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A Review of Natural  Products and Small Molecule Therapeutics Acting on Central 23 

Nervous System Malignancies: Approaches for Drug Development, Targeting Pathways, 24 

Clinical Trials, and Challenges  25 

Abstract 26 

In 2021, the WHO released the fifth edition of the CNS tumor classification. This classification 27 

uses histopathology and molecular pathogenesis to group tumors into more biologically and 28 

molecularly defined entities. The prognosis of brain cancer, particularly malignant tumors, has 29 

remained poor Worldwide, approximately 308,102 new cases of brain and other CNS tumors were 30 

diagnosed in the year 2020, with an estimated 251,329 deaths. The cost and time-consuming nature 31 

of studies to find new anti-cancer agents makes it necessary to have well-designed studies.  32 

In the present study, the pathways that can be targeted for drug development are discussed in detail.  33 

Some of the important cellular origins, signaling, and pathways involved in the efficacy of 34 

bioactive molecules against central nervous system (CNS) tumorigenesis or progression, as well 35 

as prognosis and common approaches for treatment of different types of brain tumors, are 36 

reviewed. Moreover, different study tools, including cell lines, in vitro, in vivo, and clinical trial 37 

challenges, are discussed. In addition, in this article, natural products as one of the most important 38 

sources for finding new chemotherapeutics were reviewed and over 700 reported molecules with 39 

efficacy against CNS cancer cells are gathered and classified according to their structure.  Based 40 

on the clinical trials that have been registered, very few of these natural or semi-synthetic 41 

derivatives have been studied in humans. The review can help researchers understand the involved 42 

mechanisms and design new goal-oriented studies for drug development against CNS 43 

malignancies. 44 
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Key words: Brain cancer; signaling pathway; natural product, central nervous system; antitumor, 46 

review 1 47 

 
1 Abbreviations 

4EBP1: Eukaryotic initiation factor binding protein 1; AKT: Protein kinase B; ATM: Ataxia 
telangiectasia mutated; BBB: Blood brain barrier; CAT: Catalytic subunit; CDK: Cyclin-
dependent kinase; CDKs: Cyclin-dependent kinases; CK2: Casein kinase 2; CHOP: C/EBP 
Homologous Protein; CNS: Central nervous system; COX: Cyclooxygenase; CSF: Cerebrospinal 
fluid; cyt c: Cytochrome c; EC50: Half maximal effective concentration; ED50: Median effective 
dose, which is the dose that produces the effect in 50% of the population that take that dose; EGF: 
Epidermal growth factor; EGFR:Epidermal growth factor receptor; eIF4E: Eukaryotic initiation 
�I�D�F�W�R�U�� ���(���� �(�5���� �(�Q�G�R�S�O�D�V�P�L�F�� �U�H�W�L�F�X�O�X�P���� �(�5�.���� �(�[�W�U�D�F�H�O�O�X�O�D�U�)�V�L�J�Q�D�O�)�U�H�J�X�O�D�W�H�G�� �N�L�Q�D�V�H���� �)�*�)�5����
Fibroblast growth factor receptor; FPP: Farnesyl pyrophosphate; FTase: Farnesyltransferase; GB: 
Glioblastoma; GBM: Glioblastoma multiforme; GDP: Guanosine diphosphate; GEFs: Guanine 
nucleotide exchange factors; GFAP: Glial fibrillary acidic protein; GGTase-I: 
Geranylgeranyltransferase type I; GI50: Concentration of any compound required for 50% growth 
inhibition of cells; Grb2: Growth factor receptor-bound protein 2; GSK: Glycogen synthase kinase; 
GTP : Guanosine triphosphate; HAAE-2: Human abdominal aorta endothelial cells; HDM2: 
Human and/or murine double minute-2 protein; HIF-���.����Hypoxia-Inducible Factor 1 alpha; HMGB 
1: High Mobility Group Box 1 protein; IC50:Half maximal inhibitory concentration; JNK: c-Jun 
N-terminal kinase; LOX: Lipoxygenase; LPT: Long-term potentiation; LRP: Lipoprotein related 
proteins; LXRs: Liver X receptors; mAB: Monoclonal antibodies; MAPK: Mitogen-activated 
�S�U�R�W�H�L�Q���N�L�Q�D�V�H�����0�$�3�.�����0�L�W�R�J�H�Q�)�D�F�W�L�Y�D�W�H�G���S�U�R�W�H�L�Q���N�L�Q�D�V�H�����0�$�6�7�����0�L�F�U�R�W�X�E�X�O�H-associated serine-
threonine kinase; MDM2: p53-Mouse double minute 2; MEKis: MEK inhibitors; MMP: Matrix 
metalloproteinase; mTORC1: Mammalian target of rapamycin complex 1;  MVA:  Mevalonate: 
MW: Molecular weight ; NAPA  Napabucasin; NF1:Neurofibromin 1; NIH: National Institutes of 
Health; NQO1: NAD(P)H Quinone Dehydrogenase 1; NSCs: Neural stem cells; PA: Pilocytic 
astrocytoma; PDGFR: Platelet-derived growth factor receptor; PDGFRs: Platelet-derived growth 
factor receptors; PERK: Protein Kinase RNA- like Endoplasmic Reticulum Kinase (PERK); PFS: 
Progression-free survival; PI(3,4,5)P3 or PIP3: Phosphatidylinositol (3,4,5)-trisphosphate; 
PI(4,5)P2 or PIP2: Phosphatidylinositol (4,5)-bisphosphate; PI3K: phosphatidylinositol-4,5-
bisphosphate 3-kinase; PI3K: Phosphatidylinositol-4,5-bisphosphate 3-kinase; PI3P: Intracellular 
phosphatidylinositol-3,4,5-trisphosphate; pRB: Retinoblastoma protein; PTEN: Phosphatase and 
tensin homolog deleted on chromosome 10; PTM: Post-translational modification; RAGE: 
Receptor for advanced glycation end products; RECK: Reversion-inducing-cysteine-rich protein 
with kazal motifs; ROCK: RhoA-associated kinase; ROS: Reactive oxygen species; RTKs: 
Receptor tyrosine kinases; SAPKs: Stress-activated protein kinases; SC: Sub Cutaneous; Sp1: 
Specificity Protein 1; TAD: Trans-activation domain; TGI: Concentration eliciting total growth 
inhibition; TKIs: Tyrosine kinase inhibitors; TP53: Tumor protein p53; TUNEL: Terminal uridine 
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deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labelling; VEGFRs: 
Vascular endothelial growth factor receptors; WHO: World Health Organization. 
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 74 

 75 

1.0 Introduction 76 

According to the epidemiological, clinical, and latest available reports, the incidence of central 77 

nervous system (CNS) disorders, especially brain cancer, has continued to increase (Pouchieu et 78 

al., 2018). Among the different varieties of cancer, the prevalence of CNS cancers is low (1��2% 79 

of the total cancer incidence). But CNS disorders are considered a major source of mortality and 80 

morbidity (Bray et al., 2018). It is estimated that about 10% to 40% of patients with systemic 81 

cancer will develop brain metastases (Aizer et al., 2022; Lamba, Wen, & Aizer, 2021; Nabors et 82 

al., 2013). According to epidemiological data, the incidence and mortality of CNS cancers are 83 

similar in both genders, with approximately 4 cases in 100,000 people. Worldwide, approximately 84 

308,102 new cases of brain and other CNS tumors were diagnosed in the year 2020, with an 85 

estimated 251,329 deaths (P. A. T. E. Board, 2022). The majority of primary CNS cancers are 86 

brain tumors, accounting for 85 to 90% of all cases (P. A. T. E. Board, 2022).  87 

 A variety of exogenous and indigenous carcinogenic inducers and substances have been suggested 88 

as causative agents of CNS cancers, such as long-term neurological irritators, mutation facilitators, 89 

CNS immune system failure and/or cell death program disturbers, which might initiate primary or 90 

secondary brain tumors.  91 

Primary brain tumors include: 1-anaplastic astrocytomas and glioblastomas (38%), 2-92 

meningiomas and other mesenchymal tumors (27%), 3-pituitary tumors, 4-schwannomas, 5-CNS 93 
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lymphomas, 6-oligodendrogliomas, 7-ependymomas, 8-low-grade astrocytomas, and 9-94 

medulloblastomas. Also, schwannomas, meningiomas, and ependymomas accounted for 79% of 95 

primary spinal tumors(P. A. T. E. Board, 2020). 96 

Secondary brain tumors (metastasic) grow within the brain and originate from a malignant tumor 97 

in another organ. They are formed from cells that have migrated via the bloodstream to the brain. 98 

The most common primary sources are lung or breast cancers, but can also originate from bowel, 99 

kidney, skin, or other cancers. In patients suffering from systemic malignancies, the occurrence of 100 

brain metastases is 10��30% in adults and 6��10% in children (Loeffler & Wen, 2018). 101 

Overall, gliomas constitute the great majority of primary tumors arising within the brain 102 

parenchyma. Historically, according to the World Health Organization (WHO) in 2016, grades I 103 

and II have been commonly known as low-grade gliomas, but the more rapidly progressive tumors 104 

are considered high-grade gliomas. However, the WHO classification recommends avoiding these 105 

terms because many of these tumors have significantly different biologic properties, prognoses, 106 

and treatment approaches (Louis et al., 2016). In 2021, the WHO released the fifth edition of the 107 

CNS tumor classification. This classification uses histopathology and molecular pathogenesis to 108 

group tumors into more biologically and molecularly defined entities. For the first time, adult- and 109 

pediatric-type gliomas were classified separately based on differences in molecular pathogenesis 110 

and prognosis. Additionally, the previous broad category of adult-type diffuse gliomas was 111 

consolidated into three types: astrocytoma, isocitrate dehydrogenase (IDH) mutant; 112 

oligodendroglioma, IDH mutant and 1p/19q codeleted; and glioblastoma, IDH wildtype. These 113 

significant changes are driven by IDH mutation status. The changes include the restriction of the 114 

diagnosis of glioblastoma to tumors that are IDH wild type; the reclassification of tumors 115 

previously diagnosed as IDH-mutated glioblastomas as astrocytomas IDH mutated, grade 4; and 116 
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the requirement for the presence of IDH mutations to classify tumors as astrocytomas or 117 

oligodendrogliomas  (Berger, Wen, Lang-Orsini, & Chukwueke, 2022). 118 

 119 
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Table 1. Some of the cell-origin signaling, and cellular pathways involved in CNS tumor generation or progression, as well as prognosis 120 

and common approaches for treatment of different types of brain tumors.  121 

Cancer name Origin  Mortality  Prognosis and 
treatment 
 

Occurrence and onset Most important 
signaling pathways 

 

Oligodendroglioma Oligodendrocytes Slow growing with 
prolonged survival 

-Surgical resection 
followed by radiotherapy 
(RT), and/or adjuvant 
chemotherapy 
-Incurable by current 
drugs but procarbazine, 
lomustine, vincristine 
and temozolomide are 
common drugs 

5% of all neuroepithelial 
tumors of the CNS 
Often occurs in adults (9.4% 
�R�I���D�O�O���S�U�L�P�D�U�\���D�G�X�O�W�V�¶���E�U�D�L�Q��
�W�X�P�R�U�V���D�Q�G���������R�I���F�K�L�O�G�U�H�Q�¶�V��
brain tumors)  

-Mutation in IDH1 or 
IDH2 and codeletion of 
chromosomes 1p and 19q 
- TERT promoter 
mutations may occure 
 
-PI3K/AKT/mTOR 
pathway 

(L. Lisi, 2020; Lucia Lisi, 
2020; van den Bent & 
Loeffler, 2023; Vokuda, 
Srinivas, Madhugiri, 
Velusamy, & Verma, 
2019) 

Pilocytic 
astrocytomas (PA) 
 

Are most found in 
infratentorial 
structures, such as the 
cerebellum, and in 
midline brain 
structures, such as the 
hypothalamus, optic 
nerve, and brainstem 

Usually slow 
growing and benign; 
associated with the 
formation of cysts  

-Surgical resection (may 
need RT or CT) 
vincristine and carboplati
n, monotherapy with vin
blastine, or a 
combination 
of thioguanine, procarbaz
ine, CCNU and 
vincristine (TPCV) 

First two decades of life, 
accounting for around 15% 
of all brain tumors 

- The gene fusion 
between BRAF and 
KIAA1549 genes (90% 
of pediatric cases) 
- BRAFV600E mutation 
Alteation in MAPK 
pathway 
-dysregulation of the 
PI3K/Akt pathway has 
been reported in 
clinically aggressive and 
anaplastic PA 

(Collins, Jones, & 
Giannini, 2015; Gregory, 
Chumbley, Henson, & 
Theeler, 2021; Osman, 
2022; Salles, Santino, 
Ribeiro, Malinverni, & 
Stávale, 2022) 
 
 

Diffuse astrocytoma Commonly occur in 
the frontal, temporal, 
and insular regions 

Slow growing, but 
sometimes return by 
more invasive form 

Occasionally, 
chemotherapy may be 
used but some 
researchers recommend 
starting chemotherapy 
with the combination of 
procarbazine, lomustine, 
and vincristine 

Affects mainly young adults 
(20�±45 years)   

Downregulation or 
inactivation of the p53, 
PTEN, activation of the 
Ras and Akt pathways, 
and amplification of 
CDK4  

(Capelle et al., 2002; 
Olson, Riedel, & 
DeAngelis, 2000) 

Anaplastic 
astrocytoma 

Astrocytes cells Fast growing, often 
malignant 

Radiation plus adjuvant 
temozolomide  
Chemotherapy, either as 
the initial treatment or 
after progression 
following radiation, was 

Mainly onset observed in 
early forties��and frequently 
affected men (sex ratio, 
male: female; 3:2) 

Focal adhesion kinase 
(FAK) overexpression 

(McLean et al., 2005; 
Tracy Batchelor, 2018) 
 

https://www.sciencedirect.com/topics/medicine-and-dentistry/vincristine
https://www.sciencedirect.com/topics/medicine-and-dentistry/carboplatin
https://www.sciencedirect.com/topics/medicine-and-dentistry/carboplatin
https://www.sciencedirect.com/topics/medicine-and-dentistry/monotherapy
https://www.sciencedirect.com/topics/medicine-and-dentistry/vinblastine
https://www.sciencedirect.com/topics/medicine-and-dentistry/vinblastine
https://www.sciencedirect.com/topics/medicine-and-dentistry/tioguanine
https://www.sciencedirect.com/topics/medicine-and-dentistry/procarbazine
https://www.sciencedirect.com/topics/medicine-and-dentistry/procarbazine
https://www.sciencedirect.com/topics/medicine-and-dentistry/lomustine
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based upon a random 
assignment to either 
procarbazine, lomustine 
(CCNU), plus vincristine 
(PCV) or temozolomide. 

Glioblastoma 
multiforme 

Oligodendrocytes, 
astrocytes, neural stem 
cells, and progenitor 
cells  

One of the most 
aggressive forms of 
CNS malignancies 

Surgical resection, 
adjuvant radiotherapy 
and concomitant 
chemotherapy using 
temozolomide  
  procarbazine, 
lomustine, and 
vincristine (PCV 
regimen) might be 
admnistered 

Most common primary brain 
tumor among adults (around 
64 years of age, 3 per 
100,000 people), and more 
common in males than 
females 

Activation of the mTOR, 
PI3K/Akt pathway  
 
NF-���%���V�L�J�Q�D�O�L�Q�J��
pathway 
Notch signaling 

(Adegboyega et al., 
2021; Bazzoni & 
Bentivegna, 2019; 
Gallego, 2015; Shapiro et 
al., 1989; Stewart, 2002; 
Tan et al., 2020; 
Upadhaya, Pulakkat, & 
Patravale, 2020; Zong, 
Parada, & Baker, 2015) 

Ependymomas  Ependymal cells Malignant  -Resection followed by 
adjuvant radiotherapy 
Chemotherapy has 
limited advantage in 
adults and older children 
-In children with 
recurrent or refractory 
disease, cisplatin, 
carboplatin, and 
etoposide might be 
admnistered 

Most common in pediatrics 
(up to 10% of total cases) in 
intracranial regions (in the 
fourth ventricle) while in 
adults it occurs in spinal 
regions (about 5% of total)   

NF-���%���S�D�W�K�Z�D�\ 
Notch and EPHBEphrin 
signaling pathways 
p53 tumor suppressor 
pathway 

(Kieran, 2018; Saleh et 
al., 2022; Seo et al., 
2021) 

Schwannomas 
(Vestibular 
schwannoma) 

Schwann cells (arise 
from the vestibular 
portion of the eighth 
cranial nerve) 

Mostly benign, slow 
growing  

Observation (wait and 
scan), 
radiotherapy/stereotactic 
radiosurgery, and 
microsurgical resection  
Limited advantage with 
doxorubicin�±ifosfamide 
regimen 
Protein kinase inhibitors 
and anti-VEGF therapy 
might be useful 

 Merlin inactivation leads 
to cell proliferation by 
dysregulation of receptor 
tyrosine kinase signaling 
and other intracellular 
pathways 
Activation of Ras-related 
C3 botulinum toxin 
substrate (Rac) and c-Jun 
N-terminal kinase (JNK) 
pathway 

(Dougherty, Shibata, & 
Hansen, 2021; 
Nourbakhsh & Dinh, 
2023; J. K. Park, Black, 
Vernick, & Ramakrishna, 
2017) 

Meningiomas Arachnoid cells Mostly benign, slow 
growing 

-Surgery and/or radiation 
therapy (RT) constitutes 
the initial therapeutic 
approach  
Hormonal therapy (such 
as mifepristone), 
hydroxyurea, octreotide 

Most common in adults, 
frequently affected women 
more than men (sex ratio 
2/1). Classified to benign 
(Grade I), atypical (Grade 
II), and anaplastic/malignant 
(Grade III)   

Mutations in NF2, 
TRAF7, KLF4, AKT1, 
SMO, PI3KCA, and 
POLR2A  
 
TERT promoter 
mutations 

(Le Rhun, Taillibert, & 
Chamberlain, 2016; Shih, 
Park, & Wen; L. Zhao et 
al., 2020) 
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might be beneficial but 
with low evidences 
-VEGF inhibitors such as 
sunitinib, valatinib, and 
bevacizumab is 
suggested in small non-
controlled studies for 
recurrent meningioma 

 
-Overexpression of RTK, 
VEGF and EGFR  
 
- PI3K activation in 
invasive clinical form 
 

Pituitary tumors Classified based on the 
different regions of the 
pituitary gland. 
Different forms 
include: 
prolactinomas, 
somatotrophic 
adenomas, 
corticotrophic 
adenomas, 
gonadotrophic 
adenomas, 
thyrotrophic 
adenomas, and null 
cell adenomas 

Mostly benign Surgical removal is 
common reaction 
 
Temozolomide is the 
first-line chemotherapy 
Immunotherapy might be 
useful 

Incidence of 10% - 25% of 
all intracranial neoplasms 
with approximately 17% 
prevalence rate 

PIK3CA gene mutations 
and amplifications as 
well as RAS mutations 

(P. D. Q. A. T. E. Board, 
2002; Casanueva et al., 
2017; Raverot & Ilie, 
2022) 
(P. D. Q. A. T. E. Board, 
2002; Ezzat et al., 2004; 
Y. Lin et al., 2009; 
Saeger et al., 2007) 

Craniopharyngioma
s (CP) 

Arises along the 
hypothalamic-pituitary 
axis 
 
1-The embryonic 
theory: development 
of adamantinomatous 
CP from epithelial 
�U�H�P�Q�D�Q�W�V���R�I���5�D�W�K�N�H�¶�V��
pouch  
2-The metaplastic 
theory: papillary CP 
development as a 
result of 
adenohypophyseal cell 
metaplasia. 
 

Very slow growing 
tumors 

Surgical removal in 
combination with 
radiotherapy and in some 
cases, chemotherapy 
(bleomycin and IFN-�.�� 
Chemotherapy is not a 
widely used  

Account for 1% of all 
primary intracerebral tumors 
in adults and up to 15% in 
children 

Mutations in wingless 
���:�Q�W������-catenin and the 
mitogen-activated 
protein 
kinases/extracellular 
signal-regulated kinase 
(MAPK/ERK) 
 
 
 
 

(Diaz et al., 2022; 
Henderson & Schwartz, 
2022; Lara-Velazquez et 
al., 2022) 
 
 

Germ cell tumors/ 
Pineal region 
tumors  

Germ cells and pineal 
cells (in proximity of  
the pineal gland and 
infundibulum) 

Malignant  Surgical removal in 
combination with 
radiotherapy and 
chemotherapy 

Relatively uncommon in 
adults (0.5% - 1% of adult 
brain tumor) 
 

PTEN mutations and 
PI3K/Akt/mTOR 
signaling pathway 
activation  

(Aridgides et al., 2021; 
Fetcko & Dey, 2018) 
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(carboplatin, etoposide, 
and ifosfamide) 

Represent 3% of childhood 
CNS cancers, with a higher 
incidence of 11% in Asian 
Countries 

 
Cyclin/CDK-RB-E2F 
pathway 
 
Mutations in the 
KIT/RAS signaling 
pathway 

Medulloblastomas Embryonic   cells, 
cerebellar stem cells in 
the cerebellum, or 
posterior fossa 

Malignant, non-
invasive, rapidly 
growing tumors  

Surgical removal in 
combination with 
radiotherapy and 
chemotherapy 
 
 Initial chemotherapy 
regimens were mainly 
cisplatin/lomustine/vincri
stine, and at recurrence 
cisplatin/etoposide 

Most commonly in pediatric  WNTactivated, SHH-
activated TP53 wildtype, 
SHH-activated 
TP53-mutant, and non-
WNT/non-SHH 

(Cotter & Hawkins, 
2022; P. Kumar & Garg, 
2022; Sherwood et al., 
2023; Thomas & Noël, 
2019) 

Nerve sheath tumors 
(Schwannomas, 
neurofibromas and 
others) 

Neuroectodermal 
origin  

Small percentage of 
nerve sheath tumors 
are malignant.  
 
