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Abstract 

    Osteosarcoma, a prevalent form of bone cancer predominantly affecting children and 

adolescents, has been the subject of extensive research efforts. Recent advances in molecular 

genetic research have revolutionized our understanding of the disease's origins, leading to the 

discovery of targeted therapeutic approaches. In this study, our objective is to conduct an in-

silico investigation on the anti-tumoral properties of seven marine alkaloids against the human 

osteosarcoma cell line SaOS2, targeting newly identified oncogenic proteins, including four 

enzymes and one receptor that have participated in major pathways of the tumor cells. The 

seven marine alkaloids examined in this study are as follows: Coscinamide A (Mol1), 

Leucettamine B (Mol2), Polyandrocarpamine A (Mol3), Coscinamide B (Mol4), Coscinamide 

C (Mol5), Dispacamide (Mol6), and Eudistomin Y1 (Mol7). To achieve this goal, we employed 

several computational methods. Firstly, we performed molecular docking (MD) using 

Autodock Vina to evaluate the binding affinity of the ligand-protein complexes. Additionally, 

we obtained the pharmacokinetic properties and toxicity profiles of these alkaloids using 

ADMET's online servers. We conducted a biological cytotoxicity prediction using the CLC-

Pred online server, which confirmed that the antitumoral effect is not limited to osteosarcoma 

alone but is also applicable to various other types of cancer. We also utilized the STRING 

database to predict protein-protein interactions and investigate potential pathways and 

activities. The results of our study indicate that mol5 exhibited the highest affinity for the ER 

target, while mol7 demonstrated the highest affinity for the PIM-1 and HSP90 targets. For the 

T311M HDAC8 and BMP-2 targets, Mol4 and Mol1 respectively are the highest score. Detailed 

information of the best interactions is presented in the results section. Importantly, despite the 

general toxicity of alkaloids, our investigation revealed that the seven compounds demonstrated 

a favorable safety profile and exhibited non-toxic characteristics, suggesting their viability for 

use. These promising results need further validation through in vitro and in vivo studies to 

confirm the effectiveness of these marine alkaloids in treating osteosarcoma. 

Keywords: osteosarcoma, SaOS2, marine alkaloids, molecular docking, ADMET, CLC-Pred, 

STRING. 

 

 

 



Resumé 

    L'ostéosarcome, une forme prédominante de cancer des os touchant principalement les 

enfants et les adolescents, a fait l'objet de nombreux efforts de recherche. Les avancées récentes 

de la recherche en génétique moléculaire ont révolutionné notre compréhension des origines de 

la maladie, conduisant à la découverte d'approches thérapeutiques ciblées. Dans cette étude, 

notre objectif est de mener une investigation in silico sur les propriétés anti-tumorales de sept 

alcaloïdes marins contre la lignée cellulaire de l'ostéosarcome humain SaOS2, en ciblant des 

protéines oncogènes nouvellement identifiées, comprenant quatre enzymes et un récepteur qui 

ont participé à des voies majeures des cellules tumorales. Les sept alcaloïdes marins examinés 

dans cette étude sont les suivants : Coscinamide A (Mol1), Leucettamine B (Mol2), 

Polyandrocarpamine A (Mol3), Coscinamide B (Mol4), Coscinamide C (Mol5), Dispacamide 

(Mol6) et Eudistomin Y1 (Mol7). Pour atteindre cet objectif, nous avons utilisé plusieurs 

méthodes informatiques. Tout d'abord, nous avons effectué un amarage moléculaire (AM) en 

utilisant Autodock Vina pour évaluer l'affinité de liaison des complexes ligand-protéine. De 

plus, nous avons obtenu les propriétés pharmacocinétiques et les profils de toxicité de ces 

alcaloïdes en utilisant les serveurs en ligne d'ADMET. Nous avons effectué une prédiction de 

la cytotoxicité biologique en utilisant le serveur en ligne CLC-Pred, ce qui a confirmé que l'effet 

antitumoral n'est pas limité à l'ostéosarcome seul, mais est également applicable à différents 

types de cancer. Nous avons également utilisé la base de données STRING pour prédire les 

interactions protéine-protéine et étudier les voies et les activités potentielles. Les résultats de 

notre étude indiquent que Mol5 présente la plus grande affinité pour la cible ER, tandis que 

Mol7 démontre la plus grande affinité pour les cibles PIM-1 et HSP90. Pour les cibles HDAC8 

et BMP-2, Mol4 et Mol1 respectivement sont les score les plus élevé. Des informations 

détaillées sur les meilleures interactions sont présentées dans la section des résultats. Il est 

important de noter que malgré la toxicité générale des alcaloïdes, notre étude a révélé que les 

sept composés présentaient un profil de sécurité favorable et des caractéristiques non toxiques, 

suggérant leur viabilité d'utilisation. Ces résultats prometteurs nécessitent une validation 

supplémentaire par des études in vivo et in vitro pour confirmer l'efficacité de ces alcaloïdes 

marins dans le traitement de l'ostéosarcome. 

Mots clés : ostéosarcome, SaOS2, alcaloïdes marins, docking moléculaire, ADMET, CLC-

Pred, STRING. 

 



 الملخص

اهم مواضيع  احدسائد من سرطان العظام الذي يؤثر في الغالب على الأطفال والمراهقين ، الشكل تعتبر الساركوما ال    

حدثت التطورات الحديثة في البحوث الجينية الجزيئية ثورة في فهمنا لأصول المرض ، مما أدى إلى اكتشاف ا. البحوث

الساركوما العظمية على  باستعمال الوسائل المعلوماتية. في هذه الدراسة ، هدفنا هو إجراء تحقيق الطرق العلاجية الحديثة

البروتينات  دلك باستهدافسبعة قلويدات بحرية، وودلك باستعمال  2سااوس البشرية خاصة السلالة العظمية المختلطة

. القلويات البحرية السبعة التي تم ومستقبل واحدنزيمات اربعة ا هاته المركبات تصنف الىالبارزة التي تم تحديدها حديثاً ، 

،  3بولياندروكاربامين أ جزيئة، 2لوسيتامين ب جزيئة،  1أ جزيئةفي هذه الدراسة هي كما يلي: كوسيناميد  تجميعها

،  هدف الدراسة. لتحقيق 1ذاخيرا اوديستومين ، و 6ديسباكاميد جزيئة،  5جزيئة  كوسيناميد س،  4جزيئة كوسيناميد ب

التلقائي  برنامج اوتودوك فينا( باستخدام ا ج. أولاً ، تم إجراء الالتحام الجزيئي )الوسائل والاساليباستخدمنا العديد من 

خصائص الدوائية والسمية البالإضافة إلى ذلك ، حصلنا على  القلويدات السبعة.ييم التقارب بين البروتينات المحددة مع لتق

بالسمية لهاته المركبات على جرينا تنبؤًا ا كدلكنترنت. لامواقع في اعبر ا ت ت ا س باستخدام خوادم  المركباتلهذه 

، والذي أكد أن التأثير المضاد للأورام لا يقتصر على ساركوما عظمية وحدها سلس بريد اونلاين باستخدام خادم الخلايا

بين السلسلة للتنبؤ بتفاعلات سترينج ولكنه ينطبق أيضًا على أنواع أخرى من السرطان. استخدمنا أيضًا قاعدة بيانات 

اعلى نتائج ظهر ا 5الجزيءالبروتين والتحقيق في المسارات والأنشطة المحتملة. تشير نتائج دراستنا إلى أن و البروتين 

و  1انزيم كيناز سيرين/ترييونين بيملأهداف  نتائج ارتباطأعلى  7جزيء، في حين أظهر  لمستقبل استروجين ارتباط

 أعلى درجة 4و  1الجزيء، أظهر 2انزيم التشكل العظميو  ديسيتيلازلانزيم هيستون  اما. 90بروتين الصدمة الحرارية

في قسم النتائج.  الالتحام الجزيئي. يتم تقديم معلومات مفصلة بشأن أفضل التفاعلات التي لوحظت خلال ارتباط طاقوي

غير سامة خصائص ظهرت ا، كشف تحقيقنا أن المركبات السبعة  يداتالأهم من ذلك ، على الرغم من السمية العامة للقلو

المختبرات . هذه النتائج الواعدة تحتاج إلى مزيد من التحقق من الصحة من خلال مما يؤدي الى اعتبارها امنة الاستعمال

 ية.العظم االبحرية في علاج ساركوم يداتكيد فعالية هذه القلوالت وكدلك على جسم الانسان

سلس بريد اونلاين ،ا ت ت ا س ،سترينج ،الارتباط الجزيئي ،ويدات بحريةقل ،اوستيوساركوماكلمات مفتاحية : 
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INTRODUCTION 
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INTRODUCTION 

Osteosarcoma has garnered significant attention within the field of oncology as one of the 

extensively investigated diseases 1.2.3. It is a rare but highly aggressive form of bone cancer, 

predominantly affecting children and adolescents, but can occur in individuals of any age 4.5.6. 

Serving as the most prevalent primary malignant bone tumor, osteosarcoma comprises 

approximately 20% of all bone tumors 7.8. It is characterized by the development of abnormal 

bone tissue within the affected bone, resulting in structural alterations and the potential for 

metastasis to other organs 2.3.7.  

Typically, this disease manifests within the growth plate region of long bones in the body 9, 

such as the femur, tibia, or humerus, although it can manifest in other bones as well 10.11. 

Osteosarcoma is thought to arise from primitive mesenchymal cells responsible for bone 

formation, with a distinctive hallmark of osteoid production 12.13. The majority of cases display 

mutations resulting in the inactivation of TP53 and RB genes within their genomes 14. While 

the precise etiology remains poorly understood, specific risk factors have been identified, 

including prior radiation therapy, genetic predisposition, and certain hereditary disorders 15.16. 

Furthermore, our investigation encompassed an exploration of diverse diagnostic 

methodologies employed for osteosarcoma. This encompassed the utilization of imaging 

modalities, including X-rays, computed tomography (CT), and magnetic resonance imaging 

(MRI), for the purpose of tumor detection and staging 17.18.  

The primary therapeutic strategies for human OS patients involve a combination of surgery, 

chemotherapy 19, and the prognosis of patients greatly depends on the disease's extent at the 

time of diagnosis and the stage of its development 20.21.22.23. However, there remains an 

imperative for the development of novel and more efficacious treatment modalities, particularly 

in cases where osteosarcoma demonstrates resistance to existing therapies or has metastasized 

to other locations 24. 

The development of novel pharmacological agents that exhibit heightened efficacy, 

improved safety profiles, and reduced side effects stands as a primary objective. In the pursuit 

of such a therapeutic solution, we have directed our attention towards exploring marine 

alkaloids obtained from marine sponges and Ascidiacea 25.26. These marine sources represent a 
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largely unexplored reservoir of bioactive compounds that have yet to be comprehensively 

investigated and that display promising potential for their ability to inhibit human OS 25.26. 

Drug discovery and development grew into a wide interdisciplinary field during the last 

decades. For that reason, we intend to test the in silico inhibition effect of seven marine 

alkaloids against the human oseosarcoma cell line Saos2, targeting new key oncogenic proteins 

that lead to tumor suppression. This will be accomplished by employing molecular docking 

techniques using AutoDock Vina and Discovery packages to evaluate their binding potential. 

Moreover, an ADMET study was conducted to investigate the pharmacokinetic properties (PK) 

of these marine alkaloids. Subsequently, the obtained results will be validated through the 

performance of a Protein-protein interaction (PPI) study, aimed at confirming the relation 

between all the studied human osteosarcoma targets. 

The manuscript comprises four sections: 

 The initial section is dedicated to a comprehensive bibliographic review, providing 

a concise summary of vital information regarding the disease, including its 

symptoms, diagnosis, and current treatment approaches, as well as highlighting the 

proteins under study and describing the marine source of alkaloids. 

 The second part details the materials and methods employed in this in silico study, 

encompassing a thorough delineation of the various methodologies utilized. 

 The third segment encompasses the presentation of all the results and discussions 

derived. 

 Finally, we conclude with a comprehensive conclusion and perspectives. 
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BIBLIOGRAPHIC REVIEW 

1. Osteosarcoma: 

Osteosarcoma, also referred to as osteogenic sarcoma, represents the most prevalent primary 

solid tumor of non-hematopoietic origin that primarily develops within bone 2.3.27. It is 

generally recognized as a high-grade malignancy, accounting for approximately 80-90% of 

cases, and exhibits an inverse relationship with the extent of metastasis, with approximately 

20% of cases displaying metastasis, predominantly to the lungs, followed by other skeletal sites, 

and rarely involving lymph nodes 3.7.8.28.29. 

Osteosarcoma is considered a rare yet exceptionally aggressive form of bone cancer, with an 

annual incidence rate of 4.7 per million individuals in the pediatric and adolescent population 

(aged 5-19 years) 5.8.29. Furthermore, it accounts for 8.9% of cancer-related deaths in children 

30.31.32.33. In older adults (>65 years old), osteosarcoma can arise in association with Paget's 

disease of the bone or as a consequence of radiation therapy for various malignancies 31.33. 

Multiple factors are closely linked to the development of osteosarcoma, including age, 

gender, race, height, genetic predisposition, and congenital bone abnormalities 15.34. 

2. Localization of Osteosarcoma within the Human Body 

Osteosarcoma represents approximately 20%, of all bone tumors. While OS can manifest in 

any bone, it predominantly originates in the long bones of the appendicular skeleton 10.11.35. 

Predominantly, it occurs near the knee joint, either in the distal femur (42%) or the proximal 

tibia (19%) 10.11.35. Furthermore, OS may develop in both the proximal and distal humerus 

(10%), along with the scapula near the shoulder joint 36. while only 1.25% is found in the ribs 

35.37. It is worth mentioning that OS can also occur in various other bones, including the os coxa 

(hip bone) and the mandible (jaw bone) 38, as depicted in Figure 01.  
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Figure 01: Localization of Osteosarcoma within the Human skeleton 
38 

depicted using a medical 

art servier (https://smart.servier.com/). 

Osteosarcoma typically originates within the metaphyseal cavity or in close proximity to the 

growth plates, (areas experiencing the most rapid bone growth) 9.39.40.41. Notably, in children 

and adolescents, there is an additional neroportion situated between the epiphysis and the 

diaphysis (bone shaft) 9.39.40. In adults, the growth plates are completely ossified and fused with 

the epi and diaphysis 17.42.43. Within this general area, three different types of cells are present, 

but our specific focus is on the osteoblasts (figure 02). 

https://smart.servier.com/


BIBLIOGRAPHIC REVIEW 

6 

*  

 

 

Figure 02: Localization of Osteosarcoma within the long Bones depicted using a medical art 

servier 
9.12.17

 (https://smart.servier.com/). 

