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 ملخص :

السرطاا  وو السربا الطسيسري للو اة غ وبالبا ما ل عرج تلاجاس السرطاا  الحالية  ي لحليت ال تاسث المسلب بسربا الجار الجانبية 

المبلغ ت ها ولطور ملاومة العلاج .الهدف من تمل ا وو دراسررة ال عرراا الملرراد للسررطاا  للانجبيج واللط ة لررد السرري لين  

-10ج جطول غ-8ج جطول غ-6.وذا البحث تبارة تن دراسررة  ي سرريلي و لععررطة مطكباس من الانجبيج    2 از  المعتمد تلب كي

اسريتاس السري اميجغ السري املدويد المت ا طو  م  -شروباول ..ومن اللط ة   سري امالدويدغاوجي ولغاو-6بارادول و -6 جطولغج

نماذج  طكية ,دروليتو  ,اداة الباس تبط الانتطنت  (تدة اطق  سرابية   البطولوكالي ويك.  وللت بؤ ب عراا وذ  الع اررطغ اسرتندم ا

الدواء للجايئاس الصررريطة تبط الانتطنت .لم الحصررول تلب ب ية المسررتلبج المسررتهدف من ااتدة بياناس البطولين غ والتي لعمج  

 4,اسرتندم ا  2السري لين المعتمد تلب ال ي از  كمسرتود  لهياكج البطولين المحددة لجطيبيا .للحصرول تلب ب ية متواعة للمسرتلبج  

لعريط ال تاسث المتحصرج تليها الب ا     ,اطق منتل ة لل مذجة:سرويس مودال غال ادالابازغ ررانا الهي ج اللاسم تلب التطور و روبيتا

اراارة الارلبراا   اسثغ بي مرا ل وارت روبيترا  ي نتر بيرانراس البطولين    اراتردةالملرارنراس اللراسمرة تلب   نموذج سررررويس ا هط ل وارا  ي

. ل عر   2الذي يسرتهدف السري لين المعتمد تلب ال ي از  4.2.6.بعد ذلك ام ا بالالتحام الجايئي بإسرتندام بطنامث اولودو   الحط

 شرروجاول لهما للطبلوي ما المسررتلبج غ ما اااة الارلباا الحط-6الباياناس التب لم الحصررول تليها ا   م  البطلوكالي ويك و

ت د ملارنة نتاسث ما تلار روس و يتين    ,نانومتطتلب التوالي  1339و 60715سعطة  طارية /مول غوجابت لسبيط  .  5.4-و -5.7

تلب  .نانومتط  21250وجابت لسبيط   /مول   سرررعطة  طارية -5.9ب اااة الارلباا الحط غنجد ا  ال تاسث كانت متلاربة غ يث للدر

اسرراس نتاسث الدراسررة يم ن الاسررت تاج ا  مطكباس الانجبيج و اللط ة لديها اللدرة تلب ا  ل و  مطشررحة واتدة لعلاايط م ا حة 

شروجاول . وما ذلك و ا   اجة الب دراسراس الرا ية  -6السرطاا  غ  يث ي و  ا لرج  مطشرو وو  م  البطولوكالي ويك يلي  

 ماض ال ي وليك للانجبيج واللط ة . لجطيبة تلب مطكباس ال لا ونويد وا 

  مذجة .ال , ي سيلي و ,السي لين  المعتمد تلب كي از , اللط ة,للانجبيج  , السطاا  :  الكلمات المفتاحية

Résumé : 

Le cancer est l'une des principales causes de décès, et les traitements anticancéreux existants 

échouent souvent à atteindre des résultats optimaux en raison des effets secondaires signalés et du 

développement de résistance au traitement. L'objectif de notre travail est d'étudier l'activité 

anticancéreuse du gingembre et de la cannelle contre la cycline dépendante de la kinase 2 (CDK2). 

Cette recherche est une étude in silico de dix composés du gingembre (6-gingérol, 8-gingérol, 10-

gingérol, 6-paradol, 6-shogaol) et de la cannelle (Cuminaldéhyde, Eugénol, (E)-acétate de 

cinnamyle, trans-Cinnamaldéhyde, Acide protocatéchuique).Pour prédire l'activité de ces 

substances, nous avons utilisé plusieurs méthodes computationnelles (Pass online , PKCSM, 

Drulito). La structure du récepteur cible CDK2 a été obtenue à partir de la Banque de données sur 

les protéines (PDB), qui sert de référentiel pour les structures protéiques déterminées 

expérimentalement. Pour obtenir une structure prédite du récepteur CDK2, nous avons utilisé 

quatre méthodes de modélisation différentes: Swiss-Model, la base de données AlphaFold, ESM 

(Evolutionary-based Structure Maker) et Robetta, nos résultats indiquent que Swiss-Model a 

montré une supériorité dans les comparaisons basées sur PDB, tandis que Robetta s'est distingué 

dans les résultats ΔG. Ensuite, nous avons effectué un docking moléculaire en utilisant le 

programme AutoDock 4.2.6 en ciblant la CDK2. 

Les données obtenues révèlent que l'Acide protocatéchuique et le 6-shogaol présentent une forte 

affinité pour la CDK2, avec une énergie libre de liaison (ΔG) de -5,7 et -5,4 kcal/mol, et une 

constante d'inhibition (Ki) de 15 607 et 9 133 nm, respectivement, lorsqu'on compare les résultats 

de ΔG avec le médicament roscovitine, nous constatons que les résultats sont très proches, estimés 

à -5,9 kcal/mol, et une constante d'inhibition (Ki) de 21250 nm. On peut conclure que les composés 
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du gingembre et de la cannelle ont le potentiel d'être des candidats médicamenteux anticancéreux 

prometteurs, où le meilleur candidat est l'Acide protocatéchuique (cannelle), suivi du 6-shogaol 

(gingembre). Cependant, des études supplémentaires sur les composés flavonoïdes,  Acides 

phénoliques du gingembre et de la cannelle sont nécessaires. 

Mots clés: Cancer, Gingembre, Cannelle, Cycline dépendante de la kinase 2 (CDK2), In sillico, 

Modélisation . 

Abstract : 

One of the causes of death is cancer. Existing anti-cancer treatments often fail to achieve optimal 

outcomes due to reported side effects and the development of treatment resistance.The objective 

of our work is to study the anticancer activity ofginger and cinnamon against cyclin dependent 

kinase 2. This research is an in silico study of ten  compounds from ginger(6-gingerol ;8-

gingerol ;10-gingerol ;6-paradol ;6-shogaol ) and cinnamon (Cuminaldehyd ; Eugenol ; (E)-

cinnamyl acetate ; transCinnamaldehyde ; Protocatechuic Acid ) , to predict the activity spectrum 

of substances we used Pass online, DruLiTo, PKCSM . The structure of the CDK2 target receptor 

was obtained from the Protein Data Bank (PDB), which serves as a repository for experimentally 

determined protein structures. To obtain a predicted structure of the CDK2 receptor, four different 

methods of modeling were employed: Swiss-Model, AlphaFold database, ESM (Evolutionary-

based Structure Maker), and Robetta, our findings indicate that  Swiss-Model showed superiority 

in PDB-based comparisons, while Robetta excelled in ΔG results. Molecular docking was carried 

out by the AutoDock 4.2.6 program on CDK2 targeting. From the data obtained, Protocatechuic 

Acid and 6-shogaol have a high affinity for CDK2 with a free energy of binding (ΔG) -5.7 and -

5.4 kcal/mol and an inhibition constant (Ki) of 15607 and  9133nm , when compared with a 

roscovitine  drug, we find that the results of ΔG  are very close, estimated at -5.9Kcal/mol with Ki 

of 21250 nm . It can be concluded that the  compounds from ginger and cinnamon. Album has the 

potential as a promising anti-cancer drug candidate, where the best candidate is the Protocatechuic 

Acid (cinnamon) then 6-Shogaol (ginger).  However, further studies of flavonoid  and Phenolic 

acids compounds from ginger and cinnamon are needed.  

Key words: Cancer, Ginger, Cinnamon, Cyclin dependent kinase2,  In sillico,  Modeling.
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 1 

   General introduction  
  

        The world relied predominantly on manual processes and traditional problem-solving 

approaches. Tasks that consuming and required significant human effort. The introduction of  

Artificial intelligence by the mathematician Alan Turing has brought about remarkable 

advancements, transforming various industries and shaping our daily lives [1]. The AI leverages 

computers and machines to mimic the problem-solving and decision-making capabilities of the 

human mind. According to the McKinsey Global Institute, the rapid development and increasing 

applications of AI across various industries have captured widespread attention and have the 

potential to transform the way we live and work [2, 3]. 

In recent years, the pharmaceutical sector has experienced a significant increase in data 

digitalization. However, this digitalization poses challenges in effectively acquiring, analyzing, 

and applying knowledge to address complex clinical problems [4]. To tackle these challenges, the 

use of AI has emerged as a promising solution, leveraging its ability to handle large volumes of 

data through enhanced automation [5]. AI is a technology-driven system that incorporates 

advanced tools and networks to simulate human intelligence, without completely replacing human 

involvement [6, 7]. By utilizing software and systems capable of interpreting and learning from 

input data, AI can independently make decisions to achieve specific objectives. 

The process of discovering new drugs encounters numerous challenges. One significant challenge 

lies in the low success rate of bringing a new drug to the market, as many potential candidates fail 

during preclinical and clinical trials. This can be attributed to the complexity of biological systems, 

which makes it difficult to fully comprehend their intricacies. Pharmaceutical research generates 

vast amounts of valuable data and knowledge; however, effectively transferring this knowledge 

within and between organizations can be a challenging task. Furthermore, the development of a 

new drug is a complex and costly endeavor, often spanning several years and incurring expenses 

amounting to billions of dollars [8]. the timeline and cost involved in discovering and developing 

anticancer drugs are substantial. The process often takes many years, involving extensive research, 

laboratory testing, preclinical studies, clinical trials, and regulatory approvals. The expenses 

associated with these activities can be substantial and can fail to demonstrate efficacy or safety in 

clinical trials [9].  
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Cyclin-Dependent Kinases, are enzymes responsible for regulating cellular processes and the cell 

cycle [10]. CDK2, a prominent member of the CDK family, plays a critical role in facilitating the 

transition of cells from the G1 phase to the S phase. Targeting CDK2 activity has emerged as a 

potential strategy in cancer treatment, showing promise in enhancing cancer therapy [11]. 

In our study, we have chosen Cinnamon and ginger, which is among the many herbal medicines 

used as an anticancer against Cyclin-Dependent Kinase-2 (CDK2) 

In this context we aim to answer the following questions: 

❖ Do interactions genuinely occur between CDK2 and the compounds found in cinnamon 

and ginger? 

❖ What is the fate of the compounds from cinnamon and ginger in the human body? 

❖ How can we propose new modelities for predicting protein target of CDK2 contributing to 

the advancement of drug discovery and therapeutic interventions? 

❖ In the context of the potential anticancer properties of cinnamon and ginger, is it worth 

exploring the possibility of identifying common compounds and the presence of similar 

classes of compounds, such as flavonoids,  phenols acid, polyphenols  ? 

To answer this question, this thesis is divided into three parts. The first part is a literature review, 

which includes general information about medicinal plants, specifically focusing on cinnamon and 

ginger. It also explores the relationship between cancer and CDK2 and examines the in silico 

approach used in medicinal plant research. 

The second part of the thesis is an experimental study. It begins with a description of the extraction 

methods employed and provides physico-chemical characterizations of cinnamon and ginger 

extracts. Furthermore, it delves into the investigation of the antibacterial and biochemical activities 

of the cinnamon and ginger extracts through experimental methods. The study also applies an in 

silico approach to explore the potential anticancer activity of the extracts. Additionally, a 

pharmacokinetics study is conducted to analyze the behavior of specific compounds found in 

cinnamon and ginger. Lastly, the study includes the modeling of the target of CDK2 to gain further 

insights into its interaction with the compounds. 
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The third and final part of the thesis consists of a conclusion that provides a general summary of 

the findings and their implications. It serves to consolidate the results obtained throughout the 

study and draw meaningful conclusions from them.
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Chapter 1: Medicinal plants 

 

1.1. Introduction 
         Cinnamon and ginger, renowned for their medicinal properties, have been extensively 

researched due to their potential health benefits. Cinnamon is derived from the bark of 

Cinnamomum trees, while ginger comes from the root of the Zingiber officinale plant. Both plants 

possess therapeutic properties and are widely utilized in traditional and modern medicine [12]. 

 

1.2. Medicinal plants  
Medicinal plants, which encompass a variety of plants used in herbalism with medicinal properties, 

play a critical role in the development of human cultures worldwide and are considered a rich 

resource for drug development and synthesis. Some plants, such as ginger, green tea, and walnuts, 

are also recommended for their nutritional and therapeutic values. The active ingredients derived 

from medicinal plants are used in various drugs, including aspirin and toothpaste. Traditional 

medicinal systems and developing countries rely heavily on medicinal plants for primary 

healthcare needs [13]. UNESCO(United Nations Educational, Scientific, and Cultural Organization) has 

noted that medicinal plant use is increasing in industrialized societies for traditional herbal 

remedies and drug development. Developing countries, such as those in Africa, have a wealth of 

medicinal plants, including Phytolacca dodecandra, Catharanthus roseus, Ricinus communis, and 

Harpagophytum procumbens, which are used for various medicinal purposes. The medicinal plant 

trade has grown in volume and exports, and it is a major source of valuable foreign exchange for 

most developing countries. The development and commercialization of medicinal plant-based 

industries in developing countries require the availability of facilities and information regarding 

bioprocessing, extraction, purification, and marketing of the industrial potential of medicinal 

plants. Recent estimates suggest that over 9,000 plants have known medicinal applications in 

various cultures and countries [14, 15]. 
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1.3. Significances of medicinal plants to human beings  

Medicinal herbs are crucial to the evolution of human culture, including religion and many 

ceremonies. Many contemporary medications, like aspirin, are made inadvertently from 

therapeutic plants, and many food crops like garlic, have therapeutic properties. 

New medications can be derived from medicinal plants. More than 250 000 different species of 

flowering plants are thought to exist. Understanding plant toxicity and defending people                 

and animals against natural poisons are two benefits of studying medicinal plants. Plant metabolic 

engineering, for instance, is protected by the cultivation and preservation of therapeutic plants. 

Plant species produce metabolites, particularly secondary chemicals, which are responsible for the 

therapeutic actions of plants. Among the plant metabolites are primary metabolites and secondary 

metabolites. 

The term "phytotherapy" refers to using plants or plant extracts for therapeutic purposes, particularly 

ones that are not often consumed. Various secondary metabolic products are discovered in plants,          

and phytochemistry is the study of phytochemicals produced by plants, and it describes these 

compounds' isolation, purification, identification, and structure [16]. 

 

1.3.1. Plant primary metabolites  

Every plant produces organic molecules that perform metabolic processes necessary for plant 

development and growth. Include lipids, fatty acids, steroids, nucleotides, amino acids,             

and carbs [16]. 

 

1.3.2.  Plant secondary metabolites  
 

Organic substances made by the plant kingdom have no obvious roles in the growth                     

and development of plants. Produced throughout a plant's growth in distinct plant families, 

specific groups of plant families, or in certain tissues, cells, or developmental stages. Include 

phenolics, terpenoids, and specific nitrogen metabolites (such as on-protein amino acids, 

amines, cyanogenic glycosides, glucosinolates, and alkaloids) Fig1.1 [16]. 
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                                             Fig.1.1 Secondary metabolites [17] 

 

1.4. Characteristics of medicinal plants  

Plants have many characteristics when used as a treatment, including: 

 • Synergic medicine- The ingredients of plants all interact simultaneously, so their uses can    

complement or damage others or neutralize their possible negative effects.  

• Support of official medicine- In treating complex cases like cancer diseases the components of           

the plants proved to be very effective [18, 19]. 

 • Preventive medicine- It has been proven that the component of plants is also characterized by 

their ability to prevent the appearance of some diseases. This will help to reduce the use of 

chemical remedies, which will be used when the disease is already present, i.e., reduce the side 

effect of synthetic treatment [20]. 

 

1.5. Future of medical plants  

More than 100,000 plants still need to be identified or have yet to have their medicinal properties 

thoroughly researched and studied. The medical efficacy of plants and herbs should be evaluated 

in current and future studies because it is projected that they will play a significant role in the 

medical profession, particularly in treating serious diseases like cancer [19]. 
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1.6. Cinnamon  

Looking through any cookbook will reveal that cinnamon is among the most commonly used 

spices in the world. Cinnamon is a common ingredient in everyday family meals and exceptional 

delights, including breakfast rolls, spiced cookies, pudding and pies, quickbreads, and chutneys. 

Cinnamon ranks as the second-most significant spice (next to black pepper) [21]. Cinnamon comes 

from the Greek word Kinnamon, which means sweet wood. Probably derived from the Hebrew 

word quinamom, this name has a Semitic origin. In addition to having the meaning "sweet wood," 

the names "kayu manis" in Malayan and Indonesian also have this meaning. An old spelling of 

this term could have impacted Hebrew and Greek. Names derived from the Latin canella include 

Dutch (kaneel), French (cannelle), Italian (Cannella), and Spanish (Canela) (meaning small tube 

or pipe, referring to the form of cinnamon quills) (Rq : in arabic we say Qurfar). Originally, the 

Chinese cinnamon, well-liked in northern India before the Ceylon cinnamon became well-known, 

was referred to by the Hindi name dalchini, which means Chinese wood. The Greek name Kasia, 

which originates in the Hebrew word qeshiiah, has given rise to the name Cassia. One of the wide 

varieties of Cinnamomum is Cinnamomum verum (syn. C. zeylanicum), also known as "genuine" 

cinnamon or Ceylon cinnamon and native to Sri Lanka. Another variety is Cinnamomum cassia, 

which comes from several places. Other species include Chinese cinnamon (syn. C. aromaticum), 

a native of China and Vietnam; Indonesian cassia (syn. C. burmannii), originating from Sumatra 

and Java regions; Indian cassia (syn. C. tamala), originating from North Eastern India; and Saigon 

cassia (syn. C. loureiroi) from Vietnam; The bark can be powdered and is typically a golden brown 

color [13]. It has been demonstrated that this spice has a number of useful qualities. It is applied 

to Fight internal cancer-causing radicals. A spice called that can lower the risk of colon cancer. 

Both Parkinson's disease and attention deficit disorder are treated with cinnamon. Impotence and 

erectile dysfunction in men may be simultaneously cured with cinnamon. In addition to regulating 

the amount of bad cholesterol, cinnamon is a spice that can increase the body's HDL(High-Density 

Lipoprotein), or "good" cholesterol, in addition to regulating the amount of bad cholesterol. The 

common cold is warded off when cinnamon is consumed because it has anti-inflationary qualities 

that prevent phlegm development. For people with type 2 diabetes, the delayed release of carbs in 

the body is beneficial [21]. 
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1.6.1. Clinical significance of cinnamon 

For centuries, cinnamon has been used as a spice and medicinal agent [22]. Medicinally, it has 

been used to alleviate digestive issues such as dyspepsia, anorexia, and vomiting and for anecdotal 

purposes such as treating bleeding ulcers and various cancers [20]. Recent research has mainly 

focused on cinnamon's antidiabetic and antilipidemic properties, although more investigation is 

needed to determine the optimal therapeutic benefit and dosing parameters(Fig1.2). Cinnamon is 

abundant in polyphenol antioxidants, which possess anti-inflammatory effects that can reduce 

disease risk [23]. In addition, cinnamon has been demonstrated to enhance key risk factors linked 

to heart diseases, such as cholesterol, triglycerides, and blood pressure. Studies involving animals 

have shown that cinnamon may improve conditions such as Alzheimer's and Parkinson's, although 

its effectiveness in humans remains to be seen. Additionally, animal and test-tube studies suggest 

that cinnamon may provide protection against cancer, and its antifungal and antibacterial 

properties, mainly cinnamaldehyde, may help to reduce infections, tooth decay, and bad breath. 

Although human research in this area is limited, preliminary test-tube studies indicate that 

cinnamon could safeguard against specific viruses [24]. 

                                        

                                           

                                   Fig.1.2 Clinical Significance of Cinnamon [25] 
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1.6.2. Chemical composition of cinnamon 
 

Cinnamon is made up of many resinous substances, such as cinnamaldehyde, cinnamate, cinnamic 

acid (Fig 1.3), and many essential oils (Tab 1.1) [25]. Cinnamaldehyde, produced by the absorption 

of oxygen, is reportedly responsible for the spicy flavour and aroma. As cinnamon ages, the color 

darkens, enhancing the resinous components. Numerous essential oils have been identified as 

being present, including trans-cinnamaldehyde, cinnamyl acetate [26]. 

 

Tab.1.1Chemical constituents of different parts of cinnamon [12] 

 

Parts of cinnamon  

 

Chemical constituents  

Bark Cinnamaldehyde:65.00 to 80.00% 

Eugenol: 5.00 to 10.00% 

Root bark 

 

Camphor: 60.00% 

Fruit 

  

Trans-cinnamyl acetate (42.00 to 54.00%) 

Caryophyllene (9.00 to 14.00%) 

c.zeylanicum buds Terpene hydrocarbons: 78.00% 

Alpha-Bergamotene: 27.38% 

Alpha-Copaene: 23.05% 

Oxygenated terpenoids: 9.00% 

 

C. zeylanicum flowers (E)-Cinnamyl acetate: 41.98% 

Trans-alpha-Bergamotene: 7.97% 

Caryophyllene oxide: 7.20% 
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Fig.1.3  Cinnamyl group-containing compounds [26] 

 

1.6.3. Anti-cancer properties of cinnamon  
 

Cinnamon bark extract has been found to significantly prevent the activation of the EBV-EA (Epstein-Barr 

Virus - Early Antigens) early antigen, which is a factor that initiates tumor growth. In vivo and in vitro 

studies have shown promising trends in the anti-cancer effects of cinnamon bark extract on cutaneous         

and lung tumors. 2-hydroxy cinnamaldehyde, isolated from the stem bark of cinnamon, was investigated 

for its effect on Farnesyl-protein-transferase, an enzyme involved in the onset of tumor formation. An 

experimental liver and lung metastasis reveals antimetastatic potential in a cinnamon multiherbal 

formulation. Anti-tumor activities may be implied by research on vitamins' antioxidant                                       

and immunomodulatory abilities [24]. 

Cinnamaldehyde's anti-cancer effects were determined to be caused by the development of reactive 

oxygen species (ROS)-mediated mitochondrial permeability transition and subsequent cytochrome 

C release. It was found that increased caspase-3 activity and a decrease in mitochondrial 

transmembrane potential in HL-60 cells indicate that C. cassia caused cell death. The authors 

developed cinnamaldehydes and related compounds from various cinnamic acids based on the 2-

hydroxycinnAMaldehyde isolated from the bark of C. Cassenamaldehyde analogues, such as 

HCT15 and SK-MEL-2 cells, were found to be more cytotoxic than human solid tumor cells. 

Saturated aldehydes had lower cytotoxicity. The main structural element of the extracellular         

and basement membranes, type IV collagen, was degraded by matrix metalloproteinase-9 (MMP-

9). In tumor tissues, there was an increase in this enzyme's activity, however, it was moderately 

inhibited by the C.Cassena water extract, hexane and chloroform fractions, and fractions. A 

significant MMP-19 inhibition was discovered in the C. cassia butanol fraction [27]. 
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1.7. Ginger 

Ginger (Zingiber oficinal) is a member of the ginger family native to Southeast Asia. Indigenous 

peoples of Asia (especially China and India) have consumed ginger in various ways for centuries, 

both as a spice and sweetener in local cuisines and as a herbal remedy for many ailments. In 

particular, ginger is said to have healing properties in traditional Chinese, Indian and Ayurvedic 

medicine. It is a cough suppressant due to its expectorant and expectorant properties. Ginger 

relieves pain, treats nausea, vomiting, and poisoning, and improves digestion [26]. Currently, 

ginger is known to have antioxidant, anti-inflammatory, and anti-tumour properties, and its 

effectiveness in the prevention and treatment of gastrointestinal, cardiovascular, respiratory,        

and nervous system diseases has been confirmed by multiple studies. Rhizomes are the edible parts 

of plants [28]. The nutritional value of ginger is attributed to the bioactive compounds contained 

in the rhizome, such as gingerols (GNs), gingerols (SGs), paradols, and zingiberene. Volatile 

phenolic compounds in fresh ginger rhizomes, mainly 6-GN and 4-, 8-, 10-, and 12-GN, endow 

ginger with a pungent smell and unique aroma [26]. These compounds are sensitive to pH                

and temperature changes, and gingerol is rapidly converted to the corresponding 6, 8 and 10 SG 

during processes that require extreme heat, such as drying and baking. Extracts and processing 

methods from rhizomes vary widely in chemical composition and related properties, and dried 

ginger plays a key role in antioxidant activity [28]. 

