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Asparagus racemosus has a wide range of therapeutic activities due to different types of phytoconstituents like glycosides, alkaloids,
steroids, tannins, lignins and other bioactive substances. To enhance the therapeutic efficacy of the highly non-polar chemicals present in
the chloroform extract, the current study aimed to develop metallic nanoparticles using CuSO4-5H20 at 1 Mm copper sulphate. The
extraction was carried out by Soxhlet apparatus using petroleum ether. The identification of the potential bioactive compound was done
by GC-MS analysis. The optimization and characterization of the metallic nanoparticles were done by UV-Spectroscopy, particle size
and zeta analysis, ESEM, TEM, FTIR and TGA. The in vitro antioxidant and anticancer activity were determined for the optimized
formulation, moreover, in silico study was done by Swiss ADME, Moleinspiration and Oawasis data warrior software. The completion
of the reaction was observed due to a change in absorption maxima. The particle size was determined to be 276.2 + 8.1 nm, with a zeta
potential of -50.09 + 7.5 mV and a polydispersity index (PDI) of 0.29. The optimized nanoparticles exhibited a spherical morphology
with a well-defined concentric bilayer membrane. No chemical incompatibilities were detected for the optimized formulation. Thermo-
gravimetric and differential thermal analyses indicated favourable thermal stability, supporting a good shelf-life profile. The optimized
nanoparticles exhibited good therapeutic efficacy due to improvement in the permeability of the chloroform extract and major constituent,
steroidal compound pregn-5-ene-3,11-dione, 17,20:20,21-bis[methylenebis(oxy]]-, cyclic 3-(1,2-ethanediyl acetal).

Keywords: Asparagus racemosus, Metallic nanoparticles, Zeta potential, Morphology, Thermal analysis, Antioxidant, Anticancer
activity.

INTRODUCTION

In Ayurvedic medicine, Shatavari (Asparagus racemosus
Willd.), belongs to the family Asparagaceae, known for its
multiple therapeutic effects [1]. Shatavari has strong anti-ulcer,
anti-inflammatory, immunomodulatory and antioxidant activ-
ities. It’s also lower stress-induced physiological reactions,
have been likened to those of Panax ginseng [2]. It has a good
therapeutic index in treating female reproductive disorders
such as lactation insufficiency, menopause and premenstrual
syndrome [3]. The galactagogue potential of A. racemosus
was confirmed by a randomized controlled trial [4], which
showed that supplementing with the plant increased prolactin

levels and breast milk production in postpartum women. The
literature also revealed gastric ulcer healing capacity of satavari
due to mucilage and antioxidant [5,6]. Itis also reported imm-
unomodulatory effect, demonstrating elevated phagocytic acti-
vity and lymphocyte proliferation [1]. The increasing interest
in using Shatavari in contemporary herbal formulations and
functional foods is supported by these complex pharmacolo-
gical actions [7].

The bioactive molecules derived from the plant extracts
loss the potency in gastric environment. To overcome this limi-
tation, metallic nanoparticles (MNPSs) have attracted significant
attention due to their high surface area, physicochemical stab-
ility and gastrointestinal resilience [8,9]. MNPs are particu-
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larly well-suited for applications in drug delivery, biomedical
imaging and catalysis [10]. Common metallic nanoparticles, such
as silver (Ag), gold (Au), copper (Cu) and platinum (Pt), exhibit
unique properties. For instance, silver nanoparticles exhibit
broad-spectrum antimicrobial activity, while gold nanoparticles
are favoured for targeted drug delivery and photothermal the-
rapy due to their biocompatibility and facile surface modifi-
cation [11].

Green synthesis approaches allow the fabrication of
metallic nanoparticles tailored for specific applications by
selecting suitable metal salts and plant-derived reducing agents.
However, their long-term toxicity and environmental impact
necessitate careful evaluation to ensure safe use [12]. Ongoing
research focuses on enhancing efficacy and biocompatibility
through hybrid systems and functionalized nanoparticles [13].
Among these, copper nanoparticles have emerged as promi-
sing candidates due to their antioxidant, antimicrobial and anti-
cancer properties, as well as their sustainability and biocom-
patibility [14].

The present investigation indicates the presence of poten-
tially bioactive non-polar molecules in the chloroform extract
of A. racemosus, which will be identified using GC-MS and
supported by in silico analysis. To enhance the therapeutic
efficacy, copper nanoparticles were green-synthesized and
characterized with respect to particle size, morphology and
stability using zeta potential and thermal analyses. Their bio-
logical activity was evaluated through in vitro antimicrobial
and antioxidant assays.