Malignant peripheral 
nerve sheath tumors, 
or 
neurofibrosarcomas 
are aggressive 

Cyclophosphamide, 
adriamycin, or 
actinomycin with 
vincristine 
 
 

Most commonly in pediatrics 
and children (rare tumors) 

Increased signaling 
through the 
RAS/RAF/MEK and 
PI3K/AKT pathways 
 
Mutations in BRAF, 
amplification of EGFR 
or MET receptor tyrosine 
kinases (RTKs) 

 
(Lemberg, Wang, & 
Pratilas, 2020; Natalie 
Wu & Lu, 2019; Neville, 
Corpron, Blakely, & 
Andrassy, 2003) 

122 
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Although brain cancers exhibit a wide range of neoplasms, including limited or metastatic forms, 123 

the standard treatment commonly includes surgery, chemotherapy, radiotherapy, and 124 

immunotherapy. Chemotherapy for CNS cancers is still regarded as one of the most challenging 125 

treatments in the clinic (Gaudino et al., 2022; Ghajar-Rahimi et al., 2022; H. S. Kim & Lee, 2022; 126 

Koekkoek et al., 2023; Lutz, Jünger, & Messing-Jünger, 2022).  Despite new anticancer drug 127 

developments in recent years, the prognosis for brain cancer patients, particularly those with 128 

malignant tumors, has remained poor (Koekkoek et al., 2023). Some of the most important cell-129 

origin signaling and cellular pathways involved in CNS tumor generation or progression, as well 130 

as prognosis and common approaches for treatment of different types of brain tumors, are 131 

summarized in Table 1.  132 

 133 

1.1 The role of the blood brain barrier (BBB)  134 

The BBB is a highly selective, semipermeable barrier composed of endothelial cells that prevents 135 

molecules and other solutes in the blood from crossing non-selectively into the extracellular fluid 136 

of the CNS. The BBB is made up of capillary endothelial cells, astrocyte end-feet that encase the 137 

capillary, and pericytes imbedded in the basement membrane (Sharif et al., 2018). Although this 138 

monolayer barrier is fused by tight junctions that seem to have a low mass, the huge area of these 139 

micro-vessels presents one of the largest interfaces for blood�±tissue exchange in the human body. 140 

Based on the anatomical structure, neuronal and glial cells are accommodated in the nearest 141 

position to a capillary that allows for very short diffusion distances. The Enzyme Barrier (which 142 

includes enzymes involved in molecular metabolism) and the carrier-mediated specific transport 143 

barrier parallel to tight junctions (physical barrier) form a combinational function that can regulate 144 

physiological and pathological conditions of brain cells (Figure. 1) (Sharif et al., 2018). In many 145 
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cases of brain malignancies, the usual permeability and cellular compartments (including 146 

pericytes, perivascular macrophages, and astrocytic foot processes) of the BBB microvascular 147 

system are corrupted (Arvanitis, Ferraro, & Jain, 2020). As a part of the cancer propagation 148 

process, these corruptions often occur at progressive stages of the �E�U�D�L�Q�¶�V malignancy and act as 149 

tumor-growth associated vascular changes that result in brain tumor�±associated cerebral edema 150 

(Figure. 1). 151 

 152 

Figure 1. A scheme of the normal versus diseased blood barrier. 153 

 154 

In recent decades, a variety of natural products have been reported with promising in vitro 155 

therapeutic effects on primary brain cancer cells. Unfortunately, many of these in vitro active 156 

compounds have had a low impact in clinical trial investigations and therefore not been included 157 
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in further drug development studies. Despite the reasonable in vitro cytotoxicity, main limitations 158 

were associated with their hindered ability to achieve effective concentration in brain tissues. They 159 

demonstrated poor ability to enter the CNS due to inability to cross the BBB, due to 160 

physicochemical properties, such as high molecular weight. High molecular weight compounds 161 

cannot freely cross the BBB, many low-molecular weight molecules even with desireable 162 

characteristics, cannot achieve a steady state concentration within cancer cells because of their 163 

short blood half-lives. 164 

Substances that cross the vascular BBB do so via various mechanisms such as adsorptive 165 

endocytosis, saturable transport, transmembrane diffusion, and extracellular routes (William A 166 

Banks, 2009; Kastin & Pan, 2008; Matsumoto, Stewart, Banks, & Zhang, 2017; Smith & 167 

Gumbleton, 2006). One of the predominant pathways for many drugs is transmembrane diffusion 168 

as a non-saturable mechanism in the BBB construct (Banks, 2008; Zeiadeh, Najjar, & Karaman, 169 

2018). Many factors, such as lipid solubility, molecular weight, charge, tertiary structure, and 170 

degree of protein binding, affect the uptake of drugs by the brain (William A  Banks, 2009). In 171 

addition to transmembrane diffusion, saturable transport uptake creates a secondary regulatory 172 

pathway for molecules that cross the BBB (X. Dong, 2018).  173 

In general, there are two different categories of molecular transport systems across the BBB. 174 

Firstly, the passive diffusion mechanism which is dependent upon the physicochemical properties 175 

and concentration gradients of molecules. Lipophilicity and molecular weight are two principal 176 

parameters affecting a substances ability to cross the BBB (Laquintana et al., 2009).  177 

Table 2. Common signaling pathways involved in tumorigenesis of different brain cancers and 178 

some active synthetic and natural small molecule candidates that target these pathways. 179 
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Signaling pathways Type of tumor  Target strategy 
with small 
molecules   

Examples of effective 
compounds 

 

 CDK4 and CDK6 amplification Astrocytomas, glioma 
progression 

Inhibition of 
CDK4/6  

Purvalanol A, 
olomoucine II, 
palbociclib, ribociclib, 
abemaciclib  

(O'leary, Finn, & 
Turner, 2016; Raub et 
al., 2015) 

Cyclin-dependent kinase inhibitor 
2A (p16) (CDKN2A gene) 
inactivation or mutation of the 

Glioblastoma, 
malignant gliomas 

Inhibition of B-Raf 
kinase  

Vemurafenib, 
sorafenib 

(Gomi et al., 1995; J. 
Tsai et al., 2008) 

MDM2(HDM2)/MDM4 
amplification or over-expression 

Malignant gliomas Inhibition of (or 
antagonize) MDM2 
(HDM2)/MDM4  

AMG232, idasanutlin, 
siremadlin 

(Abdelfatah & 
Efferth, 2015) 

Mechanistic target of rapamycin 1/2 
(m TOR 1 and 2) inactivation 

Malignant gliomas, 
glioblastoma 
multiforme 

Inhibition of mTOR  Sapanisertib, 
everolimus, sirolimus, 
temsirolimus, 
deforolimus, 
dactolisib,  AZD8055, 
vistusertib 

(Crino, 2011; Faivre, 
Kroemer, & Raymond, 
2006) 

Mitogen-activated protein kinase 
(Ras-Raf-MEK-ERK pathway) 

Glioblastomas, 
Recurrent glioma, 
Pilocytic astrocytoma 

Inhibition of 
ERK1/2  
 

Trametinib, 
RO5126766, GDC-
0623, PD098059 

(Kidger, Sipthorp, & 
Cook, 2018a) 

Neurofibromin 1 (NF1) gene 
mutation or deactivation  

Neurofibromatosis 
type 1  

Undefined - (Nielsen et al., 1999) 

O-6-Methylguanine-DNA 
methyltransferase gene (AGT, 
MGMT or AGAT) overexpression 
in nitrosoureas or temozolomide 
resistant cancer cells    

Glioblastoma Inhibition of O-(6)-
alkylguanine-DNA 
alkyltransferase    

- (Margison & 
�6�D�Q�W�L�E�i�x�H�]�(�.�R�U�H�I����
2002; Morandi et al., 
2010; Pollack et al., 
2006) 

Phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K) 
mutation or overactivity 

Malignant/ recurrent 
gliomas, glioblastomas 

Inhibition of 
phosphoinositide 3-
kinase (PI3K) 

Wortmannin, 
hibiscone C, 
dactolisib. 

(Parsons et al., 2008) 

Phosphatase and tensin homologue 
(PTEN) deletions or mutations  

Malignant gliomas activation or up-
Regulation of PTEN  

MG132, neural 
precursor cell 
expressed 
developmentally 
down-regulated 
protein 4 (NEDD4) 

(Jing Li et al., 1997; 
Schmid, Byrne, Vilar, 
& Woscholski, 2004; 
Spinelli, Lindsay, & 
Leslie, 2015) 

Rat Sarcoma genes (RAS) 
inactivation 

Astrocytomas, glioma 
progression, and 
neurofibromatosis 

Inhibition of 
Farnesyl transferase, 
Inhibition of 
palmitoylation  

Gliotoxin, diallyl 
disulfide 

(Chambers, Groom, & 
MacDonald, 2002; 
Draper & Smith, 
2009; Gibbs & Oliff, 
1997) 

Signal transducers and activators of 
transcription protein complexes 
(STAT) 

Gliomas  Inhibition of 
Probably JAK  

- (Brantley & 
Benveniste, 2008; 
Iwamaru et al., 2007; 
Tefferi, 2012) 

Tumor protein inactivation (TP53 
gene mutations) 

Glioblastomas, 
Malignant gliomas, 
Pineoblastoma 

Activation of p53  XI -011 (NSC146109), 
NSC 652287  

(Brennan et al., 2013; 
Rivera et al., 1999) 

Tumor suppressor protein ARF 
(p14ARF) inactivation or mutation 

Glioblastoma  Undefined - (Nakamura et al., 
2001) 

Tumor suppressor retinoblastoma 
(pRB) protein/gene (inactivation) 

Gliosarcoma, 
Glioblastoma, and 
anaplastic astrocytoma 

Undefined - (Burns, Ueki, Jhung, 
Koh, & Louis, 1998) 

 180 
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Secondly, endogenous transport mechanisms include the following systems: (i) carrier-dependent 181 

facilitated transport; and (ii) endocytosis with a receptor-mediated mechanism. Several receptors 182 

are involved in this procedure, including lipoprotein-related proteins 1, 2 (LRP1 and LRP2), 183 

insulin receptors, diphtheria toxin receptors, and transferrin receptors. This mechanism allows 184 

large molecules to be transported into the brain, and is considered an important factor in the drug 185 

development of selective brain anticancer compounds (Cornford & Hyman, 1999; Levin, 2016).  186 

 187 

1.2 Brain Cancer Signaling Pathways  188 

In biology, cell signaling is the fundamental ability of cells to receive, process, and send signals 189 

from their environment and among themselves. Over short or long distances, a variety of chemical 190 

intracellular and extracellular signals can occur. Signaling molecules are produced through a 191 

variety of biosynthetic pathways and released via passive or active transport mechanisms, as well 192 

as cell damage. Various signaling pathways are involved in tumorigenesis in the CNS. Some of 193 

the most commonly mutated pathways include, but are not limited to, the tumor protein p53 (TP53 194 

gene mutations), the loss of tumor suppressor retinoblastoma (pRB) protein, amplification of the 195 

cyclin-dependent kinase 4/6 (CDK4 and CDK6), and activation of the phosphatidylinositol-4,5-196 

bisphosphate 3-kinase (PI3K) (Venkatesan, Lamfers, Dirven, & Leenstra, 2016; G. Xu & Li, 197 

2018).   198 

Molecular fingerprints have been identified for primary and secondary GBMs. Typical genetic 199 

alterations for primary GBMs are comprised of, but not limited to, epidermal growth factor 200 

receptor (EGFR) overexpression, phosphate and tensin homologue (PTEN) mutations, and loss of 201 

chromosome 10q. Secondary GBMs mostly associated with isocitrate dehydrogenase 1 (IDH1) 202 
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mutations, p53 mutations, and chromosome 19q loss (Uyar, 2022). As an example, Table 2 203 

summarizes the most common signaling pathways involved in the tumorigenesis of different brain 204 

cancers and some active synthetic and natural molecular candidates that target these pathways. 205 

Based on the alterations in the signaling pathways, three subtypes of glioblastomas have been 206 

termed: Proneural, Classical and Mesenchymal. All three subtypes harbor EGFR amplification 207 

and CDKN2a deletion. Moreover, classical subtype carries p53 and EGFR mutations. In addition, 208 

EGFRvIII, an overactive EGFR variant, is frequently observed in classical subtype. In the 209 

proneural subtype, platelet-derived growth factor receptor (PDGFR) amplification  dominates 210 

along with p53 and IDH1 mutations. Mesenchymal subtype is associated with p53 and NF1 211 

mutations. In accordance with the subtype definitions, mesenchymal subtype has been shown to 212 

be the most aggressive of the three subtypes with a large infiltration potential and 213 

chemoresistance, followed by proneural and classical (Tilak, Holborn, New, Lalonde, & Jones, 214 

2021; Uyar, 2022). In glioblastoma, NF1 loss of function plays a major role in inducing the 215 

mesenchymal (MES) subtype and, therefore defining the most aggressive glioblastoma. This is 216 

associated with an immune signature and mediated via the NF1�±MAPK�±FOSL1 axis. (Scheer et 217 

al., 2022).  218 

Potential molecular targets in GBM based on their prevelance includes PI3K/AKT/ mTOR 219 

(Overexpression in 90%)���� �1�)�)���%�� ���2�Y�H�U�H�[�S�U�H�V�V�H�G�� �L�Q�� ������������telomerase reverse transcriptase or 220 

TERT (TERTp mutations in 51%), EGFR (Overexpression and/or mutation in 40%), p53 (Mutated 221 

in 28,3%), vascular endothelial growth factor A (VEGF-A) (Overexpression in 26.97%), Wnt 222 

(Adenomatous polyposis coli mutations in 13%), and CDKN2A. TCGA project data indicated that 223 

the p53 signaling pathway (including CDKN2A, MDM2 and TP53) is disrupted in ~85% of GBM 224 

cases (Khabibov et al., 2022). Although many of these pathways are directly involved in CNS 225 
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carcinogenesis, their downstream crossover effects result in very complex conditions that need to 226 

be considered when attempting to develop new effective therapeutics. 227 

1.3 Cell-regulation signaling pathways as possible drug targets  228 

1.3.1 Inhibitors of the PI3K/AKT/mTOR pathway: 229 

PI3K/AKT is a significant intracellular signaling pathway, having a marked involvement in 230 

proliferation, migration, metabolism, and differentiation of neural stem cells (NSCs). Overactivity 231 

of this pathway has an important role in triggering proliferation and reducing apoptosis. (Peltier, 232 

O'Neill, & Schaffer, 2007). Moreover, this pathway involves synaptic signal transmission 233 

potentiation or long-term potentiation (LPT). Based on their subsequence and specific substrate, 234 

PI3K family lipid kinases are classified into four classes. Class I is mostly involved in 235 

tumorigenesis (De Santis, Gulluni, Campa, Martini, & Hirsch, 2019). Class I PI3Ks, which are 236 

heterodimeric molecules, catalyse the transformation of phosphatidylinositol (4,5)-bisphosphate 237 

(PI(4,5)P2 or PIP2) into phosphatidylinositol (3,4,5)-trisphosphate (PI(3,4,5)P3 or PIP3) in vivo. 238 

G protein-coupled receptors and tyrosine kinase receptors (RTKs) are the two types of receptors 239 

that activate PI3K. Class I PI3Ks constitute a catalytic (CAT) subunit (p110) and an 240 

adaptor/regulatory subunit (p85) (Schlessinger, 2000). Class I PI3Ks are divided into two 241 

subclasses: (i) �V�X�E�F�O�D�V�V�� �,�$�� ���3�,���.�.���� ������ �D�Q�G�� �/������ �Z�K�L�F�K�� �L�V�� �D�F�W�L�Y�D�W�H�G���E�\��RTKs, and (ii ) subclass IB 242 



19 
 

���3�,���.�������Z�K�L�F�K���L�V���D�F�W�L�Y�D�W�H�G by G proteins (Porta, Paglino, & Mosca, 2014). 243 

 244 

Figure 2. A scheme of PI3K/AKT/mTOR pathway. 245 

 The protein kinase AKT is the dominant effector of PI3K signaling. This phosphorylated Akt 246 

interacts with the mammalian target of rapamycin complex 1 (mTORC1) mediated protein and 247 

ribosome biogenesis. mTORs can function as both downstream and upstream regulators in this 248 

pathway. mTORC1 can activate various signals, including phosphorylation of eukaryotic initiation 249 

factor binding protein 1 (4EBP1), eukaryotic initiation factor 4E (eIF4E), and ribosomal protein 250 

S6 kinase (pS6k), which organize intercellular phenomena such as protein translation, ribosome 251 

biogenesis, and, consequently, cell proliferation and differentiation (Figure 2) (Musa et al., 2016; 252 

Pópulo, Lopes, & Soares, 2012; Riemenschneider, Betensky, Pasedag, & Louis, 2006).  253 
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�7�K�H���F�O�D�V�V���,�$���3�,���.���S�������.���K�D�V���E�H�H�Q���I�R�X�Q�G���P�X�W�D�W�H�G���L�Q���P�D�Q�\���F�D�Q�F�H�U�V�����H�V�S�H�F�L�D�O�O�\���W�K�R�V�H���P�X�W�D�W�L�R�Q�V���W�K�D�W��254 

increase the kinase�¶�V activity. In glioblastoma, it is the single most mutated kinase. In addition, the 255 

PtdIns(3,4,5)P3 phosphatase PTEN that antagonizes PI3K signaling is lacking in many tumors. 256 

Moreover, the epidermal growth factor receptor (EGFR) that functions upstream of PI3K has been 257 

found to be overexpressed or mutationally overactivated in GBM. Considering the significant role 258 

of PI3K/Akt/mTOR signaling in cellular transformation and the development of tumors, the impact 259 

of bioactive molecules on this pathway have been investigated in many studies (in vitro or in vivo) 260 

(Shahcheraghi et al., 2020). For example, harmine (a carbazole alkaloid isolated from Peganum 261 

harmala L.,); fangchinoline (a diphenyl bisbenzylisoquinoline alkaloid isolated from the 262 

herbaceous plant Stephania tetrandra S. Moore.), matrine and oxymatrine (two 263 

dipyridonaphtahydrine alkaloids isolated from the Sophora genus), and nitidine (a berberine type 264 

alkaloid isolated from the herbaceous plant Zanthoxylum nitidum (Roxb.) DC were reported to act 265 

as Akt phosphorylation inhibitors (Guo et al., 2016; H. Liu et al., 2013; M. Liu et al., 2016; Y. Liu 266 

et al., 2014; K. Pang et al., 2022). Furthermore, some flavonoids have anti-proliferative properties 267 

via the ERK/MAPK and PI3K/Akt/mTOR signaling pathways. Some studies, for example, 268 

demonstrated the ability of vitexin, (2S)-���•-hydroxy-7,8-�����•�•�����•�•-dimethylpyran)-flavan, and 269 

baicalein to affect this pathway in various brain cancer cells (Jalali & Zarshenas, 2021; Y.-Y. Sun 270 

et al., 2013; G. Zhang, Li, Chen, Zhang, & Jin, 2018). Lignans, such as schisandrin B, have also 271 

shown inhibitory activity on this pathway. Other classes of secondary metabolites that have shown 272 

therapeutic effects by acting on this mechanism include gambogic acid, mangostin (xanthones), 273 

denbinobin, SZ-685C (from quinones), radicol, stellettin B, globularifolin (from sesquiterpenes), 274 

ginsenoside 20 (s)-Rg3, and celastrol (from triterpenoids) (Figure 2) (F. Liu et al., 2016; X. Liu et 275 

al., 2019; Sin, Kim, & Kim, 2012; Z. Wang et al., 2015).  276 
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 277 

1.3.2 Phosphatase and tensin homolog deleted on chromosome 10 (PTEN) regulatory pathway, 278 

activators and up-regulators: 279 

PTEN controls tumor-induced angiogenesis and the progression of malignant gliomas (S. Wen et 280 

al., 2001). PTEN is a cytosolic lipid phosphatase protein encoded by the PTEN gene and acts as a 281 

tumor suppressor. This phosphatase down regulates intracellular phosphatidylinositol-3,4,5-282 

trisphosphate (PI3P) by down regulating the Akt/PKB signaling pathway (Carracedo & Pandolfi, 283 

2008; X. Wan et al., 2002). PTEN is one of the most common mutative genes in various cancers, 284 

such as malignant gliomas, prostate cancer, and small-cell lung cancer. The phosphatidylinositol-285 

3,4,5-trisphosphate 3-phosphatase, which is encoded by the PTEN gene, dephosphorylates the 286 

main phosphoinositide 3-kinase (PI3K) product, phosphatidylinositol (3,4,5)-trisphosphate 287 

(PtdIns (3,4,5)P3 or PIP3), which, therefore, inhibits the PI3K-AKT pathway (Chalhoub & Baker, 288 

2009). PTEN plays a significant role in normal brain development and promotes chromosome 289 

stability and DNA repair. Many in vitro, in vivo, and clinical studies have shown that any loss, 290 

reduced expression, or inhibition of systematic PTEN can raise the risk of cancer occurrence 291 

(Bruni et al., 2000; Chaux et al., 2012; Haas-Kogan & Stokoe, 2008; Jamaspishvili et al., 2018). 292 

Loss of PTEN can result in resistance to anti-cancer therapeutics. A meta-analysis of nine cohort 293 

studies involving 1,173 patients suggested that patients suffering from glioma with a PTEN genetic 294 

mutation had a significantly shorter overall survival compared to those without such a mutation. It 295 

was concluded that the PTEN genetic mutation is connected with poor prognosis in patients with 296 

glioma, particularly in those with anaplastic astrocytoma (F. Han et al., 2016).  297 
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In addition to its role in brain tumor pathogenesis, some non-cancerous neoplasia and neurologic 298 

disorders are caused by PTEN mutations, which are known as PTEN hamartoma tumor syndromes, 299 

or PHTS (Pilarski, 2019).  PTEN deficiency might be due to a variety of factors, including 300 

inherited germline or somatic mutations, epigenetic and transcriptional silencing, posttranslational 301 

modifications, and protein-protein interactions. In order to consider PTEN function as a target for 302 

cancer medications, it is crucial to determine PTEN status in tumors by both protein quantification 303 

and DNA sequencing  (M Dillon & W Miller, 2014; Patnam et al., 2022). PTEN phosphorylation 304 

at Tyr240, mediated by Src and Fibroblast Growth Factor Receptor (FGFR) 2 and 3 is correlated 305 

to resistance to EGFR inhibitors in glioblastoma multiforme (GBM). It has been proposed that a 306 

phospho-inhibiting Tyr240Phe mutation in PTEN may increase GBM cell sensitivity to EGFR 307 

inhibitors (Fenton et al., 2012). 308 

 PTM (post-translational modification)-ubiquitination specifically modulates PTEN cellular 309 

expression, localization, and activity in glioblastoma (GB). As possible therapeutic targets, some 310 

feasible approaches may have advantages for developing therapeutics. These targets include PTEN 311 

degradation inhibitors, ubiquitin�±proteasome pathway inhibitors, PTEN modulators (PTEN up-312 

regulators, PTEN activity enhancers) and PTEN expression regulators (Figure 2) (Chandra S 313 

