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Abstract

Cancer is the main reason of death worldwide and liver cancer is the second main

reason of death globally. In Pakistan, liver cancer is increasing and may become

the most widespread tumor in adult men. In the current study, the Rap2A gene

a member of Ras Gtpase was selected as a drug target for liver cancer which has

been identified as an oncogene in different types of tumors. Medicinal plants play

a useful part in the treatment of cancers and other illnesses. Artemisia species

have efficient therapeutic implications which can be enhanced by nanotechnology

applications against various diseases including cancer. The current research was

aimed to evaluate Artemisia carvifolia Buch extract and its Ag Nps against liver

cancer targeting the Rap2A gene. For this purpose, the plant was identified by

DNA barcoding through sequencing of the psbA-trnH region of chloroplast DNA.

Synthesis of nanoparticles and characterization was done by adopting a green

chemistry approach and already established techniques. Synthesized nanoparticles

showed an absorbance peak at 450 nm by UV-Vis spectrometer. SEM showed

that polyhedral AgNps had a size ranging from 80± 6nm. By fourier-transform

infrared spectroscopy amines, aldehydes, ketones, and alcohols of A. carvifolia

Buch were found to be involved in the reduction and stabilization of nanoparticles.

Moreover, X-ray diffraction and energy dispersive X-ray spectroscopy confirmed

the cubic crystalline nature and nanoparticle’s elemental composition, respectively.

Furthermore, the cytotoxicity against HePG2 cancer cell lines was also found

significant with an IC50 value of 2.57 µM for silver nanoparticles and 11.57 µM for

plant extract. The gene expression and protein level of Rap2A were also decreased

in plant extract and nanoparticle-treated cells compared to control groups. The

apoptotic potential of extract and nanoparticles was also determined by evaluating

the apoptotic pathway genes and protein including Bax, caspase 3, caspase 8 and

caspase 9. Significantly elevated levels of expression of these genes by real-time

qPCR along with increased protein levels by ELISA were found. Furthermore, in

this work, A. carvifolia Buch bioactive compounds specifically polyphenols were

identified through HPLC-DAD analysis and then subjected to evaluation of their

anticancer potential through molecular docking and molecular dynamic simulations,



x

against Rap2A protein to discover their potential as novel drug candidates and drug

targets for liver cancer. In this work, all the interaction visualization analysis studies

were performed via PyMol and LIGPLOT+. In total 9 polyphenols including

ferulic acid, apigenin, caffeic acid, syringic acid, rutin, gallic acid, vanillic acid,

rhamnetin and quercetin were identified in the extract of A. carvifolia Buch. Four

lead compounds including apigenin, caffeic acid, gallic acid and rhamnetin were

selected out of 9 identified compounds based on the best vina score, cavity size, and

grid map score, and were subjected to molecular docking, MD simulations, drug

likeliness studies by ADMET properties and Lipinski ‘s rule of five. Comparison

with the standard drug lenvatinib was made for all the studied parameters and

apigenin was identified as the best compound with the best docking score, RMSD

and RMSF values, and ADMET properties. In this work, the model quality of the

Rap2A protein was also evaluated via a Swiss model structure assessment server

by Ramachandran plot analysis. QMEAN, an online server was used to analyze

the quantitative model energy of the protein structure and the quality of Rap2A

protein. The ProSA program calculated the overall quality of the protein structure

and also identified the identification method of the protein structure.

To the best of our knowledge, there is no report is available describing the synthesis

and efficacy of silver nanoparticles of A. carvifolia Buch against liver cancer and

screening of A. carvifolia Buch compounds against the Rap2A gene concerning

liver cancer. However, further clinical trials should be done to introduce apigenin

as a potential anticancer drug and the Rap2A gene as a potential drug target for

liver cancer.

Keywords: Artemisia carvifolia buch, Anti-cancer properties, apoptotic gene, liver

cancer, Rap2A gene, Sliver nanoparticles, molecular docking, molecular dynamics

stimulation.
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Chapter 1

Introduction

Cancer is a global threat to human lives that occurs due to the uncontrolled growth

of abnormally organized tissues [1]. Recently, based on the reported data, the

number of newly diagnosed cancer cases reached more than 19 million, which led to

10 million deaths in 2020 [2]. Hepatocellular carcinoma (HCC) is the most common

type of primary liver cancer which is the 6th foremost cancer in prevalence and

the 4th most common cause of cancer-related deaths globally [3]. There are many

causes of hepatocellular carcinoma, including chronic liver disease, HBV and HCV

infection, and nonalcoholic steatohepatitis [4]. In Pakistan, there is generally little

awareness of the risk factors of hepatocellular carcinoma and the occurrence of

hepatitis cancer has risen. Furthermore, less frequent risk factors have also been

increased. The vast majority of patients have complex HCC and are ineligible

for the best cure. The main perilous etiological factors for this type of cancer are

infections through HCV and HBV and continual drug usage in the past. Although

fatness, use of cigarettes, sugar, and overloading of iron are also the reasons that

are involved in causing liver cancer. HCC is more common in males in comparison

to females with a ratio of 2.4:1 having more cases in Eastern and Southern Asia,

Middle and Western Africa, Melanesia and Micronesia/Polynesia [5].

Persistent liver cancer and cirrhosis are the very imperative risk factors for the

growth of hepatocellular carcinoma of which viral hepatitis and more alcohol use

are the main threat factors globally. Worldwide, the major reasons for persistent

1
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hepatitis are HBV and HCV. HBV is a double-stranded rounded deoxyribonucleic

acid molecule with 8 genotypes A to H. A and D are very common in Europe and

the Middle East although B and C genotypes are very common in Asia [6]. HBV

is spreading through infected blood exchange, intravenous syringing and sexual

relations. Direct spreading from mother to baby is the most important reason for

hepatitis B illness globally by which 5% of people are affected globally. Numerous

epidemiological researches have confirmed major hepatic carcinogenicity with

chronic hepatitis B disease. HBV patients have 10% to 25% lifetime chances of rising

hepatocellular carcinoma. Various infections with hepatitis B having an autonomous

risk of hepatocellular carcinoma were found to be linked with a 2.5 to 3 times higher

threat of developing hepatocellular carcinoma [7]. The usage of HBV immunization

has resulted in a major decrease in the occurrence of hepatocellular carcinoma from

hepatitis B. The East Asian infant immunization agenda is anticipated to result

in a 70% to 85% decline in the number of HBVs associated with hepatocellular

carcinoma. Despite perinatal vaccination, 5% to 10% of neonates stay at risk of

acquiring HBV infectivity. The usage of nucleoside analogues in curing chronic

HBV-infected women in their third trimester of pregnancy has confirmed the

dominance of immunization only in preventing the spreading in the infant. Various

cellular methods like deregulations of the cell cycle, programmed cell death and

molecular pathways related to inflammation and fibrogenesis are implicated in

the progression of liver cancer. Sorafenib is the first treatment for sophisticated

hepatocellular carcinoma which is a multi-kinase inhibitor accepted for the cure of

liver cancer, but not yet able to work against the cancer progression because of lack

of advancement of fighting to anti-proliferative therapies [8]. So, it is necessary to

design novel drug molecules with pharmacological usefulness and protection from

side effects.

Numerous possible biomarkers have been identified by the latest development

of high throughput sequencing data for determining the prognosis of patients

[9]. Rap proteins belonging to the Ras GTPase binding family share 50 to 60 %

sequence similarity with RAS protein. The variety and accuracy of both proteins

are determined through various parts of GEFs and GAP. In human genes, five

special genes of the Rap family such as Rap (1A, 1B, 2A, 2B, and 2C have been
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recognized. Rap proteins mainly play a role in cell adhesion, movement, and

polarity. The result of Rap gene commencement relies on the context-precise

contact of this gene with its monitors and downstream effectors in the cell/matrix

[10]. The cancerous role of the Rap gene has been fine recognized in various forms of

tumors for instance breast, lung, ovary stomach, cervix, prostate, and brain tumors

[11]. Estimated indication advocates that Rap proteins also take part in serious

functions in HCC and cancer development. Single nucleotide polymorphism in the

Rap1A gene (rs494453) has been represented to be linked among high occurrence

and reappearance after transplantation of the liver. More advanced action of

the NF-κB/RAP1 signaling channel is linked to tumorigenicity in hepatocellular

carcinoma [12].

Few works have also presented powerful associations between Rap1A appearance

and liver swelling as a perilous feature for cancer of the liver. For Rap1A and

RapGEF1 the GEF has also been presented to be more expressed in hepatocellular

carcinoma. Prior research described that hepatitis B virus multiplication causes

liver cancer by upregulation of Rap1B. High expression of Rap1B increases the

production and movement of hepatocellular carcinoma cells by variable Twist-1 gene

appearance [13]. Overexpression of Rap2B has also been depicted in hepatocellular

carcinoma and its reticence diminishes cell explosion and expropriation. It is

reported currently that hepatocellular carcinoma tissues show considerably high

Rap2A protein levels that are linked with cancer size, metastasis, pathological

separation, and vascular incursion [14].

The curative perspective of plants may be searched back more than 5000 times

since there is confirmation of plant exploitation for the healing of illness and

for stimulating body functions in Indian, Egyptian, Chinese, Greek, and Roman

cultures. In India, plants of curative perspective are extensively used by every part

of citizens together like folk remedies in various aboriginal organizations of drugs like

Siddha, Ayurveda, and Unani and like product progression of the pharmaceutical

industry [15]. Medicinal Plants are one of the valuable and great sources for the

well-being of individuals and populations. The therapeutic significance of plants

lies in a few chemically active materials that have a definite physiological effect on
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human health. There are different plants that are considered a wealthy resource of

bioactive chemicals and they may be another cause of disease managing agents.

SMs or phytochemicals that are derived from plants have famous pharmacological

actions for example anti-oxidative, anti-allergic, antibiotic, hypoglycaemic and

anti-carcinogenic. These SMs defend the cells from the harmful effects caused by

the imbalance of molecules identified as free radicals [16].

The genus Artemisia L. belonging to the Asteraceae family exhibits efficient

therapeutic implications. Plants of this group are frequently found in the moderate

sectors of the northern hemisphere with an inadequate number of species in the

southern hemisphere of the globe. It contains approximately 500 species of both

herbs and shrubs and is a different genus of the Anthemideae tribe. The financial

significance of numerous plants of Artemisia species is because of their consumption

as aesthetics, feedstuff, fodder, therapeutics, and soil binder, although, some species

are allergic and toxic weeds. The artemisia genus is reported to have medicinal

properties including antioxidant, anti-inflammatory, antimicrobial, and numerous

anti-cancer compounds present in it [17]. Artemisia carvifolia Buch has been

reported to have antidiabetic, antimalarial, and anticancer properties. It has also

been reported to have phytoconstituents including flavonoids, artemisinin and

derivatives with anticancer properties [18–20].

Nanotechnology is one of the newest scientific achievements leading to rising in-

dustries with public and financial interest. This felid is a modern form of material

manufacturing by handling and operating material structures on a nanoscale effi-

ciently [21]. The major purpose of most nanoscience studies is to manufacture novel

resources or to formulate accessible materials. The manufacturing of Nps which

has broad functions in various scientific areas is a major purpose of nanoscience.

The nanoparticle preparation and self-assembly may be considered like very major

principles of nanotechnology and their associated study. In the NPs, silver, zinc

and IO NPs are marvelous scientific successes in nanotechnology and consist of

broad functions in various sciences. Now these are the main topics of various

current research projects in the area of nanoscience and nanotechnology. Metallic
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nanoparticles have been broadly used in medicine delivery systems, magnetic tar-

geting, hyperthermia cancer therapy, thermal ablation, stem cell sorting technology

and manipulation, gene therapy, negative magnetic resonance imaging contrast

enhancement, food-related applications bioprocess, intensification, antimicrobial

agents, tissue repair engineering and bioseparation [22].

The strategies of Computer-Aided Drug Design (CADD) are now considered

vital gears in recent drug discovery and advancements. Nowadays, apart from

academia, industrial companies including pharmaceutical and biotechnology are

using these tools for the discovery of novel drug molecules. Numerous medicines or

drugs have been discovered using this technology technologies in different phases

including Aliskiren, Boceprevir, Captopril, Dorzolamide, Nolatrexed, Oseltamivir,

Rupintrivir, Saquinavir and Zanamivir [23].

The structural properties of various macromolecules and compounds under study

are determined by using different algorithms. On the other hand, interactions

of nuclei of the compounds with the electrons of macromolecules or drug targets

are studied in small systems based on quantum mechanics calculations. In most

of the cases, an amalgamation of numerous techniques is used and methods are

recurrently accustomed for diverse drug design projects [24].

1.1 Gap Analysis

• Absence of prior studies on A. carvifolia Buch extract’s evaluation against

liver cancer targeting the Rap2A gene.

• Restricted knowledge of the A. carvifolia Buch extract’s apoptotic role in

cancer prevention.

• Lack of studies on the preparation and evaluation of silver nanoparticles of

A. carvifolia Buch extract.

• Uncertainty concerning ideal conditions for the preparation of silver nanopar-

ticles of A. carvifolia Buch.
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• Limited knowledge about the detection and quantification of flavonoids of A.

carvifolia Buch.

• Absence of prior studies on the computational analysis of metabolites espe-

cially flavonoids detected in the extract of A. carvifolia Buch.

1.2 Problem Statement

Cancer has been set as a main global threat to mankind by the World Health

Organization due to high death and high incidence rates and low cure. The are

available therapies like chemotherapy, radiotherapy immunotherapy and hormonal

therapy but they have various side effects and there is a problem of developing

drug resistance which is being faced by cancer patients against available drugs.

1.3 Research Questions

Research Question 1

What impact does A. carvifolia has as an anticancer agent against liver cancer cells?

Research Question 2

Does the silver nanoparticles of A. carvifolia are more effective than the respective

plant extract?

Research Question 3

Does the Rap2A gene has an antiproliferative role in the liver cancer cells?

Research Question 4

Does the downregulation of Rap2A is linked with the upregulation of apoptotic

pathway genes and proteins?

Research Question 5

Which metabolites (flavonoids) of A. carvifolia are effective in targeting Rap2A

protein when checked computationally?
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1.4 Research Objectives

The objectives of this research include

Research Objective 1

To identify the anti-proliferative role of A. carvifolia Buch plant extract and its

respective metallic (Ag) nanoparticles against liver cancer cell lines and their impact

on the expression of liver cancer target gene, apoptotic pathway genes and protein.

Research Objective 2

To identify and analyze the role of bioactive compounds of A. carvifolia Buch

against liver cancer target gene through computational approaches and to perform

molecular dynamics simulation against selected ligands.

1.5 Scope and Significance

It is important to tremendously develop targeted therapies as a possible treatment

for hepatocellular carcinoma and other liver diseases by targeting diverse members

of the Rap subfamily like receptor-associated proteins 1 and 2 as in the liver context

they may have different results. However, Rap has not yet been inhibited specifically

or selectively. Only pan inhibitors which target small GTPases or indirect strategies

using inhibitors of GEF or GAP activators are available. However, due to their

nonspecific effects, none of these techniques are suitable for the treatment of

patients. In reality, the same factor that prevented the development of particular

Rap inhibitors also prevented its success due to the lack of specificity of the

compounds. The current study would serve the purpose of the detection of the

inhibitory compounds against receptor associated protein (Rap2A) that could

be useful in drug development and improvements to fight the challenges of liver

cancer. The present research work focuses on the evaluation of A. carvifolia Buch

plant extract against liver cancer by anti-proliferative assays and computational

approaches. It also involves the preparation of metallic nanoparticles (AgNPs) of

A. carvifolia Buch plant extract along with their characterization in order to focus

on identifying their inhibitory role against liver cancer.
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1.6 Applications and Innovations

The current study emphasizes unveiling the natural anti-cancer mechanisms in

liver cancer cell line HepG2 after treatment with a plant extract and respective

metallic nanoparticles. As a long-term goal, the identification of natural bioactive

compounds for the management and cure of liver cancer might help to pave the

way for the development of novel diagnostics or treatment strategies against liver

cancer with the following outcomes.

• Anti-cancerous potential of A. carvifolia Buch and its metallic nanoparticles

against liver cancer.

• Gene targets of metallic nanoparticles.

• New possible inhibitor for Rap gene signaling cascade.

• Finding new cancer biomarkers in human liver cancer.

The pharmaceutical industry and health care sector can be the possible end user,

depending upon the positive outcome of our proposed hypothesis. Current research

can help in finding a possible biomarker for liver cancer diagnosis and treatment

as well as lead towards clinical trials.
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Literature Review

Hepatocellular carcinoma is the sixth most widespread liver cancer globally, at-

tributing to 6 % of new cancer cases per annum. It is also the third most prevalent

reason for cancer-related deaths globally with a general existence ratio of only 3-5

%. The main load of hepatocellular carcinoma lies in developing countries where

more than 8 % of hepatocellular carcinoma cases are identified as well as 35 %

from China alone. However, comparatively higher prevalence rates are there in

Sub-Saharan Africa and Southeast Asia. The occurrence of hepatitis B and C is

intermediate in South Asia where Pakistan is situated. Considering the load of

hepatitis B and hepatitis C, it is anticipated that the prevalence of hepatocellular

carcinoma will rise more in the future, particularly in China and Taiwan. Therefore,

hepatocellular carcinoma will be the main load on their healthcare organizations

[25]. The worldwide impact of liver cancer is significant. Liver cancer occurrence

and death ratio have declined in certain Eastern Asian nations including Japan,

and the Republic of Korea while death and occurrence ratio have increased in

several earlier low-incidence countries throughout the globe as well as the United

States, Australia and numerous European countries. According to the World

Health Organization, about 905,677 new cases of liver cancer were diagnosed in

2020 and about 830,180 people died of liver cancer in the world [26].

Hepatocellular carcinoma progression outcomes from the contact of ecological and

hereditary features. Hepatitis B and C infection, liver cirrhosis, consumption

9
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of more alcohol, B1 aflatoxins use and nonalcoholic steatohepatitis are all risk

factors for hepatocellular carcinoma progression. Patients’ survival expectation

with hepatocellular carcinoma relies on the phase of the tumor at analysis. In the

higher phase, a few months are anticipated though if the analysis is done before

time and an efficient cure is carried out [7].

At the initial point of hepatocellular carcinoma therapeutic cures like surgical

resection transplantation of liver and local ablation can recover the existence of the

patients. So, over time recognition with sufficient treatments is vital to enhance

existence as well as to recover the existence value of hepatocellular carcinoma

patients. When grouped like phase C (higher stage) by the occurrence or deficiency

of vascular invasion and the conserved liver role, the employ of sorafenib has been

efficient in recovering these patients’ life span [8].

2.1 Risk Factors and Epidemiology

There are some recognized reasons for hepatocellular carcinoma which include

consumption of alcohol, chronic infection along hepatitis B and C, NASH and liver

cirrhosis (Figure 2.1).

 

Figure 2.1: Some of the major risk factors of hepatocellular carcinoma [27]
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There are ample facts of links between sugar and obesity to hepatocellular carci-

noma. More factors include the use of cigarettes, sugar, overloading of iron which

are also the reasons that are involved for causing liver cancer. Hepatocellular

carcinoma is more common in males as comparison to females with 2.4:1 having

more cases in Eastern and Southern Asia, Middle and Western Africa, Melanesia

and Micronesia/Polynesia [28].

Persistent liver cancer and cirrhosis are the very imperative peril reason for the

growth of hepatocellular carcinoma of which viral hepatitis and more alcohol

uses are main threat factors globally. Persistent viral hepatitis may be reason of

cirrhosis or hepatocellular carcinoma. Worldwide, the major reason of persistent

hepatitis is hepatitis B and hepatitis C [29]. Hepatitis B virus is a double-stranded

rounded deoxyribonucleic acid molecule with 8 genotypes A to H. A and D are

very common in Europe and the Middle East although B and C genotypes are

very common in Asia. Numerous epidemiological researches have confirmed major

hepatic carcinogenicity with chronic Hepatitis B and C disease [30]. The information

about people with increased risk of HCC is given in Table 2.1.

Table 2.1: Risk factors for HCC patients [31]

Population Group Incidence

Threshold

(>0.25 LYG;

% per year)

HCC Incidence

Surveillance benefit

Asian male hepatitis B carriers over age

40

0.2 0.4%-0.6% per year

Asian female hepatitis B carriers over

age 50

0.2 0.3%-0.6% per year

Hepatitis B carrier with a family history

of HCC

0.2 Incidence is higher

than without a family

history

African and/or North American blacks

with hepatitis B

0.2 HCC occurs at a

younger age
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Table 2.1: Risk factors for HCC patients [31]

Population Group Incidence

Threshold

(>0.25 LYG;

% per year)

HCC Incidence

Hepatitis B carriers with cirrhosis 0.2-1.5 3%-8% per year

Hepatitis C cirrhosis 1.5 3%-5% per year

Stage 4 PBC 1.5 3%-5% per year

Genetic hemochromatosis and cirrhosis 1.5 Unknown, but proba-

bly >1.5% per year

Alpha-1 antitrypsin deficiency and cir-

rhosis

1.5 Unknown, but proba-

bly >1.5% per year

Other cirrhosis 1.5 Unknown

Surveillance benefit uncertain

Hepatitis B carriers younger than 40

(males) or 50 (females)

0.2 <0.2% per year

Hepatitis C and stage 3 fibrosis 1.5 <1.5% per year

NAFLD without cirrhosis 1.5 <1.5% per year

Furthermore, cholaginocarcinoma a lethal neoplasm of the biliary duct system

estimated for 3% of gastrointestinal cancer is the second major widespread primary

hepatic tumor representing 10 % to 25 % of primary hepatic malignancies globally.