Dried Ginger Powder is also known as Sonth in Hindi, Sonti in Telugu, Soonth in Gujarati, Suntha 

in Marathi, and Suntha in Kannada, Called Shunti. The main phenolic compound in ginger is 

mainly gingerol, the active ingredient of fresh ginger. Other important polyphenols are abundant 

in active phytochemicals, such as shogaole, paradole, cerumbone, zingerone, gingerol, and 1-

dehydro-(10)-gingerdione. Ginger can be obtained from ginger by heat treatment or long-term 

storage, and Paradols can form Shogaols upon hydration. In addition, ginger fiber also contains 

polysaccharides, lipids and organic acids. The active compounds of ginger play a vital role in 

various biological activities such as anti-inflammatory, anti-tumor, antibacterial, and antioxidant. 

Therefore, dried ginger rhizomes are the primary source of 6-SG, the most famous dehydration 

product. Recent studies have shown that 6-SG has better biological effects compared to 6-GN      
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and has no associated side effects. Therefore, shuntha is medically considered more effective than 

ginger [29]. 

1.7.1. Clinical significance of ginger 

Many herbs and spices possess a range of biochemical and pharmacological activities, including 

anti-inflammatory and antioxidant properties, which are thought to contribute to their 

antimutagenic and anti-cancer activities [30]. Spice ginger mainly contains the phenolic substance 

gingerol, which has various pharmacological effects such as anti-inflammation, anti-oxidation,    

and anti-apoptosis. Since tumor promotion is closely related to inflammation and oxidative stress, 

compounds with anti-inflammatory and/or antioxidant properties may serve as anti-cancer agents. 

Ginger is important in treating several ailments, including gastrointestinal complications, upset 

stomach, diarrhea, rheumatism, nausea, colds, fever, and dizziness. Ginger also has antineoplastic 

and chemopreventive properties [31]. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 Fig.1.4 Clinical Significance of Ginger [28]. 
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1.7.2.  Chemical composition of ginger 

Ginger contains numerous constituents that vary depending on its place of origin and whether they 

are fresh or dry. The odor of ginger mainly depends on the volatile oil's pharmacological activities, 

which yield mainly monoterpenoids and sesquiterpenoids [32]. The pungency of fresh ginger 

comes from gingerols, a homologous series of phenols, with 6-gingerol being the most abundant. 

The pungency of dry ginger mainly comes from shogaols, dehydrated forms of gingerols formed 

during thermal processing. Sixty-three compounds have been identified in organically grown fresh 

ginger, including gingerols, shogaols, 3-dihydroshogaols, paradols (Fig1.5) [33]. dihydroparadols, 

acetyl derivatives of gingerols, gingerdiols, mono- and di-acetyl derivatives of gingerdiols, 1-

dehydrogingerdiones, diarylheptanoids, and methyl ether derivatives of some of these compounds. 

Ginger also contains diarylheptanoids, reported as fresh and dry ginger components. The 

significant cytotoxic and apoptotic activities against human promyelocytic leukemia cells of 

several ginger constituents, including some diarylheptanoids and gingerol-related compounds 

[34]. 

It can be presented in two chemical groups: volatile and non-volatile. The volatile oil composition 

is mainly composed of sesquiterpene hydrocarbons, zingiberene (35%), curcumene (18%)            

and farnesene (10%), and a small amount of bisabolene and b-sesquiphellandrene. At least 40 

monoterpenoids are present in small amounts, of which 1,8-cineole, neral, borneol, linalool,          

and geraniol are the most common. These volatile oil constituents contribute to ginger's unique 

aroma and flavor. Ginger contains bioactive compounds, including non-volatile stimulant 

compounds such as gingerol, gingerol, shogaol, and zingerone, which produce a sensation of heat. 

Ginger contains zingiberene and 6-gingerol, which are important components of gastric medicine. 

Gingerol has been identified as the main active ingredient in fresh rhizomes and is a series of 

chemical homologues with varying lengths of their linear alkyl chains [32]. 

Furthermore, gingerol, the dehydrated form of gingerol, is the principal pungent constituent in 

dried ginger. Paradol is similar to gingerol and is produced by the hydrogenation of shogoal . In 

addition to the extracTab oleoresins, ginger contains many fats, vitamins, carbohydrates, waxes 

and minerals. Ginger rhizome also contains zingiberin, a powerful proteolytic enzyme (Tab1.2) 

[33].  
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                                 Fig.1.5 Major chemical constituents of ginger [33]. 

 

n=4   6-gingerol   

n=2   4-gingerol  

n=5   7-gingerol 

n=6   8-gingerol 

n=8   10-gingerol 

n=4   6-shogaol   

n=2   4-shogaol  

n=5   7-shogaol 

n=6   8-shogaol 

n=8   10-shogaol 

6-paradol   

 

Methyl 6-isogingerol   

 

 6-isogingerol   

 

 6-gingerdione   

 

(3S,5S)-3,5-diacetoxy-1,7-bis(4-

hydroxy-3-methoxy)-heptane  
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Tab.1.2 The Chemical Composition of Ginger [33] 

Chemical 

composition 

(in %) 

Carbohydrates: 60 

-70% 

Protein: 

9% 

Fatty 

Oil: 3 

- 6% 

Crude 

fiber: 

3 - 8% 

Ash: 

8% 

Water: 

9 - 

12% 

Volatile 

oil: 2 - 

3% 

Volatile oil 

consists : the 

monoterpenes 

& 

sesquiterpenes 

 

 

1)α-farmesene α- zingiberene.β-bisabolene. β-elemene. β phellandrene, B 

esquiphellandrenebomeol ,camphene. cincole,curcumene. geraniol geranyl 

acetate. limonene, linalool, terpenes, terphineol, zingiberenol zingiberol, 

 

Non-Volatile 

Oil Contains 

 

 

Gingerols, paradols Shogaols, zingerone. 

(Pungent compounds). 

 

A series of homologs with linear alkyl 

chains-13-6). (8), (10), and (12). 

gingerols; and having a side-chain 

with (7-10), (12), (14), or (16) carbon 

atoms. 

 

Other 

Constituents 

 

 

Capsaicin, diarylheptanoids gala ctosylglycerols. galanolactone. gingediol, ginger 

protease. gingerglycolipids, gingesulfonic acid, monoacyldi vitamins, neral, 

phytosterols 

 

 

Uses of 

Ginger 

 

 

Spice, Antioxidant, anti- inflammatory 

antineoplastic. chemopreventive. antiangiogenic, 

antimetastatic, activates- apoptosis, anticancer  

 

 

Fever, antipyretic Cold, 

Antimicrobial, 

Hypoglycaemic. 

Hepatoprotective,Diuretic, 

Hypocholesterolenic. Broad 

spectrum of antihelminthic 

effect. Heart condition, 

Rheumatic complaints 
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1.7.3. Anti-cancer properties of ginger 

Ginger is rich in various active components 6-gingerol, an important spicy component of ginger 

has potent anti-angiogenic activity both in vitro and in vivo. 6-gingerol can inhibit tumor growth 

and metastasis through its anti-angiogenic activity [35]. Topical Application of 6-Gingerol Inhibits 

COX-2 Expression and NF-kB (Nuclear Factor-kappa B) DNA (Deoxyribonucleic Acid ) Binding 

Activity in Mouse Skin Pathway-Shogaol Effectively Inhibits NF-kB Activation, Reduces 

Secreted Components of VEGF (Vascular Endothelial Growth Factor) and IL-8 (Interleukin-8) 

Regulates Ovarian Cancer Cell Angiogenesis in Vitro Secretion of factor, an effective 

chemopreventive food [36].  

A novel anti-cancer drug, β-elemene, extracted from the ginger plant induces mitochondrial 

cytochrome c release-mediated apoptosis in non-small cell lung cancer cells. β-Elemene induces 

caspase-3, -7-, and -9 activity, reduces Bcl-2 expression, causes cytochrome c release,                        

and increases cleaved caspase-9 and poly(ADP-ribose) polymerase in cells [37]. Enzyme activity 

enhancement of glutathione reductase (GR), glutathione peroxidase (GPX), and glutathione           

S-transferase (GST) can inhibit intestinal carcinogenesis by ginger supplementation. Ginger is 

very effective in reducing colon cancer [38]. Ginger and its constituent 6-gingerol Fight ovarian 

cancer in the body. Ginger inhibits necrosis Factor kappa-B (NF-kB) and interleukin 8 (IL-8) 

inhibition [39].  

6-gingerol can effectively inhibit the growth of colon tumors in mice [40]; 6-gingerol can resist 

skin, breast, and ovarian cancer [39] ; 6-gingerol and 6-shogals inhibit gastric cancer. 

The pharmacokinetic properties of ginger constituents, including 6-shogaol, 6-gingerol,                    

8-gingerol, and 10-gingerol, were studied on humans for their potential as anti-cancer agents. 

Additionally, 6-paradol exhibited anti-cancer activity against skin cancer. 

Extracts of ginger were found to reduce the elevated expression of tumor necrosis factor-alpha 

(TNF-α) and NF-κB in liver cancer of rats, thereby acting as an antioxidant and suppressing liver 

carcinogenesis [41]. Three ginger compounds, including 6-, 8-, and 10-shagaols, were observed to 

be much more robust against tumor growth, particularly in H-1299 human lung cancer cells. 

Among these, 6-shagaol was found to be a potential agent against cancer. 
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Zerumbone was found to suppress the growth of colon and lung cancer growth in mice and activate 

apoptosis, inhibit NF-kB activation in osteoclastogenesis in mice, induce apoptosis in colon 

cancer, and inhibit gastric cancers. Two important target-specific mechanisms in cancer therapy, 

telomerase and c-Myc inhibition, were identified. The ginger extract was found to be a potential 

agent in cancer prevention and maintenance therapy [42]. 

Anti-metastasis activity of 6-shogaol was observed in vitro and was active against breast cancer. 

The pharmacokinetic properties of anti-cancer agents identified from some important medicinal 

herbs were also studied. Two Bangladeshi ginger varieties (Fulbaria and Syedpuri) were used to 

determine their antioxidant and anti-cancer activities against MCF-7 and MDA-MB-231, two 

human breast cancer cell lines. 

Fresh ginger contains various phytochemicals with biological activities relevant to diseases 

associated with reactive oxygen species (ROS). About 29 phenolic compounds were isolated from 

the root bark of fresh ginger, and their structures were fully characterized. These compounds were 

examined for their anti-cancer activity against nine human tumor cell lines, with three compounds, 

including 6-shogaol, 10-gingerol, and enone-diarylheptanoids analogue of curcumin, exhibiting 

cytotoxic properties in cell lines. Terpenoids of ginger were found to induce apoptosis by 

activation of protein 53 in endometrial cancer cells, while the ginger root was found to be effective 

on COX-1 in colon cancer. The primary compound of ginger, 6-shogaol, was active in cancer cells 

[43] as it show in the (Tab 1.3). 

 

Tab.1.3 Anticancer Activity of Ginger [35-43]  

 

S. No    Compound Name        Cancer            Mechanism 

01 β-Elemene Non-small-cell lung cancer 

cells 

release of cytochrome c 

02 Ginger- whole and 6-

gingerol 

Ovarian cancer Inhibition NF-kB; tumor growth 

03 Ginger extract Liver cancer Reduced the elevated expression 

of 
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TNF-α and NF-kB 

04 6-gingerol Breast cancer Inhibits cell adhesion invasion 

motility 

 Skin cancer. Enhances apoptotosis 

 Colon cancer Inhibition of leukotriene activity 

05 Zerumbone Lung and colon cancer It suppresses modulatory 

mechanisms of growth           

and induces apoptosis. Reduces 

the expression of NF-κB. 

  Colon cancer Activation of extracellular 

signal-regulated kinase 1/2 p38 

mitogen-activated protein kinase 

  Osteoclastogene sis. Blocks NF-kappa B expression. 

  Cancer cell Anti-cancer 

06 6-Shogaol Lungs cancer Inhibition of AKT 

  Breast cancer Anti-metastasis 

07 Ginger- 

Flavonoids 

Breast cancer Antioxidant activity 

08 Enone-diaryl 

heptanoid, 6- 

Shogaol, [10]- 

gingerol, 

Liver/against nine human 

tumor cells (lines) 

Inhibition of lipid peroxidation, 

antioxidant activity, cytotoxic 

09 Terpenoids Endometrial Cancer Cells Induce apoptosis by activation of 

p53 
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1.8. Conclusion 
 

the medicinal plants cinnamon and ginger offer a range of notable health benefits. Cinnamon 

exhibits antioxidant properties, helps regulate blood sugar levels, possesses anti-inflammatory 

effects, promotes heart health, and has antimicrobial properties. On the other hand, ginger aids in 

digestive health, reduces inflammation, provides pain relief, supports the immune system, and 

possesses anti-nausea properties. Incorporating these powerful spices into our diets or using them 

in various forms can potentially enhance our overall well-being. 
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Chapter 2: Cancer, Cyclin dependent kinase 

 

2.1. Introduction 

Cancer, a devastating disease characterized by uncontrolled cell growth, poses significant 

challenges globally. It can arise from various factors such as genetics, carcinogen exposure,          

and unhealthy habits. Advancements in cancer research are vital for improved prevention, 

detection, and treatment, considering its impact on physical, emotional, social, and economic 

aspectsq[44]. . 

The understanding of cyclin-dependent kinases (CDKs), particularly CDK2, is crucial as these 

enzymes regulate the cell cycle and play a key role in transitioning cells for DNA replication. 

Targeting abnormal CDK2 activity with selective inhibitors has emerged as a potential strategy 

for cancer treatment. By blocking abnormal CDK2 in tumor cells while sparing normal cells, this 

approach holds promise for advancing cancer therapy and highlights CDK2's significance in 

controlling the cell cycle and disease  [45] [46]. 

 . 

2.2. Cancer  

 

2.2.1. General information 

Cancer is a collection of diseases characterized by the abnormal proliferation of cells, which, if 

left unchecked, can progress and eventually lead to premature death. It occurs in any part of the 

body and affects individuals from diverse socio-economic backgrounds, races, and ages [47].  

Cancer is the primary cause of morbidity and mortality globally, with an estimated 9.6 million 

deaths in 2018, accounting for one in six deaths. 

According to World Health Organization “ WHO ”. In males, the most common cancers are lung, 

prostate, colorectal, stomach, and liver, while in females, they are breast, colorectal, lung, cervical, 

and thyroid cancer. 
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Unhealthy lifestyle habits adoption such as inadequate physical activity, reduced intake of fruits 

and vegeTabs, and increased use of tobacco, fast food, and alcohol are expected to increase the 

incidence of cancer further [48].  

 

2.2.2. Definition of cancer  

Cancer is a broad category of illnesses in which abnormal cells grow uncontrollably, potentially 

originating from any organ or tissue in the body. The cells often breach their usual boundaries, 

filtering adjacent areas of the body and may spread to other organs, a process known as metastasis, 

which is a significant contributor to cancer-related mortality. Other frequently used terms for 

cancer include malignant tumor and neoplasm [49]. 

Human cells usually grow and divide in an orderly process to create new cells as needed and die 

when they become old or damaged. However, sometimes this process goes awry, and abnormal or 

damaged cells can multiply and form lumps of tissue known as tumors. Tumors can be either 

benign or malignant. Benign tumors do not invade nearby tissue and are usually not life-

threatening but may cause severe symptoms. Malignant tumors, on the other hand, can spread to 

other parts of the body and are often life-threatening. Neoplasm refers to an abnormal tissue mass 

that grows uncontrollably even when stimuli for growth are removed. Early detection and proper 

treatment can increase the chances of survival for many types of cancer.  

 

2.2.3. Property of cancer cells  

Malignant tumors possess specific characteristics, including uncontrolled growth, the ability to 

invade nearby tissues, and the potential to spread to other parts of the body (metastasis) as 

illustrated in Fig 2.1.  

These traits arise from a variety of genetic changes that occur within cancer cells, such as the 

ability to proliferate without standard growth signals, resistance to signals that would generally 

limit growth, evasion of cell death mechanisms, development of new blood vessels to support 

tumor growth, invasion of neighboring tissues, and failure to repair damaged DNA (as depicted in 

Fig 2.2) [48].  
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Fig.2.1 Features of Cancer - Major changes occurring in a cell undergoing  

malignant change [48]  

 

 

Fig.2.2 Schematic diagram depicting how metastasis from tumor occurs [48] 
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2.2.4. Cancer statistics  

The number of cancer cases revealed by Professor Kamal Bouzid, head of oncology at Mustapha 

Pacha Hospital, is chilling. In 2019, 50,000 new cases and 20,000 deaths were recorded in Algeria, 

according to the Arabic-language newspaper Echourouk. The number of cases is expected to 

increase in the coming years, with breast cancer topping the list with 12,000 new cases in Algeria, 

followed by colon cancer, which has seen a terrifying resurgence in recent years. « Echourouk » . 

The medical budget deficit in Algeria significantly affects patients, who are left without power in 

the face of drugs and cancer treatment shortages, notes Kamel Bouzid, who explains that the 

problem has worsened in the past year. The professor also said that by 2025, 60,000 new cases 

would be recorded annually in Algeria, wxpected to rise to 70,000 cases per year by 2030 [50]. 

 

2.3. Different types of cancer-related to cyclin dependent kinase 2  

The three most common types of cancer in terms of incidence are lung cancer, breast cancer in 

women, and colorectal cancer. These three types of cancer also rank among the top five in terms 

of mortality, with lung cancer being the most deadly, followed by colorectal and breast cancer. 

Together, these three types of cancer account for one-third of the incidence and mortality of cancer 

worldwide as showed in the Fig 2.3 (World Health Organization 2018). 
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Fig.2.3 Top 10 Cancers by Incidence-Current Rates in Algeria [51] 

 

2.3.1. Breast cancer  

Breast cancer develops in the breast's milk-secreting cellular units, known as the ducto-lobular 

units, primarily in women. In other words, it is a cancer of the mammary gland. Eight out of ten 

cases of breast cancer occur in women over 50 [52].  

 

2.3.1.1 Epidemiology  
 

➢ Global statistics  

In 2020, more than 2.2 million breast cancer cases were reported, making it the most common 

cancer. Nearly one in twelve women will develop breast cancer in their lifetime. Breast cancer is 

the leading cause of cancer-related deaths among women, with approximately 685,000 women 

dying in 2020. Most cases and deaths from breast cancer occur in low- and middle-income 

countries. WHO 2020. 
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➢  National statistics  

Breast cancer is the most common cancer among women in Algeria, with an estimated 12,500 new 

cases and 3,400 deaths in 2020. The incidence rate of breast cancer in Algeria is relatively low at 

20.3 cases per 100,000 population [53].  

 

2.3.2. Lung cancer  

Bronchopulmonary cancer is a malignant tumor that can arise at the junction of the main branches, 

in one of the bronchi, or the periphery of the lung in the alveoli. Cancerous cells can spread to 

lymph nodes through lymphatic vessels (lymphatic dissemination) or to other organs through 

blood vessels (hematogenous dissemination), leading to the formation of metastases [54].  

 

2.3.2.1. Epidemiology  
 

➢ National statistics 

In Algeria, there were an estimated 4,800 new cases and 4,400 deaths from lung cancer in 2020, 

with an incidence rate of 3.8 cases per 100,000 population. Risk factors for lung cancer, such as 

smoking and pollution exposure, may also vary across different populations [55].  

 

➢ Global statistics  

Lung cancer is the second most common cancer worldwide, the most common cancer in men  

and the second most common cancer in women. 

There were more than 2.2 million new cases of lung cancer in 2020 [44].  

 

2.3.3.  Colon cancer 

Colon cancer arises from mutations in the cells' genes within the inner layer of the colonic wall, 

leading to the growth of benign tumors called adenomas or adenomatous polyps. These polyps can 

later become cancerous tumors, invading the colonic wall and spreading to distant sites. The 

adenoma-cancer sequence takes several years to develop, and screening can help diagnose colon 
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cancer at an earlier stage and prevent it by removing adenomatous polyps during a colonoscopy 

[56].  

 

2.3.3.1. Epidemiology 
 

➢  Global statistics  

According to the World Health Organization's data, colorectal cancer is ranked as the third most 

prevalent cancer globally. In 2020, it was estimated that approximately 1.93 million new cases 

were diagnosed, resulting in 935,000 deaths. The incidence of colorectal cancer varies across 

different regions, with the highest rates in developed nations. Typically, the risk of developing this 

cancer increases with age, with over 90% of cases being detected in individuals over 50. Men are 

marginally more susceptible to colorectal cancer than women. 

 

➢ National statistics  

In Algeria, there were an estimated 8,300 new cases and 4,200 deaths from colorectal cancer in 

2020. The incidence rate of colorectal cancer in Algeria is relatively low at 6.4 cases per 100,000 

population. The development of colorectal cancer can be influenced by lifestyle, diet, and genetics, 

which may differ between populations [55].  

 

2.4. Cyclin Dependent Kinase  
 

2.4.1. General information of cyclin-dependent kinases  

Genetic and biochemical investigations in model organisms like yeasts and frogs led to the initial 

discovery of CDKs. 

All known eukaryotes have cyclin-dependent kinases (CDKs), a family of 20 serine/threonine 

protein kinases that are relatively tiny proteins with molecular weights between 34 and 40 kDa 

[57].  that CDKs play crucial roles in essential cellular and molecular processes, including 

metabolism, gene transcription, mRNA splicing, cell migration, senescence, and death. They need 

physical interaction with a cyclin partner, as suggested by their name, and post-translational 

changes to become catalytically active and phosphorylate their protein substrates [46].  
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Constitutive or uncontrolled hyperactivity of these kinases caused by cyclin or CDK amplification, 

overexpression, or mutation contributes to the growth of cancer cells, and abnormal activity of 

these kinases has been found in many different types of human malignancies. These kinases are 

consequently interesting pharmacological targets for creating anti-cancer therapies and indicators 

of proliferation [58]. 

 

2.4.2. Nomenclature and classification of cyclin dependent kinase  

The family of cyclin-dependent kinases includes 20 members that recently have been renamed 

CDK1 through to CDK20 [59].  

The study of the evolution of the CDK family in mammals has enabled categorizing of these 

enzymes into three subfamilies related to cell cycle regulation (CDK1, CDK4, and CDK5)             

and five subfamilies related to transcriptional regulation (CDK7, CDK8, CDK9, CDK11,               

and CDK20). These CDKs typically associate with one or a few cyclins, which impart specific 

functional roles to the resulting complexes. 

The human cyclin family (regulatory subunits of CDKs) consists of approximately 29 proteins 

grouped into three main groups: the cyclin b group, mainly cell cycle-associated CDKs, the cyclin 

i group, partners of CDK5, and the cellular cyclin c group, significant partners of transcriptional 

CDKs (as illustrated in the Fig 2.4) [60].  
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                                          Fig.2.4 Classification of CDKs [57] 

 

2.4.3. General structure  

CDKs are proline-directed serine/threonine protein kinases that prefer the S/TPXK/R sequence 

due to a hydrophobic pocket near the catalytic site that accommodates proline (+1 position). 

However, the requirement for basic residues at the +3 position must be maintained in CDK4 or 

transcriptional CDKs that showed a less stringent S/TPX consensus. Other family members, such 

as CDK7 or CDK9, are not necessarily proline-targeted and can also phosphorylate residues 

without +1-proline [61].  

CDKs range in size from approximately 250 amino acid residues, containing only the serine/threonine 

kinase catalytic domain, to proteins of over 1,500 residues, with variable-length amino- and/or carboxy-

terminal extensions (Fig 2.5). Like all kinases, CDKs have a bilobed structure. The amino-terminal lobe 

contains β-sheets, while the carboxy-terminal lobe is rich in α-helices, with the active site in the middle. 

The N lobe contains a glycine-rich repressive element (G loop) and a unique main helix - the C helix 

(containing the PSTAIRE sequence in CDK1). The C lobe contains an activation fragment extending from 

the DFG motif (D145 in CDK2; EMBL: AK291941) to the APE motif (E172 in CDK2) and 
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phosphorylation-sensitive residues in the so-called T-loop (T160 in CDK2). In the cyclin-free monomeric 

form, the catalytic CDK gap is closed by a T-loop, preventing enzymatic activity [57].  

 

 

Fig.2.5 Representation of CDK2 as a prototype CDK protein bound with cyclin A and ATP and Tloop 

helps activate the ATP binding site when it gets bound to the CDK [47, 58, 62] 

 

2.4.4. Activity of cyclin-dependent kinases  

Different CDK-cyclin complexes are generated during cell cycle progression, each of which acts 

at a specific time point in the cell cycle [46].  

