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a b s t r a c t 

The present study was aimed to analyze the in vitro antioxidant, anti-inflammatory and cytotoxicity activ- 

ities of isolated bioactive compound stigmasterol (abbreviated as STML) from the leaves of Annonamuri- 

cata . Extraction was done using Soxhlet apparatus, TLC, column chromatography and STML in the extracts 

were identified by Gas-Chromatography and Mass-Spectroscopy (GC–MS) analyses. Characterizations of 

isolated bioactive compound stigmasterol for purity verified were performed using High-performance liq- 

uid chromatography (HPLC) technique. Stigmasterol compound was estimated by DPPH scavenging and 

ABTS assay, it showed significant values. In vitro cytotoxicity activity of stigmasterol was also tested HeLa 

cells and Vero cells and IC 50 values found that 11.58 μg/ml and 173.8 μg/ml, respectively. The different 

spectral analysis were also characterized by experimental and well deal with the theoretical ab initio 

Density functional theory (DFT) method at B3LYP level with 6–311 ++ G (d,p) basis set of provides for the 

different spectral studies, respectively by using UV-Visible, 1 Hand 13 C nuclear magnetic resonance (NMR) 

spectroscopy studies. Fourier-transform infrared (FTIR) spectral analysis was carried out. Density Function 

Theory (DFT) computations enabled us to get different reactive properties of STML. The Rf of STML iso- 

lated from the ethanolic extracts of Annonamuricata leaves is 3.707. In conclusion, the results suggest that 

the investigated compounds are potential drug leads to target HeLa cells and Vero cells. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Each year, more than 50 0,0 0 0 women are diagnosed with the 

eadly cause of cervical cancer. This disease, which is projected in- 

ide the vagina, is the fourth most frequent malignancy in women, 

nd it is linked to the human papillomavirus (HPV) [1–4] . Treat- 

ent is determined by the stage of cancer, and many therapies, 

uch as radiation, chemotherapy, or immunotherapy, may be used 

5] . Cisplatin, carboplatin, paclitaxel, topotecan, and gemcitabine 

re the most often used drugs to treat cervical cancer. However, 

umerous side effects have been connected with the usage of these 
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reatments [6] . Furthermore, the expensive price of the therapies 

akes them inaccessible to the general public [7] . As a result, it 

s critical to look for new therapies that are less expensive and do 

ot have negative effects. One of these alternatives is the employ 

f bioactive compounds from natural sources and, therefore, takes 

enefit of the biological wealth of developing countries [8] . 

STML is a natural 6–6–6–5 tetracyclic phytosterol, which consti- 

utes a rigid tetracyclic backbone with one hydroxyl group at one 

nd and one C10 branched hydrocarbon chain at the other end. It 

as been inspected for its pharmacological prospects, such as cy- 

otoxic, antitumor, antimutagenic, antioxidant, anti-inflammatory, 

nd CNS effects [9] . In our current research, STML was isolated 

rom the leaves of Annona muricata. As far as we know, STML is 

he first report on the isolation of stigmasterol from the leaves 

f Annona muricat. Different spectral analysis, DFT-computational, 
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nd in silico molecular docking studies were completed for this 

TML compound. This density functional theory (DFT) calculation 

tudy has a diversity of both experimental and theoretical data, 

nd revealed enhanced binding interactions in docking analysis. 

his isolated compound STML has exhibited potent anticancer ac- 

ivities against HeLa cell lines at different concentrations. So, we 

re promising that the results of this study can guide the design 

f structural analysis, quantum chemical studies on molecular ge- 

metry, chemical reactivity, and new biological evolutions by the 

esearchers. 

. Materials and methods 

.1. Purchase chemicals and reagents 

Petroleum ether, Chloroform, Hexane, Ethanol, ceric ammo- 

ium nitrate, DPPH solution, Ascorbic acid, Methanol, chloroform, 

cetic anhydride, Silica gel 60–120 mesh and TLC silica gel 60 

eady-made plates were obtained from Merk, USA. Column of size 

0 cm × 2.5 cm was used. ABTS, Potassium persulfate, myoglobu- 

in were obtained from Sigma, USA. 0.1 mM DPPH solution, Ascor- 

ic acid, Methanol, Dissolve 39 mg of DPPH in 100 ml of methanol 

nd store at −20 °C until needed, 1 mg/ ml of Ascorbic acid. Acetyl 

alicylic acid, BSA was purchased from Sigma Aldrich, USA. 10X 

BS were purchased from Himedia, India. DMEM medium and Fetal 

ovine Serum (FBS) and antibiotic solution were from Gibco (USA), 

MSO (Dimethyl sulfoxide) and MTT (3–4,5 dimethylthiazol-2yl- 

,5-diphenyl tetrazolium bromide) (5 mg/ml) were from Sigma, 

USA), RPMI medium, 1X PBS, LSM were from Himedia, (India). 96 

ell tissue culture plate and wash beaker were purchased from 

arson (India). DMEM medium, Penicillin/Streptomycin antibiotic 

olution, Trypsin-EDTA was purchased from Gibco (USA), The Alexa 

luor® 488 annex in V/Dead Cell Apoptosis Kit was purchased 

rom Thermo scientific (USA). Fluorescence microscope with fluo- 

escence. 

.2. Sample collection and authentication 

Plant leaves were collected from Holy Cross College campus, 

agercoil, Tamilnadu, India. Herbarium sheets were prepared for 

he collected sample. The plant was acknowledged and authen- 

icated in the Botany research herbarium at St.Xavier’s college, 

alayamkottai, Tamilnadu, India. A voucher specimen was placed in 

he herbarium under the collection number XCH40369. The leaves 

ere washed well, shade dried, powdered using the mechanical 

rinder, and preserved for further research. 

.3. Extraction and isolation 

The isolation was done following the process of [10] with 

light modifications. 10 0 0 g of powdered leaf sample of A. muri- 

ata was subjected to extraction using ethanol at 70 °C for 40 

ours in the Soxhlet apparatus. The extracted matter was evap- 

rated under reduced pressure in a rotary evaporator to recover 

he solvent and to maintain the important ingredients. The result- 

ng crude extracts were subjected to column chromatography. The 

ried ethanol crude sample was placed to top of the silica column 

ade by wet packing method. The elution was done using chlo- 

oform, hexane, methanol and ethanol. Each 10 ml fractions were 

eceived and further analyzed by TLC. The fractions with related Rf 

alues were joint into 20 fractions and dried under rotary vacuum 

vaporator. The 13th fraction with single spot and high quantity 

as chromatographed for isolation. The isolate was subjected to 

PLC [11] , GC-MS [12] , and UV-Visible, FTIR, 13 CNMR and 

1 H NMR 

o establish its structure. 
2 
.4. Test for alcohol 

On moderate heating, 4 g of ceric ammonium nitrate is dis- 

olved in 10 mL of 2 N HNO 3 . In 0.5 mL of dioxane, a few crystals

f the sample are dissolved. The solution was mixed with 0.5 mL 

f ceric ammonium nitrate reagent, diluted to 1 mL with dioxane, 

nd well shaken. The color of the solution changes from yellow to 

ed. [13] . 

