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Abstract 

Breast cancer (BC) is the most common cancer for females, and its incidence tends to 

increase year by year. Currently, the backbone of therapy for BC is mainly chemotherapy; 

however, its toxicity in normal cells and acquired tumor resistance to the drug users are 

considered the main barriers. Therefore, there is still an urgent need for the development of 

more effective and safer anti-BC agents. Based on previous reference documents in recent 

years, this review covers the work reported on the anti-BC compounds classified according 

to the structures. This review summarized significant anti-BC compounds organized by 

functional groups according to the animal model data, although there would be some 

limitations. This review highlights the properties of new compounds having promising anti-

BC properties, which may be proven to be more effective and selective, and possibly free of 

unwanted side effects. The reviewed compounds represent an interesting possibility of 

overcoming BC and reducing the percentage of patients with an inadequate response to drug 

therapy. 
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1.   Introduction 

Cancer is taken as the most severe health problem all over the world. Even though the 

advancement of novel chemotherapeutic agents has remarkably progressed within the last 

few years, achievement in developing non-cytotoxic targeted drugs with very few side 

effects has happened only in the last decade. Despite these advances, most tumors like 

breast and ovarian are still difficult, and survival rates remain seriously low. Hence, 

discovering new potent, safe and selective antitumor agents is strongly needed [1]. Breast 
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cancer is one of the most commonly diagnosed cancers, comprising 23 % of all female 

cancers and the second leading cause of cancer deaths in women worldwide [2]. 

 Breast cancer is considered the second cause of cancer-related deaths in women all 

over the world. The US-FDA has approved multiple drugs for the treatment of breast-

related malignancies. The frequent emergence of resistances leads to the urgent need for 

newer moieties to overcome such problems [3]. As one of the deadliest cancers, breast 

cancer treatment requires efficacious drugs and improved therapeutic strategies. Although, 

the expansion of new drugs is exceedingly long-term and costly. Thus, identifying new 

uses of existing non-oncology or oncology drugs in treating breast cancer is becoming an 

essential step toward developing better treatment strategies and improving overall 

outcomes [4]. Breast cancer is considered to be one of the most widespread cancers that 

have an impact on women all over the world. It begins typically from milk ducts (ductal 

cancer) or the lobules that provide them with milk (lobular cancer), and then the tumor 

can extend to the entire body. It is worth mentioning that breast cancer represents 16 % of 

all women's cancers and 18.2 % of cancer deaths worldwide. Despite all the extensive 

efforts made in this field, cancer is a leading reason for mortality in the world. 

 As the better frequently occurring cancer in women worldwide, breast cancer 

constitutes a Formidable public health challenge globally.
 
Approximately 200,000 cases 

of invasive breast cancer and 54,000 in situ breast cancer cases will be diagnosed in the 

United States this year. It is expected that 40,000 women will die from distant relapses of 

their disease. Breast cancer is the second leading cause of cancer death in females after 

lung cancer. The incidence of breast cancer increases with age, and more than 50 % of all 

women diagnosed are 65 or older.1 It is expected that by the year 2030, 20 % of the US 

population will be > 65 years old, and thus an ever-growing number of women will be 

diagnosed with this disease [5]. 

 We have focused on several research articles that proved the anti-cancer activity 

using different experimentation procedures, further giving an excellent future reference 

for many developing procedures. Quinoline nucleus shows a very vast activity on anti-

cancer activity; various fused quinolines were studied for their intercalative DNA binding 

properties [6,7].
 

Pyrimidine is another heterocyclic compound we focused on that 

exhibited a perfect result of the activity we are searching for. It is also a developing 

nucleus derivative for anti-breast cancer activity. Finally, indole was selected and 

searched. It showed a fundamental novel derivative that acts against breast cancer. This 

gives a clear understanding of how well a nitrogen-containing heterocycle imparts its 

activity in inhibiting the pathophysiology of breast cancer. 

 

2. The Quinoline Functional Group 

 

Quinoline is a nitrogen-containing heterocyclic aromatic compound. Pharmacologically 

active substances display a broad range of biological activity [8-11]. Quinoline has been 

found to possess antimalarial, antibacterial, antifungal, anticonvulsant, anti-inflammatory, 

and analgesic activity. Quinoline derivatives are pharmacologically important 

heterocycles that have been studied mainly for their antiproliferative properties. In 
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addition, quinoline derivatives find use in the synthesis of fungicides, virucides, biocides, 

alkaloids, and flavoring agents. Quinolines also act as carbonic anhydrase inhibitors. On 

the other side, numerous fused systems of quinolines were deliberated for their 

intercalative DNA binding properties. A literature survey discloses that the anti-cancer 

activity is due to the intercalation between the base pairs of DNA and intrusion. The 

average working of enzyme topoisomerase II is included in the breaking and releasing 

DNA strands. The antitumor drugs that intercalate DNA are of growing interest in the 

field of anti-cancer derivatives [12]. 

