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Abstract 

 

In recent years, liver cancer has grown to become one of the most challenging and 

prevalent issues in the healthcare sector with millions of deaths each year. However, the 

issue with the disease lies in the late diagnosis and weak prognosis of the majority of 

patients. Moreover, conventional treatments are highly toxic and unaffordable for the 

majority of patients. Our study investigates the anticancer efficacy of Dihydroquercetin 

compound, on HepG2 cell lines of liver cancer shown promising antioxidant and anti-

inflammatory properties. In silico and Invitro analysis of Dihydroquercetin ligand was 

performed using ADMET analysis, Pharmacophore analysis and GCMS analysis to 

understand the metabolomics of Liver cancer. Our results demonstrated strong binding 

affinity of DHQ with Serine/threonine-protein kinase mTOR which had a vina score of -

8.3 which showed potential for being used as a target metabolite for the drug, and 

through this we can downregulate the glycolysis pathway in cancer cells. This research 

will help researchers to further investigate on creating more effective and anti-cancer 

drugs which will have a significant impact on survival rate. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Despite being one of the most widely studied diseases of all time, cancer is an enigma. 

Hundreds, if not thousands, of drugs, have been tested on different cancers, and a few of 

them have been approved to be used clinically on humans as effective treatments over the 

years. Despite this, cancer still presents itself as a problem with its ever-evolving 

characteristics requiring constant modifications in treatment and prognosis mechanisms. 

1.2 Development of cancer 

Cancer develops due to multistep processes resulting in the accumulation of several 

genomic alterations, characterized by unrestricted proliferation of cells in the body, 

invasion of these cells, and metastasis of these cells to different parts of the organism. 

There could be multiple reasons for such an occurrence which include but are not limited 

to chromosomal abnormalities, epigenetic changes, mutations and SNPs in mRNAs and 

miRNAs, cell cycle dysregulation such as bypassing of cells at certain checkpoints in the 

cell cycle hence allowing for uncontrolled division of cells, presence of hereditary 

oncogenes leading to cancers and many more. 

The early spread of cancer cells is usually undetected by current imaging technologies. 

Patients with cancer in the initial stages sometimes exhibit no signs of metastases. Given 

this, specific sensitive methods have been developed to detect circulating tumor cells 

(CTCs) in the peripheral blood and disseminated tumor cells (DTCs) in the bone marrow. 

These technologies can be classified into cytometric and immunological and molecular 

approaches. It is essential to understand that cancer development not only changes cell 

morphology but also physiology. Many metabolic pathways are altered during the 
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development of cancers. This leads to important changes in the synthesis and 

modifications of metabolites of these pathways. Studying the changes in their expression, 

quantity, and post-transcriptional modifications could help us utilize them to manipulate 

these pathways for cancer prevention and treatment and develop potentially better 

diagnostic tools for the early detection of these cancers. 

1.3 Primary Liver Cancer  

Primary Liver Cancer is the 7th most common occurring cancer in the world and ranks 

4th in mortality. There are two types of primary liver cancer hepatocellular carcinoma 

(HCC) and intrahepatic cholangiocarcinoma (ICC). Persistent illness caused by hepatitis 

B (HBV) and hepatitis C virus (HCV) are the major causes of HCC; in the hepatocytes, 

there is inflammation due to oxidative stress, which causes chronic liver diseases. ICC 

happens in the epithelial cells of the bile duct, i.e. cholangiocytes. (Petrick & McGlynn, 

2019). 

1.4 Epidemiology of Hepatocellular Carcinoma  

Nearly 73.4% of hepatocellular carcinoma (HCC) cases are reported due to hepatitis C 

virus (HCV), and hepatitis B (HBV) causes two times as many cases as HCV. It was 

reported by the world health organization (WHO) 3.5% of the world’s population was 

infected, and 88,700 mortalities were due to cirrhosis and HCC. The burden on the health 

care system due to HBV-associated HCC will decrease as vaccination is available 

worldwide. Hepatitis C virus (HCV) can be acquired during childhood, and the symptoms 

are asymptomatic and 17 times more likely to develop HCC than a non-infected control 

group. (Petrick & McGlynn, 2019). 

In Pakistan, deaths and new cases of cancer are increasing, and the lack of quality and 

accessibility of the healthcare system also plays a significant role. The average age for 

hepatocellular carcinoma (HCC) in Pakistan is 7.6 per 100,000 persons annually for 

males and 2.8 for females. The statistics and knowledge on hepatocellular carcinoma 

(HCC) in Pakistan are very limited due to the lack of a national policy towards 

hepatocellular carcinoma (HCC) administration (Hafeez Bhatti et al., 2016). 
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1.5 Protein biomarkers 

Proteomics analysis can be used to compare the protein sample of healthy and diseased 

individuals to study the possible biomarkers. Certain proteins are found to be present in 

the diseased person with a greater concentration in comparison to healthy individuals, 

and we assume that the presence of those proteins controls the tumor aggression and 

metastasis. among the potential biomarkers  

Alpha-fetoprotein (AFP) is found to be prevalent in many HCC patients. Other miRNA 

panels, including miR-122, miR-192, miR-21, miR-223, miR-26a, miR-27a and miR-

801, are very good diagnostics tools and biomarkers for liver cancer. 

 

Figure 1: Techniques used in proteomics. MALDI or electrospray ionization techniques are used to ionize the sample 

particles to make them easier to analyze. 
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1.6 Top-down proteomics vs bottom-up proteomics 

1.6.1 Top-down: 

Proteins are separated based on charge and mass using 2-D gel electrophoresis or Mass 

Spectrometry. This technique is used for separating intact proteins from a sample. 

Electrospray ionization is used to ionize the sample or matrix-assisted laser 

desorption/ionization following fragmentation through different separation strategies, like 

electron-capture dissociation and electron transfer dissociation. As a promising elective 

procedure for protein identification, profiling, sequencing and PTM, top-down permits 

MS examination of proteins that have not been divided, meaning the labile primary 

protein qualities generally obliterated in bottom-up MS are protected.  

1.6.2 Applications 

Top-down proteomics, by its high-throughput analysis, can be utilized in various research 

fields like Personalized medicines, Biomarker discovery, Drug discovery and 

development, Systems biology, Agriculture, Food Science, Paleo proteomics, 

astrobiology clinical science, forensic science and many more.  

1.6.3 Bottom-up: 

 These Proteomic approaches include proteolytic cleavage of proteins into short peptide 

sections by proteases. The most broadly utilized protein is a synthetically adjusted trypsin 

that divides peptide bonds C-terminal to lysine and arginine buildups. A benefit of trypsin 

is the formation of short doubly or triply charged peptides that can be dissolved in water 

and easily separated by cation exchange and reversed phase chromatography technique 

and ionized by electrospray ionization. To expand the quantity of identified peptides and 

protein sequences, protocols must involve proteases with various arrangement 

specificities, like Lys C, Arg C etc. 
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Figure 2: Comparison between 2A and 2B top-down and bottom-up methods Top-down method uses large molecules 

that are ionized to lead them to analyzer. Bottom-up starts with small protein molecules, ionizing them and doing the 

analysis. 

 

 

 

A 

B 
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1.7 Role of GC/MS in cancer studies 

Gas chromatography-mass spectrometry (GC-MS)-based metabolomics is ideal for 

identifying and quantitating small molecular metabolites (<650 Daltons), including small 

acids, alcohols, hydroxyl acids, amino acids, sugars, fatty acids, sterols, catecholamines, 

drugs, and toxins. GC-MS can identify and semi-quantify over 200 compounds per study 

in human body fluids (e.g., plasma, urine, or stool) samples. 

In cancer research, metabolite changes in tumor cells are of immense importance, as 

discussed above. All these metabolites belong to the different classes of compounds 

mentioned above, which can be analyzed with GC/MS, proving to be a useful tool to aid 

such studies. Some general advantages of using GC/MS in such studies are mentioned in 

the table below. In a study conducted in the recent past, GC/MS-based metabolomic 

approaches were used to validate the role of urinary sarcosine and target biomarkers for 

human prostate cancer by microwave-assisted Derivatization. Urine metabolic 

fingerprinting was done using GC/MS revealing changes in metabolites in prostate cancer 

cells. 