Cholangiocarcinoma usually does not often take place prior to the age of 40, but the

usual age of appearance is the seventh decade of life. Males have a higher number

of cholanginocarcinoma than do females with ratios of 1:1.2-1.5. The occurrence of

cholanginocarcinoma change significantly by geographic regions, which is secondary

to variations in risk factors. The prognosis of cholangiocarcinoma is reduced so

mortality and incidence rates are the same. Though there are recognized risk

factors for the growth of cholaginocarcinoma, the majority of patients do not have

a particular peril aside from age [32].
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The carcinogenesis of HCC is frequently linked with cirrhosis of the liver resulting

from chronic diseases of the liver like chronic HBV or HCV and auto-resistant

hepatitis. More risk factors include extreme use of alcohol, Nonalcoholic steatohep-

atitis, non-alcoholic fatty liver disease, contact and intake of aflatoxin, diabetes

mellitus, tobacco, and sporadically hereditary ailments such as alpha-1 antitrypsin

deficiency hemochromatosis, tyrosinemia, porphyria and Wilsons disease [28].

2.2 Prevalence in Pakistan

According to published data, the stranded ratio of hepatocellular carcinoma in

Pakistan is 7.6 % annually for men and 2.8 % for women. Such findings are consisting

of hospital-based information and cannot accurately reflect the real population

based occurrence of hepatocellular carcinoma in recent years [5]. National records of

cancer statistics for cancer cases are generally derived from single center experiences

or fragmented regional registries. Up to 58% of patients have hepatitis C which is

considered to be the most frequent cause, while there are 25.3% reported cases of

hepatitis B. Outcomes from larger studies numbers greater than or equal to 100

on hepatocellular carcinoma are differing, where anti-hepatitis C virus antibody

positivity range from 24 to 72.5 % while hepatitis C surface antigen positivity

varies among 13.1 to 51 %. If we analyze molecular evolution it suggests that the

hepatitis C virus IIIa formed a well-defined phylogenetic cluster in the Pakistan

region around the 1920s which was then quickly amplified in the 1950s. As a

result, Pakistan experienced a pandemic increase of the HCV IIIa very high than

other nations. Here, 66 % of the population exists in villages, where illiteracy,

unscreened blood products, and injectable drug abuse are all perilous reasons for

the occurrence of the hepatitis C virus [5].

This disease has been investigated in nations such as Pakistan, Zimbabwe, Colombia

and Costa Rica but it is presently changing. The prevalence of this illness is

growing in Pakistan which correlates with increased exposure to peril factors

for hepatocellular carcinoma in this community. According to recent findings,

hepatobiliary malignancies can arise in mature men in this population. A total
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of 233 cases were reported among males and 382 cases among females. Recently

a study was conducted estimating the occurrence of different types of cancers

in the population of Islamabad Pakistan. Prostate cancer (9.9%) was found to

be the most prevalent cancer among males followed by liver cancer (7.7%), oral

cavity cancer (7.7%), colorectal cancer (7.3%), and lung cancer (5.3%) (Figure

2.2). Among females in Islamabad, breast cancer was the most prevalent (46.3%),

followed by uterine cancer (9.4%), ovarian cancer (7.1%), colorectal cancer (5.5%),

and less than 5.0%, with other types of cancer [33].

 

Figure 2.2: Prevalence of different cancers including HCC in Islamabad [33]

2.3 Screening of HCC

It is highly recommended to perform regular screening tests in patients with liver

cirrhosis if they would benefit from an early tumor diagnosis (Figure 2.3). The

median subclinical time for hepatocellular cancer is three years and two months. At

such time screening has the greatest impact in terms of early diagnosis and cancers

as small as 1.6 ± 0.6 centimeters can be identified by ultrasound. While ultrasound

has a sensitivity and specificity of more than 90% for identifying hepatocellular

cancer, its sensitivity and specificity are decreased in liver cirrhosis. Its output is

heavily reliant on the competence of the ultra-sonographer. Regional standards for

hepatocellular carcinoma viewing and diagnosis differ significantly. The usage of
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serum AFP is advised for routine viewing because of its little expense and increased

specificity for every initial stage of liver cancer diagnosis. The Asian Oncology

Summit advises the US with serum AFP three to six times each year. Due to the

high occurrence of risk factors of hepatitis B, C and HCC in Asia, the criteria are

least restrictive. Moreover, AOS advises high risk individuals having an AFP level

greater than 400 ng/mL to go for a diagnosis of hepatocellular carcinoma. The

majority of people who have hepatocellular carcinoma risk factors for the disease

do not get screened. Moreover, there has been an increase in non-hepatitis B and

C hepatocellular cancer. The prevalence of diabetes, obesity and aflatoxin use

is a rising factor [34]. Screening in the United States is frequently undertaken

by unskilled sonographers. Cirrhosis complicates the interpretation of results. In

Pakistan, less than 10% of individuals are identified with hepatocellular carcinoma

during screening which may explain the late appearance and poor diagnosis in most

hepatocellular carcinoma patients. The relationship between high alpha-fetoprotein

levels and hepatocellular carcinoma diagnosis varies. Hepatocellular carcinoma may

occur in 7.5% to 100% of individuals with elevated alpha-fetoprotein. This variation

is mostly due to the different cut-offs used to indicate increased alpha-fetoprotein

levels [35].

 

Figure 2.3: HCC screening tests. US=ultrasound, AFP= alpha-
fetoprotein test, MRI= magnetic resonance imaging, CT=computed tomography,

CEUS=Contrast Enhanced Ultrasound (CEUS) [36]
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2.4 Diagnosis and Staging of HCC

In hepatocellular carcinoma, investigative criteria remain controversial. The usual

features of Computed Tomography or Magnetic Resonance Imaging are sufficient

for making an analysis for lesions larger than 1cm (Figure 2.4). If lesions smaller

than 1 cm in size do not show characteristic enhancement of arties and venous

washout on CT or MRI the NCCN and EASL-EORTC propose four to six monthly

monitoring using US, CT or MRI. A biopsy is likely to change the course of

treatment for lesions larger than 1 cm but with unusual imaging characteristics, it

is advised [37].

In the Asian continent where, hepatocellular cancer is highly prevalent, and hepatitis

B and C are common, proper surveillance is challenging and seems to be a better

fit for the Adams Oliver syndrome criteria. More than 400 alpha-fetoproteins are

also being researched for hepatocellular cancer. Patients with uncertain diagnoses

should get a biopsy. According to a recent interpretation of the BRIDGE research,

BCLC stage C remained the most prevalent stage at appearance for patients

with hepatocellular carcinoma with the exception of Japan and Taiwan. National

observation programs which are still missing in North America, Europe, and China,

have begun in Japan and Taiwan [34].

Just 1.7 % of patients are identified on CT scan findings alone although different

combinations of CT scan alpha-fetoprotein and histopathology are applied in

62 % of patients. Late appearance and complex cirrhosis in more patients are

contributory. Since fewer than ten per cent of patients are selected for imaging. In

Pakistan, patients mostly have more tumor which is greater than eight centimeters

or equal to eight centimeters at the time of diagnosis. Tumors greater than five

centimeters are seen in 44.3% of patients and at appearance fifty-two to sixty-two

cases have greater than 1 tumor nodule. In addition, 46 to 87 % of patients have

Child-Pugh stage B or C. Approximately, eighty six per cent of patients are related

to Okuda class II or III and less than 15% of patients are willing to get any form

of perfect cure [5].
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Figure 2.4: Different stages of hepatocellular carcinoma [5]

2.5 Treatment of HCC by Targeting VEGF Path-

way

Hepatocellular carcinoma is the main vascular solid tumor identified and VEGF

seems to be a prime mediator of new blood vessels in hepatocellular carcinoma.

There are some treatments available for HCC (Figure 2.5) but angiogenesis inhibitor

drugs like bevacizumab (which is a vascular endothelial growth factor antibody)

and sorafenib participate to inhibit the vascular endothelial tyrosine kinase receptor

(Figure 2.6). They have already expressed important clinical action in hepatocellular

carcinoma and sorafenib is currently the Food Drug Administration accepted cure

for patients with newly diagnosed hepatocellular carcinoma [38].
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Figure 2.5: Available treatments of HCC [39]

Epidermal growth factor receptor action is also implicated in hepatocellular car-

cinoma carcinogenesis. The pathway of the Ras gene is activated by vascular

endothelial growth factor/epidermal growth factor receptor. Ras pathway activa-

tion outcomes in the transcription of numerous genes in the activating protein-

1familylike c-fos and c-jun. Activating protein-1 is a transcription factor complex

considered to be intricated in the wicked change of cells with activation of other

cancers, especially those in the Ras pathway [40].

 

 

Figure 2.6: Molecular targeted treatment in hepatocellular carcinoma [40]
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2.5.1 Bevacizumab

It is an anti-vascular endothelial growth factor and recombinant humanized mon-

oclonal antibody. In the United States, this medicine is permitted for the cure

of various forms of cancers like cancer of the lungs, breast and larger intestine.

This medicine has been explored as a single agent for the cure of hepatocellular

carcinoma. In a multicenter phase 2 study of 46 patients with compensated disease

of liver and unrespectable hepatocellular carcinoma this drug resulted in 180 days

progression free survival in 65 % of patients with 13% reporting a partial response

to cure. At one year, the median progression of free survival was 209 days and on

the whole, the rate of existence was 53%. Bleeding is a common adverse effect of

this medication, the bleeding ratio during this study was eleven per cent. This

drug has also been proposed in addition to oxaliplatin and gemcitabine [41].

2.5.2 Erlotinib

This is a small molecule inhibitor which targets the epidermal growth factor receptor

tyrosine kinase. This drug has also been considered a single agent in hepatocellular

carcinoma in the United States with phase 2 trials at a dose of 150 mg every day.

In that study, 32 % of patients were progression free at 182.5 days and on the whole

survival was 190 days. Currently, a combination of erlotinib with bevacizumab in

a stage two study of forty patients was estimated by Thomas and colleagues. A

combination of these two drugs yielded a median on the whole survival of sixty-eight

weeks. The outcomes of this treatment are stomach bleeding and tiredness [42].

2.5.3 Cetuximab

In comparison to erlotinib, this is a monoclonal antibody against the epidermal growth

factor receptor targeting the extracellular receptor binding site. Cetuximab has been

considered separately and along with other therapies in hepatocellular carcinoma. In

one stage two trial, it was provided to thirty patients of hepatocellular carcinoma for a

time of six weeks. Although the treatment was very enduring in comparison to erlotinib,
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no objective anticancer actions were seen. In forty-five cure-naive patients with new

hepatocellular carcinoma, a combination of cetuximab along with gemcitabine and

oxaliplatin was linked with a progression free existence of 142 days. On whole survival

of 288 days a forty percent survival rate was observed. Given the effectiveness of the

GEMOX combination without the other agent and the lack of persuasive facts like

immunotherapy, the effectiveness of cetuximab remains unsure [43].

2.6 Phosphatidylinositol - 3 - Kinase - Akt - Mam-

malian Target of Rapamycin

The signalling pathway of the epidermal growth factor receptor (EGFR) and

insulin-like growth factors involved in the activation of a protein recognized as

phosphatidylinositol-3-kinase which stimulates Akt ultimately activates mTOR

(Figure 2.7). A growth factor (e.g., EGF, HGF) binding to a receptor tyrosine

kinase (RTK) activates the receptor. Active PI3K binds to phosphatidylinositol 4,

5-bisphosphate (PIP2) in the cell membrane. PI3K initiates transphosphorylation

from PIP2 to create PIP3. Phosphorylated PIP3 or PDK1 activates AKT1. The

activation of AKT1 triggers downstream activation of protein complexes mTORC1

and mTORC2 complexes that activate gene transcription and promote cell growth

and survival. PIP2, or phosphatidylinositol 4, 5-bisphosphate, is bound by active

PI3K in the cell membrane. PIP2 is transphosphorylated by PI3K to produce PIP3.

AKT1 is activated by phosphorylated PIP3 or PDK1. The protein complexes

mTORC1 and mTORC2, which drive gene transcription and support cell growth

and survival, are activated downstream by the activation of AKT1. It is an

imperative cell growth regulator [44]. Rap2Amycin is a mammalian target of

rapamycin inhibitor with anticancer characteristics that can also be used as an

immune suppressant, post-transplant. In a previous study of seventy-three patients

who underwent orthotropic liver transplantation, those patients who received

Rap2Amycin had better survival than those patients who were provided tacrolimus-

based immune suppression [45].
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Clearly, more research is required to be completed to evaluate the character of

Rap2Amycin for the cure of HCC for the setting of pre and post-transplant.

Everolimus is a mammalian target of rapamycin inhibitor that has been shown

to work as anti-hepatocellular carcinoma in xenografts and is at present being

studied in phase 2 trials in metastatic disease. Everolimus has also been studied

with sorafenib treatment with hopeful early outcomes [46].

2.7 Receptor Associated Gene-2A (Rap2A)

Receptor associated protein-2A belongs to the RAS oncogenic family. Comple-

mentary nucleotide sequences of the Rap2A gene are present on 13q34 and have

an origin of replication of 549 bp encoding 183 amino acids [47]. Previous work

has revealed that the Rap2A gene plays an imperative part in processing special

cellular processes like the re-organization of the cytoskeleton and the development

of brush border (developed by enterocytes and kidney tubule epithelial cells) and

cell relocation. It is described that the Rap2A gene is unregulated in numerous

forms of cancers like prostate cancer, follicular thyroid cancer and nasopharyngeal

carcinoma [47]. However, no data relates to Rap2A gene expression in hepato-

cellular carcinogenesis other than one research which observed the high Rap2A

gene expression in liver cell lines (HepG2). According to that research, Rap2A

enhances hepatocellular carcinogenesis and metastasis [11]. Therefore, more studies

related to theRap2A gene in hepatocellular carcinoma are required. For example,

researchers can study the Rap2A gene effects on hepatocellular carcinoma, cell

migration, and invasion in nude mice using a heterotopic xenograft model.

 

Figure 2.7: Phosphatidylinositol-3-kinase-Akt- mTOR signaling pathway [48]
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2.8 Signaling pathway of Rap2A gene

Receptor associated proteins such as Rap1a, Rap1b and Rap2A, Rap2b, Rap2c

are members of Ras related superfamily of small guanosine tri-phosphate binding

proteins that have mostly been involved in various cellular processes. However,

there is a high structural similarity between the Rap subfamily and with Ras

protein family but both protein families have different signaling pathways in space

and time representing exclusive biological effects. Very remarkably Rap proteins

show a vital part in regulating the function of cell adhesion and integrin in that way

handling the motility of cell and interaction of cell/matrix [10]. Beyond the crucial

work of cell biology, various research in history has focused on the special part

of receptor associated protein signalling for particular functioning of controlling

tissue systems as well as in cancer. Rap gene affects the invasiveness of tissue and

metastasis of different human cancers as previously reported. Many researchers

have exposed that the p53 tumor suppressor gene effects on the motility of cells

are mainly mediated by the Rho gene signalling regulation by controlling actin

cytoskeletal reorganization [49].

2.9 Akt Phosphorylation Involved in Rap2A -

Mediated Cancer Cell Migration and Inva-

sion

Highly incorporated multi step cellular activities mediated via multiple signalling

molecules like phosphatidylinositol 3-kinase/Akt and matrix metalloproteinases

induce cell metastasis. Akt recognized as protein kinase B controls the proliferation,

existence, and cell metabolism. Akt dysregulation causes substantial unavailing

health necessitates like cancer, diabetes, cardiovascular disease, and neurological

disorders [50]. Rap2A gene expression boosted Akt phosphorylation substantially

according to Western blot analysis. Rap2A inhibition, on the other hand, reduced

Akt phosphorylation (Figure 2.8). Immunoblotting revealed that the Rap2A gene is
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upregulated in numerous tumor types. Rap2A downregulation, on the other hand,

decreases cancer cells’ migratory and invasive abilities. In order to understand

more about the mechanisms that lead to Rap2A mediated elevation of MMP2

and MMP9, it was investigated that whether Rap2A expression might influence

PI3-kinase activity. It was discovered that increased Rap2A appearance increased

Akt signal while decreased Rap2A expression participated in a decrease in p-Akt

[51].

These results specify the role of the PI3K/Akt pathway in Rap2A induced matrix

metallopeptidase 2 and matrix metallopeptidase 9 expressions and invasion of

tumor cells. Taken collectively these results advocate that p53 induces Rap2A

gene which activates PI3K/Akt signalling pathways leading to enhanced matrix

metallopeptidase 2 and matrix metallopeptidase 9 expressions and heightened inva-

siveness of cancer cells. Metastasis and invasion management are key therapeutic

targets because the failure to regulate metastasis and malignant invasion remains

the most difficult barrier to effective therapy. The recognition of the Rap2A gene as

a key participant in p53 signalling gives potentially critical indications for managing

human disorders [51].

 

Figure 2.8: Diagram of p53 and Rap2A relationship upon deoxyribose nucleic
acid damaging and the function of Rap2A in tumor genesis. (1) Upon deoxy ribose
damage, p53 combines with the Rap2A promoter and triggers its transcription.
(2) Receptor associated proteins enhance the actions of MMP2 and MMP9 and
increase the movement and bad aptitude of tumor cells via up-regulating p-Akt

[51]
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2.10 Apoptosis

Apoptosis is broadly depicted as an important method of death regulation that

participates not merely as an outcome of cell damage or external stress, even

though, this also occurs in normal growth, and morphogenesis (Figure 2.9). Via

various groups of the executioner and regulatory molecules, apoptosis is strongly

regulated. Apoptotic cell death action is characterized by chromatin material

condensation, deoxyribonucleic acid fragmentation taking place in the nucleus,

cell shrinkage, and membrane blebbing with extracellular matrix adhesion loss.

Moreover, biochemical variations are phosphatidylserine externalization with the

action of cysteine aspartyl proteases described as caspases that cause cell death

[52].

 

 Figure 2.9: Common method of cancerous cell death. Cancer cell death consists
of 2 largely described methods. Apoptosis is a programmed cell death mostly
and non-apoptosis includes autophagy, necrosis, and programmed death [53]

2.10.1 Considerate Apoptotic Pathways for Tumor Treat-

ments

Current progress in cancer studies is focused on the progression of novel treatments

that stop the escape of cancerous cells by the execution of apoptosis. For such



Literature Review 25

conditions, new inducers or sensitizers of apoptosis have been consumed along

with the amalgamation of novel medicines. Deficiency in the apoptosis-inducing

pathways may ultimately cause the development of neoplastic cells (Figure 2.10).

The apoptosis resistance enhances abnormal cellular growth that ultimately causes

tumorigenesis and is an important difficulty in energetic tumor cure [53].

 

Figure 2.10: Cancer hallmark. Different acquired characteristics of tumor cells
[53]

Apoptosis initiation in cancer cells and limited concurrent death of normal cells is

the main purpose of cancer treatment. A number of proteins have been considered

to exert pro and anti-apoptotic actions in the cell and the amount of such proteins

show an important role in cell death regulation. During cancer, gene therapy, or

immunotherapy, cancer cells’ apoptosis initiation is among the major processes.

The apoptosis process primarily consists of two main pathways that participate

in the apoptosis; extrinsic and intrinsic pathways (Figure 2.11). The extrinsic

pathway refers to the death receptor mediated pathway, and the intrinsic pathway

is a mitochondrial mediated pathway. Both apoptotic pathways can lead to similar

executing pathways [54].
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2.10.2 Extrinsic Pathway

By extrinsic pathway, apoptosis signalling starts when TNF, Fas ligand, and

TRAIL (extracellular ligands) are associated with the extracellular domain of the

death receptor. In the apoptosis extrinsic phase, the order of events involved

is characterized by TNFR1 /TNF-alpha and FasL/FasR models. Such death

receptor activation by definite death ligands results in the arrangement of a DISC.

Experimental verification expresses the extreme function of caspases in apoptosis.

Caspases are vital originators and apoptosis executioners. Various caspases consist

of long pro domains that participate in a particular pattern like the DED and

CARD that permit interaction with more proteins. Death effector domain contains

caspases 8 and 10 while CARD consists of caspases 1, 2, 4, 5, 9, 11 and 12.

Originator and effector or executioner caspases are conventionally grouped via their

place in apoptotic signalling cascades [54].