 

 

 
Quinoline 

 

 Dual inhibitors of aromatase (CYP19) and aldosterone synthase (CYP11B2) are 

proposed as a novel strategy for the adjuvant therapy to reduce the CVD risk for 

postmenopausal breast-cancer patients increases the risk of cardiovascular diseases 

(CVD), which is accepted to be caused by the unusually high concentrations of 

aldosterone as an effect of the estrogen deficiency. By merging the final structural features 

of CYP11B2 and CYP19 inhibitors into a standard template, a series of pyridinylmethyl 

substituted 1,2,5,6-tetrahydro-pyrrolo [3,2,1-ij]quinolin-4-ones were designed and 

synthesized in inhibition of one enzyme. At the same time, it led to a decline for the other 

enzyme. The compromise of this dispute led to compounds, Compound 1-4 as vigorous 

and selective dual inhibitors of CYP19 and CYP11B2, mainly compound 3, which 

showed IC50 values of 32 and 41 nM for CYP19 and CYP11B2, respectively, and a high 

specificity toward CYP17 and CYP11B1.  Finally, this is considered for further evaluation 

in vivo [13]. 

 

 

 

 

 

 

 

 

1-8-(-CH2CH2-),2- O     1-8-(-CH2CH2-),2- O   1-8-(-CH2CH2-),2- O   1-8-(-CH2CH2-),2- O                        
 1                         2          3                             4 
 

 Some novel quinoline derivatives were designed and synthesized to assess their 

biological activities as anti-breast cancer agents and aromatase inhibitors. Cytotoxicity of 

quinolines 5a-g against human breast cancer MCF-7 and T47D cell lines were evaluated. 

All the compounds 5a-g were more cytotoxic against MCF-7 cells in comparison with 

those of T47D, which express aromatase mRNA less than MCF-7 cells. Their effects on 



1078 Review Article: Heterocyclic Compounds Showing Anti-Breast Cancer Activity 

 

aromatase activity are also described. Results showed that compound 5b inhibits 

aromatase enzyme activity more than the reference drug Letrozoa [14]. 

 

 

 

 

 

 

 

 

 

5a) 1=Ph, 2=H, 3=OM; 5b) 1=Ph, 2=H ,3=F; 5c) 1,2=Phenyl, 3= OM; 5d) 1,2=Phenyl, 3=F;                     

5e) 1,2= Cyclohexyl, 3= F;  5f) 1,2=H, 3=OMe and  5g) 1,2=H, 3=OMe. 

 

 In a tryout to enhance anti-breast cancer activity, a new series of 4-piperazinyl 

quinoline derivatives based on the urea/thiourea scaffold was designed and synthesized by 

a pharmacophore hybrid proposal. They analyzed for their antiproliferative activity on 

three human breast tumor cell lines, MDA-MB468, MDA-MB231, and MCF7, also, in  

MCF10A and 184B5, two non-cancer breast epithelial cell lines. Among those 26 novel 

compounds examined, 6a-e showed significantly improved antiproliferative activity on 

breast cancer cells. The cancer cell-specific property of compound d demonstrated in cell 

culture stands in vivo test; this compound can be an excellent lead for effective and safe 

anti-cancer drugs [15]. 

 

 

 

 

 

 

 

 

 

 
6a) X=Cl, R=Phenyl; 6b) X=Cl, R=2,6 Dimethyl –Phenyl; 6c) X=Cl, R=2,4,6-Trichloro-phenyl;   

6d) X=Cl, R=2-morpholin-4-yl-ethyl  and 6e) X=CF3, R=Naphthalen-1-yl. 

 

 Jafari et al. showed a new series of benzo- and tetrahydro benzo-[h]quinoline bearing 

a flexible (dimethylamino)ethylcarboxamide side chain designed and synthesized as DNA 

intercalating antitumor agents. The cytotoxic activity of the synthesized compounds was 

evaluated against four human cancer cell lines, including MCF-7, A2780, C26, and A549. 

Compound 6e showed significant cytotoxicity against all four human cancer cell lines 

with IC50 values ranging from 1.86-3.91 µM. The interaction of the selected compounds 

showed significant cytotoxicity (7a-d) with calf thymus DNA (CT-DNA) was studied by 
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UV and fluorescent spectroscopy. Compound 7c exhibited the most DNA intercalating 

effects among the series. Compound 6e, which showed the most cytotoxic effect against 

A549 cancer cells, also exhibited stronger apoptotic induction activity than 7a and 7c. The 

docking was performed to study the DNA interaction properties of these compounds. 

Computational data showed that these compounds could interact with DNA as DNA-

intercalating agents [16]. 