In order to comprehend osteosarcoma, it is crucial to recognize the significant role of 

osteoblasts in the process of bone formation and maintenance. Osteoblasts are specialized cells 

derived from mesenchymal cells that play a key role in synthesizing and depositing the 

extracellular matrix necessary for new bone formation 12.44.45. However, when mutations occur 

in osteoblasts, they can give rise to malignant osteoblast-like cells (figure 03) 43.46.47.48.49. 

which exhibit similar characteristics to osteoblasts but contribute to increased tumor 

aggressiveness, including the ability to sustain proliferative signaling, evade growth 

suppressors, resist cell death, enable replicative immortality, induce angiogenesis, and activate 

invasion and metastasis 13.47.49. 

 

 

 

Figure 03: Osteogenesis and Osteosarcoma genesis. (A) Initiation of osteogenic differentiation 

from mesenchymal stem cells (MSCs). (B) Defects in osteogenesis lead to osteosarcoma 

genesis.
.13.49. 

https://smart.servier.com/
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3. Characteristics of the Osteosarcoma Cell Line SaoS-2 

The Saos2, a human osteosarcoma cell line, derived from a primary osteosarcoma in an 11-

year-old Caucasian girl by Fogh et al in 1973, displays a highly metastatic nature 49.51.52. 

Additionally, this cell line exhibits some of the well-characterized features of the osteoblastic 

phenotype, including the production of tissue-unspecific alkaline phosphatase and the ability to 

express specific receptors 44.52.53.54.55. SAOS-2 cell line arises from rare mutations occurring 

in bone-forming cells but it should be noted that these cells do not naturally exist in the human 

body 14.56.57. 

Morphologically, SAOS-2 cells exhibit an adherent growth pattern and display either a 

spindle-shaped or polygonal shape. They possess a diameter of approximately 10-20 

micrometers and exhibit a high nuclear-to-cytoplasmic ratio. The cells contain a round to oval 

nucleus with a well-defined nucleolus 49.52v58.59. 

 

 

 

 

Figure 04: Presents the histological examination : (A) high Atypical Tumor Cells with Abundant 

Malignant Osteoid Production and Bone Invasion. (B) The tumor cells had abundant malignant osteoid  

production invading the host bone 
60

 

4. Classification of ostesarcoma 

The classification system developed by the World Health Organization for bone tumors 

categorizes osteosarcoma into various subtypes 61.62. based on several factors such as histologic 

features, biologic potential (grade), relationship to bone (intramedullary or surface), presence 

of multiple tumors (solitary or multifocal), and the initial condition of the underlying bone 

(primary or secondary) 63.64. The subtypes include: 
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4.1. Conventional OS:  

accounting for approximately 85% of cases, is the most prevalent subtype. It is a high-grade 

solitary tumor that originates within the medullary cavity of a typically healthy bone, commonly 

found in long bones such as the femur, tibia, and humerus 35. This subtype can be divided into 

three categories: 

a) Osteoblastic osteosarcoma: This subtype consists of pleomorphic malignant cells 

closely associated with the surface of the neoplastic bone 35.65. 

b) Chondroblastic osteosarcoma: It is characterized by a predominant chondroid matrix 

along with non-chondroid elements. The neoplastic chondrocytes exhibit severe 

cytologic atypia and are found within lacunar spaces 35.65. 

c) Fibroblastic osteosarcoma: This subtype is typically composed of spindle-shaped, 

highly pleomorphic malignant cells arranged in a herringbone or storiform pattern, 

resembling fibrosarcoma or malignant fibrous histiocytoma. It exhibits a minimal 

osseous matrix 35.65. 

4.2. Telangiectatic osteosarcoma:  

This subtype is rare, accounting for less than 4% of all osteosarcoma cases. It is more 

commonly observed in the second decade of life and primarily affects long tubular bones. 

However, it has also been known to arise in soft tissues outside of the bone 35. 

4.3. Small-cell osteosarcoma:  

This subtype is rare and constitutes approximately 1.5% of osteosarcomas. It is 

characterized by the presence of small, round tumor cells and is often found in the bones of the 

hands and feet 35. 

4.4. Low-grade osteosarcoma:  

This is a slow-growing cancer with a low tendency to metastasize. It accounts for 1–2% of 

all osteosarcoma cases. Compared to conventional osteosarcoma, low-grade osteosarcoma 

tends to occur at a slightly older age and exhibits a longer symptomatology 35. 

4.5. Secondary OS:  

This subtype constitutes a minority of cases and typically arises in sites of previous bone 

infarction, chronic osteomyelitis, or pre-existing primary benign bone tumors (such as 

osteochondroma, enchondroma, and giant cell tumor) are present 35. 
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5. Risk factors: 

The precise cause of osteosarcoma remains largely unknown, and it can occur 

spontaneously. The exact causative factors are not always evident. Nevertheless, certain factors 

have been identified that could elevate the risk of developing this particular form of bone 

cancer: 

 Having a history of radiation therapy (Radiation exposure) 66.67. 

 Inherited genetic conditions. For example, genitic mutation 16. 

 Certain bone disorders, such as Paget's disease, and exposure to certain chemicals, such as 

vinyl chloride 16.68. 
 

6. Clinical manifestations of osteosarcoma  

Commonly observed symptoms of osteosarcoma include prolonged, episodic pain, soft 

tissue mass, subsequent localized swelling, limited range of motion, weight loss, skin 

hypothermia, and spontaneous bone fractures lacking apparent etiology 36. 

 

7. Diagnostic approach 

In recent years, the diagnostic approach for malignant bone neoplasms has involved the 

utilization of various tools of medical imaging, including local plain radiography, X-rays, 

magnetic resonance imaging (MRI), computed tomography (CT), positron emission 

tomography (PET), laboratory testing for serum tumor markers, or a combination of these 

techniques 17.18.69.70.71. Additionally, several serum markers have been investigated for their 

diagnostic, prognostic, and recurrence monitoring potential 17.72. Notably, lactate 

dehydrogenase (LDH) and alkaline phosphatase (ALP) have proven to be valuable biomarkers. 

Laboratory analysis has shown that ALP levels can be elevated by nearly 40% in OS patients 

73. Furthermore, higher levels of LDH have been identified as a predictive factor for a poorer 

prognosis 74. 

Osteosarcoma exhibits distinctive radiographic features that allow for its differentiation 

from other types of cancer. When the tumor reaches the outer cortical surface, the periosteum 

undergoes dissection from the bone. Consequently, the inner periosteum's cambium layer 

responds by generating new bone, exhibiting an open or discontinuous middle section known 

as Codman angle. Furthermore, other periosteal reactions can manifest as radiographic 

densities resembling sunbursts or hair-on-end pattern 17.35.75. 
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Figure 05: X-ray shows an osteosarcoma in the distal femur (thighbone). (Left) Note the formation 
of new bone in a typical "sunburst" periosteal reaction. (Right) When viewed from the side, a 

Codman triangle can also be seen rising from the bone 
76

. 

8. Stages of osteosarcoma 

After confirming the diagnosis of osteosarcoma, additional tests should be conducted to 

determine if cancer cells have spread to other areas of the body. This assessment is done using 

the Musculoskeletal Tumour Society staging system 77 (Reported in Table 01) is based on: 

 Tumour grade (I = low grade; II = high grade) 

 Tumour extension (A= intraosseous involvement only, B= intra/extraossseous extension) 

 Presence of distant metastases (III) 

Table 01: Surgical staging of bone sarcomas 
17

 

Stage Grade Site Metastasis 

IA  

IB  

IIA  

IIB  

III  

Low  

Low  

High 

High 

Any  

Intracompartmental  

Extracompartimental  

Intracompartimental 

Extracompartimental 

Any 

No  

No 

No 

No 

Regional or distant 

9. Treatment Approaches for Osteosarcoma 

9.1. Surgical treatment  

Prior to the 1970s, surgical excision was the primary treatment option for osteosarcoma in 

cases of local recurrence 20.21. The goal of surgery is to completely ablate the tumor, along with 

any previously biopsied or contaminated tissue 21.27.78.79. However, the location and extent of 

the tumor can make resection challenging. Even when feasible, tumor resection often results in 

damage to nerves and muscles, leading to significant functional impairment 21.27.78.79. If 
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possible, the surgeon may employ a bone graft or artificial bone to preserve the limb           

(figure 06) 21.78.80.81. In certain situations where the tumor is difficult to treat or has 

metastasized, amputation may be necessary, typically resulting in 5-year survival rates of 20% 

69.82.83. Nonetheless, the invasiveness of osteosarcoma can lead to issues such as recurrence or 

bone defects 27.79. 

 

 

Figure 06: Replacement surgery of OS depicted using a medical art servier 

(https://smart.servier.com/) 
84

. A total femur (a) and a proximal tibia (b) megaprosthesis in situ
 81

. 

9.2. Chemotherapy 

At present, chemotherapy is the primary treatment for this disease 22. Chemotherapeutic 

drugs are utilized to target and kill cancer cells in osteosarcoma 23.78.85. These drugs include 

adriamycin (ADM), cisplatin (CDDP), doxorubicin (DOX), high-dose methotrexate (HD-

MTX), ifosfamide (IFO), epirubicin (EPI), and bleomycin, cyclophosphamide, and 

dactinomycin (BCD) 35.86. Their use has been shown to improve the survival rate of patients 

with OS 87.88.89. Chemotherapy regimens are administered intravenously, orally, or through a 

combination of both methods 82.90.91. Aggressive adjuvant and neoadjuvant chemotherapy have 

https://smart.servier.com/
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significantly enhanced survival rates in recent years, particularly for high-grade osteosarcoma 

(from 20% to 70%) 20.92.93.94. 

The combination therapy of multi-agent chemotherapy and aggressive surgery has been 

shown to reduce the risk of recurrence and significantly improve the 5-year survival rate of 

patients to some extent (figure 07) 19.95.96.97.98.99. Typically, neoadjuvant chemotherapy is 

initiated 1–10 weeks prior to surgery. With proper coordination, the interruption of 

chemotherapy is temporary, and the resumption of therapy can typically begin within 2–3 weeks 

after surgery. Following surgical resection and a brief period for wound healing, maintenance 

chemotherapy is usually continued for a duration of 29 weeks 78.100. After treatment, patients 

should adhere to a schedule of regular check-ups to monitor for any potential signs of recurrence 

or side effects resulting from the treatment. 

 

 

 

Figure 07: The combination therapy strategy of OS depicted using a medical art servier 
19

 

(https://smart.servier.com/) 

Evaluation of the treatment response through imaging before and after the completion of 

initial chemotherapy determines the final surgical approach 20.101.102. Although radiological 

methods such as conventional X-ray, CT (Figure 08) 20.103. 

 

 

Figure 08: Treatment response through imaging. A). Pre - operation in CT 3D and X Ray. B). Postoperative CT 
3D and X Ray 

80
. 

https://smart.servier.com/
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Despite the current effectiveness of available treatments, there are still some problems 46. 

Nevertheless, chemotherapy is accompanied by side effects such as chemotherapy-induced 

toxicities, a lack of specificity for the tumor cells, and a relatively painful procedure 24.104.105. 

Furthermore, surgical removal of osteosarcomas may surpass the bone's self-repair capabilities, 

posing significant challenges for the restoration of bone tissue's structural and functional 

integrity 106.107.108. Consequently, the development of new therapeutic approaches is crucial 

and practically significant to overcome these challenges while minimizing side effects 

109.110.111. In contrast, targeted therapies offer greater specificity towards tumor cells, resulting 

in wider therapeutic indices and, consequently, reduced toxicity. These anticancer drugs 

specifically focus on molecular abnormalities found in tumor cells within the signaling 

pathways associated with oncogenesis 32.85. 

10.  Studied proteins:  

The objective of our research is to identify a novel targeted therapeutic approach for 

selectively inhibiting the growth of SAOS2 cancer cell line, associated with human 

osteosarcoma, while minimizing any adverse effects on non-cancerous cells. This objective will 

be achieved through a comprehensive investigation of a specific pathway and key protein within 

the cancer cells. By inhibiting them, we aim to impede the proliferation and accumulation of 

SaOS2 cells. 

We have targeted five previously unstudied or minimally researched proteins crucial to the 

process under study. These proteins were selected for their association with a ligand at specific 

binding sites, which facilitated our analysis. The structural depictions are provided below:
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Figure 09: 3D structural representation of human osteosarcoma targets and its active sites in sphere format.  

1) Estrogen Receptor (1uom); contains one chain (in blue) with one catalytic site (in red). 

2) Heat Shock Protein 90 (4BQG); contains one chain (in blue) with one catalytic site (in red). 

3) Serine/threonine-protein kinase pim-1 (4I41); contains one chain (in green) with two catalytic sites (in red 

and pink). 

4) Histone deacetylase 8 (4QA3); contains two chains (blue and green) with eight binding sites, chain 1 

contains two binding sites (in gray and red) and the second chain contains four binding sites (in red, pink, 

yellow and dark blue). 

5) BMP-2-inducible protein kinase (5i3r); contains two chains (in blue and green) with four active sites, chain 

1 contains two binding sites (in red and pink) and the second chain contains two binding sites (in pink and 

yellow). 

3 4 

1 2 

5 
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 *  
After selecting our goal protein, we have obtained the following information using 

UNIPROT web server (http://www.uniprot.org/):   

1. Enzymes section  

PDB 

ID 

 

Protein name 
Enzyme class 

number 

 
localization 

 

cofactor binding site 
Predected 

MUTAGENESIS 

 

5I3R 
BMP-2-inducible 

protein kinase 

 

EC:2.7.11.1 

 

Nucleus 

 

/ 

 

/ 

Catalytic activity:     ATP + L-seryl-[protein] = ADP + H+ + O-phospho-L-seryl-[protein]  

                                          ATP + L-threonyl-[protein] = ADP + H+ + O-phospho-L-threonyl-[protein] 
 

 

 

4BQG 

 

Heat Shock Protein 90 

 

EC:3.6.4.10 

Nucleus Cytoplasm, 

Cell membrane, 

Mitochondrion 

 

1 (Mg2+) 

 

3 mutations in GLU39, 

ASP85, GLY89, LEU180 

Catalytic activity:      ATP + H2O = ADP + H+ + phosphate 
 

 
 

4I41 
Serine/threonine-

protein kinase pim-1 

 

EC:2.7.11.1 
Cytoplasm, Nucleus, 

Cell membrane 

 

1 (Mg2+) 
4 mutations in HIS55, 

PRO68, ASN69, LEU180 
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Catalytic activity:       ATP + L-threonyl-[protein] = ADP + H+ + O-phospho-L-threonyl-[protein] 

                                            ATP + L-seryl-[protein] = ADP + H+ + O-phospho-L-seryl-[protein] 
 

 
 

4QA3 

 

Histone deacetylase 8 

 

EC:3.5.1.98 

 

Nucleus, Cytoplasm 
1 (a divalent metal 

cation) 

4 mutations in Ser39, 

Asp101, His143, Tyr306 

Catalytic activity:     H2O + N6-acetyl-L-lysyl-[protein] = acetate + L-lysyl-[protein] 

                                           H2O + N6-butenoyl-L-lysyl-[protein] = (2E)-2-butenoate + L-lysyl-[protein] 
 

 

1. Reseptor section 

 

PDB ID 

 

Protein name 

 

localization 
 

Predected MUTAGENESIS 

 

1UOM 

 

Estrogen Receptor 

 

Cytoplasm, Nucleus, Cell membrane 
8 mutations in Val68, Val80, Glu84, Ile90, 

Cys151, Tyr241, Leu243, Leu244 

 

Table 02: Table representing important information about the five studied human osteosarcoma targets, the table is 

devised by 2 sections: (1) enzymes section containind 4 enzymes (PDB ID: 5i3r, 4bqg, 4i41 and 4qa3, respectively), 

(2) resepter section representing the Estrogen Receptor (PDB ID: 1UOM) 

 

 



BIBLIOGRAPHIC REVIEW 

17 

11. Studied marine species 

The limited availability of research on the anticancer properties of marine alkaloids against 

human osteosarcoma cell lines Saos2 was the primary motivation for selecting marine sources. 