In particular, the CDK4/6 cyclin D complex is activated during the G1 phase of the cell cycle. It 

is responsible for the phosphorylation of members of the pocked protein family (pRb, p107,          

and p130), which transform into repressive transcriptional complexes.These complexes are 

subsequently phosphorylated by CDK2-cyclin E, disrupting them and inducing the transcription 

of genes encoding proteins required for DNA replication and mitosis. 

The CDK2-cyclin E complex is also involved in triggering DNA replication. CDK2 Cyclin A is 

subsequently activated and is required for DNA replication during the S phase of the cell cycle. 
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Finally, CDK1-cyclin A and CDK1-cyclin B are involved in the initiation and progression of 

mitosis [61-63].  

Fig.2.6 Illustrative view of cell cycle along with CDKs involved in cell cycle propgression [62].  

2.4.5. cyclin-dependent kinases inhibitor  

Approximately 20 chemical classes of CDK inhibitors are available; they are analogues of purines, 

pyrimidines and natural metabolites isolated from microbial strains and their derivatives. 

Flavopiridol, roscovitine, staurosporine, purvalanol, and alsterpaullone are some potential drug 

candidates that have been clinically tested and inhibit CDK activity. Specificity is the biggest 

problem with these currently available antagonists, and they do not have CDK-only specificity; 

most of these inhibitors have multiple CDK targets. 

For example, R-roscovitine inhibits CDKI, CDK2, CDK5, CDK7 and CDK9. 

The development of specific kinase inhibitors is critical to minimizing the unwanted side effects 

of these drugs [64]. 
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Fig.2.7  inhibitors CDKs [61] 

2.5.Cyclin-Dependent Kinase 2 enzyme  
 

CDK2 Human Recombinant is produced in e. coli as a single non-glycosylated polypeptide chain 

of 306 amino acids (1-298 amino acids) with a molecular weight of 35 kda [65]. 

 

2.5.1. Catalytic domain  

Cyclin-dependent kinase 2 is structured in two lobes. The lobe beginning at the N-terminus (N-

lobe) contains many beta sheets, while the C-terminus lobe (C-lobe) is rich in alpha helices. CDK2 

becomes active when a cyclin protein (A or E) binds at the active site between the N and C lobes 

of the kinase, [59] CDK2 undergoes phosphorylation: activates threonine 160 and represses 

threonine 14 and tyrosine 15. when cyclin A is degraded, the CDK2-cyclin A complex develops 

kinase activity from the late to mid-G1 phase. The kinase activity of the CDK2-cyclin E complex 
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is also present in the early G1 phase, peaks at the onset of the S phase and then disappears [65, 

66]. This kinase likely binds to cyclin E and is essential for initiating DNA replication [45]. 

             

 

Fig.2.8 Crystallographic structure of CDK2 without and with cyclin [57] 

 

2.5.2.  Action mechanism 

The protein CDK2 binds the transcription factor E2F, responsible for the expression of several 

genes involved in DNA replication. In late G1-phase cells, several researchers have found that 

CDK2 forms a complex with cyclin E, E2F, and a protein called p107, which is associated with a 

retinoblastoma susceptibility gene called pRB. During the S phase, cyclin E is replaced by cyclin 

A in this complex [67].  The CDK2-cyclin A complex can also directly bind to E2F-1, a member 

of the E2F family, without the participation of p107. in contrast to CDK2-cyclin E, CDK2-cyclin 

A can phosphorylate E2F-1, thereby losing its affinity for DNA and its activity as a transcription 

factor [68].  
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Fig.2.9 Action mechanism of CDK2 at the cell level [69] 

2.5.3. Inhibitor of cyclin-dependent kinase 2  
 

The co-crystallization of inhibitors with CDK2 has significantly advanced our understanding of 

the mechanisms of action of these molecules. Seven inhibitors, including isopentenyl adenine [70] 

, olomoucine [70], roscovitine [71], purvalanol [72], a flavopiridol derivative [73], indirubin-3'-

monoxime [74], and staurosporine [74], have been co-crystallized with CDK2 in addition to ATP. 

 

2.6. Conclusion 
 

In conclusion, this chapter sheds light on the intricate relationship between cell cycle regulation 

and tumor development in cancer is highlighted, with CDK2, a key regulator, being a potential 

therapeutic intervention target. Understanding CDK2's role in tumor development allows 

researchers to develop targeted therapies targeting cancer cells while minimizing harm to healthy 

tissues. This knowledge holds promise for transforming cancer care and improving patient 

outcomes. 

 

 



    

  
37 

 

           Chapter 3: In silico 



Chapter3                                                                                                In silico 

    

  
38 

Chapter 3: In silico 

 

3.1. Introduction  

Docking, a computational technique in molecular biology and drug discovery, plays a vital role in 

predicting and analyzing interactions between small molecules and target proteins or biomolecular 

structures. By identifying potential drug candidates and understanding their mode of action, 

docking greatly aids in virtual screening and accelerating the development of new pharmaceuticals 

[24]. 

Protein structure prediction by modeling is a computational method utilized to forecast the three-

dimensional structure of proteins based on their amino acid sequences. By comparing target 

protein sequences to known structures and refining the predictions, this technique provides 

valuable insights into protein function and finds applications in various scientific fields [13].   

3.2.  In silico 

In silico prediction methods have gained popularity in drug discovery processes, as they are 

cheaper and less time‐consuming than obtaining experimental data through in vivo and in 

vitro methods [75]. 

"In silico" is a term used to describe computer-based or simulated processes [76]. In drug 

discovery, in silico drug designing involves using computer-based models to tailor combinations 

of chemical responses to fit specific treatment profiles, as opposed to the traditional method of 

trial-and-error testing on animals [77]. A drug is a substance used for diagnosis, treatment, or 

prevention of a disease or as a component of medication. Drug discovery aims to rapidly develop 

effective treatments for both endogenous and exogenous diseases [78]. Drug design involves 

creating small molecules that are complementary in shape and charge to the target biomolecule, 

allowing them to bind to it [79]. Identifying potential drug targets is crucial in the research and 

development of drug molecules at an early stage. While experimental techniques are limited by 

throughput, accuracy, and cost, the development of in silico target identification algorithms has 

gained attention globally due to its speed and low cost [80]. Computational tools offer the 

advantage of delivering new drug candidates quickly and cost-effectively [81]. 
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3.3. Quantitative structure-activity relationship (QSAR) 

Chemical structure and biological activity are supposedly related by quantitative structure-activity 

relationship (QSAR) models, which are quantitative regression techniques. Numerous scientific 

fields, such as chemistry, biology, and toxicology, have made substantial use of the quantitative 

structure-activity connection and related techniques [81, 82]  .QSAR models are now considered 

as a scientifically reliable technique for predicting and categorizing the biological activities of 

untested compounds in both drug discovery and environmental toxicology [83]. 

QSAR has unavoidably cemented itself as a crucial tool in the pharmaceutical sector as we 

approach the new millennium, from lead identification and optimization through lead development 

[84, 85]. For instance, it's becoming more common to employ QSAR as a screening                           

and enrichment method early in the drug discovery process to weed out molecules without druglike 

qualities  or substances that are likely to cause a hazardous reaction from further development. The 

extension of QSAR outside the pharmaceutical sector to human and environmental regulatory 

bodies for application in toxicology is predicted under this emerging scenario. 

The development of QSAR during the past ten years has been enabled by advancements in 

computer hardware and software. Improvements in QSAR methodologies and related software 

have been largely driven by the enormous financial incentives within the pharmaceutical industry 

alone to speed up the drug discovery process and increase success odds by enhancing the drug 

pipeline with more potent and less toxic candidates. Its widespread adoption has been further 

sparked by the incorporation of QSAR modeling with current developments in hardware                 

and software for data storage and administration. The QSAR software's algorithms have also 

significantly improved, especially in relation to the vast and expanding set of descriptors used to 

describe molecule structure and properties. 

The core tenet of QSAR is that differences in the structural, physical, and chemical features of a 

group of compounds that have a common mechanism of action are linked with variations in their 

biological activity [86]. A statistically validated QSAR model is capable of predicting the 

biological activity of a new chemical within the same series instead of the time-consuming               

and labor-intensive processes of chemical synthesis and biological evaluation because it is 
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presumably that these structurally related properties of a chemical can be determined by 

experimental or computational means much more efficiently than its biological activity using in 

vitro or in vivo approaches. When used wisely, QSAR can result in significant time, financial,            

and human resource savings. 

 

 3.4. Molecular docking 

Molecular docking is the placement of molecules in a known three-dimensional structural database 

one by one at the active site of the target molecule. By optimizing the position and conformation 

of the acceptor compound, the dihedral angle of the inner rotaTab bond, and the side chain                   

and backbone of the amino acid residue of the acceptor, the optimal conformation of the acceptor 

small molecule compound and the target macromolecule is sought and predicted. A combination 

of mode, affinity, and a method for simulating intermolecular interactions by selecting a ligand 

with optimal affinity for the receptor that is close to the natural conformation by a scoring function 

[87]. 

Molecular docking (or molecular bonding) is one of the most SBDD (Structure-Based Drug 

Design) is used to predict ( in silico) the structure of a molecular complex from isolated molecules, 

in which different approaches are combined to study the modes of interaction between the two 

molecules (ligand protein) or (protein-protein) at a time when the methods Each experiment has 

its own limitations and remains difficult and costly to put into practice. place (in vitro). Docking 

is generally used to generate models that allow Predict the interaction between two molecules 

based on their coordinates. atomic and three-dimensional structures (3D) and suggest modes of 

binding Responsible for protein inhibition perform accurately bonding studies on needs the X-ray 

modeled structure, high-resolution NMR with a known/predicted bond in the biomolecule . There 

are 148 827 proteins available in The Protein Data Bank (PDB) [88]. Docking software is a very 

useful tool in biology, pharmacy and medicine. Because most of the active ingredients are small 

molecules (ligand) that interact with a biological target of therapeutic interest. As the 

macromolecular receptor is most often a protein, the term Docking alone is commonly used to 

refer to a “protein-ligand docking” [89]. 
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 3.4.1. The principle of docking  

Molecular Docking may refer to a problem of optimization according to a numerical value that 

would account for the more or less favorable conformation of two entities. 

The total free energy of the protein-ligand system. This numerical value will later be called a 

docking score (or simply a score). Its definition is essential to any molecular docking program as  

determines the outcome of prediction. In fact, there are different ways to obtain this score 

depending on the quality of the docking molecule [90]. 

 

3.4.2. The importance of the docking  

Molecular recognition including enzyme-substrate, drug -protein, drug-nucleic acid, protein-

nucleic acid, and protein-protein interactions play important roles in many biological processes 

such as signal transduction, cell regulation, and other macromolecular assemblies. Therefore, 

determination of the binding mode and affinity between the constituent molecules in molecular 

recognition is crucial to understanding the interaction mechanisms and to designing therapeutic 

interventions [91]. Due to the difficulties and economic cost of the experimental methods for 

determining the structures of complexes, computational methods such as molecular docking are 

desired for predicting putative binding modes and affinities. In molecular docking, based on the 

protein structures, thousands of possible poses of association are tried and evaluated; the pose with 

the lowest energy score is predicted as the “best match”, the binding mode. Since Kuntz                   

and colleagues’ pioneering work , significant progress has been made in docking research to 

improve the computational speed and accuracy. Among them, protein-ligand docking is a 

particularly vibrant research area because of its importance to structure-based drug design [92]. 

A protein-ligand docking program consists of two essential components, sampling and scoring. 

Sampling refers to the generation of putative ligand binding orientations/conformations near a 

binding site of a protein and can be further divided into two aspects, ligand sampling and protein 

flexibility. 

Scoring is the prediction of the binding tightness for individual ligand orientations/conformations 

with a physical or empirical energy function. The top orientation/conformation, namely the one 

with the lowest energy score, is predicted as the binding mode. 
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3.4.3. The most popular docking programs 
 

More than 30 docking software are currently available (Fig 3.1) . These molecular docking 

programs include: GOLD, FlexX, DOCK, AutoDock, MOE or UCSF. Chimera and Molegro 

Virtual Docker (MVD) .(Tab 3.1) 

The use of docking programs has led to many successes in the field of Discovery of new bioactive 

molecules [87]. 

 

Fig.3.1 Molecular bonding purchase of docking programs [87] 

 

Tab.3.1 Web site of the main molecular docking programs [87] 

Nam 

 

Editeur Web site 

AutoDock Scripps 

 

http://www.scripps.edu/mb/olson/doc/autodock/ 

Dock UCSF 

 

http://dock.compbio.ucsf.edu/ 

FlexX BioSolveIT 

 

http://www.biosolveit.de/FlexX/ 

Fred OpenEyes http://www.eyesopen.com/products/applications/fred.html 

http://www.scripps.edu/mb/olson/doc/autodock/?fbclid=IwAR1oqHbyFjn0NahJRjpXfZxcJqPBvYRPHvnwKg6xo9_zbjAPURSDmq18Egg
http://dock.compbio.ucsf.edu/?fbclid=IwAR2vceXYsI_6Yavmt10nacGa1lcLP-MG_PaK2ZuLoCv8nn1YDopSrw97Edo
http://www.biosolveit.de/FlexX/?fbclid=IwAR2YfaU-lS6j0vCFt9jQWEviyHw73tl9jMaJoxIOStG0ak0SGTx9QbofdYU
http://www.eyesopen.com/products/applications/fred.html?fbclid=IwAR1p9GwAkB-NuTEZ_TxKGcmt-BuC4CMotpVtoxDMA3_Cg-6_-wune8Ec0AM
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Glide Schrodinger 

 

http://www.schrodinger.com/Products/glide.html 

Gold CCDC 

 

http://www.cede.cam.ac.uk/products/life_sciences/gold/ 

ICM Molsoft http://www.molsoft.com/products.html 

LigandFit Accelrys 

 

http://www.accelrys.com/cerius2/c2ligandfit.html 

Surflex Biopharmics http://www.biopharmics.com/products.html 

 

3.5. Autodock 

Autodock is an example of the latter, more physically detailed, flexible docking technique. 

Previous releases of Autodock combine a rapid grid-based method for energy evaluation, 

precalculating ligand-protein pairwise interaction energies so that they may be used as a look-up 

Tab during simulation, with a Monte Carlo simulated annealing search for optimal conformations 

of ligands. Autodock has been applied with great success in the prediction of bound conformations 

of enzyme (inhibitor complexes, peptide) antibody complexes, and even protein-protein 

interactions; these and other applications have been reviewed elsewhere. 

Autodock is often used to obtain unbiased dockings of flexible inhibitors in enzyme active sites: 

in computer-assisted drug-design, novel modifications of such lead molecules can be investigated 

computationally. Like many other computational approaches, Autodock performs well in 

predicting relative quantities and rankings for series of similar molecules; however, it has not been 

possible to estimate in Autodock whether a ligand will bind with a millimolar, micromolar, or 

nanomolar binding constant. Earlier versions of Autodock used a set of traditional molecular 

mechanics force-field parameters that were not directly correlated with observed binding free 

energies [87]. 

 

 3.6. Autodock Vina  

AutoDock Vina, a new program for molecular docking and virtual screening, has been presented. 

Vina uses a sophisticated gradient optimization method in its local optimization procedure. The 

calculation of the gradient effectively gives the optimization algorithm a “sense of direction” from 

http://www.schrodinger.com/Products/glide.html?fbclid=IwAR2Mzyri4HZgx0GyMRdN-OJIlaHccFgE6hMw-EYQUWip18oN8N44FmR7bbA
http://www.cede.cam.ac.uk/products/life_sciences/gold/?fbclid=IwAR3lXBxyrM5Vd7TfxM8yhmqJU7xFrq1uMiDsXNB3XwAXn2P0Pin_C4IEoxE
http://www.molsoft.com/products.html?fbclid=IwAR0isVXgrubbvsRJ5TUcEqNEGyjVh6GstZLo5J1HyZa6-gBrfGheqYr_NTg
http://www.accelrys.com/cerius2/c2ligandfit.html?fbclid=IwAR2LGm5TjMYl19qVWsRTo5tZZ392GuxhT7ZXZHaUtEP422E8sUlimViuDuc
http://www.biopharmics.com/products.html?fbclid=IwAR0glOzTszpOQgkJ8jlAMsoaIgbv9FHlBC4uIN8UKSmdgER54Z_4BbhryfA
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a single evaluation. By using multithreading, Vina can further speed up the execution by taking 

advantage of multiple CPUs (Central Processing Unit) or CPU cores. 

The evaluation of the speed and accuracy of Vina during flexible redocking of the 190 receptor-

ligand complexes making up the AutoDock 4 training set showed approximately two orders of 

magnitude improvement in speed and a simultaneous significantly better accuracy of the binding 

mode prediction. In addition, AUTODOCK Vina can achieve near-ideal speed-up by utilizing 

multiple CPU cores [93]. 

3.7. Discovery studio  

Discovery Studio is a software suite designed for scientific research in the fields of chemistry, 

biology, and materials science. It is developed by Dassault Systèmes BIOVIA and includes a wide 

range of tools and modules for molecular modeling, visualization, and simulation. 

Molecular modeling: Discovery Studio includes a variety of tools for building, editing,                    

and optimizing molecular structures. These tools can be used to create new compounds or modify 

existing ones, and can help researchers explore the properties and behavior of molecules at a 

structural level [94]. 

Virtual screening: Discovery Studio includes several tools for virtual screening of large compound 

libraries, including ligand-based and structure-based approaches.  

These tools can help researchers identify potential drug candidates based on their predicted binding 

affinity and other properties . 

Molecular dynamics simulation: Discovery Studio includes a module for molecular dynamics 

simulation, which can be used to simulate the behavior of molecules over time. This can be helpful 

for understanding how molecules interact with each other and with their environment, and for 

predicting their properties and behavior under different conditions [88]. 

Visualization and analysis: Discovery Studio includes powerful tools for visualizing and analyzing 

molecular structures and properties. These tools can help researchers explore complex data sets 

and generate insightful visualizations and graphics. 



Chapter3                                                                                                In silico 

    

  
45 

Overall, Discovery Studio is a versatile and powerful software suite that can be used for a wide 

range of scientific research applications. Its many features and modules make it a valuable tool for 

researchers in chemistry, biology, and materials science, among other fields [95]. 

Examples of drugs that have been discovered using docking techniques: 

Docking can be a powerful tool in drug discovery, allowing researchers to quickly and efficiently 

screen large numbers of potential drug molecules for their ability to bind to a target protein. This 

is a few examples of drugs that have been discovered using docking techniques in the field of 

cancer: 

1-Gefitinib (Iressa): This drug was developed to treat non-small cell lung cancer (NSCLC)            

and works by inhibiting the activity of the epidermal growth factor receptor (EGFR). Docking 

studies were used to identify the binding site of gefitinib on the EGFR protein and optimize its 

structure for maximum binding affinity [96]. 

2-Sorafenib (Nexavar): This drug was developed to treat kidney cancer and works by inhibiting 

the activity of several proteins involved in cell growth and division. Docking studies were used to 

identify the binding site of sorafenib on the protein kinase RAF and optimize its structure for 

maximum binding affinity [97]. 

3-Venetoclax (Venclexta): This drug was developed to treat chronic lymphocytic leukemia (CLL) 

and works by inhibiting the activity of the protein B-cell lymphoma 2 (BCL-2), which helps cancer 

cells survive. Docking studies were used to identify the binding site of venetoclax on BCL-2         

and optimize its structure for maximum binding affinity [98]. 

4-Olaparib (Lynparza): This drug was developed to treat ovarian cancer and works by inhibiting 

the activity of the protein poly (ADP-ribose) polymerase (PARP), which helps repair damaged 

DNA. Docking studies were used to identify the binding site of olaparib on PARP and optimize 

its structure for maximum binding affinity [99]. 

5-Acalabrutinib (Calquence): This drug was developed to treat mantle cell lymphoma and works 

by inhibiting the activity of the protein Bruton's tyrosine kinase (BTK). Docking studies were used 

to identify the binding site of acalabrutinib on BTK and optimize its structure for maximum 

binding affinity [100]. 
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3.8. Modeling  

3.8.1. Swiss model 

SWISS-MODEL is a widely used web-based tool in structural bioinformatics that employs 

homology modeling techniques to generate reliable 3D models of protein structures. It provides a 

user-friendly interface that allows users to generate models based on templates from the Protein 

Data Bank or a user-defined template library. The SWISS-MODEL pipeline involves template 

selection, target-template alignment, model building, model quality assessment, and visualization, 

which are essential in generating high-quality models. The resulting models are suiTab for various 

applications, such as protein structure prediction, drug discovery, and understanding of protein 

function [101]. 

Protein structure homology modeling has become a routine technique for generating 3D models 

of proteins when experimental structures are unavailable. Fully automated servers such as SWISS-

MODEL generate reliable models without requiring complex software packages or large database 

downloads, making them accessible to non-specialists. SWISS-MODEL was established 20 years 

ago as the first fully automated server for protein structure homology modeling and has 

continuously improved. Conserved ligands such as essential cofactors or metal ions in the model   

[102]. Recently, SWISS-MODEL's functionality has been expanded to model oligomeric 

structures of target proteins and include evolutionarily conserved ligands such as essential 

cofactors or metalions in the model [102].  

 

Fig.3.2  Swiss Model [103] 
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3.8.2. Alphadatabase  

The Alpha Database, also known as the AlphaFold Protein Structure Database (AFDB), is a 

collection of predicted protein structures generated by the AlphaFold2 algorithm. It serves as a 

valuable resource for researchers and scientists seeking information about protein structures 

[104].The database incorporates various algorithms and tools to enhance its functionality. For 

instance, the CCTOP(Consensus Constrained TOPology Prediction), TOPCONS2, and 

DeepTMHMM algorithms are utilized to differentiate between transmembrane (TM) and non-TM 

proteins. CCTOP, in particular, is employed to predict the topology of TM proteins, with the 

SignalP6 algorithm replacing the older version of signal peptide prediction. The structures in the 

database are segmented into fragments based on their Predicted Alignment Error matrix, using the 

Agglomerative Clustering function from the Sklearn Python package. Additionally, the DSSP 

algorithm is applied to identify helical residues within the protein structures, while the TMDET 

(TransMembrane Protein DETection)algorithm helps in detecting the membrane plane in both the 

complete AlphaFold structures and their fragments. Overall, the Alpha Database provides a 

comprehensive collection of protein structure predictions, enhancing our understanding of protein 

architecture and aiding in various biological and biomedical research endeavors [105]. 

3.8.3. Evolutionary scale modeling  

Evolutionary scale modeling is a powerful approach for predicting protein structures, especially 

for challenging proteins that are difficult to study experimentally. It complements traditional 

experimental techniques like X-ray crystallography and nuclear magnetic resonance spectroscopy 

[106]. By utilizing evolutionary information and analyzing related protein sequences, this method 

offers a rapid and cost-effective way to generate structural models. It provides valuable insights 

into protein structure and function, aiding in understanding biological processes                                  

and enabling drug design and discovery [107]. 

 

3.8.4.  Robetta  
Robetta is an Internet service that automates protein structure prediction and analysis using 

genomic data. It employs a fully automated procedure to generate models for entire protein 
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sequences, regardless of homology to known structures. Robetta identifies domains and builds 

models using comparative modeling for homologous domains and the Rosetta de novo prediction 

method for non-homologous domains [108]. It can also utilize NMR constraints for structure 

determination. Robetta's tools have applications in structural genomics, aiding in the determination 

of challenging protein structures and identifying energetically important side-chains in protein-

protein interfaces. The ultimate goal of Robetta is to provide high-quality structural information 

to support research, infer protein function, and assist in drug design [109]. 

3.9. Pharmacokinetics 
 

3.9.1  Drug likeness tool  

A drug-likeness tool is a computational method that can be accessed online or downloaded as 

standalone software packages used in drug discovery to predict the pharmacological properties of 

small molecules based on their chemical structure. These tools analyze the structural                         

and physicochemical properties of small molecules and generate predictions about their 

pharmacological properties, including factors such as oral bioavailability, absorption, distribution, 

metabolism, and excretion (ADME), as well as potential toxicity and drug-drug interactions. 

