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Hepatocellular carcinoma (HCC) is a common malignancy which affects a

substantial number of individuals all over the globe. It is the third primary

cause of death among persons with neoplasm and has the fifth largest mortality

rate among men and the seventh highest mortality rate among women.

Dalbergin (DL) is described to be effective in breast cancer via changing

mRNA levels of apoptosis-related proteins. DL belongs to neoflavonoids, a

drug categorywith low solubility and poor bioavailability. We created a synthetic

version of this naturally occurring chemical, DL, and then analyzed it using
1H-NMR, 13C-NMR, and LC-MS. We also made PLGA nanoparticles and then

coated them with galactose. The design of experiment software was used to

optimize DL-loaded galactose-modified PLGA nanoparticles. The optimized

DL-nanoformulations (DLF) and DL-modified nanoformulations (DLMF) were

analyzed for particle size, polydispersity index, shape, and potential interactions.

In-vitro experiments on liver cancer cell lines (HepG2) are used to validate the

anti-proliferative efficacy of the modified DLMF. The in-vitro research on

HepG2 cell lines also demonstrated cellular accumulation of DLF and DLMF

by FITC level. The in-vitro result suggested that DLMF has high therapeutic

effectiveness against HCC. In-vivo pharmacokinetics and bio-distribution

experiments revealed that DLMF excelled pristine DL in terms of

pharmacokinetic performance and targeted delivery, which is related to

galactose’s targeting activity on the asialoglycoprotein receptor (ASGPR) in

hepatic cells. Additionally, we performed an in-silico study of DL on caspase
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3 and 9 proteins, and the results were found to be −6.7 kcal/mol and −6.6 kcal/

mol, respectively. Our in-silico analysis revealed that the DL had strong

apoptotic properties against HCC.

KEYWORDS

dalbergin, HCC, galactose decorated nanoparticles, targeted nanoparticles, liver
cancer targeting

Graphical Abstract

1 Introduction

Hepatocellular carcinoma, often known as HCC, is the kind

of malignancy with high fatality rate of 5.3 million all over the

globe. HCC is the most common type of primary liver cancer,

often occurring in people with chronic liver diseases, such as

cirrhosis caused by hepatitis B and hepatitis C. HCC is the third

most lethal kind of cancer across the globe (D’souza, A.A. and

Devarajan, P.V., 2015). In India, the overall number of HCC

cases in men is ranging from 0.7 to 7.5 per 1 lakh person per year

and it is about 0.2–2.2 in women. Unfortunately, HCC is typically

diagnosed late in its course, with a median survival following

diagnosis of approximately 6–20 months (Acharya, S.K., 2014).

In the United States, 2 years survival is less than 50%, and 5-year

survival is only 10%. Sorafenib is the only medication approved

for the treatment of HCC, although it has low effectiveness and is

susceptible to resistance (Chen, Z., et al.,2020; Llovet, J.M., et al.,

2008). Chemotherapeutics are unsuccessful in treating HCC

because of their low selectivity for malignant tumor cells. The

therapeutic options for HCC have a low survival rate, which may

have life-threatening effects because of the failure of tumor

selectivity, dose-dependent toxic effects, and the development

of resistance to the treatment (Nair, A.B., et al.,2019; Nisha et al.,

2020a). For approximately 10 years, the only drug available for

advanced hepatocellular carcinoma (HCC) was sorafenib

(Nexavar, Bayer), given as first-line treatment (Rimassa, L.,

2018). Recently, regorafenib (Stivarga, Bayer) was approved

for second-line treatment. In addition, nivolumab (Opdivo,

Bristol-Myers Squibb) recently received accelerated approval

in the United States for HCC patients who previously used
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sorafenib and will likely be approved elsewhere based on the

clinical outcome (Rimassa, L., 2018). Lenvatinib (Lenvima, Eisai)

was approved recently in 80 countries to treat unresectable HCC

(https://www.eisai.com/news/2022/news202259.html).

Cabozantinib (Cabometyx, Exelixis) will also likely to be

approved for second- and third-line treatment soon; if so,

this drug would be the first for third-line HCC treatment (Al-

Salama, Z.T., et al., 2019). Ramucirumab (Cyramza, Lilly) is

also about to be approved. It would be the first HCC drug for a

biomarker-selected patient population (second-line treatment

of patients with high baseline a-fetoprotein [AFP] values

[≥400 ng/ml]) (Bteich, F. and Di Bisceglie, A.M., 2019).

Thus, the landscape of HCC treatment is becoming more

complex, and it will be important to refine the treatment

algorithm for HCC patients. There are several molecular

compounds derived from herbs that have been proven to

be effective against HCC. Modern research confirms that

many compounds are active at some molecular targets,

which are being sought to discover potential newer

generation targeted biological response modifier drugs.

These herbal compounds have been shown to engage

various molecular targets related to HCC carcinogenesis

and chemoprevention as reported in the research findings

and clinical observations. These molecular compounds

represent an enormous and almost untapped resource for

HCC treatment (Li, Y. and Martin, R.C., 2011).

Neoflavonoids derived from natural sources are categorized

as polyphenolic compounds, in contrast to flavonoids

containing a 2-phenylchromen-4-one backbone. The

molecular structure of neoflavonoids contains a 4-

phenylchromen framework, and there is no hydroxyl group

present in the second position of the molecule. Neoflavonoids

have been shown to be effective in a variety of settings,

including those pertaining to the prevention of cancer, the

reduction of inflammation, and the enhancement of

antioxidant properties (Mahdizade, V.F., et al., 2019). For

developing semi-synthetic derivatives with better

pharmacodynamics and pharmacokinetics of the dalbergin

that belongs to the neoflavonoids category although this

compound has lower solubility and bioavailability.

Dalbergin (DL) is a natural product found in Dalbergia

cochinchinensis, Pterocarpus santalinus, and other

organisms. Several publications show the broad spectrum of

DL, such as antimicrobial, antiplasmodial, osteogenic,

antifungal, anti-inflammatory, antidiabetic, anticancer,

antimycobacterial, cardiovascular, cytotoxicity, etc. (Kumar,

P., et al., 2017). Poly (lactic-co-glycolic acid) (PLGA) is one of

the most successfully developed biodegradable polymers.

Among the different polymers developed to formulate

polymeric nanoparticles, PLGA has attracted considerable

attention due to its attractive properties: biodegradability

and biocompatibility (Amirsaadat, S., et al., 2021), FDA

and European Medicine Agency approval in drug delivery

systems for parenteral administration (Makadia, H.K. and Siegel, S.J.