2.10.3 Intrinsic Pathway

This pathway refers to the primarily mitochondrial mediated apoptotic pathway. By

many extracellular and intra-cellular stresses that are oxidative stress, irradiation,

and cure through cytotoxic medicines this intrinsic pathway is activated. The

cytochrome c unites with apoptotic protease activating factor-1 (apaf 1) and

procaspase 9 to create apoptosome. Apoptosome is a quaternary protein structure

that consists of a sevens poke ring-shaped complex and activates caspase 9 followed

by the activation of caspase 3 signaling cascade that causes the destruction of cells

leading to programmed cell death [55].
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Figure 2.11: Apoptosis pathway showing both extrinsic and intrinsic pathways
[53]

2.10.4 Execution Pathway

Intrinsic and extrinsic pathways join at the execution pathway. The execution phase

is called the last apoptotic pathway. Caspases 8 and 9 are initiator caspases that

activate caspase 3 leading to activation of Caspase-activated DNase. Originator

caspases are triggered like an outcome of auto cleavage, which triggers executioner

caspases that later on proteolyze several substrates causing apoptosis. All have

lengthy pro domains that attach big adapter particles to enhance multimerization

which results in further activation of caspases [56]. Though effector caspases have

a short prodomain, they carry out programmed death while triggered via caspases

called originators. Cytoplasmic endonuclease triggered via executioner caspases

leads to chromatin condensation, the arrangement of cytoplasmic blebbing, and

apoptotic bodies. Caspases adjust apoptotic cell death by cleavage of many target

proteins. The pathway starts when execution caspases stimulate cytoplasmic en-

donuclease. Cytoplasmic endonuclease causes the protease and nuclear material

nuclease degradation followed by nuclear and cytoskeletal protein degradations.

In all caspases, executioner caspase 3 is very significant and any of the origina-

tor caspases may stimulate them. Execution caspases play a vital part in the
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reorganization of cytoskeletal, cytoplasmic blebs formation, and apoptotic bodies

[57].

2.11 Medicinal Plants

Globally, about 80 percent public of developing countries relies on conventional

medicine for their prime health care necessities reported by WHO. There are

significant financial profits in the enhancement of native medicines and the con-

sumption of medical flora for the cure of many sicknesses. Because of little contact,

poverty, unawareness, and unavailability of novel medical services many communi-

ties particularly villagers are still obligated to perform conventional medications

for their common day ailments. Plants are a great source of bioactive compounds.

Secondary metabolites are those chemicals which are derived from these plants

having anticancer, anti-oxidative, anti-allergic, and many other medicinal proper-

ties. These secondary metabolites protect the cells from free radicals, which are

unstable chemicals. Natural antimicrobial compounds particularly those extracted

from plants are gaining popularity for food protection. As a result, it is necessary

to look for plants with therapeutic properties [58].

2.11.1 Artemisia Genus

The Artemisia genus is a shrub and member of the family Asteraceae. It has more

consumption in China as a therapeutic plant which has been extensively considered

as an antimalarial, antitumor, and antioxidant plant. Artemisia has artemisinin and

derivatives and a variety of components of essential oils. It is reported by Tang and

Eisenbrand that chemical compounds in Artemisia are the member of sesquiterpene

group and the flavonoid group (like coumarin, scopoletin, artemetin, esculetin, and

tetramethoxy flavones). Furthermore, it also has fatty acids, coumarins, phenols,

artemisinic acids, and essential oils. Almost 85 % of health concerns like tumor,

microbial infections, and immunological diseases are cured with naturally occurring

compounds and their related medicines. It is represented that approximately twenty
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five per cent of accepted medicines around the globe are acquired from plant origin

[59]. These Artemisia species have extensive biological action against malaria,

bacteria, and tumors along with antirheumatic and antiseptic activities. Extracts

acquired by this plant are also utilized for nervousness, neurological disorders,

sadness, sleeplessness, irritability, psychoneurosis, and stress cure. Malaria is a

worldwide and life peril illness that causes an annual death toll of approximately

1,000,000. Artemisinin a sesquiterpenoids/lactone compound acquired from the

trichomes of annual Artemisia species like Artemisia annua is used for the treatment

of malaria. The chemical composition of artemisinin proves the presence of an endo-

peroxide bridge in the 1, 2, and 3-trioxane structures. This endoperoxide bridge

works as a pharmacophore and gives antimalarial activities against Plasmodium

falciparum. Currently, the World Health Organization advocates artemisinin-based

combination therapy to stop the transmission of the malarial parasite Plasmodium

falciparum. Artemisia species extracts are also used against cancer and work by

causing apoptosis by ER pathways [60, 61].

2.11.2 Artemisia carvifolia Buch

The genus Artemisia of the Asteraceae family includes the species Artemisia

carvifolia Buch. Commonly the plant is known as sweet wood and had already

been described by Francis Buchanan-Hamilton, though William Roxburgh had first

used the name [62]. Artemisia carvifolia resembles Artemisia annua in morphology

having light-yellow, multi-stellate blooms with alternate leaves (Figure 2.12). They

have modest wide-ranging leaves. The length of the plant grows to 30 to 150 cm in

length and it is an annual or biennial herb. The cultivation of this plant is done in

the wild region with water zones around for medicinal use. This plant is native to

India, the Himalayas, Assam, Burma, and China. Conditions for the growth of

this plant include dry to moderately damp soil and a sunny location [62].
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Figure 2.12: Artemisia carvifolia Buch

2.12 Nanotechnology

Nanoparticles show better or considerably enhanced properties based on definite

characteristics for example morphology, size and distribution. Bulk and atomic

structures vary in their characteristics and metal nanoparticles bridge the gap

among them with their exclusive physicochemical properties, which are increased

surface area, more reactivity, large surface to volume ratio, spatial confinement,

tunable pore size and particle morphology. The nanoparticles made up through

inert metals mainly gold, silver, platinum is investigated efficiently [22].
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2.12.1 Synthesis of Nanoparticles

The NPs preparation procedure can be classified into 2 major categories like

bottom-up and top-down approaches (Figure 2.13). Generally, the NPs preparation

process is divided into 3 major preparation methods i.e. physical, chemical and

biological methods and ways [22].

 

Figure 2.13: Main approaches of synthesis of nanoparticles [63]

2.12.2 Bottom-Up Method

The construction of material from smaller molecules to specific clusters of nano-

materials is known as a bottom-up construction system. This method involves

combining different compounds to synthesize various NPs. Hydrothermal, sol-gel,

pyrolysis, biosynthesis, chemical vapor deposition and spinning are the most often

used bottom-up methods for producing NPs. The hydrothermal method is the

most widely used and is being taken into consideration in the processing of NPs

preparation. Bottom-up methods rely on the self-assemblage of molecules, phe-

nomena linked with nanoscale physiochemical interactions that put together basic

components into macroscopic structures [64].
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2.12.3 Chemical Vapor Deposition Method

This is the process of depositing a slight coating of gaseous reactant on the

substrate. A reaction chamber is used to deposit the thin film. A chemical reaction

occurs when a gas comes into contact with a heated substrate. As a result of

this response a thin layer of things is present on the substrate surface. This thin

layer is retained and reused. The chemical vapor deposition process produces rigid,

well-built, standardized and very pure NPs. The disadvantages of this chemical

vapor approach include the need for specific apparatus and the creation of very

hazardous gases by the products [64].

2.12.4 Sol Gel Method

This process is a made up of two words sol and gel. Sol is a colloid produced from

hard particles suspended in constant liquid. Gel is a solid larger molecule which is

liquefied in solvent. Because of effortlessness this technique is more chosen bottom-

up strategy for the preparation of NPs. This is a technique where appropriate

chemical solution work like a precursor. The metal oxide and chloride are used as

precursors in this process [65].

2.12.5 Spinning

NPs are also prepared via spinning (Figure 2.14). The NPs are designed by using

SDR which is involved in the rotation of disc where physical parameters can be

tackled at that temperature. To avoid chemical reactions and eliminate O2 the

reactor is filled with N, He or Ne. The water and precursor are pumped within

the reactor. The characteristics of NPs prepared from spinning disc processing

are determined by different features like a surface disc, precursor ratio, speed of

the rotating disc, ratio of liquid and locality of feed. Smith, Nigel, et al prepared

Magnetic NPs by SDP. The size of particles ranged from 3 to 12 nm [65].
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Figure 2.14: Nanoparticle preparation steps through spinning. It involves the
fusion of atoms due to spinning followed by the precipitation of atoms leading

to the collection and drying of synthesized nanoparticles.

2.12.6 Pyrolysis

This is an industrial strategy for the preparation of NPs. The precursor is burned

with flame in this process. The precursor can be in a condition of fluid or steam.

The precursor is transferred into the furnace at high pressure and recovers NPs.

Sometimes laser or plasma are employed in place of fire to create more temperature.

More temperature makes easy evaporation and synthesis of nanoparticles [65].

2.12.7 Top-Down Preparation

In this preparation, a destructive technique is applied. The bulk material is broken

into a smaller molecule and then such smaller molecules convert into the NPs.

Grinding or milling, physical vapor deposition and other destructive strategies are

the models of top-down preparation [65]. Some of the types of top-down approach

are given below.
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2.12.8 Thermal Decomposition Method

Chemical breakdown is created by heat in the endothermic process known as

thermal decomposition. By the use of heat, a compound’s chemical bond is broken.

The temperature at which an element decomposes chemically is known as the

decomposition temperature. The NPs are consequences of broken chemical bonds

at specific temperatures. Ahab, Atika et al. prepared gold oxide NPs functionalized

by paramagnetic this way [65].

2.12.9 Lithographic Strategies

Lithographic procedures are top-down processes capable of producing most micron

sized aspects. However, they are energy intensive and need expensive tools. For

many decades, lithography has been employed to create printed circuit boards

and computers. Nano imprint lithography is a kind of lithography which is

distinct from typical lithography. Photo lithography, electron beam lithography,

soft lithography, focused ion lithography, nano-imprint lithography and dip pin

lithography are examples of lithography processes. Photo lithography involves

contact and proximity printing and projection printing [65].

2.12.10 Mechanical Method/Ball-Milling Method

This technique is a cheap strategy to make NPs from bulk. It is a simple mechanical

process. Mechanical method by which Kinetic Energy (KE) is transmitted from

the grinding medium to the material being reduced. Consolidation and compaction,

are industrial scale processes where NPs are put back together to produce material

with better qualities. The preparation of various metal alloys is done mechanically

[65].
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2.12.11 Laser Ablation

In a solution, laser ablation is a simple method for the preparation of NPs from

diverse solvents. The irradiation of diverse metals immersed in a solution by a

laser beam condenses plasma to make NPs. Laser ablation is an incredibly valuable

top-down technique that is diverse from usual chemical ways for the reduction of

metal to NPs [65].

2.12.12 Sputtering

This is the process of NPs deposition by discharge of particles from it. In NPs

deposition, annealing of thin layer is especially valuable. NPs formulation and size

are determined from features including temperature, layer thickness, annealing

period, substrate and so on [65].

2.12.13 Bio Based Methods of Preparation of Nanoparti-

cles

2.12.13.1 Nanoparticles’ Preparation Using Microbes

Bio based preparation of NPs consists of preparation via the extract of microbes

like bacteria, fungi and yeast. Bacteria have the capability to reduce the metal ions

and are therefore used in the preparation of NPs. Diversity of microbial groups is

applied in the preparation of metallic and other new NPs. Bio-based preparation

of metallic NPs by fungus is also an especially well-organized strategy with more

cleared morphology. Because of the internal cellular enzyme, fungi behave like

biological agent for the preparation of NPs. Bacteria produce fewer amounts of

NPs compared to fungus. The preparation of NPs by yeast has also been explored

by many scientists. Countless NPs are synthesized via yeast [66].
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2.12.13.2 Preparation of Nanoparticles Using Plants

Bio-based preparation of NPs consists of preparation via the extract of plants and

microbes like bacteria and fungi. Plant nanotechnology has appeared as a modern

area for the preparation of NPs which is ecofriendly, simple and low cost. Scalability,

biocompatibility and preparation of NPs by universal solvents as reducing agents

are benefits of plant nanotechnology. Plant nanotechnology exploits plants for the

preparation of NPs. NPs are synthesized by diverse plant parts like roots, fruit,

shoots, kernel and leaves. The accurate method for the preparation of NPs by plant

remains to be explained. It has been depicted that organic acid, proteins, vitamins

and SMs like alkaloids, flavonoids, terpenoids, polysaccharides and heterocyclic

compounds are liable for the preparation of different kinds of NPs [67].

2.13 Different Metallic Nanoparticles

Metallic nanoparticles have diverse biomedical applications (Figure 2.15). Silver

nanoparticles have numerous significant effects as well as medical applications

like anti-oxidant, anti-bacterial and cytotoxic properties. Sliver nanoparticles can

be prepared by physiochemical and bio-based techniques. Ag in bulk form has

less efficacy, but when it is changed into Nps it shows different results. A sliver

nanoparticle has enhanced characteristics against microbes and influences the

metabolic, respiratory and reproductive process of microbes. AgNP’s different

antibacterial characteristics are employed in different manufacturing appliances

[68]. The biocompatibility, steadiness and protection of zinc oxide nanoparticles

present them as an outstanding option for therapeutic purposes. FDA has agreed

zinc oxide nanoparticles as a medical excipient which are extensively consumed in

treatment methods and beauty products. Zn oxides have biomedical applications

as anti-bacterial, antiviral, antifungal and also as parasites against cancer and as

medicinal mediators. Moreover, zinc oxide is consumed for preparing concrete, for

photo catalysis, in electronics and electro technology as well as in various industrial

appliances [69].



Literature Review 37

 

Figure 2.15: Applications of metallic nanoparticles [70]

Iron nanoparticles are just now achieving large significance in the environmental

remediation sphere. The major function in this sight is the elimination of organic

and inorganic contaminants from aqueous solutions. Non-organic nano tools

comprise silica Nps Carbon nano resources, nano graphene, Au and Ag Nps,

magnetic Nps and quantum dots which are extensively in use for cancer cure. Iron

nanoparticles have been broadly consumed to identify and eradicate cancer cells

with high warmth, for example, hyperthermia of breast tumors. These inorganic

elements may connect to tumor cells and get magnetized when connected to the

magnetic field [71].
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2.14 Role of Metallic Nanoparticles Against Can-

cer

Silver nanoparticles have been a much-explored material in cancer treatment. They

have been broadly investigated because of their physical, chemical and bio-based

properties with a large surface to volume ratio, biocompatibility, usefulness against

microbes, excellent Surface Plasmon Resonance, ease of functionalization and

cytotoxicity against cancer cells. Sliver nanoparticles have gained rising interest in

the tumor domain having an intrinsic activity against cancer and being confirmed

as valuable agents against cancer drug delivery systems [68].

In terms of the anticancer activity mechanism, nanoparticles were shown to influ-

ence the fluidity of the membrane, allowing for easy entrance and gathering in tumor

cells, a reason for tumor cells to die or limiting their uncontrolled proliferation. Fur-

thermore, nanoparticles can liberate Ag+ that gain electrons, enhance intracellular

oxidative stress, enhance reactive oxygen species production, decrease adenosine

triphosphate levels of tumor cells and decrease the rates of cell proliferation [72].

 

Figure 2.16: Representation of sliver nanoparticles mechanisms against cancer
[73]

Released sliver ions mostly in the nuclei and mitochondria and their interaction

with deoxyribonucleic acid results in its fragmentation and resulting in cell death.

The depicted sliver nanoparticles’ process of working is visually symbolized in
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Figure 2.16. The same ways have also been planned for other noble metal-based

NPs like gold, platinum and palladium NPs. Major outcomes concerning sliver

nanoparticles anticancer action were identified against numerous human tumor cell

lines that are hepatocellular carcinoma, breast cancer, ovarian cancer, prostate

cancer and larger intestinal cancer [73].

In nature, diverse kinds of iron oxide nanoparticles have been started to be investi-

gated for preparation like Fe3O4, α, β and γ Fe2O3. Non-toxicity, biocompatibility,

super para magnetism, chemical inertness and an easily adjustable surface are just

a few of the benefits of IONPs for biomedical applications. In terms of cancer

treatment, iron oxide nanoparticles have been FDA approved in tumor diagnostics,

imaging and magnetic hyperthermia therapy as well as in displaying preclinical

settings potentials for photothermal and photodynamic treatments. One Ferro

fluid formulation produced by Mag Force AG has been approved for the cure of

brain cancer with their NanoTherm therapy being certified for use on patients from

European Union member states. Iron nanoparticles have also been studied broadly

for screening purposes. IONPs have been identified as potential contrast agents for

many imaging modalities including fluorescence imaging, SPECT and multimodal

imaging [74].

Iron nanoparticles have also generated strong awareness in the preparation of

magnetic nanoparticles-based drug delivery systems. This is mostly due to the

remarkable targeting capabilities of drug-loaded iron nanoparticles when guided by

external magnetic fields (Figure 2.17) [75].

Figure 2.17: Diagram of targeted drug delivery by IO nanoparticles [75]
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In particular iron nanoparticles-based delivery systems that are injected, travel via

capillaries of blood to the preferred site releasing the drug in cancer cells and rising

treatment usefulness without harming the nearby normal cells. This is accomplished

by using an external magnetic field. Also, after applying this local external magnetic

field their magnetic characteristics enable the radiant energy exchange into heat or

reactive oxygen species, decreasing the side effects of tumor therapy. Several of these

iron nanoparticles-based nano systems have undergone in vitro and in vivo testing and

have been found to be effective against a wide range of tumor types like the cancer of

ovaries, breast, colorectal, liver, gastric and lungs. These particles show promising results

when used alone or in combination with other nano materials such as Cu, chitosan,

amino silane and polyethylene glycol or like carriers of other chemotherapeutic agents,

for example, doxorubicin, docetaxel and curcumin [75].

Numerous other metals and metal derivatives in addition to nanoparticles already

mentioned, have begun to be studied in their nano form as potential candidates for

use in the treatment of tumors. For instance, due to their advantageous chemical

characteristics, zinc oxide nanoparticles are currently used in biomedical and tumor

applications [75]. Zinc oxide nanoparticles have strong biocompatibility, prevent cancer

and work against bacteria, and are becoming more and more popular in nanomedicine.

In addition, because zinc oxide nanoparticles may generate micronuclei inside cells, it

has been suggested that they behave similarly to genotoxic drugs. Its impact was shown

to be minimal on normal cells, medium on epithelial carcinoma cells and highest on

glioblastoma multiforme cancer cells. Green synthesized ZnO NPs have been shown to

have anticancer properties against a variety of additional human cancer cell lines like

those for osteosarcoma, large intestine cancer, cervical cancer, breast cancer, lung cancer

and laryngeal cancer [69].

2.15 Computational Approaches of Computer -

Aided Drug Design (CADD)

The CADD tools are now an essential component of drug discovery which is

making an important contribution in the field of drug development and discovery.
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Computational techniques play a vital role in the drug design and development

process [76]. The most important task in the CAAD is to discover lead compounds

with the highest binding affinity to disease-causing proteins of interest. In recent

years, molecular docking has been extensively utilized in the field of drug design

and research. This technique is basically a structure-based drug design approach

that shows the molecular interaction and predicts the binding mode and affinity

between receptors and ligands. It provides the optimal conformation according

to complementarity and pre-organization that can predict the binding affinity

by the interaction methods between receptor and ligand [77]. Molecular docking

simulation predicts the binding affinities and orientation when two molecules attract

each other to form a stable complex [78]. As depicted in Figure 2.18 the molecular

docking software can help to search the optimal conformation and direction of drug

candidates according to complementary and pre-organization of drug targets by

specific algorithm followed via using the scoring function for predicting affinity and

analyzing the interactive method [79].

 

Figure 2.18: The molecular docking models. (a) A lock-and-key model. (b)
Induced fit model [79]

In Figure 2.18 the 1st proposed lock and key model (A) refers to the rigid docking

of receptors and ligand to search the right orientation for the key to open up the

lock [80]. This model emphasizes the importance of geometric complementarity.
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Part “B” presents that the real docking method is very flexible in the sense that

ligands and receptors have to change their conformation to fit to gather and design

an induce fit model [81]. The important databases being used in the process of drug

design and development include the most popular protein structure database known

as Protein Data Bank (PDB). Moreover, there are some other public databases

such as PubChem Compound Database and ZINC are free to use. Besides, there

are many important commercial databases, such as Compound Database (AcD),

and Cambridge Structural Database (CSD) [79].

There are three types of methods and software that are being used for molecular

docking whose details are described in Figure 2.19 and Figure 2.20. From these

software, flexible rigid docking has been a more adopted approach these days.

Although flexible rigid docking is commonly very efficient, relevant studies have

become the hot-searching spots currently [82].

 
                                            Figure 2.19: Docking software [79]
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Figure 2.20: Overview of molecular docking process [79]

According to the scoring function, virtual screening is to find the lead compound

and hit compound from the molecular database which has greatly improved the

screening efficiency compared with the traditional screening method [83].

 
 

Figure 2.21: Virtual screening process [79]
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The undesirable results of pharmacokinetics and toxicity are the main cause of

failure of drug development in the late stage. It has been identified that drug

ADMET properties should be considered as easily as possible to minimize the

failure ratio in the clinical stage of drug designing. Simultaneously, drug recalls

are increasing commonly in these years, and drug designing companies are paying

more attention to the safety evaluation of preclinical drugs. Such techniques

are expensive. Currently, advancement in computational techniques, and in silico

approaches has been widely adopted to assess the relevant properties of drugs in the

preclinical stage and has designed different software programs and in silico models,

widely expanding the study of ADMET in vitro[79, 84]. Drug designing (Figure

2.21) is a very risky, difficult and time-consuming process that can be divided

into different stages, including disease-related genomics, target reorganization and

conformation, lead discovery and optimization, preclinical studies and clinical trials

[85].

