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Abstract
In this study, Skullcapflavone I and Skullcapflavone II molecules showed good inhibitory activities against α-glucosidase and 
sorbitol dehydrogenase enzymes with IC50 values of 102.66 ± 8.43 and 95.04 ± 11.52 nM for α-glucosidase and 38.42 ± 3.82 
and 28.81 ± 3.26 µM for sorbitol dehydrogenase. The chemical activities of Skullcapflavone I and Skullcapflavone II against 
α-glucosidase and sorbitol dehydrogenase were assessed by conducting the molecular docking study. The anticancer activities 
of the compounds were examined against SW-626, SK-OV-3, OVCAR3, and Caov-3 cell lines. The chemical activities of 
Skullcapflavone I and Skullcapflavone II against some of the expressed surface receptor proteins (estrogen receptor, EGFR, 
androgen receptor, and GnRH receptor) in the mentioned cell lines were investigated using in silico calculations. Moreover, 
the activity of the compounds against RNA polymerase of SARS-COVE-2 was also assessed using the molecular modeling 
study. These compounds created strong contacts with the enzymes and receptors. The considerable binding affinity of the 
compounds to the enzymes and proteins showed their ability as inhibitors. Furthermore, even at modest dosages, these 
substances markedly reduced the viability of ovarian cancer cells. Additionally, the viability of ovarian cancer cells was 
significantly decreased by a 300 μM dosage of all compounds. Antiovarian cancer results of Skullcapflavone I on SK-OV-3, 
SW-626, OVCAR3, and Caov-3 were 63.14, 1.55, 19.42, and 52.04 µM, respectively. Also, cytotoxicity results of Skullcap-
flavone II on SK-OV-3, SW-626, OVCAR3, and Caov-3 were 5.18, 21.44, 33.87, and 72.66 µM, respectively.
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Introduction

Flavone compounds are natural molecules of the benzopyran 
group, constituting a significant class of oxygen heterocycles 
that are extensively distributed in the plant kingdom as sec-
ondary metabolites. These natural compounds protect plant 
cells from UV radiation and attract insects to participate 
and pollinate in interactions with soil microbes. Due to their 
widespread presence in vegetables and fruits, they are also 
precious as antioxidant compounds in human cells [1, 2].

The α-glucosidases play a significant role in the lysis of 
α-glucopyranoside bonds in disaccharide molecules and 
oligosaccharide molecules to release monosaccharide com-
pounds that get absorbed in the body [3]. A homotetrameric 
Zn-enzyme called sorbitol dehydrogenase (SDH) functions 
in the polyol metabolic pathway. Aldose reductase and SDH 
are the two enzymes that make up the polyol pathway. Using 
NAD+ and NADPH as co-factors, this process changes the 
sugar alcohol intermediate sorbitol from the glucose mol-
ecule to the fructose molecule [4].

The fifth-leading cause of cancer-related death is ovarian 
cancer (OC), which is the deadliest malignancy in women. 
It is among the 10 most common types of cancer in women 
in Turkey. Often known as the silent killer, OC often goes 
undiagnosed until it is in an advanced stage because of its 
vague symptoms, making it difficult to treat. Treatment of 
patients with advanced OC usually includes cyto-reducing 
surgery and combination chemotherapy [5]. Chloride ions 
separate from the positively charged platinum ion when 
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the medication cisplatin is carried into cells. The charged 
platinum ion then binds to cellular DNA, RNA, and proteins 
and prevents transcription, translation, replication, and DNA 
repair. In the latest data of the American National Cancer 
Institute (NIH), it is stated that 10–20% of all cancer patients 
use cisplatin at some time during their treatment. However, 
drug resistance that occurs reduces the effectiveness of cispl-
atin. The development of new strategies to overcome intrin-
sic and acquired resistance to chemotherapy is critical in 
the effective treatment of OC and other types of cancer [6].

The role of the majority of the proteins or enzymes in 
the body is finalized by their relevant substrate or biomol-
ecules to complete their functionality [7]. Comprehending 
the way substrate and related proteins interact can give nec-
essary details for biologists. Molecular docking analysis is 
an adaptable approach that can provide such details and be 
conducted for choosing enzymatic substrates. By performing 
the molecular modeling method, the experimental results 
could be additionally assessed [8]. By using this strategy, the 
potential interactions between the ligands and enzymes or 
proteins could be examined at an atomic level [9]. The com-
putational approaches can easily reduce the time-consuming 
for pharma products [10] and the price that has to be paid 
for that [11]. The molecular docking method has gained sub-
stantial consideration as a drug design tool. Additionally, the 
drug product procedure could be simplified by comprehend-
ing the docking process and forecasting drug goals.