, 2011), well-described formulations and methods of production

adapted to various types of drugs, e.g., hydrophilic or hydrophobic

small molecules or macromolecules, protection of the drug from

degradation, possibility of sustained release, possibility to modify

surface properties to provide better interaction with biological

materials and a possibility to target nanoparticles to specific

organs or cells (Makadia, H.K. and Siegel, S.J., 2011; Danhier, F.,

et al., 2012). Galactose (GL) is a monosaccharide employed to

modify the surface of nanoparticles in this study. GL binds with

the asialoglycoprotein receptors (ASGPR) and interacts with the

destination (Li, Y., et al., 2008; Bakrania, A., et al., 2021). GL-

decorated PLGA nanoparticle mediated targeting was shown to be

effective in exhibiting targeted drug delivery to the tumors,

avoidance of complete removal through the reticuloendothelial

system (RES) (Adlravan, E., et al., 2021), and enhanced

permeability and retention (EPR) impact at the HCC region.

Due to the high levels of ASGPR expression in the hepatic

cancer tissue, these receptors offer an improved choice for

delivery of drugs in the treatment of HCC (Makadia, H.K. and

Siegel, S.J., 2011; Huang, K.W., et al., 2018). We developed (PLGA)

poly (lactic-co-glycolic acid) nanoparticles with decorations to

address the restricted solubility and effectiveness of drug

administration. Several research works showed that PLGA is a

biodegradable polymer (Samadzadeh, S., et al., 2021) that

minimizes drug toxicity and promotes cellular absorption of

drugs by interacting with site-specific interactions that boost

target specificity and enhance efficiency (Makadia, H.K. and

Siegel, S.J., 2011; Gupta, S., et al., 2013).

Therefore, in this study, for the first time, we attempted to

develop new PLGA nanoparticles of DL. We applied Box-

Behnken design (BBD) statistical-based formulation design to

optimize DL-loaded PLGA nanoparticles. Also, the surface

modification of DLF with galactose was attempted to prepare

galactose-decorated PLGA nanoparticles for the DL release on

the hepatocytes cell. Further, DL, DLF, and DLMF were assessed

for anti-HCC capacity via in-vitro (HepG2 cell lines) study.

Moreover, the in-vivo biodistribution of DL, DLF, and DLMF

were explored through High performance liquid

chromatography (HPLC) analysis to evaluate their targeting

potential in detail (Gupta, S., et al., 2013; Amjadi, I., et al.,

2013). Lastly in-silico analysis carried out for first time to

analyze the apoptotic properties of DL against HCC through

caspases.

2 Materials and procedures

2.1 Materials

PLGA [poly lactic-co-glycolic acid (50:50)], Poly Vinyl

Alcohol (PVA), Ethylenediamine (EDA), and 1-ethyl-3-(-3-

dimethylaminopropyl) carbodiimide (EDC), Fluorescein
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isothiocyanate (FITC), were supplied by Thermo Fisher Scientific

India Pvt. Ltd. Purchases of DMEM and FBS were made from

Sigma-Aldrich of Burlington, MA, United States. Researchers

opted to utilize double-distilled water (ddH2O) (sourced from

Borosil, India) throughout the experiment. All of the compounds

utilized were of the analytical class.

2.2 Procedures

2.2.1 Synthesis and identification of DL or (6-
hydroxy-7-methoxy-4-phenyl-2H-cromen-
2-one)

At 0°C, 2-methoxybenzene-1,4-diol (500 mg, 3.57 mmol)

was mixed with 15 ml sulphuric acid (75% in H2O), and ethyl

3-oxo-3-phenylpropanoate (0.617 ml, 3.57 mmol) was poured

dropwise to the phenolic compound solution. The reaction

mixture was agitated continuously for half an hour, at room

temperature. TLC was used to observe the formation of the

compound. After completion of the reaction, the mixture was

mixed into ice-cold water and extracted using ethyl acetate. The

recovered organic layer was dried using sodium sulphate, and the

rotavap was used to evaporate the remaining solvent. The crude

product was recrystallized from ethanol (42% yield). 1H NMR

(400 MHz, DMSO-d6) δ: 9.42 (s, 1H), 7.58 (m, 5H), 7.12 (s, 1H),

6.82 (s, 1H), 6.19 (s, 1H), 3.89 (s, 3H). 13C NMR (101 MHz,

DMSO-d6) δ: 160.86, 155.59, 152.41, 149.01, 144.05, 135.82,
130.00, 129.30, 128.80, 111.60, 110.82, 100.89, 56.65.

Calculated C16H12O4 [M]: 268.26; found mass, (ESI) m/z: [M-

H]- 266.87 (Kawase M, et al., 2005) (Supplementary Figures SA,

SB, SC).

2.3 Experimental design for optimization
of DLF

The formulation and process variables were statistically

optimized using BBD. Design Expert has been used to design

DLF utilizing a three-factor system, each at three levels (Trial

version 8.0 of Design-Expert software). On response factors like

particle size and entrapment efficiency (EE), the effects of

independent factors such as concentration of PLGA (X1),

PVA (X2), and sonication time (X3) were studied. To create

DL with a particle size range of 100–150 nm and the highest

feasible EE score, independent factors required to be investigated

on DLF-dependent attributes. Three trials were conducted to

assure accurate findings. The experimental design that was

ultimately selected brought in a decrease in the overall

quantity of trials, a reduction in the amount of time and

dedication needed, as well as an increase in the amount of

money saved (Nisha et al., 2020a).

Based on the results of several early tests, 15 different DL-

loaded nanoformulations (DLF) were developed by altering

the three parameters: the amount of PLGA, the amount of

PVA, and the amount of time spent sonicating at one of three

different intensities: high (+1), intermediate (0), and low (1).

The formula was developed based on stated factors, such as

having the maximum EE attraction and the lowest particle size

attraction. The optimized formulation was chosen based on

the preset criterion of highest %EE and least particle size. We

assessed the changes in response parameters and chose the

optimized formulation with the highest desirability (near 1),

subsequently creating the formulation in three copies to

guarantee the accuracy of the optimization (Nisha et al.,

2020b).

2.4 Preparation of galactose-modified
PLGA nanoparticles

2.4.1 Synthesis of galactose-PLGA conjugate
PLGA was conjugated to ethylenediamine (EDA).

Accordance to a previously published approach with minor

adjustments, In summary, 2.5 ml of dH2O was added to

50 mg of PLGA and combined on an ice bath at 2000 rev/

min. Then 40 μL of EDA was added to the previously

described solution (pH-5). The EDC (112 mg) aqueous

solution was added to the reaction mixture (pH-5). The

reaction mixture was therefore agitated at a low speed

(100 rpm) overnight before even being dialyzed for 1 h with

ddH2O to remove excess EDA.