1.8 Role of GCMS in Diseases 

Apart from gas chromatography-mass spectrometry (GC-MS) application in cancer, it is 

widely used for analyzing metabolites in different diseases. It can be used to analyze 

metabolic disorders; through urine analysis of infants, we can detect them early, such as 

Inborn Errors of Metabolism (IEM). More than 130 metabolic disorders can be detected 

through GC-MS (Kałużna-Czaplińska, 2011). 

Based on aberrant concentrations of certain chemicals in biological fluids, GC-MS can be 

used to identify disease conditions like Smith-Lemli-Opitz syndrome (SLO), which can 

be caused by deficits in cholesterol synthesis and can be identified by GC-MS, which 

reveals elevated amounts of 7-dehydrocholestrol in the blood and tissues. Additionally, 

the method has been applied to find pulmonary TB indicators in human breath. GC-MS 

results can be used to differentiate between patients with and without an infection 

(Kałużna-Czaplińska, 2011). 
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1.9 Aims and Objectives 

The aims and objective of this study were to identify Dihydroquercetin affects liver 

cancer cells. By using a gas chromatography-mass spectrometer to monitor the metabolite 

levels in plasma samples from HCC cases and individuals with liver cirrhosis, we 

assessed the impact (GCMS). Additionally, they will support the development of efficient 

cancer patient treatment regimens and treatments. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Liver Cancer 

Liver Cancer initiates in the liver and forms a tumor during a prolonged liver disease or 

cirrhosis. Liver cancer is the most difficult cancer to medicate, and hepatocellular 

carcinoma (HCC) is the most occurring primary cancer. Hepatitis B and Hepatitis C are 

the leading risk factors for HCC. Hepatitis B causes 60%, and Hepatitis C accounts for 

33% of cancer (C.-Y. Liu, Chen, & Chen, 2015). 

Worldwide cancer ranks as the primary cause of mortality and causes a decrease in life 

expectancy. In 2020 an estimated 19.3 million new cancer cases and 10.0 million deaths 

were recorded due to cancer. An increase of 47% in the global cancer burden is expected 

in 2020; therefore, preventive measures and providing cancer care are important for 

global cancer control (Sung et al., 2021). 

2.2 Distribution of Liver Cancer Cases and Deaths Globally 

According to 2020 assessments, liver cancer is the sixth most common type. In men, it is 

the fifth; in women, it is the ninth most common type of cancer. In 2020 there were 

905,677 new cases of liver cancer (Sung et al., 2021). The below images summarize the 

number of deaths and new cases of liver cancer globally in 2020. 
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Figure 3: Number of new cases in 2020, both sexes, all ages. The pie chart shows cancer cases of different body parts. 

Breast cancer is the most prevalent. (Observatory)  

 

 

 

 

Figure 4: Number of deaths in 2020, both sexes, all ages. This chart shows the deaths being maximum from lung 

cancer, liver cancer one of the major death contributors. (Observatory) 
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              Table 1: Cancer incidence and mortality statistics worldwide and by region (Observatory) 
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2.3 Distribution of Liver Cancer Cases and Deaths in Pakistan 

The below Images summarize the number of new cases of liver cancer in Pakistan in 

2020, a total of 5331 cases were reported (2967 males, 2364 females), and 5109 (2829 

males,2280 females) deaths were reported due to liver cancer. 

 

 

Figure 5:  Number of new cases in 2020, Pakistan, both sexes, all ages. In Pakistan, liver cancer accounts for 3% of 

cancer cases, breast cancer being the most prevalent. (Observatory) 
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Figure 6: Number of deaths in 2020 Pakistan, both sexes, all ages. deaths due to liver cancer account for around 4.4% 

of the total deaths in Pakistan. (Observatory) 

 

2.4 Types of Liver Cancer 

 

Primary liver cancer is a term used to describe cancer that begins in the liver. There are 

many primary liver cancer types. Hepatocellular carcinoma (HCC) is the most 

widespread type of liver cancer in adults. It has different growth patterns. Some grow 

larger as a single tumor and later spread to other parts of the liver. The other type grows 

Figure 5 Number of deaths in 2020, Pakistan, both sexes, all age (Global Cancer Observatory, n.d.) 
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Hepatocellular carcinoma (HCC) 

Intrahepatic cholangiocarcinoma (bile duct cancer) 

Angiosarcoma and hemangiosarcoma 

Hepatoblastoma 

Benign liver tumors 

Hemangioma 

Hepatic adenoma 

Focal nodular hyperplasia 

LIVER CANCER TYPES 
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as small cancer nodules in the liver (Balogh et al., 2016). Intrahepatic 

cholangiocarcinoma (bile duct cancer) this cancer starts in the tube, which carries bile to 

the gallbladder (Nakanuma et al., 2000). Angiosarcoma, hemangiosarcoma and 

hepatoblastoma are the rarest types of cancer. Angiosarcoma and hemangiosarcoma 

begin in the cell lining of liver blood vessels, and hepatoblastoma is found in children 

younger than four years old (Ananthakrishnan, Gogineni, & Saeian, 2006). 

Secondary liver cancer is found in the liver but does not begin in the liver. It begins in 

other parts of the body and has metastasized from other parts such as the breast, lungs, 

stomach etc. Benign liver tumors grow large enough to cause problems, and they do not 

grow in adjacent tissues or spread to faraway body parts (Ananthakrishnan et al., 2006). 

2.5 Diagnosis and Treatment of Liver Cancer 

For the diagnosis of liver cancer, there are some tests and techniques. A Blood Test is 

done to identify liver function defects. The doctor may recommend imaging tests that are 

ultrasound, CT, or MRI. A biopsy is removing a piece of tissue from the liver to assess it 

in the laboratory. The treatment of Liver cancer depends on the age, the patient's stage, 

and personal preference. Treatment can be done through surgery. Different operations 

can be done, such as surgery to remove a tumor; for example, a doctor may remove a part 

of the liver that contains cancer and a portion of healthy liver tissue adjacent to the tumor. 

A liver transplant can also be done in which the diseased liver is replaced by a healthy 

liver; it is done for those patients with early-stage cancer (Abou-Alfa et al., 2020). 

A liver cancer treatment delivered locally targets the cancer cells or their immediate 

surroundings. Localized liver cancer therapy options include Heating Cancer Cells (using 

electric current to heat cancer cells and kill them), Freezing Cancer Cells (using cold 

temperature to kill cancer cells), Injecting tumors with alcohol and chemotherapy drugs 

or placing beads with radiation in the liver. Radiation Therapy is performed with the help 

of X-rays and protons, which shrink tumors and kill them, when there are no other 

treatment options, and it is also done to reduce the symptoms (Abou-Alfa et al., 2020). 

Targeted Drug Therapy mainly focuses on blocking specific defects present within cancer 

cells, which causes cancer cells to die. Immunotherapy uses the body's immune system to 
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destroy cancer cells. Cancer cell produces some proteins that protect cancer cells from the 

body's immune system, so immune therapy interferes with this method and causes the 

body's immune system to detect cancer cells as foreign and destroy them (Abou-Alfa et 

al., 2020). 

2.6 Cancer Biomarkers 

A biomarker is defined as a biological molecule present in the body (blood, body fluid, 

cells) which is an indication of a normal or aberrant process or a disease. Cancer 

biomarkers help us in risk evaluation, i.e., to differentiate between patients at a greater 

risk. It can help to detect cancer at an early stage and help in determining the stage of 

cancer. Most importantly, cancer biomarkers can be used to assess the efficacy of a 

certain therapy and to estimate the probability of recurrence in individuals who have 

recovered (Henry & Hayes, 2012). 

2.7 Protein Biomarkers 

Cancer diagnosis through protein biomarkers helps in early detection and observing the 

disease. Some protein biomarkers used to detect cancer are AFP (alpha-fetoprotein), CA-

125, CEA (carcinoembryonic antigen), CA15-3, CA19-9 etc. These biomarkers are 

present in blood plasma and can be analyzed through liquid biopsy. There were many 

limitations to detecting cancer from protein biomarkers as they lacked specificity, and it 

was difficult to locate the origin of the disease. (Landegren & Hammond, 2021).  
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Figure 7 : By taking a sample of blood or another bodily fluid, liquid biopsy offers the chance to identify and evaluate 

cancers wherever they may exist in the body. The image includes key types of proteins and identifies some typical 

liquid biopsy targets(Landegren & Hammond, 2021) 

 

However, these limitations were overcome with recent advancements in proteomics 

technology, such as high-density antibody microarrays, enzyme-linked immunosorbent 

assays (ELISA), and mass spectrometry (MS). Producing biomarker signatures, which 

are formed by combining many biomarkers, are crucial because they include more info 

than a single biomarker and will aid in more precise identification and cancer therapy 

(Borrebaeck, 2017). 

