding anti-
inflammatory activity, the efficiency of the different
extracts was assayed by determining their inhibitory
effect on protein denaturation and proteinase
activity. The highest inhibitory effects on proteinase
denaturation  (30.48+0.02%) and  proteinase
(28.77+0.01%) were noticed with the total
methanolic extract compared to the other extracts.
Therefore, it possessed the highest anti-
inflammatory activity compared to diclofenac
sodium that was used as a standard.

3.3. The structural properties of the
biosynthesized Au-NPs

The total methanolic extract was chosen for the
green synthesis of Au-NPs due to the presence of
bio-macromolecules (polyphenolic and condensed
tannins) that have strong antioxidant capacity. The
UV-Vis spectroscopy data (Fig. 1a) showed a sharp
peak at 500 nm, indicating the presence of
biosynthesized Au-NPs. To determine the structural
properties of the biosynthesized Au-NPs, XRD and
TEM techniques were used. The XRD diffraction
pattern (Fig. 1b) revealed diffraction peaks similar
to those of metallic Au phase (AuCl4-), with the
most significant peaks at 38°, 43.8°, and 65°
corresponding to the crystallographic planes (1 1 1),
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(20 0), and (2 2 0) respectively. TEM analysis (Fig.
1c) showed that the biosynthesized Au-NPs had an
average width of 19 nm, with some particles of
lower and higher size distribution. The shapes of the
Au-NPs were predominantly spherical or round.

3.4. The phyto-constituents in the extract
incorporated with Au-NPs

Data presented in Table 3 demonstrates that the
concentration of total polyphenolic compounds
(251.08+£0.17 mg gallic acid/100 gm) and total
tannin content (60.40+0.03 pg/mL) increased
following the incorporation of Au-NPs. The
antioxidant activity is directly influenced by the
concentration ~ of  these  phyto-constituents.
Consequently, the TAC and IRP levels increased in
the gold nano-extract (278.65+0.18 mg gallic
acid/gm;  253.91+0.06 pg/mL, respectively),
surpassing those found in the native extract itself
(172.01£0.11 mg gallic acid/gm; 156.73+0.04
pg/mL, respectively).

3.5. In vitro biological activities of the extract
incorporated with Au-NPs

Data presented in Table 4 demonstrated that the
gold nano-extract exhibited the highest biological
activity (4.535+0.01 pg/ml) compared to the native
extract (7.35+0.02 pg/ml). The ICsq of the standard
ascorbic acid was determined to be 4.10+0.01
pg/mL. In terms of scavenging activity against
ABTS radical, at an equal concentration of 100
pg/mlL, the gold nano-extract (40.94+0.04%)
displayed a higher inhibitory effect against ABTS
radical compared to the native extract (25.27 +
0.03%). The inhibitory effect of ascorbic acid
(standard) at the same concentration was
39.10+0.01%.

At equal concentrations of the native extract and
gold nano-extract, it was observed that the gold
nano-extract had a higher inhibitory effect on a-
amylase and a-glucosidase activities (67.56+0.05%
and 61.84+0.02%, respectively) compared to the
native extract (41.70+0.03% and 38.17+0.01%,
respectively). In contrast, at the same concentration,
the standard acarbose showed an inhibitory effect of
77.43+0.01% and 55.79+0.01% on the activity of a-
amylase and a-glucosidase enzymes, respectively.
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Table 1

Major active phyto-constituents and antioxidant activity of different S. costus extracts.

Active Phyto-constituents

Antioxidant Activity

Total Polyphenols
(mg gallic acid/100 gm)

TCT (ng/ml)

TAC
(mg gallic acid/gm)

IRP (pg/mL)

Aqueous

96.87 +£0.06

23.30+0.01

107.50 + 0.07

97.96 £ 0.02

Methanolic

154.99 +0.10

37.28 £0.02

172.01 +0.11

156.73 + 0.04

EtOH

Values were

Table 2

82.44 +0.05

expressed as

19.83 £0.01

standard

I+

mean

Comparing the major biological activities of various S. costus extracts with standard substances.

Scavenging Activity

Inhibition (%)

91.49 +0.06

error (SE)

Anti-diabetic Activity

Anti-Alzheimer Activity

83.37 £ 0.02

of three replicates.