.5. Salkowski reaction 

When chloroform solution of the sample is treated with few 

rops of Con.H 2 SO 4 , a reddish color is noted in the upper chlo- 

oform layer [14] . 

.6. Libermannburchard reaction 

When chloroform solution of the sample is treated with few 

rops of Con.H 2 SO 4 followed by the addition of 2–3 drops of acetic 

nhydride. Solution turns to violet blue and finally green [15] . 

.7. Spectral characterizations 

Rotary vacuum evaporator was utilized to dry the extract. 
3 C NMR, GC-MS analysis was completed on a GC-MS equip- 

ent. Clarus 500 Perkin- Elmer Gas Chromatograph equipped 

nd coupled to a mass detector Turbo mass ver. 5.2 – Perkin 

lmer Turbo mass 5.2 spectrometer with an Elite-(5% Phenyl 

5% dimethylpolysiloxane), 30 m, and 250 μm capillary columns 

as used. Shimadzu UV- 1800 and Shimadzu IR Affinity- 

pectrophotometers were used to record UV and FTIR spectrum 

espectively. 13 C and 

1 HNMR spectra were recorded in Bruker 

00 MHz FT-NMR spectrometer using CDCl 3 as solvent. Elemental 

nalysis was completed on the PerkinElmer CHNS/O 2400 series II 

lemental analyzer (India). Elemental (CHNS/O) analysis specified 

hat the calculated and found values were within the acceptable 

imits ( ±0.4%). The HPLC system (Shimadzu) was used, 

.8. Computational details 

The optimization of the ground state of isolated STML molecule 

as computed by DFT methods using the Gaussian 09 pack- 

ge [16] at The Becke’s three parameter Lee-Yang-Parr hybrid 

xchange-correlation (B3LYP) functions are utilized in this analy- 

is with 6–311 ++ G (d,p) basis set [17–19] for optimization of com- 

ounds in the gas phase. Frequency calculation has been done at 

he same level of theory for the confirmation of the global minima. 

he theoretical UV-Visible electronic transition properties like the 

aximum excitation wavelength ( λmax ) and oscillator strengths 

 f ) spectrum were obtained by performing the TD-DFT method 

 20 , 21 ]. The Gauss Sum 3.0 program has been used to obtain calcu-

ated UV-Visible spectrum images [22] . The chemical shifts of the 

olecule in 

1 H and 

13 C nuclear magnetic resonance (NMR) were 

alculated using the gage independent atomic orbital (GIAO) theory 

n mixture with B3LYP/6–311 ++ G (d,p) and evaluated with experi- 

ental outcome. Mulliken charges and chemical reactivity studies 

re also used to explain the energy of frontier molecular orbitals 

HOMO-LUMO). Theoretical simulations were used to determine 

he characteristics of the molecular electrostatic potential (MEP). 

.9. ABTS (2,2 ′ -azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) assay 

The total antioxidant capacity of the extracts was determined 

sing ABTS radical. The viable solution was then made by combin- 

ng equal parts of the two stock solutions and allowing them to 



J.I. Ahamed, F. K, A.V. Priya et al. Journal of Molecular Structure 1252 (2022) 132186 

r  

t

l

u

d

A

u

i

t

(

s

a

t

3

2

p

F

4  

i

i

s

D

2

t  

p

m

5  

k

f

e

t

t

w

%

w

o

c

v

a

t

2

c

c

c

u

b

t

P

2

t

t

r

c

Fig. 1. Compound (STML) isolated from the leaves of Annona muricata . 

Table 1 

The list of solvent combinations used in column chromatography. 

S. No Solvent system Ratio Volume (ml) Fractions 

1. Ethanol 100% 20 1–2 

2. Ethanol: Chloroform 9:1 20 3–4 

3. Ethanol: Chloroform 5:5 20 5–6 

4. Ethanol: Chloroform:Hexane 3:2:5 20 7–8 

5. Ethanol: Hexane 5:5 20 9–10 

6. Hexane 100% 20 11–12 

7. Ethanol: Chloroform:Hexane 3:2:5 20 13–14 

8. Ethanol:Chloroform 5:5 20 15–16 

9. Ethanol:Chloroform 9:1 20 17–18 

10 Methanol 100% 20 19–20 
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eact for 14 h at room temperature in the dark [23] . Using a spec-

rophotometer, the solution was diluted by mixing 1 ml ABTS so- 

ution with 60 ml methanol to produce absorbance of 0.706 ± 0.01 

nits at 734 nm. For each test, a new ABTS solution was pro- 

uced. After allowing 1 ml of ST samples to react with 1 ml of 

BTS solution for 7 min, the absorbance was measured at 734 nm 

sing a spectrophotometer. The extract ABTS scavenging capac- 

ty was compared to that of ascorbic acid, and percentage inhibi- 

ion was calculated as Abs control BTS radical scavenging activity 

%) = Abs control-Abs sample/Abscontrol, where Abs control is the ab- 

orbance of the ABTS radical in methanol and Abs sample is the 

bsorbance of the ABTS radical solution mixed with the sample ex- 

ract/standard. All measurements were made in triplicate (in n = 

). 

.10. DPPH radical scavenging activity 

The free radical degrading activities of natural bioactive com- 

ound of Stigmasterol sample was calculated by a DPPH method. 

unctional Stigmasterol compound at varying concentrations (500, 

0 0, 30 0, 20 0, 10 0, 50, 15, 10, 5 and 1 μg/mL) was resolute us-

ng DPPH as per the method of [24] . Percentage (%) DPPH degrad- 

ng properties of Stigmasterol sample, and functional Stigmasterol 

ample were calculated as mentioned below: 

PPH scavenging capacity ( % ) = 

[(
A sample − A blank 

)
/ A control 

]
× 100 

.10.1. Anti-inflammatory activity—Inhibition of albumin denaturation 

Protein denaturation is the primary cause of inflammation. The 

echnique of [ 25 , 26 ] with minor modifications was used to assess

rotein denaturation inhibition. 500 μL of 1% bovine serum albu- 

in was mixed to isolated compound of Stigmasterol (100, 90, 70, 

0, 30, 15, 10, 5, 1 and 0.5 μg/mL) of test sample. This mixture was

ept at room temperature for 10 min, followed by heating at 51 °C 

or 20 min. Acetyl salicylic acid was taken as a positive control. The 

xperiment was performed in triplicates and% inhibition for pro- 

ein denaturation was calculated using the following formula and 

he statistical analysis was carried out using Graph Pad Prism Soft- 

are 6.0, USA. 