Boosani & Devendra K Agrawal, 2013; J. Kim, Shin, & Ha, 2015; Mulholland, Dedhar, Wu, & 314 

Nelson, 2006; H. Zhao, Dupont, Yakar, Karas, & LeRoith, 2004). Some kinases and kinase-315 

domain-�F�R�Q�W�D�L�Q�L�Q�J���S�U�R�W�H�L�Q�V���V�X�F�K���D�V���&�.���� ���F�D�V�H�L�Q�� �N�L�Q�D�V�H���������� �*�6�.������ ���J�O�\�F�R�J�H�Q���V�\�Q�W�K�D�V�H���N�L�Q�D�V�H������316 

ROCK (RhoA-associated Kinase), MKK4 (JNKK or SEK1), and MAST1, MAST3 (microtubule-317 

associated serine-threonine kinase) have been suggested as potential targets to restore normal 318 

PTEN functions.  Also, some transcription factors, such as p53, Egr-1, E2F1, and PPAR-������ �D�U�H��319 

known to regulate PTEN expression and activate PTEN. Trastuzumab, rituximab, cetuximab, 320 
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sunitinib, erlotinib, ublituximab, and pertuzumab are some of the known drugs that enhance PTEN 321 

activity (Chandra S. Boosani & Devendra K. Agrawal, 2013). Moreover, several natural 322 

compounds have been reported to affect the PTEN pathway in brain cancer cells (in vitro or in 323 

vivo), including but not limited to: honokiol (a lignan isolated from the Magnolia genus), 324 

desmethylanhydroicaritin (a prenylated flavone of the traditional Chinese plant Sophora flavescens 325 

Aiton.), quercetin (a widely distributed plant flavonol), apigenin 7-O-glucoside (a widely 326 

distributed plant flavonol glycoside), wortmannin (a furanosteroid of Penicillium funiculosum 327 

Thom.), demethoxyviridin (a furanosteroid of endo-lichenic fungus Nodulisporium sp. (no. 65-12-328 

7-1), staurosporine (an indolocarbazole alkaloid of bacterial microorganism Lentzea albida 329 

Labeda), nitidine (a benzophenanthridine alkaloid of Zanthoxylum genus), and neferine (a 330 

bisbenzylisoquinoline alkaloid of Nelumbo nucifera Gaertn.) (Y. Cui et al., 2020; Gani & Engh, 331 

2010; Kang, Kim, Jung, Choi, Kang, Choi, Kim, et al., 2016; H.-X. Liang, Sun, & Liu, 2019; 332 

Powis et al., 1994; Rauf et al., 2018; Woscholski, Kodaki, McKinnon, Waterfield, & Parker, 1994). 333 

 334 

1.3.3 The MAPK/ERK and EGFR signaling pathways: 335 

�7�K�H�� �P�L�W�R�J�H�Q�)�D�F�W�L�Y�D�W�H�G�� �S�U�R�W�H�L�Q�� �N�L�Q�D�V�H�� ���0�$�3�.�����H�[�W�U�D�F�H�O�O�X�O�D�U�)�V�L�J�Q�D�O�)�U�H�J�X�O�D�W�H�G�� �N�L�Q�D�V�H�� ���(�5�.����336 

signaling pathway, is a chain of proteins in the cell that communicates a signal from a surface 337 

receptor to the DNA in the nucleus and controls key cellular activities, including growth, 338 

proliferation, differentiation, migration, and apoptosis. This communication is performed by the 339 

phosphorylation of neighboring proteins, which act as an "on" or "off" switch. The Ras-Raf-MEK-340 

ERK pathway is another name for this signaling system. Mutation in any of the proteins in the 341 

pathway can stick the pathway in the "on" or "off" position, which is observed in the development 342 

of many cancers. Molecules that reverse the "on" or "off" switch are being investigated in cancer 343 
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drug development (Levantini, Maroni, Del Re, & Tenen, 2022). MAPK/ERK signaling 344 

components are expressed in most brain areas under normal conditions. This signaling pathway is 345 

important in memory formation and pain perception, as well as the activation of cortical 346 

neurogenesis and the development of the midbrain and cerebellum.  (Caunt, Sale, Smith, & Cook, 347 

2015; Samuels et al., 2008).  MAPK pathway signaling has a significant impact on the 348 

development and behavior of pilocytic astrocytoma (PA), the most common tumor of the pediatric 349 

CNS (Jones, Gronych, Lichter, Witt, & Pfister, 2012). 350 

Briefly, when a mitogen from outside the cell binds to the membrane receptor, Ras (a small 351 

GTPase) swaps its GDP for GTP (Figure 3). 352 

This results in activation of MAP3K (e.g., Raf) that activates MAP2K, which then activates 353 

MAPK. This pathway as a cell surface- DNA cascade has a chain of signal components in different 354 

parts of the cell. After extracellular ligand interaction with epidermal growth factor (EGF), 355 

phosphorylated epidermal growth factor receptor (EGFR) can cause the activation of the growth 356 

factor receptor-bound protein 2 (Grb2) as well as guanine nucleotide exchange factors (GEFs) (Del 357 

Piccolo & Hristova, 2017; H. Xu et al., 2017). Activated GEFs remove guanosine diphosphate 358 

from the H-Ras or K-Ras protein family and trigger a kinase cascade including proto-oncogene 359 

serine/threonine-protein kinase (RF kinase) and mitogen-activated protein kinase kinase (MEK or 360 

MAPKK), which phosphorylates MAPK, respectively (Cargnello & Roux, 2011; Kidger, 361 

Sipthorp, & Cook, 2018b). The Ras/Raf/MEK/ERK and Ras/PI3K/PTEN/Akt pathways 362 

communicate with one another to regulate cell growth and, in some instances, tumorigenesis in 363 

some cancers (Figure 3). 364 
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 365 

Figure 3. A scheme of the MAPK/ERK pathway and EGFR signaling pathway. 366 

Based on recent reports, approximately 60% of main glioblastomas and approximately 10% of 367 

some secondary glioblastomas, are overexpressed with EGFR (Amirpour, Bahari, Nafisi, 368 

Rahmani, & Taghipour Zahir, 2020; Quesnel et al., 2022).  This EGFR overexpression is a feature 369 

of glioblastoma phenotypes that are more aggressive. Inhibitors of EGFR and EGFR-targeted 370 

monoclonal antibodies (mAB) like mAB C225 69, mAB 528, and cetuximab, have been 371 

considered in glioblastoma research. Although cetuximab has some beneficial effects on squamous 372 

cell carcinoma of the head and neck, the clinical trials in patients with recurrent glioblastoma have 373 

failed due to insufficient intra-tumoral accumulation and failed inhibition of EGFR 374 

autophosphorylation (Hasselbalch, Lassen, Poulsen, & Stockhausen, 2010). As a single agent or 375 

in combination with other drugs, tyrosine kinase inhibitors (TKIs) of EGFR such as gefitinib, 376 

erlotinib, and lapatinib have been previously approved for use in non-small cell lung cancer and 377 

breast cancer, but they have shown minimal clinical efficacy in newly diagnosed or recurrent 378 

glioblastoma (H. Xu et al., 2017). 379 
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RAS is the most commonly mutated oncogene in all of human cancers (Ney, McKay, Koschmann, 380 

Mody, & Li, 2020). Because RAS signaling dysfunction is found in most cases of glioblastoma 381 

(GBM; 90%), it has become a focus of intense research and therapeutic development (Karisa C 382 

Schreck, Allen, Wang, & Pratilas, 2020). The first licenced Raf kinase inhibitor drug was 383 

sorafenib. Other Raf inhibitors include SB590885, PLX4720, XL281, RAF265, encorafenib, 384 

dabrafenib, and vemurafenib. The beneficiary effects of these molecules on GBM have still not 385 

been proven. The potency of MEK inhibitors (MEKis) that inhibit MEK1 and/or MEK2 in cancer 386 

treatment was demonstrated by the earliest synthetic MEKis, PD184352, which, both in vitro and 387 

in vivo, reduced tumor proliferation. Although tumor cell growth can be suppressed by MEKis, 388 

the efficacy of tumor suppression is dependent on the sensitivity of different levels of the 389 

Ras/Raf/MEK/ERK pathway (Delaney, Printen, Chen, Fauman, & Dudley, 2002; Hatzivassiliou 390 

et al., 2013; Ishii et al., 2013). MEK inhibitors such as binimetinib, cobimetinib, selumetinib, and 391 

trametinib have shown promise in the treatment of a variety of malignancies, including BRAF-392 

mutated melanoma and KRAS/BRAF-mutated colorectal cancer, but have not shown the same 393 

promise in glioblastoma. Trametinib is the first MEK1/2 inhibitor to receive FDA approval and is 394 

now being used to treat melanoma. An investigation into the efficacy of trametinib on glioblastoma 395 

has shown that despite the strong anti-proliferative effects on established GB cell lines, it 396 

demonstrates no therapeutic anti-proliferative or cell death-inducing abilities.  Also, upon MEK 397 

inhibition, some cell populations appear to become more invasive. Although additional 398 

suppression of the PI3K signaling cascade could reduce this enhanced invasion, according to this 399 

study, inhibiting MEK has no evident advantage over targeting PI3K (Selvasaravanan et al., 2020).  400 

Different BRAF mutations and brain tumor types have shown a variety of responses and sensitivity 401 

to RAF and MEK inhibitors. Schreck et. al. dicussed the therapeutic potential and limitations of 402 
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RAF inhibitors, MEK inhibitors, and ERK inhibitors in the treatment of primary brain tumors. 403 

They concluded that identifying whether a patient will benefit from RAF-targeted therapy requires 404 

taking into account the BRAF mutation and its biochemical impact on ERK signaling (Karisa C. 405 

Schreck, Grossman, & Pratilas, 2019).  406 

Besides synthetic molecules and monoclonal antibodies, several natural compounds have been 407 

introduced as therapeutic affectors on these pathways (PI3/Akt and Ras-Raf-ERK signaling in 408 

vitro or in vivo). Some examples of these are: acetyl-11-keto-��-boswellic acid (a pentacyclic 409 

triterpene of Boswellia genus), 2,3-Dihydro-7-hydroxy-2R*,3R*-dimethyl-2-[4,8-dimethyl-410 

3(E),7-nonadienyl]-furo [3,2-c] coumarin (named DAW22 - a natural sesquiterpene coumarin of 411 

Ferula ferulaeoides (Steud.) Korov.), furanodienone (a furanosesquiterpenoid of Curcuma 412 

phaeocaulis Valeton rhizome), methyl rocaglate or aglafoline (a benzofuran lignan of Aglaia 413 

genus), wogonoside (a flavonoid glycoside of root of Scutellaria baicalensis Georgi), baicalein (a 414 

flavone of Scutellaria genus), and berberin (a common benzylisoquinoline alkaloid) (Jamaspishvili 415 

et al., 2018; X. X. Li et al., 2018; L. Zhang et al., 2014; Z. Zhang et al., 2014). 416 

 417 

1.3.4 The farnesyltransferase (FTase) and geranylgeranyltransferase type I (GGTase-I)  418 

pathways: 419 

Farnesyltransferase (FTase) adds a 15-carbon isoprenoid (a farnesyl group) to proteins with a 420 

CaaX motif, which is a four-amino-acid sequence at a protein's carboxyl terminus. FTase inhibitors 421 

are being studied as anti-cancer drugs because they target members of the Ras superfamily of small 422 

GTP-binding proteins that are important for cell cycle progression. CAAX proteins' farnesylation 423 

or geranylgeranylation occurs through a thioether-cysteine residue linkage by FTase or GGTase-I 424 
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activities. Prenylated CAAX proteins remain on the endoplasmic reticulum surface and probably 425 

act as an important downstream signal in carcinogenesis and intracellular messaging (Klochkov et 426 

al., 2019). CAAX-proteins as cytosolic cellular membrane compartments are involved in many 427 

cell functions, including proliferation, differentiation, apoptosis, nuclear stability, and metabolism, 428 

by prenylation on the C-terminal [158]. C-terminal prenylation occurs in the plasma and/or nuclear 429 

membrane, which is a signaling necessity. As a multi-step process, CAAX-protein pathway 430 

activation includes the following steps (Figure 4) (Gao, Liao, & Yang, 2009; C. W. Han, Jeong, & 431 

Jang, 2017; Hinz, Jung, Hauert, & Bachmann, 2021):  432 

(i) CAAX C-terminal box recognition and addition of a 15-carbon isoprenoid farnesyl 433 

pyrophosphate or 20-carbon isoprenoid geranyl-geranyl pyrophosphate to the cysteine residue on 434 

the CAAX box by FTase and GGTase-I, respectively. Depending on the cellular requirements and 435 

conditions, these prenylated CAAX proteins can be transported and/or remain in the nuclear, 436 

mitochondrial, or plasma membranes. 437 

(ii ) Under the influence of the Ras-converting enzyme (Rce1), the CAAX- prenylated proteins lose 438 

the AAX residue, via proteolysis. The remaining prenylated cysteine residues can then be 439 

methylated by isoprenyl cysteine methyl transferase (Icmt), on the surface of the endoplasmic 440 

reticulum.  441 

(iii ) Plasma re-transportation with palmitoyl transferase is an enzyme acting on the C-terminal 442 

cysteine residue with the addition of two palmitoyl fatty acid groups. This change in the C-terminal 443 

part of the CAAX-protein can stabilize plasma membrane interactions and provide a CAAX-444 

protein regeneration pathway.  445 
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Since mevalonate (MVA) metabolic pathway products (farnesyl pyrophosphate and geranyl-446 

geranyl pyrophosphate) can regulate the protein prenylation process, FTase and GGTase-I can be 447 

considered as remarkable targets for protein prenylation pathway control and tumors proliferation 448 

(Klochkov et al., 2019; D. D. Waller, Park, & Tsantrizos, 2019).  449 

 450 

Figure 4. A scheme of the farnesyltransferase (FTase) and geranylgeranyltransferase type I 451 

(GGTase-I) pathways. 452 

 453 

A variety of farnesyl transferase inhibitors (FTIs, FTase inhibitors) have been developed to prevent 454 

Ras proteins from undergoing post-translational modifications. Some phase II and III trials have 455 

demonstrated their reasonable activity in hematologic malignancies (acute myeloid leukaemia, 456 

chronic myeloid leukaemia, and myelodysplastic syndrome), breast cancer, and glioma (Dai, Sun, 457 

Zhang, Ming, & Hongwei, 2020c; Karp, 2019; Sebti & Adjei, 2004). Tipifarnib (R115777, 458 

Zarnestra) is a potent and selective FTI that has been suggested to reduce hypoxia and MMP2 459 
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expression in human glioma xenografts and affect angiogenesis. Tipifarnib affects apoptosis and 460 

tumor microenvironment, as well as suppression of proliferation in cancers with and without Ras 461 

mutations. The effects of tipifarnib on different conditions of glioblastoma and glioma have been 462 

studied in several phase I and II clinical trials in combination with temozolomide, radiotherapy, 463 

and/or sorafenib. Tipifarnib has oral bioavailability, a toxicity profile, and efficacy that vary with 464 

�S�D�W�L�H�Q�W�V�¶���F�R�Q�G�L�W�L�R�Q�V���D�V���Z�H�O�O���D�V���R�W�K�H�U���P�H�G�L�F�D�W�L�R�Q�V���W�K�D�W���D�U�H���U�H�F�H�L�Y�H�G���F�R�Q�F�R�P�L�W�D�Q�W�O�\ (Nghiemphu et 465 

al., 2018; Nghiemphu et al., 2011; Jingyuan Wang, Yao, & Huang, 2017).  466 

Although various natural FTase inhibitors (FTIs) have been reported from different classes, e.g. 467 

quinones, terpenoids, lactones, polycarboxylic acids, and phenolic compounds (Dai, Sun, Zhang, 468 

Ming, & Hongwei, 2020b), very few studies have revealed their direct FTase inhibitory effects on 469 

brain cancer cells (Dai, Sun, Zhang, Ming, & Hongwei, 2020a). Some examples of notable natural 470 

FTase inhibitors are:  UCF 116A, B (quinones isolated from Streptomyces sp. with a significant 471 

suppression of bovine brain FTase)(Dai et al., 2020c), CP-225917 and CP-263114 (sesquiterpene 472 

lactones with FTase inhibitory effects in the brains of mice) (Hara et al. 2000), chaetomellic acids 473 

A, B (polycarboxylic acids isolated from Chaetomella acutiseta B. Sutton & A.K. Sarbhoy with 474 

bovine brain FTase and GGTase inhibitory abilities), and fusidienol (a chromone isolated from 475 

fungi, Fusidium griseum Ditmar ex Link with bovine and human brain FTase inhibitory activities) 476 

(Dai et al., 2020c) 477 

 1.3.5 p53-Mouse double minute 2 (MDM2, HDM2) and p53-MDM4 pathways: 478 

P53 is a cancer-prevention protein found in multicellular animals, and down regulation or 479 

inactivation of p53 can be considered as a critical cell proliferation regulatory disrupter. 480 

Inactivated p53 has been detected in many human malignant and non-malignant tumors (Soussi & 481 

Lozano, 2005). The major role of MDM2 is the inhibition of p53 activity and promotion of its 482 
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degradation. This p53 downregulation or inactivation often arises from MDM2 overexpression or 483 

amplification. Mouse double minute 2 homolog (MDM2), is a key protein that negatively regulates 484 

the p53 tumor suppressor. The Mdm2 protein acts as an E3 ubiquitin ligase, which identifies the 485 

N-terminal trans-activation domain (TAD) of the p53 tumor suppressor. It also inhibits p53 486 

transcriptional activation. The tumor protein p53 (also referred to as p53, cellular tumor antigen 487 

p53, the Guardian of the Genome, phosphoprotein p53, tumor suppressor p53, antigen NY-CO-488 

13, or transformation-related protein 53), is any protein isoform encoded by homologous genes in 489 

different organisms, such as TP53 (humans) and Trp53 (trp53) (mice).  Moreover, in many types 490 

of malignancies, MDM2 enhances cell survival, proliferation, invasion, and treatment resistance. 491 

These processes might be p53-dependent or p53-independent (W. Li, Peng, Lang, & Xu, 2020).  492 

MDM2 protein inhibitors or antagonists have been considered for the development of novel 493 

anticancer therapeutics. Although protein-protein interactions of the MDM2-p53 complex build a 494 

pivotal challenge for small molecule targeting, the presence of the hot spot on human MDM2 at 495 

the p53 binding zone presents a valuable target for finding small bioactive molecules as MDM2 496 

inhibitors (Allen et al., 2009) (Konopleva et al., 2020; Punganuru et al., 2020). For p53-MDM2 497 

systems, residues Phe19, Trp23, and Leu26 in the binding site of both proteins play a critical role 498 

in the p53-MDM2 linkage. The MDM2 protein is over-expressed in many glioblastomas and 499 

astrocytomas (Ju He, Reifenberger, Liu, Collins, & James, 1994). Pervious research reporting on 500 

small molecules with high potential to interact with these receptors suggested several chemical 501 

backbones such as chromenotriazolopyrimidine, cis-imidazolines (nutlins), benzodiazepinediones, 502 

and spiro-oxindoles (Vassilev et al., 2004). Also, some secondary metabolites from fermentation 503 

of microorganisms acting as inhibitors of MDM2-p53 interactions, such as chlorofusin (from 504 

Microdochium caespitosum),  (�±)-hexylitaconic acid (from Arthrinium sp.), and Chalcones (a class 505 
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of natural flavonoids) (Hardcastle, 2007; Nayak, Khatik, Narang, Monga, & Chopra, 2018). As 506 

examples of plant-derived small molecule, sempervirine (alkaloid of Gelsemium sempervirens (L.) 507 

J.St.-Hil.) and n-butylidenephthalide (isolated from Angelica sinensis (Oliv.) Diels) were reported 508 

as exhibiting MDM2 inhibition in brain cancer cell lines (N. M. Tsai et al., 2006; R. Zhang & Nag, 509 

2014).   510 

 511 

1.4 Drug development processes for brain and CNS tumors 512 

Before introducing a molecule to cancer-related clinical trials, the efficacy and proper safety of the 513 

molecule must be evaluated. A variety of studies, including in silico, in vitro, and in vivo, are 514 

usually conducted to ensure the efficacy and safety of molecules before starting phase I of clinical 515 

trials on humans. Although recently, in silico studies have been used to evaluate efficacy, possible 516 

mechanisms, pharmacokinetics, and possible toxicity in some research alone or in conjunction 517 

with in vitro or in vivo studies (Azadeh Hamedi, Sakhteman, & Moheimani, 2021; A Hamedi, 518 

Zengin, Aktumsek, Selamoglu, & Pasdaran, 2020; Sakhteman, Pasdaran, Afifi, & Hamedi, 2020; 519 

Y. Wang et al., 2015), due to some limitations, they are not within the scope of the present article. 520 

This article focuses on the in vitro, in vivo, and clinical trials that have investigated the efficacy of 521 

natural molecules and their semisynthetic or fully synthetic derivatives against brain and CNS 522 

cancers. 523 

1.4.1 In vitro assays 524 

A variety of cell lines have been utilised to evaluate the cytotoxic potential of molecules against 525 

different CNS tumors. These cell lines were obtained from human or animal tumors, and are listed 526 

in Table 3.  527 
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Table 3. Cell lines used in reported studies to investigate cytotoxic properties of active molecules 528 

against CNS tumors. 529 

No. Cell line Cell type  No. Cell line Cell type 
1 1321N1 Human astrocytoma cell line. 29 NB1 Human cervical lymph node 

metastatic neuroblastoma cell line 
2 8MGBA Human glioblastoma cancer cell line 30 NB39 Human neuroblastoma cancer cell 

line 
3 A172 Human malignant glioblastoma cell line 31 NB41A3 mouse neuroblastoma cancer cell 

line 
4 BE2C Human bone marrow metastatic 

neuroblastoma cancer cell line 
32 Neuro2a mouse neuroblastoma cancer cell 

line 
5 C6 rat malignant glioma cell line 33 SF268 Human astrocytoma cell line 
6 CCF-

STTG-l 
Human brain astrocytoma cell line. 34 SF295 Human glioblastoma cancer cell line 