Anti-inflammatory Activity

DPPH
(1Cso pg/ml)

ABTS
(%)

a-Amylase a-Glucosidase

AChE

Proteinase
Denaturation
(%)

Inhibition of Proteinase
(%)

Aqueous 11.75+0.03

15.79 £ 0.02

33.10 £ 0.02 30.30 £ 0.01

23.80 +0.01

27.71 +0.02 26.16 £ 0.01

Methanolic 7.35 +0.02

25.27 +0.03

41.70 £0.03 38.17 £ 0.01

26.18 +0.01

30.48 + 0.02 28.77 £0.01

EtOH 13.81 +0.04

13.44 +0.01

27.08 £0.02 24.78 £0.01

21.81+0.01

25.40+0.01 23.98 +0.01

Ascorbi

¢ Acid

Acarbose

Donepezil

Diclofenac Sodium

410+0.01

39.10+0.01

7743 +0.01 55.79 £ 0.01

Values were expressed as mean + standard error (SE) of three replicates.
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69.00 + 0.04

48.54 +0.01 45.79+0.01
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Table 3

The major active phyto-constituents and antioxidant activity of the total methanolic extract of S. costus incorporated with Au-NPs and compared to native extract.

Active Phyto-constituents Antioxidant Activity

Total Polyphenols TAC
(mg gallic acid/100 gm) L (rgiml) (mg gallic acid/gm) IRP (ug/mL)

Native Ext. 154.99 +£0.10 37.28 £ 0.02 172.01 +0.11 156.73 + 0.04

Gold Nano-Ext. 251.08 £0.17

60.40 £ 0.03 278.65 £ 0.18

253.91 + 0.06
Values were expressed as mean + standard error (SE) of three replicates.

Table 4

The major biological activities of the total methanolic extract of S. costus incorporated with Au-NPs and compared to native extract.

Inhibition (%)
Scavenging Activity

Anti-inflammatory Activity
Anti-diabetic Activity Anti-Alzheimer Activity

DPPH ABTS . Proteinase Denaturatior] Inhibition of Proteinasq
(1Cso pg/m) (%) a-Amylase a-Glucosidase (%) (%)

Native Ext. 7.35+0.02 25.27+£0.03 41.70 £0.03 38.17+0.01 26.18 +0.01 30.48 £0.02 28.77+£0.01

Gold Nano-Ext. 4,535 +0.01

40.94 +0.04 67.56 = 0.05 61.84 +0.02 26.18 +0.02 30.49+0.01 28.78 +0.02

Ascorbic Acid Acarbose Donepezil Diclofenac Sodium

4.10+0.01 39.10+0.01 77.43+0.01

55.79+0.01 69.00 + 0.04

48.54 £0.01 45.79£0.01

Values were expressed as mean + standard error (SE) of three replicates.
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Figure 1: The biosynthesized gold nanoparticles (Au-NPs) were characterized using a) Ultraviolet-visible (UV-VIS)
spectrum, b) X-Ray Diffraction (XRD) spectrum, c) Transmission Electron Microscope (TEM) image.
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It was discovered that both the native extract and
gold nano-extract had the same effect on AChE
activity at equal concentrations (26.18+0.01% and
26.18+0.02%, respectively). In comparison, the
standard drug Donepezil had an inhibitory effect of
69.00 + 0.04% on AChE activity at the same
concentration.

Regarding anti-inflammatory activity, it was
discovered that both the native extract and gold
nano-extract demonstrated similar inhibitory effects
on proteinase denaturation (30.48+0.02 and
30.49+0.01, respectively) and proteinase activity
(28.77£0.01 and 28.78+0.02, respectively). In

comparison, at the same concentration, diclofenac
sodium (standard) exhibited inhibitory effects on
proteinase  denaturation of 48.54+0.01 and
45.79+0.01, respectively.

As depicted in Figure 2, the methanolic extract
combined with Au-NPs exhibited the most potent in
vitro cytotoxic activity against Caco2, with the
lowest 1Csy value recorded at 41.33 pg/mL. This
was followed by the native extract, which had an
I1Csp value of 63.33 pg/mlL.
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6333 | EMCACO-2 ®HEPG-2

41.33

Median Inhibitory Concentration (IC;)
(ug/ml) :
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Figure 2: The median inhibitory concentrations (ICsy) of methanolic S. costus extract incorporated with Au-
NPs against human colon (Caco2) and liver cancer (HepG2) cell line and compared to the native extract.