 
  

Figure 2.22: The process of reverse docking [79]

The flow chart in Figure 2.22 presents the drug designing by reverse docking and

the major preclinical study content. Preclinical studies consist of in silico ADMET

prediction and PBPK simulation, which play a major character in the selection

and optimization of drug candidates [85].
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2.15.1 Molecular Dynamic Simulation

Molecular dynamics simulation is important in understanding the conformational

changes and dynamic processes of enzymes and is mostly used in drug design [86].

By molecular dynamic simulation, the macroscopic properties of matter can reflect

the microscopic system in time and space [87]. MD simulation’s impacts in drug

designing and molecular biology have been explored dramatically recently. Such

simulation captures the protein’s actions and other biomolecules in full atomic

detail and more fine temporal resolution. MD predicts how every atom in protein

or other molecular system will show movement over time, based on a general model

of physics governing interatomic interactions [88]. Molecular dynamic simulation

is more valuable in lead optimization where one modifies a ligand for enhancing

its properties and efficacy. Molecular dynamic simulations can also be beneficial

for virtual screening, where one selects a set of ligands to predict binding to a

target. The more use of MDS as a major tool in Insilco study of proteins as

well as complementary machinery in experimental work has propelled actions for

advancing different ways of MDS, justifying the good predictive power and very

reliable computational analysis of protein structures, dynamics and functions [89].

The molecular dynamic simulation overview and enhanced sampling technique are

shown in Figure 2.23 which is used in protein–protein study and protein-ligand

complexes. The Figure is designed by the crystal structure of human PIM1 kinase

in complexes along imidazopyridazin inhibitor and peptide substrate [90].

 

 
 

Figure 2.23: Molecular Dynamic Simulation [90]



Chapter 3

Materials and Methods

3.1 Laboratory Glassware and Chemicals

All the materials used in the adopted methodology are briefly mentioned here.

In all of the experiments, borosilicate glassware was used which was purchased

from Pyrexr At the start of this process, all the glassware was wiped with

detergents followed by immersion in a 10% bleach solution. After that at 200 oC,

the glass apparatus was dried in the air-dry heating oven. Then it was subjected

to sterilization for 20 minutes at 120 oC and 15 psi. During the whole experiment,

molecular biological grade analytical chemicals were applied (MS, sucrose, gelrite,

plant growth regulators) purchased from Sigma Chemical Co.

3.2 Collection and Identification of Plant Mate-

rial

A. carvifolia Buch seeds obtained commercially were germinated [91] and DNA

barcoding was done for plant identification using the psbA-trnH region of the

chloroplast genome [92]. Plant specimens were submitted to the herbarium of

46
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Quaid-i-Azam University Islamabad, Pakistan with specimen voucher no. HMP-

ART 0001. All the experiment was done according to the institutional, national

and international guidelines for conducting plant research.

3.2.1 Seed Germination Medium

MS medium was preferred for the germination of seeds. Half-strength MS salt

added with sucrose (3 % w/v) and gelrite (0.5 % w/v) was prepared with pH set

to 5.8 by using 1 N sodium hydroxide/hydrochloric acid before the accumulation

of gelrite. For 20 minutes at 15 psi and 121 oC, the medium was sterilized. The

medium was called the seed germination medium [91].

3.2.2 Seeds Germination

A. carvifolia Buch seeds were surface sterilized by 70 percent CH 3CH 2OH for

thirty seconds followed by 0.1 percent (w/v) HgCl2 for ten seconds. The seeds

were then cleaned with sterilized distilled water thrice under a laminar flow hood

and dried up on sterilized filter paper. Adjusting the sterile conditions, seeds were

implanted on half strength Murashige and Skoog medium in petri dishes. They

were placed in chill at 4 ◦C for 72 hours in the dark. Afterward, Petri dishes

having seeds were incubated in a growth chamber at 25 ◦C for sixteen hours of

photoperiod, lighting of 45 µE m−2 s−1 and 60 percent RH in the aseptic state [91].

3.2.3 DNA Extraction from Germinated Plantlets

1. The entire deoxyribose nucleic acid of in vitro grown plantlets was extracted by

using Cetyltrimethylammonium bromide following the reported methodology

[93] with small amendments. In brief, these steps were followed.

2. 200 mg ice-covered leaves were ground in liquid nitrogen to well powder form.

3. After that 500µL of cetyltrimethylammonium bromide extraction buffer was

inserted into it.
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4. It was followed by the addition of 20% (40 µL) SDS to each bottle and

vortexed for twenty seconds.

5. Incubation was done at 65 ◦C for half an hour in a water bath with strong

shaking.

6. It was followed by the addition of 500µL of phenol, and chloroform (25:24)

to all bottles and set on shaking for ten to twenty minutes.

7. At 14000 rpm, centrifugation was done for five minutes.

8. The supernatant was finally transferred into new bottles.

9. 100% chilled ethanol was inserted afterwards, and vortexed at twenty centi-

grade whole night for the DNA precipitation.

10. The next day, bottles at 14000 rpm were centrifuged for fifteen mins.

11. Pellets were collected and cleaned thrice with seventy percent ethanol.

12. At last, the pellets were suspended in 60µL of TE buffer.

13. Storage was done at 20 ◦C in a freezer.

14. The DNA concentration and quality were confirmed by taking absorbance

at 260 as well as 280 nanometers. The DNA quality was well tested on

agarose gel (0.8%) having 3,8-Diamino-5-ethyl-6-phenylphenanthridinium

and photographed in Ultraviolet light.

3.2.4 Polymerase Chain Reaction

For the A. carvifolia Buch identification, the non-coding region among the psbA

and trnH gene of chloroplast deoxyribonucleic acid was amplified via polymerase

chain reaction using the following primers.

pdbA 5’-GTTATGCATGAACGTAATGCTC-3

tmH 5’-CGCGCATGGTGGATTCACAATCC-3
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Polymerase chain reaction was performed by following the Khan and Dilshad

(2023) methodology. In 200 µL tubes, 25 µL of total reaction volume was prepared.

Reagents that were added included concentration of DNA (50 ng), forward primer

(0.25 ng), reverse primer (0.25 ng), deoxynucleotide triphosphate 0.2 ng, magnesium

chloride 2 mM, Taq pol 0.2 U and polymerase chain buffer 1X [19].

3.2.5 Agarose Gel Electrophoresis

For observing the polymerase chain reaction products, agarose gel electrophoresis

was used. For that purpose, agarose gel (1.5 percent w/v) was prepared as follows:

Reagent Concentration

Agarose gel 1.5 g

TBE buffer (1X) 100 mL

ETBR0.2 microgram/milliliter 2 uL (microgram/milliliter stock)

DNA loading dyes (3µL) 0.25 % bromophenol blue 40 % sucrose

100 voltage was applied in 1X TBE running buffer for one hour. The gel picture

was taken via a UV transilluminator.

3.2.6 Decontamination of Polymerase Chain Reaction Prod-

uct and Sequencing

Polymerase chain reaction product purification was carried out by the quick

polymerase chain reaction purification method. After that, the purified products

were sequenced by using the dideoxy-chain termination method in ABI Prism 310

Automated DNA. Sequences attained were recognized and examined via using

BioEdit software/sequence alignment tool (version 7.2.5.0) [19].
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3.3 Silver Nanoparticles Preparation and Char-

acterization

The overview of steps involved in the synthesis and characterization of silver

nanoparticles of A. carvifolia Buch is given in Figure 3.1.

 
Figure 3.1: Overview of nanoparticle synthesis and characterization

3.3.1 Preparation of A. carvifolia Buch extract

A. carvifolia Buch plant extract of different concentrations was prepared (10, 20, 40,

80, 160 mg/mL) in a conical flask of 250 mL and boiled for almost 10-15 minutes.

The prepared extract was filtered utilizing a Whatman filter paper and stored at

40 ◦C for further use in nanoparticle synthesis [94].
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3.3.2 Synthesis of Silver Nitrate (AgNO3) Salt Solution

The silver nitrate salt solution was prepared (5 mM) by dissolving 425 mg AgNO3

in 500 mL of distilled water under vigorous stirring for about 30 minutes at room

temperature [94].

3.3.2.1 Synthesis of Silver Nanoparticles of A. carvifolia Buch

A. carvifolia Buch plant extract of different concentrations (10, 20, 40, 80, 160 mg/mL)

and 5 mM solution of AgNO3 were mixed in a ratio of 1:9 and put under sun-

light for 12 hrs which led to changing the solution color to blackish brown [94].

After centrifugation of the nanoparticle synthesis mixture, the supernatant was

removed and pellets were accumulated for sample preparation. The sample was

prepared by adding distilled water in the pellets making the concentration of

suspension1mg/mL.

3.4 Characterization of Silver Nanoparticles

In the current research work, the characterization of synthesized silver nanoparticles

by UV–Vis, SEM, EDX, XRD and FTIR was done according to the reported method

[95, 96].

3.4.1 UV–Vis Spectrophotometry

UV–Vis analysis was done by using UV 1602 BMS, UV–Visible spectrophotometer.

This was done by placing the reaction mixture in a quartz cuvette, and the

absorbance was measured from 300 to 600 nm [97].
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3.4.2 Scanning Electron Microscopy (SEM)

In the current research work, the size and morphological details of synthesized

nanoparticles were attained by SEM analysis (JEOL-JSM-6490LATM) functioning

at 20 kV of the voltage with a counting frequency of 2368 cps. The chemical-based

configuration was long-established by EDX (Oxford instruments) coupled with

the SEM as plugin hardware. For that purpose, dried AgNPs were mounted on

carbon tape and coated with gold sputtering for 2 min and then analyzed. The

micrographs at the magnified scale of 10 µm resolution were captured. SEM slides

were set up by forming a solution smear on the slides. A coat of platinum thin

layer was made so that the samples become conductive [97].

3.4.3 FTIR Analysis

Fourier Transform Infrared spectroscopy is a method adopted to attain an infrared

spectrum of absorption or discharge of a gas, solid, or liquid. A Fourier Transform

Infrared spectrometer intensely accumulates high-resolution spectral data over a

broad spectral range [98]. The bioactive compounds of A. carvifolia Buch are

involved in the synthesis of nanoparticles and to know the surface chemistry of

synthesized nanoparticles FTIR analysis was performed. The AgNPs solution was

dried at the temperature of 75 ◦C and the dried powder of AgNPs was subjected to

characterization in the range of 4000–400 cm−1 utilizing a KBr pellet strategy [95].

3.4.4 X-Ray Diffraction Analysis

The XRD is a verified, influential method used for identifying the composition

phase, arrangement, also crystalline material microstructural features [99]. In this

work, the sample preparation for the XRD procedure was done by picking a slight

sample solution from the bottle and drying it on a quartz plate [95, 97].
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3.5 MTT Assay for Cytotoxicity Analysis

The cytotoxic potential of synthesized nanoparticles was tested by MTT assay

against liver cancer HePG2 cell line (obtained from ATCC with ATCC number

HB-8065TM) according to the reported procedure [19, 96, 100]. MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) is a yellow tetrazolium salt

mostly adopted for checking the viability, proliferation, and cytotoxicity of cells.

In metabolically active cells, water soluble MTT is reduced in mitochondria by

succinate dehydrogenase to insoluble purple formazan crystals. The formazan

produced could be quantified spectrophotometrically upon solubilization and is

directly proportional to the number of cells viable in culture [101].

3.5.1 Assay procedure

Briefly, DMEM was used for cell culturing which was added to 96 well fat bottom

plates in triplicate. The wells were added with the different concentrations (50,

40, 30, 20, and 10 µM) of prepared nanoparticles and plant extract. Afterward,

incubation was done for 24 hrs at 37 ◦C with 5% CO2. This was followed by

the addition of 10 µL MTT (5 mg/mL) incubated at 37 ◦C for 3 hrs. Finally,

solubilization solution (100 µL) was added to the wells and incubated for 2–4 hrs

in the dark. Lastly, the sample’s absorbance was measured in a microplate reader

(at 570 nm) and IC50 was calculated.

3.6 Determination of Expression of Target Genes

by Real-Time qPCR

Real-time qPCR is a polymerase chain reaction that facilitates the more consistent

identification and measurement of product generated in every round of polymerase

chain reaction. This method is performed with an oligonucleotide probe that

hybridizes to a targeted sequence introduced [102].



Material and Methods 54

Real-time quantitative polymerase chain reaction is a more established process

of nucleic acid identification and quantification in biosamples. In a conventional

polymerase chain reaction, amplified Deoxyribonucleic Acid products are visualized

by end-point analysis. In a quantitative polymerase chain reaction, fluorescence

detection methodology is used as the product accumulation could be determined

in real-time as the reaction steps forward along the product quantification after

each polymerase chain reaction cycle [103].

3.6.1 Procedure of Real-Time qPCR

The determination of expression of target gene Rap2A and apoptosis regulatory

gene Bax along with the genes of caspases (caspase 3, caspase 8 and caspase 9)

were done by real-time qPCR by following the reported methodology [12]. RNA

was extracted from control and all the treated/untreated cells, which was used for

the synthesis of complementary DNA (cDNA). All untreated/treated cells were

washed with phosphate buffer saline (pH 7.2) then RNA extraction was done by

using GeneJET RNA Purification Kit (Thermo Fischer Scientific) according to

the kit user instruments. Complementary DNA (cDNA) was synthesized using

the High-Capacity RNA-to-cDNATM Kit (Applied BiosystemsTM) following kit

instructions. The confirmation of the cDNA synthesis was done by usual agarose

gel electrophoresis, then it was stored at -20 ◦C for RT qPCR analysis. The qPCR

was performed using iTAqTM Universal SYBR Green Supermix (BioRad, Hercules,

CA, USA) in a 384-well platform system (ABI Prismr 7900HT sequence detection

system, Applied Biosystems, Foster, CA, USA). The gene-specific sets of primers

for Rap2A, Bax, caspase 3, caspase 8, caspase 9 and housekeeping gene GAPDH30

were used as reported earlier (Table 3.1) [12, 21].

Table 3.1: Sequences of primers for the studied genes

Gene Name Primer Sequences

Rap2A F: ACAATGGTGGACGAACTCTTT

R: CAGAACAGCATGGGTCATCT T

Bax F: CCCGAGAGGTCTTTTTCCGAG

R: CCAGACCATAGCACACTCGG
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Table 3.1: Sequences of primers for the studied genes

Gene Name Primer Sequences

Caspase 3 F: TGCCTGTAACTTGAGAGTAGATGG

R: CTTCACTTTCTTACTTGGCGATGG

Caspase 8 F: GACAGAGCTTCTTCGAGACAC

R: GCTCGGGCATACAGGCAAAT

Caspase 9 F: CTCAGACCAGAGATTCGCAAAC

R: CTCAGACCAGAGATTCGCAAAC

GAPDH F: AAGCTCATTTCCTGGTATGACAACG

R: TCTTCCTCTTGTGCTCTTGCTGG

3.7 Determination of the Level of Proteins by

ELISA

The ELISA technique uses the catalytic properties of enzymes for the detection

and quantification of immunologic reactions. Enzyme-linked immunosorbent assay

is a heterogeneous EIA system adopted in clinical analysis [104]. In such a form

of the assay, one of the components of the reaction is not specifically adsorbed or

bound covalently to the surface of a solid phase, like a microtiter well, a plastic

bead, or a magnetic particle. Such a connection makes the separation of bound

and free-labeled reactants easy [105]. Final detection is carried out by inserting

a substrate that could show a colour. Different substrates are available that are

adopted in ELISA detection. Though, the substrates most frequently adopted are

horseradish peroxidase and alkaline phosphatase [106].

In the current research work, ELISA kits were used to study the level of proteins of

target genes Rap2A, Bax and caspase enzymes based on the manufacturer’s protocol

for Rap2A (Abbexa), BAX (Invitrogen) and caspases (Termo-Fisher). Shortly,

the lysates of cells were made ready according to the instructions of the ELISA

kit. Cell lysate proteins explicitly bound to the primary antibody were spotted

by a secondary antibody conjugated with Horseradish peroxidase. Afterward, a

microplate reader was used to measure protein levels at the absorbance of 450 nm.
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3.8 Determination of Flavonoids Through an

HPLC - DAD System

HPLC (High-Performance Liquid Chromatography) technique is a form of column

chromatography that is mostly adopted in biochemistry to examine the separation,

reorganization, and quantifying of the active chemicals of biological samples. It

is mostly adopted as separation technology for separating, detecting and for

quantification of drugs [107]. The high-performance liquid chromatography-based

flavonoid quantification method is the best way in the chromatographic methods

adopted for the analysis of flavonoids because of the different positive features

offered, as it requires no derivatization as a result decreases the consumption of time

compared to gas chromatography. In addition, this is secure for flavonoid analysis,

because to avoid the risk of decomposition of flavonoids at higher temperatures, it

could be functioned at room temperature [108].

3.8.1 Chemicals and Reagents

All the chemicals and reagents that were used were of HPLC grade which included

methanol, n-hexane, ethyl acetate and acetonitrile. It also included the standards

used for flavonoid analysis (ferulic acid, apigenin, caffeic acid, syringic acid, rutin,

gallic acid, vanillic acid, rhamnetin and quercetin).

3.8.2 Standard’s Stock Solution Preparation

Stock solutions of all standard flavonoids (ferulic acid, apigenin, caffeic acid, syringic

acid, rutin, gallic acid, vanillic acid, rhamnetin and quercetin) at the conc. of

1000 ppm were synthesized in methanol and reserved at -20 ◦C till use. Moreover,

serial dilutions including 40, 20, 10 and 5 ppm were prepared from this stock

solution. This was done to generate a calibration graph for the examination of

studied flavonoids qualitatively and quantitatively in crude extracts [19].
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3.8.3 Preparation of Plant Extract

Extracted flavonoids from the young plant of A. carvifolia Buch were done according

to the reported method [19]. In brief, 10 milligrams of dry powder plant material was

extracted at a concentration of 1000 µg/mL methanol at room temperature in a sonication

bath (40 KHz, Branson) for fifteen minutes. After that the extract was centrifuged at

13000 rpm for 5 min and the supernatant was shifted to a fresh vial. Three times this

process was repeated and subsequently, supernatant was taken. After that, the drying

of the extract was done in a vacuum cell at 50 oC and then liquified in 200 µL solvent

mixture of methanol: water (2:1). After that, filtration was done by using a PTFE 0.45

µm membrane filter and transferred to vials for HPLC analysis.

3.8.4 Analysis of Flavonoids by HPLC

In the current study, flavonoids in extracts of A. carvifolia plants were measured

using HPLC-DAD analysis following the reported protocol [19]. For this purpose,

1000 µg/mL methanolic extracts of dry A. carvifolia shoots were used. Moreover,

standard stock solution, including ferulic acid, apigenin, caffeic acid, syringic acid,

rutin, gallic acid, vanillic acid, rhamnetin and quercetin were prepared in methanol

at 1000 µg/mL concentration. The injection volume was 20 µL at a flow rate of 1

mL/min. Polyphenols in the extract were discovered by comparing their wavelength

and retention rates with those of reference standards (Table 3.2).

Table 3.2: Detail of identified flavonoids with retention time and wavelength

S.No. Standards Wavelength (nm) RT (retention time)(min)

1 Vanillic Acid 257 9.1

2 Rutin 257 12.7

3 Gallic Acid 279 3.7

4 Catechin 279 7

5 Syringic Acid 279 9.8

6 Coumaric Acid 279 13.8

7 Geutisic Acid 325 7.5

8 Caffeic Acid 325 9.3

9 Quercetin 370 15.2
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3.9 Statistical Analysis

All the data was obtained in replicates of three, and the values are presented as the

mean ± standard error (SE) of the mean. Two-way ANOVA was used to analyze

the collected data statistically using the V.5 software of Graph Pad Prism. The

p-value which was less than 0.05 was well thought out and statistically significant.

3.10 In silico Analysis of Detected Flavonoids

Figure 3.2: Methodology scheme of Insilco study of flavonoids
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Figure 3.3: Overall methodology of molecular dynamic (MD) simulation

3.10.1 Selection of Ligands

PubChem database is an open-access database, which is mostly used to collect

chemical information regarding ligands or bioactive compounds and the pharma-

cological activities of these chemical substances [109]. These databases are used

to retrieve different ligand’s 2D structures. The structures of polyphenols of A.

carvifolia, identified through HPLC were downloaded from the PubChem database.

Minimization of ligand’s energy was carried out by Chempro software chem12 [109].

3.10.2 Ligands Preparation for Molecular Docking

Selected ligands from the PubChem database and standard drug lenvatinib (cur-

rently being used against liver cancer) from the drug bank database were tested for

their drug likeliness following the Lipinski rule of five which is a rule to evaluate

drug-likeness or determination of chemical compounds with certain pharmacologi-

cal and biological activities that would make it a likely orally active drug. The
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potential success of compounds depends on their ADMET properties. PKCSM an

online tool was used to find ADMET properties of ligands [110]. For the molecular

docking process, the CB dock online docking tool was used for the molecular

docking process [111].

Analysis of the docked complex was done by Ligplot+, a protein-ligand interaction

software that automatically generated a diagram of protein-ligand interactions.

These interactions were modified through hydrophobic and hydrogen bonds. Lig-

plot+ generated a 2D representation of the protein-ligand complex. The complex

file, in PDB format, was opened in Ligplot+ and the H-bonds and hydrophobic

interactions of docked molecules were examined. The RMSD and RMSF values

were calculated [112].