Materials and Methods

Molecular Docking Study and Binding Free Energy 
Calculation

In this study were used alpha glucosidase (PDB ID: 5KZW) 
and human sorbitol dehydrogenase (PDB ID: 1PL7). As the 
chemical and naturally derived compounds have approved 
anticancer activities [12, 13], the anticancer activity of 
Skullcapflavone I and Skullcapflavone II were assessed 
against SW-626, SK-OV-3, OVCAR3, and Caov-3 cell lines. 
The surface receptors that are over expressed in the studied 
cell lines were investigated by applying molecular modeling. 
Estrogen receptor (PDB ID: 3OS8) was chosen for SK-OV-3 
[14], EGFR (PDB ID: 5WB7) was chosen for SW-626 [15], 
androgen receptor (PDB ID: 2Q7I) was chosen for OVCAR3 
[16], and Gonadotropin-releasing hormone (GnRH) recep-
tor (PDB ID: 7BR3) was chosen for Caov-3 [17]. Moreover, 
the activity of these compounds against COVID-19 was 
assessed by investigating their interactions with COVID-
19 RNA-dependent RNA polymerase (RdRP) (PDB ID: 
7BZF) [18]. The chemical activities of Skullcapflavone I 
and Skullcapflavone II were evaluated against these proteins 
and enzymes. The 3D structure of the biomolecules was 

gained from the PDB database and prepared using the pro-
tein preparation module of the Schrödinger [19]. Finally, the 
system was minimized by applying the OPLS3e force field. 
To obtain more reliable results, the active site of the biomol-
ecules was determined using the SiteMap of Schrödinger 
[18], and a receptor grid was produced around the active 
site. The compounds Skullcapflavone I and Skullcapflavone 
II were obtained from the PubChem database and prepared 
using the LigPrep module of Schrödinger [20]. Indeed, the 
in silico calculations were employed utilizing the Glide of 
Schrödinger suites [12]. The LigPreb output files that had 
been prepared were merged with redistribution for sub-jobs 
and utilized as input files for screening. The Epik state pen-
alties were employed for docking, and the unique properties 
generated for each input compound were used to identify the 
unique compound. Calculations for docking with standard 
precision (SP) and extreme precision (XP) were completed. 
The flexible docking method was used, and after each step, 
10% of the best postures with retention of all good scoring 
states were maintained. Scaling factor and partial charge 
cutoff values were respectively set at 0.80 and 0.15. Poses 
that have a strong enough link with the protein are allowed. 
The pose viewer was employed in the last phase to exam-
ine the interactions between particular ligands and protein 
docked complexes. The calculation of binding free energies 
was conducted utilizing the MM/GBSA method. The cal-
culations were conducted using the Prime of Schrödinger. 
The force field and solvation model, meanwhile, were imple-
mented using the VSGB and OPLS-2005, respectively. The 
free energy needed to bind a ligand to a protein has the fol-
lowing formula:

Cancer Assays

Replication of Cells

To investigate the anti-cancer activity of the Skullcapfla-
vones I and II on ovarian cancer cell lines (SW-626, SK-OV-
3, OVCAR3, and Caov-3) and normal (HUVEC) cell lines 
for analyzing of cytotoxicity were obtained from our lab 
group and used in the work. Cell flasks were maintained at 
37 °C (Thermo Forma II CO2 Incubator, USA) in an atmos-
phere with 5% CO2 throughout the course of the experiment, 
and cells were fed twice per week. After being stained with 
0.4% trypan blue, the confused cells were removed using 
a trypsin-EDTA solution and counted under a microscope 
[21].

ΔG bind = G complex − (G protein + G ligand)
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Treatment with Test Compounds

The test chemicals were added at concentrations ranging 
from 1–300 μM to the cell-seeded wells, and the plates were 
then incubated for 24 h at 37 °C with 5% CO2. The MTT 
technique was used to assess any potential impacts of the 
administered chemicals on cell viability at the conclusion 
of the incubation. In this study, we took measurements at 
different concentrations (1, 5, 10, 25, 50, 100, 200, 300 µL) 
and then calculated Statistical values and standard devia-
tions [22].