 

 

 

 

 

 

 

 

 

7a) 1=3=H, 2=OCH3; 7b) 1=3=H, 2=NHCOCH3; 7c) 1=3=H, 2= CH3 and 7 d) 1=2=H, 3=OCH3. 

 

 Liu et al.
 
showed that

 
camptothecin (CPT, 8), a quinoline compound, exhibits anti-

cancer activity by trapping topoisomerase I (topo I)DNA cleavage complexes. However, 

this complexation is reversible. Besides, this drug binds tightly with the human serum 

albumin protein and decreases its bioavailability. All these drawbacks were encouraged by 

Liu et al. [17]
 
to synthesize CPT analogs along with their evaluation against several 

cancer cell lines (BT483, PC3, SKHep, CE81T, AGS, RCC786-O) and the anti-breast 

cancer activity (BT483, MB-231, Hs578T, MB-157, SK-BR-3, MCF7) of compound 9. 

Compound 9 exhibited anti-cancer activity against all cancers investigated with IC50 

ranging between 1.1-10.6 μM. For breast cancer cell lines, 9 displayed potency against all 

cancer cells (IC50 between 1.59 to 3.6 μM) with the most activity against BT483. 

 

 

 

 

 

 

 

 

 

A set of hybrids between chalcone and quinoline pharmacophores (10-11) was 

prepared by Tseng et al. [18]. The prepared quinolinyl chalcone conjugates were 

evaluated in vitro against three breast cancer cells (MCF-7, MDA-MB-231, and SK-BR-

3) along with three non-small cell lung cancer cells (H1299, H460 and A549) and a 

normal mammary epithelial cell (H184B5F5/M10). Among the tested compounds, 11 

proved to be the most potent with an IC50 value of fewer than 0.10 μM against the growth 
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of MDA-MB-231 and was non-cytotoxic to the normal mammary epithelial cell 

(H184B5F5/M10). Based on the mechanistic studies, it was observed that compound 11 

induced cell cycle arrest at G2/M phase followed by activation of caspase-3, cleavage of 

PARP resulting in cell death. 

 

 

 

 

 

 

 

 

 

 

 
       R= H, 4-F, 4-OH, 4-OMe, 2,4-di-OMe, 4-NH2                  2,4-di-OMe, 4-NH2 

 

 

 

 

 

 

 

 

 

 The above work was further extended towards synthesis and antiproliferation activities 

of certain indeno [1,2-c] quinolone hybrids (compound 12) against BT483 and other 

cancer cell lines (Hela, AGS, A549, PC-3, SKHep and MRC-5) along with their DNA 

binding affinity and topoisomerases (topo I and topo II) inhibitory activities [19]. 

Compound 13 demonstrated stronger topo I/II inhibitory activity without any significant 

binding with the DNA. The antitumor evaluation of 13 in nude mice bearing subcutaneous 

breast cancer tumors revealed that the treatment with low (10 mg/kg) or high (30 mg/kg) 

doses dramatically diminished tumor growth. 

Mohammadhosseini et al. [20]
 

have described the synthesis and cytotoxic activity 

evaluation of a new series of N-pipearzinyl quinolones containing N-2-(furyl-2 or 3-yl)-2-

(chlorobenzyloxyimino)ethyl moiety. Preliminary screening indicated that compound 14 

with IC50 values of 3.03, 11.9, and 2.2 (µM) for MCF-7, MDA-MB-231, and T47D, 

respectively, demonstrated significant growth inhibitory potential against all evaluated 

cell lines. 
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R=-(CH2)2NMe2,-(CH2)3NMe2 ,                  

 

 

 A series of novel 6,8-dibromo-2-aryl-2,3-dihydroquinolin-4(1H1) has been 

synthesized and evaluated in vitro (in MCF-7 BC cell lines). Potent growth inhibition of 

50% (GIF) was exhibited by compounds 15-18 and total growth inhibition (TGI) values 

compared with reference standard [21].  

 

 

 

 

 3-Amino-N-(3-chlorophenyl)-5-oxo-5,6,7,8-tetrahydrothien of [2,3b]quinoline-2-

carboxamide (compound 19) as a putative phosphoinositide specific-phospholipase C-ɣ 

enzyme inhibitor, affected the proliferation, morphology, and migration of a host of breast 

cancer cell lines, and arrests cell cycle in the G2/M phases [22]. 