The primary objective of drug-likeness tools is to identify small molecules with a high probability 

of serving as safe and effective drug candidates, which can help reduce the time and cost associated 

with experimental drug discovery [110]. Various drug-likeness tools are available, which use 

different algorithms and statistical models to generate predictions. Some of the most commonly 

used drug-likeness tools include Lipinski's Rule of Five, which predicts oral bioavailability based 
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on molecular weight, the number of hydrogen bond donors and acceptors, and lipophilicity,          

and the Molecular Weight, Hydrogen Bond Donor and Acceptor, Lipophilicity, and RotaTab 

Bonds (MW-HD-LR) rule, which predicts drug-likeness based on similar parameters. Other 

commonly used rules include the MDDR-like rule, Veber rule, Ghose filter, BBB rule, CMC-50-

like rule, and Quantitative Estimate of Drug-likeness (QED) [111] 

Fig.3.3 Drug likeness tools [111] 

3.9.2.  Pharmacokinetics models for small molecules (PKCSM) 

Pharmacokinetics models for small molecules (PKCSM) is a powerful computational tool used in 

drug discovery to predict the pharmacokinetic properties of small molecules. This graph-based 

signature approach enables the prediction of ADME (absorption, distribution, metabolism,           

and excretion) properties and toxicity profiles of small molecules, aiding in identifying potential 

drug candidates. PKCSM utilizes a distance-based graph signature method, adapted from the 

Cutoff Scanning concept, to represent small molecules' chemical structure and atomic 

pharmacophores. This enables the development of 30 predictors divided into five major classes: 

absorption, distribution, metabolism, excretion, and toxicity [112]. 
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PKCSM has shown a high accuracy rate of 83.8% in predicting mutagenicity in external validation 

datasets. Additionally, PKCSM can predict several endpoints, such as LD50, Ames test, maximum 

daily dose, and hepatotoxicity, making it a valuable tool for drug development [113].  

 

Fig.3.4  Pharmacokinetics models for small molecules [113]. 

3.9.3. Pass online 

The software program PASS is a freely accessible web resource that predicts the biological activity 

profiles of organic compounds based on their structural formulas. It provides simultaneous 

predictions of many types of biological activity ( over 4,000 types of biological activity predictions 

with average accuracy above 95% ), allowing for evaluation of the general biological potential of 

drug-like molecules [114]. 

PASS is based on analyzing the structure-activity relationships in a training set containing 

information on more than 300,000 organic compounds. The program predicts biological activity 

profiles for chemical compounds in a standardized representation and uses a naïve Bayes classifier 

as its mathematical approach. A PASS prediction results in a list of probable biological activities 
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arranged in descending order of Pa-Pi values. Pa is the probability of belonging to the class of 

"actives", and Pi is the probability of belonging to the "inactive" [115]. 

 

 

3.10. Conclusion 

Docking and protein structure prediction are crucial in drug discovery and protein analysis. These 

techniques identify potential interactions between molecules and target proteins, aiding in drug 

design and optimization. Docking predicts binding affinities, selectivity, and modes of action, 

accelerating drug development. Protein structure prediction provides insights into folding, 

dynamics, and function, aiding in understanding biological processes and disease 

mechanisms. Together, these techniques and studies drive advancements in pharmaceutical 

research, leading to the development of safer and more effective drugs. By combining 

computational approaches, protein analysis, and pharmacokinetic investigations. 
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Chapter 4: Materials and methods 

4.1. Introduction 

          In this chapter, we will discuss the methods used included the extraction and quality identification of 

ginger and cinnamon oils, as well as the evaluation of their biochemical properties, antibacterial activity 

and inhibition of CDK2. 

Current research indicates that cinnamon and ginger essential oil may offer therapeutic advantages as an 

anticancer. To completely understand the activities and processes of cinnamon and ginger oil's possible 

anticancer effect, additional in-silico research are required. 

We identify potential enzymatic processes by which various cinnamon and ginger essential oil components 

may exert effects, mostly utilising in silico molecular modelling. Additionally, models will offer estimated 

binding affinities that project the possibility of a target and ligand interacting spontaneously. These models 

provide a foundation for additional in vitro and in vivo validation. 

Our study uses essential oil of Algerian ginger from Biskra, Indian cinnamon C. tamala, Indonesian 

cinnamon C. burmannii and chains cinnamon C. cassia. The part used of cinnamon in this study is the barks. 

Both are known for their medicinal characteristics, great use by the population, and interesting therapeutic 

virtues. 

Our research project was conducted at Dr Zibouche's medical centre in Ain Defla's level of the analytical 

laboratory and the process engineering laboratory of Khemis Miliana. 
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4.2. Apparatus and reagents   

In this part, all apparatus and reagents used in this study are summarised in Tab 4.1: 

Tab.4.1: Apparatus and reagents  . 

Plants materials Laboratory materials 

 

Microbiological  material 

-Indonesian cinnamon sticks.  

- Chinese cinnamon sticks.  

- Indian cinnamon sticks.  

-Algerian ginger. 

-Flask (1000 ml)+Beaker. 

-Bunsen burner+incubator. 

-Separatory funnel (250 ml). 

-Erlenmeyer flask with  stopper  

vacuum filtration.  

-Rotary vacuum evaporator.  

-Eppendorf Tubes (1.5 ml).  

-Electronic Balance.  

-pH-indicator strips pH meter.  

-Magnetic Stirrer.  

-Holes wooden test tube.  

-Micropipette - Pipette tips.  

-Test tubes.  

-UV-Visible Spectrophotometer. 

-Volumetric flasks.  

- Flask 50 ml.  

-Burette.  

-Magnetic hotplate stirrer. 

-Sabouraud culture medium  

-Mueller Hinton culture medium  

-Petri dish  

-strains of bacteria  and yeasts :  

*Escherichia coli  

*Staphyloccocus aureus  

*Candida albicans 

 

4.3. Extraction methods  

This part is devoted to extracting the essential oil of cinnamon and ginger obtained from the 

shop. The extraction method is presented in the Fig 4.1: 
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4.3.1 Steam distillation  (Hydrodistillation)  
 

Steam distillation is the extraction method used for most commercial essential oils today. This 

brings many advantages: shorter extraction times, lower energy consumption and better oil quality 

[1]. 

The cinnamon bark and ginger utilised in the study were crushed from a supermarket. Next, it was 

washed with deionised water for 5 minutes. Fifty grams of the resulting powder of cinnamon and 

70 grams of the resulting powder of ginger were placed in a 500 millilitres distillation flask along 

with 250 millilitres of distilled water. This flask was connected via a glass tube to a steam generator 

and a condenser to extract the oil as show in Fig 4.2 .   

The essential oils were then distilled with boiling water for 2 to 3 hours, and the recovered mixture 

was allowed to settle before the oil was withdrawn. The product obtained from the steam 

distillation was separated using a separatory funnel. The essential oils settled at the top layer         

Fig.4.1 Flowchart representing the preparation of the plants.  

Cinnamon  

Washing with tap water   and 

rinsing with distilled water 

Grinding and crushing 

Extraction 

Ginger 
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and were repeatedly separated until no oil remained in the funnel (Fig 4.3). The essential oils were 

then stored in a refrigerator at 4 °C [116]. 

 

 

 

 

 

 

 

 

 

 

The essential oil yield percentage was determined by dividing the weight of essential oils by the 

weight of bark powder [117]. 

The yield was calculated using the equation bellow: 

 

 

 

Where: 

➢ MEO: Mass of the extracted oil (g) 

➢ Bm: Initial plant biomass (g) 

Fig.4.2 Steam extraction process Fig.4.3 Separation the essential oil of cinnamon 

Yield(%) = ( 
𝑴E.O

𝑩𝒎
 )× 100      (Eq.4. 1) 
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4.4. Characteristics of the essential oil 

During this study, the quality and composition of the extracted cinnamon essential oils were 

evaluated by analysing their organoleptic and physico-chemical properties. These properties serve 

as a means to verify and monitor the quality of the essential oils. 

4.4.1. Organoleptic properties 

The organoleptic test involved scoring assessments of taste, texture, colour, and aroma to evaluate 

the sensory properties of the essential oils. 

 4.4.2 Physico-chemical properties 

4.4.2.1. Relative density 

Relative density, denoted as RD, is a dimensionless quantity representing the ratio of the mass of 

a specific volume of oil at 20 °C to the mass of an equal volume of distilled water at 20 ° C [118].  

• Procedure  

To determine the relative density (RD), an electrical balance is used to consecutively weigh equal 

amounts of oil and water at a temperature of 20 °C. 

Relative density is calculated as follows: 

 

 

With: 

➢ RD: The value of the relative density according to the standards. 

➢ mo: The mass in grams of empty eppendorf. 

➢ m1: The mass in grams of eppendorf, filled with distilled water. 

➢ m2: The mass, in grams of eppendorf, filled with the EO.  

 

 

RD= 
(𝒎𝟐−𝒎𝟎)

(𝒎𝟏−𝒎𝟎)
        (Eq.4. 2) 
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4.4.2.2. pH value 
 

In chemistry, pH, the "potential of hydrogen," is a scale employed to indicate the acidity or basicity 

of an aqueous solution. Acidic solutions with higher concentrations of H+ ions are characterised 

by lower pH values than basic or alkaline solutions [119].  

In our study, we are utilizing the colorimetric method for measuring pH. This method involves 

using pH papers to visually determine the acidity or basicity of the solution under investigation. 

 

4.4.2.3. Acid value (neutralization number)   

The acid value, denoted as AV, is a number expressed in milligrams representing the quantity of 

potassium hydroxide required to neutralise the free acids present in 1 gram of substance [120] [97]. 

Potassium hydroxide reacts with the acid according to the following reaction: 

 

O

OH

R + KOH R

O

OK
+ H

2
O

 

The principle is to neutralize the free acids using a titrated ethanolic solution of potassium 

hydroxide. 

The procedure involves introducing 1 gram of essential oil into a flask and adding 5 ml of ethanol. 

Then, agitation is performed, followed by titration with a titrated ethanolic solution of potassium 

hydroxide (C (KOH) = 0.1 mol/L) in the presence of phenolphthalein (a coloured indicator) as 

show in Fig.4.4. The liquid's light yellow colour (the essential oil colour) changes to pink upon 

neutralisation. The volume of KOH used for neutralisation is read directly from the burette. 

 

(Eq.4. 3) 
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The acid value is expressed by the formula: 

                         

                                                                 

Where:  

➢ 56.11: Molar mass of KOH (g/mol).  

➢ M: Molarity of the base (mol).  

➢ V: Volume of titre for EO sample (ml).  

➢ W: Weight of essential oil sample (g).  

4.4.2.4. Ester value   

The ester value, denoted as EV, is the number of milligrams of potassium hydroxide required to 

neutralise the acids released by the hydrolysis of esters contained in one gram of oil[98].  

Hydrolysis of esters is achieved by heating under defined conditions in the presence of a titrated 

ethanolic solution of potassium hydroxide, and the excess is titrated with a titrated solution of 

hydrochloric acid. 

 

+ KOH RCO
2
K +R-CO

2
-CH

2
-R1

R1-CO
2
H

                   (Eq.4. 5)     

Fig.4.4 Volumetric analysis process 

   AV = 
𝟓𝟔.𝟏𝟏×𝐌×𝐕

𝐖
     (Eq 4.4)        
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The procedure involves adding 1 g of the ester (HE) and 25 ml of a 0.5 M alcoholic solution of 

potassium hydroxide (KOH) to a 100 ml flask. The mixture is refluxed for 1 hour. After cooling 

the solution, 20 ml of distilled water and 5 drops of phenolphthalein are added. The excess KOH 

is titrated with a 0.5 N hydrochloric acid (HCl) solution until the pink colour disappears. A blank 

operation is performed under the same conditions as before (as illustrated in Fig 4.5). 

 

 

             Ginger EO                                                                                                      Cinnamon EO                                                      

                          

The ester value (EV) is calculated using the following equation:                                              

Where:  

➢ M: Molarity of the base (mol).  

➢ W: Weight of essential oil sample (g). 

➢ V: Volume in ml of the HCl solution (0.1 N) measured for the blank test. 

➢ V: Volume in ml of the HCl solution (0.1 N) measured for the calculation. 

➢ Av: Acid value. 

 

 

 

 

Fig.4.5 Ester value determination process. 

EV = (
𝟓𝟔.𝟏𝟏×𝐌

𝐖
) × (𝑽𝟎 − 𝑽𝟏) − 𝑨𝑽    (Eq4.6) 
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4.4.2.5. Saponification Value   

The saponification value (1) is the number that expresses in milligrams the quantity of potassium 

hydroxide needed to neutralise the free acids and saponify the esters present in 1g of the substance 

[120, 121].  

The saponification value is given by the following formula:  

Where: 

➢ SV: Saponification value  

➢ AV: Acid value 

➢ EV: Ester value 

 

4.4.3. Biochemical activity   
 

4.4.3.1  Determination of total flavonoids: 

The aluminum trichloride  method mentioned in [122], was used to quantify flavonoids in our 

extracts. 

Aluminum chloride forms a highly stable complex with the hydroxyl (OH) groups of flavonoids. 

This yellow complex absorbs visible light at a wavelength of 418 nm.For this assay, 1 ml of 1% 

methanolic solution are combined with 0.4 mg/ml of the extract. The mixture is thoroughly mixed 

and incubated for 10 minutes in the absence of light. 

 

 

 

 

       SV = 𝑨𝑽 + 𝑬𝑽    (Eq.4.7) 
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4.4.3.2. Antioxidant activitie: 
 

 

 

 

 

Essential oils have garnered significant attention due to their diverse biological activity                    

and immense therapeutic potential. The antioxidant properties of essential oils are particularly 

intriguing, especially in the context of diseases with inflammatory components. In our thesis, we 

investigated the antioxidant activities of the essential oil extract using the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) assay. 

 

a. Free radical scavenging activity (DPPH test):  

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay is a widely used colourimetric method to assess 

the radical scavenging capacity of plants and extracts. This assay is accurate, easy to perform,     

and cost-effective, providing a screening tool for the overall activity of antioxidants. It relies on 

using a sTab and synthetic radical known as DPPH [123]. 

 

b. Mechanism of DPPH test:  

In this assay, an antioxidant or any molecule with a weak X−H bond reacts with the coloured        

and persistent DPPH radical (2,2-diphenyl-1-picrylhydrazyl), causing a change in colour from 

violet to yellow (Eq 4.9.) [124, 125].  The absorption maximum of the DPPH radical is observed 

between 515 and 517 nm. 

The antioxidant activity of standard compounds or essential oils is quantified by determining the 

IC 50 value, which represents the concentration of the test material required to cause a 50% 

decrease in the initial DPPH concentration [126]. It is important to note that the IC 50 value alone 

does not provide sufficient information about the reactivity of the antioxidant as it depends on the 

Eq.4. 8 
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reaction time. Moreover, meaningful comparisons can only be made when the data is obtained 

under identical experimental conditions [127]. 

 

• Procedure : 

The free radical-scavenging activity of cinnamon essential oil and cinnamon extract was evaluated 

using a modified DPPH (1,1-diphenyl-2-picrylhydrazyl) assay[128, 129], which measures the 

reducing ability of antioxidants towards the DPPH radical. 

In brief, DPPH was prepared by weighing 4 mg of the compound using an electrical balance         

and dissolving it in 100 ml of methanol. Various dilutions (5%, 20%, 40%, 60%, 80%, 100%) of 

the cinnamon essential oil sample were prepared and mixed with 1 ml of 0.024 mmol/l methanolic 

DPPH solution ,it’s presented in the Fig.2.7. The mixture was incubated for 30 minutes at 25°C, 

and the absorbance at 515 nm was measured using a UV/Vis spectrophotometer. Similarly, diluted 

cinnamon extract was prepared and measured in a similar manner. 

The decrease in absorbance at 517 nm was recorded for each essential oil and cinnamon extract 

sample. Ascorbic acid, a well-known antioxidant, was used as a positive control, while a mixture 

of DPPH radical solution and 1 ml ethanol served as the blank in the experiment[126].  

The percentage of radical scavenging (%) was calculated by the following formula: 

 

 

Where :     

➢ A(blank) : Absorbance of solution without the test material 

➢ A(sample) : absorbance of sample. 

 

4.4.3. Antibacterial activity :Determination of the minimum inhibitory 

concentration of ginger and cinnamon essential oils  
 

The antibacterial activity is carried out by placing a sterile cellulose disk with a diameter of  6 mm 

(Whatman N°1) impregnated with a quantity of essential oil onto: 

% Inibition : ([A (blank)-A(sample]/A(blank)) x 100    (   Eq.2. 9 ) 
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✓ A MH (Mueller Hinton) agar medium previously inoculated with a bacterial culture. 

✓ A Sabouraud agar medium inoculated with a fungal culture. 

After incubation, the results were determined by measuring the diameters of the inhibition zones 

in millimeters. 

4.4.3.1. Selection of bacterial and fungal strains for culture media: 
 

The bacterial strains chosen for this study are pathogenic bacteria. One Gram-positive bacterium 

(Staphylococcus aureus), one Gram-negative bacterium (Escherichia coli), and one fungus 

(Candida albicans), it’s presented in the Tab 2.1 . These strains were provided to us by the analysis 

laboratory in Zibouch - Ain Defla. 

Tab.4.2 List and characteristics of microorganisms tested. 
 

Bacteria and 

Fungus 

N ATTC 
American Type 

Culture Collection 

   

Gram 

Culture 

Medium  

  Family 

E. Coli 

 

   25922      -      MH Enterobacteriaceae 

Staphylococcus 

aureus 

   25923      +      MH Staphylococcaceae 

Candida albicans Purification       /      Sab Saccharomycetaceae 

 

 

4.4.3.2. Bacterial suspension preparation 
 

Three to four colonies were picked using a sterile loop and added to a tube containing physiological 

water (9‰ NaCl) with vigorous agitation and homogenization (as illustrated in Fig 4.6) [130]. 
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4.4.3.3. Preparation of cinnamon and ginger essential oil dilutions 
 

To obtain different concentrations of cinnamon and ginger EO, they were diluted in DMSO (Dimethyl 

Sulfoxide) to the following concentrations: 100 (pure EO), 75, 50, and 25 as shown in Fig 4.7 . 
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Candida  
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Fig.4.6 Bacterial suspension preparation 

Fig.4.7  Cinnamon and Ginger essential oil dilute 
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• Procedure:  

The test was performed by culturing bacteria on an MH agar medium for E. Coli ,Staphylocose       

and a Sabouraud medium for candida albicans.  

Each 90 mm Petri dish received 20 mL of the culture medium and was inoculated with 1 to 2 μL 

of the microbial suspension containing 107 – 108 cfu/Ml. 

Sterile disks impregnated with EO were placed on the surface of the medium and left to diffuse 

for 30 min . The bacterial samples were subsequently incubated in darkness at 37 °C for 24 hours 

in an oven, with periodic inversion., it’s presented in the Fig 4.8.  

The diameters of the zones of inhibition were read using a ruler. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The minimum inhibitory concentration (MIC) is defined as the lowest    concentration of  EO that 

can have an effect.The percentage of bacterial growth inhibition is calculated using the following 

formula: 
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where:  

➢ Dtest: Diameter of the zone of inhibition. 

➢ Dcontrol: Diameter of the Petri dish. 

A classification of essential oils in relation to their antimicrobial activity spectrum can be 

established based on the size of the inhibition zone. by ordering the four diameters of the microbial 

growth inhibition zones into four classes: 

❖ Strongly inhibitory when: ø ≥ 28 mm of the inhibition zone. 

❖ Moderately inhibitory when: 28 mm > ø > 16 mm of the inhibition zone. 

❖ Slightly inhibitory when: 16 mm > ø > 10 mm of the inhibition zone.  

❖ Non-inhibitory when: ø < 10 mm of the inhibition zone. [131, 132]  

 

4.5. In Silico anticancer study 
 

4.5.1. Micro-computer 
We utilized two laptops for the execution and analysis of our work, and their specifications are 

summarized in the following Tab.4.3 : 

Tab.4.3 Characteristics of the laptops used in the study. 

 Laptop 1 

 

Laptop 2 

Memory (RAM) 

 

4.00 GO 8.00 GO 

Operating system type 64-bit operating system 

 

64-bit operating system 

 

Processor 

 

 

Intel(R) Pentium(R) CPU 

B960 @ 2.20 GHz, 2.20GHz 

Intel(R) Core(TM) i7-6600U 

CPU @ 2.60GHz   2.81 GHz 

Operating system 

 

Windows 10 professionnal Windows 10 professionnal 

 

The use of several programs and the consultation of several databases and databases were 

necessary to carry out our practical part .  

%inhibition =(Dtest/Dcontrol)*100   (Eq 4.10) 
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 Tab.4.4 Programs used to carry out in silico study. 

Programs  Using Logo 

Molecular docking  

 

 

AutoDockTools 

V1.5.6 

 

An interactive graphical user interface (GUI) for coordinate 

preparation, docking and analysis[133] .  

 

 

 

Discovery Studio 

Visualizer V21.1.0 

 

Molecular modeling environment for both small molecule     

and macromolecule applications, targeted mostly towards the 

needs in drug discovery and pharmaceutical industry [134]. 

 

 

PyMOL 

Molecular 

Graphics System 

V2.3.2 

  

A cross-platform molecular graphics tool, has been widely 

used for three-dimensional (3D) visualization of proteins, 

nucleic acids, small molecules, electron densities, surfaces, 

and trajectories[135] .  

 

 

AutoDock Vina 

V1.1.2 

 

A turnkey computational docking program that is based on a 

simple scoring function and rapid gradientoptimization 

conformational search[136] .  

/ 

 

 

PDB 

Protein Data Bank 

 

RCSB Protein Data Bank (RCSB PDB) enables 

breakthroughs in science and education by providing access 

and tools for exploration, visualization,  and analysis[137].  
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Modeling 

 

SWISS MODEL  

Is a fully automated protein structure homology-modelling 

server, accessible via the Expasy web server, or from the 

program DeepView (Swiss Pdb-Viewer)[138].  
 

 

ESM 

‘Evolutionary 

scale modeling’ 

The ESM Metagenomic Atlas will enable scientists to search 

and analyze the structures of metagenomic proteins at the 

scale of hundreds of millions of proteins[139].  
 

 

Alpha Fold 2 

AlphaFold is an AI system developed by DeepMind that 

predicts a protein's 3D structure from its amino acid 

sequence[140].  

 

 

 

Robetta fasta 

Robetta is a protein structure prediction service that is 

continually evaluated through CAMEO. Features include 

relatively fast and accurate deep learning[141].  

 
 

ADMET 

 

 

Drulito  

An open source virtual screening tool. It's calculation is 

based on the various druglikeness rules like Lipinski's rule, 

MDDR-like rule, Veber rule, Ghose filter, BBB rule, CMC-

50 like rule and Quantitative Estimate of Drug-likeness 

(QED)[142].  

 

 

 

pkCSM 

The pkCSM signatures were successfully used across five 

main different pharmacokinetic properties classes to develop 

predictive regression and classification models[112].  

 

Passe online  Pass-online is an online marketing agency specialized in 

digital interaction (e-marketing). and high quality 

performance[114]. 
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4.5.2. Moleculer docking 
 

4.5.2.1. Preparation of the receptor/target and ligand for the docking 

❖ Receptor preparation 

In our study we will prepare the 3D structure of the target protein Cyclin-dependent kinase 2  

with five methods. 

A. Protein data bank 

 

Step 1: we download the protein (CDK2) (PDB ID : 5NEV ;with resolution =2.97Å ) from Protein 

Data Bank ( www.rcsb.org ). 

The PDB file (5NEV.pdb) contains protein, water, ligands, cofactors, ions, etc., these protein 

structure inhibitors (water, ligands, cofactors, ions) were separated by releasing atomic coordinates 

of the PDB file [137]. 

 

 

 
Fig.4.9 Downloading the PDB format file of protein. 

http://www.rcsb.org/
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Step 2:  open autodock , and input the PDB file of the protein  first click on “edit -> Delete water” 

than “edit >charges >add kollman charges” finely click on “ edit> hydrogens> add> and select 

polar only>ok” because they are required for appropriate treatment of electrostatics during docking 

Step 3: Open the file by selecting “Grid>Macromolecule>chose ”, chose the types. Click “OK” to 

accept the changes. A window will pop up to write the PDBQT file. Click “Save” to register a file 

protein.pdbqt. 

 

                              Fig.4.10 Addition of polar hydrogens to protein structure 

           The steps as show in Figs ( 4.9 ; 4.10) .  

                     

4.5.2.2. Ligand preparation 

In the drug discovery field, some public repositories (e.g., PubChem) can collect and store 

chemical information and their biological activities in accessing free of charge to researchers. 

PubChem (https://pubchem.ncbi.nlm.nih.gov/ ) is a free and open resource which contains 

information on small molecules and their biological activities. (Fig 4.11). 

The characterization of the components of essential oils using gas chromatography coupled with 

mass spectrometry (GC-MS) was not performed as part of our methodology. However, to continue 

the study, we adopted an approach based on the results previously described in scientific articles. 

"ginger" [143, 144] and "cinnamon" [27, 145-147]. The volatile compounds (ligands) were 

selected based on their therapeutic properties, particularly their anti-cancer activity. 

https://pubchem.ncbi.nlm.nih.gov/
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                                                   Fig.4.11 The PubChem file 

✓ Step 1: download the ligand from PubChemin in sdf format. 