2.8 Gas chromatography-mass spectrometer 

 The technique can be used to separate and analyze any state of the sample by first 

vaporizing them to the gas phase and then separating on the stationary phase on a 

capillary column; the sample is propelled using gases like helium and hydrogen, and then 

each compound comes out of different columns at different time based on their boiling 

points and polarity. The time is said to be the retention time of the sample. After leaving 

the column, the sample compounds are ionized and fragmented using the mass 

spectrometry technique. After being ionized, it is accelerated in the ion trap, where they 

are separated based on mass-to-charge ratios. The next step is data acquisition. 

A complex sample produces different gas columns that give different peaks through the 

mass spectrometer, which helps us to identify and quantify a wide range of analytes. 
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Figure 8:  GCMS setup explained; the figure gives a step-by-step illustration of the processes inside the GCMS setup 

for the protein analysis. 
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CHAPTER 3 

METHODOLOGY 

3.1 In silico Part: 

3.1.1 ADMET and Pharmacophore Analysis  

Zinc 15 is an online database containing commercially available compounds that can be 

virtually seen through this database. Using Zinc15, we extracted the Dihydroquercetin 

smiles that are required in SwissADME. 

Absorption, distribution, metabolism, excretion, and toxicity (ADMET) properties of 

industrial chemicals, insecticides, and drug candidates are heavily reliant during Drug 

development and environmental danger evaluation. To perform the ADMET analysis of 

Dihydroquercetin, we used SwissADME and admetSAR (Cheng et al., 2012), and also 

used an online service that predicts ADMET properties which has been developed by the 

Laboratory of Medicinal Chemistry in the Department of Chemistry at Lomonosov 

Moscow State University (Radchenko, Karpov, & Sosnin, 2016). 

Through SwissADME and admetSAR, we got the physicochemical properties, 

lipophilicity, water solubility, pharmacokinetics, drug-likeness, and medicinal chemistry. 

Gastrointestinal absorption is high for dihydroquercetin, which means the drug will 

adequately absorb from the GI tract, reaching its target more quickly and effectively, 

thereby improving treatment effects. It doesn't violate any of the five rules of Lipinski. 

Since it can more promptly pass biological membranes, it is more likely to have excellent 

oral bioavailability. 

Pharmacophore modelling is used in drug development to identify the essential chemical 

properties, or pharmacophores, needed for a molecule to bind to a particular target 

protein or receptor. These pharmacophores contain crucial structural or functional 

elements required for the molecule's biological activity. For the Pharmacophore analysis, 
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we used ZincPharmer (Koes & Camacho, 2012). Using ZincPharmer’s "search Molport" 

option, we uploaded the Dihydroquercetin structure. With this, we learned how many 

hydrogens acceptor/donor, Hydrophobic and aromatic groups are present.    

3.1.2 Drug Energy Minimization  

After successful results of the ADMET and Pharmacophore analysis of the Drug, 

retrieved the Drug/Inhibitor structure in SDF (Spatial Data File) format from PubChem 

(PubChem CID: 439533). After using Chem 3D, we minimized the energy. PerkinElmer 

created the software programme Chem3D (Cousins, 2005), which is used for molecular 

modelling, visualization, and analysis. It is a component of the ChemOffice Suite, which 

also consists of other computer programs for managing data and sketching and analyzing 

chemicals. Using this tool, we minimized the drug energy, which is the process of finding 

a molecule's lowest energy state by adjusting the atoms' positions. Later, it was used for 

docking.  

3.1.3 Retrieving Protein Structures and their Structural Accuracy 

Prediction   

We obtained the six protein structures in PDB (Program Database format) using Protein 

Data Bank (Rose et al., 2016). For structural accuracy analysis Alpha fold  (Jumper et al., 

2021) was used, through this we could comprehend a protein's function, connections with 

other molecules, and part in numerous biological processes, it is essential to be able to 

anticipate a protein's 3D structure with accuracy. After the accurate analysis using Pymol, 

water and hetro atoms from proteins were removed. 
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                                            Table 2 The six proteins and their respective Alpha Fold ID 

Proteins Alpha Fold ID 

Epidermal growth factor receptor 

 

AF-P00533-F1 

AKT2 protein AF- Q6P4H3-F1 

 

Phosphoinositide-3 kinase regulatory 

subunit 4 

 

AF- D6RBB7-F1 

Serine/threonine-protein kinase 

mTOR 

 

AF- P42345-F1 

Proto-oncogene cJun 

 

AF-A0A510GAI3-F1 

Eukaryotic translation initiation 

factor 2A 
AF- F8WF18-F1 

 

3.1.4. Drug and Protein Docking  

Ligand and Drug docking was performed through CB-Dock (Y. Liu et al., 2020) .It is a 

computational technique for predicting small compounds' binding mechanism and 

affinity to protein targets and molecular docking’s-Dock  employs a hybrid docking 

technique that integrates shape complementarity, electrostatics, and knowledge-based 

scoring systems to forecast a ligand's binding posture and affinity to a protein target. 

Dihydroquercetin and different proteins involved in liver cancer were docked, multiple 

vina scores were obtained, and the data were filtered by selecting the most negative vina 

score because the more negative the vina score is, the better the binding.   

3.1.5 Interaction Analysis  

LigPlot+ (Laskowski & Swindells, 2011) is a Java-based tool with many applications in 

biological research. It is used to visualize and examine protein-ligand interactions. 

Researchers in structural biology and drug development frequently utilize this upgraded 

and improved version of the original LigPlot programme. After the docking, using 

ligplot+ we performed the interaction analysis. LigPlot+ generated a schematic diagram 

on the protein and drug interactions. We analyzed a wide range of protein-ligand 
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interactions through the schematic diagram, including hydrogen bonds, hydrophobic 

interactions, and electrostatic interactions. 

3.2 In-Vitro  

3.2.1 Cell Lines pellet collection 

Cell line revival and maintenance  

To revive and maintain a cell line, We Obtained a stock culture of the cell line and thaw 

the frozen cells. Plate the thawed cells in an appropriate growth medium and incubate at 

the recommended temperature and atmospheric conditions. Subculture the cells when 

they reach 80-90% confluence. This involves removing the medium, washing the cells 

with PBS, and adding fresh growth medium. Passage the cells every 2-3 days or as 

necessary to maintain cell health and prevent senescence. a viable cell line was 

maintained by regularly checking for contamination (e.g., bacteria, fungi, mycoplasma), 

performing a cell viability assay, and storing stocks of the cells.  We maintained low 

passage numbers and avoided prolonged exposure to high levels of stress or toxic agents 

to prevent genetic instability.  the cell line was cryopreserved by gradually freezing the 

cells in a growth medium containing a cryoprotectant. 

Invitro drug treatment 

After the revival and maintenance of the Hep-G2 cell line, we performed in vitro drug 

delivery. We Prepare the dihydroquercetin drug solution in an appropriate vehicle, such 

as sterile saline or a cell culture medium. Aspirate the culture medium from the cells and 

wash the cells with a sterile solution, such as phosphate-buffered saline (PBS). Added the 

drug solution to the cells, ensuring the cells are evenly coated. the cells were incubated 

with the drug solution for the specified time at the appropriate temperature. After that we 

observed the cells for any changes in phenotype or behavior, such as changes in cell 

viability, cell proliferation, or apoptosis. 
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Centrifugation and pellet collection 

 After drug treatment and incubation, we Washed the cells with a sterile solution, such as 

phosphate-buffered saline (PBS), to remove any residual drug. Centrifuged the cell 

suspension at a low speed (e.g., 400-800 g) for 5-10 minutes to form a cell pellet. 

Carefully aspirate the supernatant, being careful not to disturb the cell pellet. Resuspend 

the cell pellet in a solution as desired, such as a cell lysis buffer or another buffer for 

downstream experiments. 