Amine-terminated PLGA was linked to galactose as

described by Gupta, S. et al. (2013) with a few minor

modifications. Accordingly, 0.1 M sodium acetate buffer

(pH-4) containing D-galactose (8 μM) was mixed with

amine-terminated PLGA (0.1 mmol). The mixture solution

was swirled constantly at room temperature for 48 h to

ensure that the reaction was completed successfully. The

final solution was dialyzed for 24 h against ddH2O to alienate

other contaminants and unconjugated galactose before being

lyophilized in a dialysis membrane (12 kDa, MWCO,

Himedia, Mumbai, India) (Gupta, S., et al., 2013).

2.4.2 Preparation of nanoparticles
Double emulsification was used to synthesize PLGA

nanoparticles of DL (DLF) and galactose-modified PLGA

nanoparticles (DLMF). The galactose-PLGA conjugate (25 mg)

was dissolved in a mixture of dichloromethane and acetone at a

ratio of 3:1 v/v. After that, 2.5 mg of DL was mixed in PVA at a

concentration of 1% in the solution mixture (0.2 ml). The

mixture was then emulsified in an ice bath using sonication at

50 W output for 1 min, resulting in w/o emulsion. In addition, a

solution of PVA that was 1% and included 4 ml was mixed drop

by drop and sonicated for 2 min over an ice bath. The obtained

w/o/w emulsion was further diluted with 10 ml of 0.15% PVA

solution, and it was agitated at 1,000 rev/min for 12 h to
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evaporate the organic solvent. Finally, the resultant nanoparticles

were acquired, rinsed with ddH2O by centrifugation (30,000 rev/

min) for 30 min at 4°C, and lyophilized (Gupta, S., et al., 2013).

2.5 Characterization of DLF, and DLMF

2.5.1 Particle size and polydispersity index
Zetasizer Nanoplus (Nanoplus-3) was used to assess DLF and

DLMF regarding their particle size and PDI. The functionality of this

instrument is supported by the dynamic light scattering technique

(Javan,N., et al., 2019; Song, X., et al., 2018). The test nanoformulations

were diluted in ddH2O before being moved to a cuvette for

examination. The particle size and PDI were measured in triplicate,

and the results are expressed as mean ± SD (Kanoujia, J., et al., 2021).

2.6 Entrapment efficiency and drug
loading

Entrapment efficiency is evaluated using ultracentrifugation

method. A specific amount of DLF and DLMF were centrifuged

at 4°C for 20 min at 15,000 rev/min to isolate the free drug. A

UV-Vis Spectrometer (Labtronics-2910, India) set at 254 nm was

used to assess the amount of unentrapped drug in the

supernatant and to calculate the amount of DL entrapped. We

calculated the EE and drug loading using the following formula

(Song, X., et al., 2019).

% EE � Initial amount of drug inDLF

− f ree drug/Initial amount of drug inDLF*100 (I)
Drug loading (%) � Amount of drug in lyophilized nanoparticles

/Amount of lyophilized nanoparticles × 100 (II)

2.7 In vitro drug release study

At pH values of 1.2 and 7.4, the drug release perspectives of

DLF and DLMF were studied in both simulated gastric and

simulated intestinal fluids. A flask was placed in an incubator

with a water bath continually swirling (100 rev/min) and kept at a

temperature of 37°C. The flask was filled with 10 ml of the

appropriate medium and weighed amounts of DLF and

DLMF that were sufficient for 10 mg of DL. The dissolving

solution in the flask was then routinely replaced with new

media at regular intervals, after which 2 ml of the sample was

collected for DL detection. The samples were analyzed at 254 nm

using a UV-Vis Spectrometer (Labtronics-2910, India), which

was utilized to quantify the DL release. Triplicate dissolution tests

were carried out. The data was analyzed to determine release

kinetics (Song, X., et al., 2018; Kanoujia, J., et al., 2021; Song, X.,

et al., 2019; Kumar, P., et al., 2018).

2.8 Drug interaction analysis using FTIR

The FTIR experiments were performed to assess any interaction

between DL and polymers. In this experiment, FTIR spectra of DL,

DLF, and DLMF were obtained separately. 5 mg of test substances

were grounded with 200 mg of potassium bromide (KBr) after

pelletizing at 1,000 psi. In the final, the FTIR data were collected

and analyzedwith the help of aNicolet™ 6700 fromThermo Fischer

Scientific. This particular sensor can detect waves with a wave

number range between 4,000 and 500 cm−1 (Kumar, P., et al., 2018).

2.9 Scanning electron microscopy studies

After the preparation of nanoformulations, we used

lyophilizer equipment to lyophilize to harvest nanoparticles.

The lyophilized nanoparticles were placed on grids. The JSM-

6490LV was used to acquire the SEM pictures (JEOL, Tokyo,

Japan) (Kumar, P., et al., 2018).

2.10 Stability studies

The ICH, Q1A (R2) criteria were followed for DLMF

stability testing. The particle size and EE of the formulation

were assessed. To validate the DLMF’s long-term stability, the

formulation was kept in clear containers at 4 ± 1°C and 25 ±

2°C conditions, the stability profile of the product was

determined. The stored samples at two different

temperatures were analyzed on the day of commencing the

experiment and on the 30th, 60th, and 90th days (Nisha et al.,

2020a; Kumar, P., et al., 2018).

2.11 Evaluation of anticancer efficacy

National Cell Repository of NCCS (Pune, India) provided

the HepG2 cell line, which was then grown in our cell culture

lab for further in vitro assays. The liver cancer cell lines were

grown in a T-75 flask for 24 h at 37°C, 5% CO2, and absolute

humidity equal to 100% in the Roswell Park Memorial

Institute (RPMI)-1640 media with 10% fetal bovine serum

and 2 mM L-glutamine. The cells were collected by

centrifugation and incubated at a density of 5×103 cells/

well onto 96 well plates to measure the growth. The test

samples were distributed in dimethyl sulfoxide at 100 mg/ml

concentration, diluted to 1 mg/ml equivalent drug

concentration in distilled H2O. Each well was treated with

100 μL of the test samples that the organizational culture

includes at concentrations of 10, 20, 40, and 80 μg/ml, and

they were allowed to incubate for a total of 48 h under the

appropriate conditions. 50 μL of cold 30% trichloroacetic acid

(TCA) was injected to stop the reaction and incubated for 1 h
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at a temperature of 4°C. The test plate is washed using fivefold