✓ Step 2: we change its format to pdb by using a pymol program as follows :  

In Pymol open the sdf file then click on File > Export Molecule > Save and enter the file name, at 

last, change the option of SDF and save it as ligand.pdb. The next step is the preparation 

ligand.pdbqt file [148]. It’s presented in the Fig 2.12.  

 

 

 

 

 

 

 

 

✓ Step 3: Open AutodockTool. Introduce Ligand, select Input, and then click Open. Change 

the file format pdbqt to pdb in the following pop-up window. Then click Open after 

selecting ligand.pdb. Once more, open the Ligand menu, select Output, and save it as 

Fig.4.12 The changed of the format file on Pymol 
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PDBQT. Save the Ligand file as ligand.pdbqt in the specified working folder, where 

protein.pdbqt was saved. 

The next stage is the preparation of the grid parameters file . 

4.5.2.3. Preparation of docking parameter file 
 

✓ Step 1: open the autodocktools and entered the protein.pdbqt and the ligand.pdbqt . 

 

Fig.4.13 The opening of the protein and the ligand on autodocktools 

 

✓ Step2: Select “Grid >Macromolecule > Open Protein PDBQT file, click “Yes” to preserve 

the existing charges in the file, and “OK” to accept. There may also be a warning window 

if there are slight irregularities in charges. Click “OK” if it appears . 

✓ Step3: click on grid >grid box> file>output and dimensions file > save as txt file where 

protein.pdbqt and ligand.pdbqt was saved . 
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✓ Step4: write the conFiguration file (Grid.txt) then click “Save”. Make sure to save 

conFig.txt in the same folder or working directory where protein.pdbqt and ligand.pdbqt 

files were already saved. 

 

 

The steps as show in Fig ( 4.13 ; 4.15) . 

Fig.4.14 The dimensions file of the grid box 

Fig.4.15 The configuration file 
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4.5.2.4. Running autodock vina  
 

✓ Step 1 : Locate the installed vina in our default installation directory. The default 

installation directory could be "C:\Program Files (x86)\The Scripps Research Institute" 

Copy the vina.exe, vina_licence.rtf and vina_split.exe files from the installation folder into 

the working directory (In the current case, it is working directory on Desktop\tutorial file." 

✓ Step 2:  Run the vina command using Command Prompt (command line in a window) for 

Molecular Docking, Open CMD, from Window START search for CMD and click on 

Command prompt. 

Go to the working directory where the required files are present using the command, « cd 

C:\Users\HP\Desktop\tutorial file ». In this case study, Press enter and then type the following 

commands « vina.exe - -conFig conf.txt - -log log.txt ». 

Upon completion of the processing, which may range from seconds to minutes depending on 

system performance, the results are saved in the "log.txt" file, and the program automatically 

returns to the original working directory location as show in Fig 4.16  [136].  

 

 

 

Fig.4.16  Result of execution of autodock vina commands 
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4.5.2.5. Evaluation of docking and virtual screening 
 

✓ Step 1:  Open protein.pdbqt in Discovery Studio, then drag and drop ligand.pdbqt from the 

working directory into the graphical window of discovery studio [134].  

✓ Step 2: Click Receptor-Ligand Interactions in DS followed by clicking Ligand Interactions 

on left hand side to show the 3D interaction . 

 

4.5.3. Modeling 
 

B. Swiss model 

Step1: Open the Pass web server https://www.uniprot.org/ ,and click on ‘Sequence & Isoform’ 

then ‘download’as shown in Fig 4.17 [149]. 

 

 

 

 

 

 

 

 

 

 

✓ Step2: Open the Pass web server https://swissmodel.expasy.org/ ,and click on ‘Start 

Modelling’. 

✓ Step3: Paste the protein sequence or provide the UniprotKB AC (P24941) of your target 

sequence in the input form , It’s presented in the Fig 4.18 [138].  

 

 

Fig.4.17  Downloding of the sequence  

https://swissmodel.expasy.org/
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Step4: Click on ‘Build Model’ in order to search  the template (as illustrated in Fig 4.19).    

 

 

 

Fig.4.18 The input form of the target sequence 

Fig.4.19 The building model on swiss model 
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C. Alphadatabase 

 

✓ Step1: Open the Pass web server https://www.uniprot.org/ ,and click on                      

‘Sequence & Isoform’ then ‘download’ [149]. 

✓ Step2: Open the Fasta web server https://www.ebi.ac.uk/Tools/sss/fasta/, and  provide the 

UniprotKB AC (P24941) of your target sequence in the input form. 

 

Step3: Click on ‘Protien Databases , choose ‘Structures’ then ‘AlphaFold DB’ [150] .  

 

 

 

 

 

 

 

 

Fig.4.20 The input form of the target sequence on Alpha Fold 

https://www.ebi.ac.uk/Tools/sss/fasta/,%20and
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✓ Step4: Submit our job by Clicking on ‘Submit’. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

✓ Step5: Dowloand the file . 

 

 

 

 

 

 

 

 

 
The steps as show in Fig ( 4.20 ; 4.23) . 

Fig.4.21  ScreenShot of protein databases 

Fig .4.22 The building Model on AlphaFold 

Fig.4.23 The downloading file 
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D. Evolutionary scale modeling (ESM) 

 

✓ Step1: Open the s web server https://www.uniprot.org/ ,and click on ‘Sequence & Isoform’ 

then ‘download’[149].  

✓ Step2: Open the Pass web server https://esmatlas.com/,and click on ‘Fold Sequence’ (as 

illustrated in Fig 4.24). 

 

 

 

 

 

 

 

 

 

 

 

✓ Step3: In the input form, provide your target sequence's UniprotKB AC (P24941) look 

Fig 2.27 .   

 

Fig.4.24 The opening of the pass web server 

Fig.4.25 The input form of the target sequence on ESM 

https://esmatlas.com/
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✓ Step4: Download the file by clicking on ‘PDB file’ as show in Fig 4.26 [139]. 

 

 

 

 

 

 

 

 

 

 

 

 

E. Robetta 

 

✓ Stap 1: Open the s web server https://www.uniprot.org/ ,and click on ‘Sequence & 

Isoform’ then ‘download’ [149]. 

✓ Step2: Open the Pass web server https://robetta.bakerlab.org/   and log in  

✓ Step3: Click “structure prediction” than “submit” . 

 

 

 

 

 

 

 

 

                                      Fig.4.27 The opening of Robetta 

Fig.4.26 The building model on ESM 

https://robetta.bakerlab.org/
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✓ Step4: Provide your target sequence's UniprotKB AC (P24941) in the input form. Named 

the target to click on RoseTTAFold, and click on submit [141]. 

                             Fig.4.28 The input form of the target sequence on Robetta 

✓ Stap5: wait for the result of the prediction on your email .  

 

 

✓ Stape6: click on the link and Download the file [141]. 

Fig.4.29  The screenshot of the E-mail 
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                                                      Fig.4.30 The building model on Robetta 

The steps as show in Fig ( 4.27 ; 4.30) . 

 

4.6. Pharmacokinetics  
 

4.6.1. Drug likeness tool ‘Drulito’ 
✓ Step1: Click on ‘Browse’ button and select the molecule either in *.mol or *.sdf file 

format. 

 

 

 

 

 

 

 

 Fig.4.31 Input the SDF file of the compound on Drulito 
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✓ Step2: Click on the ‘Calculate Propriets’button witch calculates all the descriptors. 

 

 

 

 

 

 

 

 

 

 

 

✓ Step3: Click on the Drug likeness rule box according to the users need. The user can even 

customize the rules as per the need by clicking on the ‘customize’ button. 

 

 

 

 

 

 

 

 

 

 

 

 

✓ Step4: Click on the  ‘Apply Filter’ button to apply the selected rules. 

Fig.4.32 Calcul the propriets 

Fig.4.33 customize the rules as per the need. 
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✓ Step5: Check the ‘Summery’ tab of Drug likeness rules to see the total number of candidate 

among the molecules passing and violating all the rules [151, 152].  

  

 

 

 

 
 

 

 

 

 

 

The steps as show in Fig ( 4.31 ; 4.35) . 

 

 

Fig.4.34 Apply the selected rules. 

Fig.4.35  The total number of candidate among the molecules 

passing and violating all the rules. 
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4.6.2. Pharmacokinetics models for small molecule(PKCSM) 
 

✓ Step1: Open the web page  https://biosig.lab.uq.edu.au/pkcsm/ , and choose ‘PKCSM’ . 

✓ Step2,3: provide either an input file with a list of molecules (2) in smiles format (up to a 

maximum of 100 molecules) or supply a single smiles string (3). 

 

  

 

 

 

 

 

 

 

 

 

✓ Step4: Choose the prediction mode. Users can choose between the main admet property 

classes (absorption, distribution, metabolism, excretion and toxicity) by clicking its 

corresponding button or systematically evaluating all predictive models [112]. 

The result are shown in Fig 4.37 . 

 

 

 

 

 

 

 

 

 CCCCCCCC(=O)CCC1=CC(=C(C=C1)O)OC  

Fig.4.36  Input the smile file on PKCSM 

Fig.4.37 The result of Pharmacokinetics 

https://biosig.lab.uq.edu.au/pkcsm/
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4.6.3. Pass Online 
 

✓ Step1: Open the Pass web server  http://www.way2drug.com/passonline/ ,and click on 

‘GO for prediction’. 

✓ Step2: Choose 'Predict New Compound' (a in Fig 4.38 ), then input your molecule using 

its SMILES code (b in Fig 4.38) or upload a structure file in SDF or MOL format. 

 

 

 

 

 

 

 

 

 

 

 

     

 

✓ Step3: Click on ‘Get Prediction’(c in Fig 4.38), Choose the activity classes you want to 

predict from the list of available options. we choose ‘Anticancer’(d in Fig 4.38) [151]. 

 

4.7. Conclusion 
 

 In this chapter, we provided a detailed description of the materials used and the methods employed 

in this study to extract essential oils from cinnamon and ginger, as well as to examine their 

properties and evaluate their potential anticancer effects. 

a 

b 

d 

c 

Fig.4.38 The result of the pass online 

http://www.way2drug.com/passonline/
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Chapter 5:Results and discusion 

 

5.1. Introduction  

This study involved the results extraction of essential oils from cinnamon and ginger, followed by 

a comprehensive analysis encompassing organoleptic properties, physico-chemical characteristics, 

biochemical activities, and biological activities, which were investigated through in vitro 

experiments using cell cultures and in silico simulations to assess the anticancer effects. 

 

5.2. Extraction “Hydrodistillation” 

The initial assessment to be performed involves determining the essential oil yield through steam 

distillation. To obtain the percentage of cinnamon and ginger essential oil yield, the weight of the 

essential oil is compared to the dry weight of the bark powder mass utilized in the steam distillation 

process[153, 154]. The outcomes are displayed in Tab 5.1 and Fig 5.1. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5.1. Essential oil obtained of ginger and cinnamon by steam distillation.  
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Tab.5.1. Yield result by steam distillation method 

 

Plant Mass of initial 

plant (g) 
Mass of the 

extracted oil 

(g) 

The yield %  standards 

Algerian 

Ginger 

 

70 0.87 1.24% 0,5 -2%[155] 

Indonesian 

cinnamon 

50 1.52 3.04% 2-4%[155] 

Chines 

cinnamon  

50 1.3 2.6% 2-4%[155] 

Indian 

cinnamon 

 

50 1.51 3.02% 2-4%[155] 

 

 

Fig.5.2  Graphic representation of the different yields (%) of the essential oils of ginger    and the 

three types of cinnamon. 

 

Based on the results in the Tab 5.1 and in the graphic of the Fig 5.2 for cinnamon, it seems that the 

highest yield is obtained from Indonesian cinnamon, followed by Indian cinnamon and Chinese 

cinnamon. These values indicate the proportion of essential oil obtained compared to the dry 

weight of the bark mass used in the steam distillation process. 
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Comparing the ginger oil yield to the cinnamon oil yields, we can observe that the yield of ginger 

oil is lower than that of cinnamon oil. This suggests that the steam distillation of Algerian ginger 

resulted in a lower extraction efficiency compared to the steam distillation of cinnamon. 

It's worth noting that the yield can be influenced by various factors such as the quality and variety 

of the plant material, the extraction technique, and the conditions during distillation. These factors 

can vary between different plant species and regions, which might explain the variation in the oil 

yields between the different types of cinnamon and ginger in this case.  

 

5.3. Characteristics of essential oil  
 

5.3.1. Organoleptic properties 
 

Tab.5.2 The Organoleptic properties of ginger and cinnamon essential oils 

 Ginger Cinnamon standards 

Taste Spicy and sweet. 
Spicy, pungent, hot, and 

biting 

AFNOR 

Textur 

Mobile and mildly 

viscous liquid 
 

Mobile and mildly 

viscous liquid 

AFNOR 

Color 
Golden Yellow 

 
Pale yellow 

AFNOR 

Aroma 

Good smell and 

woody 
 

Penetrating. 
AFNOR 

 

These organoleptic properties play a significant role in the culinary and aromatic applications of 

cinnamon and ginger. They contribute to the overall sensory experience when these ingredients 

are used in cooking, baking, or in the production of various products such as perfumes, soaps,      

and aromatherapy oils. 
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5.3.2. Physico-chemical properties of essential oil 

5.3.3.1. Relative density 

Relative density, also known as specific gravity, is a measure of the density of a substance relative 

to the density of a reference substance. 

Tab.5.3 Relative density of ginger and cinnamon essential oils.  

Sample type Relative density Standars 

Algerian ginger 0.85 0,842 à 0,894[156] 

Indonesian cinnamon 1.07 1,052 à 1,070[157] 

Chinese cinnamon 1.06 1,052 à 1,070[157] 

Indian cinnamon 1.05 1,052 à 1,070[157] 

 

Based on the values of the Tab 5.3, we can observe that the relative densities of cinnamon essential 

oils are slightly higher than 1, indicating that they are denser than water. On the other hand, the 

relative density of Algerian ginger essential oil is lower than 1, indicating that it is less dense than 

water [156] [157]. 

Relative density can provide information about the concentration or purity of a substance. 

 

5.3.3.2. pH value  

pH is a measure of the acidity or alkalinity of a solution. It is determined on a scale from 0 to 14, 

where pH 7 is considered neutral, values below 7 are acidic, and values above 7 are alkaline or 

basic. 
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                      Tab.5.4. pH value of ginger and cinnamon essential oils. 

Sample type Ph 

Indian cinnamon 
5.5 

Chinese cinnamon 
6.2 

Indonesian cinnamon 
5.4 

Algerian ginger 
5.8 

mixteur of ginger and 

cinnamon 

5.3 

 

Based on the pH values, it appears that all the samples, including the individual cinnamon                       

and ginger samples and the mixture of ginger and cinnamon, have a slightly acidic pH of 5 or 6. 

This suggests that these samples are slightly acidic in nature. 

It's important to note that pH can influence the stability, functionality, and sensory characteristics 

of substances. For instance, a specific pH range might be optimal for certain applications such as 

drug formulations or cosmetic formulations [158]. 

5.3.3.3. Acid value (neutralization number) 

The results of acid value are shown in Tab 5.5 and in Fig 5.3,5.4:  

   Tab.5.5  Acid value of cinnamon and ginger essential oil. 

Sample types 

 

Volume AV stadars 

Algarian Ginger EO  

 

1.1 ml 62.15 mgKOH/g 68,44[159] 

Indonesian Cinnamon 

EO 

0.27 ml 15.26 mgKOH/g <20 [160] 

𝑪𝒉𝒊𝒏𝒆𝒔𝒆 𝑪𝒊𝒏𝒏𝒂𝒎𝒐𝒏 𝑬𝑶 
 

0.26 𝑚𝑙 14.7 𝑚𝑔𝐾𝑂𝐻/𝑔 <20 [160] 

𝑰𝒏𝒅𝒊𝒂𝒏 𝑪𝒊𝒏𝒏𝒂𝒎𝒐𝒏 𝑬𝑶 
 

0.28 𝑚𝑙 15.82 𝑚𝑔𝐾𝑂𝐻/𝑔 <20 [160] 
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Fig.5.3 Acid value results. 

 

 

Fig.5.4 Variation in acid value according to the types of EO. 

 

The obtained acid index results are 62.15 / 15.26 , 14.7 and 15.82 mgKOH/g for ginger/ Indonesian 

cinnamon,Chinese cinnamon  and indian cinnamon, respectively, and  they comply with the 

standards. This acid index indicates the behavior and quantity of free acids present in our oil, 

providing information about the quality and susceptibility of essential oils to undergo alterations. 
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Indeed, a higher acid index corresponds to lower quality of essential oils as it represents the total 

concentration of free fatty acids present. This acidity is influenced by microorganisms, their 

enzymes, and the water content found in the oil [161]. According to our results, the  indian 

cinnamon essential oil exhibits a higher acid index compared to Indonesian and  Chinese cinnamon 

essential oil. the Algerian  ginger essential oil have a  lower acid index compared to chinese ginger. 

This shows that our essential oil has a good storage quality. 

 

5.3.3.4. Ester value 

The results of ester value are shown in Tab 5.6  and in Fig 5.5, 5.6 : 

   Tab.5.6 Ester value of ginger and cinnamon EO 

Sample types 

 
Volume EV stadars 

Blank sample 
20.7ml 

 
/                                                  / 

Algarian Ginger EO 

 
21.25 ml 92.07mgKOH/g 99,86[159] 

Indonesian 

Cinnamon EO 

 

20.9 ml 40.82mgKOH/g 20.14 [162] 

Chinese Cinnamon 

EO 

 

20.9 ml 41.38mgKOH/g 20.14 [162] 

Indian Cinnamon 

EO 

 

20.9 ml 40.26mgKOH/g 20.14 [162] 

 

 

 

 

 

 



Chapter 5                                                                            Results and discussion 

 

 
96 

 

 

 

 

 

 

 

 

 

 

 

 

             Fig.5.5 Ester value for titration of the blank and for titration of the essential oils. 

Where:  

A : Blank sample without essential oil.  

B : Sample with Ginger essential oil. 

C: Sample with Cinnamon essential oil.  

After titration 

A 

B C 
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Fig.5.6 Variation in ester value according to the types of EO. 

 

The obtained result shows that ester index, measured at a temperature of 23 °C, is higher 

compared to the maximum value specified in the pharmacopoeia standard, which are 99,86 ; 

20.14 mgKOH/g. This indicates that studied EO is rich in esters. The ester index values suggest 

that all oils contain a certain amount of free acid [163]. 

This result suggests a high proportion of fatty acids combined in the form of triglycerides. 

 

5.3.3.6. Saponification value  
The results of saponification value are shown in Tab 5.7 and in Fig 5.7 :  

Tab.5.7 Saponification value of ginger and cinnamon EO 

    Sample types 

 

SV(mgKOH/g) stadars 

Algarian Ginger EO 

 

154.22 168,3 [159] 

Indonesian Cinnamon EO 

  

56.08 33.6 [164] 

Chinese Cinnamon EO 

 

56.08 33.6 [164] 

Indian Cinnamon EO 

 

56.08 33.6 [164] 
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Fig.5.7 Variation in saponification value according to the types of EO. 

The determination of saponification indices for oils yielded the values presented in Tab 5.7, which 

show that Algerian ginger has a higher saponification index (SI) of 154.22 mgKOH/g compared 

to cinnamon, which has an SI of 56.08 mgKOH/g. The saponification index is a test that indicates 

the quantity of fatty acids and provides information about the chain length of the fatty acids present 

in the analyzed oil. The higher the saponification index, the lower the fatty acid chain length. It 

reflects the average weight of the fat and is inversely proportional to it. The higher the molecular 

weight, the lower the saponification index [165].This indicates that the EO could be used in soap 

making since its saponification value is high.  

 

5.3.4. Biochemical activity 

5.3.4.1. Flavonoids test 

The quantitative study of aqueous extracts using spectrophotometric assays, according to the 

aluminum trichloride (AlCl3) method, aimed at determining the total content of flavonoids. A 

calibration curve (Fig 5.8) was plotted for this purpose, established with quercetin at different 

concentrations. Density measurements were taken at 418 nm. The corresponding quantities of 
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flavonoids were reported in milligram equivalents of quercetin per gram of extract (HE)                  

and determined using the equation of the form: y = ax + b. 

 

Fig.5.8 Calibration Curve of Flavonoids 

Tab.5.8 Quantification of flavonoids in the hydrodistillation extract.  

    Sample types 

 

Extraction method Absorbance (Abs) Concentration 

g/ml 

Algerian ginger 

 

 

hydrodistillation 

extract 

0.134 3.36 

Indonesian 

Cinnamon  

0.161 4.15 

 

The dosage results indicate the presence of flavonoids in both extracts, but the concentration of 

EO of Algerian ginger is lower than that of EO of Indonesian Cinnamon.  Absorbance is 

proportional to concentration. The properties of flavonoids are extensively studied in the medical 

field, where they are recognized for their antiviral, antioxidant, antiallergic, antitumor, anti-

inflammatory, and anticancer activities [166]. 
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5.3.4.2. Antioxidant activity  
 

 

    Fig.5.9  Percentage inhibition of cinnamon essential oil by DPPH test. 

 

 

Fig.5.10 Percentage inhibition of ginger essential oil by DPPH test. 
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Fig.5.11 Percentage inhibition of ascorbic acid by DPPH test. 

 

Tab.5.9 Linear regression equations obtained for antioxidant activity of cinnamon and ginger 

 Regression equation Linearity (r 2 ) IC 50(μg/ml) 
 

   Cinnamon EO 

 

y = 0,2162x + 47,204 R² = 0,9808 12,9324 

Ginger EO 

 

y = 0,3296x + 45,32 R² = 0,9902 14,1990 

Ascorbic acid 

 

y = 0,9496x + 26,096 R² = 0,9864 25,1727 

 

The IC 50 value is a measure of the antioxidant activity of a substance. It represents the 

concentration of the substance required to inhibit 50% of a specific biological or chemical activity 

[167]. In this case, the IC 50 values are being used to compare the antioxidant activity of cinnamon, 

ginger, and ascorbic acid. Based on the given IC 50 values showed in the Tab 5.9. 

The IC 50 value of cinnamon is 12,9324 μg/ml. This means that cinnamon requires a concentration 

of approximately 12,9324 μg/ml to inhibit 50% of the tested activity. A lower IC 50 value indicates 

higher antioxidant activity. Therefore, cinnamon has a stronger antioxidant activity compared to 

both ginger and ascorbic acid. Where the IC 50 value of ginger is 14,1990 μg/ml. This suggests 

that ginger requires a concentration of approximately 14,1990 μg/ml to inhibit 50% of the tested 
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activity. Although ginger has a higher IC 50 value compared to cinnamon, it still indicates a 

significant level of antioxidant activity. However, ginger's antioxidant activity is slightly lower 

than that of cinnamon. 

Ascorbic acid, also known as vitamin C, is a well-known antioxidant. However, in this comparison, 

ascorbic acid has the highest IC 50 value among the three substances [168]. This indicates that it 

requires a higher concentration, approximately 25,1727 μg/ml, to inhibit 50% of the tested activity 

compared to both cinnamon and ginger. While ascorbic acid still possesses antioxidant activity, 

the given data suggests that cinnamon and ginger have stronger antioxidant properties in this 

particular assay. 

 

5.3.5. Antibacterial activitiy 

The antibacterial activity of essential oils (ginger and cinnamon) is evaluated using the diffusion 

technique, also known as the aromatogram method.  The results are presented in (Tab 5.12), 

(Tab5.10) and (Fig 5.13),(Fig 5.14). 

 

 

Fig.5.12 Zones of inhibition results of each strain. 
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Tab.5.10 Antibacterial activity result for essential oil of Ginger and Cinnamon 

 

Strain 

 Zone diameter of inhibition (mm)  

mixte 

 

DMSO Ginger                       Cinnamon 

 

Indonsian 

 India   Chaina 

 

Escherichia 

coli 

100% 2 mm 19 mm 20mm 23 mm 22 

mm 

0 mm 

75% 2 mm 21 mm 23 mm 17 mm   

50% 2 mm 16 mm 18 mm  13 mm 

25% 2 mm 14 mm 16 mm 10 mm 

 

staphylococcus 

aureus 

100% 25 mm 34 mm 41 mm 40 mm 38 

mm 

0 mm 

75% 24 mm 49 mm 40 mm 38 mm   

50% 12 mm 46 mm 38 mm 46 mm 

25% 7 mm 35 mm 28 mm 30 mm 

 

Candida 

Albicans 

100% 6 mm 41 mm 42 mm 40 mm 44 

mm 

0 mm 

75% 2 mm 40 mm 49 mm 50 mm   

50% 2 mm 34 mm 40 mm 46 mm 

25% 2 mm 30 mm 38 mm 32 mm 

 

 

co
n

cen
tra

tio
n

 



Chapter 5                                                                            Results and discussion 

 

 
104 

 

 

  

 

0

5

10

15

20

25

75% 50% 25%

Z
o

n
e 

d
ia

m
et

er
 o

f 
in

h
ib

it
io

n
 

(m
m

)

types of EO

Escherichia coli

Ginger Indian cinnamon Chinese cinnamon Indonsian cinnamon

0

10

20

30

40

50

60

75% 50% 25%

Z
o

n
e 

d
ia

m
et

er
 o

f 
in

h
ib

it
io

n
 (

m
m

)

Types of EO

staphylococcus aureus

Ginger Indian cinnamon Chinese cinnamon Indonsian cinnamon

A 

B 



Chapter 5                                                                            Results and discussion 

 

 
105 

 

 

 

 

 

 

 

 

 

Fig.5.13 Variation in zone diametre of inhibition according to the type of dilute oil and type of 

strain. 