Figure 3 illustrates the shapes and distribution
of Caco2 cells treated with the native extract and
gold nano-extracts at the median (ICso) and
maximum inhibitory concentration (100 pg/mL), in
comparison to the control Caco2 cells (at a
concentration of 0 pg/mL). Regarding HepG2 cells,
the gold nano-extract demonstrated the highest
cytotoxic activity, with an 1Cs, value of 11.33
pg/mL, followed by the native extract with an 1Cs
value of 31.67 ug/mL (Figure 2).

Figure 4 displays the shapes and distribution of
HepG2 cells treated with the native extract and gold

Egypt. J. Chem. 67, No.5 (2024)

nano-extracts at the median (ICsp) and maximum
inhibitory ~ concentration (100  pg/mL), in
comparison to the control HepG2 cells (at a
concentration of 0 pg/mL).

The results of this study indicated that the
methanolic  extract, both before and after
incorporating Au-NPs, exhibited greater cytotoxic
activity against HepG2 cells compared to Caco2
cells. As a result, additional investigations were
conducted on HepG2 cells to assess the
effectiveness of the extracts in influencing the
expression of specific genes at the molecular level.
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3 — - -
At Conc. 100 pg/ml
Figure 3: The median (ICsp) and maximum (Conc. 100 pg/ml) inhibitory concentrations of methanolic S.

costus extract a) before incorporating Au-NPs, b) after incorporating Au-NPs against human colon cancer
(Caco?) cell line and compared to control Caco?2.
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At IC5o (Cone. 11.33 pg/ml) At Conc. 100 pg/ml
Figure 4: The median (ICsp) and maximum (Conc. 100 pg/ml) inhibitory concentrations of methanolic S. costus
extract a) before incorporating Au-NPs, b) after incorporating Au-NPs against human liver cancer (HepG2) cell
line and compared to control HepG2.
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As depicted in Figure 5, the fold changes of EGFR
and Bcl2 genes exhibited a decrease in HepG2 cells
treated with gold nano-extract (0.52 and 0.44,
respectively) compared to cells treated with native
extract (0.76 and 0.85, respectively). In regards to
the Casp-3 gene, its fold changes increased (2.91) in
HepG2 cells treated with gold nano-extract

compared to cells treated with native extract (1.95).
The standard drug DOX reduced the fold changes of
EGFR, Bcl2, and Casp-3 genes to 0.17, 0.60, and
8.39, respectively, in comparison to the fold
changes observed in the control HepG2 cells.

FLD

ENEEEEREREN

Gene Expression

@ EGFR

B Bel2
B Casp-3

é"‘\ \&@
o
Gene Expression
Sample Fold Change
EGFR Bcl2 Casp-3
Native Extract 0.76 0.85 1.95
Gold Nano-extract 0.52 0.44 291
Doxorubicin 0.17 0.60 8.39
Control 1.00 1.00 1.00

Figure 5: Values of the fold change in the EGFR, Bcl2 and Casp-3 genes expressed in the
HepG2 cells treated with gold S. costus nano-extract and compared to the native extract and

doxorubicin (as standard drug).
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As shown in Figure 6, treatment of HepG2 cells

with gold nano-extract resulted in the arrest of cell
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growth at the G2/M and Pre-G1 phases.
Additionally, there was an increased accumulation
of cells at these phases, with percentages of
approximately 27.97% and 17.39%, respectively.
This was in contrast to the cells treated with native

Conversely, the nano-extract led to a decrease in the
accumulation of HepG2 cells at the GO-G1 and S
phases, with percentages of approximately 38.07%
and 33.96%, respectively. Again, this was in
comparison to the cells treated with native extract or

extract or the control HepG2 cells themselves. the control HepG2 cells themselves.
- DNA Content
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°\ 0%G2/M
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R ©
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Sample %G0-GL %S _ %G2IM __ %Pre-Gl Comment

. Cell growth
Native Extract 4221 37.15 20.64 11.27 eérrﬁst@GZéM

- ell growt
Gold Nano-extract 38.07 33.96 27.97 17.39 arrest@G2/M
Doxorubicin 64.31 24.91 10.78 42.55 Cell growth arrest@G1
Control 45.61 41.08 13.31 2.02 -

Figure 6: Chart showing data of cell cycle analysis in HepG2 cells treated with gold S. costus nano-extract and compared to the

native extract and doxorubicin (as standard drug).