EXPERIMENTAL

Collection of plant material: At 373 m (1,224 feet) at
16.5811°N 77.7489°E, fresh stems of Asparagus racemosus
were gathered from Ibrahimpatnam, India. The plant materials
were authenticated by the Department of Botany, Osmania
University, Hyderabad, India.

Preparation of extract: At 40 + 5 °C, the fresh plant
materials were allowed to air-dry in shade. Crompton TRET500
(made in India) mixer and grinder was used to grind the dry
plant material to a coarse powder. The stem powdered was
first defatted using petroleum ether (60 °C fraction). The extra-
ction was then carried out using a Soxhlet apparatus. Appro-
ximately 200 g of stem powder, enclosed in a muslin bag of
100-mesh size, was subjected to continuous extraction with
chloroform (1 L) until the siphoning solvent became colour-
less. A rotary flash evaporator (Rotavapor R-300 Buchi, India)
with a reduced pressure setting of 55 °C and 50 rpm was used
to collect the petroleum ether layer. The percentage yield was
calculated after allowing the extract to dry completely in a
desiccator to obtain a constant weight [15].

Phytochemical analysis: The chloroform extract was
subjected to phytochemical analysis following established lite-
rature procedures [16].

GC-MS analysis: The GC-MS analysis was carried out
using an AccuTOF GCv/JMS-T100GCv mass spectrometer
coupled to an Agilent 7890A GC system (JEOL). A solution
prepared by dissolving 100 mg of chloroform extract in 100
mL of HPLC-grade methanol and diluting it to 30 pg/mL was
used for analysis, which was carried out over a 50 min run.
An HP-5 column (30 m x 0.25 mm x 0.25 um) was employed
for chromatographic separation, with helium supplied as the
carrier gas at 1 mL/min and the oven maintained at 280 °C; the
resulting mass spectra were matched with the NIST database
for compound identification [17,18].

Preparation of structure and in silico study: The SMILES
notation was obtained from ACD Labs Chemsketch version
12.0, The Swiss ADME online tool and Osiris data warrior
software were utilized to ascertain the pharmacokinetic, toxicity
potential, bioactivity score, physicochemical drug likelihood
and molecular characteristics. The therapeutic potential of the
identified molecules was assessed using the Swiss Target
Prediction platform [19]. The % Abs was determined by using
the formula:

Absorbance (%) = 109 — (0.345 x TPSA)

Synthesis of copper nanoparticles: A chloroform extract
(10 mL of 10% wi/v) was added to 10 mL of CuSO4-5H,0
solution of different concentrations (Table-1) dropwise. The
reaction mixture was stirred magnetically using thermostate
magnetic stirrer Remi 5SMLH 5 L at 100 rpm. The mixture was
heated at 60 °C for 1 h. The colour was changed from brown
to green colour with the progress of reaction. The pH of the
solution was maintained at 7.2 to achieve complete precipit-
ation. The resulting mixture was homogenized at 10,000 rpm
for 30 min using a Remi RQ-127 A/D homogenizer, followed
by centrifugation at 10,000 rpm with a Remi CM-8 Plus
cooling centrifuge (4 x 50 mL swing-out rotor). The precipi-
tate was collected, stored in an Amber-coloured container, and
used to determine the percentage yield, while the supernatant
was reserved for estimation of entrapment efficiency [20].

Determination of absorption maxima: The spectroscopic
analysis was determined by Labman spectrophotometer LMS-
PUV1920, India. The chloroform extract (50 mg) was dissolved
in 50 mL of phosphate buffer (pH 6.8). A portion of this solu-
tion was further diluted to 30 ng/mL for analytical measure-
ments. For overlay spectrum preparation, 10 mL of copper(l)
nanoparticle solution was diluted to 50 mL [21].

Entrapment efficiency: The ultra-centrifugation technique
was used to measure the entrapment efficiency. The freshly
prepared copper(ll) nanoparticles (2 mL) was centrifuged for
30 min at 10000 rpm (Remi cooling centrifuge, Remi, India).
The supernatant (1 mL) was diluted with 9 mL of buffer to a
final volume of 10 mL, and its absorbance was measured by
UV-visible spectrophotometry to calculate the percentage entrap-
ment efficiency (% EE) [22]. The data was represented in the
form of mean + standard deviations:

TABLE-1
COMPOSITION OF NANOPARTICLES
Component SCCN1 SCCN2 SCCN3 SCCN4 SCCN5
Extract (%) 10 10 10 10 10
CuS04-5H,0 (mM) 0.25 05 0.75 1 1.25
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Size distribution, zeta potential and polydispersity index:
The Malvern Zetasizer (Malvern Instruments, Southborough,
UK) was employed to analyze the vesicle size, polydispersity
index (PDI) and zeta potential of phytosomes [23]. After filling
the cuvette with the diluted sample, the analysis was cond-
ucted at 25 + 2 °C and a scattering angle of 90°. A refractive
index of 1.330 and 0.050 absorptions were used for the meas-
urement. An electrode cuvette was used to evaluate the zeta
potential of sample. Every study was conducted in triplicate
and the mean * standard deviations were used to represent the
data.

Environmental scanning electron microscopy: ESEM
analysis was performed using a FEI Quanta 200 (Hillsboro,
USA). Two drops of the samples (40 pL) were deposited on
the conducting copper tap and air-dried. Each sample recei-
ved a platinum sputter coating with a thickness of 10 nm and
analyzed under the microscope at 10000X magnification
scales [23].

Transmission electron microscopy: A TEM device
(JEM 2100F, Japan) was utilized to analyze the morphology
of optimized nanoparticles. A drop of the sample was placed
onto a copper grid coated with 200-mesh carbon, and excess
solvent was removed using filter paper. After air-drying, the
grid was examined under a TEM, and images were captured
using the associated software [23].

FTIR analysis: FTIR analysis was performed using a
Bruker 3000 Hyperion Microscope coupled with a Vertex 80
FTIR system (Germany) in Micro ATR grazing angle mode.
Approximately 1 mg of extract was placed on the sampling
plate and scanned over the range 4000450 cm™ [24].

Thermal analysis: Thermal analysis was carried out using
Hitachi NEXTA STA300 (India). Thermal analysis of 27.429
mg of the sample was performed in a ceramic crucible under
nitrogen, with temperature ranged from 30 to 800 °C at 10 °C/
0.2 s to evaluate thermal stability and weight loss [25].

In vitro antioxidant activity (DPPH method): The
solutions of the extract, nanoparticles, and standard were pre-
pared at concentrations of 25, 50, 75, 100 and 125 pg/mL. To
each sample, 2 mL of 0.004% DPPH solution was added, and
the mixtures were incubated for 30 min at room temperature
under light to allow the reaction to proceed. Absorbance was
measured at 517 nm using a UV-Visible spectrophotometer.
All experiments were performed in triplicate and percentage
inhibition and ICso values were calculated [26].

Abs

S test ><100

control

Inhibition (%) = Ab Abs

control

In vitro anticancer activity (MTT assay method): The
MTT assay was used to assess the in vitro anticancer activity
of a plant extract and its nanoparticle formulation against the
cell lines MCF-7 (breast cancer) and LNCaP (prostate cancer).
The cells were kept at 37 °C with 5% CO, in DMEM supple-
mented with 10% FBS and 1% penicillin-streptomycin. After
the cells reached 80-90% confluency, they were seeded in 96-
well plates (5 x 10* cells/well) and given different concen-
trations of the test samples (25-100 ug/mL) for 24-48 h along

with a standard drug, doxorubicin. After treatment, MTT
reagent was added to evaluate cell viability. The cells were
then dissolved in DMSO and their absorbance at 570 nm was
measured. GraphPad Prism 5 were used to calculate the percen-
tages of cell viability and inhibition as well as the 1Csq values.
Every test was carried out in triplicate while maintaining the
aseptic conditions [27].

Statistical analysis: Statistical analysis was done using
the software Graphpad Prism 5. Each study was done in trip-
licate and data were represented in the form of mean + SD or
mean + SEM.

RESULTS AND DISCUSSION

According to the reports, the pharmacological properties of
the root extract of A. racemosus include immunomodulatory,
antidiabetic, antioxidant, antiulcer and antidiarrheal properties.
The present study was aimed to improve the therapeutic effi-
cacy of the nonpolar compounds identified in chloroform extract
[17]. The extraction yielded 21.31% of the petroleum ether
fraction. Phytochemical analysis confirmed the presence of
highly non-polar compounds, including terpenoids, steroids,
lignin, and alkaloids. GC-MS analysis of the extract (Fig. 1)
revealed a total of 11 compounds, with the highest peak area
(42.28%) corresponding to compound 8, which exhibited a
retention time of 23.44 min. The structure of this compound
was further confirmed by mass spectrometry (Fig. 2) and iden-
tified as pregn-5-ene-3,11-dione, 17,20:20,21-bis[methylene-
bis(oxy)]-, cyclic 3-(1,2-ethanediyl acetal). Based on its struc-
tural features, the compound was classified as a steroidal
alkaloid [17]. Moreover, this compound has demonstrated its
potential antioxidant and antimicrobial activity, with in silico
studies indicating favourable pharmacokinetic properties,
bioactivity scores against enzymes, and promising anticancer
activity based on target prediction [17].
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Fig. 1. GC-MS analysis for chloroform extract of A. racemosus [Ref. 15]