MTT Method

This part was studied based on the previous studies [23].

Enzymes Assays

α-Glycosidase inhibitory effect of Skullcapflavones I and 
II was assessed using the p-nitrophenyl-d-glycopyranoside 
substrate produced utilizing the prior approach [24].

SDH Activities

The SDH activity of Skullcapflavones I and II was spectro-
photometrically evaluated using dl-glyceraldehyde, taking 
into account the decrease of NADPH at 340 nm. This part 
was studied based on the previous studies [25].

α‑Glycosidase and SDH Inhibition Assays

Different natural component concentrations were put into 
the reaction tube in order to track the impact of skullcap 
flavones I and II on -glycosidase and SDH. SDH activity was 
assessed prior to the creation of the control sample without 
the presence of any natural substances. The half maximal 
inhibitory activity (IC50) was calculated from activity (%) 
versus some natural compounds concentration plots accord-
ing to the previous studies [26].

Results and Discussion

Molecular Docking and MM/GBSA Results

The chemical activities of skullcapflavone I and skullcap-
flavone II when interacting with the enzymes (alpha glu-
cosidase, sorbitol dehydrogenase, and RdRP) and proteins 
(estrogen receptor, EGFR, androgen receptor, and GnRH 
receptor) were estimated by conducting the molecular mod-
eling analyses. The results revealed the residues of the bio-
molecules that can construct powerful interactions with the 
molecules. The modeling pose of skullcapflavone I among 

the residues of alpha glucosidase is shown in Fig. 1A. The 
interactions among skullcapflavone I and alpha glucosidase 
are shown in Fig. 1B. From Fig. 1B, it is observed that skull-
capflavone I has created two H bonds with the residues of 
alpha glucosidase. These residues are Glu748 and Arg854. 
There are also eight hydrophobic factors, which rise the 
binding affinity of skullcapflavone I to studied enzyme. The 
residues of this part are His708, Leu712, Gln715, Glu721, 
Tyr822, Ile823, Gly855, and Glu856.

The modeling pose of skullcapflavone II among the resi-
dues of alpha glucosidase is shown in Fig. 1C, and their 
interactions are presented in Fig. 1D. Additionally, skullcap-
flavone II has created three hydrogen bonds with alpha glu-
cosidase. These residues are Glu715, Arg854, and Glu856. 
The residues with hydrophobic contacts are His708, Leu712, 
Gly747, Glu748, Ala749, Tyr822, and Ile823.

Figure 2A shows the docking pose of skullcapflavone I 
among the residues of sorbitol dehydrogenase. The inter-
actions among skullcapflavone I and the enzyme are seen 
in Fig. 2B. There are two hydrogen bonds among the mol-
ecule and the residues of sorbitol dehydrogenase, which are 
Thr202 and Asp203. There are also nine hydrophobic con-
tacts with the residues Cys178, Gly179, Leu204, Arg208, 
Ile231, Thr250, Ala254, Ser255, and Ala258.

Figure 2C represents the modeling of skullcapflavone 
II among the residues of sorbitol dehydrogenase, and their 
interactions are seen in Fig. 2D. Skullcapflavone II has cre-
ated three H bonds and nine hydrophobic factors with sorbi-
tol dehydrogenase. The residues with hydrogen bonds are 
Thr202, Asp203, and Leu204, and the residues with hydro-
phobic contacts are Arg208, Ile223, Ser224, Glu226, Ile231, 
Thr250, Ala252, Ala254, and Ser255.