These sources offer substantial untapped potential, as they are largely unexplored, coupled with 

harboring molecules with promising pharmaceutical and therapeutic utility. Specifically, our 

research focused on the examination of marine organisms belonging to the phyla Porifera 

(sponges) and Ascidiaceae (tunicates).  

11.1. Marine sponges 

Marine sponges are primitive multicell animals with spineless creatures and soft bodies 

that are immobile and serve seawater as a filter for small food particles that have existed for 

millions of years. Marine sponges have been viewed as a medication treasury with huge 

therapeutic and pharmacological potential because of their broad variety of natural products 

112. The selected marine alkaloids are Coscinamide A, B, and C 113, Leucettamine B 114, 

and Dispacamide 115, belonging to the Coscinoderma matthewsi, Leucetta microraphis, 

and Agelas genus, respectively116. 

 

a) Coscinoderma matthewsi 
 

 

 

 

 

          Taxonomy: 

 

Kingdom:    Animalia  

Class:           Demospongiae  

Ordre:         Dictyoceratida  

Family:        Spongiidae  

Genus:         Coscinoderma  

Species:       Coscinoderma matthewsi 

  

 

 

 

 

b) Leucetta microraphis 
 

 

 

Figure 10: Pictures of Coscinoderma matthewsi and their systematics according to SpongeMaps 

Platform (http://www.spongemaps.org) 

 

https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
http://www.spongemaps.org/
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          Taxonomy: 

 

Kingdom:    Animalia  

Class:           Calcarea  

Ordre:         Clathrinida  

Family :        Leucettidae 

Genus :         Leucetta  

Species :       Leucetta microraphis 

 

  

 

c) Agelas genus 

 

 

 

          Taxonomy: 

 

Kingdom:    Animalia  

Class:           Demospongiae 

Ordre:         Agelasida 

Family:        Agelasidae 

Genus:         Agelas 

Species:       Agelas conifera  

 

 

11.2. Marine Ascidiacea 

Marine Ascidiacea are the largest and most diverse class belonging to the species of tunicate 

117. There are approximately 3,000 described species. Alkaloids represent the highest 

percentage of the bioactive compounds of marine Ascidiacea (around 70%) 118. Marine 

alkaloids that we worked on are Eudistomins Y1 119 and Polyandrocarpamines A 120. 

belonging to the Cystodytes dellechiajei and Didemnum molle, respectively 121. 

 

 

Figure 11: Pictures of Leucetta microraphis and their systematics according to SpongeMaps 

Platform (http://www.spongemaps.org) 

 

Figure 12: Pictures of Agelas genus and their systematics according to SpongeMaps Platform 

(http://www.spongemaps.org) 

 

https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
http://www.spongemaps.org/
http://www.spongemaps.org/
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a) Cystodytes dellechiajei  
 

 

 

 

          Taxonomy: 

 

Kingdom:    Animalia  

Class:           Ascidiacea 

Ordre:         Aplousobranchia 

Family:        Polycitoridae 

Genus:         Cystodytes 

Species:       Cystodytes dellechiajei 

  

 

b) Didemnum molle 
 

 

 

 

          Taxonomy: 

 

Kingdom:    Animalia  

Class:           Ascidiacea 

Ordre:         Aplousobranchia 

Family:        Didemnidae 

Genus:         Didemnum 

Species:       Didemnum molle 

 

 

 

 

Figure 13: Pictures of Cystodytes dellechiajei and their systematics according to World Register 

of Marine Species Platform (https://www.marinespecies.org/). 

 

 

Figure 14: Pictures of Didemnum molle and their systematics according to World Register of 

Marine Species Platform (https://www.marinespecies.org/). 

 

https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
https://inpn.mnhn.fr/espece/cd_nom/%7Bid%7D
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MATERIALS AND METHODS 

 

1. Softwares, databases and web servers 

1.1. Databases 

1.1.1. RCSB Protein Data Bank  

The Protein Data Bank (PDB) is a widely recognized and extensively utilized online 

repository, which is located at (www.rcsb.org/pdb/). That provides a comprehensive collection 

of experimentally determined 3D structures of biological macromolecules, such as proteins, 

nucleic acids, and complex assemblies. The PDB serves provid structural and functional 

attributes, as well as interactions, of biological molecules.  

1.1.2. Pubchem 

PubChem is a publicly accessible database of chemical molecules and related information 

maintained by the National Center for Biotechnology Information (NCBI). With over 220 

million unique chemical substances, including small molecules, peptides, and natural products. 

The PubChem server offers users a range of tools and resources for accessing and analyzing 

chemical data, visualization tools and molecular similarity. This chemobank can be accessed 

for free through a web-based user interface: (pubchem.ncbi.nlm.nih.gov/). 

1.2. Softwares 

1.2.1. Autodock Vina 

AutoDock Vina is a molecular docking software program utilized in drug discovery for in 

silico studies. It calculates the binding energy between a ligand and receptor to predict their 

binding mode, using an empirical scoring function and Monte Carlo algorithm. The software is 

widely used to identify potential drug candidates and study protein-ligand interactions, making 

it a valuable tool for in silico drug discovery and molecular modeling studies. 

1.2.2. Autodock Tools 

AutoDock Tools is a software package designed for molecular docking simulations in the 

context of in silico drug discovery. Its graphical user interface provides users with the ability to 

prepare and analyze ligand and receptor molecules, as well as visualize the results of docking 

results obtained from AutoDock Vina. ADT is user-friendly and allows for the preparation, 

visualization of the predicted binding mode, binding energy, and hydrogen bond interactions 

between the ligand and receptor. 

 

 

https://pubchem.ncbi.nlm.nih.gov/


MATERIALS AND METHODS 

22 

1.2.3. Discovery Studio 

Discovery Studio is a comprehensive software suite for molecular modeling and simulation, 

designed to support drug discovery and materials science research. It is a widely-used tool in 

the field of in silico drug design, enabling researchers to predict the behavior and properties of 

molecules and materials, and to visualize and analyze their structures and interactions, making 

it a powerful tool for accelerating the drug discovery process. In this study, The Discovery 

Studio version 2017 software was used to generate visual analysis of Enzyme-inhibitor 

interaction diagrams. 

1.2.4. Chemdraw 

ChemDraw is a widely recognized and extensively used software application for creating 

and editing chemical structures, offering a user-friendly interface and a comprehensive range 

of drawing and editing tools. It facilitates the creation of 2D structures of chemical compounds, 

with the added capability of customization options of assigning colors to specific elements such 

as oxygen and nitrogen. Furthermore, ChemDraw offers convenient options for exporting and 

saving drawings in a variety of commonly used formats, including PDF, PNG, and SVG.  

2. Structure-activity Relationship (SAR) 

The main goal of this study was to examine the effects of seven novel alkaloid compounds 

on human osteosarcoma targets through the utilization of in silico molecular docking. In order 

to predict the binding mode and strength of an interaction between two or more molecules, 

typically a small molecule (known as a ligand) and a larger macromolecule (known as a 

receptor). Molecular docking (Md) is one of the most powerful computational techniques. It 

enables estimation of the binding affinity of the complex as well as prediction of the 3D 

structure created by the ligand-receptor interaction 122. We used Autodock Vina to perform 

molecular docking in this study and investigate the qualitative modeling of the discovered 

compounds and their impacts on the targets for human OS. Molecular docking was set as a 

specific docking type that allows the inhibitors full flexibility and part flexibility to the receptor. 

We aimed to identify the inhibition mechanism(s) and interactions involved, specifically 

focusing on hydrogen and hydrophobic bonds. 

3. Preparation of molecular docking parameters 

3.1. Targets preparation 

We have chosen five targets (4 enzymes and 1 receptor); they are involved in human 

osteosarcom pathology and were admitted as pharmacological targets for the development of 
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new anti-tumor drugs. As a start, we have reached the crystal structures using the RCSB Protein 

Data Bank web server (www.rcsb.org/pdb/). 

In molecular docking, the protein must be prepared following those essential steps: 

 Firstly, by removing any possible ligands, co-crystallized solvents, heteroatoms, and 

unnecessary water molecules except those required in the active site. 

 Secondly, polar hydrogens and partial charges, which define the correct ionization and 

tautomeric states, were added to the structure while using Autodock Tools version 1.5.6. 

 Finally, as a fundamental procedure, we have meticulously selected the active site of the 

targets to optimize the ligands' accessibility to the catalytic site. Subsequently, the grid box 

center and the dimensions of the binding pocket were determined based on the grid 

coordinates (x, y, and z). 

We must mention that all parameters are defaulted, except that the number of output 

conformations was set to one. The number of docking runs was set at 10. Whish refers that the 

obtained solutions number was equal to 10. The extra step is preparing the docking folder and 

the necessary files and commands. Finally, the generated docking results were directly loaded 

into the Discovery Studio visualizer (DSV) program. The best poses were chosen according to 

their minimum binding energy values in kcal/mol; the smaller the number, the bigger the 

potential affinity of our ligands towards the selected targets. Table 03 displays all parametters, 

PDB ID and grix box cordination. 

3.2. Ligand preparation 

The 3D structures of the seven alkaloids, Coscinamide A (mol1), Leucettamine B (mol2), 

Polyandrocarpamine A (mol3), Coscinamide B (mol4), Coscinamide (mol5), Dispacamide 

(mol6), and Eudistomin Y1 (mol7), were retrieved in the SDF file format from the PubChem 

database (pubchem.ncbi.nlm.nih.gov). Discovery Studio Visualizer was used to convert them 

into PDB file format. Next, the ligands were opened in ADT to be prepared by considering 

torsional flexibility and finally converted into pdbqt file format. This conversion was necessary 

to facilitate loading the file into Autodock Vina. While the 2D structures of these molecules 

were generated using ChemDraw 16.0, The studied compounds information can be found in 

Table 04, and a structural representation is provided in Figure 15
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Table 03: Osteosarcoma targets parametters, PDB ID and grix box cordination 

PDB 

ID 

Protein name Gene 

expression 

resolution 

(Å) 

molecular weight 

(KDa) 

Chain 

number 

Amino Acid 

number 

grid box parameter NPP 

20/23 

1uom Estrogen Receptor ESR1 2.28 29.4 1 (A) 232 
-1.263*23.248*52.219 

16*12*18 
2 

5I3R BMP-2-inducible protein kinase BMP2K 2.40 69.04 2 (A/B) 302 (2) 
13.38*18.51 *47.59 

12*18*10 
3 

4BQG Heat Shock Protein 90 HSP90AA1 1.90 26.08 1 (A) 209 
-17.298*-19.85 *-1.402 

10*16*14 
5 

4I41 Serine/threonine-protein kinase pim-1 PIM1 2.70 33.43 1 (A) 273 
-15.779*2.642 *-37.607 

16*14*16 
3 

4QA3 Histone deacetylase 8 HDAC8 2.88 87.6 2 (A/B) 365 (2) 
2.446*23.585 *13.483 

10*10*14 
1 

NPP 20/23: Number of published papers between 2020 and 2023 
 

Table 04: Information about the seven chosen alkaloids 

Source of alkaloid IUPAC Compound’s Name PubChem 

CID 

Class Molecular 

weight (Da) 

Marine Sponge 

Coscinoderma matthewsi 

N-[(E)-2-(6-bromo-1H-indol-3-yl) ethenyl]-2-(1H-indol-3-yl)-2-

oxoacetamide 

Coscinamide A 

(mol1) 

 

5352103 
 

Indole 
 

408.2 

Marine Sponge 

Leucetta microraphis. 

(5Z)-2-amino-5-(1,3-benzodioxol-5-ylmethylidene)-3-

methylimidazol-4-one 

Leucettamine B 

(mol2) 

 

10037501 
 

Imidazole 
 

245.23 

Marine Ascidian 

Cystodytes dellechiajei 

2-amino-4-(4-hydroxy-3-methoxybenzylidene)-1H-imidazol-5(4H)-

one 

Polyandrocarpamine A 

(mol3) 

 

103724273 
2-Amino-

imidazolin 

 

233.22 

Marine Sponge 

Coscinoderma matthewsi 

2-(1H-indol-3-yl)-N-[(E)-2-(1H-indol-3-yl) ethenyl]-2-oxoacetamide Coscinamide B 

(mol4) 

 

5352104 
 

Indole 
 

329.4 

Marine Sponge 

Coscinoderma matthewsi 

N-[(E)-2-(5-bromo-1H-indol-3-yl) ethenyl]-2-(7-hydroxy-1H-indol-3-

yl)-2-oxoacetamide 

Coscinamide C 

(mol5) 

 

5352105 
 

Indole 
 

424.2 

Marine Sponges 

Agelas. conifera 

N-[(3Z)-3-(2-amino-5-oxo-1H-imidazol-4-ylidene) propyl]-4,5-

dibromo-1H-pyrrole-2-carboxamide 

Dispacamide 

(mol6) 

 

135481784 
2-Amino-

imidazolin 

 

405.05 

Marine Ascidian 

Didemnum molle 

 

(4-hydroxyphenyl) -(9H-pyrido[3,4-b] indol-1-yl) methanone 
Eudistomin Y1 

(mol7) 

 

24800709 
 

β-Carboline 
 

288.3 

IUPAC: international Union of Pure and Applied Chemestrey. /CID: Compound ID. 
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Figure 15: 2D structure of the seven marine alkaloids 

 

4. ADMET settings 

To evaluate the drug-likeness prediction of our alkaloids, we have used ADMET tools in 

order to examine their effects on the human body. ADME/Tox refers to the process of studying 

the absorption, distribution, metabolism, excretion, and toxicity of drugs. Whish offer an 

evaluation of the pharmacological and toxicological capasity, and it has become an appropriate 

methodology for employing in silico drug development and discovery processes. It also plays 

an important role in drug candidate success, especially in pre-clinical stages. The used tools: 

SwissADME (www.swissadme.ch/), and AdmetSAR (lmmd.ecust.edu.cn/admetsar2) web 

tools are available with free access. The canonical SMILES of the seven alkaloids obtained 

from PubChem Database were inserted into the servers online, and the ADMET profile was 

chosen based on the most commonly used parameters 123.124. 
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The lipinski rule of five enables the determination of the potential oral administration of a 

chemical compound with medicinal properties in humans 125. 