3.3 Samples Preparation  

3.3.1 Chemicals required.  

The chemicals required for sample preparation were ordered from Thermofisher 

Scientific. This included Extraction solvent, which is methanal: water in a 1:1 v/v ratio, 

Methoxamine HCL dissolved in pyridine, 1% trimethylchlorosilane (TMCS) and MSTFA 

(N-methyl-N-(trimethylsilyl) trifluoroacetamide) 

3.4 Steps involved in the preparation of serum samples. 

 3.4.1 Samples lysis 

The separation of polar and non-polar metabolites from other biological components 

requires sample lysis. To avoid the influence of varied cell numbers, each sample 

included the same number of cells. A total of 300 microliters of an extraction solvent 

(methanol: water, 1:1 v/v) and 100 microliters of samples were combined together. The 

polar metabolites are separated by the extraction solvent. A non-polar solvent is required 

to separate the non-polar metabolites. To achieve quantitative extraction of metabolites, 

the samples were vortexed for 2 minutes. For one hour, the samples were maintained on 

ice. During this time, the samples were vortexed twice every 15 minutes for 2 minutes. 
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3.4.2 Centrifugation 

To separate the insoluble cell matrices, the materials were centrifuged at 13000 rpm for 

10 minutes at -4°C. The supernatants were collected in separate GC vials after 

centrifugation, and the pellets were discarded. 

3.4.3 Concentrating the metabolites. 

After collecting the supernatants in separate GC vials, the samples were dried for 1 hour 

in vacuum concentrators at 37°C. Heat, centrifugal force, and vacuum are used in these 

concentrators to remove moisture from samples. This is widely used in sample 

preparation. When a vacuum is introduced, the centrifugal force created in 30 prevents 

the liquids from escaping. The heat is applied indirectly through the walls of the vacuum 

chamber. 

3.4.4 Derivatization 

Derivatization is the process by which non-volatile or polar metabolites are converted 

into volatile or non-polar metabolites. It also increases the thermal stability of the 

products, the detector response by introducing functional groups, and the GC separation 

performance. To derivatize the dry materials, 25 microliters of 20mg/ml methoxamine 

hydrochloride dissolved in pyrimidine were utilized. After adding this derivatization 

reagent, the samples were vortexed for 2 minutes and then kept at 25° C for around 6 

hours. 

3.4.5 Silylation 

Prior to GC, another process of Derivatization is Silylation. This is also done to decrease 

the polarity of the metabolites, which improves their stability and behavior in GC. For 

Silylation, 25 microliters of MSTFA + 1% TMCS were dissolved in pyridine and utilized 

as a sialylation mixture. After adding this sialylation reagent, the samples were vortex 

mixed for 2 minutes. 
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3.4.6 Incubation  

After that, the samples were incubated for 30 minutes at a temperature of 50°C. They 

were then transferred into 200 microliter micro inserts. The samples were then prepared 

for GC analysis. 

3.5 GC/MS  

In the GCMS process, the sample first passes through a Gas Chromatography unit. This is 

where the separation of compounds in a mixture takes place. The molecules are then 

moved through the Mass Spectrometry unit, where the process of ionization of molecules 

through electron ionization takes place. The detector identifies the molecular fragments 

based on their m/z ratio. In mobile phase gas chromatography, there exists a gas supply 

(N2, H2 or He are used as carrier gases). It also contains a flow control to control a 

carrier gas, a heat-controlled oven, a heat-controlled injector, a detection system, and a 

data recording device. The stationary phase may have either a polymeric liquid phase 

Gas-liquid chromatography (GLC) or a solid phase Gas-solid chromatography (GSC). 

The stationary phase on the inner wall of the capillary column. In GC, the inert carrier 

gas carries the analytes of interest present in the mixture of compounds. Dependent on 

their vapor pressures, these analytes are vaporized or pumped through the stationary 

phase. Because of their physical and chemical natures, they interact with the stationary 

phase differently and hence elute at different retention times from the column. The 

distribution of the compound between the stationary phase and the mobile phase directs 

the interaction between an analyte and the stationary phase. This is indicated by the Kc (a 

distribution coefficient). Kc =Cs/Cm Cs indicates the concentration of analyte present in 

the stationary phase, while Cm indicates the concentration of analyte present in the 

mobile phase. A large Kc relates to a longer retention time of a compound in a stationary 

phase or inside of the column. The temperature of the column and the chemical properties 

of the stationary phase control the distribution coefficient. 
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3.6 GC/MS Analysis 

To analyze metabolomics, a GC-MS-QP 2010 ultra-system equipped with lab solutions 

GCMS software was used, and an SH- Rxi-5Sil MS column was employed to separate 

the metabolites. The GC column utilized 99.9% helium at a flow rate of 1.0 ml/min as a 

carrier gas. Initially, the oven temperature was set at 60°C for 2 minutes and then raised 

to 310°C by 50°C per minute during the analysis. Both the interface and ionization 

temperatures were kept at 250°C. The analysis was conducted in full scan mode, within 

the range of 50 to 650 amu. A 10-microliter sample was injected in split less mode using 

an AOC-20i injector. In order to have a good resolution of the metabolites the ramp rate 

was set at 5 °C/min.  The eV scan range was set at50- 650 m/z GC total ion 

chromatograms and fragmentation patterns of the compound were analyzed using the 

NIST/NIH/EPA Mass spectral library. Each sample took 43.67 minutes to run. 

3.7 GC-MS Data Analysis 

The results of GC-MS were received in the form of a spreadsheet. Containing data on 

different metabolites found in treated and control samples and their area was also 

mentioned. The KEGG IDs were retrieved for the metabolites through the Kyoto 

Encyclopedia of Genes and Genomes (KEGG). Then the common metabolites in control 

and treated were selected, which were 30 metabolites. Of these 30 metabolites, the 

average area was calculated for both the control and treated sample. Fold change was 

calculated using this formula: average concentration of proteins in disease samples ÷ 

average concentration of proteins in the samples. The p-value was calculated for these 30 

metabolites; metabolites with a p-value less than 0.05 were selected for further filtration. 

This yielded a total of 18 metabolites.  

3.8 Protein Pathway Analysis and Gene ID Extraction  

The open-source software project Cytoscape  (Saito et al., 2012) aims to combine high-

throughput expression data with biomolecular interaction networks and other pertinent 

molecular states. As a result, a coherent conceptual framework that makes it easier to 

analyze and understand complicated biological systems is produced. Following filtering, 
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Cytoscape was used to examine the proteins for visualization and pathway analysis. To 

discover relationships between them and investigate their function in the regulation of 

disease, the pathways of 18 proteins were combined. 

3.9 Gene Ontology Analysis 

PANTHER (protein analysis through evolutionary relationships) (Mi, Muruganujan, 

Ebert, Huang, & Thomas, 2019) is a bioinformatics tool that uses a database system to 

classify gene and protein families. Its primary function is to aid researchers in studying 

proteins' evolutionary relationships and functional characteristics. Using Panther, we 

uploaded the gene ids we got from cystoscope and we the got the localization and exact 

location of the 18 metabolites in the mammalian cells, which is helpful in pathway 

generation. 

3.10 Enrichment Analysis  

An online bioinformatics application called MetaboAnalyst  (Pang et al., 2021) offers a 

full array of analysis and visualization tools for high-throughput metabolomics data. 

Using it, we did an enrichment analysis which investigated the substantial enrichment of 

a collection of metabolites that are functionally linked. The enrichment Analysis result 

contained Bar Chart, Network View, Dot Plot and Summary Table.  
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CHAPTER 4 

RESULTS 

 

4.1 The Absorption, Distribution, Metabolism, Elimination, and 

Toxicity (ADMET) analysis of Dihydroquercetin 

For ADMET properties, we retrieved the smiles ID using Zinc 15. Smiles ID of 

Dihydroquercetin: O=C1c2c(O)cc(O)cc2O[C@@H](c2ccc(O)c(O)c2)[C@H]1O. Tools 

used to predict the ADMET properties, two tools were used 1) SwissAdme and 2) 

admetSAR. These two tools gave us physicochemical properties, lipophilicity, and water 

solubility. The results from SwissAdme and admetSAR are shown in the tables below.  