x10
446
60 4
41.02 97.04 ,126.05
JE33 0%9'03 125.04
il O
G e ey e s s B S I e p i s ey s
m/z
Fig. 2. Mass spectrum for molecule-8 isolated from the chloroform extract

of A. racemosus [Ref. 15]

In silico study and target prediction: The isolated mole-
cule exhibited good physicochemical properties in respect to
distribution coefficient, TPSA, percentage of absorption
(Table-2). The major limitation of the compound is its poor
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TABLE-2

In silico STUDIES FOR MOLECULE-8 CHLOROFORM
EXTRACT OF Asparagus racemosus (SHATAVARI) [Ref. 15]

Physico-chemical properties

cLogP 2.28
cLogs -4.76
H-acceptors 7
H-donors 0
Molar refractivity 113.32
TPSA 72.45
%Absorption 84.00
Solubility Insoluble soluble
Molecular property
Shape index 0.43
Molecular flexibility 0.22
Molecular complexity 1.02
Toxicity potential
Mutagenic No
Tumorigenic No
Reproductive effective Yes
Irritant No
Pharmacokinetic properties
Gl absorption High
BBB permeant Yes
Pgp substrate No
CYP1A2 inhibitor No
CYP2C19 inhibitor No
CYP2C9 inhibitor No
CYP2D6 inhibitor No
CYP3A4 inhibitor No
log Kp (cm/s) -7.46
Drug likeliness
Drug likeness -5.62
Lipinski Yes
Veber Yes
Egan Yes
Muegge Yes
Bioavailability score 0.55
Bioactivity score
GPCR ligand 0.22
lon channel modulator 0.16
Nuclear receptor ligand 0.12
Protease inhibitor 0.22
Enzyme inhibitor 0.41

Target prediction

Thymidine kinase enzyme (Kappa opioid receptor)

Family A G protein-coupled receptor

Anticancer
Anticancer

solubility, which is influenced by its spherical structure and
low molecular flexibility. Despite this, the molecule exhi-
bited no toxicity, favourable pharmacokinetic properties and
acceptable drug-likeness. Its bioavailability was moderate,
while bioactivity predictions indicated good GPCR ligand
binding affinity and potential anti-inflammatory activity [17].
To overcome the solubility and bioavailability limitations,
metallic nanoparticles were developed from the petroleum
ether extract.

Optimization of synthesis of metallic nanoparticles:
The synthesis of nanoparticles was optimized using a fixed
extract concentration (10% w/v) and varying concentrations
of copper sulphate (mM). At low concentrations, simple com-

plexation occurred, whereas higher concentrations (0.75 and
1 mM) led to the chelate formation. The resulting chelates were
stable at pH 7.2 and homogenized at 10,000 rpm to achieve
nanoparticles within the desired size range. The size of the
nanoparticles increased with the increase in concentration of
salt. However, the concentrations above 1.25 mM resulted in
precipitation, indicating a threshold for stable nanoparticle
formation. The completion of the reaction was determined by
spectroscopic method. There was change in absorption band
with the completion of reaction [28]. The absorption maxima
for the nanoparticles was found to be 450 nm (Fig. 3).

4.010

———— Extract
Nanoparticles

Absorbance (%)
N
o
n
o

0 . \ . .
400 550 600 650 700 750
Absorption maxima (nm)

Fig. 3. Absorption maxima of the extract and its copper nanoparticles

Entrapment efficiency (EE%0): The entrapment effici-
ency provides valuable information regarding the entrapment
of the extract encapsulated due to metal complexation. The
efficacy of the nanoparticles depends on the amount of the
extract encapsulated by complexation [29,30]. The entrapment
efficiency was found to be 67.00 £ 1.44 to 92.00 + 2.09. There
was formation of chelates at 0.75 and 1 mM and precipitation
at 1.25 mM. High metal concentration increases the surface
morphology, particle size and release property also due to
strong ionic bonding [31]. The physical appearance at 0.75
and 1 mM exhibited % EE of 85.33 £ 1.36 and 92.00 * 2.09,
respectively (Fig. 4).
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Fig. 4. Entrapment efficiency data of the synthesized nanoparticles
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Fig. 5. (a) Particle size and (b) zeta potential plots of the nanoparticles SCCN4