3.10.3 Retrieval and Analysis of Protein Structures

Rap2A protein with pdb id 2rap was selected from the protein data bank (PDB)

and the 3D structure of Rap2A was downloaded in pdb format [113]. The primary

sequence of the selected protein Rap2A was retrieved from the uniport database

with accession number P10114 and a residue length of 183 amino acids. ProtParam

Expasy was used to determine and analyze physical and chemical properties

of proteins such as molecular weight, instability index, Extension Coefficient,

theoretical PI, positively and negatively charged particles and grand average of

hydrophobicity [114]. The refining of protein 3D structure is a very important

step for the molecular docking process. All spare water molecules and complex

molecules were detached from the protein structure. For visualization and refining

of 3D structures, Pymol software was used [115]. To find the functional domain of

the selected protein, the Interpro database was used [116].

3.10.4 Molecular Docking

Molecular docking is a type of computational modeling that allows for the prediction

of the binding orientation of one chemical compound (ligand) to another molecular
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compound (receptor) to create a stable complex. The molecular docking process

is frequently used to predict the binding alignment of small molecules. For the

molecular docking process, the CB dock online docking tool was used [111].

In CB-Dock, the ligand and protein docking process identifies the binding sites

automatically and estimates the size and center also, the docking box is customized

by query ligand after it performs the molecular docking with AutoDock Vina [117].

This cavity-focused docking could increase the accuracy of blind docking and hit

ratio. So, for that reason, CB-Dock could make the process of docking easy by

improving the accuracy of the binding site prediction of target proteins by adopting

the curvature-based cavity detection approach. Similarly, also predicts the query

ligand’s binding pose by adopting AutoDock Vina [118].

3.10.5 Analysis of Docked Complex Via LigPlot plus

LigPlot is a computational program that makes the 2D schematic presentation of

protein and ligand complexes from PDB file input [119]. In current research work,

analysis of the docked complex was done by ligplot plus protein-ligand interaction

software which automatically generated a diagram of protein ligand interactions.

These interactions were modified through hydrophobic and hydrogen bonds. The

ligplot plus generated a 2D representation of the protein-ligand complex [120].

The complex file, in PDB format, was opened in Ligplot and the H-bonds and

hydrophobic interactions of docked molecules were examined. The RMSD and

RMSF values were calculated [112].

3.10.6 Molecular Dynamic (MD) Simulation

Molecular dynamic simulation has evolved as the most powerful method to investi-

gate and analyze biomolecules. MD simulation technique was developed in the late

70s and it has been applied over a range of atoms including membrane embedded

proteins, nucleosomes, ribosomes and large complexes [121]. The aim of this work

was to carry out molecular dynamic simulations considering the characteristics of
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molecular assemblies in terms of their structures along with connections among

them. It was performed to check the interactions of selected proteins with different

ligands to examine which ligand was showing the best interaction with selected

protein Rap2A. In this work, the interaction of Rap2A was examined with the four

best docked and analyzed ligands. It also examined selected protein’s interaction

with synthetically designed standard drug.

To perform simulations high performance computers were used and simulation was

done with the help of the GROMACS software package [122]. This software used

OPLS-AA as a force field. There were specific commands for running the simulation

and they were given by using the PuTTY software. The supercomputer domains

were accessed by using WinSCP [123]. Before running the molecular simulation,

a specific supercomputer screen was selected on the basis of its load. Next, the

screen number was added and the protein complex folder was accessed. Later, the

MD simulations were started to run. The first command was run for solvating the

protein complex in a cubic box with the water molecules. The Na+ and Cl− ions

were incorporated too. Next, the energy minimization commands were run and the

energy values were saved for 50,000 steps. After this, the commands for pressure

and volume were run too. The last command subjected the protein complex to 20

ns molecular simulation. After the entire trajectory was completed, the analysis

commands for RMSD (root mean square deviation), RMSF (root mean square

fluctuations), the radius of gyration, surface accessibility and no. of hydrogen bonds

were run. These commands were put up for analyzing the compactness, flexibility,

stability and interaction of the protein complex in the cellular environment.



Chapter 4

Results

This chapter describes the results of all the steps taken to achieve the objectives of

the study including preparation of plant extract, synthesis and characterization

of silver nanoparticles via UV-vis spectrophotometer analysis, Scanning Electron

Microscopy, X-ray Diffraction spectroscopy, Energy Dispersive X-ray spectroscopy

and Fourier Transform Infrared spectroscopy, MTT assay, real-time qPCR, deter-

mination level of protein by ELISA, statistical analysis, determination of flavonoids

content through an HPLC-DAD system and drug designing for targeted can-

cer causing gene Rap2A. All the step-wise results are described under headings

sequentially.

Objective 1: To identify the anti-proliferative role of A. carvifolia Buch

plant extract and its respective metallic (silver) nanoparticles against

liver cancer cell lines and their impact on the expression of liver cancer

target gene, apoptotic pathway genes and protein.

4.1 Plant Identification

After amplification of the psbA-trnH region (500 bp) of chloroplast genome and

sequencing of an amplified region of DNA, Basic Local Alignment Search Tool

(BLAST) in NCBI and CLUSTAL-W in BioEdit software (version 7.2.5.0) was

63
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performed. Reference sequence (Gene Bank Accession number [NCBI: FJ418751])

was used for the identification of the plant under study. It was confirmed to be a

psbA-trnH sequence of A. carvifolia Buch [92]. The plant specimen was submitted

in the herbarium of Quaid-i-Azam University Islamabad, Pakistan with specimen

voucher no. HMP-ART 0001. All the experiments were conducted following the

institutional, national, and international guidelines for conducting plant research.

Ethical approval was obtained from the departmental ethical review committee

with reference no. CUST-2022/2 (Annexure I).

4.2 Sliver Nanoparticles Synthesis

Synthesis of silver nanoparticles was done successfully by mixing plant extract

and silver nitrate salt solution. The color change from yellowish to dark brown

indicated the complete formation of silver nanoparticles. The formation of AgNPs

was confirmed by solution color change. The color change was observed 30 minutes

after plant extract insertion in sliver nitrate salt solution. The pure color of the

silver nitrate solution did not change during the whole time of incubation. The

reduction of silver ions occurred when the extract of the plant was added which

resulted in the formation of dark brown AgNps (Figure 4.1 & 4.2)

 

Figure 4.1: (A) Powdered form of A. carvifolia. (B) Extract preparation. (C)
Filtration of A. carvifolia plant extract.
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Figure 4.2: Silver nanoparticles after centrifugation (A and B). Synthesized

silver nanoparticles in powder form (C).

4.3 AgNps Characterization

4.3.1 AgNps Analysis via UV-vis Spectrophotometer

AgNps synthesis was confirmed via UV-vis spectrophotometer which was adopted

for the determination of optical properties of synthesized nanoparticles. In the

current research work, confirmation of nanoparticle synthesis was done by observing

a strong peak at 450 nm. SPR (surface plasma resonance) is responsible for

maximum absorption in the range of 400-500 nm in UV-Vis spectrometry. Different

concentrations of A. carvifolia extracts 10, 20, 40, 80 and 160 mg/L were adopted

to optimize the synthesis of silver nanoparticles. There was observed a 1.5 times

increase in the absorbance of the nanoparticle’s suspension with an increase in

the concentration of plant extract. The highest absorbance was observed when

nanoparticles were prepared with 160 mg/L of plant extract (Figure 4.2).
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Figure 4.3: UV-vis spectroscopy of synthesized AgNPs. The spectra display
the absorption peaks of AgNPs synthesized by different concentrations of plant

extract at 450 nm wavelength.

4.3.2 AgNps Analysis via SEM

Scanning Electron Microscopy analysis was implemented to find the AgNps size and

their morphological features. SEM analysis gave a comprehensive understanding

of the size and morphology of the green synthesized silver nanoparticles. The

nanoparticles were found with a calibrated size of 80±6 nm. Furthermore, the

shape of silver nanoparticles was found to be icosahedron (polyhedral) (Figure 4.4).

 

Figure 4.4: SEM analysis of AgNPs: The image shows the morphology of the
AgNPs at 500 nm.
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4.3.3 AgNps Analysis by FTIR

For determining the different biological molecules present in A. carvifolia Buch

extract which were involved in the preparation of AgNps, FTIR analysis was

adopted by using an FTIR spectrophotometer. FTIR was carried out to find the

latent natural compounds in A. carvifolia Buch plant extract which were involved

in the synthesis of nanoparticles. The spectra depicted changes between 800 and

1500 cm−1 which confirmed the involvement of flavonoids, phenolics and lipid-

containing oils having aldehydes and ketonic bonds represented in the extract of the

plant under study (Figure 4.5). Ketones with carbonyl (C–O) stretching vibration

were observed at 1000–1140 cm−1. It was confirmed from FTIR investigations,

that the amino acid and proteins resulting in carbonyl gatherings have the extra

beached capacity to bind with metal, displaying that the proteins might be involved

in shaping the metal nanoparticles. Similarly, the=C–O stretching between the

1100–1350 cm−1 may go with the lipid’s carboxyl groups. There was observed

change in the range of 1331–1334 cm−1 showing the involvement of carboxyl groups

in the synthesis of the silver nanoparticles.

 
Figure 4.5: FTIR of synthesized silver nanoparticles and plant extract.
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4.3.4 Analysis of AgNps through EDS

The chemical composition of synthesized AgNps was determined by Energy Dis-

persive X-Ray Spectroscopy equipped with Scanning Electron Microscopy. It was

confirmed from the EDX spectrum that Ag is the main constituent found in the

sample (Figure 4.6). Moreover, EDX was used to study the elemental composition

of silver nanoparticles which showed silver as the major element (Table 4.1).

Table 4.1: Elemental composition of EDS spectrum.

Element Weight% Atomic%

C K 2.92 16.64

O K 5.84 24.97

S K 0.15 0.31

Fe K 0.59 0.72

Ag K 90.50 57.36

Totals 100.00

Figure 4.6: EDS of AgNPs displaying major peaks of silver (Ag).

4.3.5 Analysis of AgNPs through XRD

The structural nature of nanoparticles either amorphous or crystalline was confirmed

by X-ray Diffraction spectroscopy. A characteristic XRD pattern was generated

which gave unique fingerprints of crystal present in the sample. Interpretation was
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done properly by comparison with standard reference patterns. In the current study,

X-ray crystallography results showed the crystalline nature of silver nanoparticles

with identified peaks [38.23 (1 1 1), 44.41 (2 0 0), 64.38 (2 2 0), 77.5 (3 1 1)] at 200

(Figure 4.7). These findings were found in agreement with the standard ICSD No.

98–018-0878 [96, 124].

 

Figure 4.7: XRD analysis of AgNPs.

4.4 Cytotoxicity Assay

The cytotoxic potential of plant extract and synthesized silver nanoparticles was

tested against liver cancer cell lines HepG2 (Figure 4.8). In this study, four different

concentrations of synthesized silver nanoparticles and plant extract (10, 20, 30, 40

and 50 µM) were used to study their cytotoxicity. The percentage cell viability of

HePG2 cells was found to be decreased more at the higher concentration (50 µM)

than at the lower concentration (10 µM). Plant extract and silver nanoparticles

showed cytotoxicity in a concentration dependent manner indicating their increased

cytotoxicity at higher concentrations. Furthermore, IC50 of silver nanoparticles

was found 2.57 µM for HepG2 cells, while for plant extract it was 11.57 µM. The

statistical significance of the data was also observed with p<0.0001 (Table 4.2).
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Analysis of variance for factors affecting the viability of HePG2 Cells is also shown

in Table 4.2.

 

 
Figure 4.8: Antiproliferative activity of silver nanoparticles: Percentage (%)
cell viability of HePG2 cell line after treatment with silver particles and plant

extract.

Table 4.2: Analysis of variance for factors affecting the viability of HePG2
Cells

Source of Variation Df Sum-

of-

squares

Mean

square

F-

Value

P

Value

Sig.

Interaction 8 1122 140.3 12.11 <0.0001 Yes

Types of Nanoparticles 2 10330 5163 445.9 <0.0001 Yes

Concentration 4 561.0 140.3 12.11 <0.0001 yes

Residual 30 347.3 11.58

4.5 Gene expression Studies by Real time-qPCR

The level of expression of the target gene of liver cancer (Rap2A) in silver nanopar-

ticles and plant extract treated HePG2 cells was found to be significantly decreased
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as compared to untreated cells indicating its role as an oncogene in liver cancer

(Figure 4.9). The experiment was run with the IC50 of plant extract and syn-

thesized silver nanoparticles and it was observed that expression of Rap2A gene

was decreased more prominently in HePG2 cells treated with synthesized silver

nanoparticles than that of plant extract.

Furthermore, the stimulatory effects of synthesized silver nanoparticles and plant

extract on the Bax gene up-regulation were also studied (Figure 4.10). Similarly,

the experiment was run with the IC50 of plant extract and synthesized silver

nanoparticles against HepG2 cell lines. Synthesized silver nanoparticles caused

more upregulation of the Bax gene in HePG2 cells than that of plant extract. High

levels of expression of the Bax gene suggested the role of silver nanoparticles in

HePG2 cell apoptosis through an intrinsic apoptotic pathway.

Moreover, caspase-3, caspase-8 and caspase-9 genes were also evaluated for relative

gene expression to determine the apoptotic role of synthesized silver nanoparticles

against treated cells. It was found that plant extract and silver nanoparticles

brought up-regulation of all studied caspase gene expression in HepG2 cells (Figures

4.11 to 4.13). Silver nanoparticles showed more efficacy than those of the plant

extract. The data was also found statistically significant (p<0.0001) by 2-way

ANOVA (Table 4.3)

Figure 4.9: Gene expression studies by Real-time, showing the level of expres-
sion of Rap2A.
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Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001.

***

***

Figure 4.10: Gene expression studies by Real-time, showing the level of
expression of the Bax gene.

Error bars indicate the standard error (SE) of three means, the asterisk represents

the significant difference in data compared with control at *P less than 0.05, **P

less than 0.01 and ***P less than 0.001

***

**

Figure 4.11: Gene expression studies by Realtime-qPCR, showing the level of
expression of caspase 3.



Results 73

Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001

**

**

Figure 4.12: Gene expression studies by Realtime-qPCR, showing the level of
expression of caspase 8.

Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001

***

**

Figure 4.13: Gene expression studies by Realtime-qPCR, showing the level of
expression of caspase 9.
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Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001

Table 4.3: Analysis of variance for factors affecting the gene expression

Source of Variation Df Sum-

of-

squares

Mean

square

F-

Value

P

Value

Sig.

Interaction 8 4.504 0.5630 16.39 <0.0001 Yes

Types of genes 4 3.589 0.8974 26.12 <0.0001 Yes

Silver nanoparticles

and plant extract

2 4.763 2.382 69.34 <0.0001 yes

Residual 15 0.5153 0.03435

4.6 Protein Levels Determination by ELISA

Furthermore, the level of proteins of all studied genes was also evaluated and similar

findings were observed which confirmed the activation of programmed cell death of

nanoparticles treated HepG2 cells. In this work, the Rap2A protein was found to be

decreased in plant extract and silver nanoparticles treated cells, whereas the level

of Bax and caspase-3, caspase-8 and caspase-9 proteins were found to be increased

in the HePG2 cells treated with silver nanoparticles and plant extract. Likewise,

synthesized silver nanoparticles caused more downregulation of Rap2A protein

and more upregulation of apoptotic proteins than plant extract (Figures 4.14).

Moreover, the protein levels of Bax (key gene in extrinsic IL-3 mediated apoptosis

cascade), CASP 3 (the chief executioner of programmed cell death in extrinsic and

intrinsic signaling cascade), CASP 8 (starter gene in TNF-α apoptosis cascade) and

CASP 9 (starter gene in intrinsic apoptosis cascade) were found increased in HepG2

cells as compared to control group (untreated cells) signifying the cytotoxic role of

synthesized silver nanoparticles in the activation of apoptotic pathway (Figure 4.15

- 4.18). Data was also found statistically significant when tested by 2-way ANOVA

with p<0.0001 (Table 4.4).
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***

***

Figure 4.14: Protein levels determination by ELISA: showing the level of
Rap2A protein.

Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001.

***

***

Figure 4.15: Protein levels determination by ELISA: showing the protein level
of Bax protein.

Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001.
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***

***

Figure 4.16: Protein levels determination by ELISA: showing the protein level
of caspase 3 protein.

Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001.

***

**

Figure 4.17: Protein levels determination by ELISA: showing the protein level
of caspase 8 protein.

Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001.
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**

**

Figure 4.18: Protein levels determination by ELISA: showing the protein level
of caspase 9 protein.

Error bars indicate the standard error (SE) of three means, asterisk represents the

significant difference in data compared with control at *P less than 0.05, **P less

than 0.01 and ***P less than 0.001.

Table 4.4: Analysis of variance for factors affecting the level of proteins

Source of Variation Df Sum-

of-

squares

Mean

square

F-

Value

P

Value

Sig.

Interaction 8 16580 2073 68.25 <0.0001 Yes

Types of Protein 4 37870 9468 311.8 <0.0001 Yes

Silver nanoparticles

and plant extract

2 19160 9579 315.4 <0.0001 yes

Residual 15 455.5 30.37

Objective 2: To analyze the role of bioactive compounds of A. carvifolia

Buch against liver cancer target gene (Rap2A) through computational

approaches and to perform molecular dynamics simulation against se-

lected ligands.
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4.7 Determination of Polyphenols by HPLC

Qualitative and quantitative analysis of flavonoids of A. carvifolia Buch (ferulic

acid, apigenin, caffeic acid, syringic acid, rutin, gallic acid, vanillic acid, rhamnetin

and quercetin) was performed via HPLC. In this research work, the absorption

spectra and retention time of 9 standard polyphenols including ferulic acid, apigenin,

caffeic acid, syringic acid, rutin, gallic acid, vanillic acid, rhamnetin and quercetin

were used to study the HPLC profile of methanolic extract of A. carvifolia Buch.

It was observed that the highest concentration found was that of rhamnetin which

was 1.65 µg/mg. The second highest concentration found was that of apigenin

(1.39 µg/mg) while the lowest concentration found was that of quercetin (0.12

µg/mg) (Figure 4.19).

Figure 4.19: HPLC Profile of polyphenols of A. carvifolia Buch methanolic
extract.

4.8 Ligands Preparation

The 2D structures and information of identified ligands of A. carvifolia through

HPLC i.e. apigenin, caffeic acid, gallic acid, rhamnetin, rutin, ferulic acid, syringic

acid, vanillic acid and quercetin and standard drug lenvatinib were downloaded
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from PubChem database (Table 4.5), which is an open access database, mostly used

to collect chemical information regarding ligands or bioactive compounds. This

database is a public repository for information on chemical substances and their

biological activities. Minimization of ligands energy was carried out by Chempro

software chem12. This is a compulsory step in the designing of ligands/chemical

substances before docking as without it, there would be unpredictable vina scores

in the outcomes of the docking.

Table 4.5: Ligands of Artemisia carvifolia Buch.

S. No. Ligand Ligand

CID No.

Molecular

Formula

Molecular

Weight

2D Structures

1 Apigenin 5280443 C15H10O5 270.24g/mol

2 Caffeic acid 689043 C9H8O4 180.16 g/mol

3 Gallic acid 370 C7H6O5 170.12g/mol

4 Rhamnetin 5281691 C16H12O7 316.26 g/mol

5 Rutin 5280805 C27H30O16 610.5 g/mol

6 Ferulic acid 445858 C10H10O4 194.18 g/mol
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Table 4.5: Ligands of Artemisia carvifolia Buch.

S. No. Ligand Ligand

CID No.

Molecular

Formula

Molecular

Weight

2D Structures

7 Syringic acid 10742 C9H10O5 198.17 g/mol

8 Vanillic acid 8468 C8H8O4 168.15 g/mol

9 Quercetin 5280343 C15H10O7 302.23 g/mol

10 Lenvatinib 9823820 C21H19

ClN4O4

426.9 g/mol

4.9 Protein’s Primary Sequence Retrieval

The primary sequence of the selected protein Rap2A was retrieved from the uniport

database with accession number P10114 and a residue length of 183 amino acids.

The UniProtKB Proteomes portal provides access to more than 451000 proteomes,

which are sets of protein sequences originating from completely sequenced viral,

bacterial, archaeal and eukaryotic genomes. The primary sequence of the selected

protein Rap2A is given below

>sp|P10114|RAP2A HUMAN Ras-related protein Rap-2a OS=Homosapiens OX

= 9606 GN = RAP2A PE = 1 SV = 1
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MREYKVVVLGSGGVGKSALTVQFVTGTFIEKYDPTIEDFYRKEIEVDSSPSVL

EILDTAGTEQFASMRDLYIKNGQGFILVYSLVNQQSFQDIKPMRDQIIRVKRY

EKVPVILVGNKVDLESEREVSSSEGRALAEEWGCPFMETSAKSKTMVDELFA

EIVRQMNYAAQPDKDDPCCACNIQ

4.10 Physiochemical Properties Analysis

The physicochemical properties of selected protein determined by ProtParam

Expasy an online tool is given in Table 4.6. It included molecular weight, instability

index, extension coefficient, theoretical PI, positively and negatively charged

particles and grand average of hydrophobicity.
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Table 4.6: Physicochemical properties of Rap2A gene.