As shown in Figure 7, treatment of HepG2 cells
with gold nano-extract increased the percentage of
total apoptotic cells (17.39%), as well as early
(2.75%) and late apoptotic cells (5.52%), compared

Egypt. J. Chem. 67, No.5 (2024)

to cells treated with the native extract or control
HepG2 cells. Additionally, the percentage of
necrotic cells was higher in HepG2 cells treated
with nano-extract (9.12%) compared to those
treated with the native extract (3.51%). The
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standard drug DOX also increased the percentage of
total apoptotic cells (42.55%), as well as early
(3.06%) and late apoptotic cells (27.33%), along
with the percentage of necrotic cells (12.16%),
compared to cells treated with the native extract or
control HepG2 cells.

Flow cytometric analysis data (Figure 8) using
Annexin V-FITC (Figure 9) showed that treatment

of HepG2 cells with gold nano-extract enhanced
apoptosis compared to cells treated with the native
extract or control HepG2 cells. Data depicted in
Table 5 showed no significant changes in the
expression of the EGFR, Bcl2, and Casp-3 genes in
HepG2 cells treated with the native extract and gold
nano-extract compared to cells treated with DOX
(standard drug) or control HepG2 cells.

45
40

Apoptosis/Necrosis

‘ I
i d II

Total Early Late

0 Native Ext.

0 Gold Nano-Ext.
1DOX

0 C.

° e
Apoptosis  Necrosis
Apoptosis
Sample Necrosis
Total Early Late
Native Extract 11.27 1.61 6.15 351
Gold Nano-extract 17.39 2.75 5.52 9.12
Doxorubicin 42.55 3.06 27.33 12.16
Control 2.02 0.53 0.24 1.25

Figure 7: Chart showing data of apoptosis in HepG2 cells treated with gold S. costus nano-extract and
compared to the native extract and doxorubicin (as standard drug).

Egypt. J. Chem. 67, No.5 (2024)



272 A. G. Hussien. et.al.

1400 7] Diploid 100%
4 m %pre 6 2.02%
A Emm %DIP G1 45.61%
1200 - B %DIP G2/M  13.31%
. I %DIPS 41.08%
800 - %CW 5.39
] Aggregates : 1.25%
® ’ cell debris : 1.61%
! 600 7|
400 |
200 =
o -F T
o a0 80 120 160 200
FL2H
1400 - Diploid 100%
4 m %pre G 42.55%
1200 _' I %DIP G1 64.31%
1 Em %DIP G2/M 10.78%
1 I %DIPS 24.91%
800 - %CV 4.72
o~ ] Aggregates: 1.38%
i - Cell debris : 1.96%
400
200
o — T
1] 40 80 120 160 200
FL2H
1400 Diploid 100%
m %pre G 11.27%
1200 Imm %DIP G1 42.21%
mmm %DIP G2/M  20.64%
Imm %DIPS 37.15%
800 %CV S5.41
= Aggregates: 1.58%
! 600 Cell debris : 1.36%
400
200 —
o L T
(1} 40 80 120 160 200
FL2H

Egypt. J. Chem. 67, No.5 (2024)



273 IN VITRO EVALUATION OF SAUSSUREA COSTUS GOLD NANO-EXTRACT.....

1400 Diploid 100%
mm %pre G 17.39%
1200 I %DIP G 38.07%
mmm %DIP G2/M  27.97%
I sDIPS 33.96%
8oo %CV 4.67
- Aggregates : 2.08%
i 600 Cell debris : 1.43%
400
200
o T
1] 40 80 120 160 200
FL2H

Figure 8: Data of DNA content in a) Control HepG2, b) HepG2 treated with doxorubicin, ¢) HepG2 treated with
native S. costus extract, d) HepG2 treated with gold S. costus nano-extract.
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Figure 9: Data of Apoptosis Assay with Annexin V-FITC showing a) Control HepG2, b) HepG2 treated with
doxorubicin, ¢) HepG2 treated with native S. costus extract, d) HepG2 treated with gold S. costus nano-extract.