According to this rule, a compound is considered suitable for oral administration if it meets at 

least three (3) of the following four (4) criteria: 

 It has a maximum molecular weight of 500 g/mol. 

 Its partition coefficient (logP) or lipophilicity is ≤ 5. 

 The number of hydrogen bond donors is limited to ≤5. 

 The number of hydrogen bond acceptors is limited to ≤ 10. 

Absorption is the process of moving a drug from an extravascular site of administration 

into the systemic circulation to reach its site of action 126. This process is indeed very complex 

and depends on many parameters, including a drug's physicochemical properties, and it 

involves three important parameters such as: 

 The caco-2 cell permeability (nm/sec): is a human colorectal carcinoma epithelial cell line 

used to predict human intestinal drug absorption and efflux 127. 

 Human Intestinal Absorption (HIA%): an important indicator of the intestinal absorption 

of orally administered drugs. It’s usually quantified as a portion of the drug that reaches the 

portal vein (HIA= D-blood/D-oral). Here, D-blood represents the amount of a substance 

that has reached the portal vein, while D-oral corresponds to the total amount of the orally 

administered substance 127.  

 Lipophilicity of the compound: This parameter is associated with the permeability of a 

drug through biological membranes. Compounds with low lipophilicity may exhibit 

decreased permeability, while highly hydrophilic compounds are typically unable to 

passively diffuse through these membranes 126. 

Distribution refers to the reversible movement of a drug from one location to another 

within the human body, commonly involving diffusion through the bloodstream into various 

tissues 126. This process is influenced by three important parameters:  

 Blood-brain barrier penetration (C.brain/C.blood): is a specialized barrier formed by 

endothelial cells that tightly regulates the passage of small molecules and water into and out 

of the brain while preventing larger molecules from entering the central nervous system 

(CNS) 128. This parameter is represented by the ratio of the drug concentration in the brain 

(C-brain) to the drug concentration in the blood (C-blood) 129:  

logBB= log (Cblood/Cbrain) 
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 skin permeability (logKp, cm/hour): This parameter relates to the study of drug 

penetration through the skin barrier 127.  

 Plasma protein binding (%): It represents the percentage of a drug that binds to plasma 

proteins, which can influence both pharmacokinetics and pharmacodynamics. This 

parameter is used to estimate drug-drug interactions 127. 

The metabolism of drugs involves a complex process of biotransformation, where drugs 

are structurally modified by various enzymes, contributing significantly to drug development 

and safety 130. 

 Cytochrome P450 enzymes (CYP450): These enzymes are primarily located in the smooth 

endoplasmic reticulum and mitochondria of hepatocytes and intestines 131. The are 

responsible for metabolizing approximately 80% of xenobiotics through oxidation 132. 

Inhibition of CYP450 enzymes by the studied ligands can result in toxicity or a decrease in 

the therapeutic effectiveness of drugs 133. 

Excretion refers to the process of eliminating compounds from the body to prevent 

accumulation and potential toxicity. It is crucial to ensure that both administered compounds 

and their metabolites are effectively excreted through renal (urine), fecal, and sweat routes 134. 

 Total clearance (CLtot.) (mL/min/kg): This parameter quantifies the rate at which a drug 

is irreversibly eliminated from the body 135. 

 Half-life time (T1/2): It represents the time required for the concentration of a drug 

(typically in blood or plasma) to decrease to half of its initial value 136. 

Toxicity is a critical factor in drug development, as the early determination and 

identification of toxicity can significantly save time and reduce development costs 126. The 

toxicity profile summarizes:  

 The Ames test: is a test that determines the ability of a chemical or drug to induce mutations 

in DNA, providing valuable insights into its genotoxic potential 127.  

 HERG (human ether-related gene channel) is an important potassium channel involved 

in regulating heart function. Inhibition of this channel by a compound can have adverse 

effects on cardiac activity 137. 

 Carcinogenicity test: refers to the ability of a chemical to cause cancer in animals or 

humans. This test evaluates the potential of a compound to induce carcinogenic effects, 

typically through in vivo testing on rats and mice 127. 
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 Human Hepatotoxicity: This aspect focuses on the evaluation of the compound's potential 

toxicity to the liver, a vital organ involved in drug metabolism and detoxification 138. 

 LD50 (LD50 of acute toxicity): represents the lethal dose at which 50% of a population of 

test subjects (usually animals) succumb to the acute toxicity of a compound. It provides an 

indication of the compound's potency and potential harm at high doses 126. 

5. Cytotoxic activity CLC-Pred: 

We used the CLC-Pred (Cell Line Cytotoxicity Predictor) web service to perform in silico 

predictions of the cytotoxic effects of our chemical compounds on both non-transformed and 

cancer cell lines based on their structural formulas. It is a comprehensive platform for 

researchers who are interested in studying and developing drugs using cell lines. The website 

provides detailed information such as the origin of each cell line, growth characteristics, and 

other relevant information such as genotypic and phenotypic features on a wide range of cell 

lines, including cancer cell lines. The CLC-Pred also presents the results as Pa and Pi values, 

with the most effective chemicals having a higher probability of Pa values than Pi taken into 

consideration as potentiating substances with cytotoxic action 139.  

6. Protein-protein interactions analysis  

STRING (Search Tool for Recurring Instances of Neighboring Genes) is a distinguished 

database and an esteemed web resource (http://string-db.org/) dedicated to facilitating the 

integration of multiple data sets by sketching a map of potential protein-protein interactions 

(PPIs) within various organisms 140.141. This comprehensive undertaking includes both physical 

and functional interactions 142. It weights and integrates information from various sources, such 

as experimental repositories, computational predictions, function annotation, network analyses, 

and automated text mining 142.143. PPI analysis helps uncover the mechanisms of an interaction 

to understand the basics of cell functions, including stable complexes, metabolic pathways, and 

regulatory interactions 141.144. 

In the present study, our objective is to elucidate in silico PPI prediction methods, with a 

particular focus on investigating the interrelationships among various oncogenic targets. This 

knowledge has the potential to significantly contribute to the development of more efficacious 

therapeutic approaches and shed light on the disease's mechanisms of action and inhibition. 

Notably, our interactive study focuses on the esteemed organism Homo sapiens as the organism 

of interest.
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RESULTS AND DISCUSSION 

1. Structure-activity relationship (SAR) 

The aim of our in-silico investigation is to evaluate novel drugs by examining the modes of 

interaction between selected ligands and the catalytic sites of the five specified targets. 

The findings presented in Table 05 illustrate the binding energies of the seven compounds 

with osteosarcoma target, along with various interactions such as inhibition constant (Ki), 

hydrogen bonds, and distances between amino acids within the enzyme active site after docking 

evaluation. However, It is important to note that the binding energy serves as the primary 

parameter. It provides insight into the strength and affinity of the ligand-receptor interaction. 

Higher binding energy indicates weaker interaction and vice versa. Our focus is to identify the 

ligand with the lowest binding energy. Molecular docking investigations have clearly 

demonstrated that all the compounds exhibit favorable steric and chemical complementarity 

with the substrat-binding site, as indicated by minimum energy values, RR percentage, the 

number of hydrogen bonds, and visual analysis of the resulting poses enhances our 

understanding of the interaction patterns. The resulting poses were analyzed visually to 

understand the interaction pattern. All results can be found in Table 05 and Figure 16. 

 

 
 

Figure 16 : Grouped histogram representation of binding energy values of the complex target-inhibitors 

 

4qa3 



 

 

       

Table 05: Molecular docking results of the seven compounds against human osteosarcoma targets 

Ligand 
ΔG Affinity 

(kcal/mol) 
Ki (µM) * RR% Closest residues Hydrogen bonds / Length (Å) Hydrophobic interactions 

(PDB ID: 1uom) 

Pti  -11.5 3.63*10-3 92 

Ala350. Asp351. Trp383. Leu387. Met388. 

Leu391. Arg394. Phe404. Ile424. His524. 

Leu525. Leu536. 

Leu387 (2.62);  

Arg394 (2.10) 

Π-alkyl, alkyl, carbon,  

Π-Π T shaped 

Mol1 -8.9 0.29 100 
Met388. Leu378. Leu391. Phe404. Ala350. 

Asp351. Leu364. Leu525 
/ 

Π-alkyl, Π-anion, Π-sulfur, 

Π-Π T shaped 

Mol2 -7.8 1.88 100 
Leu346. Ala350. Glu353. Leu387. Met388. 

Leu391. Phe404. Ile424.  
Leu346 (2.40) 

Π-alkyl, alkyl, carbon,  

Π-Π T shaped 

Mol3 -7.4 3.71 100 
Leu346. Leu349. Ala350. Glu353. Leu387. 

Arg394. 

Glu353 (2.58; 2.78);  

Leu387 (2.32) 
Π-alkyl, carbon 

Mol4 -8.9 0.29 100 
Leu346. Ala350. Asp351. Leu387. Met388. 

Leu391. Phe404. Leu525.  
/ 

Π-alkyl, Π-anion, Π-sulfur,  

Π-Π T shaped 

Mol5 -9.3 0.14 100 
Leu346. Ala350. Asp351. Leu387. Met388. 

Leu391. Arg394. Phe404. Leu525.  

Leu387 (2.34);  

Arg394 (2.33) 

Π-alkyl, Π-anion, Π-sulfur,  

Π-Π T shaped 

Mol6 -7.4 3.71 90 
Leu346. Trp347. Leu349. Ala350. Asp351. 

Glu353. Leu387. Arg394. Leu525.  

Leu387 (2.85);  

Glu353 (2.63; 3.04) 
Π-alkyl, Π-anion, carbon 

Mol7 -8.8 0.34 100 
Ala350. Leu384. Leu387. Leu391. Phe404. 

Met421. His524. Leu525.  
Phe404 (2.41) Π-alkyl, Π-Π T shaped 

(PDB ID: 5i3r) 

Idk  -10.8 1.18*10-2 90 

Leu57. Ala58. Val65. Ala77. Glu131. 

Cys133. Gln137. Lys182. Asn185. Leu187. 

Cys197.  

Glu131 (2.63);  

Cys133 (2.05; 2.11) 

Gln137 (2.45; 2.59);  

Asn185 (2.00) 

Π-alkyl,  

alkyl,  

carbon,  

Π-sulfur 

Mol1 -9.6 9.02* 10-2 100 
Leu57. Ala58. Val65. Ala77. Lys79. Met130. 

Leu187. Cys197. Asp198.  
Met130 (2.99) 

Π-alkyl, Π-sulfur,  

Charge-charge 

Mol2 -8.5 0.57 100 
Leu57. Ala58. Val65. Ala77. Met130. 

Cys133. Gln137. Leu187. Cys197. Asp198.  

Gln137 (2.69);  

Asp198 (1.98) 

Cys197 (2.97) 

Π-alkyl, carbon, Π-sulfur 

Mol3 -8.0 1.34 100 
Leu57. Ala58. Val65. Ala77. Met130. 

Gly136. Gln137. Leu187. Cys197. Asp198. 

Gln137 (2.57);  

Cys197 (2.72) 

Asp198 (2.25) 

Π-alkyl, Π-sulfur, 

 Π-sigma, carbon 

Mol4 -9.3 0.14 100 
Leu57. Ala58. Val65. Ala77. Lys79. Met130. 

Leu187. Cys197. Asp198. 
Met130 (3.06) 

Π-alkyl, Π-sulfur,  

Π-sigma, carbon 

Mol5 -9.6 9.02* 10-2 100 
Leu57. Ala58. Gly60. Val65. Ala77. Met130. 

Glu131. Cys133. Leu187. Cys197. Asp198. 

Glu131 (2.79);  

Cys133 (2.24) 

Π-alkyl, Π-sulfur,  

Π-sigma, Charge-charge 

Mol6 -8.0 1.34 100 
Leu57. Ala58. Tyr132. Cys133. Leu187. 

Asp198. 

Cys133 (1.91; 2.32); 

Asp198 (2.16) 
Π-alkyl, Π-sigma 



 

 

Mol7 -9.1 0.21 100 
Leu57. Ala58. Gly60. Ser63. Val65. Ala77. 

Met130. Gln137. Leu187. Cys197. 
Gly60 (2.66); Ser63 (2.53) 

Π-alkyl, Π-sulfur,  

Carbon, Π-sigma 

(PDB ID: 4bqg) 

50Q  -8.8 0.34 100 
Asp93. Leu103. Leu107. Phe138. Tyr139. 

Val150. Trp162.  
Asp93 (2.03) 

Π-alkyl, alkyl, Π-sigma,  

Π-Π Stacked 

Mol1 -7.5 3.13 80 
Asn51. Ser52. Ala55. Asp93. Met98. 

Leu107. Phe138. Tyr139. Thr184. 

Asn51 (2.15); Tyr139 (2.35) 

Thr184 (2.66) 

Π-alkyl, Π-sulfur,  

Charge-charge 

Mol2 -8.5 0.57 90 
Asn51. Ala55. Met98. Leu107. Phe138. 

Trp162.  
/ 

Alkyl, Π-sulfur, Π-sigma, 

carbon, Π-Π Stacked,  

Π-Π T shaped, 

Mol3 -8.1 1.13 100 
Asn51. Ser52. Ala55. Asp93. Met98. 

Leu107. Phe138. Tyr139. Val150. Trp162.  
Asp93 (1.99; 2.95) 

Π-alkyl, Π-sulfur, carbon,  

Π-Π Stacked 

Mol4 -8.0 1.34 80 
Asn51. Ser52. Ala55. Asp93. Met98. 

Leu107. Phe138. Val150. Trp162. 
Asn51 (2.72); Ser52 (2.84) 

Π-alkyl, Π-sulfur; carbon, 

Π-donor, Π-Π Stacked,  

Π-Π T shaped,  

amine-Π Stacked  

Mol5 -7.4 3.71 100 

Asn51. Ser52. Ala55. Asp93. Met98. 

Leu107. Phe138. Tyr139. Val150. Trp162. 

Thr184. 

Asn51 (2.12); Asp93 (2.99) 

Thr184 (2.96) 

Π-alkyl, Π-sulfur, 

 Π-sigma, Charge-charge 

Mol6 -8.6 0.48 90 
Asn51. Ser52. Ala55. Asp93. Met98. 

Leu107. Phe138.  

Asn51 (2.55);  

Asp93 (2.02; 2.78) 
Π-alkyl, Π-sigma, carbon 

Mol7 -10.4 2.33* 10-2 100 
Asn51. Ser52. Ala55. Asp93. Met98. 

Leu107. Phe138. Val150. Trp162.  
Asp93 (2.07) 

Π-alkyl, Π-sigma, 

Π-Π T shaped, Π-Π Stacked 

(PDB ID: 4i41) 

Mix  -8.5 0.57 90 
Phe49. Val52. Ala65. Ile104. Leu120. 