Number of Amino

Acid

Molecular

Weight

Instability

index (II)

Extension

cofficient1

Extension

coefficient 2

Theoretical

PI

Positively

charged

particles

Negatively

charged

particles

GRAVY

183 20615.46 44.34 16180 15930 4.73 21 29 -0.208
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4.11 Identification of Functional Domains and

3D Structure of Protein

The functional domains of Rap2A protein were identified through Interpro an online

database (Figure 4.20). This protein was found to contain mainly IPR005225 and

TIGR00231 domains which are small GTP-binding protein domains and some

others as shown in Figure 4.20. Rap2A protein with pdb ID 2rap was selected from

the Protein Data Bank (PDB) and the 3D structure of Rap2A was downloaded in

pdb format (Figure 4.21). All extra water molecules and complexes were removed

from the protein structure. The resultant 3D structure visualized by Pymol software

is shown in Figure 4.22.

 

Figure 4.20: Functional domains and classification of protein families of Rap2A
protein.
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Figure 4.21: 3D Structure of Rap2A protein retrieved from protein databank.

 

Figure 4.22: Refined 3D Structure of Rap2A Protein via Pymol Software.
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4.12 Protein Model Evaluation

The model quality of a protein was evaluated via the SWISS-MODEL structure

assessment server by Ramachandran plot analysis which was used to analyze the

amino acid residues, this tool carried out stereochemical analysis of a protein

structure by analyzing residues through residues geometry and overall protein

structural conformation and validation. QMEAN (quantitative model energy

analysis) was used to analyze the quantitative model energy of a protein structure

and the quality of a protein.

The ProSA program calculated the overall quality of the protein structure and

also recognized the identification method of the protein structure. This model

showed two identification methods, one was X-ray crystallography method and

the other was the NMR identification method. The Z score calculated was - 6.31

showing that the model structure quality was best as this score was within the

range indicating that protein quality was better. On the contrary, if the score is not

within range, the structure is considered invalid. The light blue colour represents

the X-ray crystallography region while the dark blue colour shows the NMR region.

The local model quality graph shows the energy plot of the protein model (Figure

4.23).

 

 

Figure 4.23: (A) Rap2A protein structure analyzed by Ramachandran plot.
(B) QMEAN shows the quality estimation of the protein structure. (C) ProSA
web predicts the z score as well as the energy score of the protein model, the
darkest blue color shows that the structure belongs to the NMR region while
the lighter blue color represents the structure from the X-ray crystallography
region. (D) Local model quality graph estimate basically shows which part of

the protein model is reliable and which one is not reliable.
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4.13 Molecular Docking

For current research studies, the CB-Dock online docking tool was used for the

molecular docking process. CB-Dock presented results in five different poses in

an interactive 3D visualization. The best pose was chosen based on the lowest

vina score (KJ/m−1) (Figure 4.24). In the current study, there were 9 ligands

identified in the methanolic extract of A. carvifolia through HPLC which were

chosen for the molecular docking process that were apigenin, caffeic acid, gallic

acid, rhamnetin, rutin, ferulic acid, syringic acid, vanillic acid and quercetin. On

the basis of the best vina score, cavity size and grid map score, the four best ligands

(apigenin, caffeic acid, gallic acid, rhamnetin Figure 4.24 - 4.27) were selected

for protein-ligand interaction and molecular dynamic simulation. Further, one

synthetic drug lenvatinib was also used for protein-ligand interaction and molecular

dynamic simulation for comparison with the findings of ligand molecules (Figure

4.28). Table 4.7 presents the ligand’s vina score, cavity size, and grid map score.

 

 

Figure 4.24: A. Docking poses of apigenin
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 Figure 4.25: B. Docking poses of caffeic acid

 
Figure 4.26: C. Docking poses of gallic acid
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Figure 4.27: D. Docking poses of rhamnetin

 

 

 

 

 

 

 
Figure 4.28: E. Docking poses of lenvatinib
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Table 4.7: Docking results of ligands and standard drug against Rap2A protein

S. No Ligands Vina

Score

Cavity

Size

Molecular

Weight

g/mol

Grid

Map

Max

Energy

kcal/mol

Min

Energy

kcal/mol

01 Apigenin -9.1 716 270.24 33 14.4726 3.4818

02 Caffeic acid -7.3 716 180.16 33 1.9678 -4.2202

03 Gallic acid -6.6 718 170.12 33 11.5108 -1.1879

04 Rhamnetin -9.5 716 316.26 33 9.9008 0.3216

05 Rutin -9.5 716 610.52 33 45.7495 6.6328

06 Ferulic acid -7.6 716 194.18 33 7.3440 1.4950

07 Syringic acid -6.6 716 198.17 33 8.7418 1.1699

08 Vanillic acid -6.6 716 168.15 33 8.5008 1.7454

09 Quercetin -9.4 716 302.23 33 8.6927 3.3080

10 Lenvatinib -9.2 716 426.9 33 9.7834 -17.0994

4.14 Analysis of Docked Complex through Lig-

Plot+

Analysis of docked complexes was done by Ligplot+ protein-ligand interaction soft-

ware which automatically generated a diagram of protein-ligand interactions. These

interactions were modified through hydrophobic and hydrogen bonds. Ligplot+

generated a 2D representation of the protein-ligand complex, which facilitated the

rapid analysis of protein complexes and demonstrated informative intermolecular

interactions. So, these interactions included hydrophobic interactions, hydrogen

bonding and atom accessibilities (Table 4.8). The complex file, in PDB format, was

opened in Ligplot+ and the H-bonds and hydrophobic interactions of the docked

molecules were examined. The ligpolt+ results of four best poses of selected ligands

and protein complexes (apigenin, caffeic acid, gallic acid and rhamnetin) and one

synthetic drug complex (lenvatinib) are presented in Figure 4.29 - 4.33.
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Figure 4.29: A. Protein-ligand interaction of Rap2A with apigenin via Ligplot
Plus.

 

Figure 4.30: B. Protein-ligand interaction of Rap2A with caffeic acid via
Ligplot Plus.
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Figure 4.31: C. Protein-ligand interaction of Rap2A with gallic acid via Ligplot

Plus.

 

Figure 4.32: D. Protein-ligand interaction of rhamnetin with Rap2A via Ligplot
Plus.
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Figure 4.33: E. Protein-ligand interaction of Rap2A with lenvatinib via Ligplot
Plus.

Table 4.8: Findings of interaction between four ligands and standard drug
molecule with target protein.

S. No Ligands

& Drug

Binding

energy

Number of

hydrogen

bond

Amino

acids

HBS distance Hydrophobic

interaction

01 Apigenin -9.1 4 4 3.16 3.18 3.26

2.78

Ser145 Ala18

Gly15 Tyr32

Ile29 Lys31

Lys117 Phe28

02 Caffeic

acid

-7.3 6 4 3.06 2.78 3.11

3.20 3.20 2.99

Glu30 Tyr32

Val14 Ile29

Ser17 Gal14

03 Gallic

acid

-6.6 6 4 3.05 3.32 3.04

2.81 2.98 3.01

Ser17 Tyr32

Asp33 Pro34

Val14 Gly12

Gly30

04 Rhamnetin -9.5 6 4 3.10 2.99 2.95

2.70 2.78 3.14

Ser145 Lys117

Phe28 Glu30

Ala18 Asp119

Gly15 Ala146

Tyr32
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Table 4.8: Findings of interaction between four ligands and standard drug
molecule with target protein.

S. No Ligands

& Drug

Binding

energy

Number of

hydrogen

bond

Amino

acids

HBS distance Hydrophobic

interaction

05 Lenvatinib -9.2 4 3 3.54 3.09 3.13

3.50

Lys117 Asn116

Phe28 Ala146

Lys147 Asp119

Gly15 Ile29

Ala18 Tyr32

Asp38

4.15 Interpretation of RMSD and RMSF Values

in Docking Results

In the current research study, RMSD (Root-mean-square deviation) values in

docking results were checked. The RMSD values gave the average deviation

between the corresponding ligand and protein molecules. RMSD was used to

measure how different a calculated docking pose of a ligand is from its corresponding

co-crystallized orientation in the same protein. Pose 2 and 3 was identified as

the best pose according to RMSD rules and regulations (Figure 4.34 - 4.35). The

range value for RMSD is less than 2 and not greater than 4. RMSD values of all

five complexes are given in Table 4.9. The RMSF (root mean square fluctuation)

measured the average deviation of protein residues. It examined the area of

protein structure that deviated the greatest or leased from their mean structure.

Furthermore, the trajectories were further examined for root-mean-square deviation

(RMSD) and root-mean-square fluctuation (RMSF), ligand torsion profiles, and

protein-ligand interaction profiling with the help of the MD Simulation Interaction

Diagram module of the Desmond.
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Figure 4.34: A. Protein-ligand superimposition with RMSD and RMSF calcu-
lations.

This is the best pose and shows the strong interaction of ligands with the targeted

protein Rap2A. The ribbon-like structure is a protein (Rap2A) and in the center

sticklike structure is ligand apigenin (A), caffeic acid (B), gallic acid (C), and

rhamnetin (D).

 

Figure 4.35: B: Protein-ligand superimposition with RMSD and RMSF calcu-
lations. The green ribbon-like structure is a protein (Rap2A) and in the center

stick-like structure is the standard drug lenvatinib.
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Table 4.9: Definitions of Variables: Impact of Successive Round on Investors’
Trust

S. No. Ligands Vina

Score

RMSD

Value

Pose 1

RMSD

Value

Pose 2

RMSD

Value

Pose 3

RMSD

Value

Pose 4

RMSD

Value

Pose 5

01 Apigenin -9.1 13.952 1.297 13.926 13.926 14.410

02 Caffeic acid -7.3 13.952 1.297 13.926 13.453 14.410

03 Gallic acid -6.6 13.952 1.297 13.296 13.453 14.410

04 Rhamnetin -9.5 13.952 1.297 13.926 13.453 14.410

05 Lenvatinib -9.2 13.952 1.297 1.297 13.453 14.410

4.16 Molecular Dynamic Simulation

For molecular dynamic simulation, four ligands (apigenin, caffeic acid, gallic acid

and rhamnetin) complexes with Rap2A protein were selected while on the other

hand reference drug (lenvatinib’s complex) for comparison was chosen. Simulations

of all these complexes were run on different nanoseconds (Figure 4.36 - 4.40).

Apigenin simulation was run from 1 nanosecond to 100 ns and the apigenin was

found stable till 100 ns. The caffeic acid simulation was not so good because the

complex was unstable while performing the simulation. The simulation results

of caffeic acid showed that this complex was stable till 20 ns but after that, it

was found unstable showing that caffeic acid interaction with Rap2A protein is

not better than apigenin complex. The gallic acid complex simulation was very

poor because after 10 ns it was found unstable and unreliable. While rhamnetin

and reference drug did not show simulation as after 1 ns, their complexes showed

instability. So, from the overall simulation results of these complexes, it was

concluded that apigenin was better than all other studied complexes. According

to simulation results, the comparison of lenvatinib (reference drug) with all other

ligand complexes was not very appreciable because lenvatinib drug did not show

interaction with the targeted protein Rap2A. Therefore, the molecular dynamic

simulation results of the apigenin complex with Rap2A indicated that this complex

was far better than other complexes because till 100ns apigenin complex remained

stable showing that apigenin interaction with Rap2A protein is quite strong.
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Figure 4.36: A. The molecular dynamic simulation results of the apigenin
complex with Rap2A according to RMSD (A), RMSF (B), and GROMACS (C)

calculations.

 

Figure 4.37: B. The molecular dynamic simulation results of the caffeic acid
complex with Rap2A, according to RMSD (A), RMSF (B), and GROMACS (C)

calculations.

 

Figure 4.38: C. The molecular dynamic simulation results of the gallic acid,
according to RMSD (A), RMSF (B), and GROMACS (C) calculations.
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Figure 4.39: D. The molecular dynamic simulation results of the rhamnetin,
according to RMSD (A), RMSF (B) and GROMACS (C) calculations.

Figure 4.40: E. The molecular dynamic simulation results of the reference drug
lenvatinib, according to RMSD (A), RMSF (B) and GROMACS (C) calculations.

4.17 ADMET Properties of Ligands

A general “rule of thumb” for the valuation of drug-like properties, known as

Lipinski’s rule of 5 (Ro5), has been introduced for almost 2 decades. Selected four

ligands and one standard drug from the drug bank database followed Lipinski’s

rule of five (Table 4.10), which is a rule to evaluate drug-likeness or determination

of chemical compounds with certain pharmacological and biological activities that

would make it a likely orally active drug. According to Lipinski’s rule of five,

the Log p-value of most drug molecules should be limited to 5, molecular weight
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should be less than 500, hydrogen bond acceptor should not be greater than 10

and hydrogen bond donor should be limited to 5.

Table 4.10: A. Lipinski’s rule of five results of ligands and standard drug

S No Ligands & Drug Log

p-value

Molecular

weight

Hydrogen

bond

acceptor

Hydrogen

bond

Donor

01 Apigenin 2.5768 270.24 05 03

02 Caffeic acid 1.1956 180.159 03 03

03 Gallic acid 0.5016 170.12 04 04

04 Rhamnetin 2.291 316.265 07 04

05 Lenvatinib 4.0719 426.86 05 03

Furthermore, the selected ligands were screened for their ADMET (Pharmacoki-

netic) properties. The potential success of compounds depends on their ADMET

properties. PKCSM tool was used to find ADMET properties of ligands. Pharma-

cokinetic properties including absorption, distribution, metabolism, excretion, and

toxicity (ADMET) contribute a vital role in the compound’s screening as future

drugs. The pharmacokinetic parameters of standard drugs and lead compounds

are listed in Table 4.11. In the case of absorption properties, the solubility of water

of the reference drug was slightly lower than the apigenin and CaCO2 permeability

values of all other 3 lead compounds and the synthetic drug was also less than that

of apigenin. Lenvatinib was found to be a P-gp substrate and P-gp I/II inhibitor.

Whereas, apigenin showed itself as a p-gp substrate but not the inhibitor of P-gp I

and II. Whereas, all other three lead compounds were found neither substrate nor

inhibitor (Table 4.11). In the case of distribution properties, BBB permeability of

< -1 means no impairment to the brain. The central nervous system permeability

for lenvatinib and apigenin was found to be -2 while in the case of other lead

compounds like gallic acid, caffeic acid and rhamnetin it was found to be < -3

(Table 4.11). The Fu value of lead compounds was found to be more than lenvatinib

which showed apigenin and other lead compounds are more effective than synthetic

drug in case of unbound friction in plasma. In the case of metabolism properties,

lenvatinib showed itself as a substrate of CYP3A4 isoforms while all four lead
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compounds (apigenin caffeic acid, gallic acid rhamnetin) were not predicted as a

substrate of these isoforms. Lenvatinib was predicted as an inhibitor of CYP2C9

and CYP3A4 which is the main isoform for drug metabolism while apigenin was

found to be a CYP2C19 and CYP1A2 Inhibitor (Table 4.11). While predicting

toxicity properties, the predicted value of drug clearance as total clearance of

apigenin or other lead compounds was high as compared to synthetic drug. Total

clearance is related to bioavailability and is important for determining dosing rates.

All compounds stand in the ‘No’ category for the Renal OCT2 substrate model,

which means that they do not interfere with the normal functioning of organic

cation transporter 2 which plays a role in the renal clearance of drugs (Table 4.11).

Toxicity is the very significant parameter of ADMET properties which consists

of 9 models. Maximum tolerated dose helps to set the maximum recommended

tolerated dose, which was found to be 0.426 for lenvatinib and 0.328 for apigenin

indicating that lenvatinib is ahead in safety than lead compound (Table 4.11). It

is evident that lenvatinib showed itself as h ERG II inhibitor. Mostly h ERG

I/II inhibitors are withdrawn from the pharmaceutical market. The model named

oral rat acute toxicity (LD50) expressed as mol/kg as the amount of drug that

can cause the death of 50% of rats (test animals). LD 50 value of lenvatinib was

slightly higher than apigenin while slightly lower than the other 3 lead compounds.

Oral rat chronic toxicity (LOAEL) determines the lowest dose of a drug which can

produce adverse effects over long duration usage (chronic use) of the drug. LOAEL

predicted value of lenvatinib was found to be 1.7 and less than that of apigenin and

other 3 lead compounds which showed its potency to be more toxic than studied

bioactive compounds. Hepatotoxicity simply indicates the injury to the liver which

shows results in two categories yes/no. Lenvatinib was found to be hepatotoxic

whereas lead compounds were not. Both lenvatinib and apigenin do not cause any

allergic reactions. T. pyriformis toxicity is expressed as the negative logarithm of

the concentration required to inhibit 50% growth.
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Table 4.11: ADMET properties of ligands and standard drug.

Properties of Drug-likeliness Ligands & Drug

Apigenin Caffeic

acid

Gallic

acid

Rhamnetin Lenvatinib

Water solubility -3.3289 -2.33 -2.56 -3.213 -3.376

Caco2 permeability 1.007 0.634 -0.081 -0.361 0.031

Intestinal absorption (Human) 93.25% 69.407% 43.374% 80.214% 88.883%

Skin permeability -2.735 -2.722 -2.735 -2.735 -2.735

P- glycoprotein substrate Yes No No Yes Yes

P-glycoprotein I inhibitor No No No No Yes

P-glycoprotein II inhibitor No No No No Yes

VDss (human) 0.822 -1.098 -1.855 0.419 0.304

Fraction Unbound (human) 0.147 0.529 0.617 0.073 0

BBB permeability -0.734 -0.647 -1.102 -1.345 -1.342

CNS permeability -2.061 -2.608 -3.74 -3.235 -2.575

CYP2D6 Substrate No No No No No

CYP3A4 Substrate No No No No Yes

CYP1A2 Inhibitor Yes No No yes No

CYP2C19 Inhibitor Yes No No No No

CYP2C9 Inhibitor No No No No Yes
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Table 4.11: ADMET properties of ligands and standard drug.

Properties of Drug-likeliness Ligands & Drug

Apigenin Caffeic

acid

Gallic

acid

Rhamnetin Lenvatinib

CYP2D6 Inhibitor No No No No No

CYP3A4 Inhibitor No No No No Yes

Total clearance 0.566 0.508 0.518 0.473 0.213

Renal OCT2 substrate No No No No No

AMES Toxicity No No No No No

Max tolerated Dose (human) 0.328 1.145 0.7 0.56 0.426

hERG I inhibitor No No No No No

hERG II Inhibitor No No No No Yes

Oral Rat acute toxicity (LD50) 2.45 2.383 2.218 2.453 2.227

Oral Rat chronic toxicity (LOAEL) 2.298 2.029 3.06 2.679 1.7

Hepato toxicity No No No No Yes

Skin Sensitisation No No No No No

T. pyriformis toxicity 0.38 0.293 0.285 3.331 0.309

Minnow toxicity‘ 2.432 2.246 3.188 1.885 -0.005
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4.18 Lead Compound and Synthetic Drug Com-

parison

The comparison between the anti-cancer drug lenvatinib and the proposed lead

compound apigenin was done by comparing the properties like docking values,

physiochemical properties, interaction properties, ADMET properties and MD

simulations results. So, it was predicted that apigenin is far better than lenvatinib

reference drug on the basis of these studied parameters.



Chapter 5

Discussion

The current research work was performed to evaluate the anticancer potential of A.

carvifolia Buch extract and its silver nanoparticles against liver cancer targeting the

Rap2A gene along with apoptotic pathway genes and proteins. During this work,

a green chemistry approach was utilized for the synthesis of silver nanoparticles

using the extract of A. carvifolia Buch.

The synthesized nanoparticles and plant extract were tested on the liver cancer

cell line HePG2 to determine their antiproliferative potential. Furthermore, to

know the impact of A. carvifolia and respective silver nanoparticles on the targeted

gene Rap2A, the expression of this particular gene was determined by real-time

qPCR. Moreover, the level of protein of the Rap2A gene was also determined in

the treated and non-treated cells by the ELISA.

Apart from that, to ensure the apoptotic role of plant extract and synthesized silver

nanoparticles, apoptotic pathway genes and proteins (Bax, caspase 3, caspase, 8,

and caspase 9) were also studied by the real-time qPCR and ELISA. This study

also involved the computational analysis of metabolites identified in the extract of

A. carvifolia Buch by HPLC against the target gene Rap2A by using molecular

docking and MD simulation.

The ADMET properties of the metabolites were also determined and compared

with the standard drug.

103
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5.1 Identification of A. carvifolia Buch

DNA barcoding technique has been broadly used for the identification of species

accurately. It consists of stranded short DNA sequences as makers for quick and

authentic identification of species. This has also been identified as a renaissance

for taxonomic recognition of species and has been extensively adopted in different

applications. Recently, DNA barcoding has emerged as a novel tool for species

recognition and molecular evolutionary studies. Hence, DNA barcoding is a

molecular taxonomic bioinformatics tool which is used for species identification,

differentiation and novel species discovery as well. DNA barcoding sequences could

be amplified by adopting the universal primers recovered and routinely sequenced

for species characterization. DNA reference libraries have been designed globally,

that make possible the identification and comparison of barcode sequences of plant

species that are not familiar. Therefore, making possible biodiversity preservation,

evaluation, and sustainable utilization for different purposes [125].