volume of distilled water. In addition, each well was treated

with 50 μL of SRB (sulforhodamine B) solution comprising

0.4% (w/v) in 1% acetic acid; it was kept at ambient

temperature for 20 min during incubation. Following

completion of the staining procedure, the plate was rinsed

5 times with 1% acetic acid to remove color leftover before air

drying. After removing the attached dye with 10 mM Trizma

base, absorbance was measured at 540 nm using a 690 nm

reference. The findings were acquired in triplicate on

different plates, and the mean of the three trials was

determined. The % cell growth was measured using

absorbance data (time zero [Tz], control growth (C), and

test growth in the presence of drug at different concentrations

[Ti]. The % growth inhibition was calculated using the

following formula

Ti − Tz
C − Tz

× 100 for concentrations for which Ti≥Tz

Ti − Tz
C − Tz

× 100 for concentrations for which Ti <Tz

It was shown that the quantity of protein formation was reduced

by 50% at amedication concentration of 100 = 50. (It is visible due to

the SRB staining) in control cells, while the drugwas being incubated

(Kumar, P., et al., 2018; Liu H, et al., 2016; Ly HT, et al., 2021).

2.12 In vitro cellular internalization analysis

HepG2 cells were seeded on Lab-Tek chambered cover glasses

(Nalge Nunc International, Naperville, IL, United States) and

incubated until 70% confluent at 37°C in 95% air and 5% CO2.

After 30 min of equilibration with HBSS at 37 °C, the buffer was

replaced with fluorescein isothiocyanate (FITC)-loaded DL, (FITC)-

loaded DLF, and (FITC)-loaded DLMF suspensions (250mg/ml in

HBSS), respectively and themonolayerswere incubated for one or 2 h.

In the subsequent step, the monolayers were rinsed 3 times with

freshly warmed transport buffer to eliminate any nanoparticles that

were not internalized into the cells. Following this step, the

HepG2 cells were fixed in ethanol at a concentration of 70%, and

until evaluation, the samples were mounted in fluorescent mounting

media (Dako Denmark A/S, Glostrup, Denmark). Finally, images

were captured with the use of a confocal laser scanning microscope

(Model: LSM900, Make: Zeiss, Germany) (Nisha et al., 2020b).

2.13 Pharmacokinetic studies

2.14.1 Collection of blood
DL, DLF, and DLMF were administered orally to albino

Wistar rats at a dose of DL equivalent to 100 mg/kg (Approval

No: IU/IAEC/20/01), and after the first treatment, the blood

samples were collected through retro-orbital plexus of the

animals at 0.083, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 24, and 48 h. The

serum was isolated from the blood by centrifugation for 10 min at

10,000 rpm. The serum samples were kept at -20 °C until

quantification by HPLC analysis.

2.14 Drug quantification in plasma

A precise and accurate bioanalytical approach was devised

for drug quantification in plasma samples. ACN was used to

make 1 mg/ml stock solution of DL, and stock solution in

ACN was used to make working standard solutions of 0.02,

0.1, 0.2, 0.5, 1, 2, 5, 10, 50, and 100 μg/ml. Overall, separate

tubes containing 100 μg/ml of working solutions and 100 μg/

ml of blank plasma were vortexed for 30 min. The tubes were

then spun at 13,000 rpm for 5 min. The supernatant was

collected, transferred to fresh tubes, and allowed to dry

overnight at a temperature of 40°C. After that, the tubes

were reconstituted with 100 μL of ACN, vortexed for

5 minutes, and 20 μL of supernatant was injected into

HPLC to quantify DL. The working solution concentrations

were 0.01, 0.05, 0.1, 0.25, 0.5, 1, 2.5, 5.0, 25.0, and 50.0 μg/ml.

Low-quality control (LQC), medium quality control (MQC),

and high-quality control (HQC) samples were created with

different quantities of 0.005, 0.5, and 40 μg/ml, respectively. It

was necessary to create quality control samples and triplicate

calibrations for each concentration. A test tube containing

100 μL of test plasma and 100 μL of ACN was vortexed for

30 min to create the test samples. To assess the final outcomes,

WinNonlin version 1.5.3 was used (Nisha et al., 2020a; Kumar,

P., et al., 2018; Nisha et al., 2020b).

2.15 Bio-distribution studies

To assess the targeting potential, DL, DLF, and DLMF were

exposed to albino Wistar rats for bio distribution study. The

groups were divided into three categories: Group 1 DL:

N-nitrosodiethylamine (DEN) +DL (DEN100 mg/kg, i.

p. once a week for 6 weeks then DL 10 mg/kg given orally),

Group 2 DLF: N-nitrosodiethylamine (DEN) +DLF

(DEN100 mg/kg, i. p. once a week for 6 weeks then DLF

10 mg/kg given orally), Group 3 DLMF:

N-nitrosodiethylamine (DEN) +DLMF (DEN100 mg/kg, i.

p. once a week for 6 weeks then DLMF 10 mg/kg given

orally). Following the euthanization of rats at certain time

intervals, such as 4, 12, 24, and 48 h, different organs,

including the kidney, lungs, heart, spleen, and liver, were

removed and kept at -80 °C until processing the sample for

drug quantification. Each organ was weighed separately and

homogenized, and the amount of DL was quantified using the

previously stated verified HPLC technique (Kumar, P., et al.,

2018).
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2.16 Molecular docking studies

To design the ligand (DL), the programs Chem-Draw

Ultra 12.0 and Chem3D pro. 12.0 were used. The ligand

was then modelled after the crystal structures of caspase-3

(1QX3) and 9 as found in the Protein Data Bank (http://www.

rcsb.org/pdb) (2AR9). With the help of the visualizer included

inside the BIOVIA Discovery Studio, the active site domain of

the structure was located. Several previous publications were

reposted; caspase-3 & 9 are essential proteins that play a role

in the execution of apoptosis (Programmed Cell Death).

Additionally, PDBQT files for ligand-free caspase-3 &

9 and ligand were produced using Auto Dock tools, version

1.5.6, followed by grid files. The interaction between caspase-3

and 9 proteins was then evaluated using Auto Dock tools,

version 1.5.6 (Morris, G.M., et al., 1998; Khan, T., et al., 2018;

Ni, C.Z., et al., 2003). The visualizer included in the BIOVIA

Discovery Studio was used to assess the binding affinities in

kcal/mol, the amino acids that were engaged in the

interactions, and the hydrogen bonds (Chao, Y., et al.,

2005; Kumar, P., et al., 2016; Agarwal, V., et al., 2021, D.S.