Particle size and zeta potential: The size and zeta
potential of the nanoparticles depends on concentration of the
metal ions. High concentration of metal ion increases particle
size and reduce stability [32]. The particle size was found to
be 180.4 + 4.5 to 297.3 + 7.3. The zeta potential value was
found to be -20.1 + 3.2 to -50.21 + 7.5. The PDI value was
found to be 0.21 to 0.35 indicate with gradual increase in
metallic ion concentration the solution become polydisperse
[33]. There was good stability (zeta potential) was observed
for the nanoparticles coded with SCCN3 and SCCN4 -41.02
and -50.09 mV (Table-3 and Fig. 5).

TABLE-3
VESICLE SIZE, ZETA POTENTIAL AND POLYDISPERSITY
INDEX OF OPTIMIZED NANOPARTICLES

. Z average Zeta potential
Formulation (d.nm) J_rgSD (m\?) +SD Pdl
SCCN1 180.4 £4.5 -20.10+£ 3.2 0.21
SCCN2 201.5+6.4 -28.20+£ 3.4 0.23
SCCN3 232.1+5.2 -41.02£4.1 0.25
SCCN4 276.2+8.1 -50.21+£75 0.29

All the studies carried out in triplicate and datas are represented in
Mean + SD.

SEM and TEM analysis: SEM analysis was conducted
on the CNp4 nanoparticles, revealing a predominantly spherical

morphology, which is favourable for enhanced drug absorption
[34]. This spherical structure observed in SEM (Fig. 6) was
further confirmed by TEM imaging (Fig. 7), which addition-
ally demonstrated a concentric bilayer membrane, indicating
well-defined and stable nanoparticle architecture.

WD Mag Det HV
11.3 mm 2500x ETD 15.0 kV

50.0pm
CRNTS IITB

Fig. 6. SEM image of the nanoparticles SCCN4
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FTIR study: The FTIR study was carried out for the
extract and the optimized formulation (Fig. 8). The character-
istic peaks at 2920 (C-H, str., -CH3), 1666 (C=0, str.), 1029
(-C-0-, str.) confirmed the presence of reported compound in
the extract. In copper nanoparticles, the characteristic peaks at
2925 (C-H str., -CHg3), 1104 (-C-O-, str.) were observed. No
significant changes were observed in the absorption bands of
the extract, with only minor shifts attributed to bond
formation between the metal ions and extract, indicating the
absence of chemical incompatibility. The formation of nano-
particles was confirmed by these shifts and changes in absor-
ption intensity, with the appearance of a peak at 617 cm*
corresponding to M—O coordination, further validating the
synthesis of metallic nanoparticles. Overall, the nanoparticles
formulation exhibited no chemical incompatibility.
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Fig. 8. Overlay FTIR spectra of extract nanoparticles SCCN4

Thermal analysis: The thermal stability of the copper
nanoparticles was confirmed by TGA and DTA analyses. The
TGA profile (Fig. 9a) showed a total weight loss of 3.4% from
an initial 27.52 mg up to 800 °C, with an initial 2.1% loss
between 30-150 °C attributed to moisture and adsorbed solvents,
while excellent stability was observed from 200-800 °C, indica-
ting resistance to atmospheric decomposition and volatiliza-
tion. DTA analysis (Fig. 9b) revealed an endothermic peak at
73.4°C corresponding to physically adsorbed moisture, a peak
at 108.9 °C due to residual solvent and surface-bound species,
and a peak at 150.1 °C associated with structural rearrange-
ment or low-temperature crystallization, with a total area under
the curve of 3399 uV/mg indicating modest transitions. No
significant exothermic events or decomposition were observed,
demonstrating that the optimized nanoparticles possess exce-
llent thermal stability and a prolonged shelf life [35].

In vitro antioxidant activity: The percentage inhibition
was calculated and represented in Table-4. The percentage
inhibition was found to be 87.52 + 0.026 for extract, 97.27 £ 0.14
for nanoparticles and 96.41 + 0.18 for standard at 125 pg/mL.
The percentage inhibition increased in a concentration-depen-
dent manner, with the nanoparticles exhibiting the highest
activity. The ICsq values were determined as 109.47 pg/mL for
the standard, 86.41 pug/mL for the extract and 93.72 pg/mL for
the nanoparticles, indicating enhanced antioxidant potential
of the extract and its nanoparticle formulation.