The docking pose of skullcapflavone I among the resi-
dues of SARS-CoV-2 RdRP is presented in Fig. 3A, and 
their interactions are displayed in Fig. 3B. Skullcapflavone 
I has created one hydrogen bond with the residues of RdRP, 
which is Pro677. This compound has created six hydropho-
bic contacts with RdRP residues. These residues are Arg249, 
Ser318, Arg349, Arg457, Leu460, and Pro461. Figure 3C 
displays the docking pose of Skullcapflavone II among the 
residues of SARS-CoV-2 RdRP, and the interactions are pre-
sented in Fig. 3D. There are two hydrogen bonds between 
Skullcapflavone II and RdRP. These residues are Arg349 and 
Pro677. There are also nine hydrophobic contacts between 
this compound and RdRP. These residues are Ile26, Thr27, 
His35, Glu37, Gly40, Glu75, Thr76, and Arg150. The dock-
ing pose of skullcapflavone I among the residues of estro-
gen receptor is displayed in Fig. 4A. Their interactions are 
presented in Fig. 4B. There are no hydrogen bonds between 
skullcapflavone I and the residues of the estrogen receptor. 
There are eleven hydrophobic contacts between skullcap-
flavone I and residues Leu346, Leu349, Glu353, Leu387, 
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Met388, Phe404, Leu428, Leu391, Ile424, Met421, and 
Leu525. 

The modeling pose of skullcapflavone II among the 
residues of estrogen receptor is seen in Fig. 4C, and their 
interactions are displayed in Fig. 4D. Like skullcapflavone 
I, skullcapflavone II has no H bonds with the residues of 
estrogen receptor. There are nine hydrophobic contacts 
between the molecule and the residues of estrogen recep-
tor. These residues are Met388, Ile389, Val392, Met427, 
Ala430, Phe435, His513, His516, and Ser518. Figure 5A 
shows the docking pose of skullcapflavone I among the 

EGFR residues, and their interactions are seen in Fig. 5B. 
The results show that skullcapflavone I has created two H 
bonds with Leu38 and Asn86 and two hydrogen bonds with 
Tyr251. The residues that have created hydrophobic con-
tact with skullcapflavone I are Val36, Glu60, Ala62, Arg84, 
Thr249, and Ala265.

The modeling pose of skullcapflavone II among the resi-
dues of androgen receptor is seen in Fig. 5C. The interac-
tions between this compound and the EGFR residues are 
presented in Fig. 5D. Like skullcapflavone I, skullcapfla-
vone II has constructed two hydrogen bonds with Leu38 

Fig. 1   A The docking pose of skullcapflavone I among α-glucosidase residues. B The interactions of skullcapflavone I and alpha glucosidase. C 
The docking pose of skullcapflavone II among alpha glucosidase. D The interactions of skullcapflavone II and alpha glucosidase
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and Asn86 and two hydrogen bonds with Tyr251. There are 
also five hydrophobic contacts between skullcapflavone II 
and the residues of EGFR. These residues are Glu60, Ala62, 
Arg84, Thr249, and Ala265. The modeling pose of skullcap-
flavone I among the residues of androgen receptor is seen 
in Fig. 6A. Their interactions are seen in Fig. 6B. There 
is one hydrogen bond between Skullcapflavone I and the 

androgen receptor. This residue is Val685. There are thir-
teen hydrophobic contacts between skullcapflavone I and 
residues Glu681, Pro682, Gly683, Val684, Gln711, Val715, 
Trp718, Leu744, Met745, Ala748, Arg752, Phe804, and 
Lys808. These numerous hydrophobic contacts can enhance 
the binding affinity of this compound considerably.

Fig. 2   A The docking pose of skullcapflavone I among sorbitol dehy-
drogenase. B The interactions of skullcapflavone I and sorbitol dehy-
drogenase. C The docking pose of skullcapflavone I among sorbitol 

dehydrogenase. D The interactions of skullcapflavone II and sorbitol 
dehydrogenase
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The docking pose of skullcapflavone II among the resi-
dues of androgen receptor is presented in Fig. 6C, and their 
interactions are displayed in Fig. 6D. Skullcapflavone II has 
one hydrogen bond with the residue Val685 of the estrogen 
receptor. There are eleven hydrophobic contacts between the 
compound and the residues of the androgen receptor. These 
residues are Glu681, Pro682, Gly683, Val684, Gln711, 
His714, Val715, Ala748, Arg752, Asn756, and Lys808.