7 CHG5 Human oligodendroglia cell line 35 SF539 Human gliosarcoma cancer cell line 
8 CNXF 

498NL 
Human glioblastoma cancer cell line 36 SHG44 Human lymph node metastatic 

astrocytoma cell line 
9 D283 Human medulloblastoma cancer cell line 37 SH-SY5Y Human bone marrow metastatic 

neuroblastoma cancer cell line 
10 D54 Human glioblastoma stem cell 38 SJG2 Human glioblastoma cancer cell line 
11 Daoy Human medulloblastoma cancer cell line 39 SKNBE (2) Human neuroblastoma cancer cell 

line 
12 DBTRG Human glioblastoma stem cell 40 SK-N-SH Human bone marrow metastatic 

neuroblastoma cancer cell line 
13 GAMG Human glioblastoma cancer cell line 41 SMA mouse glioblastoma cancer cell line 
14 GBM84

01 
Human glioblastoma cancer cell line 42 SNB19 Human astrocytoma cell line 

15 GBM89
01 

Human glioblastoma cancer cell line 43 SNB75 Human glioblastoma cell line 

16 GL15 Human glioblastoma cancer cell line 44 SW1088 Human astrocytoma cell line 
17 GOTO Human neuroblastoma cancer cell line 45 T406 Human glioblastoma cancer cell line 
18 GSC Human glioblastoma stem cells 46 T98G Human glioblastoma cancer cell line 
19 GW27 Human glioblastoma cancer cell line 47 TR temozolomide resistant cancer cell 

line 
20 Hs683 Human oligodendroglia cell line 48 U118 Human astrocytoma cell line 
21 IMR-32 Human neuroblastoma cancer cell line 49 U138 Human astrocytoma cell line 
22 LAN1 Human glioblastoma cancer cell line 50 U251 Human astrocytoma cell line 
23 LN18 Human glioblastoma cancer cell line 51 U373 Human astrocytoma cell line 
24 LN308 Human astrocytoma cell line 52 U87 Human glioblastoma cell line 
25 LN444 Human glioblastoma cancer cell line 53 �8�����0�*�û�(�*�)�5 chemotherapeutic resistance Human 

malignant glioblastoma cancer cell 
line 

26 LNZTA
3 

Human glioblastoma cancer cell line 54 WJ1 Human glioblastoma cancer cell line 

27 MO59J Human glioblastoma cancer cell line 55 XF498 Human glioblastoma cancer cell line 
28 N2aNB mouse neuroblastoma cancer cell line    

 530 

 531 
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Most of the cell lines are human glioblastoma cancer cell lines, followed by human astrocytoma 532 

cell lines. Other cancer cell lines include human bone marrow metastatic neuroblastomas, human 533 

oligodendroglias, human medulloblastomas, chemotherapeutic resistance Human malignant 534 

glioblastomas and mouse neuroblastomas. 535 

The in vivo antitumor effects of many of the cytotoxic molecules identified through in vitro studies 536 

have not yet been evaluated. A considerable number of of phytochemicals from diverse classes, 537 

such as alkaloids, flavonoids, terpenoids, triterpenes, sesquiterpenes, quinones, lignans, etc., have 538 

been investigated in vitro or in vivo. In this section of the review a brief introduction to these 539 

classes and their reported mechanisms for in vitro cytotoxicity or in vivo efficacy against brain and 540 

CNS tumors or related cell lines are discussed. 541 

 542 

1.5 Reported brain and CNS tumour-active small molecule phytochemicals  543 

1.5.1 Flavonoids 544 

The antioxidant and anti-inflammatory properties of flavonoids are usually attributed to their role 545 

in the prevention of brain pathology, neuro-inflammation, neurodegeneration, and brain ageing 546 

(Azadeh Hamedi, Bayat, Asemani, & Amirghofran, 2022; Nones, Stipursky, Costa, & Gomes, 547 

2010). Some alavonoids such liquiritin and glabridin have reportedly pass through the BBB and 548 

show neuroprotective effects (Ravanfar et al., 2016). They have been reported to inhibit 549 

inflammatory enzymes, which play a role in cancer pathogenesis, such as xanthine oxidase, COX 550 

(cyclooxygenase), and LOX (lipoxygenase) (Hosseinzadeh, Hassanzadeh, Marofi, Alivand, & 551 

Solali, 2020). On the other hand, some of them were reported to affect molecular targets and 552 

signaling pathways which are involved in cell proliferation, differentiation, angiogenesis, and 553 
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hormone activity. Some flavonoids have shown anti-tumor effects on glial tumors, although little 554 

is known about their mechanisms. Quercetin (Braganhol et al., 2006) and kaempferol (V. Sharma 555 

et al., 2007) have been reported to inhibit cell proliferation of the glioblastoma multiforme cell 556 

lines by inducing apoptosis.  It has been suggested that suppression of the Axl/IL-6/STAT3 557 

Signaling Pathway is involved in apoptosis induction by quercetin in glioblastoma cells (H. I. Kim 558 

et al., 2021). Isoquercitrin has demonstrated anti-proliferative effects on glioblastoma cells, mainly 559 

by reducing cyclin D1 levels and increasing p27 levels, which were associated with the 560 

reorganisation of beta-catenin (Amado et al., 2009). It was suggested that there was a connection 561 

between the magnitude of anti-tumor properties of flavonoids against glioblastoma and the degree 562 

of hydroxylation and methylation of their structure (Nones et al., 2010).  563 

The flavonoid eriodictyol could induce the apoptosis of glioblastoma cells by downregulating the 564 

PI3K/Akt/NF-���%�� �S�D�W�K�Z�D�\�� �D�Q�G�� �S�U�H�Y�H�Q�W�� �J�O�L�R�E�O�D�V�W�R�P�D�� �P�H�W�D�V�W�D�V�L�V�� �E�\�� �U�H�Y�H�U�V�L�Q�J�� �(�0�7�� �Y�L�D��565 

downregulation of the P38 MAPK/GSK-�������=�(�%�����S�D�W�K�Z�D�\��(F. Lv et al., 2021). 566 

Other flavonoids, such as rutin, apigenin, casticin, and penduletin, have been shown to inhibit 567 

proliferation, induce apoptosis, and inhibit the secretion of the proangiogenic cytokine TGF-b1 by 568 

the highly proliferative human glioblastoma cell line GL-15. On the contrary, rutin down-regulated 569 

the secretion of another pro-angiogenic cytokine, VEGF. The flavonoid penduletina induced 570 

morphological changes in GL-15,  induced overexpression of GFAP, and downregulated the neural 571 

precursor marker, nestin GL-15 (Nones et al., 2010). Moreover, the effects of a variety of 572 

flavonoids and their synthetic analogues have been studied in cancer models of the ovary, breast, 573 

cervical, pancreatic, and prostate. In some of these models, flavonoids have been shown to 574 

modulate a variety of protein kinases (such as protein kinase-C and serine-tyrosine kinases), 575 

epidermal growth factor receptors (EGFRs), platelet-derived growth factor receptors (PDGFRs), 576 
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vascular endothelial growth factor receptors (VEGFRs), and cyclin-dependent kinases (CDKs). In 577 

human glioblastoma cell lines, the flavonoid luteolin triggered apoptosis and autophagy (H. S. Lee 578 

et al., 2021). The role of flavonoids in apoptosis and autophagy for the treatment of several cancers 579 

has been extensively reviewed in some recent articles (Abotaleb et al., 2019; X. Pang et al., 2021; 580 

�ù�|�K�U�H�W�R�÷�O�X�����$�U�U�R�R�����6�D�U�L�����	���+�X�D�Q�J������������). 581 

 582 
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Table 4. A list of flavonoids and polyphenolics (phytotherapeutics) that have been studied in different experimental models of brain 583 
cancer (in vitro or in vivo).  584 

Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

Xanthoangelol (1) Angelica keiskei Ito. Chalcone IMR-32, SK-
N-SH,  LAN1, 
and NB39  

Apoptosis; caspase-3 
activation 

IC50 = 2.6, 14, 12, 
���������0���� 

(Motani et al., 2008; 
Tabata et al., 2005) 

Alpinia C (2)   T98G   IC50 � �����������������0 (D. Liu, Liu, Guan, & 
Liang, 2014) 

(4E,6E)-5-Hydroxy-1-(4-hydroxy-3-
methoxyphenyl)-7-phenylhepta-4,6-
dien-3-one (3) 

    IC50 � ���������������0  

3,6-Furan-7-�����•�•-hydroxy-���•�•-
methoxyphenyl)-1-phenylheptane (4) 

    IC50 � ���������������0  

7-�����•�•-Hydroxy-���•�•-methoxyphenyl)-1-
phenyl 3,5-heptanediol (5) 

    IC50 � ���������������0  

(5S)-7-�����•�•-�+�\�G�U�R�[�\���•�•-methoxyphenyl)-
1-�����•-hydroxyphenyl)-5-methoxy-3-
heptanone (6) 

    IC50 � ���������������0  

(5S)-7-�����•�•-Hydroxyphenyl)- 5-
methoxy-1- phenyl-3-heptanone (7) 

Alpiniae officinarum 
Hance. 

Arylheptanoids  
 

IMR32   Mitochondrial apoptosis; cell 
cycle arrest at phase S 

IC50 � ���������������0 (Y. Sun et al., 2008; 
Tabata et al., 2009) 

 (5R)-5-Hydroxy-7-�����•�•-hydroxy-���•�•-
methoxyphenyl)-1-phenyl-3-heptanone 
(8) 

    IC50 � ���������������0  

(5R)- 7-�����•�•-�+�\�G�U�R�[�\���•�•-
methoxyphenyl)-5-methoxy-1-phenyl-3-
heptanone (9) 

    IC50 � ���������������0  

7- �������•���•-Hydroxy-���•�•-methoxyphenyl)-1-
phenyl-4E-hepten-3-one (10) 

    IC50 � ���������������0  

7-�����•�•-Hydroxyphenyl)-1-phenyl-4E-
hepten-3-one (11) 

    IC50 � ���������������0  

1-(4-Hydroxy-3-methoxyphenyl)-7-
(3,4-dihydroxyphenyl)-4E-en-3-
heptanone (12) 

  SH-SY5Y  Cell arrest at S phase; 
apoptosis via up regulation of 
ATF3 and stabilization of p53 

IC50 � ���������J���P�/ (Z. Tian et al., 2009) 

(4E)-1,7-Diphenylhept-4-en-3-one (13)   T98G   IC50 � �����������0 (Dan, Wei, Ling, Fu-
Qin, & LIANG, 2014) 

Desmethoxyyangonin (5,6-
Dehydrokawain ) (14) 

Alpinia 
zerumbet (Pers.) B.L. 
Burtt & R.M. Sm 

Pyran-2-one U251  GI50 = 0.25 ���J���P�/ (Roman Junior et al., 
2017) 



38 
 

Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

Pinostrobin (15)  Flavone    GI50 = 27.33 
���J���P�/ 

 

Arenarin A (16) Aspergillus arenarius 
(NRRL 5012) 

Prenylated 
terphenyl 

SF268, SF295, 
SF539, SNB19, 
SNB75, and 
U251  

 4.8 > GI50 > 
���������J���P�/ 

(H. Oh, Gloer, 
Wicklow, & Dowd, 
1998) 

Arenarin B (17)     4.8 > GI50 > 3.8 
���J���P�/ 

 

Artochamin C (18) Artocarpus chama 
Buch.-Ham. 

Isoprenylated 
flavones  

U87 p53-Dependent or 
independent apoptosis via 
ROS-mediated MAPKs and 
Akt activation 

ED50 � �������������J���P�/ (M.-H. Tsai et al., 
2017; Y.-H. Wang et 
al., 2004) 

Artocarpin (19)     ED50 � �������������J���P�/  
Artonin E (20)     ED50 � �������������J���P�/  
Artocarpesin (21)     IC50 = 76.84, 

������������������ 
 

Cycloartocapesin (22) Artocarpus 
heterophyllus 
Lam. 

Flavone U87, 
�8�����0�*�û�(�*�)
R 

 IC50 = 20.94, 49.83 
����  

(Kuete, Mbaveng, 
Zeino, Fozing, et al., 
2015) 

Isobavachalcone (23)  Chalcone   IC50 = 23.78, 17.43 
����  

 

Eupafolin (24) Artemisia princeps 
Pampanini 

Flavone A172   Activation of caspase-8 via 
the sequential activations of 
caspases-9 and -3 

IC50 � �������������� (Chung et al., 2010) 

Gramideoxybenzoin C (25)     IC50 � �������������� (Hu et al., 2013) 
Gramideoxybenzoin D (26)     IC50 � ��������������  
Gramideoxybenzoin E (27) Arundina graminifolia 

D. Don 
C-4-Alkylated 
deoxybenzoins 

SH-SY5Y   IC50 � ��������������  

Gramistilbenoid A (28)     IC50 � ��������������  
Gramistilbenoid B (29)     IC50 �!������������  
Gramistilbenoid C (30)     IC50 � ��������������  
(2R,3S)-2-(3',4'-Dihydroxyphenyl)-5-
methoxy-6-methylchroman-3,7-diol 
(31) 

    IC50 �!�����������������0  

Fisetinidol (32) Bauhinia 
acuruana Moric. 

Flavone SF295   IC50 � �����������������0 (Góis et al., 2017) 

(2R,3S)-2-(3',4'-Dihydroxyphenyl)-5-
methoxychroman-3,7-diol (33) 

    IC50 � �����������������0  

(2S)- ���•-Hydroxy-7,8-�����Ž�����Ž-
dimethylpyran)-flavan (34) 

Brosimum acutifolium 
Huber. 

Flavan, 
chalcone 

C6  Apoptosis through 
�P�L�W�R�F�K�R�Q�G�U�L�D�O���G�D�P�D�J�H�����û���P��

IC50 � ������������ (Maués et al., 2019) 



39 
 

Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

loss, cell cycle arrest, reduced 
AKT phosphorylation 

Brosimine B (35)     IC50 � ������������  
�������•-Dihydroxy-���•�����•-�����Ž�����Ž-
dimethylpyran)-chalcone (36) 

    IC50 � ��������������  

Buceracidin A (37)     IC50 � ���������������J���P��  
Buceracidin B (38)     IC50 � ���������������J���P�/  
Minimiflorin ( 39)     IC50 � �����������J���P�/  
3-Hydroxyminimiflorin (40) Bucida buceras L. Flavanone  U87  IC50 � ���������������J���P�/ (Hayashi et al., 2003) 
3-Methoxyminimiflorin (41)     IC50 � �������������J���P�/  
Mundulinol (42)     IC50 = 13 ���J���P�/  
Globosumone A (43) Chaetomium globosum 

Kunze 
Phenol  SF268  IC50 � ���������������� (Bashyal, Wijeratne, 

Faeth, & Gunatilaka, 
2005) 

Globosumone B (44)     IC50 � ������������������  
Calycopterone (45)     ED50 � �������������J���P�/  
Isocalycopterone (46)  Biflavonoid    ED50 � �������������J���P�/  
4-Demethylcalycopteron (47) Calycopteris 

floribunda Lamk. 
 U373  ED50 = �����������J���P�/ (Wall et al., 1994) 

���‰����-Dihydroxy-3,3',6,7-
tetramethoxyflavon (48) 

 Flavanone   ED50 �!�����������J���P�/  

Callistenone I (49) 
 

Callistemon viminalis 
(Sol. ex Gaertn.) G. 
Don.   

Benzophenone SF268  IC50 = 40-������������  (H.-X. Liu et al., 2016) 

2,6-Dihydroxy-4-
methoxyisovalerophenone (50) 

    IC50 = 40-������������   

Naringenin (51) Citrus spp. Flavone U118   IC50 � �������������� (Stompor, Uram, & 
Podgórski, 2017) 

8-Prenylnaringenin (52)     IC50 � ��������������  
Cryptobrachytone A (53) Cryptocarya 

brachythyrsa H. W. Li 
arylalkenyl �.����-
unsaturated �/-
lactones 

SH-SY5Y  IC50 � ������������������ (Fan et al., 2019) 

Cryptobrachytone B (54)     IC50 � ������������������  
Kurzilactone  (55)     IC50 � ������������������  
Infectocaryone (56) Cryptocarya chinensis 

(Hance) Hemsl. 
Tetrahydroflava
nones  

SF268   IC50 � �������������0 (Chou et al., 2010) 

Cryptocaryanone A (57)     IC50 � ���������0 (Auberon et al., 2017) 
Lusidol A (58) Cyrtopodium 

paniculatum (Ruiz & 
Pav.) Garay 

Phenanthrene U87  IC50 � ������������������ (Auberon et al., 2017) 
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Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

Blestriarene A (59)     IC50 � ������������������  
Blestriarene B (60)     IC50 � ������������������  
Blestriarene C (61)     IC50 � ������������������  
���‰-Methoxy-8-���.-�.-dimethylallyl)-
furano- �>���������������‰�����‰�@-dibenzoylmethane 
(62) 

    GI50 � ���������������J���P�/  

3,4-Methylenedioxy-���‰-methoxy-8-���.-�.-
dimethylallyl)-furano- 
�>���������������‰�����‰�@-dibenzoylmethane (63) 

    GI50 � ���������������J���P�/  

Pongamol (64) Dahlstedtia 
glaziovii (Taub.) M.J. 
Silva & A.M.G. 
Azevedo. 

Prenylated 
flavonoid 

U251  GI50 � ���������������J���P�/ (Canzi et al., 2014) 

Lanceolatin B (65)     GI50� ���������������J���P�/  
���‰�����‰-Methylenedioxy-2",2"-
dimethylpyrano- [5",6":8,7]-flavone 
(66) 

    GI50 � ���������������J���P�/  

Pongapin (67)     GI50� �����������������J���P�/  
Renifolin D (68)   SH-SY5Y   IC50 �!�����������0  
Renifolin E (69) Desmodium renifolium 

(L.) Schindl. 
Prenylated 
chalcones 

  IC50 � �������������0 (Y.-P. Li et al., 2014) 

Renifolin F (70)     IC50 � �������������0  
Renifolin G (71)     IC50 � �������������0  
Renifolin H (72)     IC50 � �������������0  
3, 6-Dihydroxy-1, 7-dimethyl-9-
methoxyphenanthrene (73) 

Domohinea perrieri 
Leandri. 

Phenanthrene U373  ED50 �!�����������J���P�/ (Long et al., 1997) 

3,6-Dihydroxy-l-hydroxymethyl-9-
methoxy-7-methylphenanthrene (74) 

    ED50 � �������������J���P�/  

Gancaonin Q (75)   U87 Inhibited the growth of blood 
capillaries on the 
chorioallantoic membrane of 
quail eggs 

IC50 � ���������×���J���P�/  

6-Prenylapigenin (76) Dorstenia spp. Isoprenylated 
flavones 

  IC50 � ���������������J���P�/ (Kuete, Ngameni, et 
al., 2011) 

6,8-Diprenyleriodictyol (77)     IC50 � ���������×���×���J���P�/  
4-Hydroxylonchocarpin (78)     IC50 � �������������J���P�/  
Licoagrochalcone A (79) Dorstenia 

kameruniana  Engl. 
Chalcone U87, 

�8�����0�*�û�(�*�)
R 

 IC50 = 37.63, 22.75 
����  

(Adem et al., 2018) 
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Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

Dorsmanin F (80) Dorstenia mannii 
Hook.f. 

prenylated 
flavonoid 

U87, 
�8�����0�*�û�(�*�)
R 

 IC50 = 28.82, 17.64 
����  

(Kuete, Mbaveng, 
Zeino, Ngameni, et al., 
2015) 

Poinsettifolin B (81)     IC50 = 25.36, 22.13 
����  

 

Abyssinone IV (82)     IC50 = 17.82, 16.37 
����  

 

Sigmoidin I (83)     IC50 = 17.82, 16.37 
����  

 

Atalantoflavone (84)  Isoflavone and 
flavone 

U87, 
�8�����0�*�û�(�*�)
R 

 IC50 = 24.37, 15.90 
����  

(Kuete, Sandjo, 
Djeussi, et al., 2014) 

Sophorapterocarpan A (85) Erythrina sigmoidea 
Hua. 

   IC50 = 113.12, 
������������������ 

 

Bidwillon A (86)     IC50 = 14.81, 10.15 
����  

 

Neocyclomorusin (87)     IC50 = 25.53, 9.90 
����  

 

���.-Hydroxyphaseollidin (88)     IC50 > 91.72, = 
���������������� 

 

DAW22 (89) Ferula ferulaeoides 
(Steud.) Korov. 

Sesquiterpene 
coumarin 

C6  Mitochondria-mediated and 
death-receptor pathways; 
�D�F�W�L�Y�D�W�L�R�Q���R�I���3�(�5�.�����$�7�)���.��
�D�Q�G���,�5�(���.�����N�Q�R�F�N�G�R�Z�Q���R�I��
CHOP; down-regulation of 
Bcl-2, caspase-8 activation; 
PARP cleavage were 
inhibited. 

IC50 � �����������������0 (L. Zhang, Tong, 
Zhang, Huang, & 
Wang, 2015) 

Biochanin A (90) Ficus elastica Roxb. ex 
Hornem. 

Flavone U373n and Hs 
683 

 IC50 � �������������������� (Teinkela et al., 2016) 

3-Demethyl-2-geranyl-4-
prenylbellidypholine (91)  

Garcinia achachairu 
Rusby. 

Isoprenylated 
xanthone 

U251  �7�*�,��� �������������J���P�/  

1,5,8-Trihydroxy-���•�����•-dimethyl-2H-
pyrane (2,3:3,2)-4-(3-methylbut-2-enyl) 
xanthone (92) 

    �7�*�,��� ���������������J���P�/ (Mariano et al., 2016) 

7-Epiclusianone (93) Garcinia brasiliensis 
Mart. 

Prenylated 
benzophenone  

U251, and 
U138 

 IC50 � �������������������� (Sales et al., 2015) 

�������•���������•-Tetrahydroxy-6-
methoxybenzophenone (94)  

Garcinia hombroniana 
Pierre. 

Benzophenone  DBTRG   EC50= ���������0 (Jamila et al., 2014) 

Garcinoxanthocin A (95)     IC50 � ��������������  
Garcinoxanthocin B (96)     IC50 � ��������������  
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Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

14-Deoxygarcinol (97)     IC50 � ��������������  
Xanthochymol (98) Garcinia 

xanthochymus Hook. f. 
Prenylated 
benzophenone 

U251 Inhibition of intracellular 
STAT3 tyrosine 
phosphorylation 

IC50 � �������������� (Youn et al., 2017) 

Garcicowin C (99)     IC50 � ��������������  
Isogarcinol (100)     IC50 � ��������������  
Cycloxanthochymol (101)     IC50 � ����������  
Hispidulin (102) Grindelia argentina 

Deble & Oliveira-
Deble. 