In molecular biology, DNA barcoding is adopted for classifying different species at

the molecular and genetic levels using primers with 500 bp to 700 bp segments.

The most commonly used DNA barcoding markers are ITS, rbcL, psbA-trnH,

and matK for plant species due to their significance in biodiversity research and

preservation efforts [126]. The chloroplast plays a vital role in various essential

biochemical processes including photosynthesis [127]. This has been proved to be the

suitable choice for investigating phylogenetic relationships among species because

the genome of chloroplast shows a relatively conserved structure in comparison

to traditional DNA fragments. So, the features of the chloroplast genome i.e.

conserved yet subtly variable make it efficiently utilizable for applications in

advancing scientific investigations [128]. This stability of the chloroplast genome is

beneficial for species identification providing a consistent basis for this purpose.

lower mutation rates exhibiting sequences are vital for accompanying phylogenetic

analyses at higher taxonomic levels, while higher mutation rates are central for

distinctive analysis of closely related species [129].
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In the current research work, for the identification of A. carvifolia Buch, DNA

was extracted from the shoots by adopting the reported protocol [19]. The seed

germination was done on 1
2

MS media without any growth hormone following

the surface sterilization with a sterilizing solution comprising ethanol (70%) and

mercuric chloride (0.1%). The seed germination was observed in 6-8 days after

cold treatment of 2 days in the dark at 4 ◦C. Subsequently, grown plantlets of one

month were utilized for DNA extraction using the CTAB method. The quality of

extracted DNA was tested by UV-vis spectrophotometer after taking absorption at

260/280nm, which showed good quality and quantity. Furthermore, to verify the

quality of the DNA, electrophoresis (0.8% agarose gel) was carried out.

Furthermore, A. carvifolia was identified by adopting a previously reported method-

ology which involved initial steps of surface sterilization of seeds and then germi-

nation on a specific medium [92]. The optimal germination medium is critical for

the optimal growth of the plantlets. Afterward, these plantlets were utilized for

the extraction of DNA, following a formerly established protocol [130]. The use of

that already reported procedure confirmed the reliability and consistency of the

DNA extraction process, paying to the accuracy of the identification methodology

in general.

Confirming the reproducibility of the results of PCR over time is reliant upon

both the quality and quantity of DNA [130]. There are certain limitations in the

extraction of high-quality DNA, one of which is the existence of plant secondary

metabolites which adds an extra layer of complexity to the DNA extraction

procedures. This causes extra experimentation with different extraction methods

for customization to the particular plant species of interest in order to obtain

a sufficient quantity of DNA of high quality [131]. Different kinds of methods

have been tested previously to combat the difficulties related to obtaining suitable

DNA from plants. Thus, in addressing these trials, the DNA extraction procedure

applied in the current study appeared as mainly effective. This procedure not

only established an advantage in conserving the quality of DNA but also found

proficient at generating considerable quantities, paying to the sustainability and

accuracy of molecular investigations in medicinal plant research.
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In the current study, the DNA, after extraction was amplified using primers specific

to the psbA and trnH genes. PCR was performed on the prepared reaction

mixture following the reported methodology [19]. An amplified product of 500

bp was achieved from all samples successfully. As shorter length DNA barcode

is recommended to facilitate easy DNA extraction, amplification, and subsequent

sequencing. For the validation of amplified DNA, sequencing was done in triplicate

through ABI Prism 310 Automated DNA Sequencer, yielding consistent outcomes

and thus confirming the existence of nucleotides specific to the species. The

CLUSTAL W (function in BioEdit software) was used for identification purposes

and comparison of sequences [132].

Furthermore, the validity was done for amplified products which were sequenced

using the dideoxy chain termination method. Afterwards, the obtained sequences

were matched to the A. carvifolia standard psbA-trnH sequence accessible on the

NCBI web platform. This comparative analysis was a decisive step in approving

the precision and dependability of the recognized DNA, aligning with conventional

values for molecular identification in botanical research. Previously, the psbA-trnH

DNA barcode proved to be a suitable gene for the successful discrimination of

various almond varieties, along with their related species. The results showed that

the trnH-psbA plastid gene (1058 bp) was found to be the reliable gene among

the tested 14 specimens, suggesting an advanced level of diversity of nucleotides

in this explicit area [133]. In the examined poisonous plants, the non-coding

trnH-psbA intergenic spacer emerges as the most promising candidate. It displays

high universality, sequence quality, coverage, and discriminatory capabilities [134].

5.2 Synthesis and Characterization of Nanopar-

ticles

Nanotechnology is one of the newest scientific achievements leading to rising indus-

tries with the public and financial interests. This felid is a modern form of material

manufacturing by handling and operating material structures on a nanoscale [21].
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The major purpose of most nanoscience studies is to manufacture novel resources

or to formulate accessible materials. Nanoparticles show better or considerably

enhanced properties based on definite characteristics for example morphology, size

and distribution. Bulk and atomic structures vary in their characteristics and metal

nanoparticles bridge the gap among them with their exclusive physicochemical

properties, which are increased surface area, more reactivity, large surface-to-

volume ratio, spatial confinement, tunable pore size and particle morphology. The

nanoparticles made up of inert metals mainly Au, Ag, Pt and Pd are investigated

efficiently in medical applications against various diseases including cancer [135].

At the commercial level, silver metal is extensively used in nanotechnology which

contributes 5 hundred tons for the synthesis of silver nanoparticles annually [136].

Silver nanoparticles (AgNPs) have a prominent role in wound healing due to their

innate therapeutic properties [137]. They also play a prominent role in therapeutic

applications, such as through anticancer, antidiabetic, antioxidant, antimicrobial,

and antiviral activities [124].

There has been an increased number of environmental concerns, and in order to

address these concerns, nanoparticle production through a green chemistry approach

is the main focus. The utilization of eco-friendly, green chemistry approaches is in

demand to address the environmental challenges. The attractive physiochemical

characteristics of silver nanoparticles are responsible for noteworthy applications in

the field of nanomedicine. Since ages, silver has long been known to have effective

medicinal properties including antimicrobial properties and has also been utilized

for decades to combat various infections. It can be traced from the literature

that nanotechnology based nanostructured systems can enhance plant extract’s

characteristics. This might boost numerous features of the plant extracts such

as the efficacy of plant extract, continuous release of its dynamic constituents,

decreased dosage with lesser side effects and enhanced efficacy [138]. Green

synthesis of nanoparticles using eco-friendly substances is a developing branch

in nanotechnology. Recently, inspired by the perception of green chemistry, the

biological synthesis of nanoparticles has been focused on utilizing biological entities,

such as plants, algae, and microorganisms. It offers many advantages over chemical

synthesis, such as being environment-friendly, cost-effectiveness, efficient energy
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utilization, and suitability for biomedical and pharmaceutical applications. Plants

are considered to be a superior source for the synthesis of nanoparticles as compared

to chemical synthesis, as they are eco-friendly and nontoxic [139, 140].

In the current study, silver nanoparticles were synthesized using the extract of

A. carvifolia Buch at different concentrations of 10, 20, 40, 80 and 160 mg/L

to optimize the best concentration for the synthesis of silver nanoparticles by

using silver nitrate salt solution (5mM). The colour change from yellowish to dark

brown indicated the complete formation of silver nanoparticles. There are reports

describing that colour change from yellowish to dark brown is the first indication

of silver nanoparticle synthesis. Silver nanoparticles synthesized from Artemisia

sieberi showed a similar change in colour, where a solution of plant extract and silver

nitrate (2µM) turned to dark brown after mixing and complete synthesis of silver

nanoparticles [141]. Furthermore, the synthesized nanoparticles in the current study

were subjected to characterization by UV-vis spectroscopy for further confirmation

of silver nanoparticles and their optical properties. There was observed a strong

absorption peak at 450 nm for silver nanoparticles prepared from all concentrations

of plant extract. SPR (surface plasmon resonance) is responsible for UV–visible

maximum absorption of silver nanoparticles in the range of 400–500 nm. The

widening of the peak also indicates that synthesized particles are polydisperse [142].

Previously, silver nanoparticles prepared from extracts of Artemisia annua and

Artemisia sieberi also displayed characteristic absorption peaks at 410 nm and 445

nm respectively by UV-vis spectroscopy [141, 143]. The mechanism behind this is

that the absorption and scattering of light is done by the silver nanoparticles with

extraordinary efficiency and this is done because of the conduction electrons which

are present on the metal surface. These conductance electrons when excited by the

specific wavelength light undergo a collective oscillation. This oscillation is known

as a surface plasmon resonance (SPR). The absorption and scattering properties of

silver nanoparticles can be adjusted by controlling the particle size, shape, and the

local refractive index near the particle surface [144].

Besides, the different concentrations of A. carvifolia extract (160, 80, 40, 20 and

10 mg/mL) were utilized for the optimization of synthesis of AgNPs. There was
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observed a 1.5 times increase in the absorbance of the nanoparticle’s suspension

with an increase in the concentration of plant extract. The highest absorbance

was observed when nanoparticles were prepared with 160 mg/L of plant extract.

This increase in the intensity of the AgNP’s absorbance has also been observed by

other investigators [88]. Whereas, the silver nitrate solution and the A. carvifolia

plant extract showed no absorbance at 450 nm. The proportion of silver ions to

their capping and stabilizing agents determines the extent of silver nanoparticles.

Moreover, the reducing agent’s concentration and that of the metal itself also hold

a vital part in the synthesis of silver nanoparticles. In an earlier report, comparable

results were also described in the silver nanoparticles of Artemisia annua [145].

Scanning Electron Microscopy (SEM) gave additional understanding into the size

and morphology of the green synthesized silver nanoparticles. The nanoparticles

were found with a calibrated size of 80 ±6 nm. Furthermore, the shape of silver

nanoparticles was found to be icosahedron (polyhedral). It can be observed from

the SEM images that silver nanoparticles were found to be a bit agglomerated.

The magnetic behaviour of silver nanoparticles might be responsible for this and

the larger surface area to volume ratio of nanoparticles also tends to aggregate

them for the reduction of their surface energy. Moreover, biocompatible polymers

can be coated on the surface of nanoparticles to avoid this process [146].

The functionality and toxicity of nanoparticles on the environment and other

organisms is majorly dependent on their size, shape and morphological features.

Likewise, the size of nanoparticles might increase their surface area with increased

efficacy by enhanced uptake of cells. Different biomolecules and phytocompounds

found in plants are responsible for shaping the size and morphology of nanoparticles.

The silver nanoparticles of Artemisia absinthium were found to have a size of 50

nm with a spherical shape [147]. The silver nanoparticles of Artemisia annua were

found to be in the range of 49.4 to 88 nm with a spherical shape as well [143].

FTIR was carried out to find the latent natural compounds in A. carvifolia Buch

plant extract which were involved in the synthesis of nanoparticles. The spectra

depicted changes between 800-1500 cm−1 which confirmed the involvement of

flavonoids, phenolics and lipid-containing oils having aldehydes and ketonic bonds.
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Ketones with carbonyl (C–O) stretching vibration were observed at 1000-1140

cm−1. It was confirmed from FTIR investigations, that the amino acid and proteins

resulting in carbonyl gatherings have the extra beached capacity to bind with metal,

displaying that the proteins might be involved in shaping the metal nanoparticles.

Previously, silver nanoparticles of Artemisia marschalliana showed similar peaks

showing the vibrations of carbonyl (C–O) [148]. Similarly, the =C-O stretching

between the 1100-1350 cm−1 may go with the lipid’s carboxyl groups. Similar

findings were observed for nanoparticles of Artemisia annua [145]. There was

observed change in the range of 1331-1334 cm−1 showing the involvement of

carboxyl groups in the synthesis of the silver nanoparticle.

The phytochemical analysis of previously reported silver nanoparticles of A. sieberi

showed the presence of amines, carboxylic groups and alkenes [141]. Another FTIR

report of A. sieberi silver nanoparticles showed the peaks for hydroxyl groups,

alkanes, alkenes, amides, and amines [149]. In addition, the study conducted by

Alotibi and Rizwana (2019) revealed that the methanolic extract of A. sieberi

was rich in the functional groups of OH, CH stretching, C=O stretching, and

aromatic skeletal stretches, which agreed with the current results as well [150].

Besides, some other species of the Artemisia genus had a similar composition of

alkyl halides, alkanes, alkenes, aldehydes, and amide groups, such as Artemisia

maritima, Artemisia indica and Artemisia vestita [141].

Additionally, EDS was used to study the elemental composition of silver nanopar-

ticles which showed silver as the major element. Furthermore, the prepared

nanoparticles did not exhibit any nitrogen indicating the absence of noticeable

traces of ions from the AgNO3 precursor used, which confirms the presence of

metallic silver in the sample and evidence of successful reduction of silver ions [95].

Moreover, carbon and oxygen atoms were also found in the EDS spectra confirming

the presence of phytochemicals on the silver nanoparticle’s surface which act as cap-

ping and stabilizing agents of nanoparticles [140]. A similar pattern of EDS spectra

was observed in the case of silver nanoparticles of Artemisia annua, Artemisia

sieberi and Artemisia absinthium [141, 143, 147]. X-ray crystallography results

showed the crystalline nature of silver nanoparticles with identified peaks [38.23 (1
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1 1), 44.41 (2 0 0), 64.38 (2 2 0), 77.5 (3 1 1)] at 20 degrees. These findings were

found in agreement with the standard ICSD No. 98-018-0878 [96, 124]. A similar

XRD pattern was observed for the silver nanoparticles of Artemisia monosperma

[151].

5.3 Cytotoxicity Analysis of Plant Extract and

Nanoparticles

Cancer is a global threat to human lives that occurs due to the uncontrolled growth

of abnormally organized tissues [1]. Recently, based on the reported data, the

number of newly diagnosed cancer cases reached more than 19 million, which led to

10 million deaths in 2020 [2, 152]. There are various curative treatments available

for cancer patients like surgery, radiation and chemotherapy, immunotherapy and

hormonal therapy. However, due to a lack of precise and targeted delivery to

neoplastic tissues, such approaches cause various side effects [153]. Due to this,

there is an urgent need to design alternative novel anticancer therapies to target

cancer management. Nanomaterials prepared in a natural way could be adopted

as a potential candidate that can ensure targeted drug therapy with minimal side

effects [153]. In comparison to free pharmaceuticals, nanomedicines offer a number

of advantages, including enhanced selectivity, which lowers systemic toxicity and

improves drug penetration into the targeted tissue while delaying the onset of

early degradation in the compounds. Metallic nanoparticles (MNPs) have a lot of

potential for medicinal applications like cancer treatment. They can be prepared

using a simple and basic method using several physicochemical techniques which

makes them potential candidates for anticancer medications [96].

To study the cytotoxic potential of silver nanoparticles, samples were tested

against liver cancer cell lines HepG2. In this study, four different concentrations of

synthesized silver nanoparticles and plant extract (10, 20, 30, 40 and 50 µM) were

used to study their cytotoxicity. The percentage of cell viability of HePG2 cells was

found to be decreased more at the higher concentration (50 µM) than at the lower
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concentration (10 µM). Plant extract and silver nanoparticles showed cytotoxicity

in a concentration dependent manner indicating their increased cytotoxicity at

higher concentrations. Furthermore, IC50 of silver nanoparticles was found 2.57 µM

for HepG2 cells, while for plant extract it was 11.57 µM. The statistical significance

of the data was also observed.

Previously synthesized silver nanoparticles of Artemisia marschalliana were found

active when tested against the cells of gastric carcinoma [148]. Another report of

synthesized biogenic silver nanoparticles of the copperpod plant showed significant

cytotoxicity against MCF7 and HePG2 cell lines [154]. Previously, green synthesized

silver nanoparticles have been shown to exhibit anticancer activity against MCF7

and HePG2 cell lines, while, silver oxide nanoparticles were found cytotoxic to

HePG2 and Chang liver cells [155]. In another study, maleic-acid and citric acid-

capped silver particles were reported to have an inhibitory role against liver cancer

cell line (HePG2) [96] and those synthesized by green chemistry approach using

extract of Mentha asiatica were also found to have similar results against the same

liver cancer cell line [95].

According to ISO standards, a reduction of cell viability by more than 30% is

considered to indicate cytotoxicity. The fact is that silver nanoparticles induce

toxicity because of the generation of ROS and oxidative stress, and it is also reported

that toxicity is dependent on the size of the nanoparticles [156]. Another report

describes that the development of the immune response by silver nanoparticles is

size dependent. In that study, treatment of various sized silver nanoparticles (4,

20, and 70 nm) was given to human macrophages (U-937), and it was observed

that nanoparticles which were smallest in size showed the highest proinflammatory

activity (by releasing cytokines and inducing oxidative stress) [157].

Apoptosis induced by silver nanoparticles of Artemisia monosperma against human

breast cancer cells has already been reported with an IC50 value of 32 µg/mL, which

occurred possibly because of the translocation of the AgNPs within the nucleus

and was mediated by ROS generation and mitochondrial dysfunction [151]. AgNPS

were also found cytotoxic to decrease the viability of MCF-7, HePG2 and HeLa cells

[96]. Moreover, it was revealed that silver colloids treated MCF-7 breast cancer
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cells exhibited considerably decreased dehydrogenase activity, causing reduced

NADH/NAD+, consequently, reduced mitochondrial membrane potential leads

to cell death. Another report elaborated that, phagocytized silver nanoparticles

totally block the cell cycle in the S-phase and excite inflammatory signaling through

ROS generation, which finally induces the secretion of TNF-α [155].

5.4 Gene Expression and Protein Analysis of

Rap2A, Bax and Caspases

Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer

which is the 6th leading cancer in prevalence and the 4th most common source of

cancer-related deaths globally [3]. There are many causes of hepatocellular carci-

noma, including chronic liver disease, HBV and HCV infection, and nonalcoholic

steatohepatitis [4]. Numerous possible biomarkers have been identified by the latest

development of high throughput sequencing data for determining the prognosis of

patients [9]. Rap proteins belong to the Ras GTPase binding family having 50 to

60 % similarity of sequence with RAS protein. The variety and accuracy of both

proteins are determined through various parts of GEFs and GAP. In human genes,

five special genes of the RAP family such as RAP 1A, 1B, 2A, 2B and 2C have

been recognized. RAP proteins mainly play a role in cell adhesion, movement and

polarity [158]. The result of RAP gene commencement relies on the context-precise

contact of the RAP gene with their monitors and downstream effectors.

In the current study, the level of expression of the target gene of liver cancer

(Rap2A) in silver nanoparticles and plant extract-treated HePG2 cells was found to

be significantly decreased as compared to untreated cells indicating its role as an

oncogene in liver cancer. The experiment was run with the IC50 of plant extract

and synthesized silver nanoparticles and it was observed that expression of Rap2A

gene was decreased more prominently in HePG2 cells treated with synthesized silver

nanoparticles than that of plant extract. Previously, the expression of Rap genes in

HCC was studied by detailed molecular and clinical features. In that study, there
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was observed a strong association of the Rap2A gene in HCC by pathway analysis

including both metabolic pathways and those related to the cell cycle. Where it

was observed that Rap2A showed a robust capability to differentiate tumors from

normal tissues. The expression of Rap2A was related to the modification of its

copy numbers and DNA methylation [11].

The cancerous role of the Rap gene has been recognized in various forms of

tumors for instance breast, lung, ovary stomach, cervix, prostate, and brain tumors

[11]. Estimated indication advocates that Rap proteins also take part in serious

functions in HCC and cancer development. Single nucleotide polymorphism in the

RaP1A gene (rs494453) has been represented to be linked among high occurrence

and reappearance after transplantation of the liver. More advanced action of

the NF-κB/RAP1 signaling channel is linked to tumorigenicity in hepatocellular

carcinoma [159]. There has been a strong link between liver inflammation and

RaP1A expression, which is a risk factor for liver carcinogenesis [12].

Furthermore, the stimulatory effects of synthesized silver nanoparticles and plant

extract on the Bax gene up-regulation were also studied. Similarly, the experi-

ment was run with the IC50 of plant extract and synthesized silver nanoparticles.

Synthesized silver nanoparticles caused more upregulation of the Bax gene in

HePG2 cells than that of plant extract. High levels of expression of the Bax gene

suggested the role of silver nanoparticles in HePG2 cell apoptosis through an

intrinsic apoptotic pathway. In a previous study, similar findings were observed,

where silver nanoparticles significantly increased Bax gene expression in the liver

cancer cell line. It was also reported that the relative level of the dimerization

pattern of the Bax protein shifts the cell to survival or cell death [160]. Moreover,

caspase-3, caspase-8 and caspase-9 genes were also evaluated for relative expression

to determine the apoptotic role of synthesized silver nanoparticles against treated

cells. It was found that silver nanoparticles brought up-regulation of all studied

caspase gene expression in HepG2 cells.

Apoptosis is a process of programmed cell death and there are different genes

involved in the regulation of this process including upregulation or activation of

Bax gene expression and death caspases. BAX (key gene in extrinsic IL-3 mediated
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apoptosis cascade), CASP 3 (the chief executioner of programmed cell death in

extrinsic and intrinsic signaling cascade), CASP 8 (starter gene in TNF-α apoptosis

cascade) and CASP 9 (starter gene in intrinsic apoptosis cascade) genes showed

increased expression in HepG2 cells as compared to control group signifying the

cytotoxic role of synthesized nanoparticles in the activation of apoptotic pathway.