 Inhibition = 100 −( ( A1 − A2 ) / A0 ∗ 100 ) 

here A1 is the absorbance of the sample, A2 is the absorbance 

f the product control and A0 is the absorbance of the positive 

ontrol. A dose response curve was plotted to determine the IC 50 

alues. IC 50 is defined as the concentration enough to reach 50% of 

 maximum scavenging capacity. All tests and analysis were run in 

riplicate in addition to averaged. 

.11. Anticancer activity 

Cervical cancer cells (HeLa) and Vero cells (L-929) were pro- 

ured from National center for Cell Science, Pune, India. The anti- 

ancer activity of isolated compound Stigmasterol (STML) against 

ervical cancer cells (HeLa) and Vero cells (L-929) were evaluated 

sing MTT [3-(4,5-dimethylthiazol-2-yl) −2,5- diphenyltetrazolium 

romide] assay [27] . The optical density (OD) was read and also 

he cell viability (%) was calculated utilize the following formula: 

ercentage inhibition ( % ) 
[(

O D control −O D sample / O D control 

)]
× 100 . 

.12. Molecular docking 

The current work, molecular docking study was done for pro- 

ein associated with cervical cancer (HeLa) cell lines investiga- 

ions. The Multidentate small-molecule inhibitors of vaccinia H1- 

elated (VHR) phosphatase decrease proliferation of cervix cancer 

ells (RCSB PDB ID: 3F81) was obtained and downloads from RCSB 
3 
DB formatted target protein [28] . This protein is classified with 

 use of both (hydrolase) in addition to organism of Homo sapi- 

ns. Molecular docking studies were completed by Autodock4.2. 

he docking studies were executed by flexible ligand and the rigid 

eceptors. The grid box size x, y , and z values are 114 × 92 × 82,

nd the grid box the center x, y , and z values are 2.2544 x

4.967 × 6.213 with a grid spacing of 0.651 Å at the binding site 

or 3F81 protein. The protein preparations of 3F81 for molecular 

ocking calculations were achieved on Auto Dock-Vina software. 

o- crystallized ligands, waters and co-factors were removed be- 

ore preparing protein for docking. To calculate Kollman charges 

nd polar hydrogen’s, the Auto Dock Tools (ADT) graphical user 

nterface was used. The Lamarckian Genetic Algorithm (LGA) fea- 

ure in Auto Dock software was utilized for docking process [29] . 

he isolated compound namely STML ligand structures were drawn 

y ChemDraw 12.0 software. The synthesized 2D compound struc- 

ures were changed into mol format that was further converted 

nto the 3D the structure by Auto Dock software was utilized for 

ocking process; all these ligands were purified and prepared by 

uto Dockligand-input tools via selected torsion tree-choose root 

nd torsion tree-detect root. The purified final ligands were saved 

ia output-save as pdbqt format for further use in molecular dock- 

ng studies. The outcome results of visualization were performed 

y using Discovery Studio software [30] . 

. Results and discussion 

.1. Structural elucidation of isolated compound 

The isolated compound from the leaves of A.muricata is con- 

rmed to be (STML) was given in Fig. 1 , having steroidal nucleus 

y the positive tests shown for Salkowski, Libermannbuchard re- 

ctions, and the test for alcohol [31] . The stigmasterol is a white 

rystalline solid [10] with a melting point of 169 °C [32] . A similar

hite crystalline solid of STML is isolated from the same gene An- 

ona glabara L. The mixture of solvents utilized for the isolation is 

isted in Table 1 . 

The retention time of STML isolated from the methanolic ex- 

ract of Annona muricata leaves was about 3.707, which matches 

ith the report of [33] as shown in Fig. 2 . The peak area and re-

ention time of isolated STML are listed in Table 2 . The outcomes 

chieved for this study are confirmed by the data reported ear- 
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Fig. 2. High-performance liquid chromatography (HPLC) image of isolated compound of STML. 

Table 2 

Peak area and retention time of isolated STML from HPLC analysis. 

Peak Ret.Time Area Height Area% Height% 

1 2.387 78,542 1501 0.539 0.396 

2 3.707 10,292,942 309,120 70.623 81.467 

3 4.821 4,202,913 68,822 28.838 18.138 

Total 10.9761 14,574,397 379,443 100.00 100.00 
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ier on the detection of STML in Annona glabara L. plant extracts 

11] . GC–MS analyses of phytoconstituents in plants provide a clear 

icture of their fragmentation pattern and molecular formula. In 

ur present investigation, GC-MS studies confirmed the molecu- 

ar weight of the isolated compound as 412 with the molecular 

ormula C 29 H 48 O [12] . The presence of STML is confirmed by the

CMS spectrum as shown in ( Fig. 3 ) and peak area and retention

ime are listed in Table 3 . In addition, the physical and analytical 

ata of the isolated compound (STML) is summarized in Table 4 . 

.2. DFT calculations 

Molecular electrostatic potential (MEP) is a significant tool to 

etter understand the relative polarity and reactivity of a molecule 

 34 , 35 ]. MEP is also useful for detecting and investigating molec- 

lar interactions such as hydrogen bonding, drug-receptor interac- 

ions, and enzyme-substrate interactions. The optimized structures 

t B3LYP/6–311 ++ G (d,p) level of theory are used to generate MEPs 

f the isolated compound STML was displayed in Fig. 4 . The vari- 

us values of the electrostatic potential at the surface are repre- 

ented by various colors. The color-coding of the MEP surface can 

e given as red region is electron-rich (electrophilic reactive cen- 

er); blue region is an electron-deficient region (nucleophilic reac- 

ive center); yellow is a slightly electron-rich region and green are 

eutral. The potential increases in the order of red < orange < yel- 
4 
ow < green < blue. STML molecule displays high negative electron 

ensity around the hydroxyl group attached to OH of (O20) oxygen 

tom owing to the lone pair of electrons. As a result, these areas 

re associated with electrophilic reactivity. Other areas with strong 

ositive electron density, as illustrated in, are associated with nu- 

leophilic reactivity represented in Fig. 4 . These results provide in- 

ormation concerning the region where the compound can interact 

ith hydrogen bonding molecularly. By displaying the values in a 

anifold of the spatial position surrounding the molecule, such a 

epiction gives more precise information about electrostatic poten- 

ial dispersion. 