Flavan GBM8401, and 
GBM8901 

Activation of AMPK; 
inhibition of mTOR  

IC50 � �����������������I�R�U��
both cell lines) 

(Y.-C. Lin et al., 2010) 

7-(3'-Hydroxymethyl-3'- 
methylallyloxy)coumarin (103) 

Haplopappus 
multifolius Phil. 

Coumarin U373  IC50 � ������������ (Fiorito, Genovese, 
Epifano, et al., 2016) 

Psoralen Psoralea corylifolia L. Furanocoumarin U87 and U251 
 

Apoptosis 
Inhibit the gene expression of 
PIK3CA, PIK3CB, PIK3CG, 
and JAK2 
Inhibited the protein 
expressions of PI3K and 
JAK2 

48h IC50 =23.42  
���0  
48 h IC50 = 16.79 
���0  
 

(Y. Wu, Zhang, Li, 
Yang, & Cheng, 2022) 

Palstatin (145) (104)     GI50 �!�����������J���P�/  
���•-Methoxyhydnocarpin D (105)      GI50 � �������������J���P�/  
Hydnocarpin D (106) Hymenaea palustris 

Ducke. 
Flavone  SF268  GI50 � �������������J���P�/ (Pettit et al., 2003) 

Luteolin (107)     GI50 � ���������J���P�/  
Chrysoeriol (108)     GI50 � �������������J���P�/  
Tricin (109)     GI50  � ���������J���P�/  
Cariphenone A (110) Hypericum spp. Benzophenone  U251  IC50 �!�������������J�����P�O (Pinhatti et al., 2013) 
Cariphenone B (111)     IC50 �!�������������J�����P�O  
Effususin A (112) Juncus effusus L. Phenanthrene SHSY-5Y  IC50 � ���������������������� (Ma, Liu, Ding, 

Zhang, & Li, 2015) 
Effususin B (113)     IC50 � ����������������������  
Alpinumisoflavone (114) Laburnum anagyroides 

Medik. 
Derris eriocarpa 
F.C.How 

Flavonoids U87, and 
�8�����0�*�û�(�*�)
R 

Suppression of glycolysis and 
cyclin D1 expression and 
activation of caspase-9 

IC50 =    46.77, and 
���������������0�� 

(A. W. Khan, Farooq, 
Haseeb, & Choi, 2022; 
Kuete et al., 2016) 

Laburnetin (115)     IC50 =    61.29, and 
���������������0�� 

 

���•-prenyloxyvigvexin A (116) Lonchocarpus species Prenylated 
isoflavone 

�8�����0�*�û�(�*�)
R 

 IC50 �������������� (Adem, Kuete, et al., 
2019) 

(6aR,11aR)-3,8-Dimethoxybitucarpin B 
(117) 

    IC50 ������������   
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Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

Durmillone (118)     IC50 � ����������������  
Vedelianin (119)     EC50 � ���������������0  
Schweinfurthin E (120)      EC50 � �������������0  
Schweinfurthin F (121)     EC50 � �����������������0  
Schweinfurthin G (122)     EC50 � ���������������0  
Mappain (123)     EC50 � �������������0  
Methyl-mappain (124) Macaranga tanarius 

(L.) Müll.Arg. 
Prenylated 
Stilbenes 

U87    EC50 � ���������0 (P�presse et al., 2017) 

Schweinfurthin K (125)     EC50 � ���������������0  
Schweinfurthin L (126)     EC50 � ���������������0  
Schweinfurthin M (127)     EC50 � ���������������0  
Schweinfurthin N (128)     EC50 � ���������������0  
Schweinfurthin O (129)     EC50 � �����������������0  
Schweinfurthin P (130)     EC50 �!�����������0  
Schweinfurthin Q (131)     EC50 � ���������������0  
Schweinfurthin B (132)  Macaranga 

schweinfurthii Pax. 
Prenylated 
Stilbenes 

SF29S  IC50 =   1 ng/ ml (Beutler, Jato, Cragg, 
& Boyd, 2000) 

Schweinfurthin D (133)     IC50 =   3 ng/ ml  
5-Hydroxy-8,8-dimethyl-4-phenyl-9,10-
dihydro-8H-pyrano- 
[2,3-f]chromen-2-one (134) 

    GI50 � �������������J���P�/  

5-Hydroxy-8,8-dimethyl-4-phenyl-6-
propionyl9,10-dihydro-8H-pyrano-[2,3-
f]chromen-2-one (135) 

    GI50 � �������������J���P�/  

5,7- Dihydroxy-8-(3-methylbut-2-enyl)-
4-phenylchromen-2-one (136)  

    GI50 � �������������J���P�/  

Mammeisin (137)     GI50� �������������J���P�/  
Isomammeisin (138)     GI50 � �������������J���P�/  
Mammeigin (139)     GI50 �!���������J���P�/  
MAB 5 (140)     GI50 �!���������J���P�/  
Mesuagin (141) Marila pluricostata 

Standl. & L.O. 
Williams. 

4-
Phenylcoumarin 

SF268   GI50 �!���������J���P�/ (López-Pérez et al., 
2005) 

Isomesuol (142)     GI50� �������������J���P�/  
MAB 1 (143)     GI50 � �������������J���P�/  
Mesuol (144)     GI50 � �������������J���P�/  
Mammea A/BB (145)     GI50 � �������������J���P�/  
Isodispar B (146)     GI50 � �������������J���P�/  
Cyclomammeisin (147)     GI50 � �������������J���P�/  
Disparinol A (148)     GI50 � �������������J���P�/  
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Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

MAB 3 (149)     GI50 � �������������J���P�/  
Mesuol cyclo F (150)     GI50 � �������������J���P�/  
5-O-Methylmammeisin (151)     GI50 � �������������J���P�/  
5, 7-O-Diacetylmammeisin (152)     GI50 � �������������J���P�/  
3',8"-Biisokaempferide (153) Nanuza plicata 

(Mart.) L.B. Sm. & 
Ayensu 
 

Flavone GL 15    EC50 � ���������������P�R�O���O (Pinto et al., 2010) 

6,7-Dimethoxy-���‰-hydroxy-8-
formylflavon (154) 

    IC50 �!������������  

8-Formyl-���‰��������-trimethoxyflavon (155) Nicotiana tabacum L. Flavone SHSY5Y  IC50 �!������������ (Jinxiong Chen et al., 
2013) 

���‰����-Dihydroxy-8-formyl-6-
methoxyflavon (156) 

    IC50 � ��������������  

Batatasin III (157)  Stilbene   GI50 � ���������������J���P�/  
Phloretic acid (158) Oncidium baueri Lindl. Phenolic acid  U251  GI50 � ���������������J���P�/ (Monteiro et al., 2014) 
Moscatin (159)  Phenanthrene   GI50 � ���������������J���P�/  
Osajin (160)     IC50 = 42.23, 16.90 

����  
 

5,7-Dihydroxy-���–-methoxy-6,8-
diprenylisoflavone (161) 

Ormocarpum kirkii S. 
Moore. 

Flavan, 
chalcone 

U87, 
�8�����0�*�û�(�*�)
R 

 IC50 = 12.25, 7.85 
����  

(Adem, Mbaveng, et 
al., 2019) 

7,7"-Di-O-methylchamaejasmin (162)     IC50 = 6.16, 4.96 
����  

 

Trans-resveratrol (163)     IC50 � �����������������J�����P�O  
Trans-�0-viniferin (164)     IC50 � �������������������J�����P�O  
Cis-�0-viniferin (165) Paeonia lactiflora 

Pallas. 
Stilbenes C6  IC50 � �������������������J�����P�O (H. J. Kim et al., 2002) 

Gnetin H (166)     IC50 � �������������������J�����P�O  
Suffruticosol A (167)     IC50 � �������������������J�����P�O  
Suffruticosol B (168)     IC50 � �������������������J�����P�O  
Hawaiienol A (169) Paraconiothyrium 

hawaiiense (Crous) 
Damm, Crous & 
Verkley. 

p-terphenyls SH-SY5Y   IC50 � �������������� (Ren et al., 2018) 

Aminodechloromaldoxin (170)     IC50 � ������������������  
���•-Aminodechlorogeodoxin (171) Pestalotiopsis flavidula 

(Tassi) G.C. Zhao & N. 
Li. 

Spiroketal  
phenolic 

SF268  IC50 � ������������������ (Rao et al., 2019) 

Dechloromaldoxin (172)     IC50 �!������������  
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Natural source  Chemistry Cell line or 
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Mechanism of action Reported Activity  Ref. 

Bakuchalcone (173)    Apoptotic cell death; 
interference with MAP kinase 
pathways 

IC50 �!����������   

Bavachromene (174)     IC50 � ������������  
Corylifol C (175)     IC50 �!����������   
Corylin (176)     IC50 �!����������   
�������•�����•-Trihydroxy-3-arylcoumarin (177) Psoralea corylifolia L. Flavan, 

chalcone 
  IC50 �!����������  (Limper et al., 2013) 

Isowighteone (178)     IC50 = ����������   
6-Prenylnaringenin (179)     IC50 �!����������   
Psorachalcone A (180)     IC50 �!����������   
Psoracoumestan (181)     IC50 �!����������   
Wighteone (182)     IC50 �!����������   
Xanthoangelol (183)     IC50 � ������������  
Baicalein (184) Scutellaria spp. Flavone C6  Inhibition of the ERK/MAPK 

cascade 
IC50 � �������������� (Nakahata, Tsuchiya, 

Nakatani, Ohizumi, & 
Ohkubo, 2003) 

2",3"-Dihydroisocryptomerin (185)     ED50 �!�����������J���P�/  
4',7"-di-O- Methylamentoflavone (186)     ED50 � �������������J���P�/  
Isocryptomerin (187) Selaginella willdenowii 

(Desv. ex Poir.) Baker 
Biflavones   U373  ED50 � �������������J���P�/ (G. L. Silva et al., 

1995) 
Bilobetin (188)     ED50 � �������������J���P�/  
7"-O-Methylrobustaflavone (189)     ED50 � �������������J���P�/  
Amentoflavone (190)     ED50 �!�����������J���P�/  
Robustaflavone (191)     ED50 �!�����������J���P�/  
Desmethylanhydroicaritin (192) Sophora flavescens 

Aiton 
Flavan U87 Anti-proliferation effects via 

ERK/MAPK, I3K/Akt/mTOR 
signal pathway and G2/M 
phase cell cycle arrest  

IC50 � ������������ (Kang, Kim, Jung, 
Choi, Kang, Choi, & 
Kim, 2016) 

trans-5-Benzoyl-1,1,4a-trimethyl-
2,3,4,4a,9,9a-hexahydro-1H-xanthene-
6,8-diol (193) 

    IC50 � �������������J���P�/  

(E)-3-(2-Hydroxy-7-methyl-3-
methyleneoct-6-enyl)-2,4,6-
trihydroxybenzophenone (194) 

    IC50 � �������������J���P�/  

8-Benzoyl-2-(4-methylpenten-3-yl)-
chromane-3,5,7-triol (195) 

Tovomita longifolia 
(Rich.) Hochr. 

Benzophenone SF268   IC50 � �������������J���P�/ (Pecchio et al., 2006) 

(E)-4-(3,7-Dimethylocta-2,6-
dienyloxy)-2,6-dihydroxybenzophenone 
(196) 

    IC50 � ���������J���P�/  
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Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

Propolin A (197) Taiwanese propolis 
 
 
 
 
 
 

Prenyl 
�À�D�Y�D�Q�R�Q�H�V 

C6, IMR32  Apoptosis; Possible 
modulation of Fas and Fas L 
expression, activation of 
caspase-8, and Bid; induction 
of cytochrome c release from 
mitochondria to the cytosol; 
activation of caspase-3 to 
cleave PARP and cause DNA 
fragmentation 

IC50 =   11.4�±34.2 
���0�����I�R�U���E�R�W�K���F�H�O�O��
lines) 

 
 
 
 
 
 
(C.-N. Chen, Wu, & 
Lin, 2007) 

Propolin B (198)       
Propolin G (199)  Prenylated 

chalcones 
C6  Apoptosis; increased the 

active form of PARP; 
caspase-8, caspase-9, and 
caspase-3  

IC50 � �����������J���P�/ (W.-J. Huang et al., 
2007) 

Vitexin (200) Vitex agnus-castus L. Flavonoids  LN18 
U251 

Inhibited RAC-alpha 
serine/threonine-protein 
kinase (Akt)/mechanistic 
target of rapamycin kinase 
(mTOR)  
Reduced p-JAK1, p-JAK3, 
and p-STAT3 protein 
expression in 

IC50 = 25.32 ���0  
�,�&������� �����������������0 

(J. Huang, Zhou, 
Zhong, Su, & Xu, 
2022; G. Zhang et al., 
2018) 

�������‰����-Trihydroxy-6",6"-
dimethylpyrano[2,3-g]flavone (201)  

Xylopia aethiopica 
(Dunal) A. Rich. 

Flavone U87, 
�8�����0�*�û�(�*�)
R 

 IC50 = 18.01, 18.60 
����  

(Kuete, Sandjo, 
Mbaveng, Zeino, & 
Efferth, 2015) 

���‰��-Hydroxy-���‰�����‰��-dimethoxychalcone 
(202) 

    IC50 = 32.25, 41.09 
����  

 

Cardamomin (203)  Chalcone    IC50 > 148.15, = 
������������������ 

 

���‰�����‰-Dihydroxy-���‰���‰����
dimethoxychalcone (204) 

Different plant sources   U87, 
�8�����0�*�û�(�*�)
R 

 IC50 > 133.33, = 
������������������ 

(Kuete, Nkuete, et al., 
2014) 

(S)-���í��-Onysilin (205)  Flavan   IC50 > 133.33, 
������������������ 

 

Alpinetin (206)     IC50 > 148.15, 
������������������ 

 

Jaceosidin (207) Artemisia argyi H.Lév. 
& Vaniot. 

 UG87  Mitochondrial-caspase- 
3-dependent apoptosis; cell 
cycle arrest at G2/M phase 

IC50 � �������������0 (M. Khan et al., 2012) 
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Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

Apigenin  Many fruits and 
vegetables 

Flavone U251 regulating miR-103a-
3p/NEED9/AKT 
Cell viability  

Reduced 
proliferation up to 
40% 

(J. Wan & Huang, 
2022) 

Cannflavins A and B Cannabis sativa L. Prenylated 
flavonoids 

Neuro2a Blocked the growth of 
neurites 
Interference of neuronal TrkB 
signaling 

 (Holborn et al., 2023) 

Chlorogenic acid Fruits and vegetables Polyphenol In vitro 
(macrophages) 
and in vivo 
(G422 
xenograft mice 

Antitumor effect 
Repolarized macrophage from 
M2 to M1 phenotype 
Suppresed STAT1 and 
STAT6 

 (Nwafor et al., 2022; 
Xue et al., 2017) 

�&�\�D�Q�L�G�L�Q�)���)�2�)�J�O�X�F�R�V�L�G�H Legumes, such as 
black soybean, 
common bean, cowpea, 
and lentils 

Anthocyanin TMZ-resistant 
LN-18/TR 

Reversed chemotherapy 
resistance 
Inhibited the �)catenin/MGMT 
pathway 
�8�S�U�H�J�X�O�D�W�H�G���P�L�5�)�������)���S 

- (Y. Zhou et al., 2022) 

Cudraflavone B Cudrania tricuspidata Prenylated 
flavonoid 

U87 
U251 

Apoptosis 
ER �V�W�U�H�V�V�)�L�Q�G�X�F�H�G���D�X�W�R�S�K�D�J�\ 

IC50= 10µM (Pan et al., 2023) 

Daidzein soybeans and other 
legumes 

Isoflavone U251 Downregulated 
p-AKT and p-mTOR 

- (M. Li et al., 2022) 

Delphinidin-3-rutin  Purple sweet potato Anthocyanins In vivo , 
xenograft 
model of 
human GBM 
and 
In vitro U251 
cells 

Induced miR-20b-5p/Atg7-
dependent cytostatic 
autophagy 

 (M. Wang et al., 2022) 

Epigallocatechin gallate (EGCG) Green tea, Trace 
amounts in apple skin, 
plums, onions, 
hazelnuts, pecans, and 
carob powder 

Catechin. A172, C6, 
U87, U87 
GSLC, U251, 
MO59J, U373, 
LN18, 1321N1, 
SW1783 

Apoptosis, 
Chemosensitization, 
Radiosensitization 
inhibition of phosphorylation 
of PDGF-BB tyrosine 
residues, reduced levels of 
Bcl-2 and phosphorylated Akt 
and increased levels of BAX, 
activated caspases and 
increased ROS, inhibition of 
MMP2, reduction PEA15 
levels, suppression of 
telomerase 

 (Persano, Gigli, & 
Leporatti, 2022) 
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Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

Genistein Vegetables, such as 
soy bean 

Isoflavone U251 Apoptosis 
Upregulating the expression 
of Bax and caspase-3 

- (M. Li et al., 2022) 

Genistin Vegetables, such as 
soy bean 

Isoflavone U251 Apoptosis 
Upregulating the expression 
of Bax and caspase-3 

- (M. Li et al., 2022) 

Hesperetin Derris eriocarpa  U-251, -87 
C6 
In vivo 

�9�$�S�R�S�W�R�V�L�V, �;�&�H�O�O��
proliferation 
increased tumour suppressor 
gene p21 phosphorylation 
p38 MAPK, arresting the 
G2/M phase 
�9�5�2�6���J�H�Q�H�U�D�W�L�R�Q�����6�2�'�� 
�9�&�D�V�S�D�V�H-9, -3, �;���%�D�[���%�F�O�� 
�;�&�\�F�O�L�Q���%1, D1, �;�+�,�)-1�.����
VEGF, VEGFR2, �9�&�O�D�X�G�L�Q-1, 
ZO-1 expression 

 (Sohel et al., 2022) 

Matteucinol Miconia trailii  
Miconia prasina  
Rhododendron 
hainanense 

Flavanone In vitro (U-
251MG), and 
in vivo (chick 
embryo) 

Inhibited 
glioblastoma proliferation, 
invasion, and progression 

- (Netto et al., 2022) 

Neobavaisoflavone Psoralea corylifolia L. Hydroxyisoflav
one 

U87 Enagnced Chemosensitization 
to doxorubicin and etoposide 
enhances the pro-apoptotic 
activity 

- (Maszczyk et al., 
2022) 

Puerarin Pueraria montana var. 
lobata (Willd.) 
Sanjappa & Pradeep 
Pueraria phaseoloides 
(Roxb.) Benth. 

Isoflavone  Suppression of p-Akt and Bcl-
2, while enhancement of 
Bax and cleaved caspase-3 
expression 

 (A. W. Khan et al., 
2022) 

Quercetin (678) Vegetables and citrus 
fruits 

Flavonol A172  
 LBC3 

Cytotoxicity and poptosis 
Elevated expression and 
activity 
of caspase 3/7 

IC50= 58.5 and 
41.37 µM   
 

(�.�X�V�D�F�]�X�N�����.�U�
�W�R�Z�V�N�L����
Naumowicz, 
�6�W�\�S�X�á�N�R�Z�V�N�D�����	��
Cechowska-Pasko, 
2022; Wróbel-
Biedrawa, Grabowska, 
Galanty, Sobolewska, 
& Podolak, 2022) 

In vitro 
(U87MG and 

�*�6�.��������-catenin/ 
ZEB1 

IC50: 83.30 and 60 
µM 

(B. Chen et al., 2022) 
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IC50: The half maximal inhibitory concentration; ED50: median effective dose, which is the dose that produces the effect in 50% of the population that takes that 585 
dose; GI50: A concentration of any compound required for 50% growth inhibition of cells; TGI: Total growth inhibition: concentration that elicits total 586 
growth inhibition; EC50: Half maximal effective concentration. 587 

Compound 
 

Natural source  Chemistry Cell line or 
experimental 
model 

Mechanism of action Reported Activity  Ref. 

T98) and in 
vivo 
Rat C6 and 
Human 
U87MG 

Inhibited 
migration, and induced 
apoptosis 

IC50 (about 237.8 
2.85 µM) at 24 h) 

(Paranthaman et al., 
2022; Wróbel-
Biedrawa et al., 2022) 

Resveratrol Grapes, blueberries, 
raspberries, mulberries, 
and peanuts 

Stilbenoid U251, U87, 
and C6  
In vivo 

Apoptosis 
caspase 3/8/9 
Antiangiogenesis 
Antitumor 
Chemosensitization 
Radiosensitization 
STAT3, p53, EGFR, NF-���%����
COX-2, and the 
PI3K/AKT/mTOR 
Increased pCdc2 (Y15); 
cyclin A, B, and E; and by 
reduced cyclin D1, increased 
expression of TTP 

 (Persano et al., 2022) 

Rutin Citrus spp.  T98G  
A172  

Apoptosis 
decreased ROS production  
Inhibited colony formation 
and cell migration 
Increased sensitivity to TMZ 
Upregulation of P53 
expression 

IC50= 142.2 µM 
and 40 _M. 