BIOVIA, 2017).

2.17 Statistical data analysis

GraphPad Prism v.9.4.0 was used to perform the statistical

analysis. The data were summarised by showing each variable’s

mean and standard deviation (SD). The data was analyzed using

a one-way ANOVA, which was followed by the Bonferroni

multiple comparison test. p-value (***p < 0.001, **p < 0.01,

and *p < 0.05) was judged statistically significant.

3 Results

The majority of primary liver cancer diagnoses occur in the

last stages and are not made in the early stages (Charmantray, F.

and Martelli, A., 2001). Despite their interesting cytotoxicity on

diverse malignant cells, chemotherapy seldom causes damage to

normal cells. (Zuco, V., et al., 2002). The structure of DL and the

synthesis scheme was shown in Figure 1. DL is demonstrated

here as an anticancer for the treatment of HCC. Low permeability

and solubility of neoflavonoids result in decreased bioavailability

(Perez-Sanchez, A., et al., 2017). Therefore, it is crucial to create a

distribution mechanism that might enhance the solubilization of

DL. As a consequence, the treatment window for DL was

expanded by synthesising PLGA nanoformulations modified

TABLE 1 Independent variable and their levels in Box–Behnken
design.

Low Medium High

X1: PLGA (mg) 25 50 75

X2: PVA (%) 0.5 1.0 1.5

X3: Sonication time (min) 5 10 15

Coded values

Dependent variables

Y 1 = particle size (nm)

Y 2 = entrapment efficiency (%)

TABLE 2 Effect of various independent variables on dependent parameters for DL formulation prepared through Box−Behnken Design (all values
expressed are Mean ± SD where n = 3).

Run no. X1 PLGA (mg) X2 PVA (%) X sonication
time (min)

Particle size
(nm)

Entrapment efficiency
(%)

1 50.00 1.50 5.00 128.0 ± 1.96 91.92 ± 1.84

2 25.00 1.00 15.00 150.60 ± 2.10 88.95 ± 2.12

3 50.00 0.50 15.00 135.20 ± 2.33 80.54 ± 2.02

4 25.00 1.00 5.00 185.90 ± 1.24 76.34 ± 1.09

5 50.00 0.50 5.00 159.70 ± 1.22 84.42 ± 2.01

6 75.00 1.50 10.00 178.90 ± 2.15 79.32 ± 3.22

7 25.00 0.50 15.00 162.50 ± 1.23 90.01 ± 2.10

8 50.00 1.00 10.00 124.20 ± 1.44 92.01 ± 2.03

9 75.00 1.50 5.00 172.80 ± 1.38 86.12 ± 2.11

10 75.00 0.50 10.00 145.40 ± 1.36 92.02 ± 2.88

11 50.00 1.00 10.00 131.20 ± 2.68 89.75 ± 1.57

12 50.00 1.00 10.00 159.80 ± 1.84 86.56 ± 1.42

13 25.00 1.50 5.00 179.90 ± 2.24 91.54 ± 1.78

14 50.00 0.50 15.00 152.30 ± 2.19 87.76.±1.33

15 50.00 0.50 15.00 155.10 ± 2.05 88.21 ± 1.22

Optimized value used in our study are indicated by bold.
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with galactose for targeting to ASGPR receptor in the liver

tissues.

3.1 Formulation and optimization of DLF

Stability and physicochemical properties are crucial factors

to consider while creating a novel medication delivery system.

The DLF from the BBD in the current study confirmed that

independent factors such as (X1) PLGA (X2) PVA (X3)

sonication time had a significant impact on the dependent

variables such as particle size and EE. A regression equation

was developed for the dependent variables, R1 (PS) and R2 (%

EE). The response surface graphs were used to describe the

effect of the independent factors on the response variables and

the interactions between them. The criteria that were chosen, in

addition to their respective values and the optimization

parameters, were explained (Table 1). The best parameters

for the formulation of optimized DLF were 50 mg of

polymer (PLGA), a concentration of 1% PVA, and a

sonication time of 10 min. In terms of the end product

(DLF), there was no significant deviation from the projected

levels (Table 2). The particle size of the optimized DLF was

determined to be 120.20 ± 1.82 nm, the PDI was 0.231 ± 0.01,

and the EE was 94.67 ± 2.91% (Table 3).

3.2 Impact of DLF variables on the PS (Y1)

The DLF mean PS ranged from 124.20 ± 1.44 to 185.90 ±

1.24 nm. All formulations had a PDI of 0.4, indicating that the

PS was consistent. Table 2 and Figures 2A–C show the

influence of each variable on DLF PS, as calculated using

the equation below.

TABLE 3 Predicted and observed values of particle size and % EE of the optimized formulation of DL.

Formulation Composition Response

PLGA (mg) PVA (%) Sonication time (min) Particle size (nm) Entrapment efficiency (%)

DLF (Predicted) 50.00 1.00 10.00 124.20 ± 1.99 92.04 ± 2.88

DLF (Observed) 50.00 1.00 10.00 120.20 ± 1.82 94.67 ± 2.91

FIGURE 1
(A) Structure of dalbergin (B) Scheme.
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Particle size (Y1) � +177.00 + 5.00 × A + 12.00 × B

− 12.00 × C + 30.75 × A × B

− 4.25 × A × C − 4.75 × B × C

Where A denotes PLGA, B denotes PVA, and C denotes

sonication time.

The positive sign (A and B) denotes a direct relationship

between particle size and independent variables. In contrast,

the negative sign (C) denotes an antagonistic relationship

between the response and the factor. The concentrations of

PLGA and PVA had a substantial beneficial impact on PS, the

PS increased as the amount of PLGA and PVA increased. In

FIGURE 2
(A)Response 3D plot, effect of PLGA/PVA concentration on particle size. (B)Response 3D plot, effect of sonication time/PLGA concentration on
particle size. (C) Response 3D plot, effect of sonication time/PVA concentration on particle size. (D) Response 3D plot, effect of PLGA/PVA
concentration on entrapment efficiency. (E) Response 3D plot, effect of sonication time/PLGA concentration on entrapment efficiency. (F) Response
3D plot, effect of sonication time/PVA concentration on entrapment efficiency.
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the case of sonication time, the reverse effect was seen, with

increased sonication time resulting in the formation of smaller

nanoparticles.

3.3 Impact of PLGA-NPs variables on the %
EE (Y2)

The effect of several different DLF variables on the EE is

shown in Table 2 (the % EE varied from 76.34 ± 1.09 to 94.67 ±

2.91%), as well as in Figures 2D–F.