The dipole moments (Debye) of the title compound STML is 

resented in Table 5 , indicating that the dipole moment of this 

itle compound could support more interaction with high dipole 

oment species, especially in biological systems [ 36 , 37 ]. The en- 

rgy of the highest occupied molecular orbital (E HOMO ) and the 

owest unoccupied molecular orbital (E LUMO ) is used for future re- 

earch. Frontier molecular orbitals (FMOs) are a very important 

ool for studying molecular interactions inside a compound. The 

OMO provides an electron as electron donor and the LUMO re- 

eives electrons as an electron acceptor. The ionization potential (I) 

nd electron affinity (A) of the molecule is determined by values of 

 HOMO , E LUMO, and E HOMO-LUMO energy gap (eV), respectively. The 

ower value of HOMO and LUMO energy gap (eV) confirms that the 

ompound is extra polarized, active, and has little kinetic bioac- 

ivity [38] . Global chemical reactivity describes the hardness ( ƞ), 
hemical potential ( μ), softness (s), electronegativity ( χ ) and elec- 

rophilicity index ( ω), and is defined by HOMO and LUMO energy 

alues for a molecule [39] . Based on E HOMO and E LUMO , these are

alculated using the below equations. 

Utilizing Koopmann’s theorem for closed-shell molecules. 

he hardness of the molecule η= ( I − A ) / 2 (1) 
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Fig. 3. GC–MS analysis results of isolated STML compound. 

Table 3 

Peak area, retention time (RT) and name of isolated compound of (STML) from GCMS analysis. 

Peak (RT) Start time End Time m/z Area Area% Height Height% A/H Name 

1 4.84 4.82 4.955 TIC 133,904 1.16 54,979 1.33 2.44 2-Diethyla minoethanol 

2 20.4 20.98 20.46 TIC 82,091 87.9 76,663 67.73 10.7 Stigmasterol (STML) 

3 23.4 23.36 23.35 TIC 144,069 0.15 28,550 0.25 5.05 Campesterol 

Table 4 

The physical and analytical data of the isolated compound STML. 

Compounds Molecular formula %C %H %N % O Melting Point °C 
(Molecular.wt.) Calcd Calcd Calcd Calcd 

(Found) (Found) (Found) (Found) 

STML C 29 H 48 O 84.40 11.72 – 3.88 168- 169 

(412.37) (84.25) (11.62) – (3.54) 

Table 5 

The calculated frontier orbital energies, χ , μ, ω, I, 

A, η and S of the isolated compound STML using 

B3LYP/6–31G ++ (d,p) levels. 

Parameters B3LYP/6–31G ++ (d,p) 

SCF energy (a.u) −1208.897 

Dipole moment (Debye) 2.4095 

E HOMO (eV) −6.3183 

E LUMO (eV) −0.5419 

�E GAP ( eV ) 5.7764 

I (eV) 6.3183 

A (eV) 0.5419 

χ (eV) 3.4299 

μ (eV) −3.4301 

η (eV) 2.8882 

S (eV) 0.3463 

ω = μ2 /2 ƞ 2.0413 

T

T

T

T

T

T
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m
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t
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S

he Ionization potential I = −E HOMO (2) 

he electron affinity A = − E LUMO (3) 
5 
he chemical potential of the molecule μ= − ( I + A ) / 2 (4) 

he softness of the molecule S = 1 /η (5) 

he electronegativity of the molecule χ = ( A + I ) / 2 (6) 

he electrophilicity index of the molecule ω = μ2 / 2 η (7) 

The ionization potential (A) and an electron affinity (I) of our 

solated compound STML calculated by the B3LYP/6–311G ++ (d,p) 

ethod are −0.5419 (eV) and −6.3183 (eV) respectively, and the 

nergy difference between HOMO-LUMO Gap (eV) computed at 

he DFT level value of 5.7764 is shown in Fig. 5 . We can deduce

he reactivity and stability of molecules from educating the chem- 

cal hardness and global softness. The smallest (greater) value of 

ardness (softness) will be the reactivity. From Table 5 , it is found 

hat the STML compound exhibited a low value of chemical hard- 

ess η(eV) value of 2.8882 and a high value of global softness 

 (eV) value of 0.3463. Therefore, this isolated STML compound 
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Fig. 4. MEP surface of STML. 

Fig. 5. Calculated TDOS spectrum of the isolated compound STML. 
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i

s chemically reactive. Furthermore, the lowering in the HOMO 

nd LUMO energy gap describes the crucial charge transfer inter- 

ctions that occur within the molecule and also possesses very 

ood chemical with biological activities [40] . The Gauss-Sum 3.0 

rogram [22] was used to calculate the character of the molec- 

lar orbitals (HOMO-LUMO energy) and prepare the total den- 

ity of the states (TDOS) plot as shown in Fig. 5 . The DOS plot

isplays population analysis per orbital and provides a clear pic- 

ure of the composition of molecular orbitals in a certain en- 

rgy range. Fig. 5 presented (HOMO-LUMO) represented by the 
6 
ed color is denoted as the positive phase and the green color is 

enoted as the negative phase. It is visible from the figure that, 

he HOMO levels diffuse mainly over octahydronaphthalen-2-ol, 

E) −5-ethyl-2-methylhept-3-ene, and are partially presented in the 

ctahydro-1H-indene group. LUMO levels are diffuse mainly over 

he octahydronaphthalen-2-ol group. 

Four optimized step numbers are obtained in the potential en- 

rgy curve analysis method using the DFT/B3LYP method with a 

–311 ++ G (d, p) basis set for the isolated compound STML exhib- 

ted in Fig. 6 . The calculated self-consistent field (SCF) energy is 
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Fig. 6. Potential energy curve using DFT/B3LYP method with 6–311 ++ G (d, p) basis set for the isolated compound STML. 