Glu171. Asn172. Leu174. Ile185. Asp186.  
Asn172 (2.28); Asp186 (2.07) 

Π-alkyl, carbon, Π-sigma,  

Π-Π Stacked 

Mol1 -8.8 0.34 100 
Gly45. Phe49. Val52. Ala65. Asp128. 

Phe130. Glu171. Ile185. Asp186. 
/ 

Π-alkyl, carbon, Π-sigma, 

Π-anion, Π-Π Stacked,  

Π-Π T shaped, 

Mol2 -7.4 3.71 100 
Gly45. Phe49. Val52. Asp128. Glu171. 

Ile185 
Asp128 (2.40) 

Π-anion, carbon, Π-sigma,  

Π-Π Stacked 

Mol3 -7.5 3.13 100 
Phe49. Val52. . Lys67. Asp128. Glu171. 

Ile185. 

Asp128 (2.13);  

Glu171 (2.03; 3.07) 

Π-alkyl, Π-sigma,  

Π-Π Stacked 

Mol4 -9.0 0.24 100 
Val52. Alla65. Lys67. Asp128. Glu171. 

Leu174. Ile185. 
Ile185 (2.52) 

Π-anion, carbon, Π-sigma,  

Π-Π Stacked 

Mol5 -8.9 0.29 100 

Phe49. Val52. Ala65. Lys67. Ile104. Leu120. 

Asp128. Phe130. Asp131. Glu171. Ile185. 

Asp186. 

Asp131 (1.97) 

Π-alkyl, Π-sigma, Π-anion,  

Π-cation, Π-donor,  

Π-Π T shaped 

Mol6 -7.5 3.13 100 
Leu44. Phe49. Val52. Ala65. Lys67. Leu174. 

Ile185. Asp186.  
Asp186 (2.05) 

Π-alkyl, Π-sigma,  

Π-Π Stacked 

Mol7 -9.6 9.02*10-2 100 
Leu44. Phe49. Val52. Ala65. Ile104. 

Leu120. Glu171. Leu174. Ile185.  
Glu171 (2.45; 3.07) 

Π-alkyl, Π-sigma,  

Π-Π T shaped 



 

 

(PDB ID: 4qa3) 

tsn  -7.1 6.16 100 
Tyr100. Asp101. His142. Phe152. Asp178. 

His180. Phe208. Asp267. 
Asp178 (2.15); Asp267 (2.17) 

Π-alkyl, carbon, Π-sigma, 

Π-donor, Charge-charge, 

metal-acceptor,  

Π-Π T shaped  

Mol1 -10.2 3.27*10-2 90 
Gly140. Trp141. Asp178. His180. Phe208. 

Asp267. Met274. Gly303. Gly304. 
Gly140 (2.16) 

Π-alkyl, Π-cation, Π-anion, 

Π-sulfur, Charge-charge, 

 Π-Π Stacked 

Mol2 -7.6 2.64 90 His143. His148. Gly151. Phe152. His180.  Gly151 (2.66) 

Π-alkyl, Π-sigma, carbon,  

Π-Π Stacked,  

Π-Π T shaped,  

Mol3 -8.6 0.48 90 
Arg37. Trp141. His143. Phe152. His180. 

Gly303. Gly304. Trp306.  
Arg37 (2.75); Gly303 (1.98) 

Π-Π T shaped,  

Π-Π Stacked 

Mol4 -10.3 2.76*10-2 100 
Gly140. Trp141. Asp178. His180. phe208.  

Asp267. Gly303. Gly304.  
Gly140 (2.14) 

Π-cation, Π-anion,  

Π-Π Stacked,  

amine-Π Stacked 

Mol5 -9.6 9.02*10-2 80 
Trp141. Phe152. Cys153. His180. Gly303. 

Gly304. Phe208. 
/ 

Π-cation, Π-sulfur,  

Π-Π Stacked 

Mol6 -7.9 1.59 100 
Gly140. Trp141. His142. His143. Phe152. 

Phe208. Gln263. Gly303. Gly304. Tyr306.  

Gly140 (2.69);  

His142 (2.40) 

Gln263 (2.88; 3.10);  

Gly303 (2.61) 

Acceptor-acceptor,  

Π-Π Stacked 

Mol7 -7.1 6.16 80 His143. Tyr306.  / 
Acceptor-Acceptor,  

Π-Π T shaped 

Colored aminoacids: represent the the catalytic and binding amino acids. 

50Q: 5-(3,4-dichloro-phenoxy)-benzene-1,3- diol.  

IDK: N-[6-(3-{[(cyclopropylmethyl)sulfonyl] amino} phenyl)-1H-indazol-3-yl] cyclopropanecarboxamide.  

KI: Inhibitory constant. Ki= exp (ΔG×1000 / 1.986×298) Molar 

MIX: 1,4-dihydroxy-5,8-bis({2-[(2-hydroxyethyl) amino] ethyl} amino)-9,10-anthracenedione.  

PTI: 2-phenyl-1-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-1,2,3,4-tetrahydro-isoquinolin-6-OL.  

RR%: repetition rate.  

TSN: Trichostatin A. 
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Prior to conducting an analysis of our docking results, it is imperative that we accurately 

identify our selected human osteosarcoma targets in order to determine the particular 

mechanism of action of each ligand and to validate the outcomes obtained through our 

experimentation. 

A. Estrogen Receptor (PDB ID 1UOM) 

Estrogen reseptor (ER) is a nuclear hormone receptor. Plays a key role in the regulation of 

gene expression and affects cellular proliferation and differentiation in target tissues 145. Also 

mediates membrane-initiated estrogen signaling involving various kinase cascades 146. The 

active site of ERS is composed of a number of key AA residues that are critical for ligand 

binding and receptor activation and function. These residues include glutamine, aspartate, 

histidine, and arginine, which form hydrogen bonds and other interactions with their ligands 

145. As described in Appendix 02. 

Upon targeting this receptor, the results indicate that all molecules were securely positioned 

within the substrate-binding site, both deeply and horizontally. 

 Coscinamide C (Mol5) 

Coscinamide C demonstrated the highest ranking with an energy of -9.3 kcal/mol, indicating 

a strong affinity and a RR of 100% (Table 05). The indole ring within Mol5 exhibited the 

highest reactivity, being directed towards the binding site and interacting with 50% of the amino 

acids. Notably, it formed two hydrogen bonds with Leu387 and Arg394 and contributed to 83% 

of hydrophobic interactions (HIs), including interactions with Leu346, Ala350, Leu387, 

Leu391, Phe404, and Leu525. Out of the 14 favorable interactions observed, 12 were attributed 

to the indole ring, highlighting its significance in the preferred orientation within the active site. 

The position and characteristics of the indole ring played a critical role in the inhibitory 

mechanism, leading to enzyme stabilization. . 

 Coscinamide A (Mol1) 

Ranked second, Mol1 displayed an energy of -8.9 kcal/mol, indicating a strong affinity and 

a RR of 100% (Table 05). Similar to Mol5, the indole ring within Mol1 exhibited the highest 

reactivity. It was oriented towards the binding site and interacted with 50% of the amino acids 

(AA) involved, forming 100% HIs. Out of the 12 favorable interactions observed, 11 were 

attributed to the indole ring, emphasizing its crucial role in the preferred orientation within the 

active site. The position and characteristics of the indole ring also played a critical role in the 

inhibitory mechanism. Furthermore, the nonpolar nature of the molecule facilitated additional 

HIs, resulting in enzyme stabilization. 
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 Coscinamide B (Mol4) 

Coscinamide B exhibits the same docking position and results as Mol1. The indole ring, 

expected to have the most reactive function, interacts with 43% of the AA forming it, resulting 

in 12 interactions. It is also oriented towards the binding site, enabling 100% HIs without any 

hydrogen bonds. The hydrophobic interactions (HIs) primarily involve Leu346, Ala350, 

Leu387, Leu391, Phe404, and Leu525. The indole ring clearly plays a significant role in 

achieving optimal orientation within the active site. The nonpolar nature of the molecule further 

contributes to a high percentage of HIs, leading to enhanced stability. 

 Eudistomin Y1 (Mol7) 

Eudistomin Y1 achieved the third rank with an energy of -8.8 kcal/mol, indicating a high 

affinity and a RR of 100% (Table 05). The β-carboline ring within Mol7 exhibited the highest 

reactivity. It interacted with 50% of the AA forming the binding site. Furthermore, it formed a 

hydrogen bond with Phe404, and 92% of the interactions were of a hydrophobic nature, 

involving Ala350, Leu384, Leu387, Leu391, Phe404, Met421, Ile424, His524, and Leu525. 

Notably, seven of these interactions were formed with the β-carboline ring, highlighting its 

importance in the inhibition mechanism of 1uom. Additionally, the nonpolar nature of the 

molecule contributed to the stability of the complex. 

 Leucettamine B (Mol2) 

Leucettamine B attained the fourth position with an energy of -7.8 kcal/mol, indicating a 

high affinity and a RR of 100% (Table 05). The most reactive component within Mol2 was the 

imidazole ring, which interacted with 36% of the amino acids forming it, resulting in 7 

interactions. Notably, it formed three hydrogen bonds with Leu346, Glu353, and Met388. 

Additionally, it maintained 70% HIs with Ala350, Leu387, Leu391, Phe404, and Ile424. While 

imidazole alkaloids might not exhibit the highest stability with regard to 1uom, they 

demonstrated a strong affinity for our enzyme. 

 Polyandrocarpamine A (Mol3) 

Polyandrocarpamine A achieved the fifth position with an energy of -7.4 kcal/mol, 

indicating a high affinity and a RR equal to 100% (Table 05). The 2-aminoimidazoline ring 

was oriented towards the binding site and interacted with 29% of the amino acids forming it, 

resulting in a total of seven interactions. Notably, four of these interactions involved hydrogen 

bonds formed with Leu346, Glu353, and Leu387. The remaining interactions involved HIs with 

LEU346, LEU349, ALA350, and LEU387, accounting for 50% of the interactions. Although 

the stability of 1uom was comparatively lower than that of other inhibitors, the presence of 
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nonpolar amino acids played a significant role in maintaining stability. This suggests that 

nonpolar inhibitors can trigger more HIs, which have an influence on the overall stability of the 

complex. 

 Dispacamide (Mol6) 

Dispacamide, similar to polyandrocarpamine A, exhibited identical docking results. The 2-

aminoimidazole ring within dispacamide displayed the highest reactivity, being directed 

towards the catalytic site and interacting with 36% of the amino acids forming it. It formed five 

hydrogen bonds with Leu346, Thr347, Glu353, and Leu387, along with six HIs, accounting for 

50%, involving Ala350, Leu349, Leu387, and Leu525. These interactions resulted in a total of 

11 favorable interactions. Our findings suggest that marine alkaloids, including Dispacamide, 

demonstrated remarkable stability with 1uom due to the presence of nonpolar amino acids, 

particularly leucine and alanine, which played a crucial role in all ligands' docking, supported 

by HIs. 
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Figure 17 A: 3D structural interactions between the active site of Estrogen Receptor and the seven ligands. 1) Coscinamide C (Mol5) 3D structure post docking is presented 

in sticks and colored in yellow. 2) Coscinamide A (Mol1) 3D structure post docking is presented in sticks and colored in light violet. 3) Coscinamide B (Mol4) 3D structure 

post docking is presented in sticks and colored in light blue. 4) Eudistomin Y1 (Mol7) 3D structure post docking is presented in sticks and colored in dark pink.   
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Figure 17 B: 5) Dispacamide (Mol6) 3D structure post docking is presented in sticks and colored in dark violet. 6) Leucettamine B (Mol2) 3D structure post 

docking is presented in sticks and colored in orange. 7) Polyandrocarpamine A (Mol3) 3D structure post docking is presented in sticks and colored in green. 
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B. BMP-2-inducible protein kinase (PDB ID 5i3r) 

BMP2K, or BMP-2-inducible protein kinase, is an enzyme in humans that is also found in 

mice and has kinase activity. BMP2 has so many roles in cardiogenesis, embryogenesis, 

neuronal growth, intramembranous and endochondral ossification, and is expressed in 

osteocytes and osteoblast cells. Binding to BMP type I and type II serine/threonine kinase 

receptors leads to the activation of several downstream signaling pathways along with 

upregulation of the BMP-2 gene. Once BMP-2 binds to the BMP receptor, phosphorylation of 

BMPRIa by BMPRII leads to adipogenesis, chondrogenesis, and osteogenesis, whereas 

phosphorylation of BMPRIb leads to apoptosis and cell death 147. Composed of 2 sites, 1 is the 

catalytic site and the other is ATP site (Appendix 02). 

 Coscinamide A (Mol1) 

Coscinamide A achieved the top ranking, boasting an energy value of -9.6 kcal/mol and 

demonstrating a high affinity with a remarkable RR% of 100% (Table 05). The most reactive 

function was the indole ring; it was oriented to the binding site and interacted with 40% of the 

AAs, forming 83% of HIs with Leu57, Ala58, Val65, Ala77, Leu187, and Cys197. Among the 

14 favorable interactions, 10 were formed with the indole ring, which is responsible for the 

most preferred orientation in the active site. The polarity of Mol1 resulted in more HIs and, 

therefore, more complex stability. 

 Coscinamide C (Mol5) 

Coscinamide C has similar docking outcomes as Mol1 and shares similar characteristics. 

The most reactive functional group within Mol5 is directed towards the binding site. It binds 

with 40% of its AAs, forming two hydrogen bonds with Glu131 and Cys133 and 77% HIs, 

involving Leu57, Ala58, Val65, Ala77, Leu187, and Cys197. The indole ring forms 12 of the 

15 favorable interactions, which determines its preferred orientation in the active site. while the 

molecule's polarity contributes to a high percentage of HIs, further stabilizing the enzyme. 
 

 Coscinamide B (Mol4) 

With an energy value of -9.3 kcal/mol, coscinamide B secured the second position in the 

ranking, signifying its high affinity with a remarkable RR% of 100% (Table 05). The most 

reactive function was also the indole ring, which interacted with 53% of the amino acids 

forming it, with 12 interactions; it was also oriented to the binding site, achieving 83% HIs with 

two hydrogen bonds with Lys79 and Met130. The high percentage of HIs was a result of the 

polarity of the molecule, and the position of the indole ring inside the active site ensured the 

best orientation. 
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 Eudistomin Y1 (Mol7) 

Eudustomin Y1 was ranked third with an energy of -9.1 kcal/mol, and it also had a high 

affinity with a RR% of 100% (Table 05). We located the most reactive function in Mol7, which 

was the β-Carboline ring; it was directed to the binding site, interacted with 40% of the amino 

acids forming it, and formed four hydrogen bonds with Gly60, Ser63, Gln137, and Cys197. 

Also, 67% of the interactions were hydrophobic, with Leu57, Ala58, Val65, Ala77, Leu187, 

and Cys197. Among 15 favorable interactions, 10 were formed with the β-carboline ring, which 

makes it responsible for the best orientation and position inside the active site and also the 

inhibition mechanism. 