EE% (Y2) � +83.04 + 0.78 × A + 1.12 × B + 0.84 × C

+ 5.26 × A × B + 4.70 × A × C + 9.02 × B × C

The concentrations of PLGA and encapsulation efficiency

were found to have a positive relationship. Raising the PLGA

content resulted in higher encapsulation efficiency values. In

contrast, encapsulation efficiency decreased dramatically as PVA

content increased. By extending the sonication period, the

encapsulation efficiency was improved because the organic

solvent diffuses rapidly in the aqueous phase (Tefas, L.R.,

et al., 2015).

3.4 Entrapment efficiency and drug
loading

The observed values for the EE and drug loading of optimized

DLF and DLMF were, respectively, 94.67 ± 2.91 and 13.42 ±

0.98% and 88.25 ± 1.34, and 11.36 ± 0.71%. Both of these

measures showed a considerable drop due to the surface

alteration.

3.5 In vitro drug release study

Figure 3A shows the in vitro release evaluation of DL, DLF

and DLMF. In the past, both DLF and DLMF had a release

that was controlled in two phases. In both formulations (DLF

and DLMF), the rate of drug release was found to be at its

highest during the first 6 hours, after which it gradually

decreased. The release of DLMF, on the other hand, was

slower than that of DLF, which lasted up to 48 h. We

observed around 40.97 ± 3.01, 81.24 ± 2.69, and 74.15 ±

2.81% cumulative DL, DLF and DLMF discharges up to 48 h.

Surface modification decreases drug diffusion, a significant

release mechanism in DLMF, which may explain the release.

Furthermore, modified DLMF successfully achieved a

sustained release of DL, which improved its targeting

efficiency for treating HCC. This release pattern was

beneficial because it elevated the creative release of DL,

which sensitized HCC cells, thus increasing the

effectiveness of the drug against HCC.

3.6 Drug interaction analysis using FTIR

DL, DLF, and DLMF showed O-H stretching mode at

2,900 cm−1 in FTIR testing. There was no interplay between

DL and the polymers used when the C-O stretched between

1,625 and 1,650 cm−1. No typical interplay peaks existed in PLGA

or PVA (Figure 3B).

3.7 Scanning electron microscopy studies

The final structure of DLMF particles was determined via

SEM analysis of batch DL. After DLMF synthesis, DL’s

rectangular particles morphed into spherical particles

(Figure 3C).

3.8 Stability studies

After being stored at two distinct temperatures (4 ± 1°C and

25 ± 2°C), the DLMF that was synthesized was analyzed for its PS

and its % EE to determine whether or not it remained stable at the

intervals that were indicated. There were no indications of

aggregate formation or phase separation in the optimized

DLMF, which gave the impression of being an emulsion.

After 90 days, descriptive statistics ((p < 0.05) revealed that

there had been a rise in PS as well as a drop in the

percentage of EE. As a direct consequence, the formulations

exhibited a high degree of stability even after 3 months

(Supplementary Table S1).

3.9 Evaluation of anticancer efficacy

The HepG2 cell line was tested for cell cytotoxicity with pure DL,

blank-DLMF, andDLMF at concentrations ranging from 10 to 80 μg/

ml after 48 h (shown in Figure 4A). Our experimental results showed

that the cytotoxicity of pure DL, DLF, and DLMF varied in a manner

dependent on the dosage or the concentration but minimal cytotoxic

potential activity for blank-DLMF. In HepG2 cells, DLMF showed

more cytotoxic potential than pure DL. Pure DL (GI50 = 20 μg/ml)

showed higher growth inhibitory concentration (GI50) than DL

included in DLMF (GI50 < 10 μg/ml). This result shows that

DLMF has more anticancer activity than DL. The higher

cytotoxicity of DLMF is due to the impact of galactose targeting,

which is attained by ASGPR targeting. Additionally, it produces a

continuous release of DL in response to HepG2 cells absorbing it,

eventually resulting in a significant quantity of cytotoxicity.

Frontiers in Pharmacology frontiersin.org10

Gautam et al. 10.3389/fphar.2022.1021867

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1021867


3.10 In vitro cellular internalization
analysis

This action was further demonstrated by confocal

microscope pictures, which revealed that DLMF had more

penetrability to HepG2 cells than DL and DLF, suggesting

increased cellular absorption of DLMF after 2 h of incubation

(Figure 5).

3.11 HPLC determination of DL, DLF, and
DLMF plasma concentrations

The total run time was 10 min as shown in the

chromatogram, and the retention time (RT) for DL was

calculated to be 4.732 min (Figure 6A). The correlation

coefficient (r2) for DL came out to be 0.9901 when it was

analyzed using linear regression with a range of 0.01–50 μg/

ml. It was determined that the test had an accuracy of

between 83 and 94%, and the sample recovery rate ranged

from 80 to 94%. The following is a description of the

maximum plasma concentration (Cmax) and the length of

time needed to reach the highest plasma concentration

(Tmax), which can be found in Table 4 and Figure 6B,

respectively: 23.14 μg/ml, 65.33 μg/ml, and 4 h for DL,

DLF; 73.58 μg/ml, and 8 h for DLMF. At 9.63, 11.02, and

12.09 h, the plasma concentrations of DL, DLF, and DLMF

reached 50% (T1/2).

FIGURE 3
(A) In vitro release profile of DL, DLF and DLMF, Results are expressed as mean ± SD (n = 3). (B) FTIR spectrum of DL, DLF and DLMF. (C) SEM
images of DL and DLMF.

FIGURE 4
Growth curve of DL, DLF, andDLMF and Blank-DLMF onHep
G2 cells.
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3.12 Biodistribution study

A delivery method with more excellent capability for

targeting cancer is required to meet the criteria for a

successful targeted anticancer therapy. As a consequence,

research on the biodistribution of DLMF was carried out to

ascertain the effectiveness of its targeting. A comparison of the

distribution of DL throughout the body’s several organs may be

FIGURE 5
Confocal microscopic images of FITC-labeled DL (A–C), FITC. labeled DLF (D–F), and FITC labeled DLMF (G–I) showing the cellular uptake of
nanoparticles in HepG2 cells. (A,D,G) Bright field, (B,E,H) green fluorescent channel and (C,F,I) overlay of channels.

FIGURE 6
(A) Chromatogram of DL (RT 4.732 min) through HPLC, (B) Plasma drug concentrations at various time points after oral administration of DL,
DLF and DLMF in albino Wistar rats.