Fig. 7. Optimized structure of the isolated compound STML. 
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1208.897 a. u. which is shown in Table 5 . Fig. 7 shows the op-

imized structure of the isolated compound STML in Table S1 and 

able S2 present their bond lengths and bond angles computed us- 

ng an optimized structure basis set of 6–311G ++ (d, p) by the 

FT method. The optimized structure proved a mild modification 

n the calculated C 

–C bond distances in the octahydronaphthalen- 

-ol group, such as C1-C2, C1-C6, C2-C3, and C3-C4, respectively, 

o their values of 1.535, 1.540, 1.539, and 1.522A 

0 . The excellent 

utcome of various bond lengths, respectively, C5-C6, C5-C10, C16- 

17, C25-C26, and C25-C27 bonds are significantly greater than any 

ther C 

–C bond. The C 

–O bond length (C2-O20) distance is 1.467 

 

0 and the β–hydroxyl group of the O 

–H bond length (O20-H59) 

istance is 0.981 A 

0 which is lower bond distance value than (C2- 

20). The O 

–H bond length is less than 1 A 

0 , so it will guide to ob-

aining highly bioactive behavior of this isolated compound STML. 

or example, C56-C19-H58 and H57-C19-H58 bond angles com- 
7 
uted at 107.20 and 107.20 ° as well as another one, C26-C29-H74 

nd C26-C30-H78 bond angles computed at 111.10 and 111.10 ° were 

ncredibly optimized for the structure by the DFT/B3LYP method 

ith 6–311 ++ G (d, p) basis set for the isolated compound STML. 

he (C 

–C 

–O) bond angles of different C1-C2-O20 and C3-C2-O20 

alues of 110.90 and 110.50 °. These values are nearly the same as 

he β–hydroxyl group of (O 

–H) bond angles of different O20-C2- 

33 and C2-O20-H59 values of 104.30 and 109.00 ° as seen in Table 

2. 

The calculated reactive atomic charges are crucial in the appli- 

ation of quantum mechanical calculations in the molecular sys- 

em. STML Mulliken atomic charges are presented in Table S3 and 

hown in Fig. 8 . Mulliken atomic charges are computed by the 

FT/B3LYP method using the 6–311 ++ G (d,p) basis set. As can 

e seen in Table S3, H59 with all hydrogen atoms in addition to 

2, C4, and C12 atoms has a net positive charge. However, O20 
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Fig. 8. Mulliken atomic charge distribution of STML. 3.3. Spectroscopic characterization . 

Table 6 

Theoretical and experimental electronic absorption spectra values of using TD-DFT/6–311G ++ (d,p) method and their assignments. 

Name 

Experimental (EtOH) 

λmax (nm) 

Transition 

Occurred Band gap (eV) 

Theoretical (gas 

phase) λmax (nm) Band gap (eV) 

Oscillator 

strength (f) Assignment 

STML 270 n → π ∗ 6.325 264.45 6.476 0.0701 HOMO → LUMO 

(49.17%) 
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he negative charge is positioned on the O20 atom, which is the 

onor atom, in addition to the net positive charge on hydrogen 

toms, which are acceptor atoms. The donor and acceptor atoms 

ay suggest the existence of intermolecular hydrogen bonding in 

he bioactivity of the molecule. 

The Ultraviolet (UV) and 

1 H and 

13 C nuclear magnetic reso- 

ance (NMR) spectroscopy characterization studies were carried 

ut with the experimentally and theoretically ab initio Density 

unctional theory (DFT) method at the B3LYP level with a 6–

11 ++ G (d,p) basis set [17–19] . 

.3. Ultraviolet-Visible spectral analysis 

The UV absorption spectra can detect the intensity of light de- 

ected from the sample. The experimental and theoretical UV–

isible spectrum of the isolated compound STML was recorded in 

thanol (EtOH) as a solvent Fig. 9 a and Fig. 9 b. The theoretical UV-

isible spectrum was computed (TD-DFT/6–31 G ++ (d,p) basis set) 

sing (gas phase). The computed absorption spectrum exhibits that 

he greater range of UV-Visible absorption wavelengths complies 

ith the (HOMO → LUMO) electronic transition with a (49.17%) 

ontribution to STML. The theoretical UV-Visible spectrum of STML 

as plotted with the Gauss Sum 3.0 program. Time-dependent 

FT can predict the excited state of properties like bandgap en- 

rgy. The experimental and predicted electronic properties of elec- 

ronic transitions, notably the absorption wavelength ( λ), excita- 

ion energy (E), and oscillator strengths (f), are depicted in Table 6 . 

he experimental maximum absorption ( λmax ) value of 270 nm (in 

tOH) showed excellent concord with their theoretical absorption 

alues of 264.45 nm (in the gas phase). These excitations indicate 

hat the n → π ∗ transition occurs in STML isolated compound and 
8 
t shows a hypsochromic shift. The energy of the bandgap was es- 

imated by the formula, E = hc/ λ. Here, h and c are constant; λ is

he cut-off wavelength [ 41 , 42 ]. 

.4. 13 C and 1 H NMR spectral studies 

The NMR spectroscopy confirmed the structure and molecular 

eal with STML. The DFT computation of NMR shielding was quick 

nd appropriate for the great system. In the present study, the 

FT method for the analysis of empirical 1 H and 

13 C data of the 

solated STML compound; the 1 H and 

13 C chemical shifts were 

alculated in STML (CDCl 3 ) as a solvent with a B3LYP/6–311 ++ G 

d, p) basis set by the GIAO program [43] and theoretically 

alculated NMR results are well deal with the experimental 

ata. 

The authors modified the program’s absolute shielding in chem- 

cal shifts by subtracting the absolute shielding of tetramethylsi- 

ane (TMS). Calculated chemical shift values and experimentally 

easured data are listed for 13 C NMR shown in Table S4 and 

1 H 

MR existing in Table S5. The isotropic shielding data was devel- 

ped for the assessment of the isotropic chemical shifts δ with 

eference to TMS. δiso (X) = σ TMS (X)- σ iso (X), where δiso isotropic 

hemical shift plus σ iso -isotropic shielding. The 13 C NMR Chemical 

hifts, Absolute Shielding TMS values are 182.4572 and 31.6297 for 
 H NMR spectra. The DFT/B3LYP/6–311G ++ (d,p) 1 H and 

13 C NMR 

raphical representation of the isolated compound STML is shown 

n Fig. S1. 

Fig. S2 shows the 13 C NMR spectra of the isolated compound. 

n our current research, this isolated molecule of STML was in- 

pected through both experimental and theoretical aspects with 

he DFT/B3LYP/6–311G ++ (d,p) basis set. In the 13 C NMR spectrum, 



J.I. Ahamed, F. K, A.V. Priya et al. Journal of Molecular Structure 1252 (2022) 132186 

Fig. 9. (a) Experimental and (b) theoretical UV-Visible spectra of STML. 