Where : 

A : Escherichia coli. 

B: staphylococcus aureus. 

C: Candida Albicans. 

 

Fig.5.14 Variation in zone diametre of inhibition according to the type of oil (100%)         

 and type of strain 

 

 

0

5

10

15

20

25

30

35

40

45

50

Escherichia coli staphylococcus aureus Candida AlbicansZ
o

n
e 

d
ia

m
et

er
 o

f 
in

h
ib

it
io

n
 (

m
m

)

100%

Ginger Indian cinnamon Chinese cinnamon Indonsian cinnamon Mixture DMSO

0

10

20

30

40

50

60

75% 50% 25%

Z
o

n
e 

d
ia

m
et

er
 o

f 
in

h
ib

it
io

n
 (

m
m

)

Types of EO

Candida Albicans

Ginger Indian cinnamon Chinese cinnamon Indonsian cinnamon

C 



Chapter 5                                                                            Results and discussion 

 

 
106 

Tab.5.11  % inhibition result for essential oil of Ginger and Cinnamon 

 

Strain 

              % inhibition  

mixte 

 

DMSO 
Ginger                       Cinnamon 

Indonsian  India   

Chaina 

 

Escherichia 

coli 

100%  2.22 21.11 22.22 25.55 24.44 0 

75%  2.22 23.33 25.55 18.88   

50%  2.22 17.77 22.22 14.44 

25%  2.22 15.55 17.77 11.11 

 

staphylococcus 

aureus 

100% 27.77 37.77 45.55 44.44 42.22 0  

75% 26.66 54.44 44.44 42.22   

50% 13.33 51.11 42.22 51.11 

25% 7.77 38.88 31.11 33.33 

 

Candida 

Albicans 

100% 6.66 45.55 46.66 44.44 48.88 0  

75% 2.22 44.44 54.44 55.55   

50% 2.22 37.77 44.44 51.11 

25% 2.22 33.33 42.22 35.55 

Fig.5.15 Variation in zone diametre of inhibition according to the type of extract. 

 

A classification of essential oils in relation to their antimicrobial activity spectrum can be 

established based on the size of the inhibition zone [169] [170]. 
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Tab.5.12 Estimation of the antibacterial activity of EO and various CE. 

 

Strain 

             classification of essential oils 

Ginger                       Cinnamon Mixte 

 

DMSO 

 

Indonsian 

 India   Chaina 

 

Escherichia coli 

100%      -     ++     ++     ++     ++      - 

75%      -     ++     ++     ++             

50%      -     ++      ++      + 

25%      -      +      ++      + 

 

staphylococcus 

aureus 

100%     ++    +++    +++    +++   +++      - 

75%     ++    +++    +++    +++             

50%      +    +++    +++    +++ 

25%      -    +++     ++    +++ 

 

Candida 

Albicans 

100%      -    +++    +++    +++    +++      - 

75%      -    +++    +++    +++    +++    

50%      -    +++    +++    +++ 

25%      -    +++    +++    +++ 

 

Based on the results ,we obseved that the essential oil of Cinnamon has very good antibacterial 

activity (where we can see a variation in the zone diameter of inhibition of which prevented the 

growth all of strains tested)  compared to the essential oil of Ginger We also observed that 

staphylococcus aureus and Candida Albicans were the most senistive strains among the tested 

strains . 

The mixture had a good antibacterial activity on E.coli, Staphylococcus aureus and Cabdida 

albicans was dominated by the antibacterial activity of Cinnamon . 

DMSO , it had no antibacterial activity. 

Ginger essential oil has demonstrated antibacterial activity specifically against Staphylococcus 

aureus, with an inhibition rate of 27.77% (25mm). However, its effectiveness against other strains 

co
n

cen
tra
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n
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of bacteria was negligible, as the inhibition zones were consistently less than 10 cm across different 

concentrations tested . 

As for the cinnamon essential oil it showed antibacterial activity on all strains. We noticed that at 

a concentration of 100% (pure oil), Chinese cinnamon recorded the highest inhibition value for 

E.coli and Staphylococcus aureus by 25.55% (25 mm), followed by Indian cinnamon, then 

Indonesian cinnamon. for dilute  concentrations , the inhibition value decreased to 19 mm. 

In contrast, Chinese cinnamon (dilute  concentrations ) showed greater activity on Candida 

albicans with an estimated inhibition rate of 55.55. At a concentration of 100, Indian cinnamon 

had a slightly greater effect than Chinese and Indonesian cinnamon. 

It can explain the results of antibacterial for defferent concentaction; 

For ginger ,the antibacterial activity of ginger essential oil against Staphylococcus aureus can be 

attributed to its chemical composition. Ginger essential oil contains various bioactive compounds, 

including gingerols, shogaols, and zingerone, which are known for their antimicrobial properties  

[171]. 

These compounds have been shown to have antibacterial effects against a range of bacteria, 

including Staphylococcus aureus. They can interfere with the bacterial cell membrane, inhibit the 

synthesis of bacterial proteins, and disrupt essential enzymatic processes, leading to the inhibition 

of bacterial growth and viability. 

Additionally, ginger essential oil possesses other properties that contribute to its antibacterial 

activity. It has antioxidant and anti-inflammatory properties, which can support the body's immune 

response and help combat bacterial infections. Gingerols, specifically, have been found to have 

immunomodulatory effects, which can further enhance the antibacterial activity against 

Staphylococcus aureus [171]. 

For Cinnamon ; Cinnamon essential oil contains several bioactive compounds, such as 

cinnamaldehyde and eugenol, which contribute to its antibacterial activity against Staphylococcus 

aureus, E. coli, and Candida albicans. 



Chapter 5                                                                            Results and discussion 

 

 
109 

Cinnamaldehyde: This is the main component of cinnamon essential oil and has been found to 

possess strong antimicrobial properties. It can inhibit the growth and proliferation of various 

bacteria, including Staphylococcus aureus and E. coli, as well as Candida albicans. 

Eugenol: Another significant compound found in cinnamon essential oil, eugenol, has been 

reported to exhibit broad-spectrum antibacterial and antifungal activity. It can effectively inhibit 

the growth of Staphylococcus aureus, E. coli, and Candida albicans. 

These compounds work by disrupting the cellular membranes and metabolic processes of the 

microorganisms, ultimately leading to their inhibition or death [172]. 

It's important to note that the effectiveness essential oil may vary depending on factors such as;  

➢ The composition and solubility of the essential oil. 

➢ The microorganism and the speed of its growth . 

 

5.4. In Silico anti-cancer study 

5.4.1. Moleculer docking:  

The results of in silico study of the essencel oil of ginger and cinnamon using molecular docking 

with autodock tools autodock vina pymol and discovery studio are presente in the Tab (5.13 ), 

(5.14) preceded by a presentation of the ligands and targets used in this study. 
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Tab.5.13 Presentation of ligands 

 

 Ligands  Formula  IUPAC  
  

  PDBQT format 3D                  

                                                                  Ginger 

   

6-Gingerol  

(PubChem  

ID : 442793)  

      

C17H26O4  
(5S)-5-hydroxy-1-

(4hydroxy-3- 

methoxyphenyl)deca

n-3one  

  
   

8-Gingerol 

(PubChem  
ID : 168114)          

(PubChem         

C19H30O4 

ID : 168114)  

5S)-5-hydroxy-1-(4- 
 hydroxy-

3methoxyphenyl)dodecan

-3 -one    

 

  
10-Gingerol  

(PubChem  

ID : 168115)  

       

C21H34O4  

 (5S)-5-hydroxy-1-

(4hydroxy-

3methoxyphenyl)tetradec

a3-one  

                 

 
   

6-Paradol  

(PubChem  

ID : 94378)  

      

C17H26O3  

 1-(4-hydroxy-

3methoxyphenyl)decan-

3one    

 

  

6-Shogaol 

(PubChem  

ID :  

5281794)   

       

C17H24O3  

 (E)-1-(4-hydroxy-

3methoxyphenyl)dec-4-

en3-one   

 

                                   Cinnamon 
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Cuminaldehyde 

(PubChem  

ID : 326)  

      

C10H12O  

  4-propan-2-

ylbenzaldehyde 
  

 

   
   Eugenol 

(PubChem            

ID : 3314)  

 

       

C10H12O2 

         
2-methoxy-4-prop  -2-

enylphenol   

 

 (E)-

cinnamyl 

acetate 

 (PubChem  

ID : 5282110)  

       

   

C11H12O2  

 [(E)-3-phenylprop-2-    

  enyl] acetate  
 

  
TransCinnamal

dehyde 

(PubChem  

ID : 637511 )  

      

    

C9H8O  

 (E)-3- 

phenylprop-2- 

enal 

 

Protocatechuic 

Acid  

 (PubChem  

ID : 72)   

      

C7H6O4  

 3,4- 

dihydroxybenzoic  

acid  

 

                                             Witness 

 

Roscovitine 

(PubChem  

ID: 160355 )  

    

C19H26N

6O 

(2R)-2-[[6-

(benzylamino)-9-propan-

2-ylpurin-2-

yl]amino]butan-1-ol   

 

                                  Ligand 

Ligand of 

PDB 

C23H18NO

2S 

4-[[6-(3-

phenylphenyl)-7~H-

purin-2-

yl]amino]benzenesulf

onamide 

 

https://pubchem.ncbi.nlm.nih.gov/compound/326
https://pubchem.ncbi.nlm.nih.gov/compound/3314
https://pubchem.ncbi.nlm.nih.gov/compound/5282110
https://pubchem.ncbi.nlm.nih.gov/compound/637511
https://pubchem.ncbi.nlm.nih.gov/compound/72
https://pubchem.ncbi.nlm.nih.gov/compound/160355
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Ligand 

of  

Swiss model 

C9H16N4S1 (4Z)-4-(2,4-dimethyl-

1,3-thiazolidin-5-

ylidene)-1,2,3,4-

tetrahydropyrimidin-

2-amine 

 
 

 

Tab.5.14 Presentation of Targets  

 

Target PDBQT 

 

 

 

 

       PDB 

 

 

 

 

 

 

 

 

 

 

 

Modeling 

 

 

 

 

 

   SWISS MODEL 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

ALPHA FOLD 
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     ROBETTA 

 

 

 

 

 

 

 

 

 

 

Tab.5.15 Molecular docking binding affinity of ginger and cinnamon compounds, ranked free 

energy of binding (ΔG) and inhibition constant (Ki) 

C 

o 

d 

e 

 PDB 

 

SWISS ALPHA ESM ROBETTA 

ΔG 

(Kcal/

mol) 

Ki 

(nM) 

ΔG 

(Kcal/

mol) 

Ki 

(nM) 

ΔG 

(Kcal/

mol) 

Ki 

(nM) 

ΔG 

(Kcal/

mol) 

Ki 

(nM) 

ΔG 

(Kcal/

mol) 

Ki 

(nM) 

                                                          Ginger 
 
 

S1 

 

6-Gingerol 
 

-5.1 

 

5503 

 

 

-5.3 

 

7714 

 

-6.1 

 

 

29788 

 

-4.1 

 

1016 

 

-7.1 

 

 

161246 

 

S2 

 

8-Gingerol 
 

-4.7 

 

3925 

 

-4.9 

 

3925 

 

-6.4 

 

49440 

 

-4.1 

 

1016 

 

-7.1 

 

 

161246 

 

S3 

 

10-Gingerol 
 

-5.1 

 

5503 

 

 

-4.9 

 

3925 

 

-6.6 

 

69305 

 

 

-4.5 

 

 

1997 

 

-7.0 

 

136190 

 

S4 

 

6-Paradol 
 

-4.8 

 

3316 

 

-5.0 

 

4648 

 

 

-6.6 

 

6935 

 

-4.5 

 

 

1997 

 

-7.3 

 

226037 

 

S5 

 

6-Shogaol 
 

-5.4 

 

9133 

 

-5.5 

 

10813 

 

-5.9 

 

21249 

 

-4.3 

 

 

1425 

 

-7.7 

 

444182 

                                        Cinnamon 
 

 

S6 

   

Cuminaldehyd 
 

-5.1 

 

5648 

 

-5.2 

 

6691 

 

 

-6.4 

 

2.33 

 

-3.4 317 
 

-6.8 

 

100593 

 

S7 

     

 Eugenol 
 

-5.0 

 

4768 

 

 

-4.8 

 

3398 

-5.9  

21249 

 

-3.5 

 

375 

 

-6.0 

 

25943 

 

S8 

(E)-cinnamyl 

acetate 
 

-5.2 

 

6691 

 

-5.0 

 

 

 

4768 

 

 

-6.0 

 

25943 

 

-3.5 

 

375 

 

-6.8 

 

100593 
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S9 

trans-

Cinnamaldehy

de 

 

-4.5 

 

2044 

 

-4.7 

 

2868 

 

 

-5.7 

 

15607 

 

-3.1 

 

190 

 

-6.0 

 

25943 

 

S10 

 

Protocatechuic 

Acid 
 

-5.7 

 

1560

7 

 

-5.2   

 

6691 

 

-5.6 

 

 

13176 

 

-3.3 

 

267 

 

-6.2 

 

36405 

                                          Witness 

W Roscovitine -5.9 2125

0 

-6.2 35268 -7.8 525903 -5.0 4648 -8.1 872852 

                                          Ligands  

L1 Ligand of pdb -2.9 133 / / / / / / / / 

L2 Ligand of 

swiss model 

 

/ / -4.8 3315 / / / / / / 

    

 

 
 

 

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

PDB Swiss Model Alphadatabase ESM Robetta

Δ
G

(K
ca

l/
m

o
l)

6-Gingerol 8-Gingerol 10-Gingerol 6-Paradol 6-Shogaol

A 



Chapter 5                                                                            Results and discussion 

 

 
115 

 
 

 

Fig.5.16 Molecular docking binding affinity of ginger[A] and cinnamon[B] compounds 

 

Tab.5.16 parameters of the grids box 

 

 Grid center ( x y z) 

 

npts spacing 

PDB 1.523 30.136 21.495 40 40 40 0.375 

Swiss model 3.562 46.389 -11.106 40 40 40 0.375 

Alpha fold -0.754  0.619  1.070 40 40 40 0.375 

Ems 0.437 -20.985 19.785 40 40 40 0.375 

robetta -0.754  0.619  1.070 40 40 40 0.375 

 

Docking was carried out using Autodock version 4.2 software. The artemisinin compounds were 

docked to realize the smallest binding energy using AutoDock vina calculation method, on grid 

box x, y, and z showed in the Tab 5.15. From the re-docking results, the RMSD value have to be 

< 2 and is illustrated by the overlay structure between the natural ligands and re-docking results. 

According to the docking procedure, the elimination of water molecules surrounding the clusters 

of compounds and receptors is conducted first to prevent water-mediated interactions that can 

increase entropy and decrease free energy, ultimately stabilizing the drug-receptor complex. This 

procedure also facilitates the formation of hydrogen bonds crucial for compound-receptor 

interactions. Analyzing the docking results of ginger and cinnamon compounds against cyclin-

dependent kinase CDK2 in Tab 5.16, adherence to the rules indicates that compounds 
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demonstrating lower binding free energy (ΔG) exhibit stronger and more stable interactions with 

CDK2, suggesting their potential as effective drug-receptor interactions. 

However, in this case, we consider the CDK2 downloaded from PDB as a reference because it is 

the closest example to the actual enzyme in the human body, whereas the others are merely 

predictions. Based on the results shown in the Tab5.15, it appears that the predictions of Swiss-

Model for the CDK2 enzyme are similar to the results obtained from the CDK2 enzyme 

downloaded from PDB. While it can be seen that Protocatechuic Acid (cinnamon) and 6-Shogaol 

(ginger) have a lower binding free energy (ΔG) with CDK2 from both PDB and Swiss-Model 

compared to the other compounds. Therefore, both of them can be expected to have activity as an 

anticancer candidate. If the free energy binding was lower, it means the drug-receptor interaction 

was better and more sTab. In adding to the free energy binding value, in Tab 5.16 the value of the 

constant of inhibition (Ki) can also be seen. The enzyme inhibition constant (Ki), also known as 

the inhibitor dissociation constant, is an equilibrium constant of a reversible inhibitor for 

complexion with its target enzyme. Unless otherwise specified, all inhibitors described hereafter 

are reversible inhibitors. Ki is associated with thermodynamic parameters in ΔG = -RT ln(Ki), 

where ΔG, R,and T are the absolute binding free energy, the gas constant, and the absolute 

temperature, respectively. From the reaction equilibrium among the receptor and the compound, 

the lesser the Ki value the more the reaction equilibrium leans to favor the formation of receptor–

compound complexes [137]. 

 

5.4.1.1. Protein data bank: 

The interactions between the target CDK2 from PDB and ligands of cinnamon and ginger 

compounds are showed in the Fig 5.18, 5.19, 5.20, 5.21, 5.22 and the Tab 5.17. 
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Tab.5.17 Interaction details of the target enzyme CDK2 (CDK2 from PDB) 

Compounds     Receptor  

pocket              

Interactions 

Category          

Distance 

(A)    

Witness Ligand  

PDB 

Hot 

spot 

of 

CDK2 

  Ginger 
  

THR218 

VAL251 

THR198 

ARG214  

LYS250 

ARG200 

PRO253 

 

LYS33 

LYS129 

MG382 

THR14 

ASN132 

GLU81 

ASP86 

LEU83 

ATP381 

TYR15 

 

 I10 

 V18 

E81 

 L83 

 H84 

 Q85 

K89 

L134 

D145 

6-Gingerol  GLU 113 

 

ALA 282 

 

LEU 281 

ALA 116 

LYS 278 

ALA 116 

LEU 281 

PHE 109 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

       Pi-Alkyl 

      2,07 

       

      3,07 

       

      3,67 

      4,08 

      4,44 

      4,08 

      5,45 

      4,62 

8-Gingerol  ARG 126 

 

VAL 154 

 

ARG 126 

 

  LEU 124 

  LEU 124 

  TYR 180 

  TYR 180 

  ARG 150  

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Carbon 

Hydrogen Bond 

Alkyl 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

 

      2,35 

      

      2,33 

      

      3,78 

       

      5,26 

      4,10 

      4,24 

      5,21 

      5,25 

10-Gingerol     THR 198 

   

   ARG 214 

 

   VAL 251 

 

   LYS 250 

   VAL 251 

   VAL 251 

   LEU 202 

   ARG 200 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Carbon 

Hydrogen Bond 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

2,08 

 

2,17 

 

3,71 

 

4,74 

5,15 

3,94 

4,29 

4,96 
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6-Paradol  LYS 250 

 

VAL 251 

 

ARG 214 

ARG 217         

VAL 251 

Conventional 

Hydrogen Bond 

Carbon 

Hydrogen Bond 

Alkyl 

Alkyl 

Pi-Alkyl 

2,10 

 

3,48 

 

3,72 

4,84 

4,68 

 

6-Shogaol   LYS250 

  

ALA201 

 

VAL251 

 

ARG214 

ARG217 

VAL251 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Carbon 

Hydrogen Bond 

Alkyl 

Alkyl 

Pi-Alkyl 

2,28 

 

2,93 

 

3,59 

 

4,16 

4,45 

4,66 

 

                                      Cinnamon 

Cuminaldehyde ASP 86 

 

ILE 10 

 

Carbon 

Hydrogen bond 

Pi-Sigma 

3.65 

 

3.99 

(E)-cinnamyl 

acetate 

 

ASN 62 

 

VAL 289 

LYS 291 

LYS 291 

LYS 291 

Conventional 

hydrogen bond 

Pi-Alkyl 

Pi-Alkyl 

Alkyl 

Conventional 

hydrogen bond 

 

2.45 

 

5.15 

4.50 

5.39 

2.74 

 

  Eugenol ARG 150 

ARG150 

 

LEU 124 

LEU 124 

LEU124 

 

TYR 180 

Pi- Alkyl 

Conventional 

hydrogen bond 

Pi-Alkyl 

Alkyl 

Conventional 

hydrogen bond 

Pi-Alkyl 

3.97 

2.73 

 

3.83 

4.49 

2.71 

 

4.24 

  
     trans-

Cinnamaldehyde 

 

ARG 126 

ARG 150 

LEU124 

Pi- Alkyl 

Pi- Alkyl 

Pi- Alkyl 

 5.25   

 3.90 

 3.79   
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Fig.5.17  Interaction of CDK2 from PDB with ginger compounds (2D) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             Fig.5.18 Interaction of CDK2 from PDB with ginger compounds (3D) 

Protocatechuic 

Acid  
 ILE 10  

 ASP 86  

Pi-Sigma  
Conventional 

hydrogen bond 

 

 3.83 

 2.20 

S1 S2 S3 

S4 S5 

S1 
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S5 
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v 
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a. The resulte of the interactin between CDK2 and ginger: 

Based on the information giving in the Fig 5.17. and Fig 5.18. , it appears that the ginger 

compounds 6-gingerol, 8-gingerol, 10-gingerol, and 6-paradol interact with different residues of 

CDK2 through conventional hydrogen bonds, carbon hydrogen bonds, alkyl interactions,               

and pi-alkyl interactions. 

Specifically, 6-gingerol interacts with GLU113, ALA282, LEU281, ALA116, LYS278,                  

and PHE109; 8-gingerol interacts with ARG126, VAL154, LEU124, TYR180, and ARG150; 10-

gingerol interacts with THR198, ARG214, VAL251, LYS250, LEU202, and ARG200;                    

and 6-paradol interacts with LYS250, VAL251, ARG214, ARG217, and ALA201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5.19 Interaction of CDK2 from PDB with cinnamon compounds (2D) 
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Fig.5.20  Interaction of CDK2 from PDB with cinnamon compounds (3D) 

 

b. Interactin between CDK2 and cinnamon 

According to the resulte showed in the Fig 5.18 and Fig 5.19. It can notes that  Cuminaldehyde 

interacts with ILE 10 through a Pi-Sigma interaction, which is one of the "hot spot" residues 

identified as important for inhibitor binding. This suggests that cuminaldehyde may have some 

potential inhibitory activity against CDK2. 

(E)-cinnamyl acetate interacts with LYS 89 through a Pi-Alkyl interaction, but this residue is not 

one of the "hot spot" residues identified. However, it also interacts with LYS 291 and VAL 289, 

which are nearby residues that could potentially contribute to inhibitor binding. 

Eugenol interacts with H84, L83, and L134 through Pi-Alkyl and Alkyl interactions, which are all 

"hot spot" residues. It also interacts with ARG 150 through a Pi-Alkyl and Conventional hydrogen 

bond, which is not a "hot spot" residue but could still contribute to inhibitor binding. 

S8 S7 S6 

S9 S10 
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Trans-Cinnamaldehyde interacts with L134 through a Pi-Alkyl interaction, which is a "hot spot" 

residue for inhibitor binding. It also interacts with ARG 126 and ARG 150 through Pi-Alkyl 

interactions, which are not "hot spot" residues but could contribute to binding affinity. 

Protocatechuic acid interacts with ILE 10 through a Pi-Sigma interaction, which is a "hot spot" 

residue for inhibitor binding. It also interacts with ASP 86 through a Conventional hydrogen bond, 

which is not a "hot spot" residue but could still contribute to binding affinity. 

 

 

 

 

 

 

 

 

Fig.5.21 Interaction of CDK2 from PDB with Roscovitine. 

 

The prediction of the 3D structure of proteins based on their amino acid sequence has made 

considerable progress in recent years with the advent of methods based on deep learning, In this 

study, we compare the reliability of the Swiss model, AlphaFold, ESM and Robetta algorithms’ 

predictions for a new set of membrane proteins involved in human pathologie 

Tab.5.18 Parameters of programme of protein prediction 

Programme of protein 

prediction 

Time of prediction Number of amino acid 

sequence   

Swiss model 

 

3 min 298 

AlphaFold 

 

5 min 298 

ESM 

 

2 seconds 60 

Robetta 

 

2 hours 298 

In addition to the differences in prediction times and the number of amino acid sequences showed 

in the Tabs 5.18, it's likely that the protein structures predicted by the different programs may also 
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vary. Since each program utilizes different algorithms, approaches, and databases, their predictions 

may produce different structural models for the same protein sequence. As it can be showed in Tab 

5.14. 