Frontiers in Pharmacology frontiersin.org12

Gautam et al. 10.3389/fphar.2022.1021867

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1021867


seen in this image (Figure 7). According to the research findings,

rats administered with DLMF showed a higher concentration of

DL in the tumor tissue compared to the animals received DLF or

pristine DL. After oral administration of DLMF, the drug

accumulation in tumor tissues was significantly increased (p <
0.001), with 54.23 ± 3.02 ng/g after 4 h and 48.19 ± 2.17 ng/g at

12 h, respectively. After oral administration of DLF, however, low

amounts of DL remained in the tumor organ after 4 h (35.14 ±

2.15 ng/g), although these concentrations reduced significantly at

12 h (24.52 ± 2.41 ng/g).

3.13 Molecular docking studies

The ligand (DL) molecular docking experiments for caspase-3

and 9 interaction docking investigations reveal binding interactions

between proteins and respective ligands. Ligand binding

characteristics with caspase-3 and 9 were determined using the

molecular docking program Auto Dock tools. According to Auto

Dock tools, the binding affinity of the ligand to caspase-3

was −6.7 kcal/mol, while the binding affinity of the ligand to

caspase-9 was −6.6 kcal/mol. The two hydrogen bonds are the

primary reason for the caspase-3 binding affinities. SER 65, TYR

204, TRP 206, ARG207, ASN 208, SER 209, TRP 214, SER 249, PHE

250, SER 251, and PHE 256 are some of the amino acids involved in

the interaction (Table 5). The binding affinities of caspase-9 were

ascribed to a single hydrogen bond with Pi sigma. LEU 335, THR

337, PHE 351, VAL 352, TRP 354, TYR 357, LYS 398, and GLN

399 are some amino acids involved in the interaction (Table 5). The

ligand, caspase-3 and 9, interaction are shown in Figure 8.

4 Discussion

The liver is an extremely important organ in the human

body. In this organ, it gets infection by viruses and bacteria,

which leads to cirrhosis and is converted to primary liver

cancer, known as HCC (Wang, R., et al., 2021). Primary

liver cancer is not identified in the early stage but is mostly

identified in the last stage (Pons, F., et al., 2005).

Chemotherapeutics have sparked a lot of interest in

anticancer drug discovery because of their high cytotoxicity

(Charmantray, F. and Martelli, A., 2001). Chemotherapeutics

seldom harm normal cells, despite their fascinating cytotoxicity

on various malignant cells. A comparison of the results of many

tests using different cell lines revealed that the cancer cells are

much more resistant to chemotherapy than normal cells of

various origins, demonstrating the tumor selectivity of the

treatment (Zuco, V., et al., 2002). Herein, DL is shown as an

anticancer for treating HCC, and it is the neoflavonoids

category of drugs. According to the biopharmaceutics

categorization system, neoflavonoids are classified as BCS

class IV substances. The neoflavonoids have low solubility,

and low permeability lead to less bioavailability (Perez-

Sanchez, A., et al., 2017). Therefore, developing a delivery

system that may improve DL’s solubilization is essential. As

a result, synthesized PLGA nanoformulations modified with

galactose for targeting to ASGPR receptor in the liver tissues

increased the therapeutic window of DL. However, as an

anticancer agent, DL suffers from several significant

drawbacks, the most notable of which are drug resistance,

non-homogeneous systemic availability, low bioavailability,

lowest therapeutic effectiveness, and dose-related toxicity

(Xiao-qiang WA, et al., 2009). The therapeutic value of DL

is diminished as a result of these restrictions. As a result, we

created and improved DLMF to increase the therapeutic

effectiveness, bioavailability, and specificity of DL, while

reducing the dosage and improving tissue selectivity of the

drug. DLMF has been shown to have higher anticancer efficacy,

and we have investigated the mechanism underlying this

potential at the cellular level (Mahdizade Valojerdi F, et al.,

2022). The creation of DL nanoformulation for the treatment of

HCC was attempted in the present study, and it was successful.

QbD was utilized to generate an optimum formulation that

took the use of a variety of characteristics. Based on the response

surface plot, it was discovered that increasing the concentrations

of PLGA and PVA had a significant impact on PS. The PS was

increasing when increasing the quantity of PLGA and PVA. In

the case of sonication duration, the reverse effect was seen, with

increased sonication time resulting in the creation of smaller

particles (Vandervoort, J. and Ludwig, A., 2002). In the past,

andrographolide nanoparticles have been produced using the

natural polymers PLGA and PVA, which are both safe to use

(Roy, P., et al., 2010). PVA, a biopolymer, was used to stabilise the

nanoparticles and reduce the interfacial tension, both of which

contributed to improving the particles’ overall stability. The

impact of PVA on stability has been previously documented,

and a similar approach was used in our investigation (Murakami,

H., et al., 1997). It was shown that 50 mg of polymer (PLGA) and

TABLE 4 Pharmacokinetic parameters of DL, DLF and DLMF in rat
plasma.

Parameter DL DLF DLMF

t1/2 9.63 11.02 12.09

Tmax(h) 4.00 8.00 8.00

Cmax (µg/ml) 23.14 ± 0.84 65.33 ± 1.25 73.58 ± 1.31

AUMC (µg.h2/ml) 2806.95 17,420.45 21,558.00

MRT (h) 11.50 ± 1.01 14.38 ± 1.22 14.75 ± 1.23

CL (h) 0.002 0.0013 0.0011

AUC0-∞ (µg.h/ml) 243.91 ± 10.27 1211.22 ± 23.39 1460.67 ± 29.14

Abbreviations: t1/2, time required to reach 50% plasma concentration; Tmax, time

required to reach the maximum plasma concentration; Cmax, maximum plasma

concentration; AUMC, area under the first moment curve; MRT, mean residence time;

CL, clearance; AUC, area under the curve.
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1% PVA concentration, together with a sonication time of

10 min, were the most effective conditions for forming PLGA

nanoparticles. Neither the final result nor the expected values

differed significantly from their predictions (DLMF). They had

an average particle size of 120.20 ± 1.83 nm, PDI of 0.231, and an

average percent efficiency (EE) of 94.67%. The FTIR

measurements showed no interaction between DL and the co-

polymers utilized.

DLF and DLMF formulations were shown to be releasing

drugs in a regulated way in vitro drug release experiments, which

FIGURE 7
Bio-distribution of DL, DLF and DLMF In various organs. (A–E) are showed individual organ like, (A) Liver, (B) Kidney, (C) Heart, (D) Lung, (E)
Spleen.
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is advantageous for sustained action (Amirsaadat, S., et al., 2021;

Vijayakumar, M.R., et al., 2016).

The stability analysis of DLMF at 25 ± 2 and 4 ± 1°C for

90 days found no statistically significant differences in PS and EE.