Fig. 10. FT-IR Spectra of the isolated compound of STML. 

S

1

(

E

a

o

C

1

e

t

a

C

w

a

a

p

2

M

p

i

a

M

a

3

p

l

δ
a

r

s

w

i

a

f

4

i

a

a

7

b

a

δ
a

d

2

1

a

C

m

w

i

p

(

t

f

m

H

g

0

0

e

m

2

9 
TML peaks were observed (experimentally) in the region from 

2.275 to 140.996 ppm, whereas their respective peaks predicted 

theoretically) were in the region from 11.858 to 143.719 ppm. 

ach peak in the 13 C NMR spectrum identifies a carbon atom in 

 different environment within the molecule. The 13 C NMR spectra 

f the isolated compound exhibit Methyl (-CH 3 ) carbons such as 

28, C22, C29, and C30 observed chemical shift values of δ 12.275, 

9.621, 21.303, and 21.436 ppm, which are located in the (E) −5- 

thyl-2-methylhept-3-ene group and also found a good deal with 

he predicted chemical shift values of δ 11.858, 18.879, 22.309, 

nd 23.144 ppm. Other methyls (-CH 3 ) carbons such as C19 and 

18 observed chemical shift values of δ 12.457 and 19.208 ppm, 

hich are located in the octahydro-1H-indene ring with excellent 

greement with the predicted chemical shift values of δ 12.033 

nd 16.073 ppm. Methylene (-CH 2 ) carbons such as C27 were 

redicted at δ 24.447 ppm, which is located in the (E) −5-ethyl- 

-methylhept-3-ene group and observed at δ 24.593 ppm. The 

ethylene carbons in the order of C15, C16, and C13 carbons were 

redicted at δ 25.374, 29.889, and 39.839 ppm which is signified 

n the octahydro-1H-indene ring and observed at δ 25.622, 29.129, 

nd 39.923 ppm. The octahydronaphthalen-2-ol ring containing 

ethylene carbons such as C1, C8, C6, and C3 carbon was predicted 

t δ 32.212, 32.089, 36.989, and 42.356 ppm and observed at δ
2.106, 32.139, 36.754, and 42.459 ppm. Both theoretical and ex- 

erimental analysis STML provided an excellent deal with Methy- 

ene (-CH 2 ) carbons. The cyclohexane C5 carbon was predicted of 

37.498 ppm giving a superior agreement with the observed value 

t δ 37.347 ppm; it was presented in the octahydronaphthalen-2-ol 

ing. Cyclopentane C12 carbon was predicted at δ 42.551 ppm and 

hows excellent concord with observed value at δ 46.642 ppm; it 

as identified in the octahydro-1H-indene ring. 

The C26, C21, and C25 methane (-CH) carbons were located 

n the (E) −5-ethyl-2-methylhept-3-ene group. They were predicted 

t δ 31.812, 41.975, and 54.518 ppm and provided a wonder- 

ul deal with the observed chemical shift values at δ 31.909, 

0.695, and 51.469 ppm. The Octahydro-1H-indene rings contain- 

ng C10, C17, and C11carbons were predicted at δ 48.422, 54.518, 

nd 58.034 ppm. They are in concord with the observed values 

t δ 50.412, 56.211, and 57.109 ppm. The signal was found at δ
2.038 ppm, which confirmed the (C2) β-hydroxyl group of car- 

on was the occurrence of an octahydronaphthalen-2-ol ring and 

lso exhibited an amazing agreement with the predicted value at 

73.452 ppm. STML shows distinguishable signals were observed 

t δ 140.996 and 121.931 ppm that are assigned to C4 and C7 

ouble bonds in the cyclic structure of the octahydronaphthalen- 

-ol ring and revealed amazing concordance predicted values at δ
43.719 and 120.305 ppm. The signal was detected at δ 129.531 

nd 138.528 ppm, indicating an external double bond between 

23 and C24 carbons that were the presence of (E) −5-ethyl-2- 

ethylhept-3-ene group and also exhibited superior agreement 

ith the predicted values at δ 129.386 and 138.089 ppm as seen 

n Table S4. 

Fig. S3 1 H NMR spectra of isolated compound STML exhibited 

roton signals in ppm. These chemical shift values were observed 

experimentally) in the region from 0.699 to 5.490 ppm, whereas 

heir respective peaks predicted (theoretically) were in the region 

rom 0.617 to 5.628 ppm. 

The 1 H NMR spectra of the isolated compound STML have six 

ethyl (-CH 3 ) protons, four methyl protons respectively, (H70, H71, 

72), (H73, H74, H75), (H76, H77, H78), and (H6, H7, H8) hydro- 

en atoms were observed chemical shifts value ranges at δ 0.964–

.995 ppm and the predicted chemical sifts value ranges at δ

.916–1.032 ppm, which are signifies (E) −5-ethyl-2-methylhept-3- 

ne group. The (E) −5-ethyl-2-methylhept-3-ene group containing 

ethyl protons of (H61, H62, H63) and the octahydronaphthalen- 

-ol ring containing methyl protons of (H53, H54, H55) with their 
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Fig. 11. The Radical scavenging activity of the compound STML as expressed in percentage of Inhibition by ABTS assay (data were calculated as the mean ± SD of three 

measurements and represented along with the error bar). 
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bserved chemical shift values at δ 1.124–1.137 ppm and pre- 

icted chemical shift values at δ 1.033 - 1.096 ppm, these six 

ethyls (-CH 3 ) protons revealed that the observed chemical shifts 

alues are well-suited with the predicted chemical shift values. 

he eight methylene (-CH 2 ) protons were confirmed by the 1 H 

MR spectrum of the isolated compound of STML. Two methy- 

ene protons of (H44, H45) and (H46, H47) hydrogen atoms ob- 

erved chemical shift signals revealed at δ 1.150–1.192 and 1.390–

.383 ppm with predicted chemical shift values at δ 1.129–1.169 

nd 1.344–1.373 ppm, which are located in the octahydro-1H- 

ndene ring. The Octahydronaphthalen-2-ol ring containing two 

ethylene protons of (H39, H40) and (H34, H35) hydrogen atoms 

bserved chemical shift signals revealed at δ 1.754–1.796 and 

.863–1.959 1.390–1.383 ppm with predicted chemical shift values 

t δ 1.727–1.756 and 1.1.855–1.999 ppm. The two octahydro-1H- 

ndene rings of (H4 8, H4 9), (H50, H51) methylene protons, and 

ne octahydronaphthalen-2-ol ring containing methylene proton 

evealed the observed chemical shifts value ranges at δ 1.495–

.636 ppm and predicted chemical shifts value ranges at δ 1.497–

.668 ppm. Finally, one (E) −5-ethyl-2-methylhept-3-ene group- 

ontaining (H68, H69) methylene proton observed chemical shifts 

alue ranges at δ 1.305–1.318 ppm and the predicted chemical shift 

alue ranges at δ 1.315–1.328 ppm. These eight methylene (-CH 2 ) 

rotons discovered that the observed chemical shifts values are a 

ood deal better than the predicted chemical shift values. 