Figure 7A shows the docking pose of skullcapflavone 
I among the residues of GnRH receptor. The interactions 
between skullcapflavone I and the protein are presented in 
Fig. 7B. There is no hydrogen bond between the compound 
and the residues of the GnRH receptor. There are eleven 
hydrophobic contacts with the residues Ile21, Pro22, Leu23, 
Asn27, Phe216, Leu219, Tyr283, Leu286, Gly287, Tyr290, 
and Leu297. Figure 7C represents the docking pose of skull-
capflavone II among the residues of the GnRH receptor, and 

Fig. 3   A The docking pose of skullcapflavone I among SARS-CoV-2 
RdRP residues. B The interactions of skullcapflavone I and SARS-
CoV-2 RdRP. C The docking pose of skullcapflavone II among 

SARS-CoV-2 RdRP residues. D The interactions of skullcapflavone 
II and SARS-CoV-2 RdRP
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their interactions are presented in Fig. 7D. Skullcapflavone 
II has created three hydrogen bonds and ten hydrophobic 
contacts with the residues of the GnRH receptor. The resi-
dues with hydrogen bonds are Lys121, Tyr283, and Asn305, 
and the residues with hydrophobic contacts are Ile21, Pro22, 
Leu23, Gln25, Gly26, Asp98, Met125, Phe216, Leu219, and 
Gly287.

In addition to determining the potential interactions 
between the compounds and biomolecules, the molecu-
lar docking analysis can specify the binding affinity of 

the ligands to the enzymes or proteins. The docking score 
indicates this affinity. The docking scores, the length 
of hydrogen bonds, and the binding free energies for the 
ligand–enzyme and ligand–protein complexes discussed 
above are displayed in Tables 1 and 2. As can be seen in 
Table 1, the IC50 of Skullcapflavone I has a positive correla-
tion with docking scores against α-glucosidase and sorbitol 
dehydrogenase. It means when the binding affinity increases, 
the inhibitory activity against these enzymes increases too. 
This trend has also happened for Skullcapflavone II. When 

Fig. 4   A The docking pose of skullcapflavone I among estrogen receptor residues. B The interactions of skullcapflavone I and estrogen receptor. 
C The docking pose of skullcapflavone II among estrogen receptor residues. D The interactions of skullcapflavone II and estrogen receptor
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the docking score for this compound against α-glucosidase 
and sorbitol dehydrogenase decreased from − 4.094 kcal/
mol to − 6.304 kcal/mol, the IC50 decreased from 95.04 µM 
to 28.81 µM. Tis correlation indicates the reliability of the 
obtained results. Interestingly, this correlation has also hap-
pened for the binding free energies. In general, this trend 
could be seen for the receptors in cancer cell lines. Therefore 

it could be concluded that the selected receptors in these 
cancer cells are probable targets of the studied compounds. 
Although skullcapflavone I and skullcapflavone II are practi-
cal inhibitors against these enzymes and proteins, these com-
pounds have to be delivered to the target site. An adequate 
solution for this problem is vesicular nanocarriers [27, 28].

Fig. 5   A The modeling pose of skullcapflavone I among EGFR resi-
dues. B The interactions of skullcapflavone I and EGFR. Semicircles 
show the hydrophobic contacts and green dashed lines indicate the 

hydrogen bonds. C The modeling pose of skullcapflavone II among 
EGFR residues. D The interactions of skullcapflavone II and EGFR
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Enzymes Results

Sorbitol dehydrogenase inhibitor compounds have been 
recorded to alleviate or prevent, diverse secondary compli-
cations of diabetes mellitus [29]. Recently, it has been estab-
lished that the most effective treatment for type 2 diabetes 
for regulating postprandial hyperglycemia and associated 
harmful biological sequelae is the use of bioactive-glucosi-
dase inhibitor substances [30]. The α-glucosidase enzyme is 
competitively inhibited by the α-glucosidase inhibitors that 

controlled the postprandial hyperglycemia [31]. In this study, 
Skullcapflavone I and Skullcapflavone II compounds showed 
excellent to good inhibitory activities against α-glucosidase 
and sorbitol dehydrogenase enzymes with IC50 values of 
102.66 ± 8.43 and 95.04 ± 11.52 nM for α-glucosidase and 
38.42 ± 3.82 and 28.81 ± 3.26 nM for sorbitol dehydroge-
nase. In this study, the inhibition effects of these phenolic 
compounds on two important enzymes were investigated 
and their anti-diabetic capacity was determined by different 
methods. The outcomes were evaluated against the reference 

Fig. 6   A The docking pose of skullcapflavone I among androgen receptor residues. B The interactions of skullcapflavone I and androgen recep-
tor. C The docking pose of skullcapflavone II among androgen receptor residues. D The interactions of skullcapflavone II and androgen receptor
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molecule utilized in the relevant activities. Future biochemi-
cal, physiological, and pharmacological investigations in the 
relevant domains will undoubtedly benefit from the findings, 
and they will also have a significant impact on the under-
standing and management of numerous metabolic illnesses, 
including diabetes. In this connection, it is anticipated that 
two natural compounds would significantly influence the 
creation of pharmaceuticals for future usage in treatment 

and associated applications. In this study, the results of natu-
ral substances were obtained at a good level compared to 
acarbose standard compound.