Anticancer activity: The in vitro anticancer activity was
determined by MTT assay method. The data represented in
Table-5 along with % cell viability. The concentration dep-
ended response was observed for extract and nanoparticles.
The minimum percentage cell viability was observed at 100

4
100 196.6%
90| (@) (b)
3399 uV.s/mg
801 =
0 g
70| s
. E2
e 60 2 73.4°C
o® 50 :{ P 0.14 uV/mg
F 40! o 108.9°C
6 -10.12 uV/mg
30/ 150.1°C
20| 8 0.60 uV/mg
10|
ik 2.4% 10
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Temperature (°C) Temperature (°C)
Fig. 9. (a) TGA and (b) DTA thermograms of nanoparticles SCCN4
TABLE-4
OBSERVATION FOR ANTIOXIDANT ACTIVITY IN TERMS OF DPPH METHOD
DPPH scavenging effect (%) [mean £ SEM
Compound No. I 6 [ ] 1Cso (g/mL)
25 pg/mL 50 pg/mL 75 pg/mL 100 pg/mL 125 pg/mL
Extract 31.25 £ 0.06 41.51 +0.02 53.21 £ 0.08 66.77 £ 0.15 87.52 £ 0.02 109.47
Nanoparticle 45.36 £ 0.01 58.36 £ 0.06 76.61 £ 0.05 82.35+0.12 97.27 £0.14 86.41
Ascorbic acid 2248 £0.12 41.23 +0.19 52.56 £ 0.20 75.42 + 0.09 96.41 +0.18 93.72

All the studies carried out in triplicate and data are represented in Mean £ SEM.
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TABLE-5
OBSERVATION FOR in vitro ANTICANCER ACTIVITY IN TERM PERCENTAGE OF CELL VIABILITY BY MTT ASSAY METHOD

Cell line-1 (MCF7)

Cell line-2 (LNCaP)

Treatment Conc. (ng/mL) (Mean + SEM) ICs0 (ug/mL) (Mean + SEM) 1Cso (ng/mL)
25 78 +2.31 73+1.732
50 66 + 3.46 60.33 £1.76
Standard 75 47.67 260 64.48 44.33 £ 2.60 1754
100 25.67 £2.33 22.67 £2.33
25 96.67 £4.41 90.67 £2.72
50 92 +3.21 82+1.73
Extract 75 81+2.08 61.91 58.67 +3.18 5261
100 75+5.13 31.67 £2.72
25 91.33+2.33 93.67 +2.02
. 50 85.33+3.18 90.67 +2.33
Nanoparticles 75 61.67 +2.90 48.87 83+ 2,30 48.87
100 31.67 £2.02 71.67 £2.72
All the studies carried out in triplicate and data are represented in Mean £ SEM
pg/mL. In case of MCF7 cell line the value was found to be REFERENCES

25.67 + 2.33 (standard), 75 + 5.13 (extract) and 31.67 = 2.02
for nanoparticles. The percentage cell viability was 22.67 +
2.33,71.67 £ 2.72 and 31.67 £ 2.72 against LNCaP cell line.
The I1Csp value for optimized nanoparticles (48.87) was less
compared to extract (61.91 & 52.67). Based on these results,
it is found that the nanoparticle demonstrated higher efficacy
than the extract in terms of percentage inhibition and cell via-
bility, attributed to its reduced particle size and spherical
morphology, which enhanced permeability toward the target
site.

Conclusion

The chloroform extract of Asparagus racemosus was
found to contain the steroidal compound pregn-5-ene-3,11-
dione, 17,20:20,21-bis[methylenebis(oxy)]-, cyclic 3-(1,2-
ethanediyl acetal) as a major constituent. In silico analysis
indicated favourable drug-likeness and pharmacokinetic pro-
files, with target prediction suggesting significant anticancer
activity. However, the compound and extract exhibited poor
aqueous solubility, limiting their therapeutic potential. To
enhance the bioavailability and efficacy, a copper nanoparticle
formulation was developed and optimized using a copper salt
concentration of 1 mM. The resulting copper nanoparticles
displayed excellent stability, a spherical morphology with a
concentric bilayer membrane and high thermal stability, indi-
cating improved shelf life. Compared to the crude extract, the
optimized copper nanoparticles demonstrated enhanced
therapeutic efficacy against breast and prostate cancer, likely
due to increased permeability and bioavailability.
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