(Ercelik et al., 2023; 
A. W. Khan et al., 
2022) 

Salvianolic acid A  Salvia miltiorrhiza Stilbenoid U87 suppresses the migration and 
invasion  
Improved TMZ sensitivity 
InactivatedTAGLN2/PI3K/Ak
t pathway) 

 (Ye et al., 2022) 
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Some flavonoids have synergistic effects with conventional chemotherapy drugs or improve their 594 

efficacy. For example, quercetin, icariin, and resveratrol have been reported to improve the 595 

sensitivity of glioblastoma cell lines to temozolomide (Vengoji, Macha, Batra, & Shonka, 2018) 596 

(Karthika et al., 2022). 597 

Table 4 contains a list of flavonoids that have been studied on different brain tumor cell lines. As 598 

seen, most of the studies listed in this table are in vitro studies conducted on a variety of cell lines. 599 

But an important concern related to the anti-tumor effects of flavonoids is their bioavailability and 600 

BBB permeation. Most flavonoids have low solubility, fast metabolism, and limited absorption in 601 

the gastrointestinal tract after oral consumption, which might reduce their pharmacological 602 

potential (H. Khan et al., 2021). Moreover, according to several in vitro and in vivo studies, the 603 

majority of flavonoids have low brain-bioavailability issues. On the other hand, a variety of novel 604 

drug delivery systems have been suggested as successful strategies to overcome these problems 605 

(Branquinho Andrade, Grosso, Valentao, & Bernardo, 2016). As examples of these strategies, 606 

preparation of lipophilic analogs, prodrugs, molecular packaging, micelles and microemulsions, 607 

liposomes, nanospheres and nanocapsules, dendrimers as well as biological approaches can be 608 

named (Dewanjee et al., 2022; Halevas, Avgoulas, Katsipis, & Pantazaki, 2022; Lu et al., 2014; 609 

Vazhappilly et al., 2021). 610 

 611 

1.5.2 Alkaloids 612 

Alkaloids are a class of basic molecules with at least one nitrogen atom in their structure. However, 613 

some alkaloids are neutral or even weakly acidic, and many semisynthetic, or entirely synthetic 614 

alkaloids now also exit. Structurally, they mainly contain carbon, hydrogen, and nitrogen, but some 615 
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other atoms such as oxygen and sulfur may also be present. In rare alkaloids, other elements such 616 

as chlorine, bromine, and phosphorus have been detected. Alkaloids have been isolated from a 617 

large diversity of natural sources, such as bacteria (Klapper, Braga, Lackner, Herbst, & Stallforth, 618 

2018), fungi (Homer & Sperry, 2017; Willems, De Mol, De Bruycker, De Maeseneire, & Soetaert, 619 

2020), plants (Adejoke, Louis, Amusan, & Apebende, 2019; Tao et al., 2020), marine sources 620 

(Nadar, Manivannan, Chinnaiyan, Govarthanan, & Ponnuchamy, 2021) and other organisms. 621 

Alkaloids are classified according to their precursors, structural core, biological activities, or even 622 

the source from which they were isolated. For example, true alkaloids originate from amino acids, 623 

while pseudo-alkaloids do not have amino acid precursors. Another recent classification of 624 

alkaloids is based on the similarity of the carbon skeleton, such as terpenoids, steroids, indole-, 625 

isoquinoline-, purine-, quinolizidine-, and pyridine-like alkaloids (G. Waller, 2012). 626 

Some conventional chemotherapy drugs, such as vincristine, vinblastine, and paclitaxel, are natural 627 

alkaloids, while others, such as vinorelbine, taxotere, etoposide, teniposide, irinotecan, topotecan, 628 

and camptothecin are semi-synthetic or fully synthetic compounds derived from natural alkaloids 629 

as lead compounds (Kintzios & Barberaki, 2019; Mondal, Gandhi, Fimognari, Atanasov, & 630 

Bishayee, 2019). Table 5 contains a list of natural alkaloids that have been studied in vitro or in 631 

vivo on various brain cancer cell lines. 632 

Several mechanisms have been reported to be involved in the potential anti-cancer properties of 633 

alkaloids. Vincristine, which is used to treat some brain cancers, is an inhibitor of microtubule 634 

formation and DNA/RNA synthesis (El-Readi et al., 2021; Azadeh Hamedi et al., 2022). 635 

Papaverine (a non-narcotic opium muscle relaxant alkaloid) can inhibit the interaction of high-636 

mobility group box 1 protein (HMGB1) with the receptor for advanced glycation end products 637 

(RAGE), which is crucial for the development of tumor cells. It was reported to inhibit the 638 
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proliferation of temozolomide-resistant T98G cells supplemented by HMGB1. Moreover, 639 

papaverine was reported to inhibit T98G cell migration. In an in vivo temozolomide-sensitive 640 

U87MG xenograft mouse model, papaverine exhibited tumor suppression. The HMGB1/RAGE 641 

inhibition by papaverine was also involved in the inhibition of cell proliferation in U87MG and 642 

T98G cells (Inada, Shindo, et al., 2019). Papaverine was also reported to increase the 643 

radiosensitivity of T98G cells (Inada, Sato, et al., 2019).  644 

 645 
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Table 5. A list of natural alkaloids, including their source and structural subclass that have been reported in different experimental 646 
models of brain cancer (in vitro or in vivo). Cell lines employed, reported mechanism and results are also presented.  647 

Compound 
 

Organism Structural class Cell line or 
experimental 
model 

Mechanism of action  Conclusion Ref. 

Mirabilin G (208) Acanthella cavernosa 
Dendy. 

Tricyclic Guanidine 
Alkaloids 

Programmed cell 
death 4 (PDCD4) 
assay  

Inhibition of cellular 
degradation of PDCD4  

EC50 � �����������J���P�/���D�Q�G��
�����������J���P�/ 

(Capon, Miller, & 
Rooney, 2001; 
Grkovic et al., 2014) 

Netamine M (209)       
11-Anisoylpseudokobusine 
(210) 

    IC50 � �������������J���P�/  

11-Veratroylpseudokobusine 
(211) 

Aconitum sp. Diterpenoid 
alkaloids (synthetic 
derivatives) 

A172  IC50 = �����������J���P�/  
(Wada et al., 2007) 

11-p-
Nitrobenzoylpseudokobusine 
(212) 

    IC50 � �������������J���P�/  

11-Cinnamoylpseudokobusine 
(213) 

    IC50 = 0.89 ± 0.16 
���J���P�/ 

 

Perakine N4-oxide (214) Alstonia yunnanensis 
Diels. 

Monoterpenoid 
indole alkaloids 

CCF-STTG1, 
CHG5, SHG44, 
U251 

 IC50 = 12.3, 12.9, 11.8, 
�D�Q�G���������������0 

 

Raucaffrinoline N4-oxide 
(215) 

    IC50 = 11.4, 12.1, 9.2, 
�D�Q�G�������������0 

(P. Cao et al., 2012) 

Vinorine N4-oxide (216)     IC50 = 16.7, 15.8, 17.4, 
�D�Q�G���������������0 

 

Caranine (217)       
Galanthine (218)       
Norpluvine (219)       
Ungeremine (220)       
Nobilisitine B (221)       
Tazettine (222)       
Ambelline (223)     IC50 �!�����������J���P�/  

Buphanamine (224)       
Buphanisine (225) Amaryllidaceae spp. 

 
 
 
 

Indolizidine 
(Amaryllidaceae 
Alkaloids) 

Hs683, U373   (Van Goietsenoven et 
al., 2010) 

Amarbellisine (226)     IC50 � �����������������������0  
Pesudolycorine (227)     IC50 � �����������������������0��  
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Lycorine (228) Amaryllidaceae (e.g., 
from Sternbergia lutea 
(L.) Ker-Gawl. ex 
Spreng.) 

Pyrrolo[de]phenanth
ridine alkaloid 

U373, Hs683  IC50 = �������0�����I�R�U���E�R�W�K��
cell lines.  

(Evidente, Iasiello, & 
Randazzo, 1983; 
Lamoral-Theys et al., 
2009) 

Suberosenone (229) Alertigorgia spp. Sesquiterpene 
alkaloid  

SF295, SF539  IC50 = 0.03,  
���������������J���P�/�� 
 

(Bokesch et al., 1999) 

Alertenone (230)      IC50 = 35,  
���������J���P�/�� 

 

Berberine (231) Berberis spp. Isoquinoline 
alkaloid 

 Proliferation inhibition; cell 
death induction 
through the 
mitochondrial/caspases-
dependent pathway 

IC50 � �������������J���P�/ 
 

 
 
 
 
(Eom et al., 2008) 

Pyridovericin (232)     IC50 � ���������������0��  
Pyridovericin-N-O-(4-O-
methyl-��-D -glucopyranoside) 
(233) 

 Pyridine alkaloid   IC50 �!�����������0�� (Andrioli et al., 2016) 

Pretenellin B (234) Beauveria bassiana 
(Bals.-Criv.) Vuill.  

 SF295  IC50 �!�����������0��  

1-Methyl-11-
hydroxylumichrome (235) 

 Alloxazine alkaloid   IC50 �!�����������0��  

Verticillin H (236)     IC50 � ���������������0  
Sch 52900 (237)     IC50 = 0.37 ���0   
Verticillin A (238)     IC50 = �������������0  
Gliocladicillin C (239) Fungi of 

Bionectriaceae, cultures 
MSX 64546 and MSX 
59553 

Dimeric 
epipolythiodioxopip
erazine alkaloids 

SF268  IC50 � ���������������0 (Figueroa et al., 2012) 

Sch 52901 (240)     IC50 � ���������������0  
11'-Deoxyverticillin (241)     IC50 � ���������������0  
Gliocladicillin A (242)     IC50 � ���������������0  
N-(p-Coumaroyl) serotonin 
(243) 

Centaurea vlachorum 
Hartvig. 

Serotonin alkaloids U251, A172, D54, 
U87, and T98G 

Induction of cell death and 
cell cycle arrest at G2/M 
and S-phase. 
Overexpression of CD15 
and CD71; 
activation of caspase-8  

IC50 = 77, 62, 81, 48, 
and 68 �—������ 
 
 

(Lazari et al., 2017b) 
(Lazari et al., 2017a) 

Clauszoline-I (244) Clausena vestita D. D. 
Tao. 

Carbazole alkaloids T98G   IC50 � ���������������0 (W. Lin et al., 2012) 

4'4-Demethyl- 
1,1�±hydroxystaurosporine 
(245) 

 Staurosporin 
alkaloid 
 
 

  IC50 ~ 2 - 67 ng/ml (Cantrell, Groweiss, 
Gustafson, & Boyd, 
1999) 
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3,11- 
Dihydroxystaurosporine (246) 

Coriocella nigra 
Blainville, 1824 
 

 SF295    

Lamellarins C (247)  Lamellarins alkaloid 
 

  
 

IC50 ~ 0.2 -���������J���P�/  

Lamellarins U (248)       
Monocrotaline (249) Crotalaria retusa L. Pyrrolizidine 

alkaloid 
GL15  IC50 =100�±�����������0 (Silva-Neto et al., 

2010) 
 

Granulatimide (250) Didemnum granulatum 
Tokioka. 
 
 

 Hs683, and U373  IC50 � �����������������0 (Berlinck et al., 1998) 
 
 
 
 

Isogranulatimide (251)     IC50 �!�����������������������0  
Evodiamine (252) Evodia rutaecarpa (A. 

Juss.) Benth. 
Tryptophan derived 
alkaloid  

U87 Induces calcium/JNK-
mediated autophagy; 
calcium/mitochondria-
mediated apoptosis  

IC50 = �������������0�� (A.-J. Liu et al., 2013) 

Ecteinascidin-770 (resulting 
from pretreatment of 
ecteinascidin-743 with KCN) 
(253) 

Ecteinascidia turbinate 
Herdman.  

Tetrahydroisoquinol
ine alkaloids 

U373  IC50 = 4.83 nM (Tabunoki, Saito, 
Suwanborirux, 
Charupant, & Satoh, 
2012) 
 

Fascaplysin (254) Fascaplysinopsis sp.  C6  IC 50 > �����������0 (Bryukhovetskiy et al., 
1899) 

Flavopereirine (PB-l00) (255) Geissospermum vellosii 
Allemão. 

Indolo- quinolizine 
alkaloid 

U251, CCF-STTG-
l, SW 1088, and C6  

 IC50 �!�������������J�����P�O�� 
 

(Beljanski, 2000; 
Hughes & Rapoport, 
1958) 

7-Deoxy-
transdihydronarciclasin (256) 

Hymenocallis caribaea 
(L.) Herb. 

Isocarbostyril-type 
alkaloid 

SF268, SF295, 
SF539  

 IC50 = 4.2, 4.38 and 
�������������J���P�/���� 

(Pettit, Pettit 3rd, 
Backhaus, Boyd, & 
Meerow, 1993) 

Littoraline (257) Hymenocallis littoralis 
(Jacq.) Salisb. 

Amaryllidaceae 
Alkaloids 

U373  ED50 �!�����������J���P�/ (L.-Z. Lin et al., 1995) 

Demethyloxyaaptamine (258)     ED50 � ���������������J���P�/  
Aaptamine (259) Hymeniacidon spp. Naphthyridine  

 
SF295   

ED 50 = 4.10 ���J���P�/ 
 
(Pettit, Hoffmann, et 
al., 2004) 

Isoaaptamine (260)   SF295  �(�'������� ���������������J���P�/ Pettit et al. 2004a)  
GBM 8401, U87 
MG, U138 
MG, and T98G 

Increases ROS levels 
 Mitochondrial dysfunction 
Autophagy 
Apoptosis 

IC50= 8.69-54.83 µM (Z.-H. Wen et al., 
2023) 

Aristololactam B (261)   SF295  ED50 � ���������������J���P�/  
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Piperolactam A (262)     ED50 � ���������������J���P�/  
Aristolactam A (263)     ED50 �!�����������J���P�/  
Norcepharadione B (264) Houttuynia cordata 

Thunb. 
Phenanthrene 
alkaloid 

XF498   ED50 � ���������������J���P�/ (S.-K. Kim, Ryu, No, 
Choi, & Kim, 2001) 

Cepharadione B (265)     ED50 � ���������������J���P�/  
Splendidine (266)     ED50 � �������������J���P�/  
Lithothamnin A (267) Lithothamnion 

fragilissimum Foslie. 
Tyrosine derived 
alkaloid 

SNB19   IC50 � �������������0 (Van Wyk, Zuck, & 
McKee, 2011) 

Kukoamine A (268) Lycium chinense Mill.  Propanamide 
alkaloids 

U251, WJ1 and C6.  IC50 73.4, 22.1, 226.0 
��g/mL 

(Q. Wang et al., 2016) 

Complanadine A (269) Lycopodium obscurum 
L. 

Quinoline alkaloids 1321N1  Induced secretion of 
neurotrophic factors from 
human astrocytoma cells  

Induced secretion of 
neurotrophic 
factors with 1�±���������0�� 

(Morita et al., 2005) 
 
 

(+)-N-Methoxylcarbonyl-
nandigerine (270) 

Lycoris caldwellii 
Traub. 
 
 
 
 

Tetrahydroisoquinol
ine 
 
 
 
 

CCF-STTG1, 
CHG5, SHG44, 
U251  

 IC50 = 9.2, 9.7, 10.8, 
�D�Q�G���������������0 

(P. Cao et al., 2013) 
 
 
 
 

(+)-N-Methoxycarbonyl-
lindcarpine (271) 

    IC50 = 10.4, 12.2, 11.3, 
�D�Q�G���������������0 

 

(+)-5,6-Dehydrolycorine 
(272) 

Lycoris radiata (L'Hér.) 
Herb. 

Amaryllidaceae 
Alkaloids 

CCF-STTG1, 
CHG5, SHG44, and 
U251 

 IC50 = 10.3, 10.2, 9.4, 
and 11.8 nM  

(Hao, Shen, & Zhao, 
2013) 

(+)-1-Hydroxy-ungeremine 
(273) 

    IC50 = 10.3, 10.2, 9.4, 
�D�Q�G���������������0 

 

(+)-N-Methoxylcarbonyl-2-
demethyl-isocorydione (274) 

Lycoris radiata (L'Hér.) 
Herb. 

Amaryllidaceae 
alkaloids 

CCF-STTG1, 
CHG5, SHG44, 
U251  

 IC50 = 9.2, 9.7, 10.8 and 
�������������0 

 

(+)-����-Acetyl-8-hydroxy9-
methoxy-crinamine (275) 

    IC50 = 29.4, 29.4, 27.1, 
�D�Q�G���������������0 

(Z.-M. Liu et al., 
2015) 

(+)-����-Acetyl-crinamine 
(276) 

    IC50 = 27.1, 30.0, 28.3, 
�D�Q�G���������������0 

 

Mahanine (277) Murraya koenigii (L.) 
Sprengel. 

Carbazole alkaloid   U87, U373, LN229, 
T98G, A172 

Induced complex-III 
inhibition triggered 
enhanced ROS in hypoxia 
responsible for higher 
G0/G1 arrest 

IC50 ~ 15-���������0���� (Bhattacharya et al., 
2014; Samanta et al., 
2018) 

Narciclasine (278) Narcissus spp.  SF295 and in vivo 
experimental 
models of brain 
cancer (gliomas and 
brain metastases)  

Not cytotoxic but 
cytostatic; anticancer 
activity in vivo  

Cytostatic at 50 nM in 
vitro and approximately 
1 mg/kg in vivo  
 
IC50 for SF-295 was 
0.02 ���0  

(Carvalho et al., 2015; 
Van Goietsenoven et 
al., 2013) 
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Jonquailine (279) Narcissus jonquilla 
quail. 

Amaryllidaceae 
Alkaloids 
 

U87, U373, Hs683   GI50 � �������������������������0�� (Masi et al., 2015) 
 

Neopetrocyclamines A (280)      (Z. Liang et al., 2015) 
Neopetrocyclamines B (281) Neopetrosia exigua 

Kirkpatrick. 
Polycyclic alkaloids SF295  GI 50 �!�����������0  

Papuamine (282)     GI 50 � �������������0  
Haliclonadiamine (283)     GI 50 � �������������0  
Sartorymensin (284) Neosartorya siamensis 

(KUFC 6349) 
Indoloazepinone 
alkaloid 

Hs683, U373  IC50 � �������������������0�� (Buttachon et al., 
2012) 

Sagitol C (285) Oceanapia sp. Pyridoacridine 
alkaloid 

PC12 (brain tumour 
cells of the rats) 

 ED50 � �������������0 (S. R. Ibrahim, 
Mohamed, Elkhayat, 
Fouad, & Proksch, 
2013) 

Furoquinoline montrofoline 
(286) 

    IC50 � �������������������������������0��  

1-Hydroxy-4-methoxy-10 
methylacridone (287) 

    IC50 � ���������������������������������0��  

Norevoxanthine (288) Oricia suaveolens 
(Engl.) Verdoorn. 

Acridone alkaloids �8�����0�*�û EGFR, 
U87 

 IC50 � ���������������������������������0��  

Evoxanthine (289)     IC50 = 16. 89, 37. 63 
���0�� 

(Kuete, Fouotsa, et al., 
2015) 

1,3-Dimethoxy-10-
methylacridone (290) 

    IC50 � �����������������������������0��  

Harmine (291) Peganum harmala 
L. 

Carbazole alkaloids 
(a derivative from 
harmine) 

C6, U87, and U373   Inhibition of Akt 
phosphorylation 

IC50 = 22.9, 26.2 and 
�������������0�� 

(H. Liu et al., 2013) 
 

Boldine (292) Peumus boldus Molina. Aporphine alkaloid  U138, U87, and C6  Decreased the cell 
viability at 80, 250 and 
�����������0�� 

(Gerhardt et al., 2009) 

Dibromophakellin (293)     ED50 = �������������J���P�/  
Debromohymenialosine (294) Phakellia mauritiana 

Dendy. 
Pyrrole-imidazole 
alkaloid 

SF295  ED50 � ���������������J���P�/ (Pettit et al., 1997; 
Zöllinger, Kelter, 
Fiebig, & Lindel, 
2007) 

Dibromophakellstatin (295)   SF295, SF268 and 
CNXF 498NL 

Inhibits the proliferation of 
the human glioma cell lines  

ED50 � �������������J���P�/��
(SF295), IC50 = 0.55 
(SF268) and 0.93 
���&�1�;�)���������1�/�������0 

 

Piperlongumine (296) Piper longum L.  LN229, U87 and 
8MGBA 

Selectively cytotoxic 
against GBM cells via 
accumulating ROS to 
activate JNK and p38  

IC50 in cells is in the 
range of 10�±���������0 

(J. M. Liu et al., 2013) 

Lepadin A (297)     ED50 = �����������J���P�/  
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Lepadin B (298) Prostheceraeus villatus  
 
 

U373  ED50 = ���������J���P�/  
(Kubanek, Williams, 
de Silva, Allen, & 
Andersen, 1995) 
 

Villatamine B (299)     ED50 = �����������J���P�/  
Nitensidines E (300) Pterogyne nitens Tul. Guanidine alkaloids  SF-245  IC50 � �������������J���P�/ (Luis Octavio Regasini 

et al., 2009) 
Nitensidine (301)   SF295  IC50 � �������������J���P�/ (Luis Octávio Regasini 

et al., 2009) 
Reserpine (302) Rauwolfia serpentine 

(L.) Benth. ex Kurz. 
 �8�����0�*�û EGFR, 

U87 
 IC50 = 9.15± 2.67 and 

�������������“�����������������0�� 
(Abdelfatah & Efferth, 
2015) 
 

9-Methoxycanthin-6-one 
(303) 

    IC50 � ���������J���P�/ (Devkota et al., 2014) 

8-Hydroxy-9-
methoxycanthin-6-one (304) 

Simarouba berteroana 
Krug & Urb. 
 

��-carboline 
alkaloids 

Nf1-null/Trp53-null 
murine astrocytoma 

 IC50 � ���������J���P�/  

9-Hydroxycanthin-6-one 
(305) 

    IC50 � ���������J���P�/  

��-Carboline-1-propionic acid 
(306) 

    IC50 � ���������J���P�/  

Oxymatrine (307) Sophora flavescens 
Aiton. 

Naphthyridine 4-
oxide 

U251 and A172 Apoptosis IC50 =  ���������0  (F. Liu et al., 2016) 

Cepharanthine (308) Stephania spp. Biscoclaurine-
derived alkaloid 

U87, U251, and 
T98G 

 IC50 > 15 µg/ml  (H. Huang et al., 2014; 
Kono et al., 2002) 

Fangchinoline (309) Stephania tetrandra S. 
Moore. 

Diphenylbisbenzylis
oquinoline alkaloids 

U87, and U118  Inhibiting the kinase 
activity of Akt and Akt-
mediated signaling 
cascades 

IC50 = 39.27, and 44.25 
���0�� 

(Guo et al., 2016) 

Isostrychnopentamine (310) Strychnos usambarensis 
Gilg ex Engl. 

Indolomonoterpenic 
alkaloid 

U373   IC50 = 1 µM (Balde et al., 2010) 

Brucine (311) Strychnos nux-vomica 
L. 

 U251  2.0 mmol/l exhibited a 
significant inhibitory 

(Ruijun et al., 2015) 

Thaliblastine (312) Thalictrum sp. Dimeric aporphine 
benzylisoquinoline 
alkaloid 

T406, and GW27   ID50 = 7.0, and 11.2 
���0�� 

(Todorov & Zeller, 
1992) 

Thalifaberidine (313)     ED50 � �������������J���P�/  

Thalifaberine (314) Thalictrum faberi Ulbr. Aporphine-
benzylisoquinoline 
alkaloid 

U373  ED50 � �������������J���P�/ (L. Z. Lin et al., 1994) 

Thalifasine (315)     ED50 � �������������J���P�/  
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(+)-Tiliarine (316) Tiliacora racemosa 
Colebr. 

Diphenylbisbenzylis
oquinoline alkaloids 

BCNU resistant 
U251 

 at a dose 
�����������J���P�/���K�D�G���D���Y�H�U�\��
slight inhibitory effect 

(Seal & Mukherjee, 
2002) 

O-Methyl-tylophorinidine 
(317) 

    GI50 = 30±5 nM  

13a(S),14(S)(+)-3,14-
Dihydroxy-6,7-
dimethoxyphenanthroindolizi
dine (318) 

Tylophora ovata 
(Lindley) Hooker ex 
Steudel, Nomencl. Bot. 