,5- O , 19 

 A new group of 4-(imidazolyl methyl) quinoline derivatives possessing a 

methylsulfonyl COX-2 pharmacophore at the para position of the C-2 phenyl ring were 

designed and synthesized as selective COX-2 inhibitors, and in-vitro studies were carried 

out for anti-breast cancer agents. Only compound 20 (IC50 < 5 µM) was identified as the 

most potent in anti-breast cancer screening and selective COX-2 inhibitor as well as the 

most cytotoxic agent against MCF-7 cells [23]. 
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 Estrogen deficiency results in significantly elevated aldosterone levels, which are a 

significant cause of cardiovascular diseases. Dual inhibition of CYP19 and CYP11B2 

(aldosterone synthase) is a promising treatment for breast cancer and coinstantaneous 

cardiovascular diseases. By incorporating important structural characteristic of known 

CYP19 and CYP11B2 inhibitors, they came after obtaining compounds 21 and 22 as 

selective dual inhibitors with IC50 values around 50 and 20 nM toward CYP19 and 

CYP11B2, respectively. These compounds also showed good selectivity toward 

CYP11B1 (selectivity factors (IC50 CYP11B1/IC50 CYP11B2) around 50) and CYP17 

(no inhibition) [24]. 

 

 

 

 

 
      1-CH3, 2- O  ,  7-OMe                              1-CH3, 2- O  , 1-C2H5 , 3-COOH, 4- O ,6-F 

 

 Bharathkumar et al. [25] reported a new type of quinoline-based estrogen receptor 

alpha (ERa) ligands that were examined for their bioactivity against ERa-negative and 

ERa-positive cell lines. The most potent compound 23 displayed significant cytotoxicity 

against HepG2 and MCF-7  cells with a half-maximal inhibitory concentration (IC50) 

value of 6 and 11 mM, respectively. Multiple reports have demonstrated the preparation 

of quinolones using a strong base like tertiary butoxide. 

2-Ph(4-NH2), 7-Cl   (23) 

 

3. The Pyrimidine Functional Group 
 

Pyrimidine ring is a heterocyclic organic aromatic compound like pyridine. One of the 

six-membered heterocyclics with two nitrogen atoms in the ring has the nitrogens at 

positions 1 and 3 in the ring. Pyrimidines, a significant heterocyclic compound, have a 

broad spectrum of bioactivities (antibacterial, anti-cancer, and anti-inflammatory, etc.) 

[27,28]. 

 

 

 

 

 

 

 Pyrimidine and its derivatives play a significant role in drug discovery procedures and 

appreciate the chemical significance and biological activities. Pyrimidines are the 

backbone of many natural compounds like vitamins, liposacharides, and antibiotics. 

Pyrimidine is utilized as a parent substance to synthesize many different heterocyclic 

compounds and raw materials for drug synthesis. It is also critical in the theoretical 

development of heterocyclic chemistry and organic synthesis. Pyrimidine derivatives are 
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essential in various biological activities, i.e., antihypertensive, anti-cancer, antimicrobial, 

anti-inflammatory, and antioxidant activity. This creates interest among researchers who 

have synthesized a variety of pyrimidine derivatives [29]. 

 Docking-motivated synthesis of 5-aryl-3H-thieno[2,3-d] pyrimidin-4-ones 

(compound 24-25) was performed from the reaction of 2-aminothiophene-3- carbonitrile 

and formic acid [30]. The cytotoxicity evaluation of few compounds against breast cancer 

cell line (MCF-7), using sulforhodamine B (SRB) assay revealed good to the moderate 

activity of all the compounds with IC50s in micro-molar range (between 0.0544 to 0.0098 

μM convert to nM). The most significant cytotoxicity was observed for compound 26 

(IC50= 0.0098 μM), a Schiff analog of thieno-pyrimidinone, which was more potent than 

even a control drug lapatinib (IC50= 0.0100 μM convert to nM).  

 

 

 

 
 

 

 

 

 

        X=CH,N; Ar=4-Cl-Ph, 4-NO2-Ph                         R=H, OCH3, N(CH3) R=H, NO2 ; R
1 =OCH3   

 

 

 

 

 

 

 

 

 

R=CH2Ph, CH3, Ph, 4-Cl-Ph,  4-OCH3-Ph 

 

 Another series of hybrids, viz., 2-pyridyl hexahydrocycloocta [4,5] thieno [2,3-d] 

pyrimidines (compounds 27), with different substituents at the C-4 position was 

synthesized by Kassab and Gedawy and tested their in vitro antiproliferative activity 

against 60 different human tumor cell lines representing leukemia, melanoma, and cancers 

of the colon, central nervous system, lung, ovary, kidney, prostate including breast [31]. 

Commonly, compounds carrying pyridyl moiety at the C-2 position were found to have 

better anti-cancer activity. Among these compounds, 28 was the most potent with growth 

inhibition percentage values of 89.23, 22.41, 6.17, and 2.77, 57.56, and 30.07 μM against 

MCF-7, MDAMB- 231, HS 578T, BT-549, T-47D, and MDA-MB-468 breast cell lines, 

respectively. 
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 A series of new 1-aryl-4-benzylidenehydrazinyl-3-methylsulphanyl-pyrazolo[3,4-

d]pyrimidines 29a-p was synthesized. Majority of the test compounds given potent 

antitumor activity comparable to that of standard doxorubicin. The 1-phenyl series (29a-i) 

exhibited better anti-tumor activity than 1-(4-methoxyphenyl) series (29j-p). 4-[2-(4-

Fluorobenzylidene)hydrazinyl]-3-(methylsulphanyl)-1-phenyl-1H-pyrazolo[3,4-] 

pyrimidine (6d) was one of the better active compounds in this work with IC50 equal to 

7.5 nM [32]. 