4.1.1Physicochemical Properties  

Below table 1,2 and 3 summarizes the physiochemical properties of Dihydroquercetin. It 

shows the drug molecular weight, the number of heavy atoms, aromatic heavy atoms and 

different groups that are present.  

Table 3: Physicochemical Properties of Dihydroquercetin 

Physicochemical Properties 
Formula C15H12O7 
Molecular weight 304.25 g/mol 
Num. heavy atoms 22 
Num. Aromatic heavy atoms 12 
Num. rotatable bonds 1 
Num. H-bond acceptors 7 
Num. H-bond donors 5 

Regression analysis  Value 
Water solubility -2.999 
Plasma protein binding 1.057 
Acute Oral Toxicity 2.146 
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4.1.2 Pharmacokinetics  

Gastrointestinal absorption is high for dihydroquercetin, which means the drug will 

adequately absorb from the GI tract, reaching its target more quickly and effectively, 

thereby improving treatment effects. It doesn't violate any of the five rules of Lipinski. 

Since it can more promptly pass biological membranes, it is more likely to have excellent 

oral bioavailability.   

                                                     Table 4: Pharmacokinetic Analysis of Dihydroquercetin 

Pharmacokinetics 

Subcellular localization Mitochondria 
GI absorption  High 
BBB permeant  No 
1 No 
CYP1A2 inhibitor  No 
CYP2C19 inhibitor  No 
CYP2C9 inhibitor  No 
CYP2D6 inhibitor  No 
CYP3A4 inhibitor  No 
Log Kp (skin permeation)  -7.48 cm/s 
OATP2B1 inhibitor No 
OATP1B1 inhibitor Yes 
OATP1B3 inhibitor Yes 
MATE1 inhibitor No 
OCT2 inhibitor No 
BSEP inhibitor No 
P-glycoprotein inhibitor No 
P-glycoprotein substrate No 
CYP inhibitory promiscuity Yes 

Drug likeness 
Lipinski  Yes; 0 violation 
Ghose  Yes 
Veber  Yes 
Egan  Yes 
Muegge  Yes 
Bioavailability Score  0.55 

 

 These Graphs below were made using an online service for ADMET properties, it 

contains graphical information on the blood-brain barrier, human intestinal absorption, 

hERG activity and affinity.  The Log of the Blood-Brain Barrier is -0.23 which indicates 
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that the barrier function is high and Dihydroquercetin has low permeability across the 

blood-brain barrier. Human intestinal absorption is 100% which makes the drug ideal as 

it will enter the bloodstream without any loss or degradation. hERG channels play an 

important role in heart rhythm regulation and the results related to hERG are concerning 

because a pKi of 4.12 suggests that the compound has a moderate to high affinity for 

hERG channels, a pIC50 of 3.97 indicates that the compound has an inhibitory potency 

towards the channel. Further research should be done for example electrophysiology 

assays, are important to investigate drugs effect on hERG channels and to assess its 

safety profile. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 : Dihydroquercetin Pharmacophore Analysis. These graph shows (A) Blood-brain 

barrier permeability (LogBB), (B) Human intestinal absorption (HIA%), (C) hERGF affinity 

(pKi) and (D) hERG activity (pIC50). 
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4.1.3 Toxicity  

The toxicity result is shown below. Dihydroquercetin shows no eye corrosion, there is no 

hepatotoxicity or any skin sensation. However, it causes respiratory reproductive and 

mitochondrial toxicity. However, it can bind the estrogen receptor, androgen receptor, 

thyroid receptor, and glucocorticoid receptor. 

 

                                                       Table 5: Toxicity Analysis of Dihydroquercetin 

Medicinal Chemistry 

PAINS  
1 alert: 
catechol_A  

Brenk  1 alert: catechol  
Lead likeness  Yes 
Synthetic accessibility  3.51 
Carcinogenicity (binary) - 
Carcinogenicity (trinary) Non-required 
Eye corrosion - 
Eye irritation + 
Ames mutagenesis + 
Human Ether-a-go-go-Related Gene 
inhibition - 
Micronuclear + 
Hepatotoxicity - 
skin sensitization - 
Respiratory toxicity + 
Reproductive toxicity + 
Mitochondrial toxicity + 
Nephrotoxicity + 
Acute Oral Toxicity (c) II 
Estrogen receptor binding + 
Androgen receptor binding + 
Thyroid receptor binding + 
Glucocorticoid receptor binding + 
Aromatase binding + 
PPAR gamma + 
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4.2 Pharmacophore Analysis  

The pharmacophore model by Zincpharmer is a three-dimensional depiction of the 

chemical and structural characteristics required for a molecule to interact with a 

biological target and have a pharmacological effect. This model of Dihydroquercetin can 

be used to direct the design of novel molecules with improved features and we get to 

know the pharmacophore classes that are attached with their dimension and radius. 

 

 

 Figure 10: Pharmacophore Model. Figuere 2 (A) and (B) is a Depiction of pharmacophore models produced 

through ZINCpharmer.  Green Sphere show Hydrophobic Interaction, Purple Sphere indicates aromatic 

group, White Sphere indicate Hydrogen Donor, Yellow Sphere indicates Hydrogen Acceptor. 
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                                            Table 6: Pharmacophore Class with positions, dimensions, and radius 

Position Pharmacophore 

Class  

x y z Radius 

1 Aromatic 2.1 0.48 0.37 1.1 

2 Aromatic -4.24 0.38 -0.08 1.1 

3 Hydrogen Donor -1.37 -1.57 1.83 0.5 

4 Hydrogen Donor 3.28 -2.01 0.23 0.5 

5 Hydrogen Donor 3.7 2.73 0.5 0.5 

6 Hydrogen Donor -5.91 -0.45 -2.11 0.5 

7 Hydrogen Donor -6.93 0.96 0.06 0.5 

8 Hydrogen Acceptor -0.65 0.84 0.4 0.5 

9 Hydrogen Acceptor -1.37 -1.57 1.83 0.5 

10 Hydrogen Acceptor 0.87 -2.97 0.28 0.5 

11 Hydrogen Acceptor 3.28 -2.01 0.23 0.5 

12 Hydrogen Acceptor 4.84 0.22 0.33 0.5 

13 Hydrogen Acceptor 3.7 2.73 0.5 0.5 

14 Hydrogen Acceptor -5.91 -0.45 -2.11 0.5 

15 Hydrogen Acceptor -6.93 0.96 0.06 0.5 

16 Hydrogen Acceptor 4.78 0.36 -2 0.5 

17 Hydrophobic 2.1 0.48 0.37 1 

18 Hydrophobic -4.24 0.38 -0.08 1 

19 Hydrophobic 6.89 0.09 -0.87 1 

 

4.3 Energy Minimization 

Energy minimization is an essential computational method in chemistry for optimizing a 

chemical molecule's molecular structure. Using Chem 3D reduced the potential energy of 

the system. Through this, we got the most stable and energetically advantageous 

conformation or arrangement of atoms in dihydroquercetin.  
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Total Energy:            -3.0493 kcal/mol 

 

                        Figure 11 : Energy Minimization. Dihydroquercetin after energy minimization by Chem 3D 

 

4.4 Docking  

After the pharmacophore analysis, using PyMol, the attached water molecules and 

ligands were removed with the proteins. Water or any other heteroatom is removed as it 

would take part in the docking, water molecules are present in the active site of a protein 

and can form hydrogen bonds with both the protein and ligand. So, with the removal 

docking is done efficiently.  