 The variations in the predicted protein structures could be due to the differences in the underlying 

methods used by each program, as well as the training data and algorithms employed. It's important 

to note that protein structure prediction is a challenging task, and different prediction programs 

may have varying levels of accuracy and reliability. Therefore, when comparing protein structure 

predictions from different programs, it's advisable to consider multiple factors, such as the 

consensus among different methods or experimental validation, to assess the likelihood                   

and reliability of the predicted structures. In fact, there is a very large part of the human proteome 

comprising intrinsically disordered proteins, i.e., proteins having no ordered structure, or having 

at least one disordered part [173]. Thanks to genome sequencing data and prediction algorithms, 

it has been estimated that IDPs (Intrinsically Disordered Proteins) represent about 40% of all 

proteins , constituting the “unfoldome”, which corresponds to the set of disordered proteins [174]. 

3.5.1.2. Swiss model 
 

The interactions between the target CDK2 from Swiss model and the ligands of ginger                    

and cinnamon compounds are showed in the Figs 5.23, 5.24, 5.25 , 5.26, 5.27 and in the Tab 5.19 

Tab.5.19 Interaction details of the target enzyme CDK2 (swiss model) 

Compounds     Receptor  

pocket              

Interactions  

Category           

Dista

nce  

(A)     

Witness Hot 

spot 

of 

CDK2 

Ligand  

swiss 

                                                          Ginger 
 

  LEU83 

GLU81 

LEU134 

PHE80 

ALA144 

VAL64 

VAL18 

 

 

I10 

V18 

E81 

L83 

H84 

Q85 

K89 

L134 

D145 

 

LEU83 

GLU81 

LEU134 

PHE80 

ALA144 

VAL64 

VAL18 

ALA31 

6-Gingerol  GLU 28 

 

PHE 82 

 

GLU 81 

 

 

VAL 29 

 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Carbon 

Hydrogen Bond 

  

Pi-Alkyl 

 4,85 

 

2,80 

 

2,46 

 

 

3,63 
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8-Gingerol  ARG 169 

  

 VAL 146 

 

LEU 166 

LEU 166 

TRP 167 

 LEU 166 

TRP 167 

TRP 167 

TRP 167 

TRP 167 

 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

2,22 

 

2,12 

 

3,79 

3,99 

3,77 

4,26 

4,76 

4,12 

4,70 

4,16 

10-Gingerol 

 

LEU 166   

TRP 167 

TRP 167 

 

TRP 167 

 

 

TRP 167 

LEU 166   

LEU 166 

TRP 167 

Alkyl 

Alkyl 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Pi-Alkyl 

Pi-Pi Stacked 

Pi-Pi Stacked       

1,99 

1,96 

 

2,52 

 

5,32 

 

3,95 

5,16 

4,46 

4.66 

    

6-Paradol  ARG 214    

 

VAL 251   

LEU 202   

ARG 200   

LEU 202   

PRO 204   

ARG 217 

Conventional 

Hydrogen Bond 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

 

 2,71 

 4,50 

5,37 

4,24 

5,19 

4,72 

5,21 

6-Shogaol   ARG50 

 

ARG5 

 

TYR159 

 

THR160 

 

HIS161 

 

TYR159 

LEU148 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Pi-Pi Stacked 

 

2,13 

 

1,87 

 

2,81 

 

2,16 

 

2,16 

 

4,22 

5,49 
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VAL163 

TYR159 

 

Alkyl 

Alkyl 

Pi-Alkyl 

 

4,65 

5,28 

                                       Cinnamon 

 

Cuminaldehy

de 

 

  GLN 131 

  

  TRP 167 

TRP 167 

TRP 167 

 

Conventional 

hydrogen bond 

Pi-Pi stacked 

  Pi-Sigma 

Pi-Alkyl 

 

2.14 

 

4,33 

3,80 

 4,59    

(E)-

cinnamyl 

acetate 

 

TRP 167 

  TRP 167 

TRP 167 

TRP 167 

 

Pi-Pi stacked 

Pi-Pi stacked 

  Pi-Alkyl 

Pi-Alkyl 

 

5,10 

4,00 

3,69 

 4,36    

Eugenol HIS 161 

 

TYR 159 

TYR 159 

THR 160 

 

THR 160 

Conventional 

hydrogen bond 

Pi-Alkyl 

Pi-Pi stacked 

Conventional 

hydrogen bond 

Conventional 

hydrogen bond 

 

1,90 

 

4,42 

4,23 

2,28 

 

2,26 

     trans-

Cinnamald

ehyde 

 

TRP 167 

TRP167 

THR 165 

 

  LEU 166 

Pi-Pi Stacked 

Pi-Pi Stacked 

Conventional 

hydrogen bond 

Conventional 

hydrogen bond 

 

5,23 

4,04 

3,03 

 

1,96 

Protocatechuic 
Acid  

 

TRP 167 

TRP 167 

TRP 167 

 

LEU 166 

 

GLN 131  

 

 GLN 131 

Pi-Pi Stacked 

Pi-Pi Stacked 

Conventional        

hydrogen bond 

Conventional 

hydrogen bond 

Conventional 

hydrogen bond 

Conventional 

hydrogen bond 

 

3,99 

4,52 

2,24 

 

1,93 

 

2,19 

 

1,85  
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Fig.5.22 Interaction of CDK2 from swiss model with ginger compounds (2D) 
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Fig.5.23 Interaction of CDK2 from swiss model with ginger compound (3D) 

 

a. Interaction of CDK2 from swiss model with target of ginger 

compaonds: 

 

(6-gingerol, 8-gingerol, 10-gingerol, 6-paradol, and 6-shogaol) interact with CDK2 through 

various types of interactions, including conventional hydrogen bonds, carbon hydrogen bonds, pi-

alkyl interactions, and pi-pi stacked interactions. 

Specifically, 6-gingerol interacts with CDK2 through a conventional hydrogen bond with GLU 28 

and PHE 82, a carbon hydrogen bond with GLU 81, and a pi-alkyl interaction with VAL 29. 

8-gingerol interacts with CDK2 through conventional hydrogen bonds with ARG 169 and VAL 

146, pi-sigma interactions with LEU 166 and TRP 167, and pi-alkyl interactions with LEU 166, 

TRP 167, and ARG 150. 

10-gingerol interacts with CDK2 through an alkyl interaction with LEU 166, conventional 

hydrogen bonds with TRP 167, and a pi-pi stacked interaction with LEU 166 and TRP 167. 

6-paradol interacts with CDK2 through a conventional hydrogen bond with ARG 214, and alkyl 

interactions with VAL 251, LEU 202, ARG 200, PRO 204, and ARG 217. 

Finally, 6-shogaol interacts with CDK2 through conventional hydrogen bonds with ARG50, 

ARG5, THR160, HIS161, and TYR159, as well as a pi-pi stacked interaction with TYR159,        

and alkyl interactions with LEU148 and VAL163. 

 

 

S4 
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Fig.5.24 Interaction of CDK2 from swiss model with cinnamon compounds (2D) 
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Fig.5.25 Interaction of CDK2 from swiss model with cinnamon compounds (3D) 

 

 

b. Interactin between CDK2 from swiss model and cinnamon : 

Based on the results, it appears that the hot spot residues involved are TRP 167, HIS 161, TYR 

159, THR 160, THR 165, LEU 166, GLN 131, and E81. These residues are involved in various 

types of interactions such as Pi-Pi stacking, conventional hydrogen bonds, and Pi-Alkyl 

interactions. 

Cuminaldehyde forms Pi-Sigma and Pi-Alkyl interactions with GLN 131 and TRP 167, 

respectively. (E)-cinnamyl acetate forms two Pi-Pi stacked interactions with TRP 167 and TRP 

167, respectively, as well as Pi-Alkyl interactions with TRP 167. Eugenol forms conventional 

hydrogen bonds with HIS 161 and THR 160, and Pi interactions with TYR 159. trans-

Cinnamaldehyde forms two Pi-Pi stacked interactions with TRP 167, a conventional hydrogen 

bond with THR 165, and a conventional hydrogen bond with LEU 166. Protocatechuic acid forms 

two Pi-Pi stacked interactions with TRP 167, as well as conventional hydrogen bonds with TRP 

167, LEU 166, and GLN 131. 
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Fig.5.26  Interaction of CDK2 from swiss model with Roscovitine 

 

3.5.1.3. Alphadatabase  

The interactions between the target CDK2 from AlphaFold and the ligands of ginger and cinnamon 

compounds are showed in the Figs 5.28, 5.29, 5.30 , 5.31, 5.32 and in the Tab 5.20. 

 

Tab.5.20 Interaction details of the target enzyme CDK2 (alphadatabase) 

Compounds     Receptor  

pocket              

Interactions  

Category           

Distance  

(A)     
Witness Hot 

spot 

of 

CDK2 

                                                          Ginger 
 

LYS33  

GLN131 

ASN132 

ILE10 

LEU134 

LEU134  

 ALA144  

VAL64 

PHE80 

 VAL18 

ALA31 

 

I10 

V18   

    E81 

L83 

 H84 

 Q85 

K89 

 L134 

  D145 

6-Gingerol  LEU83 

ILE10 

GLU 81 

LEU134 

 

 

ALA144 

 

 

LEU134 

 

 

VAL64 

PHE80 

 

VAL18 

 

Alkyl 

Alkyl 

Alkyl 

Conventional 

Hydrogen  

Bond 

Conventional 

Hydrogen 

Bond 

Conventional 

Hydrogen 

Bond 

Pi-Alkyl 

Pi-Alkyl 

 

   Pi-Alkyl 

  

1,96 

2,58 

2,34 

3,53 

 

 

4,38 

 

 

5,41 

 

 

4,34 

4,04 

 

4,78 
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ALA31 

 

Pi-Sigma 4,08 

 

8-Gingerol     LEU134 

  PHE80 

  VAL18 

  ALA31 

   LEU134 

   ALA144 

   ALA144 

    VAL64 

  ILE10 

  LEU134 

  PHE82 

  ILE10 

 

 Pi-Sigma 

 Pi-Sigma 

 Alkyl 

 Alkyl 

 Alkyl 

 Alkyl 

 Alkyl 

 Alkyl 

 Alkyl 

 Alkyl 

 Pi-Alkyl 

 Pi-Alkyl 

3,98 

3,54 

4,92 

3,45 

5,02 

4,70 

3,66 

3,80 

5,16 

5,42 

4,45 

5,12 

 

10-Gingerol 

 

LYS89 

 

LYS89 

 

LEU83 

 

ASP145 

 

PHE80 

ILE10 

VAL18 

VAL18 

ALA31 

ALA31 

VAL64 

LEU134 

ALEU134 

ALA144 

ALA144 

VAL64 

VAL18 

PHE80 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Pi-Sigma 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

 

2,77 

 

2,35 

 

1,97 

 

2,03 

 

3,71 

5,01 

5,01 

5,08 

4,99 

5,01 

5,48 

4,64 

5,01 

4,34 

3,66 

4,18 

4,63 

5,36 

6-Paradol  HIS84 

 

 

PHE80 

VAL18 

ALA31 

LYS33 

ALA144 

Conventional 

Hydrogen 

Bond 

Pi-Sigma 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

2,28 

 

 

3,64 

4,04 

4,73 

5,08 

3,75 
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VAL64 

ILE10 

LEU134 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

4,14 

5,19 

4,99 

 

6-Shogaol 

 

 

LYS89 

GLU81 

VAL18 

VAL18 

VAL18 

 

 

ALA31 

 

 

VAL64 

LEU134 

PHE80 

ALA31 

LEU134 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Carbon 

Hydrogen 

Bond 

Conventional 

Hydrogen 

Bond 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Sigma 

Pi-Sigma 

2,39 

3,54 

3,66 

3,96 

4,98 

 

 

3,85 

 

 

4,15 

4,97 

5,03 

4,96 

5,25 

 

 

                                      Cinnamon 

cumnaldehyd Val 18 

ALA 31 

VAL 64 

LEU 134 

ALA 144 

ASP 145 

Pi-alkyl 

Pi-alkyl 

Pi-alkyl 

Pi-sigma 

Pi-alkyl 

Carbon 

hydrogen bond 

 

5.14 

4.44 

5.28 

3.74 

4.76 

3.29 

 

 

 

E-cinnamyl 

acetate 

ILE 10 

PHE 80 

LEU 134 

Pi-sigma 

Pi-sigma 

  Pi-alkyl 

3.53 

3.54 

5.36 

Eugenol VAL 18 

ALA 31 

VAL 64 

PHE 80 

LEU 134 

ALA 144 

ASP 145 

Pi-alkyl 

Pi-alkyl 

Alkyl  

Pi-alkyl 

Pi-sigma 

Alkyl 

4.55 

5.07 

4.12 

3.61 

3.63 

3.75 

3.67 
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Carbon 

hydrogen bond 

trans 

cinnamaldehyde 

VAL 18 

ALA 31 

LEU 134 

ASP 145 

Pi-alkyl 

Pi-alkyl 

Pi-sigma 

Carbon 

hydrogen bond 

 

4.43 

4.66 

3.75 

3.35 

 

 

 

protocatechuic 

acid 

VAL 18 

ALA 31 

LYS 33 

LEU 134 

ASP 145 

Pi-alkyl 

Pi-alkyl 

Pi-alkyl 

Pi-alkyl 

Conventional 

hydrogen bond 

 

4.58 

4.49 

5.54 

5.34 

1.95 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig.5.27 Interaction of CDK2 from Alphadatabase with ginger compounds (2D) 

S4 
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     Fig.5.28. Interaction of CDK2 from Alphadatdbase with Ginger compounds (3D) 

 

 

a. Interaction of CDK2 from Alphadatdbase with target of Ginger 

Based on the interactions listed on the Figs 5.28 , 5.29 , it appears that the ginger compounds 6-

gingerol, 8-gingerol, 10-gingerol, 6-paradol, and 6-shogaol are capable of interacting with CDK2 

through a variety of different interactions, including conventional hydrogen bonds, pi-alkyl 

interactions, pi-sigma interactions, and carbon hydrogen bonds. 

Specific amino acids that appear to be involved in these interactions include LEU83, ILE10, 

GLU81, LEU134, ALA144, VAL64, PHE80, VAL18, ALA31, LYS33, HIS84, and ASP145 
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Fig.5.29 Interaction of CDK2 from Alphadatabase with cinnamon compounds (2D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5.30 Interaction of CDK2 from Alphadatabase with cinnamon compounds (3D). 
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a. Interaction of CDK2 from Alphadatabase with target of cinnamon: 

Based on the results provided in the Figs 5.30, 5.31, it seems that all of the cinnamon compounds 

interact with CDK2 from alpha fold through pi-alkyl or pi-sigma interactions with several residues, 

including Valine 18, Alanine 31, and Leucine 134. Additionally, most of the compounds form 

conventional hydrogen bonds with Aspartic Acid 145. However, there are some differences in the 

specific residues involved in the interactions between the different compounds and CDK2.  

For example, Cuminaldehyde and Eugenol interact with Valine 64 and Phenylalanine 80, 

respectively, while Protocatechuic acid forms a pi-alkyl interaction with Lysine 33. Overall, these 

interactions suggest that the cinnamon compounds have the potential to bind to and modulate the 

activity of CDK2 

                    
 

 

Fig.5.31 Interaction of CDK2 from Alphadabase with Roscovitine 

 

 

3.5.1.4.  Evolutionary scale modeling ESM 

The interactions between the target CDK2 from ESM and the ligands of ginger and cinnamon 

compounds are showed in the Figs 5.33, 5.34, 5.35, 5.36, 5.37 and in the Tab 5.21. 
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Tab.5.21 Interaction details of the target enzyme CDK2 (ESM) 

 

Compounds     Receptor  

pocket              

Interactions  

Category           

Distance  

(A)     
Witness Hot spot 

of CDK2 

                                                          Ginger 
 

 

LYS33 

LYS34 

ILE35 

LEU37 

ILE52 

LEU55 

MET1 

LEU32 

 

 

I10 

V18   

    E81 

L83 

 H84 

 Q85 

K89 

 L134 

  D145 

6-Gingerol  LYS33 

 

ASN59 

 

ALA31 

ILE52 

LYS33 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Alkyl 

Alkyl 

Alkyl 

 

2,25 

 

2,50 

 

3,85 

4,35 

4,62 

8-Gingerol  ASN59 

 

LYS33 

 

LYS33 

LEU55 

 ILE52 

 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Alkyl 

Alkyl 

  Pi-Alkyl 

 

 

2,34 

 

2,35 

 

5,30 

4,74 

4,49 

10-Gingerol 

 

  ASN59 

  

 ASN59 

 

  LYS33 

 

  VAL18  

  ALA31  

  LYS33  

  LYS33  

  LEU55  

  VAL18 

  ILE52 

  LEU55 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

 

2,40 

 

2,44 

 

2,68 

 

3,96 

3,72 

4,15 

5,11 

4,17 

4,58 

4,10 

4,42 

 

6-Paradol  THR41 

 

THR47 

 

THR41 

 

 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

2,70 

 

2,49 

 

2,49 

 

 



Chapter 5                                                                            Results and discussion 

 

 
138 

GLY43: 

 

PRO45 

    TYR15  

  PRO45 

Conventional 

Hydrogen Bond 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

 

     2,48 

 

4,30 

5,08 

 4,05 

6-Shogaol 

 

  ALA31 

    

    LYS56  

  LEU32 

  ILE52 

  LEU55 

  LEU55 

    LYS33 

 

Conventional 

Hydrogen Bond 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

  Pi-Alkyl 

 

2,07 

 

3,72 

4,17 

4,59 

5,32 

4,75 

4,37 

                                      Cinnamon 
 

cumnaldehyd LYS 6 

 

VAL 7 

Conventional 

hydrogen bond 

Conventional 

hydrogen bond 

 

2.43 

 

2.34 

E-cinnamyl 

acetate 

MET 1 

GLN 5 

 

LYS 6 

 

VAL 7 

Pi-sulfur 

Carbon 

hydrogen bond 

Conventional 

hydrogen bond 

Conventional 

hydrogen bond 

 

5.87 

3.44 

 

2.26 

 

2.06 

 

 

eugenol MET 1 

PHE 4 

 

LYS 6 

 

VAL7 

 

TYR19 

Alkyl 

Conventional 

hydrogen bond 

Conventional 

hydrogen bond 

Carbon 

hydrogen bond 

Pi-donor 

hydrogen bond 

 

5.28 

2.22 

 

2.82 

 

3.80 

 

3.57 

trans 

cinnamaldehyde 

LYS 6 

LYS 20 

Pi-alkyl 

Carbon 

hydrogen bond 

4.00 

3.44 
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protocatechuic 

acid 

MET 1 

 

LYS 6 

 

VAL 7 

 

  VAL 7 

Conventional 

hydrogen bond  

Unfavorable 

donor-donor 

Pi-sigma  

Unfavorable 

acceptor-

acceptor 

 

2.62 

 

1.69 

 

3.59 

 

2.88 

                                     

 

 

                           Fig.5.32 Interaction of CDK2 from ESM with ginger compounds (2D)  
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Fig.5.33 Interaction of CDK2 from ESM with ginger compounds (3D) 

 

a. Interaction of CDK2 from ESM with ginger compounds: 

The results of the interaction between ginger compounds and CDK2 showed in the Fig 5.33,5.34 

suggest that these compounds can bind to the active site of CDK2 and potentially inhibit its 

activity. The specific interactions observed with each compound may contribute to its binding 

affinity and potency as a CDK2 inhibitor. For example, the conventional hydrogen bonds formed 

between 6-Gingerol and CDK2 may contribute to its strong binding affinity. Meanwhile, the pi-

alkyl interactions observed with 8-Gingerol and 10-Gingerol may also contribute to their binding 

affinity. Overall, these findings suggest that ginger compounds may have potential as CDK2 

inhibitors. 

 

 

 

S1 S2 S3 

S4 S5 
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Fig.5.34 Interaction of CDK2 from ESM with cinnamon compounds (2D) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5.35 Interaction of CDK2 from ESM with cinnamon compounds (3D) 
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b. Interaction of CDK2 from ESM with cinnamon compounds: 

 

Based on the information showed in the Figs 5.35, 5.36, it seems that the cinnamon compounds 

cuminaldehyde, E-cinnamyl acetate, eugenol, and trans cinnamaldehyde interact with CDK2 

through various amino acid residues. The specific residues involved in the interactions are LYS 6, 

VAL 7, MET 1, GLN 5, PHE 4, TYR 19, and LYS 20. 

However, it is important to note that the results do not provide a clear indication of the strength or 

significance of the interactions between the cinnamon compounds and CDK2. It is also not clear 

if these interactions occur specifically within the nine residues identified as hot spots of inhibitor-

CDK2. 

 

 

Fig.5.36 Interaction of CDK2 from ESM with Roscivitine 

 

3.5.1.5. Robetta 

The interactions between the target CDK2 from Robetta and the ligands of ginger and cinnamon 

compounds are shown in the Figs 5.38, 5.39, 5.40, 5.41, 5.42 and in the Tab 5.22. 
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Tab.5.22  Interaction details of the target enzyme CDK2 (Robetta) 

 

Compounds     Receptor 

pocket              

Interactions 

Types          

Distance  

(A)     

Witness Hot 

spot of 

CDK2 

                                                          Ginger 
 

LEU83 

ILE10 

GLU12 

ALA144 

LEU134 

VAL18 

LYS33 

 

I10 

V18   

   E81 

L83 

 H84 

 Q85 

K89 

 L134 

 D145 

6-Gingerol  GLU12 

 

ASP86 

 

ILE10 

LEU134 

VAL18 

LEU134 

ALA144 

VAL18 

LYS33 

PHE80 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

 

2,45 

 

2,46 

 

3,96 

3,54 

4,38 

5,04 

3,99 

3,80 

3,77 

4,12 

8-Gingerol  ASP86 

 

ASN132 

 

LEU83 

 

LEU134 

VAL18 

ALA31 

ALA31 

LYS33 

LYS33 

ALA144 

VAL64 

LEU134 

PHE80 

PHE80 

ILE10 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Conventional 

Hydrogen Bond 

Pi-Sigma 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

 

2,56 

 

2,84 

 

2,48 

 

3,43 

4,54 

4,05 

4,85 

4,36 

4,64 

4,82 

4,41 

3,92 

5,12 

4,36 

4,21 

 

10-Gingerol 

 

GLU12 

 

GLU12 

 

ASP86 

 

 

Conventional 

Hydrogen Bond 

Carbon 

Hydrogen Bond 

Carbon 

Hydrogen Bond 

 

1,94 

 

3,64 

 

3,60 
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ILE10 

LEU134: 

LEU134 

VAL18 

LYS33 

ALA144 

VAL18 

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

 

3,79 

3,78 

3,75 

4,56 

5,13 

4,23 

4,80 

6-Paradol  ASP86 

 

ILE10 

 

LEU134 

VAL18 

VAL18 

ALA31 

LYS33 

VAL64 

ALA144 

ALA144 

LEU134 

PHE80 

PHE80 

ILE10 

Conventional 

Hydrogen Bond 

Carbon 

Hydrogen Bond 

Pi-Sigma 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

 

2,35 

 

3,79 

 

3,53 

4,70 

5,01 

4,30 

4,45 

4,76 

4,46 

4,49 

5,14 

4,85 

4,45 

4,53 

6-Shogaol 

 

 

HIS84 

 

LEU134 

VAL18 

ALA31 

LYS33 

ILE10 

VAL64 

LEU83 

LEU134 

PHE80 

PHE82 

ILE10 

 

Carbon 

Hydrogen Bond 

Pi-Sigma 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

 

3,55 

 

3,53 

4,55 

3,68 

4,23 

3,65 

4,10 

5,39 

4,93 

5,06 

4,84 

5,09 

 

Cinnamon 

cumnaldehyd VAL 18 

ALA 31 

PHE 80 

LEU 134 

Pi-sigma 

Pi-alkyl 

Pi-sigma 

Pi-sigma 

3.47 

4.80 

3.68 

3.42 
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E-cinnamyl 

acetate 

VAL 18 

ALA 31 

PHE 80 

ASP 86 

 

LEU 134 

ALA 144 

Pi-alkyl 

Pi-alkyl 

Pi-pi t-shaped 

Conventional 

hydrogen bond 

Pi-alkyl 

Pi-alkyl 

 

4.59 

5.37 

4.77 

2.66 

 

5.38 

4.09 

Eugenol ILE 10 

VAL18 

VAL 64 

PHE 80 

GLN 131 

 

LEU 134 

 

ALA 144 

Alkyl 

Pi-alkyl 

Alkyl 

Pi-alkyl 

Conventional 

hydrogen bond 

Pi-sigma 

Alkyl 

Pi-alkyl 

Alkyl 

 

4.11 

4.35 

3.93 

3.65 

2.04 

 

3.59 

4.59 

4.95 

3.76 

trans 

cinnamaldehyd

e 

VAL 18 

LYS 33 

PHE 80 

ALA144 

Pi-sigma 

Pi-alkyl 

Pi-pi t-shaped 

Pi-alkyl 

 

 

3.97 

5.08 

5.00 

4.29 

protocatechui

c acid 

VAL 18 

LYS 33 

VAL 64 

PHE 80 

ALA 144 

ASP 145 

Pi-alkyl 

Pi-alkyl 

Pi-alkyl 

Pi-pi stacked 

Pi-alkyl 

Conventional 

hydrogen bond 

 

5.09 

5.02 

5.36 

3.81 

4.26 

1.97 
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Fig.5.37 Interaction of CDK2 from Robetta with ginger compounds (2D) 

 

 

 

Fig.5.38 Interaction of CDK2 from Robetta with ginger compounds (3D) 
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a. Interaction of CDK2 from Robetta with ginger 

The results of the interaction between the ginger compounds and CDK2 show that all four 

compounds interact with several amino acid residues of CDK2 through a combination of 

conventional hydrogen bonds, carbon hydrogen bonds, pi-sigma interactions, alkyl interactions, 

and pi-alkyl interactions. 