Anticancer Results

The cytotoxic effect of Skullcapflavone I and Skullcapfla-
vone II on ovarian cancer cell lines is shown in Table 3. 

Fig. 7   A The docking pose of skullcapflavone I among GnRH recep-
tor residues. B The interactions of skullcapflavone I and GnRH recep-
tor. The semicircles show the hydrophobic contacts. C The docking 

pose of skullcapflavone II among GnRH receptor residues. D The 
interactions of skullcapflavone II and GnRH receptor
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Table 1   The docking scores, total binding free energy, and the length of H-bonds obtained from the molecular docking calculations of Skullcap-
flavone I and Skullcapflavone II against the enzymes

Compound Parameter α-glucosidase Sorbitol dehydrogenase RdRP

Skullcapflavone I IC50 (nM) 102.66 38.42 –
Docking score (kcal/mol) − 3.420 − 5.611 − 5.033
Total binding free energy (kcal/mol) − 34.97 − 58.24 − 45.82
Residues with H-bond and their length Glu748:2.68 Å Thr202: 3.04 Å Pro677:2.79 Å

Arg854:2.68 Å Asp203: 3.02 Å
Skullcapflavone II IC50 (µM) 95.04 28.81 –

Docking score (kcal/mol) − 4.094 − 6.304 − 5.408
Total binding free energy (kcal/mol) − 50.37 − 57.95 − 52.54
Residues with H-bond and their length Gln715: 3.05 Å Thr202: 2.90 Å Arg349:3.01 Å

Arg854: 2.93 Å Asp203: 2.49 Å Pro677:3.00 Å
Glu856: 2.81 Å Leu204: 3.00 Å

Table 2   The docking scores, total binding free energy, and the length of H-bonds obtained from the molecular docking calculations of Skullcap-
flavone I and Skullcapflavone II against the surface receptors

Compound Parameter Estrogen receptor 
(SK-OV-3)

EGFR (SW-626) Androgen recep-
tor (OVCAR3)

GnRH (Caov-3)

Skullcapflavone I IC50 (µM) 63.14 1.55 19.42 52.04
Docking score (kcal/mol) − 9.591 − 7.249 − 5.182 − 8.359
Total binding free energy (kcal/mol) − 72.34 − 58.97 − 58.98 − 50.42
Residues with H-bond and their length – Leu38:2.84 Å Val685:2.95 Å –

Asn86:3.26 Å
Tyr251:2.79 Å
Tyr251:3.04 Å

Skullcapflavone II IC50 (µM) 5.18 21.44 33.87 72.66
Docking score (kcal/mol) − 8.643 − 7.821 − 5.210 − 8.001
Total binding free energy (kcal/mol) − 68.12 − 67.50 − 50.89 − 60.60
Residues with H-bond and their length – Leu38: 2.84 Å Val685:3.00 Å Lys121:3.00 Å

Asn86: 3.26 Å Lys121:3.18 Å
Tyr251:2.87 Å Tyr283:2.71 Å
Tyr251:3.06 Å Asn305:3.34 Å

Table 3   In vitro anti-proliferative activities of Skullcapflavone I and Skullcapflavone II compounds against ovarian cancer cell lines

a Normal ovarian epithelial cells (IOSE80)
b SI (Selectivity Index) = IC50 values on IOSE80 cells/SK-OV-3 cells
c The IC50 reported was determined using the MTT method
d Paclitaxel was taken as reference