Seven methane (-CH) protons were verified by the 1 H NMR 

pectrum of the isolated compound STML. Three methane pro- 

ons observed chemical shift values at (H43 atom; δ 0.699–

.757 ppm), (H41 atom; δ 0.810–0891 ppm), and (H52 atom; 

1.233–1.240 ppm) with predicted chemical shift values at (H43 

tom; δ 0.617–0.759 ppm), (H41 atom; δ 0.788 −0.886 ppm), 

nd (H52 atom; δ 1.217–1.246 ppm), which are denoted in 

he octahydro-1H-indene ring. Three methane hydrogen such as 

H33), (H41), and (H42) protons signals are observed chemical 

hift value range at δ 2.006–2.213 ppm were located in the 

ctahydronaphthalen-2-ol ring and predicted chemical shift value 

ange at δ 2.274 - 2.653 ppm. Finally, one methane hydrogen (H66) 

hemical shift value was observed at δ 1.404–1.418 ppm and the 

redicted chemical shift value was at δ 1.407–1.448 ppm. These 

even methane (-CH) protons exhibited that the observed chemical 

hifts values are well-matched with the predicted chemical shift 
alues. 
e

10 
The β–hydroxyl (-OH) proton was denoted the 

ctahydronaphthalen-2-ol ring containing (O20- H59) bond 

bserved chemical shift values at (H59 atom; δ 3.407–3.437 ppm) 

ith predicted chemical shift values at (H59 atom; δ 3.187 - 

.697 ppm), which are good agreement with the observed and 

redicted 

1 H NMR chemical shift values. The two ethylene (H64- 

23 = C24-H65) protons were presented by the 1 H NMR chemical 

hift values observed at (H64 and H65 atoms; δ 5.225–5.235 ppm) 

nd predicted chemical shift values at (H64 and H65 atoms; δ
.022 - 5.118 ppm) and another one ethylene (-C4 = C7 - H38) 

roton was confirmed by the 1 H NMR chemical shift value ob- 

erved at (H38 atom; δ 5.465–5.490 ppm) and also predicted the 

hemical shift value at (H38 atom; δ 5.532 - 5.628 ppm). These 

hree ethylene protons were illustrated amazing-deal with both 

bserved and predicted 

1 H NMR chemical shift values as seen in 

able S5. 

.5. Fourier-transform infrared (FTIR) spectral analysis 

The FTIR spectra of the isolated compound are shown in Fig 10 . 

he bands indicate the presence of hydroxyl, alkenes, methyl, and 

ethylene groups. The broad band at 3423.65 cm 

−1 is attributed to 

H stretching. The peak at 2920.23 cm 

−1 corresponds to the pres- 

nce of aliphatic C 

–H stretching, sharp band at 1101 cm 

−1 signifies 

he presence of cycloalkane. The absorption band at 1658 cm 

−1 is 

ttributed to the C 

–C stretching band of the C 

= C double bond. A 

eek band at 1463 cm 

−1 is the bending frequency of cyclic CH 2 

tretching and 1249 cm 

−1 for CH 2 (CH 3 ) 2 These data match with 

he data available in the literature [44–46] . 

.6. Biological sections 

In the present study, we evaluated the effect of the isolated 

ompound of STML from Annona muricata Linn leaves on scaveng- 

ng ABTS (2,2 ′ -azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) as- 

ay radicals. From a calibration curve with R equal to 0.9691, we 

alculated the antiradical power of compound STML, which is ex- 

ressed in μg equivalent of ascorbic acid per milligram and their 

esults are presented in Fig. 11 . 

The ABTS (2,2 ′ -azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) 

ssay is another widely used in vitro radical scavenging test. How- 

ver, this method requires the generation of ABTS radicals, which 
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Fig. 12. DPPH radical scavenging activity of isolated compound of STML from Annona muricata Linn leaves using ascorbic acid as a standard. 

Fig. 13. Anti-inflammatory activity of the tested isolated compound of STML from Annona muricata Linn leaves. Data are presented as mean values ± standard deviation 

( n = 3). 
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an be easily achieved by reacting ABTS salt with potassium per- 

ulfate. The ABTS radical action is reactive towards most antioxi- 

ant compounds. The radical ABTS is soluble in both aqueous and 

rganic solutions. The ABTS technique may be used to assess the 

ntioxidant capacity of lipophilic and hydrophilic antioxidants in 

 variety of materials, including plant extracts. A compound hav- 

ng the property of giving electrons will reduce the ABTS blue- 

reen radical solution to a colorless neutral form [47] . In the case 

f the isolated compound of STML, we distinguish that the best 

ntiradical activity observed of the IC 50 of STML was found to be 

3.41 μg/ml. The maximum antioxidant activity was observed for 

he compounds at 100 μg/ml exhibiting a scavenging activity of 

6.63% whereas, for the standard ascorbic acid, it showed an ac- 

ivity of 100%. 

In this investigation, the DPPH degrading properties of formu- 

ated powder were increased in a dose-dependent manner. The 

unctional isolated compound of STML from Annona muricata Linn 

eaves exhibited a maximum DPPH scavenging trait with an IC 50 

alue of 14.73 μg/ml. The maximum antioxidant activity was ob- 

erved for the compounds at 500 μg/ml, exhibiting a scaveng- 

ng activity of 58.48% whereas, for the standard ascorbic acid, it 

howed an activity of 90.42% Fig. 12 . Values are the mean of ex- 

eriments performed in triplicate and data is expressed as mean 

SD. The dose-response for the anti-inflammatory activity of the 

ompound STML is displayed in Fig. 13 . The compound exhibited 

nti-inflammatory activity with the IC 50 value of 17.59 μg/ml un- 
11 
er a non-linear fit of transform of concentration versus response 

nalysis (r2 = 0.9164). At the concentration of 100 μg/ml, the anti- 

nflammatory activity was exhibited with a mean value of 63.36% 

hereas, for the control drug Acetylsalicylic acid, the heat denatu- 

ation of proteins to 100% was shown at 100 μg/ml. 