Furthermore, the level of proteins of all studied genes was also evaluated and similar

findings were observed which confirmed the activation of programmed cell death

of nanoparticles treated HepG2 cells [160]. The Rap2A protein was found to be

decreased in plant extract and silver nanoparticles treated cells, whereas the level

of Bax and caspase-3, caspase-8 and caspase-9 proteins were found to be increased

in the HePG2 cells treated with silver nanoparticles and plant extract. Likewise,

synthesized silver nanoparticles caused more downregulation of Rap2A protein

and more upregulation of apoptotic proteins than plant extract. Caspases are

regulators of apoptosis and inflammation, having a critical role in the pathways of

cell death. In this study, the synthesized silver nanoparticle’s effects were evaluated

in the cascades of caspases, as they are the main executioners of apoptosis and

cell death pathways in signal transduction [161]. Certain precursors are cleaved by

the effector caspases -3/-7 resulting in cell apoptosis. These effector caspases are

activated by caspases -8 and -9 [162].

5.5 Phytochemical Analysis of A. carvifolia

Buch

The genus Artemisia L. belonging to the Asteraceae family exhibits efficient and

therapeutic implications. Plants of this group are frequently found in the moderate

sectors of the northern hemisphere with an inadequate number of species in the

southern hemisphere of the globe [163]. It contains approximately 500 species of

both herbs and shrubs and is a different genus of the Anthemideae tribe [163, 164].

The financial significance of numerous plants of Artemisia species is because of

their consumption as aesthetics, feedstuff, fodder, therapeutics, and soil binder,
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although some species are allergic and toxic weeds [163]. The artemisia genus is

reported to have medicinal properties including antioxidant, anti-inflammatory, and

antimicrobial with numerous anti-cancer compounds present in it [17]. Artemisia

carvifolia Buch has been reported to have antidiabetic, antimalarial and anticancer

properties. It has also been reported to have phytoconstituents including flavonoids,

artemisinin and derivatives with anticancer properties [18–20].

The absorption spectra and retention time of 9 standard polyphenols including

ferulic acid, apigenin, caffeic acid, syringic acid, rutin, gallic acid, vanillic acid,

rhamnetin and quercetin were used to study the HPLC profile of methanolic extract

of A. carvifolia. The highest concentration found was that of rhamnetin which was

1.65 µg/mg. The second highest concentration found was that of apigenin (1.39

µg/mg) while the lowest concentration found was that of quercetin (0.12 µg/mg).

Previously, polyphenols or flavonoids have been spotted in various Artemisia species

[100, 165]. Formerly some of the flavonoids in Artemisia carvifolia plant extract

were detected [18, 19] but rhamnetin and ferulic acid were detected first time in

this plant extract this time.

Earlier research has identified flavonoids or polyphenols in various Artemisia species

such as A. absinthium [166], A. abrotanum [167, 168], A. arborescens [169], A.

annua [100, 170], A. asiatica [171], A. capillaris [171], A. afra [172]. When A.

dubia dried plant material of both control and transformed were subjected to

phytochemical analysis, the results showed that the transformed plant material

produced more flavonoids and phenolic compounds than the untransformed shoots

and roots [173].

Numerous chromatographic methods i.e. gas chromatography (GC), paper chro-

matography (PC), capillary electrophoresis (CE), thin-layer chromatography (TLC),

and high-performance liquid chromatography (HPLC), have been used to deter-

mine flavonoids [174]. The two most popular techniques for characterizing and

quantifying known flavonoids are mass spectrometry (MS) and high-performance

liquid chromatography (HPLC) combined with DAD/PDA detectors [175]. The

identification and separation of nonvolatile substances can be accomplished with

high selectivity and sensitivity using the simple HPLC method, which eliminates
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the need for additional derivatization steps. This is the most desirable method

for identifying specific flavonoids in all their matrices, including foods, medicines,

biological samples, and beverages, due to its availability, flexibility, and variety of

separation columns and coupling detectors [174].

Typically, heated reflux extraction techniques are used to extract flavonoids from a

variety of solvents, including water, acetone, methanol, ethanol, or a combination

of these solvents. In order to extract polyphenols from plant samples, they must

be freeze dried, air dried, or oven dried. In a study, plant extracts of Dryopteris

erythrosora that were first dried in the air before being dried in an oven showed

the highest level of total flavonoid content when compared to plant extracts that

were dried in an oven directly [176].

HPLC coupled with DAD is a beneficial tool for quantifying suitable polyphenols,

actually this approach by its mobile phase allows perfect separation of compounds.

The compounds are determined via a comparison of retention time [177]. HPLC,

ESI, and MS are more sensitive analytical tools and very competent approaches

for the characterization of low and high molecular weight metabolites including

phenolic and non-phenolic compounds [178]. Usually, phenolic acids and flavonoids

are determined among the phytochemicals of medicinal plants by adopting HPLC

with a DAD detector. It was reported that the HPLC technique was utilized to

estimate some of these phenolics in Moringa oleifera by using gradient acetonitrile

and methanol [179, 180]. In the current research work, successful quantitative and

qualitative analyses of flavonoids and their derivatives were carried out using the

HPLC system along with ultraviolet detector which proved to be an optimal and

valid technique for the detection and quantification of flavonoids.

5.6 Computational Analysis

Naturally occurring compounds and their related drugs are being consumed these

days to cure almost 87 % of human diseases as well as various microbial dis-

eases, cancer, and immunological disorders. It has been revealed that nearly 25

% of approved drugs globally are acquired from plants. In various developing
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countries approximately 80 % population uses drugs obtained through plants for

health-related problems [181]. The drug designing process includes computational

methods of virtual screening which uses huge databases of molecular structures,

designed by computational techniques. By this approach, it is possible to recognize

molecules more susceptible to binding to the molecular drug targets typically a

protein or enzyme receptor [60, 182, 183]. Furthermore, it also includes classical

molecular dynamic simulations which are initiated from an atomistic depiction of

the system and permit studying its deterministic evolution over time by Newton’s

laws of motion. Molecular dynamic simulation is an atomistic strategy offering the

opportunity of using computationally intensive every atom’s simulation methods

that may be clear like an atomic microscope. MDS permits accessing atomic motion

at a femtosecond time scale, therefore, permits In-silco studies of protein dynamics

that agree with the mainly detailed experimental studies [184].

The primary structure of Rap2A protein was retrieved and physiochemical properties

were analyzed by ProtParam Expasy. Afterwards, Rap2A protein with pdb id 2rap

was selected from the Protein Data Bank (PDB) and the 3D structure of Rap2A

was downloaded in pdb format. The small G protein Rap2A has been crystallized

in complex with GDP and GTP’S. The Rap2A GTP complex is the first structure

of a small G protein. The Rap2A-GTP complex (PDB 3RAP) is the most similar

model in PDB to Rap1B-GTP, but despite the almost perfect conservation of

switch I and switch II, the models show marked differences [114].

For refining the protein structure pymol software was used. Ramachandran plot was

used for the evaluation of protein model quality. This tool carried out stereochemical

analysis of a protein structure by analyzing residues through residues geometry and

overall protein structural conformation and validation [185]. QMEAN (quantitative

model energy analysis) was used to analyze the quantitative model energy of a

protein structure and the quality of a protein. [186]. The ProSA program calculated

the overall quality of the protein structure and also recognized the identification

method of the protein structure. This model showed two identification methods, one

was the X-ray crystallography method and the other was the NMR identification

method. The Z score calculated was -6.31 showing that the model structure quality
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was best as this score is within the range indicating better protein quality. But if

the score is not within range, the structure is considered invalid. The light blue

colour represents the X-ray crystallography region while the dark blue colour shows

the NMR region [187].

The physicochemical properties of the protein, the composition comprising of type

of amino acid, their ratio, the net charge of the protein, and its stability index play

a vital role in determining the structure as well as the function of a protein [188].

Furthermore, the fundamental unit of protein structure and function are protein

domains which are local, dense units of structure, whose interior is hydrophobic

and exterior is hydrophilic. The domains form a final globular-like state with no

further ability to be subdivided in terms of structure. These functional domains

work either independently or in cooperation with neighboring domains. Proteins’

specific function is based on the specific domains of that particular protein which

makes it different from others. Hence, the identification of protein domains is

fundamental for the classification of proteins and establishing their functions as

well as for the prediction of protein structure design [189].

The structure of proteins plays an integral part in determining their functions.

PDB is the main library for determining the 3D structure of biological macro-

molecules including proteins at atomic level. This database provides everlasting

and skillful resources for structural biologists to archive and explore their work,

present mechanisms for reproducibility ensuring the biomolecular structures and

also facilitates widely to researchers across scientific disciplines [190]. The structure

of macromolecules obtained through PDB is validated by the Ramachandran plot

which is the main quality metrics utilized in the authentication of the protein’s

atomic model’s quality. Validation is considered an integral part of obtaining 3D

models of macromolecules either through X-ray crystallography, or cryoelectronic

microscopy as well as for the interpretation of the model’s quality obtained through

PDB [191].

The PubChem database was used for downloading the 2D structures and infor-

mation of identified ligands of A. carvifolia i.e. apigenin, caffeic acid, gallic acid,
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rhamnetin, rutin, ferulic acid, syringic acid, vanillic acid and quercetin, and stan-

dard drug lenvatinib [192]. The energy minimization of ligands was carried out by

ChemPro software chem12 as a preliminary step in the preparation of ligands for

docking as unstable ligands present unpredictable vina scores in docking results.

For current research studies, the CB-Dock online docking tool was used for the

molecular docking process [193]. Based on the best vina score, cavity size and grid

map score, the four best ligands (apigenin, caffeic acid, gallic acid, rhamnetin) were

selected for protein-ligand interaction and molecular dynamic simulation along

with lenvatinib as a standard drug.

Molecular docking is adopted widely for studying the binding affinity, interactions

and biological activity of peptides proteins and other macromolecules which is a

key tool in computer-assisted drug designing and structural molecular biology. The

purpose here is to predict the predominant binding mode(s) of a ligand with a

protein of known three-dimensional structure. Successful docking methods search

high-dimensional spaces effectively and use a scoring function that correctly ranks

candidate dockings. Docking can be used to perform virtual screening on large

libraries of compounds, rank the results, and propose structural hypotheses of how

the ligands inhibit the target, which is invaluable in lead optimization [194].

In the current research study, RMSD (Root-mean-square deviation) values in

docking results were checked. The RMSD values gave the average deviation

between the corresponding ligand and protein molecules. RMSD was used to

measure how different a calculated docking pose of a ligand is from its corresponding

co-crystallized orientation in the same protein [195]. Pose 2 was identified as the

best pose according to RMSD rules and regulations. The range value for RMSD

is less than 2 and not greater than 4. The RMSF (root mean square fluctuation)

measured the average deviation of protein residues. It examined the area of

protein structure that deviated the greatest or leased from their mean structure.

Furthermore, the trajectories were further examined for root-mean-square deviation

(RMSD) and root-mean-square fluctuation (RMSF), ligand torsion profiles, and

protein-ligand interaction profiling with the help of the MD Simulation Interaction

Diagram module of the Desmond [196].
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For molecular dynamic simulation, four ligands (apigenin, caffeic acid, gallic acid

and rhamnetin) complexes with Rap2A protein were selected while on the other

hand reference drug (lenvatinib’s complex) for comparison was chosen. Simulations

of all these complexes were run on different nano seconds. Apigenin simulation

was run from 1 nano second to 100 ns and the apigenin was found stable till 100ns.

Caffeic acid simulation was not so good because the complex was unstable while

performing the simulation. The simulation results of caffeic acid showed that this

complex was stable till 20ns but after that it was found unstable showing that caffeic

acid interaction with Rap2A protein is not better than apigenin complex. The gallic

acid complex simulation was very poor because after 10 ns it was found unstable

and unreliable. While rhamnetin and reference drug did not show simulation as

after 1 ns, their complexes showed instability. So, from over all simulation results

of these complexes, it was concluded that apigenin is better than all other studied

complexes. According to simulation results, the comparison of lenvatinib (reference

drug) with all other ligand complexes was not much appreciable because lenvatinib

drug did not show interaction with the targeted protein Rap2A. Therefore, the

molecular dynamic simulation results of the apigenin complex with Rap2A indicated

that this complex was far better than other complexes because till 100 ns apigenin

complex remained stable showing that apigenin interaction with Rap2A protein is

quite strong.

Molecular dynamic simulation has evolved as the most powerful method to in-

vestigate and analyze biomolecular dynamics, with the introduction of high-end

processing capacity in the simulation that can be performed between micro second

to nano second that can accurately describe the dynamics of any system. For

molecular dynamic stimulation, many force fields such as GROMACS [197], AM-

BER and CHARMM are the extensively used methods, which may offer exact

information on the movement and flexibility of protein complexes, that contribute

to the interaction of dynamics with protein ligands complexes [198].

Selected four ligands and one standard drug from the drug bank database followed

Lipinski’s rule of five, which is a rule to evaluate drug-likeness or determination of

chemical compounds with certain pharmacological and biological activities that
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would make it a likely orally active drug. According to Lipinski’s rule of five,

the Log p-value of most drug molecules should be limited to 5, molecular weight

should be less than 500, hydrogen bond acceptor should not be greater than 10

and hydrogen bond donor should be limited to 5. A general “rule of thumb” for

the valuation of drug-like properties, known as Lipinski’s rule of 5 (Ro5), has been

introduced for almost 2 decades [199].

Furthermore, the selected ligands were screened for their ADMET (Pharmacoki-

netic) properties. The potential success of compounds depends on their ADMET

properties. PKCSM tool was used to find ADMET properties of ligands. Phar-

macokinetic properties including absorption, distribution, metabolism, excretion,

and toxicity (ADMET) play a critical role in the screening of compounds as drug

candidates. In the case of absorption properties, the water solubility of the reference

drug was slightly less than the apigenin and CaCO2 permeability values of all other

3 lead compounds and the synthetic drug was also less than that of apigenin. The

Fu value of lead compounds was found to be more than lenvatinib which showed

apigenin and other lead compounds are more effective than synthetic drug in case

of unbound friction in plasma. While predicting toxicity properties, the predicted

value of drug clearance as total clearance of apigenin or other lead compounds was

high as compared to synthetic drug. Total clearance is related to bioavailability and

is important for determining dosing rates. Toxicity is the very significant parameter

of ADMET properties which consists of 9 models. Maximum tolerated dose helps

to set the maximum recommended tolerated dose, which was found to be 0.426 for

lenvatinib and 0.328 for apigenin indicating that lenvatinib is ahead in safety than

lead compound. LOAEL predicted value of lenvatinib was found to be 1.7 and less

than that of apigenin and other 3 lead compounds which showed its potency to be

more toxic than studied bioactive compounds. Hepatotoxicity simply indicates the

injury to the liver which shows results in two categories yes/no. Lenvatinib was

found to be hepatotoxic whereas lead compounds were not. Both lenvatinib and

apigenin do not cause any allergic reactions. T. pyriformis toxicity is expressed as

the negative logarithm of the concentration required to inhibit 50% growth. The

main aim of our research was to determine the pharmacokinetic profile of four A.



Discussion 123

carvifolia metabolites and one synthetic drug by adopting PKCSM and SwissAME

computational techniques.

The comparison between an anti-cancer drug for liver cancer (lenvatinib) and the

proposed lead compound apigenin was done by comparing properties like docking

values, physiochemical properties, interaction properties, ADMET properties and

simulation results. So, it was predicted that apigenin is so far batter then lenvatinib

reference drug on the basis of these studied parameters. In recent years, this

potential compound apigenin has been recognized as a health-promoting drug

because of its poor intrinsic toxicity and discrete activities on normal versus cancer

cells due to its anti-oxidant as well as anti-inflammatory activities [200]. Apigenin

has demonstrated broad antitumor impacts against a multitude of cancers, such as

melanoma, osteosarcoma, breast, colorectal, liver, lung, and prostate cancers. It is

found that this potent molecule induces cell apoptosis/autophagy and modulation

of the cell cycle to suppress tumor cell proliferation [201].

Thus, in the current study, the extract of Artemisia carvifolia Buch was found

effective in downregulating the Rap2A gene in the liver cancer cell line HePG2.

There was observed a significant decrease in the expression of the Rap2A gene

and protein in a treated cell line, along with the increased level of apoptotic genes

and proteins as compared to untreated cells [202]. Thus, the Rap2A gene can be

a potential drug target and apigenin can be a potential drug candidate for liver

cancer as proposed by the current study.
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Conclusion

The world is facing the challenge of liver cancer which is one of the main

reasons of death worldwide. In Pakistan, this disease is increasing and may

show the most widespread tumor in adult men. Therapeutic plants play a

helpful part in the treatment of cancers and other illnesses. Artemisia species

has therapeutic and efficient implications against various diseases. Medicinal

plants and plant-based medicines are being used in healthcare since ancient

times. There has been tremendous research worldwide to establish their

medicinal properties and many have led to the development of valuable drugs

and medicines.

Nanotechnology has gained significant importance in the current era for en-

hancing the efficacy and therapeutic potential of medicinal plant extracts and

metabolites present in them. The aim of the present research work was to

analyze the A. carvifolia Buch extract and respective silver nanoparticles for

efficacy against liver cancer cell line HepG2. Furthermore, it also aimed to

screen the extract of this plant for the presence of important metabolites specif-

ically the flavonoids and to test those metabolite’s interaction with Rap2A

protein by molecular docking and molecular dynamic simulation. Moreover,

the ADMET properties of these metabolites were also determined. This is the

first-ever report describing the synthesis and efficacy of silver nanoparticles of

A. carvifolia Buch against liver cancer.

124
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Observations of the current study are important to throw light on the efficacy of

A. carvifolia Buch plant extract and its AgNps where a green chemistry approach

was utilized that led to the successful development of AgNps because of stabilizing

agents in A. carvifolia Buch plant extract. The A. carvifolia Buch plant extract

and respective silver nanoparticles were found effective drug candidates against

liver cancer targeting the Rap2A gene. Amazingly, silver nanoparticles displayed

significant cytotoxic potential against liver cancer cell lines.

Rap2A gene expression and protein level were found to be down-regulated in the

liver cancer cell line after treatment with silver nanoparticles and plant extract.

Furthermore, the apoptotic role of synthesized silver nanoparticles and plant extract

was confirmed by higher gene expression of apoptotic pathway genes and proteins

including Bax, caspase 3, caspase 8 and caspase 9. The efficacy of synthesized

silver nanoparticles was found more than the plant extract. Thus, the current

study also provides evidence for using the Rap2A gene as a potential drug target

for the treatment of liver cancer.

Moreover, polyphenols including ferulic acid, apigenin, caffeic acid, syringic

acid, rutin, gallic acid, vanillic acid, rhamnetin and quercetin were also studied

in the HPLC profile of methanolic extract of A. carvifolia. The detected

metabolites of A. carvifolia were used for the molecular docking against

Rap2A protein to determine its capability to be used as a potential drug

target for liver cancer. After the complete protein model evaluation along

with detailed analysis of binding scores, physiochemical properties, interaction

and ADMET properties, RMSD and RMSF interpretation, and Molecular

Dynamics Simulations, the four best ligands named apigenin, caffeic acid,

gallic acid, and rhamnetin were identified as hit compounds inhibiting Rap2A

protein. Eventually, apigenin was identified as a lead compound out of these

four compounds based on the findings. Based on all the above-mentioned

parameters, it was concluded that apigenin could be a better anticancer drug

candidate against liver cancer having the efficient ability to inhibit the Rap2A

gene which can be a new drug target for liver cancer. Moreover, apigenin was
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also found better in comparison to the synthetic drug lenvatinib, against liver

cancer suggesting its anticancer potential against liver cancer.

6.1 Future Recommendation

The current study provides evidence for using the Rap2A gene as a potential drug

target for the treatment of liver cancer. However, further studies are needed to be

done in this regard for confirmation in animal models. Future recommendations of

the current study are given below:

1. The anti-cancerous potential of A. carvifolia Buch against liver cancer can

be tested by producing its metallic nanoparticles of different metals i.e. Au,

Cu, Fe Zn etc.

2. Gene targets of metallic nanoparticles and extracts other than the Rap2A

gene can explored.

3. A new possible inhibitor for the Rap gene signaling cascade can be explored

by targeting other metabolites present in this plant extract.

4. New cancer biomarkers in human liver cancer can be studied belonging to

the same gene family other than the Rap2A gene.

5. Animal models and clinical trials should be performed to confirm the Rap2A

gene as a potential biomarker for liver cancer diagnosis and treatment.

6. The Rap2A gene can be explored for its potential as an oncogene in other

tumors as well.

7. A. carvifolia extract and its nanoparticles can be studied for efficacy against

other cancers as well.

8. Other apoptotic markers can be studied to further confirm the efficacy of A.

carvifolia extract and respective nanoparticles as apoptotic agents.
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9. Other analytical techniques i.e. GC-MS or LC-MS can be performed to

determine the presence of other metabolites in the extract of A. carvifolia

Buch.

10. Detailed mechanism of action of A. carvifolia Buch and respective nanoparti-

cles can be explored by targeting further gene and protein targets.
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