 

 

 

 

 

 

 

For 29a-i: X=H, R= 4-NH2, 4-Br, 4-Cl, 4-F, 2-OH, 3-OH, 4-OH, 3-CH3O, 2-Cl-4-NO2 

For 29j -p: X=CH3O, R= 4-Br, 4-Cl, 4-F, 2-OH, 3-OH, 4-OH, 4-CH3O 

 

 Vascular endothelial growth factor (VEGF) and their receptor (VEGFR) are 

important for tissues and neovasculature physiological roles. VEGFR signaling is related 

to the development of pathological angiogenesis in different types of cancer growth, 

making it an interesting therapeutic target in cancer treatment. In the present work, they 

proved the synthesis of 1,4-disubstituted 1,2,3-triazoles and 1,2,4-triazolo[1,5-

a]pyrimidine derivatives through copper (I)-catalyzed azide-alkyne cycloaddition 

(CuAAC) reaction and screened for their antitumor activity against MCF7 cells. Observed 

1-(2′-ethoxy-4′-fluoro-[1,1′-biphenyl]-4-yl)-4-phenyl-1H-1,2,3-triazole (EFT) as major 

cytotoxic agent against MCF7 cell lines with a 1.69 ΜmIC50 value (structure 30). Further 

evaluation revealed that EFT induces cytotoxicity on Ishikawa, MDA-MB-231, and 

BT474 cells with IC50 values of 1.97, 4.81, and 4.08 μM, respectively. Although, EFT 
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did not persuade cytotoxicity in ordinary lung epithelial (BEAS-2B) cells. Previous 

reports suggested that 1,2,3-triazoles are the inhibitors of VEGFR1 and, therefore, 

evaluated the effect of EFT on the expression of VEGFR1. The reports revealed that EFT 

reduces the expression of VEGFR1 in MCF7 cells. In conclusion, they pointed out a 

potent cytotoxic agent that reveals its antiproliferative activity by targeting VEGFR1 in 

breast cancer cells. The novel compound could serve as a lead structure in developing 

VEGFR1 inhibitors [33]. 

 

 

 

 

 

 

 

 

 A series of novel substituted pyrazolo[3,4-d]pyrimidines were designed and 

synthesized, initiating with pyrimidinone derivative 1. They are in vitro cytotoxicity 

against human breast adenocarcinoma (MCF-7) cell lines, have been analyzed, and almost 

tested compounds were showed potent cytotoxic activity against MCF-7 cell lines close to 

the activity of the commonly used cisplatin, anti-cancer drug. Treatment of MCF-7 cells 

with increased doses (2, 5, 10, 20 mg/mL) of the tested compounds revealed that the 

activity of superoxide dismutase and the level of hydrogen peroxide were significantly 

increased, while the activities of catalase and glutathione peroxidase and the levels of 

reduced glutathione were remarkably lowered equated with control MCF-7 cells. In 

general, the acyclic nucleoside derivative (compound 31) revealed the highest anti-cancer 

activity among the other tested compounds [34]. 

 

 

 

 

 

 

 The human (h)-prune is a protein; it is one of the DHH protein superfamilies and 

shows cAMP phosphodiesterase activity. Its expanded action in breast, colorectal and 

gastric malignancies compares with the profundity of intrusion and a serious level of 

lymph-node metastasis. A solitary mechanism by which h-prune induces cell motility and 

metastasis measures through its phosphodiesterase action can be repressed by 

dipyridamole, and a pyrimido[5,4-d]pyrimidine simple. To accomplish the most intense 

agent having specific restraint of h-prune action, it is followed structural activity 

relationship procedures beginning from dipyridamole, and arranged eight new pyrimido-

pyrimidine derivatives. These compounds were synthesized for explicitness towards h-

prune exercises in vitro in cell models by utilizing scintillation examine for cAMP-PDE 

action and transwell approach for two-dimensional cell movement in a top-down 
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methodology of picking. It clearly shows that two pyrimido[5,4-d]pyrimidine compounds 

(compound 32) are more powerful than dipyridamole in two exceptionally metastatic cell 

models of breast malignancy in vitro. Future investigations will survey their helpful 

viability against bosom and different malignant growths with over-articulation of h-prune, 

an imprompt, evidence of idea, and creature models [35]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 It was accounted for that a series of 5-arylthieno[2,3-d]pyrimidines as anti-BC 

specialists. Compounds 33 and 34 with IC50 9.8 and 10.2 nM individually were the most 

active compounds, on the whole, the tried mixtures, in light of the profound association of 

these mixtures in the rear of ATP restricting site and the extra hydrophobic connection 

given by para and meta dimethoxy groups in 33 and para dimethylamino group in 

compound 34 [36]. 