3.6. The median lethal dose (LDsg)

The study aimed to determine the median and
therapeutic doses of the native extract and gold
nano-extract when administered orally to
experimental mice via a stomach tube. Our findings
revealed that the presence of biosynthesized Au-
NPs increased the safety of the gold nano-extract
compared to the native extract alone. Specifically,
the LDsg and therapeutic doses (1/20 LDsxg) of the
gold nano-extract were higher (11333.33 and

Egypt. J. Chem. 67, No.5 (2024)

566.67 ng/Kg, respectively) compared to those of
the native extract (7333.33 and 366.67 ug/Kg,
respectively) (Fig. 10).

4. Discussion

Phenolic compounds are known for their
antioxidant and antimicrobial properties, which can
promote human health and prevent various diseases
[42]. In this study, it was found that the methanolic
extract had the highest concentrations of
polyphenolic compounds and total tannins, followed



275 IN VITRO EVALUATION OF SAUSSUREA COSTUS GOLD NANO-EXTRACT.....

by the aqueous extract and then the ethyl acetate
extract. This finding is consistent with the
suggestion by Gheraibia et al. [43] that the
concentration of these phenolic compounds depends
on the properties of the extracts and the polarity of
the solvents used in the extraction process. Ahmed
et al. [44] also demonstrated that the methanolic
extract had the highest antioxidant and reducing
properties, which may be attributed to its higher
total polyphenolic content compared to the aqueous
extract. Gheraibia et al. [43] further added that the
antioxidant and scavenging properties of the extract
are positively influenced by the phenolic content
and composition, which can be affected by

changing the polarity of the solvents. Therefore, the
methanolic extract exhibited stronger activities. The
variation in antioxidant and scavenging activities
among the different extracts may be due to the
differences in reactivity and chemical complexity of
the extracts [45]. The potent antioxidant activities
may also be related to the position of functional
groups in the secondary metabolites [44] and the
presence of specific phytochemicals with electron-
donating properties [46]. Although the studied
extracts showed good antioxidant and scavenging
activities, their activities were lower than that of
ascorbic acid (standard), which may be attributed to
their  high proton donating ability [47].

16000

14000

® Median Lethal Dose

® Therapeutic Dose

11333.33

L

BRI A AR E

6000 -

Doses (ug/Kg)
: % g

NatV bt

366.67

566.67

Figure 10: The median lethal (LDsp) and therapeutic doses of S. costus extract incorporated with Au-

NPs and compared to the native one.

Inhibition of a-amylase and a-glucosidase
activities delays carbohydrate digestion and glucose
absorption, resulting in a decrease in postprandial
hyperglycemia [48]. The methanolic extract of S.
costus has the highest inhibitory effect on these
enzymes, attributed to the presence of secondary
metabolites such as phenolic acids and tannins,
which are the main phyto-constituents responsible
for its anti-diabetic activity [49,50]. However, the
inhibitory effect of the studied extracts on these
enzyme activities is still lower than that of acarbose
(standard), as reported by Kifle et al. [51].

Egypt. J. Chem. 67, No.5 (2024)

Inhibition of AChE remains the primary
therapeutic approach for treating Alzheimer's
disease [52]. The methanolic extract demonstrated
the strongest inhibitory effect on the activity of the
AChE enzyme, which aligns with the findings of
Peckels et al. [53], who suggested that the
inhibition of AChE may be attributed to the high
polyphenolic content present. Additionally, Rauter
et al. [54] stated that there is a positive correlation
between AChE inhibition and the total phenolic
content of the extract.
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Table 5

Data of the EGFR, Bcl2 and Casp3 genes expressed in the HepG2 cells treated with gold S. costus nano-extract and
compared to those treated with native extract and doxorubicin (as standard drug).