 Leucettamine B (Mol2) 

Leucettamine B was ranked fourth with an energy of -8.5 kcal/mol and a RR% of 100% 

(Table 05). The imidazole ring of Mol4 was the most reactive with 8 interactions, interacting 

with 53% of the amino acids forming it. It forms five hydrogen bonds with Cys133, Gln137, 

Cys197, and Asp198, and 58% HIs with Leu57, Ala58, Val65, Ala77, Leu187, and Cys197. 

Imidazole alkaloids might not be the preferred type even with high stability to 5i3r, but they 

can be considered moderate inhibitors. 

 Polyandrocarpamine A (Mol3) 

Polyandrocarpamine A attained the fifth position in the ranking, exhibiting an energy value 

of -8.0 kcal/mol and showcasing a high RR% of 100% (Table 05). The 2-aminoimidazoline 

ring serves as the most reactive functional group, being oriented towards the binding site and 

interacting with 47% of the amino acids forming the site. This interaction led to the formation 

of a total of thirteen interactions, including four hydrogen bonds with Gly136, Gln137, Cys197, 

and Asp198. The remaining interactions comprised 55% HIs involving Leu57, Ala58, Val65, 

and Ala77. The decreased HIs is explained by the polarity of the molecule; a polar molecule 

will produce less HIs and, as a result, decrease the stability of the complex. 

 Dispacamide (Mol6) 

Dispacamide shares the same docking results as Mol3. The most reactive function of Mol6 

was the 2-aminoimidazole ring, which was directed to the catalytic site and interacted with 40% 

of the amino acids forming it, formed four hydrogen bonds with Tyr132, Cys133, and Asp198, 

and had 38% HIs with Leu57, Ala58, and Leu187. Mol2, Mol3, and Mol6 all belong to the 

imidazole class of alkaloids, which we think explains the low affinity.
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Figure 18 A: 3D structural interaction between the active site of BMP-2-inducible protein kinase (PDB ID 5i3r) and the seven ligands. 1) Coscinamide A (Mol1) 3D 

structure post docking is presented in sticks and colored in light violet. 2) Coscinamide C (Mol5) 3D structure post docking is presented in sticks and colored in yellow. 3) 

Coscinamide B (Mol4) 3D structure post docking is presented in sticks and colored in light blue. 4) Eudistomin Y1 (Mol7) 3D structure post docking is presented in sticks 

and colored in dark pink. 
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Figure 18 B: 5) Leucettamine B (Mol2) 3D structure post docking is presented in sticks and colored in orange. 6) Polyandrocarpamine A (Mol3) 3D structure 

post docking is presented in sticks and colored in green. 7) Dispacamide (Mol6) 3D structure post docking is presented in sticks and colored in dark violet. 
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C. Heat Shock Protein 90 (PDB ID 4BQG) 

Hsp90 is an ATP-dependent molecular chaperone that is vital for the conformational 

maturation, structural maintenance, stability, and function of several oncogenic proteins 

involved in tumor generation and progression, including p53 mutants 148.149. Hsp90 performs 

its function by binding an ATP to its adenine-binding pocket, which is located in the N-terminal 

domain of the protein, as illustrated in Appendix 02 149.150.151. Therefore, natural inhibitors 

targeting this pocket can effectively suppress tumors by disrupting multiple oncogenic 

pathways at once due to Hsp90 dysfunction 149.150. 

For HSP90, the molecules were docked in the ATP binding site and were fixed deeply and 

horizontally into it, except Mol1, Mol4, and Mol5, which were fixed deeply but vertically, 

resulting in blocking it completely. 

 Eudistomin Y1 (Mol7) 

Eudistomin Y1 was ranked first with an energy of -10.4 kcal/mol and had a high affinity 

with a RR% of 100% (Table 05). The most reactive function was the β-carboline ring; it was 

directed to the binding site, interacted with 50% of the amino acids forming it, and formed one 

hydrogen bond with Asp93. 92% of the interactions were of the hydrophobic type (10 in terms 

of numbers), with Asn51, Ala55, Met98, Leu107, Phe138, Val150, and Trp162 being formed 

with the β-carboline ring, suggesting its importance in the inhibition mechanism. The polarity 

of Mol7 triggered more HIs (92%) which led to high stability of the inhibition complex. 

 Dispacamide (Mol6) 

Dispacamide was ranked second with an energy of -8.6 kcal/mol and also had a high affinity 

with a RR% of 90% (Table 05). The most reactive function was the 2-aminoimidazole ring, 

which was directed to the catalytic site and interacted with 50% of the amino acids forming it 

and formed seven favorable interactions: three hydrogen bonds with Asn51 and Asp93 and 57% 

HIs with Ala55, Met98, Leu107, and Phe138. The presence of nonpolar amino acids such as 

leucine and alanine helped the marine alkaloids exhibit high stability. 

 Leucettamine B (Mol2) 

Leucettamine B secured the third rank with an energy value of -8.5 kcal/mol and a notable 

RR% of 90% (Table 05). Among the functional groups present, the imidazole ring of Mol2 

demonstrated the highest reactivity, engaging in a total of seven interactions. This imidazole 

ring formed interactions with 41% of the amino acids constituting the site. Notably, it 

established one hydrogen bond with Asn51 and displayed 83% HIs with Ala55, Leu107, 

Phe138, and Trp162. 



RESULTS AND DISCUSSION 

44 

 Polyandrocarpamine A (Mol3) 

Polyandrocarpamine A was ranked fourth with an energy of -8.1 kcal/mol and an RR% of 

100% (Table 05). The main function of Mol3 is the 2-aminoimidazoline ring, which was 

pointed to the binding site and interacted with only 25% of the amino acids forming it. It formed 

a total of nine interactions, three of which were hydrogen bonds with Asp93 and Tyr139. The 

rest of the interactions were 38% hydrophobic, with Leu107, Phe138, and Val150. Mol3 is a 

polar inhibitor; the polarity led to fewer HIs (38%), resulting in decreased stability compared 

to other inhibitors. 

 Coscinamide B (Mol4) 

Coscinamide B was ranked fifth with an energy of -8.0 kcal/mol and a RR% of 80% (Table 

05). The main function of Mol4 was the indole ring; it was oriented to the binding site with 

59% HIs, which is 10 interactions with Asn51, Ser52, Ala55, Leu107, Phe138, Val150, and 

Trp162. Among the 18 favorable interactions, 14 were formed with the indole ring, which also 

interacted with 50% of the amino acids forming it, which shows that it is responsible for the 

most preferred orientation in the active site. 

 Coscinamide A (Mol1) 

Coscinamide A was ranked sixth with an energy of -7.5 kcal/mol and a RR% of 80% (Table 

05). The most reactive function in Mol1 is the same as that in Mol4 because they belong to the 

same group. The ring was oriented to the binding site and interacted with 50% of the amino 

acids, forming 63% HIs, including 9 interactions with Asn51, Ser52, Ala55, Met98, Leu107, 

and Phe138. Among the 17 favorable interactions, 12 were formed with the indole ring, which 

is responsible for the most preferred orientation in the active site. The polarity of coscinamide 

A helped to centralize it next to the hydrophobic amino acids. 

 Coscinamide C (Mol5) 

Coscinamide C was ranked seventh and last among the other inhibitors with an energy of -

7.4 kcal/mol and a RR% of 100% (Table 05). Even though it was ranked last, there is no major 

difference with Mol1. The most reactive function in Mol5 is the same as in other family 

members. The ring was directed to the binding site and interacted with 50% of the amino acids 

forming it, forming six hydrogen bonds with Asn51, Asp93, Trp162, and Thr184 and 61% HIs, 

which means eleven interactions with Asn51, Ser52, Ala55, Met98, Leu107, Phe138, Val150, 

and Trp162. Among the 19 favorable interactions, 14 were formed with the indole ring, which 

made it responsible for the most preferred orientation in the active site. The polarity of Mol5 

helped the molecule centralize next to the hydrophobic AAs.
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Figure 19 A: 3D structural interaction between the active site of Heat Shock Protein 90 (PDB ID 4BQG) and the seven ligands. 1) Eudistomin Y1 (Mol7) 3D structure post 

docking is presented in sticks and colored in dark pink. 2) Dispacamide (Mol6) 3D structure post docking is presented in sticks and colored in dark violet.  3) Leucettamine 

B (Mol2) 3D structure post docking is presented in sticks and colored in orange. 4) Polyandrocarpamine A (Mol3) 3D structure post docking is presented in sticks and 

colored in green.  
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Figure 19 B:.5) Coscinamide B (Mol4) 3D structure post docking is presented in sticks and colored in light blue. 6) Coscinamide A (Mol1) 3D structure post 

docking is presented in sticks and colored in light violet. 7) Coscinamide C (Mol5) 3D structure post docking is presented in sticks and colored in yellow. 
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D. Serine/threonine-protein kinase pim-1 (PDB ID 4i41) 

Pim1 is a serine/threonine kinase that participates in various biological functions, such as 

cell transformation, proliferation, and the ability to prolong cell survival. Additionally, Pim1 

has two active sites, including an ATP-binding site and a substrate-binding pocket; these sites 

are illustrated in Appendix 02 152.153.154. Pim1 differs from other protein kinases due to a 

unique conformation of Pro123 in the hinge region (residues 121–126), which hinders the 

establishment of a regular hydrogen bond between the adenine group of ATP and the specific 

pocket 152.154. Therefore, any malfunctions in this interaction lead to Pim1 dysfunction 154. 

 Eudistomin Y1 (Mol7) 

Eudistomin Y1 demonstrated superior performance in the study, exhibiting an energy of -

9.6 kcal/mol and a remarkable affinity with a RR% of 100% (Table 05). The β-carboline ring 

displayed the highest reactivity towards the binding site and establishing interactions with 64% 

of the AAs. With 16 favorable interactions, including two hydrogen bonds with Glu171. 

Furthermore, the majority of interactions (88%) were of a hydrophobic nature, encompassing 

14 interactions with Leu44, Phe49, Val52, Ala65, Ile104, Leu120, Leu174, and Ile185. These 

interactions played a pivotal role in ensuring the overall stability of Eudistomin Y1. 

 Coscinamide B (Mol4) 

Coscinamide B achieved the second rank in terms of energy, exhibiting a value of -9.0 

kcal/mol with a RR% of 100% (Table 05). The indole group, which serves as its primary 

reactive function, was directed towards the binding site and established interactions with 55% 

of the AAs constituting the site. Additionally, it engaged in 89% OF HIs with Val52, Ala65, 

Lys67, Leu174, and Ile185. Among the 13 favorable interactions observed, 10 were specifically 

formed with the indole ring. The combination of a high percentage of HIs and a substantial 

number of favorable interactions involving the primary ring suggests its preferred orientation. 

 Coscinamide C (Mol5) 

Coscinamide C attained the third position in terms of energy, boasting a value of -8.9 

kcal/mol with a RR% of 100% (Table 05). Similarly, to other members of its family, Mol5 

features an indole ring as its functional group. It was directed towards the binding site and 

established interactions with 55% of the AAs. Notably, it formed two hydrogen bonds with 

Asp131 and Ile185. It exhibited 77% HIs, forming ten interactions with Val52, Ala65, Lys67, 

Ile104, Leu120, Phe130, Leu174, and Ile185. Overall, 17 favorable interactions were observed, 

with 12 of them involving the indole ring. The significant number of interactions, combined 
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with the molecule's polarity, indicates the crucial role in maintaining the stability of the 

complex. 

 Coscinamide A (Mol1) 

Coscinamide A secured the fourth position with an energy value of -8.8 kcal/mol and a 

remarkable RR% of 100% (Table 05). Similar to its counterparts, Mol1 belongs to the same 

family, thus featuring the indole ring as its most reactive functional group. The indole ring was 

directed towards the binding site interacting with 55% of the AAs constituting the site. Notably, 

80% of HIs, with Val52, Ala65, Phe49, Phe130, and Ile185, and two hydrogen bonds with 

Gly45 and Asp186. Among the 14 interactions, nine were specifically formed with the indole 

ring. The position and characteristics of the last, along with the molecule's polarity, played a 

critical role in the mechanism of enzyme inhibition and stabilization. 

 Polyandrocarpamine A (Mol3) 

Polyandrocarpamine A was ranked fifth with an energy of -7.5 kcal/mol, it had a moderate 

affinity with a RR% of 100% (Table 05). 2-Aminoimidazoline ring which is the main function 

group was pointed to the binding site and interacted with 36% of the AAs forming in total eight 

interactions, three of them were hydrogen bonds with Asp128 and Glu171. The rest of the 

interactions were hydrophobic type (63%) with Phe49, Val52, Lys67 and Ile185. The polarity 

of Mol3 (Polar) played a major role in decreasing the stability by lowering the number of HIs. 

 Dispacamide (Mol6) 

Dispacamide was also ranked fifth and it shares the same docking results with Mol3. The 

most reactive function of Mol6 was the 2-Aminoimidazole ring, which was directed to the 

catalytic site and interacted with 55% of the AAs forming it resulting two hydrogen bonds with 

Lys67 and Asp186 and seven HIs (70%) with Leu44, Phe49, Val52, Ala65, Leu174 and Ile185. 

The polarity played a role in increasing the stability by increasing the number of HIs (70%). 

 Leucettamine B (Mol2) 

Leucettamine B obtained the last ranking, exhibiting an energy value of -7.4 kcal/mol and 

a RR% of 100% (Table 05). The imidazole ring was the most reactive, interacting with 36% of 

the AAs forming it, forming two hydrogen bonds with Gly45 and Asp128 and 60% HIs with 

Phe49, Val52, and Ile185. Imidazole alkaloids might not be the preferred type to ensure 

inhibition, but the polarity of the molecule and the position of the imidazole ring in this case 

showed some potential. Notably, Mol3, Mol6, and Mol2 all belong to the imidazole class of 

alkaloids, which we speculate may explain their observed low affinity. 
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Figure 20 A: 3D structural interaction between the active site of Serine/threonine-protein kinase pim-1 (PDB ID 4I41) and the seven ligands. 1) Eudistomin 

Y1 (Mol7) 3D structure post docking is presented in sticks and colored in dark pink. 2) Coscinamide B (Mol4) 3D structure post docking is presented in 

sticks and colored in light blue.  3) Coscinamide C (Mol5) 3D structure post docking is presented in sticks and colored in yellow. 4) Coscinamide A (Mol1) 

3D structure post docking is presented in sticks and colored in light violet.  
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Figure 20 B: 5) Polyandrocarpamine A (Mol3) 3D structure post docking is presented in sticks and colored in green. 6) Dispacamide (Mol6) 3D structure 

post docking is presented in sticks and colored in dark violet. 7) Leucettamine B (Mol2) 3D structure post docking is presented in sticks and colored in orange. 
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E. Histone deacetylase 8 (PDB ID 4qa3) 

Metal-dependent Histone deacetylase 8 (HDAC8) is a hydrolase that catalyzes the 

deacetylation of lysine residues on the N-terminal part of the core histones (H2A, H2B, H3, and 

H4) and non-histone protein substrates 155.156.157. Plays an important role in the regulation of 

chromatin remodeling, gene transcriptional regulation, cell cycle progression, and proliferation 

157.158. Additionally, HDAC8 has more than six binding sites; the most important are the 

substrate binding and catalyc pocket (Appendix 02). 