 

 

 

 

 

 

 

 

 Novel pyrimidine phosphonate atoms were planned in order to restrain aromatase, an 

expected target of BC. The ligand-receptor complex of compound 35 showed the best 

docking score of -15.776 kcal/mol among all. Henceforth, this compound was blended 

and tried in vitro against MDA-MB-231 adenocarcinoma BC cells, and it displayed 

astounding antiproliferative movement and instigated apoptosis [37]. 
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5-COOCH2CH3, 6-CH3, 4-Ph(4-OH), 2-=O 

 A group of 3-(phenyl ethynyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine derivatives 

were planned and prepared. Compound 36 showed the most noteworthy inhibitory 

intensity against the Src kinase and the most strong antiviability action against the average 

TNBC cell line MDA-MB-231 among every one of the synthesized compounds. Further 

kinase hindrance assay showed that this compound was a multikinase inhibitor and 

intensely fundamentally repressed Src (IC50 = 0.9 nM) and MAPK flagging and especially 

incited apoptosis in tumor tissues [38]. 

 

 

 

 

 

 

 

 

 

 

 
4-NH2, 4-Ph(4-OH), 5-COOHCH2CH3, 6-CH3 

 

The present examination portrays a basic water-ethanol-intervened arrangement of 

combinatorial synthesize of 2-amino-4-phenyl-5H-indeno[1,2-d]pyrimidine-5-one 

subordinates. The chose integrated mixtures have been screened against the human BC 

cell line MCF-7, human colon malignancy cell line HT29, and typical viro monkey cell 

line, out of which compound 37 (GI50 = 22.8 µM) exhibited critical power toward human 

BC cell line (MCF-7) [39]. 

 

 

 

 

 

2-NH2, 4-Ph(4-OCH3) 

 

 Halogenated thieno[3,2d]pyrimidines (38 and 39) with IC50 estimation of 9 and 5.9 

µM respectively are both poisonous to the TNBC cell model MDA-MB-231 at low-

micromolar focuses, yet that just for compound 38 can specifically trigger mitotic capture 

[40]. 
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 An epic thiazolopyrimidinone arrangement of phosphatidylinositol 3-kinase (PI3K)- 

particular beta inhibitors have been identified. This chemotype has given an amazing 

apparatus compound, 40 (IC50 ¼ 22.8 mM), that showed powerful development 

hindrance in the PTEN-lacking MDA-MB-468 breast cell under port autonomous 

conditions, and it likewise exhibited pharmacodynamic impacts and viability in a PTEN 

inadequate prostate malignancy PC-3 xenographic mouse model [41]. 

 

 

 

 

 

 

In the current examination, a progression of novel triazole-connected N-(pyrimidin-2-

yl)benzo[d]thiazol-2-amine were combined and assessed for anti-cancer activity against 

MCF-7 BC cells. Among the derivatives tried, promising compounds 41-44, under the 

concentration of 3, 3.2, 2.52, and 2.12 µM, respectively, caused the most noteworthy 

cytotoxicity against MCF-7 BC cells by initiating apoptosis and influencing the 

articulation of key proteins like ERK1/2, NF-B, and surviving that cause abnormal cell 

multiplication and up-control the movement of caspase-9 [42]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One compound, 8-cyclopentyl-2-[4-(4-methyl-piperazin-1-yl)-phenylamino]-7-oxo-

7,8-dihydro-pyrido[2,3d]pyrimidine-6-carbonitrile (45) incited development capture of 

most tumor cell lines, including a board of BC cell lines, with GI50 esteems going from 
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0.025 to 2 mM, as a potent inhibitor of cyclin-dependent kinase 4 (CDK4) and AMPK-

Related Kinase 5 (ARK5) [43]. 

 

 

 

 

 

 

 

4. The Indole Functional Group 

 

As perhaps the most pervasive heterocycles in nature, an indole ring framework has been 

turning into a significant underlying segment in numerous drug specialists, like 

anticonvulsant, antifungal, antiviral and hostile to inflammatory,
 
especially in disclosure 

of new antitumor agents [49]. Indoles have promising anti-cancer potential; there has been 

accentuation on the combination of indole derivatives to beat issues looked at by existing 

remedial agents [50]. An assortment of indole derivatives, for example, isatin, have 

likewise been investigated for their anti-cancer activity. Additionally, indoles have 

promising inhibition on malignant growth potential; there has been the accentuation on the 

combination of indole derivatives to defeat issues looked at by existing therapeutic agents 

[45-48].   