Phenanthroindolizid
ine alkaloid 

SF268  GI50 = 7±0 nM  

13a(S),14(S)-(+)-3,14-
Dihydroxy-4,6,7-trimethoxy-
phenanthroindolizidine (319) 

    GI50 = 5±1 nM (Y.-Z. Lee et al., 2011) 

13a(S)-(+)-3-Demethyl-
isotylocrebrine (320) 

    GI50 = 61 ± 3 nM  

Mitraphylline (321) Uncaria tomentosa 
(Willd. ex Schult.) DC. 

Pentacyclic 
oxindole 
alkaloids 

GAMG, SKNBE (2)   IC50 � �����������0�����������������0���� (Prado, Gimenez, De 
la Puerta Vázquez, 
Sánchez, & Rodriguez, 
2007) 

Hapalindole X (322)     IC50 � �������������“�������������0  
Hapalindole J (323)     IC50 � �������������“�������������0  
Hapalindole A (324)     IC50 � �������������“�������������0  
Hapalindole H (325) Westiellopsis sp. (SAG 

strain number 
20.93) and Fischerella 
muscicola (UTEX strain 
number LB1829) 
 

Hapalindole 
alkaloids 

SF268  IC50 � �������������“�������������0 (H. Kim et al., 2012) 

Anhydrohaloxindole A (326)     IC50 � ���������������0  
Fischerindole L (327)     IC50 � ���������������0  
Renieramycin M (328) Xestospongia spp.    IC50 =3.10 nM (Tabunoki et al., 2012) 
Isotetrandrine (329) Xylopia aethiopica 

(Dunal) A. Rich. 
Tetrahydroisoquinol
ine 

U87, 
�8�����0�*���û�(�*�)�5 

Apoptosis mediated by 
ROS production 

IC50 � ���������������������������0 
 

(Kuete, Sandjo, et al., 
2015) 

[1-Methoxy-12-methyl-12,13-
dihydro-
[1,3]dioxolo[4',5':4,5]benzo[1,
2-c]phenanthridine-2,13-diol 
(330) 

Zanthoxylum buesgenii 
(Engl.) P.G. Waterman.  

Benzophenanthridin
es alkaloids 

U87, 
�8�����0�*���û�(�*�)�5 

 IC50= 60.55, ���������������0��  
(Sandjo, Kuete, 
Tchangna, Efferth, & 
Ngadjui, 2014) 

Kokusaginine (331)   U87  IC50 � �����������������0��  
Canthin-6-one (332) Zanthoxylum 

chiloperone var. 
angustifolium Engl. 
 

��-carbolines 
alkaloid 

GSC (glioblastoma 
stem cells) 

 IC50 =�������������0�� 
 
 
 

(Cebrián-Torrejón et 
al., 2012) 

5-Methoxycanthin-6-one 
(333) 
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Nitidine (334) Zanthoxylum nitidum 
(Roxb.) DC. 

Berberine alkaloids  U251 and U87  PI3K/Akt/ mTOR signaling 
pathway 

The IC50 in both cell 
lines is 50 µM. 

(M. Liu et al., 2016) 

Liriodenine (335)  Oxoaporphine 
alkaloid 

SF268  IC50 � ���������������J���P�/ (C. H. Yang et al., 
2009) 

Chelerythrine (336) Zanthoxylum rhoifolium 
Lam. 

Benzophenanthridin
e alkaloid 

 Selective antagonist of the 
Ca++/ phospholipid 
dependent protein kinase 
(Protein kinase C) 

Half-maximal inhibition 
of the kinase occurs at 
�������������0�� 

(Herbert, Augereau, 
Gleye, & Maffrand, 
1990) 

Bulbispermine (337)   
 
 
 

  IC50 = 9, 38, 11 and 9 
���0�� 

(Elgorashi, Drewes, & 
Van Staden, 1999; 
Luchetti et al., 2012; 
Pettit, Gaddamidi, & 
Cragg, 1984) 

Haemanthamine (338) Zephyranthes robustus 
Herb. ex Sweet. 
 

Crinine-type 
alkaloids 

T98G, U373, Hs683 
and U87 

 IC50 � �������������������D�Q�G���������0��  

Haemanthidine (339)     IC50 = 14, 7, 4 and 6 
���0�� 

 

L-Alanosine Streptomyces 
alanosinicus 

Protoalkaloid ( 
amino acid 
analogue) 

In vitro (primary 
GBM cells) 
and in an orthotopic 
GBM model. 

Apoptosis 
Increased sensitivity to 
TMZ 
Purine synthesis inhibition, 
reducti elimination of 
mitochondrial 
spare respiratory capacity 
on in stemness 

 (Singh et al., 2022) 

Berberine   U-87 
LN229 

Inhibited 
the TGF-�������6�0�$�'��������
Signaling Pathway 
downregulated Bcl-2, and 
upregulating Bax and 
caspase-3, upregulated 
miR�)�������)���S, induced 
apoptosis, inhibited 
migration, and invasion 
Reversed chemotherapy 
resistance  
Inhibited the 
���)�F�D�W�H�Q�L�Q���0�*�0�7���S�D�W�K�Z�D�\ 

 (Jin, Zhang, Pan, & 
Shen, 2022) 

Piperine Piper nigrum Piperidine alkaloids T98G 
FaDu cells 

Cytotoxic antitumor 
activity  
Effects on DNA 
 radio-sensitizing effect 

IC50=133 µM  
74 µM  
 

(Diehl, Hildebrandt, & 
Manda, 2022) 

648 
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As another example, berberine (an isoquinoline alkaloid isolated from common barberry) was 652 

reported to influence the metabolic state of GBM cells and result in a high autophagy flux and 653 

impaired glycolytic capacity. Berberine could inhibit the AMPK/mTOR/ULK1 pathway, which 654 

can eventually lead to apoptotic cell death and a reduction of tumor invasion. This autophagy 655 

modulation and tumor suppression was also observed in vivo (mouse model, with U87 glioma cells 656 

inoculated subcutaneously) (J. Wang et al., 2016). 657 

Tetrandrine, a bis-benzylisoquinoline alkaloid isolated from the plant Stephania tetrandra, is 658 

known to possess anti-tumor activity and can enhance the radiosensitivity of human glioblastoma 659 

U138MG cells. In vitro studies on tetrandrine have shown inhibition of cell proliferation, 660 

migration, and invasion by inhibiting the expression of certain proteins such as ADAM17, p-661 

EGFR, and p-AKT in the glioma U87 cell line through the activation of the EGFR/PI3K/AKT 662 

signaling pathways. It also inhibited cell migration, and invasion of GBM 8401 cells, cell mobility, 663 

migration, and invasion. The involved mechanisms are down-regulation of several key metastasis-664 

related proteins such as p-EGFR, Ras, p-AKT (Ser473) and p-AKT (Thr308), ecadherin, MMP-2 665 

and MMP-9, and reducing MAPK signaling-related proteins (Y. W. Jiang et al., 2019a, 2019b). In 666 

vivo studies on Glioma xenograft mouse models have shown that tetrandrine increased animal 667 

survival and decreased tumor growth (Luan, He, & Zeng, 2020; J. Sun et al., 2019).  Another study 668 

showd that borneol and tetrandrine modulated the BBB and blood�±tumor barrier to improve the 669 

therapeutic efficacy of 5-fluorouracil in brain metastasis (J.-F. Lin et al., 2022). 670 

Evodiamine, an alkaloid isolated from Evodia rutaecarpa Bentham, induces calcium/c-Jun N-671 

terminal kinase (JNK)-mediated autophagy. It is also reported to induce apoptotic death to human 672 

glioblastoma cells via the calcium/mitochondria-mediated pathway (A.-J. Liu et al., 2013). 673 

Fascaplysin is another alkaloid that is considered as a potential chemotherapeutic lead compound 674 



69 
 

against GBM. It is a red pigment that was isolated from the sponge Fascaplysinopsis sp. (Lyakhova 675 

et al., 2020).  Fascaplysin antitumor properties are related to inhibition of some important kinases, 676 

which are involved in the main phases of the GBM cell life cycle, and alteration of the 677 

PI3K/AKT/mTOR signaling pathway (T.-I. Oh et al., 2018), suppression of angiogenesis, and 678 

induction of apoptosis and autophagy. It was suggested that this molecule induces apoptosis that 679 

is due to activation of caspase-3 and-9. It also inhibits some cyclin-dependent kinases (CDK) such 680 

as CDK4/cyclin D1 and CDK6/cyclin D2 complexes. On the other hand, due to its flat structure, 681 

this molecule acts as a powerful DNA intercalator and influences or stops transcription and 682 

translation processes. In vitro, the potency of fascaplysi�¶'s cytotoxic effects was reported to be 683 

comparable to that of temozolomide (Lyakhova et al., 2020). Several fascaplysin derivatives have 684 

been synthesized and reported to have comparable or even more potent activity than the natural 685 

fascaplysin (Lyakhova et al., 2020).  686 

However, there is not enough clinical data on the safety, efficacy, and bioavailability of these 687 

molecules. Little is known about many of the alkaloids listed in Table 5. Several alkaloids have 688 

been proven to pass through the BBB. Many alkaloids have low molecular weight lipophilic 689 

structures, which, hypothetically, makes them BBB permeable. On the other hand, multidrug 690 

resistance associated proteins such as ABCC1 or MRP1 family members are efflux pumps that are 691 

reported to have the ability to transport lipophilic drugs such as epipodophyllotoxins (e.g., 692 

etoposide, teniposide), vinca alkaloids (e.g. vincristine, vinblastine), and camptothecin derivatives 693 

across cell membranes (Arvanitis et al., 2020; El-Readi et al., 2021). Although most of the 694 

bioactive alkaloids can be ligands of efflux transporters (ABCC1 and P-glycoprotein), many of 695 

them still penetrate the brain in considerable amounts (Campos-Bedolla, Walter, Veszelka, & Deli, 696 
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2014), as confirmed for vincristine (Parodi et al., 2019; F. Wang, Zhou, Kruh, & Gallo, 2010) and 697 

ergot alkaloids (N. Sharma, Sharma, Manikyam, & Krishna, 2016).  698 

 699 

 700 

1.5.3 Lignans 701 

Lignans, as secondary plant metabolites, are a large group of low molecular weight polyphenols 702 

�W�K�D�W�� �K�D�Y�H�� �E�H�H�Q�� �L�V�R�O�D�W�H�G�� �I�U�R�P�� �D�� �Y�D�U�L�H�W�\�� �R�I�� �S�O�D�Q�W�V�¶�� �V�H�H�G�V���� �J�U�D�L�Q�V���� �D�Q�G�� �Y�H�J�H�W�D�E�O�H�V���� �/�L�J�Q�D�Q�V�� �D�U�H��703 

considered precursors to phytoestrogens. Structurally, lignans are grouped as diphenolic 704 

compounds based on their biosynthesis pathways consisting of two propyl-benzene units coupled 705 

�E�\�� �D�� �������•-bond (Rodríguez-García, Sánchez-Quesada, Toledo, Delgado-Rodríguez, & Gaforio, 706 

2019). Lignans are classified into 8 subgroups, including dibenzylbutyrolactol, 707 

dibenzocyclooctadiene, dibenzylbutyrolactone, dibenzylbutane, arylnaphthalene, aryltetralin, 708 

furan, and furofuran. This classification is based on the pattern of cyclization and the location of 709 

oxygen atoms. Each subgroup can be further differentiated based on the degree of oxidation of the 710 

lignan molecule as well as the identities of non-propyl aromatic rings in the side chains 711 

(Rodríguez-García et al., 2019; Solyomváry, Beni, & Boldizsar, 2017; W.-H. Xu, Zhao, Wang, & 712 

Liang, 2019).  713 

Some plants in the Linaceae family, such as flaxseed, Pedaliaceae (especially sesame seeds), 714 

Poaceae (cereals such as rye, wheat, oats, and barley), Fabaceae (cereals, soybeans, and tofu), 715 

Brassicaceae vegetables (for example, broccoli and cabbage) and some fruits, such as apricots and 716 

strawberries, are known as dietary sources of lignans. Phytoestrogenic (Hano, Dinkova-Kostova, 717 

Davin, Cort, & Lewis, 2021), anti-inflammatory (Marcotullio, Curini, & Becerra, 2018), 718 

antioxidant and antitumor properties (Majdalawieh, Massri, & Nasrallah, 2017) are just a few of 719 
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the activities of flavonoids. Some of them have been reported to exhibit beneficial effects on 720 

neurodegenerative disorders (Das & Devi, 2019). One mechanism that has been suggested for the 721 

anticancer effects of lignans is inhibiting topoisomerases in tumor cells and interfering with DNA 722 

synthesis and proliferation (K.-H. Lee & Xiao, 2003; Zhai et al., 2021). Some reported 723 

mechanisms for lignans against brain tumors include inhibition of the Raf-MEK-ERK pathway by 724 

methyl rocaglate (B. Cui et al., 1997; S. K. Lee, Cui, Mehta, Kinghorn, & Pezzuto, 1998; Polier et 725 

al., 2012), microtubule-depolymerization that results in improper expression of cyclin B1/cdc2 726 

kinase and Bcl-2 phosphorylation by isochaihulactone (Y.-L. Chen et al., 2006), inhibition of 727 

tubulin polymerization (by marchantin C) (Y.-Q. Shi et al., 2008), switch off phosphorylation of 728 

signal transduction proteins engaged in EGFR-signaling like Akt, MAPKKs, STAT3 and mTOR 729 

by honokiol (Jeong, Lee, Chang, & Kim, 2012; Saeed et al., 2014) and inhibition of the 730 

proliferation and invasion of GB cells by regulation of the HOTAIR-micoRNA-125a-mTOR 731 

pathway (by schisandrin B) (Y. Jiang et al., 2017). A list of lignans, their sources, and mechanisms 732 

of action against different cell lines is listed in Table 6. 733 

 734 

 735 
 736 
 737 
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Table 6. A list of natural lignans reported in different experimental models of brain cancer (in vitro or in vivo).  738 

Compound 
 

Organism Structural 
Class 

Cell line or 
experiment
al model 

Mechanism of action Conclusion Ref. 

Methyl rocaglate (340) Aglaia spp. Lignan U373  Inhibition of the Raf-MEK-ERK Pathway ED50 = ��������������g/mL (B. Cui et al., 1997; 
S. K. Lee et al., 
1998; Polier et al., 
2012) 

4'-Demethoxy-3',4'-methylenedioxy-
methyl rocaglate (341) 

    ED50 � �������������������J���P�/  

1-O-Formyl-4'-demethoxy-3',4'-
methylenedioxy-methyl rocaglate 
(342) 

    ED50 � �������������������J���P�/  

Pterostilbene (343) Anogeissus acuntinata 
(Roxb. ex Candolle) 
Guillemin. 

Stilbenes U373   ED50 � �������������J���P�/ (Rimando, Pezzuto, 
Farnsworth, 
Santisuk, & 
Reutrakul, 1994) 

Dihydrodehydrodiconiferyl alcohol 
(344) 

 Neolignan   ED50 �!�����������J���P�/  

Conocarpan (345)     ED50 �!�����������J���P�/  
2'-Hydroxy-2,3,5-
trimethoxybibenzyl (346) 

    IC50 � �����������������0  

Pacharin (347) Bauhinia 
acuruana Moric. 

Bibenzyl 
lignan 

SF295   IC50 � �����������������0 (Góis et al., 2017) 

Bauhiastatin 1 (348)     IC50 � �����������������0  
Bauhiastatin 2 (349) Bauhinia 

acuruana Moric. 
Bibenzyl 
lignan 

SF268  GI50� �������������J���P�/ (Pettit et al., 2006) 

Bauhiastatin 3 (350)     GI50 � �������������J���P�/  
Isochaihulactone (351) Bupleurum 

scorzonerifolium Willd. 
Lignan DBTRG  Microtubule-depolymerizing agent that 

causes inappropriate expression of cyclin 
B1/cdc2 kinase, Bcl-2 phosphorylation 

IC50 � ���������������×���0 (Y.-L. Chen et al., 
2006) 

Phylligenin (352) Forsythia koreana 
(Rehder) Nakai. 

Lignan C6, U87  Inhibit G1 phase progression through up-
regulating CKI p21 

IC50 � �������������������0 (S.-H. Lee et al., 
2010) 

(-)-Deoxypodophyllotoxin (353) Hernandia peltata 
Meisn. 

Lignan SF268  ED50 � �������������������J���P�/ (Pettit, Meng, et al., 
2004) 

(+)-Epiaschantin (354)     ED50 �!�����������J���P�/  
(+)-Epieudesmin (355)     ED50 � �������������J���P�/  
Podorhizol (356)     ED50 �!�����������J���P�/  
Isostegane (357)     ED50 � �������������J���P�/  
5- Methoxydehydropodophyllotoxin 
(358) 

Hyptis verticillata Jacq. Lignan  U373  ED50 � ���������������J���P�/ (Novelo et al., 1993) 
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Dehydro-��-peltatin methyl ether 
(359) 

    ED50 � �������������J���P�/  

Dehydropodophyllotoxin (360)     ED50 �!�����������J���P�/  
Deoxydehydropodophyllotoxin 
(361) 

    ED50 �!�����������J���P�/  

4'-Demethyldeoxypodophyllotoxin 
(362) 

    ED50 � �������������J���P�/  

Isodeoxypodophyllotoxin (363)     ED50 � �������������J���P�/  
Deoxypicropodophyllin (364)     ED50 � �����������������J���P�/  
��-Apopicropodophyllin (365)       
Yatein (366) Illigera 

luzonensis Merr. 
Lignan T98G, 

Hs683, 
IMR32, and 
U373  

 IC50 = 26.5, 29.8, > 
���������J���P�/�����(�'50 = 0.3 
���J���P�/�����I�R�U���K�X�P�D�Q��
glioblastoma U373) 

(J.-J. Chen, Hung, 
Sung, Chen, & Kuo, 
2011; Doussot et al., 
2017; Novelo et al., 
1993) 

N-Phenethylcinnamide (367)  Lignanamide IMR32   IC50 � ���!�����������J���P�/ (J.-J. Chen et al., 
2011) 

N-trans-Feruloyltyramine (368)       
N-cis-Feruloyltyramine (369)       
N-trans-Sinapoyltyramine (370)       
N-cis-Sinapoyltyramine (371)       
Ferrearin C (372) Licaria puchury-major 

(Mart.) Kosterm. 
Neolignan IMR32  Up-regulation of HO-1, p38-MARK, and 

Bax and up-regulation of the expression 
of pJNK 

IC50 � ���������������0 (Hayama, Tabata, 
Uchiyama, 
Fujimoto, & Suzuki, 
2011) 

rel(7S,8S,1'R,2'S)-2'-hydroxy-3,4-
dimethoxy-3'-oxo-D4',8'- 8.1',7.O.2'-
neolignan (373) 

    IC50 � ���������������0  

(�±)-Matairesinol (374) Litsea lii var. 
nunkaotahangensis 
(J.C. Liao) J.C. Liao. 

Lignan SF268   IC50 �!���������0 (M.-J. Cheng, 
Wang, Lee, & Chen, 
2010) 

Honokiol (375) Magnolia spp. Lignan U87, 
�8�����0�*�û�(
GFR, T98G, 
NB41A3, 
and neuro2a 

Shuts phosphorylation of signal 
transduction proteins involved in EGFR-
signaling such as Akt, MAPKKs, STAT3 
and mTOR 

IC50 =88.91, 33.83, > 
50 ( for T98G, 
NB41A3, and 
�Q�H�X�U�R���D�������0 

(Saeed et al., 2014), 
(Jeong et al., 2012) 
(�*�R�V�W�\���V�N�D���H�W���D�O������
2023) 

Riccardin D (376) Marchantia 
polymorpha L. 

Bis-bibenzyl 
dimers 

A172   IC50 � �����������0 (Asakawa, 
Ludwiczuk, & 
Hashimoto, 2013) 

Pallidisetin A (377) Polytrichum 
pallidisetum Funck, 
Krypt. Gew. Fichtelgeb. 

Cinnamoyl 
bibenzyl  

U251   ED50 � ���������J���P�/ (Zheng et al., 1994) 

Pallidisetin B (378)     ED50 � �����������J���P�/  
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Pycnanthulignene A (379) Pycnanthus angolensis 
(Welw.) Warb. 

Neolignan U87, 
�8�����0�*�û�(
GFR 

 IC50 =    45.82, and 
���������������0�� 

(Kuete et al., 2016) 

Threo, threo -Manassantin A (380)     IC50 = 0.10, 0.21 
���J���P�/ 

 

Threo, erythro- manassantin (381) Saururus chinensis 
(Lour.) Baill. 
 

Neo-lignan T98G, 
Hs683 

 IC50 = 0.10, 0.23 
���J���P�/ 

(Hahm, Lee, Kang, 
Kim, & Ahn, 2005) 

Erythro, erythro- manassantin A 
(382) 

    IC50 = 0.2, 0.55 
���J���P�/ 

 

Marchantin C (383) Schistochila 
glaucescens (Hook.) 
A.Evans. 

bis-bibenzyl 
dimers 

A172  Tubulin polymerization inhibition IC50 = 8-���������0 (Y.-Q. Shi et al., 
2008) 

Schisandrin B (384) Schisandra chinensis 
Baill. 

Lignan U251, U87 Inhibition of the proliferation and 
invasion of glioma cells by regulating the 
HOTAIR-micoRNA-125a-mTOR 
pathway 

IC50 �!���������0��(for 
both cell lines) 

(Y. Jiang et al., 
2017) 

Balanophonin (385) Simarouba berteroana 
Krug & Urb. 

Neolignan Nf1- and 
p53-
defective 
mouse 
malignant 
glioma 
tumor cell 
line 

 IC50 � ���������J���P�/ (Devkota et al., 
2014) 

Lobarstin (386) Stereocaulon 
alpinum Laurer ex 
Funck. 