 Coscinamide B (Mol4) 

Coscinamide B achieved the top rank with an energy of -10.3 kcal/mol, demonstrating a 

high affinity with a RR=100% (Table 05). The indole ring within the structure of Mol4 

exhibited the highest reactivity. It was directed towards the binding site and interacted with 

60% of the amino acids forming it. Furthermore, it engaged in 80% HIs with Trp141, Phe208, 

Gly303, and Gly304. Out of the 14 favorable interactions observed, 9 were attributed to the 

indole ring, highlighting its crucial role in the preferred orientation within the active site. 

Additionally, the polarity of Coscinamide B contributed to an increased number of HIs, 

resulting in greater stability of the complex. 

 Coscinamide A (Mol1) 

Coscinamide A attained the second position with an energy of -10.2 kcal/mol, 

demonstrating a high affinity with a 90% RR percentage (Table 05). Being a member of the 

same group as Mol4, Mol1 exhibited the indole ring as the most reactive functional group, it 

was directed towards the binding site and interacted with 70% of the AAs forming it, engaging 

in 80% HIs (8 interactions) with Trp141, Phe208, and Gly303. Out of the 15 favorable 

interactions observed, 10 were formed with the indole ring, establishing its crucial role in the 

preferred orientation within the active site. The high percentage of HIs was facilitated by the 

non-polar nature of the molecule, contributing to the overall stability of the complex. 

 Coscinamide C (Mol5) 

Coscinamide C obtained the third position with an energy of -9.6 kcal/mol, indicating a high 

affinity with an RR of 80%. Similarly, Mol5 exhibited the indole ring as the reactive functional 

group. wish interacted with 50% of the amino acids forming the binding site, engaging in HIs 

without forming any hydrogen bonds. Among the 11 favorable interactions, 10 involved the 

indole ring, highlighting its significance in achieving the preferred orientation within the active 

site, and the polarity of the molecule played a role in stabilizing the enzyme. 



RESULTS AND DISCUSSION 

52 

 Polyandrocarpamine A (Mol3) 

Polyandrocarpamine A ranked fourth with an energy of -8.6 kcal/mol, demonstrating high 

affinity with a 90% RR percentage. The primary ring in Mol3 is the 2-aminoimidazoline ring, 

which was oriented towards the binding site and interacted with 50% of the AAs. It formed a 

total of ten interactions, including four hydrogen bonds with Arg37, His180, Gly303, and 

Gly304. The remaining 60% of HIs, involving Trp141, His143, Phe152, His180, and Tyr306. 

The decrease in the percentage of HIs can be attributed to the polarity of the molecule, which 

consequently impacted the stability of the complex. 

 Dispacamide (Mol6) 

Dispacamide achieved the fifth rank with an energy of -7.9 kcal/mol and a 100% RR 

percentage. The 2-aminoimidazole ring exhibited the highest reactivity in Mol6, being directed 

towards the catalytic site and interacting with 50% of the AAs involved in its formation. It 

formed six hydrogen bonds with Gly140, His142, His143, Gln263, and Gly303, along with five 

HIs comprising 42% of the total percentage, involving Trp141, Phe152, Phe208, Gly303, and 

Gly304. The decreased percentage of HIs can be attributed to the presence of a low number of 

non-polar amino acids, such as leucine, alanine, and valine, resulting in lower stability. 

 Leucettamine B (Mol2) 

Leucettamine B attained the sixth position with an energy of -7.6 kcal/mol and a 90% RR 

percentage (Table 05). The imidazole ring in Mol2 exhibited the highest reactivity, engaging 

with 35% of the amino acids involved in its formation through seven interactions. It formed 

two hydrogen bonds with His142 and Gly151, along with 71% HIs involving His142, His143, 

Phe152, and His180. Although imidazole alkaloids may not be the preferred type, the 

significant proportion of HIs contributed to the overall stability of the compound. 

 Eudistomin Y1 (Mol7) 

Eudistomin Y1 was ranked seventh and last among the inhibitors, with an energy of -7.1 

kcal/mol and an RR percentage of 80%, according to the Table 05. The β-carboline ring in 

Mol7 displayed the highest reactivity, interacting with 40% of the amino acids involved in its 

formation. However, no hydrogen bonds were formed, indicating that all interactions were 

exclusively of the hydrophobic type. Notably, none of these interactions were formed with the 

β-carboline ring itself, suggesting that it did not play a significant role in the orientation within 

the active site. These findings indicate that β-Carboline alkaloids may not possess sufficient 

affinity towards this specific target.  
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Figure 21 A: 3D structural interaction between the active site of the Histone deacetylase 8 (PDB ID: 4QA3) and the seven ligands. 1) Coscinamide B (Mol4) 3D structure 

post docking is presented in sticks and colored in light blue. 2) Coscinamide A (Mol1) 3D structure post docking is presented in sticks and colored in light violet.  3) 

Coscinamide C (Mol5) 3D structure post docking is presented in sticks and colored in yellow. 4) Polyandrocarpamine A (Mol3) 3D structure post docking is presented in 

sticks and colored in green.  
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Figure 21 B: 5) Dispacamide (Mol6) 3D structure post docking is presented in sticks and colored in dark violet. 6) Leucettamine B (Mol2) 3D structure post 

docking is presented in sticks and colored in orange. 7) Eudistomin Y1 (Mol7) 3D structure post docking is presented in sticks and colored in dark pink. 
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In order to gain a better understanding of the molecular docking result and the energies 

bounds, it is imperative to compare the best ligand outcomes, such as the binding energy and 

closest residues, with those of original ligand in each target, this approach enables a study of 

the specific binding mechanism, thereby providing insight into whether our ligand exhibits 

competitive capacity and high affinity to the target. The resulting analysis is presented below: 

 
Figure 22: the interaction between the Estrogen receptor (PDB ID: 1UOM) and his original ligand A: 

the complex protein-ligand shown in spherical forma; B: zoom in to the binding site of the protein reveals 

the particular arrangement of the ligand; C: 3D interaction between the natural ligand pti (in blue) And 

the residues close to the active site of 1UOM (catalytic amino acids shown in green). 
 

 
 

 
Figure 23: The interaction between the Estrogen receptor (PDB ID: 1UOM) and his best potential ligand 

Mol5 A: the complex protein-ligand shown in spherical forma; B: zoom in to the binding site of the 
protein reveals the particular arrangement of the ligand; C: 3D interaction between Mol5 (in yellow) And 

the residues close to the active site of 1UOM (catalytic amino acids shown in green). 
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Figure 24: the interaction between the BMP-2-inducible protein kinase (PDB ID: 5i3r) and his original 

ligand A: the complex protein-ligand shown in spherical forma; B: zoom in to the binding site of the 

protein reveals the particular arrangement of the ligand; C: 3D interaction between the natural ligand 

IDK (in blue) And the residues close to the active site of 5i3r (catalytic amino acids shown in green). 

 
 

 
Figure 25: the interaction between the BMP-2-inducible protein kinase (PDB ID: 5i3r) and his best 

potential ligand Mol1 A: the complex protein-ligand shown in spherical forma; B: zoom in to the 

binding site of the protein reveals the particular arrangement of the ligand; C: 3D interaction between 

Mol1 (in light pink) And the residues close to the active site of5i3r (catalytic amino acids shown in 

grey). 
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Figure 26: the interaction between the Heat Shock Protein 90 (PDB ID: 4bqg) and his original ligand A: 

the complex protein-ligand shown in spherical forma; B: zoom in to the binding site of the protein reveals 

the particular arrangement of the ligand; C: 3D interaction between the natural ligand 50Q (in blue) And 
the residues close to the active site of 4BQG (catalytic amino acids shown in green) 

 
 

 
Figure 27: the interaction between the BMP-2-inducible protein kinase (PDB ID: 5i3r) and his best 

potential ligand Mol7 A: the complex protein-ligand shown in spherical shape; B: zoom in to the binding 
site of the protein reveals the particular arrangement of the ligand; C: 3D interaction between Mol7 (in 

dark pink) And the residues close to the active site of 5i3r (catalytic amino acids shown in green) 
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Figure 28: the interaction between the Serine/threonine-protein kinase pim-1 (PDB ID: 4i41) and his 

original ligand A: the complex protein-ligand shown in spherical forma; B: zoom in to the binding site of 
the protein reveals the particular arrangement of the ligand; C: 3D interaction between the natural ligand 

MIX500 (in blue) And the residues close to the active site of 4i41 (catalytic amino acids shown in green) 

 

 
Figure 29: the interaction between the Serine/threonine-protein kinase pim-1 (PDB ID: 4i41) and his best 

potential ligand Mol7 A: the complex protein-ligand shown in spherical forma; B: zoom in to the binding 

site of the protein reveals the particular arrangement of the ligand; C: 3D interaction between Mol7 (in 
dark pink) And the residues close to the active site of 4i41 (catalytic amino acids shown in grey) 

 

C 

A B 

C 

A B 



RESULTS AND DISCUSSION 

59 

 
 

Figure 30: the interaction between the Histone deacetylase 8 (PDB ID: 4QA3) and his 

original ligand A: the complex protein-ligand shown in spherical forma; B: zoom in to the 
binding site of the protein reveals the particular arrangement of the ligand; C: 3D interaction 

between the natural ligand TSN (in blue) And the residues close to the active site of 4QA3 

(catalytic amino acids shown in green) 

 
 

 
Figure 31: The interaction between the Histone deacetylase 8 (PDB ID: 4QA3) and his best 

potential ligand Mol4, A: the complex protein-ligand shown in spherical forma; B: zoom in to the 

binding site of the protein reveals the particular arrangement of the ligand; C: 3D interaction 

between Mol4 (in blue) And the residues close to the active site of 4QA3 (catalytic amino acids 
shown in green) 
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2. Pharmacokinetics profil 

The ADMET parameters have been calculated and verified for compliance with their standard 

ranges. According to Lipinski's rule, orally active compounds are expected to meet a minimum of 

three criteria: MW <500 g mol-1, logP <5, H-bond acceptors <10, and H-bond donors <10. It is 

noteworthy that all seven compounds in this study adhere to Lipinski's rule, suggesting a higher 

probability of oral bioavailability. Next, all investigated molecules exhibit favorable 

characteristics. They demonstrate high HIA% and skin permeability, suggesting efficient 

absorption and distribution within the body, and their small molecular structures suggest a 

potential capacity to traverse the BBB for central nervous system targeting. For the metabolism 

properties, the inhibition of CYP450 enzymes can impede the elimination of xenobiotics and their 

metabolites, potentially leading to the toxic accumulation in the body. Consequently, any findings 

suggesting this inhibition would be regarded as unfavorable. Regarding toxicity, all molecules 

exhibited remarkable results in terms of mutagenesis, skin sensitization, carcinogenicity, and LD 

50 within the expected range. However, molecules mol2, 3, and 5 exhibited a potential 

hepatotoxicity. The findings unexpectedly indicated a medium risk of hERG inhibition, suggesting 

potential to induce cardiac arrhythmias. In conclusion, our analysis predicts a low total clearance 

(CLtot. < 5 mL/min/kg) and a relatively short half-life time (T1/2 <3h) for all investigated 

compounds. all results are summarized in Tables 06 and Figure 32. 

    
Coscinamide A (mol 1) Leucettamine B (mol 2) Polyandrocarpamine A 

(mol 3) 

Coscinamide B (mol 4) 

   
Coscinamide C (mol 5) Dispacamide (mol 6) Eudistomin Y1 (mol 7) 

Figure 32: The Bioavailability Radar plots related to physicochemical properties of the studied complexes, The pink area 

represents the optimal range for each properties (Criteria: Lipophilicity: 0.7 <XLOGP3< +5.0, size: 150 ˂MW˂ 500 g/mol; 

polarity: 20<TPSA<130 Å2; solubility: 0 <log S< 6; saturation: fraction of carbons in the sp3 hybridization˃0.25; flexibility: 

0.25<rotatable bonds<9). In this example, all compound are predicted orally bioavailable, 
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Table 06: ADMET results of the Physicochemical Properties of the seven marine alkaloids 

 Coscinamide A leucettamine B Polyandrocarpamine A Coscinamide B Coscinamide C  Dispacamide Eudistomin Y1 

Physicochemical Properties        

Molecular Formula C20H14BrN3O2 C12H11N3O3 C11H11N3O3 C20H15N3O2 C20H14BrN3O3 C11H11Br2N5O2 C18H12N2O2 

Molecular weight (g/mol) 408.25 245.23 233.22 329.35 424.25 405.05 288.30 

rotatable bonds 5 1 2 5 5 5 2 

H-bond acceptors 2 4 4 2 3 3 3 

H-bond donors  3 1 3 3 4 4 2 

Molar Refractivity  105.47 71.63 69.18 97.77 107.49 87.27 85.50 

Log P (Crippen method) 3.418 0.543 0.186 2.655 3.123 0.506 3.171 

LogS (μg/mL) 6.236 954.087 786.645 16.621 14.744 823.206 6.559 

TPSA (Å²) 77.75 77.15 96.94 77.75 97.98  112.37  65.98  

          absorption        

Buffer solubility (mg/L) 2.06833 150.548 532.497 12.421 4.95604 18.4594 170.111 

Caco-2 cell permeability 

(nm/sec) 

21.16 21.023 20.9582 17.677 18.4032 13.3278 21.1943 

Human intestinal 

absorption (HIA) 

92.819661 94.504080 81.730232 91.188505 91.332927 83.770910 92.212163 

          distribution        

BBB penetration 

(C.brain/C.blood) 

2.30484 0.31163 0.369255 1.18526 0.98183 0.108709 3.39979 

Plasma protein binding (%) 95.651861 39.405034 38.326792 97.233574 96.296147 35.295478 88.397722 

Skin Permeability (logKp, 

cm/hour)  

-4.14658 -4.36508 -4.75678 -4.21666 -4.31518 -4.86697 -4.05522 

          Metabolism        

CYP1A2 inhibitor Yes Yes No Yes Yes Yes Yes 

CYP2C19 inhibitor Yes No No Yes Yes Yes Yes 

CYP2C9 inhibitor Yes No No Yes Yes No No 

CYP2D6 inhibitor Yes No No Yes Yes No Yes 

CYP3A4 inhibition No No Yes No No Yes Yes 

CYP3A4 substrate Weakly No No Weakly No No No 

          Elimination        

T 1/2 (Hour) 1.773 h 0.669 h 0.546 h 1.904 h 1.516 h 1.067 h 1.72 h 

CL (mL/min/kg) 0.87 1.635  1.464 1.506 0.851 0.975  1.955  
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          Toxicity        

Ames test (mutagenesis) No  No  No  No  No  No  No  

Human Hepatotoxicity No  Yes  Yes  No  Yes  No  No  

skin sensitisation No  No  No  No  No  No  No  

Carcinogens No, 0.8962 No, 0.9166 No, 0.9275 No, 0.9176 No, 0.9168 No, 0.9356 No, 0.9560 

LD50 (mg/kg) 839.328 848.375 844.848 740.746 1126.227 577.442 774.201 

Fish aquatic toxicity Yes  Yes  No  No  Yes  No No  

hERG inhibition  medium_risk low_risk low_risk medium_risk medium_risk medium_risk medium_risk 
 

Green: good /Yellow: medium /Red:  off the range 

Å²: square Angstroms 

BBB: blood-brain barrier 

CL: total clearance 

hERG inhibition: Human ether-a-go-go related gene channel inhibition 

IC50: Inhibitory concentration 50 

LogS: Solubility 

Log P: lipophilicity 

T 1/2: half-life time 

TPSA: Topological Polar Surface Area 
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3. Cytotoxic activity CLC-Pred 

Subsequent to the operation of the server, we performed an analysis of the CLC-Pred for 

various molecules, leading to noteworthy findings. Upon prediction, it demonstrated promising 

cytotoxic capacity against different types of pathologic cell lines in cancer. Remarkably, our 

ligands exhibited several results, respectively 3, 12, 22, 5, 2, 10, and 10, toward various cancer 

cell lines, with no predicted results towards non-tumoral cells. All results presented in          

(Table 07) confirm their safety and suggest that they could potentially serve as promising new 

treatments for various types of cancer, not limited to human osteosarcoma.   