 

 

 

 

 In the current examination, spiro[azetidine-2, 3'- indole]-2', 4(1'H)- dione 

subordinates were assessed for cytotoxicity against HEK-293T (human erythrocyte kidney 

cell line), MDAMB453 (human breast carcinoma cell line), MDA-MB468 (human breast 

carcinoma cell line, NCI-H522 (human lung cancer cell line) and NCI-H23 (human lung 

cancer cell line) with use of short term cytotoxicity MTT and XTT assay. The IC50 was 

examined by statistical analysis using GraphPad Prism application by plotting the log 

concentration vs. % growth inhibition and dose-response curve analysis. Compound 46 

displayed significant cytotoxicity (IC50) in breast cancer cell lines after 48 h compared 

with the standard control drug doxorubicin and is a good candidate for developing novel 

drugs based on these derivatives [49]. 

 

 

 

 

 

 

 They designed and synthesized novel bis-indole series as Topsentin. Nortopsentin 

analogs configuration depends on reestablishing the heterocyclic spacer in the regular 
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leads by a further graceful hydrazide linker while pairing the two distant indole rings. All 

the synthesized bis-indoles were studied for their rapid-growth inhibitory action against 

human breast cancer (MCF-7 and MDA-MB-231) cell lines. The most potent congeners 

47 and 48 against MCF-7 cells (IC50 = 0.44 ± 0.01 and 1.28 ± 0.04 µM, respectively) 

induced apoptosis in MCF-7 cells (23.7-, and 16.8-fold development in the total apoptosis 

percentage) as obvious by the externalization of plasma membrane phosphatidylserine 

noted by Annexin V-FITC/PI assay. This proof was held up by the Bax/Bcl-2 ratio 

augmentation (18.65- and 11.1-fold compared to control) with a concomitant growth in 

the level of caspase-3 (11.7- and 9.5-fold) and p53 (15.4- and 11.75-fold). Both 

compounds halted the cell cycle, mainly in the G2/M stage. Additionally, these 

compounds showed excellent selectivity toward tumor cells (SI = 38.7 and 18.3), after 

testing their cytotoxicity toward non-tumorigenic  MCF-10A cells. Finally, compounds 

47a-d and 48 were tested for their credible CDK2 inhibitory action. The acquired results 

(% inhibition range: 16%–58%) uncovered the inability of the target bis-indoles to stop 

CDK2 noteworthy. Generally, these results recommended that herein detailed bis-indoles 

are promising lead compounds for further optimization and expansion as potential 

efficient anti-breast cancer drugs [50]. 

 

 

 

 

 

 

 

 
 

a) R=F,  b) R=Cl, c) R=Me and d) R=NO2 

 

 

 

 

 

 

 

 

 A series of new isatin-thiazoline and isatin-benzimidazole derivatives were 

synthesized via condensation of isatin Mannich bases with either 2-aminothiazoline or 2-

aminobenzimidazole. The structures of the newly synthesized compounds were 

characterized by spectral data. The anti-breast cancer activity of some of the synthesized 

compounds was assessed in the MCF-7 human breast cancer cell line. The results showed 

that compound 49a-c possesses significant antiproliferative activity against MCF-7 cells 

[51]. 
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 A series of novel indolylquinones have been synthesized by treating halogeno-

quinone with 2-substituted indole derivatives within sight of kalium carbonate and TEBA 

in acetonitrile at room temperature. These compounds were assessed for their 

antiproliferative action against human MDA-MB-231 and MCF-7 breast malignancy cell 

lines. Every tested compound showed powerful micromolar cytotoxicity movement in 

both breast's malignant growth cell lines. 3d (IC50 = 2.29 mg/mL for MCF-7 cells) and 50 

& 51 (IC50 = 3.99 mg/mL for MDA-MB-231 cells) showed the most strong 

antiproliferative action of the arrangement. Additionally, in vitro anti-cancer action of the 

compounds further showed that bis-indolylquinones were more dynamic than mono-

indolylquinones. Fluorescence microscopy examination showed that compounds 50 and 

51 restrained disease cell expansion by setting off apoptotic cell death [52]. 
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 A most up-to-date arrangement of 3-(2-oxo-2-phenylethylidene)indolin-2-ones work 

in pharmacophoric components of isatins and chalcones was laid out and combined, and 

evaluated for anti-cancer activity against three BC cell lines. In all the promising 

compounds, compound 52 was found to be the most active in the series with GI50 values 

of 8.54, 4.76, and 3.59 µM against MDA-MB-231, MDA-MB-468, and MCF-7 cells, 

respectively [53]. 