Dihydroquercetin and different proteins (Epidermal growth factor receptor, AKT2 

protein, Phosphoinositide 3-kinase regulatory subunit 4, Serine/threonine-protein kinase 

mTOR, Proto-oncogene cJun, Eukaryotic translation initiation factor 2A) involved in 

liver cancer were docked using CB-Dock 2, multiple vina scores were obtained, the data 

were filtered by selecting the most negative vina score because the more negative the 

vina score is, the better the binding. The results obtained are shown below.  
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                                                                 Table 7: Protein and their Vina Score 

Protein  Vina 

Score 
Epidermal growth factor receptor -8.1 

AKT2 protein -7 

Phosphoinositide 3-kinase regulatory 

subunit 4 

-6.8 

Serine/threonine-protein kinase mTOR -8.3 

Proto-oncogene cJun -4.5 

Eukaryotic translation initiation factor 2A -5.7 

 

4.5 Interaction Analysis 

The Ligand and Protein interaction was analyzed through ligplot and 2D (ligplot+) and 

3D results (pymol) diagrams of interaction were obtained.  Through these diagrams we 

analyzed the specific interaction between Dihydroquercetin and the six proteins (AKT2 

protein, Proto-oncogene cJun, Epidermal growth factor receptor, Eukaryotic translation 

initiation factor 2A, Serine/threonine-protein kinase mTOR and Phosphoinositide 3-

kinase regulatory subunit 4).  We could easily identify the amino acid residues that 

played an important role in the interaction with the ligand. In addition, the bond length 

and type of interaction was also assessed. The results are shown below in Fig 4, Fig 5, 

Fig 6, fig 7, Fig 8, Fig 9. 
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1. Protein: AKT2 protein 

    Ligand ID: AF- Q6P4H3-F1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 : A schematic representation of the interactions between Dihydroquercetin and the AKT2 protein. Fig 12 (A) 

shows the protein and ligand interaction obtained from CB Dock, (B) shows the interaction of the amino acid residues 

with the ligand and (C) 2Dmodel of ligand obtained from LigPlot+. Black color atoms are carbon atoms, purple 

represents ligand binding, and brown represents non-ligand bonding. 

 

Explanation of Fig 12 (C): The diagrams of Dihydroquercetin and AKT2 protein 

generated by Ligplot + and Pymol are shown above. Ligand (Dihydroquercetin) is 

colored purple. There is a total of 4 hydrogen bonds between Dihydroquercetin and 

AKT2. 1) Hydrogen Bond between Oxygen of Glutamine 46 (A) and Oxygen of 

Dihydroquercetin with a bond length of 2.80 Angstrom, 2) Hydrogen Bond between 

Nitrogen of Lysine 29 (A) and Oxygen of Dihydroquercetin with a bond length of 3.07 

Angstrom, 3) Hydrogen Bond between Nitrogen of Arginine 40 (A) and Oxygen of 

Dihydroquercetin with a bond length of 3.23 Angstrom and 4) Hydrogen Bond between 

Nitrogen of Arginine 40 (A) and Oxygen of Dihydroquercetin with a bond length of 3.02 

Angstrom. 5 Hydrophobic bonds are present between amino acid residues (Tyrosine 25 

(A), Proline 41 (A), Leucine 27 (A) and Proline 44 (A) and ligand.  Black color atoms are 
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carbon atoms, purple represents ligand binding, and brown represents non-ligand 

bonding. 

 

2. Protein: Proto-oncogene cJun 

     Ligand ID: AF- A0A510GAI3-F1 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: A schematic representation of the interactions between Dihydroquercetin and the Proto-oncogene cJun 

protein. Fig 13 (A) shows the protein and ligand interaction obtained from CB Dock, (B) shows the interaction of the 

amino acid residues with the ligand and (C) 2D model of ligand obtained from LigPlot+. Black color atoms are carbon 

atoms, purple represents ligand binding, and brown represents non-ligand bonding. 

 

Explanation of Fig 13 (C): The diagrams of Dihydroquercetin and Proto-oncogene cJun 

protein generated by Ligplot + and Pymol are shown above. Ligand (Dihydroquercetin) is 

colored purple. There is a total of 3 hydrogen bonds between Dihydroquercetin and 

cJUN. 1) Hydrogen Bond between Nitrogen of Glutamic Acid 6 (A) and Oxygen of 

Dihydroquercetin with a bond length of 3.23 Angstrom, 2) Hydrogen Bond between the 
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oxygen of Threonine 8 (A) and Oxygen of Dihydroquercetin with a bond length of 2.80 

Angstrom, 3) Hydrogen Bond between Oxygen of Aspartate 12 (A) and Oxygen of 

Dihydroquercetin with a bond length of 2.91 Angstrom. 2 Hydrophobic bonds are present 

between amino acid residues (Methionine 5 (A), Phenylalanine 9 (A)) and ligand. Black 

color atoms are carbon atoms, purple represents ligand binding, and brown represents 

non-ligand bonding.  

 

3. Protein: Epidermal growth factor receptor 

   Protein ID: AF-P00533-F1 

 

 

 

 

Explanation of Fig 14 (C): The diagrams of Dihydroquercetin and Epidermal growth 

factor receptor protein generated by Ligplot + and Pymol is shown above. Ligand 

(Dihydroquercetin) is colored purple. There is a total of 6 hydrogen bonds between 

Dihydroquercetin and EGFR. 1) Hydrogen Bond between Oxygen of Tyrosine 299 (A) 

Figure 14: A schematic representation of the interactions between Dihydroquercetin and the Epidermal 

growth factor receptor. Fig 14 (A) shows the protein and ligand interaction obtained from CB Dock, (B) 

shows the interaction of the amino acid residues with the the ligand and (C) 2D model of ligand obtained 

from LigPlot+. Black colour atoms are carbon atoms, purple represents ligand binding, and brown 

represents non-ligand bonding. 
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and Oxygen of Dihydroquercetin with a bond length of 3.04 Angstrom. 2,3) Oxygen of 

Arginine 53 (A) is making two hydrogen bonds with two Oxygens of Dihydroquercetin 

with bond lengths of 3.09 and 3.01 Angstrom, 4,5) Hydrogen Bond between Oxygen of  

Aspartate 12 (A) and Oxygen of Dihydroquercetin is making two hydrogen bonds with 

side chains of Asparagine 56 (A) and Methionine 54 (A) with a bond length of 2.84 and 

3.01 Angstrom respectively. 6) Hydrogen Bond between Nitrogen of Glutamine 32 (A) 

and Oxygen of Dihydroquercetin with a bond length of 3.06 Angstrom. 5 Hydrophobic 

bonds are present between amino acid residues (Phenylalanine 55 (A), Lysine 29 (A), 

Glutamine 687 (A), Valine 30 (A), Cysteine 31 (A)) and ligand. Black color atoms are 

carbon atoms, yellow Sulphur, purple represents ligand binding, and brown represents 

non-ligand bonding.  
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4. Protein: Eukaryotic translation initiation factor 2A 

    Ligand ID: AF- F8WF18-F1 

 

 

Figure 15: A schematic representation of the interactions between Dihydroquercetin and Eukaryotic translation 

initiation factor 2A. Fig 15 (A) shows the protein and ligand interaction obtained from CB Dock, (B) shows the 

interaction of the amino acid residues with the ligand and (C) 2D model of ligand obtained from LigPlot+. Black color 

atoms are carbon atoms, purple represents ligand binding, and brown represents non-ligand bonding. 

 

 

Explanation of Fig 15 (C): The diagrams of Dihydroquercetin and Epidermal growth 

factor receptor protein generated by Ligplot + and Pymol are shown above. Ligand 

(Dihydroquercetin) is colored purple. There is a total of 1 hydrogen bond between 

Dihydroquercetin and eIF2. 1) Hydrogen Bond between Oxygen of Lysine 46 (A) and 

Oxygen of Dihydroquercetin with a bond length of 3.17 Angstrom. 5 Hydrophobic bonds 

are present between amino acid residues (Leucine 7 (A), Proline 6 (A), Phenylalanine 44 

(A), Serine 45 (A), Glycine 48 (A)) and ligand. Black color atoms are carbon atoms, 

purple represents ligand binding, and brown represents non-ligand bonding.  
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5. Protein: Serine/threonine-protein kinase mTOR 

   Ligand ID: AF- P42345-F1 

 

 

Figure 16: A schematic representation of the interactions between Dihydroquercetin and Serine/threonine-protein 

kinase mTOR. Fig 16 (A) shows the protein and ligand interaction obtained from CB Dock, (B) shows the interaction 

of the amino acid residues with the ligand and (C) 2D model of ligand obtained from LigPlot+. Black color atoms are 

carbon atoms, purple represents ligand binding, and brown represents non-ligand bonding. 