Table 07: The predicted biological cytotoxicity for all the chosen molecules on different types of tumor 

cell-line. 
 Pa Pi Cell-line Cell-line full name tissue Tumor type 

 

Mol1 

0.380 

0.392 
0.348 

0.022 

0.087 
0.057 

NCI-H295R 

MCF7 
PA-1 

Adrenal cortex carcinoma 

Breast carcinoma 
Ovarian carcinoma 

Adrenal cortex 

Breast 
Ovarium 

Carcinoma 

Carcinoma 
Carcinoma 

 

Mol2 

0.454 

0.425 
0.389 

0.031 

0.100 
0.036 

SK-OV-3 

Hs 683 
SNB-75 

Ovarian carcinoma 

Oligodendroglioma  
Glioblastoma 

Ovarium 

Brain  
Nervous system 

Carcinoma 

Glioma 
Glioblastoma 

 

Mol3 

0.432 
0.418 

0.405 

0.036 
0.029 

0.035 

MOLT-4 
IGROV-1 

HCC 2998 

Acute T-lymphoblastic leukemia 
Ovarian adenocarcinoma 

Colon adenocarcinoma 

Blood 
Ovarium 

Colon 

Leukemia 
Adenocarcinoma 

Adenocarcinoma 

 

Mol4 

0.407 

0.390 

0.390 

0.004 

0.088 

0.125 

MES-SA/DxS 

MCF7 

Hs 683 

Uterine corpus sarcoma 

Breast carcinoma 

Oligodendroglioma 

Uterus 

Breast 

Brain 

Sarcoma 

Carcinoma 

Glioma 

 

Mol5 

0.456 

0.345 

0.064 

0.034 

MCF7 

NCI-H295R 

Breast carcinoma 

Adrenal cortex carcinoma 

Breast 

Adrenal cortex 

Carcinoma 

Carcinoma 

 

Mol6 

0.758 

0.474 
0.435 

0.002 

0.015 
0.031 

PA-1 

SF-539 
DU-145 

Ovarian carcinoma 

Glioblastoma 
Prostate carcinoma 

Ovarium 

Brain 
Prostate 

Carcinoma 

Glioblastoma 
Carcinoma 

 

Mol7 

0.830 

0.398 
0.375 

0.003 

0.018 
0.038 

Hs 683 

NCI-H295R 
HOP-18 

Oligodendroglioma 

Adrenal cortex carcinoma 
Non-small cell lung carcinoma 

Brain 

Adrenal cortex 
Lung 

Glioma 

Carcinoma 
Carcinoma 

4. Protein-protein interaction results 

To validate the predicted interaction sets, we presented the results in Figure 33. Our analysis 

revealed more than 10 proteins associated with multiple pathways that directly interact with 

osteosarcoma targets or participate in pathways relevant to this form of cancer. Additionally, 

we provided precise details regarding their localization within the cancer cell. 

Furthermore, our prediction results demonstrate that the majority of our selected targets 

exhibit potential involvement in diverse cancer types, including Prostate Cancer, Breast Cancer, 

microRNAs Cancer, proteoglycans in Cancer, and bone marrow cancer cells. These findings 

highlight the association between these proteins and their pathogenic capacity. Additionally, 

we have investigated the relationships among our five targets and observed strong interactions 

between most of them. In summary, these results not only corroborate our previous findings but 

also reinforcing the significance of our study.

https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL614925
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL612596
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL614451
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL614177
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL613984
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL613855
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL613827
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL387
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL612596
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL387
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL612593
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL614949
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL614860
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL613508
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL612596
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL612593
https://www.ebi.ac.uk/chembl/target/inspect/CHEMBL614809
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C: 

B: 

D: 

Figure 33: in silico Protein-protein interaction analyses of 1UOM, 5I3R, 4I41, 4BQG, and 4QA3 on the 

STRING website. 

A) confidence view of the five targets network showing functional association with 10 proteins; a node 
represents different proteins; an edge represents the predicted PPI functional associations. line thickness 

indicates the strength of data support. 

B) confidence view shows the localization of each protein in the cell (Cytosol or nucleus or nucleoplasm or 

cytoplasme) 
C) Evidence view shows the relationship between these proteins in other cancer types (Pathways in cancer 

/Prostate Cancer /Breast Cancer/microRNAs Cancer/proteoglycans in Cancer/bone morrow cancer 

cell). 

D) confidence view of the five studied targets network. 

A: 
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CONCLUSSION 

In summary, osteosarcoma is an aggressive form of bone cancer characterized by unknown 

molecular pathways governing its etiology and pathophysiology. Our research focuses on 

elucidating these pathways by employing in silico targeting of osteosarcoma-specific molecules 

using marine compounds. The marine environment has emerged as a significant reservoir of 

anticancer agents with unique mechanisms of action. Altogether, our findings have 

demonstrated that these compounds are both non-toxic and highly effective in impeding the 

growth of osteosarcoma tumors. Consequently, the continuation of preclinical and clinical 

studies is imperative to ascertain the precise role of this novel class of compounds in the 

treatment of cancer, particularly osteosarcoma.  

When employing in silico methods, it is imperative to recognize that the tools utilized are 

merely models and, as such, their efficacy is contingent upon the quality of the underlying data 

and ideas. Consequently, a fundamental principle necessitates the ongoing experimental 

validation and refinement of these models, a task best accomplished through the collaborative 

efforts of an interdisciplinary team. 

In light of this perspective, we anticipate that the the results of our study will be critically 

evaluated and implemented within both medical and experimental contexts, paving the way for 

future scientific advancements in the field. 
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Appendix 01 : 3D structural representation of the seven alkaloidic componds obtained from marin sources with potontiel inhibition of 

human osteosarcoma targets, (1) Coscinamide A (mol1) represented in light purple, (2) Leucettamine B (mol2) represented in orange, (3) 

Polyandrocarpamine A (mol3)represented in green, (4) Coscinamide B (mol4) represented in blue (5) Coscinamide C (mol5) represented 

in yellow, (6) Dispacamide (mol6) represented in dark purple, (7) Eudistomin Y1(mol7) represented in dark pink  
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Appendix 02 table representing the different active sites of the five studied human osteosarcoma targets using 

UNIPLOT database and Discovery Studio visualizer 

Target Active Sites Amino Acids of the Active Sites 

1uom Active site 
Met343, Leu346, Thr347, Ala350, Asp351, Glu353, Trp383, Leu387, Arg394, 

Ile424, Gly521, His524, Leu525, Leu539 

4qa3 
Substrat-binding 

site 
His2 ys4 lys33 tyr100 asp101 Tyr111 Gly140, trp141 his143 his142 gly151 

Phe152 asp176 asp178 his180 asp183 phe208 pro209 asp267 phe306 

BC1 Pro273, Met274, Tyr306 

4bqg ATP-binding site 
Leu48, Asn51, Ser52, Ala55, Lys58, Asp93, Gly97, Met98, Leu107, Phe138, 

Trp162, Thr184 

4i41 
ATP-binding site 

Leu44, Phe49, Ala65, E89, Leu120, Glu121, Pro123, Asp128, Lys169, 
Asn172, and Asp186 

substrate-
binding pocket 

Phe130, Asp131, Ile133, Thr134, Asp167, Asp170, Glu171, Thr204, Asp234, 
Asp239, Pro241, Glu243, Glu247, and Arg256 

5i3r 

AC1 
Gly60, Ser63, Val65, Ala77, Met130, Glu131, Tyr132, Cys133, Arg134, 

Gly136, Gln137, Glu184, Asn185, Cys197, Asp198 

AC2 Ala321, Asp322 

AC4 His49, Gln50, Thr70 

ATP Binding Site Ile98, Met99, Lys100, Glu101, Leu102, Ser103, Gly104, His105, Lys106 
AC : active site  

 

Appendix 03: ADMET stand ranges 

 Stand ranges  

Physicochemical Properties 

Molecular weight (g/mol) ≤ 500 Lipinski et al., 2012 

Rotatable bonds <10 Lipinski et al., 2012 

H-bond acceptors ≤10 Lipinski et al., 2012 

H-bond donors  <5 Lipinski et al., 2012 

Molar Refractivity  40≤ MR ≤ 130 Lipinski et al., 2012 

TPSA (Å²) ˃70 Lipinski et al., 2012 

Absorption 

Buffer solubility (mg/L) Higher better Issa et al., 2017 

Caco-2 cell permeability (nm/sec) ˃20 Issa et al., 2017 

Human intestinal absorption (HIA%) Superior than 96% Lee et al., 2003 

Distribution 

BBB penetration (C.brain/C.blood) LogBBB > 0.3 Vilar et al., 2010 

Plasma protein binding (%) High (80-100%)  

Midium (50-80%) 

Low (<50%)  

Lagorce et al., 2017 

Skin Permeability (logKp, cm/hour)  Bad ≥-3 Khan et al., 2015 

Métabolism 

CYP3A4 inhibition Yes (bad) / or No Dresser et al., 2000 

CYP3A4 substrate Yes (good) / or No Dresser et al., 2000 

Elimination 

T 1/2 (Hour) 0.5h< T 1/2 <3h Smith et a., 2018 

CL (mL/min/kg) < 5 mL/min/kg Smith et a., 2019 

Toxicity 

Ames test (mutagenesis) Mutagen (bad)/ or No Pires et al., 2015 

Human Hepatotoxicity Yes (bad) / or No He et al., 2019 

Skin sensitisation Yes (bad) / or No Pires et al., 2015 

Carcinogens Yes (bad) / or No Pires et al., 2015 

LD50 (mg/kg) Low toxicity ˃ 500 

mg/kg 

Beck et al., 2021 

Fish aquatic toxicity Yes (bad) / or No Pires et al., 2015 

hERG inhibition  Risky (bad) / or No Sato et a., 2018 
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Appendix 04: A 2D diagram represents the interactions between the residues near the active site of the Estrogen 

Receptor (PDB ID: 1uom) and our seven ligands (marin alkaloids). A: 2D interaction between Mol1 (in light 

purple) and 1uom binding site; B: 2D interaction between Mol2 (in orange) and the 1uom binding site; C: 2D 

interaction between Mol3 (in green) and 1uom binding site; D: 2D interaction between Mol4 (in blue) and 

1uom binding site; E: 2D interaction between Mol5 (in yellow) and 1uom binding site; F: 2D interaction 

between Mol6 (in dark purple) and 1uom binding site; G: 2D interaction between Mol7 (in pink) and 1uom 

binding site. 
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Appendix 05: 2D diagram represents the interactions between the residues near the active site of the BMP-2-

inducible protein kinase (PDB ID: 5i3r) and our seven ligands (marin alkaloids). A: 2D interaction between 

Mol1 (in light purple) and 5i3r binding site; B: 2D interaction between Mol2 (in orange) and the 5i3r binding 

site; C: 2D interaction between Mol3 (in green) and 5i3r binding site; D: 2D interaction between Mol4 (in 

blue) and 5i3r binding site; E: 2D interaction between Mol5 (in yellow) and 5i3r binding site; F: 2D interaction 

between Mol6 (in dark purple) and 5i3r binding site; G: 2D interaction between Mol7 (in pink) and 5i3r binding 

site. 
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Appendix 06: 2D diagram represents the interactions between the residues near the active site of the Heat 

Shock Protein 90 (PDB ID: 4bqg) and our seven ligands (marin alkaloids). A: 2D interaction between Mol1 

(in light purple) and 4bqg binding site; B: 2D interaction between Mol2 (in orange) and the 4bqg binding site; 

C: 2D interaction between Mol3 (in green) and 4bqg binding site; D: 2D interaction between Mol4 (in blue) 

and 4bqg binding site; E: 2D interaction between Mol5 (in yellow) and 4bqg binding site; F: 2D interaction 

between Mol6 (in dark purple) and 4bqg binding site; G: 2D interaction between Mol7 (in pink) and 4bqg 

binding site. 
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Appendix 07: 2D diagram represents the interactions between the residues near the active site of the 

Serine/threonine-protein kinase pim-1 (PDB ID: 4i41) and our seven ligands (marin alkaloids). A: 2D 

interaction between Mol1 (in light purple) and 4i41 binding site; B: 2D interaction between Mol2 (in orange) 

and the 4i41 binding site; C: 2D interaction between Mol3 (in green) and 4i41 binding site; D: 2D interaction 

between Mol4 (in blue) and 4i41 binding site; E: 2D interaction between Mol5 (in yellow) and 4i41 binding 

site; F: 2D interaction between Mol6 (in dark purple) and 4i41 binding site; G: 2D interaction between Mol7 

(in pink) and 4i41 binding site. 
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Appendix 08: 2D diagram represents the interactions between the residues near the active site of the Histone 

deacetylase 8 (PDB ID: 4QA3) and our seven ligands (marin alkaloids). A: 2D interaction between Mol1 (in 

light purple) and 4QA3 binding site; B: 2D interaction between Mol2 (in orange) and the 4QA3 site; C: 2D 

interaction between Mol3 (in green) and 4QA3 binding site; D: 2D interaction between Mol4 (in blue) and 

4QA3 binding site; E: 2D interaction between Mol5 (in yellow) and 4QA3 binding site; F: 2D interaction 

between Mol6 (in dark purple) and 4QA3 binding site; G: 2D interaction between Mol7 (in pink) and 4QA3 

binding site. 
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