In particular, 6-gingerol interacts with GLU12, ASP86, ILE10, LEU134, VAL18, ALA144, 

LYS33, and PHE80. 8-gingerol interacts with ASP86, ASN132, LEU83, LEU134, VAL18, 

ALA31, LYS33, ALA144, VAL64, and PHE80. 10-gingerol interacts with GLU12, ASP86, 

ILE10, LEU134, VAL18, LYS33, ALA144, and VAL18. 6-paradol interacts with ASP86, ILE10, 

LEU134, VAL18, ALA31, LYS33, VAL64, ALA144, LEU134, PHE80, and PHE80. Finally,        

6-shogaol interacts with HIS84, LEU134, VAL18, ALA31, LYS33, ILE10, VAL64, LEU83, 

LEU134, PHE80, PHE82, and ILE10. 

Overall, the results suggest that ginger compounds have the potential to interact with CDK2, which 

is a key player in cell cycle regulation and cancer progression. These interactions could have 

implications for the development of novel cancer therapies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5.39  Interaction of CDK2 from Robetta with cinnamon compounds (2D) 
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   Fig.5.40  Interaction of CDK2 from Robetta with cinnamon compounds  (3D) 

 

c. Interaction of CDK2 from Robetta with cinnamon 

Based on the interactions observed in the Figs 5.39, 5.40, it can be concluded that Cuminaldehyde 

interacts with CDK2 mainly through Pi-sigma interactions at residue VAL18  and LEU134, and 

Pi-alkyl interactions at residues ALA31 and PHE80. E-cinnamyl acetate interacts with CDK2 

through Pi-alkyl interactions at residues VAL18 and ALA31, and Pi-pi T-shaped interactions at 

residue PHE80. Additionally, a conventional hydrogen bond is formed with residue ASP86. 

Eugenol interacts with CDK2 through alkyl interactions at residues ILE10, VAL18, VAL64, and 

LEU134, as well as a Pi-alkyl interaction at residue ALA144. A conventional hydrogen bond is 

also formed with residue GLN131. Protocatechuic acid interacts with CDK2 through Pi-alkyl 

interactions at residues VAL18, LYS33, and VAL64, a Pi-pi stacked interaction at residue PHE80, 

S10 

S6 S7 

S10 

S8 

S9 
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and Pi-alkyl interactions at residue ALA144. Additionally, a conventional hydrogen bond is 

formed with residue ASP145. Trans-cinnamaldehyde interacts with CDK2 mainly through Pi-

sigma interactions at residue VAL18, Pi-alkyl interactions at residue LYS33, Pi-pi T-shaped 

interactions at residue PHE80, and Pi-alkyl interactions at residue ALA144. Overall, the cinnamon 

compounds exhibit a variety of interactions with CDK2, including Pi-sigma, Pi-alkyl, Pi-pi T-

shaped, and conventional hydrogen bonds. These interactions could potentially affect the binding 

affinity and inhibitory activity of the compounds towards CDK2. 

 

 

Fig.5.41 Interaction of CDK2 from Robetta with Roscivitine 

 

5.4.2. Comparison of interaction results 

 
The compounds interacted with different residues in the active site of CDK2 through conventional 

hydrogen bonds, carbon-hydrogen bonds, hydrophobic bonds; Pi interactions, and van der Waals 

interactions.   

It can be observed that the amino acids differ in each CDK2 prediction case. In the case of CDK2 

from PDB, it is noticed that THR 198, ARG 214, VAL 251, LYS 250, ARG 200, ARG 150, LEU 

124, and ARG 126 are repeated in most compounds of the two plates (cinnamon and ginger). In 

the case of Swiss-Model, the most frequently occurring amino acids are LEU 166, TRP 167, GLN 

131, and GLU 81. On the other hand, the most repeated amino acids in the case of CDK2 from 

AlphaFold are ILE10, LEU134, ALA144, VAL64, PHE80, VAL18, and ALA31. Similarly, in the 

case of CDK2 from Robetta, the most repeated amino acids are ILE10, LEU134, ALA144, 
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VAL64, PHE80, VAL18, and ALA31. However, in the case of ESM, there are no common amino 

acids between the compounds of cinnamon and ginger.  

AlphaFold are ILE10, LEU134, ALA144, VAL64, PHE80, VAL18, and ALA31. Similarly, in the 

case of CDK2 from Robetta, the most repeated amino acids are ILE10, LEU134, ALA144, 

VAL64, PHE80, VAL18, and ALA31. However, in the case of ESM, there are no common amino 

acids between the compounds of cinnamon and ginger. 

When it compare with roscovitine ,we find that the major amino acids are common in the two 

models alphafold and robetta. However, there is a lesser occurrence of these common amino acids 

in the PDB, Swiss and ESM models 

 

 

5.5. Pharmacokinetics  

 

5.5.1.  Drug likeness tool 
 

The resulte shown in the Tab  5.23  

Tab.5.23 Prediction of Druglikeness with DruLiTo program. 

Code 

 

MW LogP HBA HBD TPSA AMR nRB nAtom Lipinski’s 

Rule 

Ghose 

Filter 

Veber 

Rule 

                                                          Ginger 

S1 294.18 2.437   4   2 66.76 80.8  10  47       1     0    1 

S2 322.21 3.575   4   2 66.76 86.63 12  53      1     1   0 

S3 350.25 4.713   4   2 66.76 92.45  14  59      1     1    0 

S4 278.19 3.889   3   1 46.53 77.75  10  46       1     1    1 

S5 276.17 3.775   3   1 46.53 82.07  9  44       1      1    1 
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                                      Cinnamon 

S6 148.09 2.423   1   0 17.07 49.08  2  23      1     0     1 

S7 164.08 2.223   2   1 29.46 52.89  3  24      1     1     1 

S8 176.2 2.531   2   0 26.3 56.48  4  25       1      1     1 

S9 132.2 1.968   1   0 17.07 46.27  2  18       1      0     1 

S10 154.03 0.616   4   3 77.76 40.17  1  17        1      0     1 

                                      Witness 

W 354.22 1.693 7 3 84.51 104.86 8 52 1 1 1 

                                      Ligand 

L1 442.12 1.72 8 3 129.68 132.53 5 50 1 0 0 

L2 199.01 0.868 4 3 75.61 33.55 1 17 1 0 1 

 

3.6.1.1.  Drulito interpretation: 

The prediction results of physico-chemical properties based on several drug-likeness rules (Tab 

5.23) shown that two compound from Ginger (6-Paradol ,6-Shogaol ) and cinnamon(Eugenol,              

(E)-cinnamyl acetate ) albums did  comply with Lipinski's rule, Ghose's filter and Veber's rule .  

There is one compound(S1) that does not comply with  Ghose rule,  and two last (S2,S3) did not 

comply with Veber's rule from Ginger . As for Cinnamon compounds there is three compounds 

that did not comply with Ghose rule, (S6,S9,S10). It does not mean that « 6,8 and 10-Gingerol » 

& « Protocatechuic Acid ,trans-Cinnamaldehyde and Cuminaldehyd » are unable to penetrate cell 

membranes because the drug can penetrate cell membranes if it complies with at least 2 of 

Lipinski's rules. Compared to the results of roscovitine and the ligands, W  and L2 have the ability 

to penetrate cell membranes, while L1 doesn’t penetrate cell membranes [151]. 
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5.5.2. Pharmacokinetics models for small molecules 
 

The result shown in the Tab 5.24 

Tab.5.24 Prediction of pKCSM 

Code Intestinal 

Absorption  

(humanà 

Skin 

permeability 

VDss 

(human) 

BBB 

Permeability 

CYP2D6 

Substrate 

CYP2D6 

inhibitior 

Total   

Clearance 

Renal  

OCT2 

Substrate 

Ames  

Toxicity 

Hepato 

-

toxicity 

                                                          Ginger 

S1 92.416 -2.817 0.524 -0.727 No No 1.339 No No No 

S2 91.716 -2.781 0.588 -0.794 No No 1.41 No No No 

S3 91.029 -2.759 0.605 -0.877 No No 1.462 No No No 

S4 92.18 -2.587 0.549 -0.223 No No 1.411 No No No 

S5 92.686 -2.584 0.501 -0.197 No No 1.44 No No No 

                                      Cinnamon 

S6 92.041 -2.207 0.324 -0.438 No No 0.227 No No No 

S7 94.148 -1.437 0.24 -0.374 No No 0.282 No Yes No 

S8 93.665 -2.735 -1.953 -0.423 No No 0.28 No Yes No 

S9 95.015 -2.355 0.266 -0.436 No No 0.208 No No No 

S10 71.174 -2.727 -1.298 -0.683 No No 0.551 No No No 

                                      Witness 

W 89.24 -2.735 0.418 -1.199 No No 0.95 Yes Yes Yes 

                                      Ligand 

L1 0 -2.735 -0.287 -3.691 No No -0.315 No No No 

L2 73.502 -2.843 0.184 -0.341 No No 0.652 No No No 
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3.6.2.1. Pharmacokinetics models for small molecules interpretation 

Pharmacokineticsprediction can be seen from Tab 5.24. Where the prediction of absorption is 

expressed by the value of intestinal absorption, the distribution is expressed by the value of VDss 

and BBB permeability, metabolism is expressed by CYP2D6 substrate and inhibitor, excretion is 

expressed by the value of total clearance, and toxicity is expressed by hepatotoxicity and LD 50.  

For a given compound it predicts the percentage that will be absorbed through the human intestine 

,  a molecule with an absorbance of less than 30% is considered to be poorly absorbed. For ginger 

compounds , it can be seen that the intestinal absorption (human) value of the tested compounds 

is around 91.029% - 92.686% . For cinnamon compounds, the intestinal absorption value of the 

tested compounds is around 71.174% - 95.014% ( trans-cinnamaldehyde has better intestinal 

absorption) , so it can be predicted that the ten compounds will be absorbed well in the human 

intestine, it’s better then drscovitine and ligands (ligand protein data bank can't  will be absorbed  

in the human intestine). A compound is considered to have a relatively low skin permeability if it 

has a logKp > -2.5. Therefore, all compounds have relativety high skin permeability, as their log 

Kp valures are greater than -2.5 except three cinnamon compounds (Cuminaldehyd,Eugenol and 

trans-Cinnamaldehyde ) their log Kp> -2.5  have low skin permeability. The VDss is a steady-state 

volume of distribution that predicts the value total dose of the drug would need to be uniformly 

distributed to give the same concentration as in blood plasma. The higher the VD is, the more of a 

drug is distributed in tissue rather than plasma. It can be affected by renal failure and dehydration. 

VDss is considered low if below 0.71 L/kg (log VDss < -0.15) and high if above 2.81 L/kg (log 

VDss > 0.45). The test ginger compounds VDss are ranged from 0.524 to 0.605 (log L/kg), as for 

cinnamon compounds from -1.953 to 0.324 (log L/kg). The predicted results showed VDss 

relatively low. 

The brain is protected from exogenous compounds by the blood-brain barrier (BBB). The ability 

of a drug to cross into the brain is an important parameter to consider to help reduce side effects 

and toxicities or to improve the efficacy of drugs whose pharmacological activity is within the 

brain. For a given compound, a logBB > 0.3 considered to readily cross the blood-brain barrier 

while molecules with logBB <-1 are poorly distributed to the brain. The BBB  values of ten 

compounds above -1(from -0.877 to -0.197 for « Ginger compounds » ) and ( from -0.683 to -

0.374 for « Cinnamon compounds ») , which means that they can penetrate the BBB moderately. 
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The cytochrome P450's responsible for are metabolism of many drugs. However inhibitors of the 

P450's can dramatically alter the pharmacokinetics of these drugs. It is therefore important to 

assess whether a given compound is likely to be a cytochrome P450 substrate. One of the major 

isoforms responsible for drug metabolism is 2D6. In the Tab, it can be seen that none of the ten 

compounds act as substrates or inhibitors of CYP2D6, so it can be predicted that all test compounds 

to be metabolized by the enzyme cytochrome P450. The total Clearance value of the test 

compounds ranges from 0.205 to 0.784 for ginger compounds, as for cinnamon compounds, its 

value ranges from 0.227 to 0.551. So from these values it can be predicted the compound's 

excretion. OCT2(Renal Organic Cation Transporter 2) in the kidney plays an important role in the 

disposition and clearance of endogenous drugs and compounds.  It is clear from the Tab that all 

compounds do not affect the OCT2 substrate. Therefore, there are no harmful effects or usage 

restrictions. The Ames test is a widely employed method to assess a compounds mutageneic 

potential using bacteria. A positive test indicates that the compound is mutagenic and therefore 

may act as a carcinogen. From the results Tab 5.24 shows that two cinnamon compounds 

(Eugenol(E)-cinnamyl acetate ) are predicted to be active to cause mutagenic effects and all the 

ten compounds from ginger and cinnamon are non-hepatotoxic but roscovitine show a toxicity ( 

hepatotoxicity ,Ames toxicity and renal toxicity) [113, 175, 176]. 

 

5.5.3.  Pass online 
 

The result shown in the Tab 5.25 

Tab.5.25 The PASS onliane result.  

 

Code 

 

Compound Name 

                              Anticarcinogenic 

                  Pa                    Pi 

                                                          Ginger 

S1      6-Gingerol                    0.364                  0.038 

S2      8-Gingerol                    0.364                  0.038 

S3      10-Gingerol                    0.364                  0.038 
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S4       6-Paradol                    0.415                  0.028 

S5       6-Shogaol                    0.475                  0.022 

                                      Cinnamon 

S6    Cuminaldehyd                    0.255                  0.080 

S7      Eugenol                    0.459                  0.023 

S8 (E)-cinnamyl acetate                    0.466                  0.023 

S9 trans-

Cinnamaldehyde 

                   0.341                  0.044 

S10 Protocatechuic Acid                    0.387                  0.033 

                                        Witness 

W Roscovitine                     0.254                  0.183 

                                        Ligand 

L1 Ligand of PDB 0.550 0.015 

L2 Ligand of Swiss 

model 

/ / 

 

3.6.3.1. Pass online interpretation:  

The Pa value is the possibility of a compound being active in carrying out biological activities in 

laboratory experiments, while the Pi value is the opposite. If a compound has a value of Pa > Pi, 

then the compound has the potential to have this activity. And it has medium potential on a 

laboratory scale because the Pa value > 0.3, the pa value of ginger compounds are between (0.364- 

0.475) and of cinnamon compounds are between (0.255-0.466), roscovitine have pa=0.254, it’s 

less than the ten compoundsbut ligand PDB have a good pa ≥ 0.5. While all the compounds have 

under activity except Cuminaldehyd (pa = 0.255). But it has the same value with the witness 

Roscovitine (pa = 0.254) so we can say that cuminaldehyd has the same activity. While the ligand 

of swiss model don’t have any activity as an anticarcinogenic [114, 151]. 
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5.6. Conclusion 

In conclusion, The investigation of cinnamon and ginger extracts in this chapter unveiled their 

organoleptic, physicochemical, biochemical, and antibacterial properties, showcasing promising 

prospects for their utilization in the fields of cosmetics and pharmaceuticals. 

The in silico study conducted using AutoDock and protein prediction programs provided valuable 

insights into the interaction between bioactive compounds present in cinnamon and ginger extracts 

with the target protein CDK2. This computational approach allows for a deeper understanding of 

the molecular mechanisms underlying the observed anticancer activities. 

According to the results of molecular docking, it can be concluded that the better compound from 

cinnamon is 6-shogaol, while from ginger it is Protocatechuic Acid. 

Although the comparison based on the PDB results suggests that SWISS-MODEL is the ideal 

Model, if the objective is to select the model with better ΔG results, ROBETTA would be the 

preferred option based on the given comparison. It is important to consider the specific 

requirements and context of the study when choosing the most appropriate model for protein 

modeling and ΔG calculations. 

Among the models studied, the fusion of the ten compounds resulted in a lack of agreement with 

the results obtained from the drug in both the Robetta and AlphaFold models, unlike the other 

models assessed.However, the ultimate judgment on this matter will rely solely on the experiment, 

as the results obtained are mere expectations that can only be validated or disproven through 

experimental investigation. 

Lastly, the ADMET prediction offered an assessment of the extracts' pharmacokinetic                     

and toxicological properties, providing essential information for future drug development              

and safety considerations.
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  General conclusion  

The objective of our study is to investigate the potential anticancer activity of ginger and cinnamon 

specifically targeting cyclin dependent kinase 2 (CDK2). CDK2 is a protein involved in cell cycle 

regulation, and its dysregulation is often associated with cancer. By examining the effects of ginger 

and cinnamon on CDK2, we aim to determine if these natural substances have the ability to inhibit 

CDK2 and potentially exert anti-cancer effects. This research may contribute to the development 

of new therapeutic approaches or compounds derived from ginger and cinnamon that could be 

used in cancer treatment strategies targeting CDK2. During our research, we have directed our 

attention towards two plant species: cinnamon originating from three different countries - 

Indonesia, India, and China, and locally cultivated ginger of Algerian origin. 

In this context, we conducted a study on the organoleptic and physicochemical characteristics of 

the plants. Subsequently, we determined the flavonoid content. Additionally, we investigated the 

antibacterial and antioxidant activities of different essential oil extracts. 

The physical properties of cinnamon indicated that it has a density (Approximately1.06 ) greater 

than ginger (0.85). the pH value of oils is 5 to 6 which indicates its purity. In terms of their chemical 

properties, the analysis revealed that cinnamon essential oil has a lower free acid content compared 

to ginger essential oil. However, both essential oils are abundant in esters, with cinnamon 

containing 41% and ginger containing 92.07%. The saponification values (SV) were measured as 

56.08 mgKOH/g for cinnamon and 154.22 mgKOH/g for ginger. 

Furthermore, cinnamon essential oil exhibited significantly higher antioxidant activity than ginger 

essential oil. Both oils had similar IC 50 values, with cinnamon at 12.93 μg/ml and ginger at 14.19 

μg/ml. However, it is important to note that the concentration of flavonoids in Algerian ginger 

essential oil was lower compared to Indonesian cinnamon essential oil. 

In this study, we conducted an in vitro evaluation of the antibacterial activity of essential oils on 

three different bacterial strains: Escherichia coli, Staphylococcus aureus, and Candida albicans. 

The results of our study indicated that our cinnamon Essential Oil exhibited a high inhibitory effect 
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against all three bacterial strains. However, the ginger Essential Oil showed inhibitory activity 

only against the Staphylococcus aureus strain. 

Using an in silico approach, we investigated the potential anti-cancer effects of Cinnamon and 

ginger essential oils by studying their interactions with the protein CDK2. Specifically, we 

evaluated the binding affinity and molecular interactions between these essential oils and CDK2 

protein. In this in silico analysis, we focused on compounds from ginger and cinnamon essential 

oils. After screening, we identified 10 compounds with good glide scores that showed potential 

interactions with the target protein CDK2. During the docking process, we observed that the 

ligands formed various bonds with specific amino acid residues of the target protein. These bonds 

included conventional hydrogen bonds, carbon hydrogen bonds, alkyl interactions, Pi-Pi stacked 

,Pi-Sigma  and pi-alkyl interactions. Notably, compounds such as 6-gingerol, 8-gingerol, 10-

gingerol, 6-paradol,    and 6-shogaol from ginger, as well as Cuminaldehyde, Eugenol, (E)-

cinnamyl acetate, trans-Cinnamaldehyde, and Protocatechuic Acid from cinnamon, formed 

significant hydrogen bonds with specific amino acids it differ in each CDK2 prediction case. In 

the case of CDK2 from PDB, it is noticed that THR 198, ARG 214, VAL 251, LYS 250, ARG 

200, ARG 150, LEU 124, and ARG 126 are repeated in most compounds of the two plates 

(cinnamon and ginger). In the case of Swiss-Model, the most frequently occurring amino acids are 

LEU 166, TRP 167, GLN 131, and GLU 81. On the other hand, in the case of CDK2 from Robetta, 

the most repeated amino acids are ILE10, LEU134, ALA144, VAL64, PHE80, VAL18, and 

ALA31. However, in the case of ESM, there are no common amino acids between the compounds 

of cinnamon and ginger. When it’s compared with roscovitine we find that the common amino 

acid are major in Robetta model. Based on the docking results, two compounds stood out among 

the others. Protocatechuic Acid from cinnamon achieved a ΔG score of -5.7 (Kcal/mol) with Ki of 

15607nm , indicating a stronger binding affinity compared to the other ligands. Similarly, 6-shogaol 

from ginger exhibited a ΔG score of -5.4 (Kcal/mol) with Ki of 9133 nm , suggesting a highly 

favorable binding interaction, when compared with a roscovitine  drug, we find that the results of 

ΔG  are very close, estimated at -5.9 Kcal/mol with Ki of 21250 nm. The more negative the ΔG 

score and the smaller the Ki value, the stronger the complex formed between the ligand and the 



                                                                                                                                          Conclusion 

 
 
 

 
160 

target protein. In this case, protocatechuic acid from cinnamon and 6-shogaol from ginger 

displayed the most promising binding affinities among the tested compounds. 

According to the pharmacokinetics results and ADMET predictions, the tested compounds 

exhibited varying levels of intestinal absorption in humans, ranging from 31.11% to 100%. The 

volume of distribution at steady state (VDss) for the compounds ranged from -0.55 to 0.01 (log 

L/kg), indicating relatively low values. The predicted blood-brain barrier (BBB) values for nine 

compounds were above -1.15, suggesting moderate penetration potential into the brain. 

Additionally, all ten compounds from ginger and cinnamon were predicted to be non-hepatotoxic. 

The physicochemical properties of the compounds, as assessed by several drug-likeness rules, 

indicated their ability to penetrate cell membranes. The pass online analysis revealed that the 

partition coefficient (pa) values for the ginger compounds ranged from 0.364 to 0.475, while for 

the cinnamon compounds, the values ranged from 0.255 to 0.466. Notably, roscovitine had a pa 

value of 0.254, indicating marginal activity. All the compounds, except for Cuminaldehyde 

(pa=0.255), exhibited pa values below the threshold for activity. 

Regarding the prediction results ,we find  that  Swiss-Model showed superiority in PDB-based 

comparisons, while Robetta excelled in ΔG results. It is important to note that these results are 

subject to the limitations of computational modeling and should be further validated through 

experimental studies. 

Therefore, it can be concluded that the flavonoid , phenolic acids compounds from ginger               

and cinnamon. Album has the potential as a promising anti-cancer drug candidate, where the best 

candidate is Protocatechuic Acid (cinnamon) then 6-Shogaol from ginger. However, further 

studies of flavonoid, phenolic acid compounds from Syzygium cumini var. Album are need. 
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• TGF : Transforming Growth Factor 

• TLC : Thin Layer Chromatography 



   List of abbreviations 

 

• TM : Transmembrane 

• TMDET : TransMembrane Protein DETection 

• TNF-α : Tumor Necrosis Factor-alpha 

• TOPCONS2 : Topological Consensus Prediction 

• TPSA: Total Polar Surface Area  

• UNECO : United Nations Educational, Scientific, and Cultural Organization 

• UV : Ultraviolet 

• VDss : Volume of Distribution at Steady State 

• VEGF : Vascular Endothelial Growth Factor 

• WHO : World Health Organization 

 

 