EGFR
S Control cells Test cells FLD
C GAP EG AC GAP EG AC AA 2N -
onc. HC TC TC HE TE TE ACTE Eamp=1.
Native Extract 24.05 27, 3.6 23.88 27. 4.0 0.44 0.76
Gold  Nano- 24.05 27. 3.6 23.49 28. 4.6 1.06 0.52
Doxorubicin 24.05 27. 3.6 23.77 30. 6.4 2.88 0.17
Control 24.05 27. 3.6 24.05 27. 3.6 0.00 1.00
Bcl2
Extract Control cells Test cells FLD
C GAP Bc AC GAP Bc AC AA CT 2n -
onc. HC T TC- HE T TE- ACTE- Eamp=1.
Native Extract 24.05 28 3.97 23.88 28 4.2 0.26 0.85
Gold Nano- 24.05 28 3.97 23.49 28 5.3 1.33 0.44
Doxorubicin 24.05 28 3.97 23.77 28 4.8 0.83 0.60
Control 2405 28 397  24.05 28 3.9 0.00 1.00
Casp-3
S Control cells Test cells FLD
C GAP Ca AC GAP Ca AC AA CT 2N -
onc. HC TC TC- HE TE TE- ACTE Eamp=1.
Native Extract 24.05 33. 9.8 23.88 32. 8.7 -1.09 1.95
Gold Nano- 24.05 33. 9.8 23.49 31. 8.1 -1.74 2.92
Doxorubicin 2405 33 9.8 2377 30 6.4 -3.46 8.39
Control 2405 33 9.8 2405 33 9.8 0.00 1.00

The methanolic extract exhibited anti-inflammatory
activity, which could be attributed to the presence of
various phyto-constituents such as alkaloids,
flavonoids, carbohydrates, glycosides, saponins,
tannins, and phenolic compounds [55].

The cytotoxic activities of S. costus extract were
evaluated against the growth of cancer cells. The
results of the present study showed that the
methanolic extract exhibited higher cytotoxic
activity with a lower ICs, against HepG2 compared
to Caco2. This could be attributed to the presence of
a mixture of phyto-components that displayed
significant  anticancer activity ~with  various
therapeutic properties, making the extract more
effective in treating diseases than individual
products [56]. Furthermore, the S. costus extract
was found to decrease the viability of cancer cells
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by inducing the release of cytochrome C from the
mitochondria to the cytosol through apoptotic
stimuli [57]. Alotaibi et al. [58] also reported that
the S. costus extract is rich in natural anti-hepatic
cancer compounds, which exhibited anti-
proliferative effects against HepG2 cells. This was
attributed to its ability to activate apoptosis,
increase early and late apoptosis cell populations,
and enhance the permeability of the mitochondrial
membrane. These actions ultimately lead to
cytochrome C-mediated apoptosis and the up-
regulation of apoptosis gene markers.

In the current study, we utilized the methanolic
S. costus extract to synthesize Au-NPs, which were
then characterized using advanced instrumental
techniques. The spectral, morphological, and
structural data of the synthesized Au-NPs were
found to be consistent with the results reported by
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Abdel-Halim et al. [59] and further supported by
Aboulthana et al. [60].

The size of the biosynthesized Au-NPs is
correlated to the percentage of polyphenolic
compounds consumed. As the amount of
polyphenolic compounds used for their formation
increased, the size of the Au-NPs decreased. This
finding is consistent with Mystrioti et al. [61], who
suggested that the concentration of phenolic
compounds increased in the gold S. costus nano-
extract due to the regeneration of polyphenolic
compounds, possibly under the catalytic reaction
conditions and/or interference from the small
biosynthesized Au-NPs. The increase in total
polyphenolic content after the reaction may be
attributed to an overestimation of organic
compounds present in the extract that are not
involved in the reaction with the characteristic
Folin-Ciocalteu [62].

The scavenging activity of the methanolic S.
costus extract was found to increase after the
incorporation of Au-NPs, which is consistent with
the findings of Du et al. [63]. They suggested that
the biofabricated Au-NPs are able to transfer
electrons or hydrogen to the free radicals at the
atomic level. The activity of the biosynthesized Au-
NPs is believed to be influenced by their larger
surface area, and the scavenging activity of the
extract tends to increase with higher concentrations
of incorporated Au-NPs, as reported by Swamy et
al. [64].