 

Explanation of Fig 16 (C): The diagrams Dihydroquercetin and Serine/threonine-protein 

kinase protein generated by Ligplot + and Pymol is shown above. Ligand 

(Dihydroquercetin) is colored purple. There is a total of 8 hydrogen bonds between 

Dihydroquercetin and mTOR. 1) Hydrogen Bond between Oxygen of Aspartate 2315 (A) 

and Oxygen of Dihydroquercetin with a bond length of 2.99 Angstrom. 2) Hydrogen 

Bond between Oxygen of Glutamine 1424 (A) and Oxygen of Dihydroquercetin with a 

bond length of 3.15 Angstrom. 3,4) Oxygen of Dihydroquercetin made two hydrogen 

bonds with two nitrogens of the side chain of Arginine 2217 (A). 5,6,7,8) Two Oxygen of 

Dihydroquercetin made four hydrogen bonds with the nitrogen of arginine 2322 (A) side 

chain with bond lengths of 2.80, 3,3.28 and 3.15 Angstrom. 6 Hydrophobic bonds are 
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present between amino acid residues (Glutamine 1425 (A), Threonine 2318 (A), 

Phenylalanine 2314 (A), Glutamic Acid 2311 (A), Leucine 1423 (A), Serine 1584 (A)) 

and ligand. Black color atoms are carbon atoms, purple represents ligand binding, and 

brown represents non-ligand bonding.  

6. Protein: Phosphoinositide 3-kinase regulatory subunit 4 

Ligand ID: AF- D6RBB7-F1 

 

 

 

 

 

 

Figure 17: A schematic representation of the interactions between Dihydroquercetin and Phosphoinositide 3-kinase 

regulatory subunit 4. Fig 17 (A) shows the protein and ligand interaction obtained from CB Dock, (B) shows the interaction 

of the amino acid residues residues with the ligand and (C) 2D model of ligand obtained from LigPlot+. Black colour atoms 

are carbon atoms, purple represents ligand binding, and brown represents non-ligand bonding. 
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Explanation of Fig 17 (C): The diagrams of Dihydroquercetin and Phosphoinositide 3-

kinase regulatory subunit protein generated by Ligplot + and Pymol are shown above. 

Ligand (Dihydroquercetin) is colored purple. There is a total of 6 hydrogen bonds 

between Dihydroquercetin and PI3K. 1) Hydrogen Bond between Oxygen of Tyrosine 51 

(A) and Oxygen of Dihydroquercetin with a bond length of 2.71 Angstrom. 2) Hydrogen 

Bond between Oxygen of Threonine 47 (A) and Oxygen of Dihydroquercetin with a bond 

length of 2.71 Angstrom. 3) Hydrogen Bond between Oxygen of Arginine 43 (A) and 

Oxygen of Dihydroquercetin with a bond length of 2.95 Angstrom (A). 4) Hydrogen 

Bond between Oxygen of Alanine 42 (A) and Oxygen of Dihydroquercetin with a bond 

length of 3.20 Angstrom. 5) Hydrogen Bond between Oxygen of Glutamic Acid 70 (A) 

and Oxygen of Dihydroquercetin with a bond length of 3.32 and 6) Hydrogen Bond 

between Oxygen of Glutamine 68 (A) and Oxygen of Dihydroquercetin with a bond 

length of 2.98 Angstrom. 3 Hydrophobic bonds are present between amino acid residues 

(Isoleucine 45 (A), Valine 50(A), Serine 46 (A)) and ligand. Black color atoms are 

carbon atoms, purple represents ligand binding, and brown represents non-ligand 

bonding.  

4.6 Gene Ontology and Enrichment Analysis 

Through gene ontology analysis we got the localization and exact location of the 18 

metabolites in the mammalian cells, which was later used in pathway generation and the 

results from the enrichment analysis showed that the 18 functionally linked metabolites 

are significantly enriched.  Results from both gene ontology and enrichment analysis are 

shown below.  
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                                                  Table 8: Showing the Molecular Function of metabolites.  

 

 

                            

 

                                                 Table 9: Showing the Biological Process of metabolites. 
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                                                    Table 10: Showing the cellular components of metabolites. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                    Table 11: Showing the Protein Class of metabolites. 
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                                                                   Table 12: Pathways of metabolites 

.  

 

 

Figure 18: The enrichment overview of the metabolites.  It refers to a systematic analysis of the biological pathways 

and functions associated with a set of metabolites. 
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4.7 Protein Pathway Analysis 

The results from cytoscape are shown below. The pathways generated through cystoscope provide an insight into biological 

and connections between molecules. The pathways that we obtained are a total of four. 1)Biopterin metabolism, 2) Purine 

metabolism, 3) Urea cycle and metabolism of arginine, proline, glutamate, aspartate, and asparagine, and 4) Vitamin B9 

(folate) metabolism. Using these pathways, we were able to generate pathways that are linked and help in better understanding 

shown in figure 19.  

 

 

 

 

 

 

 

 

 

Figure 19: Pathways generated through Cytoscape. 
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MTOR signaling pathway has been identified to play a vital role in folate metabolism involving the glycolysis steps. Various 

metabolic MTOR is activated by a series of proteins like PI3k, and AKT, SAMTOR, which further activates the metabolic 

proteins like Fox 13 Myc, and HIF1a. 

 

 

Figure 20 Mtor Signaling Pathway Involving Glycolysis 
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CHAPTER 5 

DISCUSSION 

 

Despite being one of the most widely studied diseases of all time, cancer is an enigma. 

Hundreds, if not thousands, of drugs, have been tested on different cancers, and a few of 

them have been approved to be used clinically on humans as effective treatments over the 

years. Despite this, cancer still presents itself as a problem with its ever-evolving 

characteristics requiring constant modifications in treatment and prognosis mechanisms. 

Nearly 73.4% of hepatocellular carcinoma (HCC) cases are reported due to hepatitis C 

virus (HCV), and hepatitis B (HBV) causes two times as many cases as HCV. It was 

reported by the world health organization (WHO) 3.5% of the world’s population was 

infected, and 88,700 mortalities were due to cirrhosis and HCC. The burden on the health 

care system due to HBV-associated HCC will decrease as vaccination is available 

worldwide. Hepatitis C virus (HCV) can be acquired during childhood, and the symptoms 

are asymptomatic and 17 times more likely to develop HCC than a non-infected control 

group. In Pakistan, deaths and new cases of cancer are increasing, and the lack of quality 

and accessibility of the healthcare system also plays a significant role. The average age 

for hepatocellular carcinoma (HCC) in Pakistan is 7.6 per 100,000 persons annually for 

males and 2.8 for females. 

The aims and objective of this study were to identify Dihydroquercetin affects liver 

cancer cells. By using a gas chromatography-mass spectrometer to monitor the metabolite 

levels in plasma samples from HCC cases and individuals with liver cirrhosis, we 

assessed the impact (GCMS). Additionally, they will support the development of efficient 

cancer patient treatment regimens and treatments. 

The multiple health advantages of eating fruits and vegetables, researchers have been 

looking into the existence of various bioactive substances and how they affect human 
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health. Bioactive substances derived from plants have gained recognition in recent years 

as novel agents that are essential in preventing and/or treating a number of human 

illnesses, including as cancer, inflammation, cardiovascular disease, and neurological 

disorders. Flavonoids are the most beneficial bioactive compounds, A benzo-pyrone ring 

is included in the structure of flavonoids, which are simply hydroxylated phenolic 

compounds. Studies have shown that flavonoids intake reduces mortality risk. The 

therapy of carcinoma is significantly influenced by flavonoids. Because they contain 

hydroxyl groups, which have a strong antioxidant effect and can counteract the effects of 

free radicals, they can also chelate metal ions. Anticancer activities  

such as the prevention of angiogenesis, cytochrome P450 enzymes, P-glycoprotein, 

reactive oxidative species (ROS), and cell cycle regulators, as well as triggering of 

apoptosis (Das, Baidya, Chakraborty, Samanta, & Roy, 2021),(Madunić, Madunić, 

Gajski, Popić, & Garaj-Vrhovac, 2018; Raffa, Maggio, Raimondi, Plescia, & Daidone, 

2017). 

 

The pharmacophore and pharmacokinetic results of the present study indicated that 

Dihydroquercetin has the ability to cure liver cancer and is safe to use. It binds different 

receptors such as estrogen receptor, androgen receptor, thyroid receptor, glucocorticoid 

receptor, and aromatase binding (Inoue et al., 2019). Highlighting that the drug has a 

broad mechanism of action and has multiple physiological effects. As it does not violate 

any rule of Lipinski this indicates that it is used as a medication to treat liver cancer. The 

results show that the blood brain barrier function is high, and the absorption is 100%. 