As a result, the stability test revealed that the DLMF formulation

is stable for the DL system. The combination of PLGA and the

capacity of PVA to shield medicines from chemical instability

can be credited for the NPs’ remarkable physical stability (Nisha

et al., 2020b; Abdelmoneem, M.A., et al., 2019). Later, this

method was repeated on a bigger measurer, and a greater

quantity of DLMF was synthesized for evaluation and in vitro

and in vivo experiments, as performed as previously with other

components (Kumar et al., 2018).

According to study findings, coating the surface of

nanoparticles with hydrophilic polymers resulted in increased

cellular absorption. As a result of their functionalization, DLMF

have longer blood circulation duration and a reduced RES

absorption, guaranteeing that they are taken up by cancer cells

that have an overexpressed ASGPR. EPR effect is also reported in

achieving the higer cell accumulation (Nisha et al., 2020a). As an

ASGPR ligand, Galactose actively targets HCC cells, which have

ASGPR overexpression via endocytosis (Gupta, S., et al., 2013).

TABLE 5 In-silico study of DL with caspases.

S.N. Proteins/PDB
code

Amino acids involved
in interactions

Affinity
(kcal/mol)

H-bonds

1 Caspase-3 (1QX3) SER 65, TYR 204, TRP 206, ARG 207, ASN 208, SER 209, TRP 214, SER 249, PHE 250, SER 251,
PHE 256

−6.7 2

2 Caspase-9 (2AR9) LEU 335, THR 337, PHE 351, VAL 352, TRP 354, TYR 357, LYS 398, GLN 399 −6.6 1

FIGURE 8
Molecular docking studies of dalbergin with caspage-3 and 9.(A) The output of AutoDock 3D diagram shows the binding site residues of
caspase-3 with the dalbergin, with binding affinity of −6.7 kcal/mol. (B) The 2D structure exhibits different types of interactions formed between
caspase-3 and dalbergin. The dark green and purple dotted lines indicate H-bond interactions between caspage-3. (C) The output of AutoDock 3D
diagram shows the binding site residues of caspase-9 with the dalbergin, with binding affinity of −6.6 kcal/mol. (D) The 21:1 structure exhibits
different types of interactions formed between caspase-9 and dalbergin. The dark green and purple dotted lines indicate H-bond and Pi-Sigma
interactions between caspage-9 and dalbergin.
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To begin with, the drugs DL and DLMF were tested on

HepG2 cell lines using the standard medication. DLF showed

good selectivity for the HepG2 cell line (GI50 = 10 μg/ml).

However, the pristine DL showed considerable cytotoxicity

(GI50 = 20 μg/ml) against the same cell line. The in vitro

experiments on DL-containing PLGA nanoparticles revealed

that they were effective against malignant cells, proving their

importance for the delivery of anticancer activity. For some

reason, when DLMF were used in in vitro experiments, the

growth curve showed that the control growth rates were 50%

at <10 μg/ml concentration but that they were not considered to

be in the negative zone of percent control growth rate (Kumar, P.,

et al., 2018; Liu and Luo, 2012). As a result, it is reasonable to

predict that DLMF will have a tremendous ability to destroy

cancerous cells while the simultaneously lower rate of mortality

experienced by normal cells. In addition, this activity was further

validated by confocal microscopy, which demonstrated that

DLMF has a potent penetrating ability and could penetrate

the HepG2 cell line to a greater extent than the parent DL

compound (Bharali DJ, et al., 2011). According to the results

of these two trials, DLMF demonstrated more antineoplastic

feasible than pure DL.

In addition, it is required to evaluate the in vivo pharmacokinetics

of produced DL, DLF, and DLMF following oral administration of

the compounds. DLMF had greater distribution in plasma than the

pure drug. It is possible that the smaller PS of DLMF, which, upon

oral administration of the chemical, was subsequently absorbed to a

greater degree, causes this effect. It was proven by the AUC data

obtained from the pharmacokinetic investigations that DLMF had

about four-fold more excellent plasma distribution than the parent

compound. Biodistribution tests further support the idea that DLMF

has the ability to target the accumulating hepatic location while

restricting entry into other necessary organs. Specific affinities and

ASGPR binding on HCC cells may be used to carry out this

experiment (Roufogalis B. 2012).

According to the findings of the study, hydrophilic polymers

are utilized to functionalize the surfaces of nanoparticles,

regardless of size, the particle’s cellular absorption. The

functionalization of these nanoparticles causes prolonged

blood circulation time and low RES absorption, increasing the

possibility that they may be absorbed by cancer cells that have

overexpressed the DLMF, and so DLMF may provide a unique

therapeutic option for HCC (Kashyap D, et al., 2021).

The apoptotic signaling proteins such as caspase-3 and 9 are

known to be associated withHCC, which has a role in the program

cell death (apoptosis) (Kattan, S.W., et al., 2020). Many previous

publications reported the strong binding affinities of caspase-3 &

9 with ligand to lead apoptosis in cancer cells (Kirubhanand, C.,

et al., 2020). Herein, we used DL to undertake molecular docking

experiments on caspase-3 and 9 targets. Their hydrogen bonding

potential and binding affinities (kcal/mol) were determined.

Docking pictures of drugs, including amino acids implicated in

binding postures, are shown in Figure 8. High binding affinities to

DL were observed for both caspase-3 (−6.7 kcal/mol and 2 H-

bonds) and caspase-9 (−6.6 kcal/mol and 1 H-bond), which is

suggestive of anticancer actions for both proteins (Wanandi, S.I.,

et al., 2020).

5 Conclusion

A novel formulation of DLMF was effectively created, and the

formulation was characterized by morphological and physiological

parameters. The in vitro anti-HCC effects of the DLMF were

discovered and confirmed by the cytotoxicity and cellular uptake

study against HepG2 Cells. In-vivo oral pharmacokinetics, as well as

the biodistribution effects of the compound, were discovered and

confirmed. The plasma t1/2, Cmax, and Tmax of DLMF were greater

than those of the pristineDL. DLMFwas shown to bemore excellent

and effective biodistribution in the hepatic tissue among all vital

organs. It is possible that this investigation’s findings will prove the

preventative activity of DLMF against HCC. Furthermore, the

affinity of drug with caspase 3 and 9 proteins in in-silico study

were found to be -6.7 kcal/mol and -6.6 kcal/mol, respectively. Our

in-silico analysis revealed that DL has strong apoptotic properties

against HCC. As an outcome, the research may confirm that DLMF

may be used effectively in the treatment of HCC.
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