 

 

 

 

 

 

 

 

 

 

 

 In this study, the preparation of a newer phemindole (53) synthetic aryl methyl ring-

substituted analog of 3,3’-diindolyl methane (IC50 = 10.85) was reported as an effective 

antitumor agent against MDAMB-231 cells through actuating apoptosis and confined the 

in vitro cell relocation through its antimitotic property and the phosphorylation of central 

bond kinase guideline in MDAMB-231 cells. Furthermore, studies extended to ex vivo and 

in vivo mice models further validated the efficacy of phemindole [54]. 

 

 

 

 

 

 

 

 

 

 

 Some indeno[1,2b]indole-9,10-dione compounds were integrated as human casein 

kinase II (CK2) inhibitors. Look at the general capacity of each compound to repress 

CK2; compound 54 (IC50 ¼ 25 _ 10_3 mM) has an unmistakable antiproliferative impact 

against MCF-7 BC cells and was about significant degrees more selective [55]. 

 

 

 

 

 



R. Ayana et al., J. Sci. Res. 13 (3), 1075-1098 (2021) 1093 

 

 

 

 

 

 

 

 

 

 

 

 

 The indole alkaloid meleagrin (55) IC50 estimation of 1.9, 6.8, 8.9, 2.7, and 2.8 mM 

separately, for MCF-7, MDA-MB-231, MDA-468, BT-474, and SKBR-3 , from the olive 

tree endophytic parasite Penicillium chrysogenum, was distinguished as a huge wild and 

freak c-Met inhibitor. This was connected with antiproliferative, anti-migratory, and 

hostile to intrusive exercises against a wide board of c-Met subordinate BC cells, 

including all cell lines, yet was dormant against the c-Met free BC cells [56]. 

 

 An examination planned and generated novel neotanshinlactone analogs to utilize 

bioisosterism and sub-atomic alteration and to assess their bioactivity against BC 

specialists. Compound 56 has been tried for the three non-BC cell lines and the triple-

negative BC cell lines, yet has displayed no critical cytotoxicity with the normal IC50 

being more prominent than 34 mM, contrasted with neo-tanshinlactone and 4-ethyl 

neotanshinlactone, and the selectivity towards BC has additionally diminished [57]. 

 

 

 

 

 

 
 

 An arrangement of novel benzothiazole derivatives bearing indole-based moiety was 

planned, blended, and evaluated for in vitro antitumor action against four threat cell lines. 

Compound 57 displayed incredible antitumor action with IC50 estimations of 0.024, 0.29, 
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0.84 and 0.88 mM against HT29, H460, A549 and MDA-MB-231, individually. What is 

more, the checked pharmacological movement of compound 57 may be credited to the 

enactment of procaspase-3 and cell cycle arrest [58]. 

 

 

 

 

 

 

 

 

 A series of novel indolylquinones have been synthesized and assessed for their 

antiproliferative activity against human MDA-MB-231 and MCF-7 BC cell lines. Among 

every derivative, 58 (IC50 esteem ¼ 2.29 mg mL_1 for MCF-7 cells) and 59 (IC50 =3.99 

mg/ mL for MDA-MB-231 cells) showed the most powerful antiproliferative action of 

these compounds and hindered BC cells multiplication by setting off apoptotic cell death 

[59]. 

 

 

 

 

 

 

 

 

 

 The design, synthesis, inhibitory strength in vitro and pharmacokinetic profiles of 

Ko143 analogs are portrayed. Contrasted with usually utilized Ko143, the new BCRP 

inhibitor (compound 60) showed a similar power and a fundamentally improved 

pharmacokinetic profile in rats [60]. 

 

 

 

 

 

 

 

 

 

 A series of ten novel satin analogs have been synthesized and screened in vitro for 

their anti-BC activity against the MCF-7 cell line. All the tested compounds showed 

highly potent activity against MCF-7 cell line, with especially compounds 61-64 exhibited 
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demonstrative antiproliferative effects on MCF-7 BC cell line compared to reference 

adriamycin (doxorubicin) and GI50 < 0.02 mM  [61]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Future Perspective 
 

 Due to the sudden changes in peoples' lifestyles, more and more patients were 

diagnosed with BC. Early treatment and early diagnosis were promoted due to the 

increased number of patients. Some helpful self measures are taken, like participation in 

an exercise and diet counseling program, which lead to loss of body fat, improved fitness 

and quality of life, and increased habitual physical activity in BC survivors. BC patients 

undergoing breast-conserving therapy had a better outcome than modified radical 

mastectomy. Chemical treatment is always vital because of its advantages, including 

higher rates of breast-conserving surgery and the possibility of measuring early in vivo 

responses to systemic therapy. From this study, we noted that that nitrogen-containing 

heterocycle shows a potent anti-breast cancer activity. This can be taken as a good scope 

for future study. Hence, the discovery of novel compounds is more important, with 

promising anti-BC properties, which may be proven to be more effective and selective, 

and are much freer of unwanted side effects.  
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