These results are supported with previous studies, as in previous studies regarding 

Dihydroquercetin it has grabbed a lot of attention due to its antioxidant effect and most 

importantly it has shown great anti-cancer activity compared to other activities as 

investigated in vitro and in vivo with little or no side effects on human body (Das et al., 

2021). 

 

By the molecular docking of Dihydroquercetin with the (AKT2 protein, Proto-oncogene 

cJun, Epidermal growth factor receptor, Eukaryotic translation initiation factor 2A, 

Serine/threonine-protein kinase mTOR and Phosphoinositide 3-kinase regulatory subunit 
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4).  We analyzed the interaction of amino acid residues binding affinity and binding 

modes. We were able to identify the type of interactions, type of bonds present with their 

bond length for example There were a total of 4 hydrogen bonds between 

Dihydroquercetin and AKT2. 1) Hydrogen Bond between Oxygen of Glutamine 46 (A) 

and Oxygen of Dihydroquercetin with a bond length of 2.80 Angstrom. 5 Hydrophobic 

bonds are present between amino acid residues (Tyrosine 25 (A), Proline 41 (A), Leucine 

27 (A) and Proline 44 (A) and ligand. Therefore, we could identify the molecules that 

bind the drug with high affinity, and help us in selection of the lead compounds, we can 

optimize the drug structure to enhance the binding and selectivity. For past 30 years 

docking has been used to discover novel ligands, with time several docking methods were 

introduced (Shoichet, McGovern, Wei, & Irwin, 2002). By vina scoring system we 

compared the binding affinity of the ligand and protein. Vina Score is calculated by the 

sum of empirical free energy of binding and the entropic cost of binding. An improved 

binding mode is indicated by a lower Vina score, which is used to rank the binding 

modes of ligands, Affinity that falls between -8 to -11 indicate the best binding 

affinity(Guedes, de Magalhães, & Dardenne, 2014). Vina Scoring system is so far the 

most accurate method for molecular docking (Quiroga & Villarreal, 2016). 

 

Metabolomic analysis of the treated cancer cells has proven to be a useful technique in 

identifying changes in the metabolic pathways of cancer cells compared to normal cells, 

providing comprehensions into the mechanisms of cancer development and metastasis. 

By utilizing different methods of metabolomic analysis identifying specific metabolites 

that are altered in treated vs non-treated cancer cells, the metabolic reprogramming that 

occurs and change of pathways occurring is better understood. Current metabolomics 

research aims to take this considerably further by looking at groups of metabolites or 

indeed the metabolome as a whole. These collections of data will contain patterns that 

then represent the metabolic signature of the sample, which can be compared to the 

patterns of other samples without the need to identify any of the individual molecules. 

This has the advantage of incorporating known and unknown metabolites of all the 

upstream events: gene expression and activated cellular pathways from the tumor; 

reactive and immunological responses from the host; as well as integrated signaling 
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pathway cross talk and environmental influences, by far a more comprehensive picture, 

albeit embedded in a vast sea of other metabolite data (Hart) Furthermore, metabolomics 

approach can be combined with various other approaches such as genomics and 

proteomics to understand how disease progression affects the genetic makeup of 

abnormal cells.  

 

 

 

Dihydroquercetin was docked with six proteins that are involved in liver cancer which 

are as follows: Epidermal growth factor receptor, AKT2 protein, Phosphoinositide 3-

kinase regulatory subunit 4, Serine/threonine-protein kinase mTOR, Proto-oncogene 

cJun, Eukaryotic translation initiation factor 2A. Initially the pharmacokinetics and 

toxicity analysis of the drug was studied that clarified that despite of not being able to 

cross the blood brain barrier, it had high absorption in the gastrointestinal tract so could 

be monitored as an effective oral drug. The toxicity analysis revealed that it did not show 

eye corrosion, hepatotoxicity, or any skin condition. However, it causes respiratory 

reproductive and mitochondrial toxicity. 

 

The activity of these proteins when docked with Dihydroquercetin was studied 

thoroughly using CB-Dock2 and it was deduced that the most suitable protein ligand for 

the molecule was the Serine/threonine-protein kinase mTOR as it had the most negative 

vina score which means that it can be used as potential target for treatment with the drug. 

Furthermore, upon protein pathway analysis, it was discovered that there were four 

pathways that were involved. 1)Biopterin metabolism, 2) Purine metabolism, 3) Urea 

cycle and metabolism of arginine, proline, glutamate, aspartate, and asparagine, and 4) 

Vitamin B9 (folate) metabolism. This means that these pathways can be manipulated and 

the metabolites that are part of these pathways can be potential targets of our drug. 

Similar models have been used before wherein GC/MS analysis is done on cancer cells 

that have been treated vs untreated cells with potential drugs. One such study involved 

developing an understanding of the effect of Moringa oleifera as an anti-cancer agent 

against breast and colorectal cancer cell lines. GC/MS analysis was done on the cancer 
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cell lines which revealed numerous known anti-cancer compounds in moringa, including 

eugenol, isopropyl isothiocyanate, D-allose, and hexadecenoic acid ethyl ester, all of 

which possess long chain hydrocarbons, sugar moiety and an aromatic 

ring.(Abdulrahman Khazim Al-Asmari, August 19, 2015). Another similar study reported 

the in vitro antioxidant and anticancer activity followed by in silico anticancer and 

estrogen-like activity of Psidium guajava L. essential oil against ER-α receptors which 

lead to potential inhibitory action against breast cancer pathways. Methods: The bioactive 

compounds in guava essential oil were screened using gas chromatography–mass 

spectrometry (GC-MS) (Mandal). 

There are some limitations of the study conducted. The drug Dihydroquercetin is shown 

to be toxic to the respiratory reproductive and mitochondrial activity as mentioned in 

results. Further studies need to be conducted in order to develop dosage quantities that 

minimize the toxicity without compromising drug activity. Furthermore, ongoing 

research reveals new metabolites and genes which are added to the databases regularly so 

large amounts of data are undiscovered. In addition to that, Dihydroquercetin has limited 

clinical evidence in use in cancer therapies suggesting that there is room for further 

research and clinical trials to develop cancer therapy involving the drug. Alongside that, 

the interaction of DHQ with common chemotherapy agents is unknown therefore 

rendering risk of decreased efficacy of DHQ when used in conjunction with other 

chemotherapies. 

MTOR signaling pathway has been identified to play a vital role in folate metabolism 

involving the glycolysis steps. Various metabolic MTOR is activated by a series of 

proteins like PI3k, and AKT, SAMTOR, which further activates the metabolic proteins 

like Fox 13 Myc, and HIF1a. The mTOR is activated by the protein SAMTOR produced 

as a result of the methionine cycle. These proteins combine to translate the GLUT 1, and 

PFKP genes in the nucleus which tend to activate the production of 3PG from glycolysis 

through a series of metabolic steps. The 3-PG and glucose are converted to make the 

serine which is incorporated into the Folate cycle to make 5:10 Methylene Tetra hydro 

folate. This reaction is catalyzed by Serine hydroxy methyl transferase. This is the first 
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step of the folate cycle. The cycle continues to initiate the methionine cycle again, which 

will produce more SAMTOR which further activates the mTOR signaling pathway. 

In conclusion, treated and untreated (control) pellet samples of Hep-G2 cell line were 

collected. Through GC/MS and several in-silico tools, analysis was done in order to 

understand the effects of DHQ on cellular metabolites of liver cancer cells. It was 

discovered that the best protein for DHQ interaction was Serine/threonine-protein kinase 

mTOR which had a vina score of -8.3 which showed potential for being used as a target 

metabolite for the drug. 

The current study should be replicated with multiple liver cancer cell lines and a greater 

sample size should be used to increase accuracy of the research. Since cancer is a 

globally distributed disease, similar studies should be conducted on different ethnic 

groups, age groups and genders. Proteins shown to have potent interaction with DHQ can 

be further mapped out in signaling pathways which in turn can be used to develop 

diagnostic biomarkers alongside treatment targets. 
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