The presence of Au-NPs in the S. costus nano-
extract enhances its anti-diabetic activity by
inhibiting the activities of o-amylase and o-
glucosidase enzymes. This finding is consistent with
the study conducted by Govindaraju and Suganya
[65], who suggested that the biosynthesized Au-NPs
could be developed as potent anti-diabetic
nanomaterials due to their ability to inhibit the
breakdown of starch by metabolic enzymes. The
Au-NPs also increase the inhibitory effect of the
extract on AChE activity. This may be attributed to
the structural perturbation of the enzyme, which is
inhibited by its adsorption on the surface of the Au-
NPs and subsequent stabilization of the enzyme
structure. Additionally, the distribution of surface
charge on the AChE enzyme can be altered by
inducing H,S synthesizing enzymes, further
contributing to the inhibition of AChE enzyme
activity [66]. It is worth noting that AChE has a
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strong affinity to adsorb on Au-NPs, leading to
conformational changes and subsequent inactivation
of AChE activity [67]. The biosynthesized Au-NPs
have the ability to stabilize tertiary and quaternary
protein structures, which explains their good anti-
inflammatory activity. This can be attributed to their
inhibitory potential on protein denaturation [68,69].

The presence of Au-NPs in the S. costus nano-
extract increased cytotoxic activity, which is
consistent with the findings of Mata et al. [70].
They suggested that the biosynthesized Au-NPs
have the potential to act as therapeutic agents for
destroying cancer cells.  Additionally, the
biosynthesized Au-NPs, along with their active
constituents, can cause significant morphological
changes in cancer cells and inhibit their growth after
48 hours of treatment, as reported by
Khoobchandani et al. [71]. Rajkuberan et al. [72]
proposed that the cytotoxic activity induced by
biosynthesized Au-NPs is influenced by their size,
shape, and the biomolecules grafted onto their
surface.

The potential anti-tumor activity of S. costus
nano-extract can be easily studied by examining its
effects on the cell cycle [73]. In this study, it was
found that the S. costus extract demonstrated the
ability to induce apoptosis in HepG2 cells. As a
result, it caused cell cycle arrest in one of the
aforementioned phases. This finding is consistent
with the research conducted by Mans et al. [74],
who suggested that the S. costus extract possesses a
strong anticancer effect by promoting apoptosis in
cancer cells. The temporary or permanent arrest of
the cell cycle at the S phase, which occurs during
DNA replication, may be attributed to the regulation
of the cell cycle through the Akt signaling pathway,
Cdk2, Cyclin A, and Cyclin E [75].

The Bcl2 protein is part of a large family of
proteins that regulate apoptosis through the
mitochondrial pathway [76]. The gold nano-extract
altered the expression of the EGFR, Bcl2, and
Casp3 genes in HepG2 cells compared to cells
treated with the native extract or control HepG2
cells. This suggests that the presence of Au-NPs
disrupted signal transduction pathways, leading to
an overproduction of reactive oxygen species (ROS)
and ultimately enhancing cellular death [77].
Additionally, the gold nano-extract significantly
increased the percentage of total, early, and late
apoptotic cells, as well as necrosis, in HepG2 cells
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compared to the cells treated with the native extract
or control HepG2 cells. This could be attributed to
the wide range of phyto-constituents present in the
extract, which play a crucial role in regulating
apoptosis and inhibiting the growth of cancer cells
[78]. Singireesu et al. [79] demonstrated that the
extract-induced apoptosis in HepG2 cells may
involve the  mitochondrial-mediated  caspase
activation pathway. Furthermore, the presence of
M-NPs in the nano-extract stimulated apoptosis by
increasing the excessive generation of ROS, which
inhibited cellular replication [80].

No toxicity was observed when the gold S.
costus nano-extract was administered orally to mice.
In fact, it was found to be safer than the native
extract itself. As a result, the LDs, of the gold nano-
extract was higher than that of the native extract.
This finding is consistent with the research
conducted by Aboulthana et al. [60] and has been
further supported by Bekheit et al. [81]. These
studies suggest that the safety of the gold nano-
extract may be attributed to the efficiency of the
urinary excretory system in eliminating the M-NPs
from the body through tubular secretion and
glomerular  filtration. ~ Additionally, the low
degradation rate of the gold nano-extract further
minimizes the risk of potential side effects.

5. Conclusion

The methanolic extract of S. costus is abundant in
major phyto-constituents and showed the most
significant in vitro biological activities compared to
the other extracts (aqueous, methanol, and ethyl
acetate). As a result, it was selected for the
biosynthesis of Au-NPs. The Gold Nano-Extract of
Saussurea costus exhibited greater antioxidant, anti-
diabetic, anti-Alzheimer, anti-inflammatory, and
cytotoxic properties compared to the original
extract. Additionally, the gold nano-extract was
found to be safer than the native extract when
administered orally to mice.
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