In the current research, an isolated compound of STML from 

nnona muricata Linn leaves was calculated for its in vitro cyto- 

oxicity activity against HeLa and Vero, the normal (fibroblast) cell 

ines. The functional isolated compound STML depicted strong an- 

icancer attributes against both the HeLa and Vero cell lines with 

ells viabilities at a higher concentration of 100 μg/ml, 30% of cells 

ere viable and observed to be unaffected. It was highly nontoxic 

t 0.5 μg/ml with 60% of viable cells. Similarly, in Vero cell lines 

t a concentration of 500 μg/ml, 71.94% of cells were obtained to 

e viable Fig. 14 and Fig. 15 . Hence, the determined IC 50 value of

he compound STML in Vero cells was found to be 173.8 μg/ml by 

TT assay Fig. 16 a and Fig. 16 b. Similar study reports about the 

ell cytotoxicity of plant extracts were discussed [ 4 8 , 4 9 ]. 

.7. In silico molecular docking studies 

In our present studies, the isolated molecule of stigmasterol 

STML) from the ethanolic extracts of Annona muricata leaves was 

iscovered to have significant in vitro anticancer activity in cervical 

ancer (HeLa) cell lines at a higher concentration of 100 μg/ml, 30% 

f cells were viable and observed to be unaffected. As a result, this 
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Fig. 14. Anticancer activity of He La (Cervical cells). 

Fig. 15. Anticancer activity of Vero cells. 
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solated molecule was analyzed further in silico molecular docking 

nalysis against the Multidentate small-molecule inhibitors of vac- 

inia H1-related (VHR) phosphatase decrease proliferation of cervix 

ancer cells (RCSB PDB ID: 3F81), which was achieved and down- 

oaded from the RCSB PDB formatted protein target [28] . Cell cy- 

le arrest is caused by the receptor of (3F81) VHR phosphatase in 

eLa carcinoma cells, indicating that VHR inhibition may be an ef- 

ective method to preventing the development of cancer cells, in- 

luding squamous intraepithelial lesions and squamous cell carci- 

omas of the uterine cervix. This led us to believe that VHR may 

e a unique and potential therapeutic target for cervical cancer 

herapy [50] and those small-molecule inhibitors of VHR must be 

mportant tools to validate this novel target. VHR is typically up- 
12 
egulated in several cervix cancer cell lines as well as in uterine 

ervix carcinomas, and researchers have reported the development 

f multidentate small-molecule inhibitors of VHR that inhibit its 

nzymatic activity at nanomolar concentrations and demonstrate 

nticancer properties on cervix cancer cells. The inhibitors inhib- 

ted the proliferation of cervical cancer cells while having no effect 

n the development of primary normal keratinocytes. As a result, 

his isolated (STML) molecule might be used to produce medicines 

o treat for cervical cancer. 

In the docking procedure, a protein target for molecular docking 

xperiments was chosen as vaccinia H1-related (VHR) phosphatase 

PDB ID: 3F81). Table S6 shows the binding affinity and inhibition 
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Fig. 16. (a) In vitro cytotoxicity effects on Hela Cells and (b) Vero Cells of isolated compound of STML from Annona muricata Linn leaves. 

Fig.17. (a) Hydrogen bond Interaction of STML ligand with 3F81 protein. (b) Hydrogen bond Receptor-side surface Interaction of STML ligand with 3F81protein. (c) 2D- 

Hydrogen bond Interaction representation of STML ligand with 3F81 protein. 
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onstant K i of all resultant ligands. The results suggest that all the 

TML could strongly occupy the active location of 3F81. 

The docking analysis of (ligand-receptor) interaction is given in 

able S7. The 3F81 protein with STML ligand is detected to have a 

ood binding energy value of −6.6(kcal/mol), and a 14.34816 μM 

nhibition constant (K i ) [51] respectively. From the docking result, 

t shows that the STML interacts with 3F81 with GLN94, TYR128, 

RO26, and LEU25 residues that are involved in hydrogen bonding, 

-alkyl hydrophobic, and alkyl hydrophobic having bond lengths 

f 2.52 Å, 5.37 Å, 4.05 Å, 4.38 Å, 4.02 Å, 4.77 Å, and 4.54 Å respec-

ively. 

The ligand-receptor hydrogen bond contacts, receptor side hy- 

rogen bond interactions, and their 2D-ligand-receptor hydrogen 

ond interactions between STML and 3F81 are depicted in Fig. 17 . 

t indicates stick model represents the STML. The Pink dotted line 

epresents the π- alkyl hydrophobic, and alkyl hydrophobic bonds 

w

13 
etween binding residues and green dotted lines represent hydro- 

en bonding. 

. Experimental 

For all experimental procedures and compound characterization 

nformation, please see the supplementary material relating to this 

rticle. 

. Conclusion 

Results from the present study showed that the isolated nat- 

ral bioactive compound stigmasterol (abbreviated as STML) from 

nnona muricata . Linn leaves had significantly potent cytotoxic ef- 

ects on HeLa and Vero cancer cells with a high selective index 

hen compared with that of control of Vero cell lines at various 
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oncentrations. Hence, the plant possessed mainly fatty acids and 

hthalic acid derivatives with anticancer effects as well as high se- 

ectivity between cancerous and normal cells. As a consequence of 

heir extremely selective index, it provides a novel source of anti- 

ancer drug development, with little toxicity to healthy or normal 

issue in the body, as demonstrated by the findings of this study. 

urther, STML was studied with several analytical techniques, such 

s FTIR, UV–Visible spectroscopy, 1 H, and 

13 C NMR. The struc- 

ure of STML optimized molecular geometry, UV–Visible, and NMR 

hemical shifts of the compound were theoretically calculated us- 

ng the DFT method, and comparison was completed with their 

ood-deal of experimental results. The charge distribution of STML 

as calculated by the Mulliken population analysis. The frontier 

olecular orbitals (FMOs) studies, the energy difference between 

OMO-LUMO Gap (eV) computed at the DFT level value of 5.7764 

s shown in (Figure S4). This compound also exhibited substan- 

ial interaction energy values against the protein target vaccinia 

1-related (VHR) phosphatise, reducing the proliferation of cervi- 

al cancer cells (RCSB PDB ID: 3F81) with a binding energy value 

f −6.6(kcal/mol) and a 14.34816 M inhibition constant (Ki). Fu- 

ure research will look into this compound’s potentially anticancer 

roperties. 
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