No Compounds SK-OV-3 SW-626 OVCAR3 Caov-3 IOSE80a SIb

IC50 (µM)c IC50 (µM) c IC50 (µM)c IC50 (µM)c IC50 (µM)c IC50 (µM)c

1 Skullcapflavone I 63.14 ± 4.18 1.55 ± 0.05 19.42 ± 0.97 52.04 ± 6.14 71.88 ± 6.05 1.13
2 Skullcapflavone II 5.18 ± 1.02 21.44 ± 3.23 33.87 ± 7.05 72.66 ± 5.48 31.21 ± 3.07 6.02

Paclitaxeld 80.12 ± 10.02 32.52 ± 4.60 34.32 ± 6.02 64.62 ± 8.25 91.68 ± 9.48 1.14
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Low dosages of the substances skullcapflavones I and II 
greatly reduced ovarian cancer cell viability (Table 3; n:3). 
Skullcapflavone I compound had cytotoxicity impacts with 
IC50 values of 63.14 µM for SK-OV-3 cell line, 1.55 µM for 
SW-626, 19.42 µM for OVCAR3 cell line, and 52.04 µM for 
Caov-3 cell line, respectively. Additionally, the viability of 
ovarian cancer cells was significantly decreased by a 300 
μM dosage of all substances. Skullcapflavone I and Skull-
capflavone II show cytotoxic effects in all cell types, and this 
impact is most potent in ovarian cancer cell lines, according 
to our general assessment of the two studied substances (SK-
OV-3, SW-626, OVCAR3, Caov-3). Additionally, Skullcap-
flavone II compound had cytotoxicity impacts with IC50 val-
ues of 5.18 µM for SK-OV-3 cell line, 21.44 µM for SW-626, 
33.87 µM for OVCAR3 cell line, and 72.66 µM for Caov-3 
cell line, respectively. For instance, Makaluvamine Analog 
FBA-TPQ strongly suppressed the growth of ovarian cancer 
cells A2780 and OVCAR-3 in one study, with IC50 values 
of 1.78 and 0.98 μM, respectively [32]. These results were 
similar to the results of our study, we plan to study these 
natural compounds in vivo in our future studies. In the last 
decade, intensive studies have been carried out to treat the 
disease by intervening at the gene level with gene therapy 
methods. New approaches are being developed in the treat-
ment of rare diseases, cancer, viral infections, cardiovascu-
lar diseases, and nervous tissue disorders by using various 
gene therapy methods. Previous research have shown that 
doxorubicin and Bcl2 siRNA combination therapy enhances 
apoptosis of SK-OV-3 ovarian cancer cells to increase drug 
sensitivity, although only some cancer cell lines are drug-
sensitive while others are not. However, currently approved 
therapies are not yet available.

Conclusions

Accordingly, in recent updates on the treatment of diabetes, 
α-glucosidase inhibitors (Skullcapflavone I and Skullcapfla-
vone II in this study had values of 95 and 102 nM) from vari-
ous plant sources due to their ability to inhibit α-glucosidase 
activity. To slow down the hydrolytic cleavage of dietary 
oligosaccharides’ non-reducing end and the release of -glu-
cose, which postpones the breakdown of carbohydrates and 
the absorption of glucose in the small intestine. One of the 
current therapeutic strategies for maintaining blood glucose 
levels in diabetic patients, notably in T2D, this mechanism is 
crucial in regulating postprandial hyperglycemia. Acarbose, 
voglibose, miglitol, and migration are examples of antidia-
betic medications with alpha-glucosidase inhibitory charac-
teristics that are currently commercially accessible to man-
age postprandial hyperglycemia. However, regular use of 
these drugs leads to various side effects such as severe stom-
ach pain, vomiting, bloating, diarrhea, and allergic reactions. 

To evaluate the results of experimental research, in silico 
approaches can be used as useful tools. These techniques 
can provide an interpretation of the interactions in a more 
explicit view. In this work, molecular modeling was used to 
examine the activities of skullcapflavone I and skullcapfla-
vone II against α-glucosidase and sorbitol dehydrogenase. 
The activities of these compounds were also investigated 
against four expressed surface receptor proteins (estrogen 
receptor, EGFR, androgen receptor, and GnRH receptor) 
in the cancer cell lines SW-626, SK-OV-3, OVCAR3, and 
Caov-3. The activity of the compounds was also investigated 
against RdRP of SARS-COV-2. The outcomes revealed that 
skullcapflavone I and skullcapflavone II could be regarded 
as possible inhibitors for the mentioned enzymes and cancer 
cell lines.
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