Neo-lignan T98G  IC50 � �����������0 (S. Kim et al., 2013) 

Egonol (387) Styrax camporum Pohl. lignan  MO59J   IC50 =180.9 ± 1.9 
���J���P�/�����D�I�W�H�U�������K�� 

(de Oliveira et al., 
2016) 

Homoegonol (388)     IC50 = 106.6 ± 16.2 
(after 72h) 

 

(�í ) -(2R,3R)-1,4-O-
diferuloylsecoisolariciresinol (DFS) 

Alnus japonica Lignan Orthotopic 
xenograft 
models of 
GBM (mice) 

Inhibited tumor growth 
prolonged the survival rate 
Suppression of Forkhead Box M1 
(FOXM1) 

 (Shim et al., 2022) 
(Lim et al., 2022) 

Nordihydroguaiaretic acid Larrea tridentata phenolic lignan GBM6 Eeduction in the quantity of altered 
protein content and of ROS-damaged 
phenylalanine 
Anti-oxidant properties 

 (Manciu et al., 
2022) 

739 
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1.5.4 Quinones 742 

Quinones and quinone-related compounds constitute prominent primary and secondary 743 

metabolites with diverse chemical skeleton backbones. Structurally, these classes of compounds 744 

have been found in monomer, dimmer, prenylated, glycosylated, and reduced/oxidized forms. (M. 745 

N. d. Silva, Ferreira, & de Souza, 2003). Various quinones have been reported from the plantae, 746 

animalia, monera, protista, and fungi kingdoms. Many of the plants produced quinones from 747 

various classes, including terpenoid quinones, polycyclic quinones, anthraquinones, 748 

benzoquinones, and naphthoquinones. Interestingly, isoprenoid quinones and anthraquinones are 749 

more commonly found in animalia. These metabolites have a wide distribution in higher plants. 750 

For example, benzoquinones mainly occur in Borraginaceae while naphthoquinones are found in 751 

the Rhamnaceae, Polygonaceae, Rubiaceae, Leguminoseae, Liliaceae, and Scrophulariaceae 752 

families. Naphthoquinones, another  important class, occur in Juglandaceae, Plumbaginaceae, 753 

Borraginaceae, Verbenaceae, Bignoniaceae, Lythraceae, Droseraceae, and Ebenaceae (Maria Jose 754 

Abad Martínez, 2005). A list of quinones, their sources, and mechanisms of action against different 755 

cell lines is listed in Table 7. Quinone cytotoxicity has been linked to a wide range of different 756 

mechanisms. Quinones can fragment into semiquinone radicals, highly redox-active intermediates. 757 

The formation of different reactive oxygen species (ROS), including superoxide, hydroxyl, and 758 

hydrogen peroxide radicals, can cause oxidization of various targets, including proteins, 759 

macromolecules, and DNA (Bolton, Trush, Penning, Dryhurst, & Monks, 2000). Some quinones, 760 

including plumbagin and 2-methoxy-1,4-naphthoquinone, inhibited glutathione reductase, 761 

thioredoxin reductase, and mitogen-activated protein kinases (MAPK) (Hwang et al., 2015; Ong, 762 

Yong, Lim, & Ho, 2015). 763 



77 
 

Table 7. A list of natural quinones that have been reported in different experimental models of brain cancer (in vitro or in vivo).  764 

Compound 
 

Natural source Chemistry Cell line or 
experimen
tal model 

Reported mechanism of action Conclusion Ref. 

Agastaquinone (389) Agastache rugosa 
(Fisch. & C.A. Mey.) 
Kuntze. 

diterpenoid 
quinone 

XF498   ED50 � �������������J���P�/ (H.-K. Lee, Oh, 
Kim, Kim, & Lee, 
1995) 

Conicaquinone A (390) Aplidium conicum 
(Olivi, 1792) 

Terpene 
Quinones 

C6 
 

IC50 �����������J���P�/ (Aiello et al., 2005) 

Conicaquinone B (391)     IC50 �������������J���P�/  
Cornudentanone (392) Ardisia virens Kurz, 

Forest Fl. Burma. 
Alkyl 1,4-
benzoquinones 

SF268   IC50 � ���������������J���P�/  
 
(Imperato, 
Paleologos, & Vick, 
1990) 

Ardisianone (393)     IC50 � ���������������J���P�/  
Deoxyalkannin (394)     IC50� �����������������0  
Alkannin (395)     IC50� �����������������0  
��-Hdroxyisovalerylalkannin (396) Arnebia euchroma 

(Royle) I.M. Johnst. 
Naphthoquinone U251    IC50� ���������������������0  

2''-(S)-�.-Methylbutyrylalkannin 
(397) 

    IC50� ���������������������0 (Damianakos et al., 
2012) 

Propionylalkannin (398)     IC50� ���������������������0  
Terrequinone A (399)  Complex 

quinone 
  IC50 � ���������������0  

Dehydrocurvularin (400)     IC50 � �������������0  
11-Methoxycurvularin��(401) Aspergillus terreus 

Thom (1918). 
 SF268   IC50 � �������������0  

11- Hydroxycurvularin (402)  Ketonic 
compounds 

  IC50 � �������������0 (Jian He et al., 2004) 

Penicillic acid (403)     IC50 � �����������0  
14-Deoxy13(14)-
dehydroterrefuranone (404) 

    IC50 � �������������0  

Denbinobin (405) Dendrobium spp. Phenanthraquino
ne  

U87, GBM 
8401 

�,�Q�D�F�W�L�Y�D�W�L�R�Q���R�I���,�.�.�.���U�H�V�X�O�W�V���L�Q���$�N�W���D�Q�G��
FKHR ephosphorylation, caspase-3 
activation, and subsequent cell 
apoptosis 

IC50 � ���������������I�R�U���E�R�W�K��
cell lines) 

(Weng et al., 2013) 

Diosquinone (406) Diospyros 
mespiliformis Hochst. 
ex A. DC. 

Naphthoquinone U373, 
SKNSH 

 ED50 � �������������������������0 (Adeniyi, Robert, 
Chai, & Fong, 2003) 

7-Methyljuglone (407) Euclea divinorum 
Hiern. 

Naphthoquinone U373   IC50 � �������������J���P�/ (Mebe, Cordell, & 
Pezzuto, 1998) 
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2-(1-Hydroxyethyl) naphtho[2,3-b] 
furan-4,9- 
Quinone (408) 

    ED50 � ���������J���P�/  

2-Acetylnaphtho[2,3-b]furan-4,9-
quinone (409) 

Ekmanianthe 
longiflora Urb.  

Naphthoquinones  SK-N-SH    ED50 � �������������J���P�/ (Peraza-Sánchez et 
al., 2000) 

Dehydro-iso-�.-lapachone (410)     ED50 � �������������J���P�/  
�.-Lapachone (411)     ED50 � �������������J���P�/  
Elastiquinone (412) Ficus elastica Roxb. ex 

Hornem. 
Quinone U373, 

Hs683 
 IC50 � �������������������� (Teinkela et al., 

2016) 
7-Epiclusianone (413) Garcinia brasiliensis 

(Mart.) Planch. & 
Triana. 

Benzophenone  U251, 
U138  

At low concentrations: altered cell 
cycle progression, decreased the S and 
G2/M populations. 
At higher concentrations:  Increased the 
number of cells at sub-G1. anti-
microtubule action during cell division 
or the intensification of caspase-3 

IC50 = 23.00,     18.52 
���0  

(Sales et al., 2015) 

Gambogic acid (414) Garcinia hanburryi 
Hook.f, J. Linn. Soc., 
Bot. 

Xanthone U251  Growth inhibition and apoptosis 
involving Akt pathway inactivation. 

The ffective 
concentration was > 4  
���0  

(J. Zhou et al., 2013) 

�.-Mangostin (415) Garcinia mangostana 
L. 

Xanthone GBM8401, 
DBTRG 
  

Decreases cell viability by inducing 
autophagic cell death but not apoptosis. 
The inhibition of AMPK expression 
with shRNAs or an inhibitor of AMPK 
reduced.  subsequently associates with 
14-3-�������D�Q�G���U�H�V�X�O�W�V���L�Q���W�K�H���O�R�V�V���R�I��
mTORC1 activity 

IC50 = 6.4, 7.3 µM 
 

 
 
 
 
 
(Chao, Hsu, Liu, & 
Kuo, 2011) 

   C6  Apoptosis of rat C6 glioma cells in 
vitro in a concentration-dependent 
manner by triggering the intrinsic 
mitochondrial pathway of apoptosis. 

The IC 50 
value was 1.2 mmol/L 

(Qiang et al., 2008) 

Isojacareubin (416) Garcinia nujiangensis 
C. Y. Wu & Y. H. Li in 
Y. H. Li. 

Xanthone U87  IC50 � �������������� (Xia et al., 2012) 

�������‰���������‰-Tetrahydroxybenzophenone 
(417) 

Garcinia punctata 
Stapf. 

Benzophenone U87, 
�8�����0�*�û�(
GFR    

Induced apoptosis in CCF�±CEM cells, 
activation of initiator caspases 8 and 9 
as well as the effector caspase 3/7 and a 
disruption MMP 

IC50 = 50.61,      11.99 
���0  

 

Isogarcinol (418)     IC50 � ���������������������������������������0  
Isoxanthochymol (419)     IC50 =   6.40,       3.12 

���0  
(Kuete et al., 2013) 

Guttiferone E (420)     IC50 � ���������������������������������������0  
Marcanine A (421)     ED50 � ���������������J���P�/  
Dielsiquinone (422)     ED50 � ���������������J���P�/  
Marcanine B (423) Goniothalamus 

marcanii Craib. 
Azaanthraquinon
es 

U251   ED50 � ���������������J���P�/ (Soonthornchareonn
on, Suwanborirux, 
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Bavovada, 
Patarapanich, & 
Cassady, 1999) 

Marcanine D (424)     ED50 � ���������������J���P�/  
5-Hydroxy-3-amino-2-aceto-1,4-
naphthoquinone (425) 

 Aminonaphthoqu
inone 

  ED50 � ���������������J���P�/  

6-Isobutyryl-5,7-dimethoxy-2,2-
dimethyl-benzopyran (426) 

 
 
 
Hypericum 
polyanthemum 
Klotzsch ex Reichardt. 

Benzopyrans  U373  IC50 � ���������������J���P�/  

7- Hydroxy-6-isobutyryl-5-
methoxy-2,2-dimethyl-benzopyran 
(427) 

    IC50 � ���������������J���P�/ (Ferraz et al., 2005) 

5-Hydroxy-6-isobutyryl-7-methoxy-
2,2-Dimethyl-benzopyran (428) 

    IC50 � �������������������J���P�/  

2-Methoxy-1,4-naphthoquinone 
(429) 

Impatiens glandulifera 
Royle. 

Naphthoquinone  U373  IC50 � ���������� (Cimmino et al., 
2016) 

Juglone (430) Juglans regia L. Naphthoquinone C6  generation of intracellular ROS EC50 � ���������������0 (Meskelevicius, 
Sidlauskas, 
Bagdonaviciute, 
Liobikas, & Majiene, 
2016) 

Karwinaphthopyranone B1 (431)       
Torachrysone mono methyl ether 
(432) 

      

Peroxisomicine A1 (433) Karwinskia parvifolia 
Rose. 

Naphtho-
pyranones 

U373   IC50 �!�����������0 (Rojas-Flores, Rios, 
L�ypez-Marure, & 
Olivo, 2014) 

Bis-anthracenone T-478 (434)       
1-O-Methylchrysophanol (435)       
Lanneaquinol (436)       
���•��R)-Hydroxylanneaquinol (437) Lannea welwitschii 

(Hiern) Engl. 
Alkylated 
hydroquinone 

SF268, 
SF295, 
SF539, 
SNB19, 
SNB75, 
and U251  

 GI50 ~ �������0�����I�R�U���D�O�O���F�H�O�O��
lines) 

(Groweiss et al., 
1997) 

Lantalucratin A (438)     IC50 � �������������0  
Lantalucratin B (439)     IC50 � �������������0  
Lantalucratin C (440) Lantana involucrate L. Furano 

naphthoquinones 
U87  IC50 � �������������0  

Lantalucratin E (441)     IC50 � ���������0 (Hayashi et al., 
2004) 
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Dehydroiso-��-lapachone (442)     IC50 � �������������0  
Dehydroiso-�.-lapachone (443)     IC50 � �������������0  
Lomatiol (444) Lomatia spp. Quinone  U373, 

Hs683 
 IC50 � ���������������������� (Fiorito, Genovese, 

Epifano, et al., 2016) 
SZ-685C (445) Mangrove endophytic 

fungus No. 1403 
Quinone  LN444 Apoptosis with anticancer activity by 

suppression of the Akt/FOXO pathway 
IC50 � �������������� (Xie et al., 2010) 

Cudraxanthone I (446)   U87, 
�8�����0�*�û�(
GFR   

Apoptosis in CCRF-CEM cells via the 
activation of initiator caspases 8 and 9 
and effector caspase 3/7 as well as loss 
of MMP 

IC50 = 22.49, ��������������M  

Morusignin I (447) Milicia excelsa 
(Welw.) C.C. Berg. 

Xanthone    IC50 � �����������������������������������0 (Kuete, Sandjo, 
Ouete, et al., 2014) 

8-Hydroxycudraxanthone G (448)     IC50 = 69.62,    38.53 
���0  

 

2-Acetyl-7-methoxynaphtho[2,3-
b]furan-4,9-quinone (449) 

Millettia versicolor 
Welw. ex Baker. 

Quinone  U87, 
�8�����0�*�û�(
GFR 

 IC50 � ���������������������� (Kuete, Mbaveng, 
Sandjo, Zeino, & 
Efferth, 2017) 

Xanthone V1 (450)  
 
Newbouldia laevis 
Seem.   

Naphthoquinone U87  IC50 � ���������������0  
 
(Kuete, Wabo, et al., 
2011) 

2-Acetylfuro-1,4-naphthoquinone 
(451) 

    IC50� ���������������0  

Metachromins W (452) Thorecta reticulata 
Cook & Bergquist. 

Naphthoquinone SF268   GI50� �������������0 (Ovenden et al., 
2011) 

Shikonin (453) Lithospermum 
erythrorhizon 

 
 
 

U-87 MG 
and the 
primary 
glioblastom
a cell line 
GB14 

-Inhibited the capability of forming 
tumor spheres and enhanced TMZ 
-Increased the mRNA expression of the 
tumor suppressing Neurofibromatosis 
type 1 (NF1) gene and showed 
modulating effects on intracellular 
protoporphyrin IX 

 (Werner et al., 2022) 

Onosma paniculata 
Bureau & Franch 

 
 
Naphthoquinone 

 
 
U87, 
�8�����0�*�û�(
GFR  

Induced both apoptosis and 
necroptosis, inhibition of the epidermal 
growth factor receptor signalling 

IC50 � ���������������������������0 (Kretschmer et al., 
2012; Wiench, 
Eichhorn, Paulsen, & 
Efferth, 2012; Q. 
Zhao, Kretschmer, 
Bauer, & Efferth, 
2015) 

��,��-Dimethylacrylshikonin (454)     IC50 � �������������������������0  
2-Methyl-butyrylshikonin (455)     IC50 � �����������×�“�×������������

���������×�“�×�����������������0 
 

Deoxyshikonin (456) Onosma paniculata 
Bureau & Franch. 

 
 
Naphthoquinone 

U87, 
�8�����0�*�û�(
GFR  

Induced both apoptosis and 
necroptosis, inhibition of the epidermal 
growth factor receptor signalling 

IC50 � �����������×�“�×����������
���������×�“�×�������������0 

(Kretschmer et al., 
2012; Wiench et al., 
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2012; Q. Zhao et al., 
2015) 

Isobutyrylshikonin (457)     IC50 � �����������������������������0  
Isovaltryshikonin (458)     IC50 � �����������������������������0  
��-Hydroxyisovalerylshikonin (459)     IC50 � �������������������������������0  
Acetylshikonin (460)     IC50 =     18.59,    17.38 

�D�Q�G�������������������0�������I�R�U��
U251)   

 

Acetylalkannin (461)     IC50 � �����������������������������������0  
Teracrylalkannin (462)     IC50 = 50.63, 

�����������×�“�×�������������0 
 

Isobutyrylalkannin (463)     IC50 � �������������������������������0  
2-Methyl-butyrylalkannin (464)     IC50 � �������������������������������0  
Dimethylacrylshikonin (465)  Naphthoquinone U251  Interfere with cell-cycle progression in 

these cell lines and led to an increasing 
number of cells in the subG1 region as 
well as to caspase-3/7 activation, 
indicating apoptotic cell death 

IC50 � ���������������0 (Kretschmer et al., 
2012) 

Damnacanthal (466)   U87, 
�8�����0�*�û�(
GFR    

 IC50 � �����������������������������������0  

Damnacanthol (467)     IC50 � ���������������������������������0  
3-Hydroxy-2-
hydroxymethylanthraquinone (468) 

Pentas schimperi 
(Hochst.) Wieringa. 

Anthraquinone    IC50 = 117.33, >156.86 
���0  

(Kuete, Mbaveng, 
Zeino, Ngameni, et 
al., 2015) 

Schimperiquinone B (469)     IC50 > 86.96,  >86.96 
���0  

 

Tauranin (470) Phyllosticta 
spinarum (Died.) Nag 
Raj & M. Morelet 

Sesquiterpene 
quinone 

SF268  IC50 � �������������� (Wijeratne et al., 
2008) 

Plumbagin (471) Plumbago spp. Naphthoquinone Hs683, and 
U373. 

 IC50 � ���������������0 (Fiorito, Genovese, 
Taddeo, et al., 2016) 
 
 
 

1-O-Methylohioensin B (472) Polytrichum 
pallidisetum Funck, 
Krypt. Gew. 
Fichtelgeb. 

Benzonaphthoxa
nthenone  

U251   ED50 � ���������J���P�/ (Zheng et al., 1994) 

l-O-Methyldihydroohioensin B 
(473) 

    ED50 � �������������J���P�/  

�����•��Z���������•��E���������•��E)-
heptadecatrienylhydroquinone (474) 

Rhus succedanea L. Hydroquinone  C6    IC50 � �������������J���P�/  
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765 

�����•��Z���������•��E)-
heptadecadienylhydroquinone (475) 

    IC50 � ���������J���P�/ (P.-L. Wu, Lin, 
Huang, & Chiou, 
2002) 

�����•��Z)-Heptadecenylhydroquinone 
(476) 

    IC50 � �������������J���P�/  

Quinofuracin A (477)     IC50 ��������������  
Quinofuracin B (478)     IC50 < 10 ����   
Quinofuracin C (479) Staphylotrichum 

boninense PF1444 
Anthraquinone 
glycoside  

LNZTA3   IC50 ���������������� (Tatsuda et al., 2015) 

Quinofuracin D (480)     IC50 �!��������������  
Quinofuracin E (481)     IC50 �!��������������  
Geldanamycin (482) Streptomyces 

hygroscopicus (Jensen 
1931) Yüntsen 1956. 

Quinones U87, U251 Induces G2 arrest in U87MG 
glioblastoma cells through down 
regulation of Cdc2 and cyclin B1 

IC50 = 50 nM (Nomura, Nomura, 
Newcomb, & 
Zagzag, 2007) 

Fredericamycin A (483) Streptomyces griseus 
(FCRC-48). 

Naphthoquinone Glioma cell 
line 

Interaction with DNA, and effects on 
macromolecular synthesis 

ED50� �������������J�����P�O (MIOSRA, Pandey, 
Hilton, ROLLER, & 
SILVERTON, 1987) 

Murayaquinone (484) Streptomyces sp. 
NA4286 

Phenanthro 
quinone 

U87, U251  IC50 � �������������������������������� (P. Cheng et al., 
2019) 

Murayaquinone D (485)     IC50 � ��������������������������������  
Ustilaginoidin R (486)     IC50 �!�����������0  
Ustilaginoidin S (487)     IC50 � ���������������0  
Ustilaginoidin U (488)     IC50 �!�����������0  
Ustilaginoidin V (489)     IC50 �!�����������0  
Ustilaginoidin W  (490)     IC50 �!�����������0  
Ustilaginoidin B (491)     IC50 � ���������������0 (W. Sun et al., 2017) 
Ustilaginoidin C (492) Villosiclava virens E. 

Tanaka & C. Tanaka. 
bis-naphtho-��-
pyrones 

Daoy   IC50 �!�����������0  

Ustilaginoidin H (493)     IC50 �!�����������0  
Ustilaginoidin I (494)     IC50 = �������������0  
Ustilaginoidin J (495)     IC50 �!�����������0  
Lapachol (496) Different sources  Naphthoquinone U373, 

Hs683, and 
C6  

Related with inhibiting TOP I and TOP 
II activities, as well as TOP II 
expression 

IC50 � ���������������������������0 (Fiorito et al., 2014) 

Lawsone (497)     IC50 � �����������0�����D�F�W�L�Y�H��
against Hs683)   

 

Fraxinellone Dictamnus dasycarpus Tetrahydro-
benzofuranone 

C6, 
DBTRG 
cells and  
 xenograft 
model 

Inhibited the proliferation of GBM 
cells and tumor growth 
Downregulated the expressions of 
SIRT3, and superoxide dismutase 2 
(SOD2), a downstream of SIRT3 

 (J. Shi et al., 2022) 
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Other quinones, �O�L�N�H����-lapachone and dicoumarol, target NADH/NADPH dehydrogenase quinone1 769 

(NQO1, which is overexpressed in many cancers) (H. Liu et al., 2015; Ross et al., 2000).  770 

Celastrol, a quinone steroid, induced U251N glioblastoma cell death via formation of ROS and 771 

activation of ROS-responsive stress-activated protein kinases (SAPKs) (Boridy, Le, Petrecca, & 772 

Maysinger, 2014). A similar finding was reported about isoplumbagin (isolated from Lawsonia 773 

inermis and  L. Plumbago europaea L.) anticancer effect on U87 glioblastoma cells through NQO1 774 

(Tsao, Chang, Wang, & Chen, 2020)�����5�H�S�R�U�W�H�G���U�H�V�H�D�U�F�K���K�D�V���V�K�R�Z�Q���W�K�D�W����-lapachone (a natural ortho-775 

quinone) can inhibit ubiquitin-specific proteases 1 and 2 (the enzymes with DNA damage repair 776 

potential) (Gopinath et al., 2017). It is reported that 2-methoxy-6-acetyl-7-methyljuglone (2-777 

methoxystypandrone) isolated from Polygonum cuspidatum Siebold & Zucc. crosses the blood brain 778 

barrier and induces necrosis in both U87 and U251 glioblastoma cells by targeting NQO1 (J. Yu et 779 

al., 2020).  780 

Many cytotoxic quinones affect apoptosis regulators. As a well-known example, shikonin increases 781 

the apoptosis regulator BAX (Bax) expression and upregulates p53 (Gara et al., 2015). Coenzyme Q0 782 

(2,3-dimethoxy-5-methyl-1,4-benzoquinone, from Antrodia camphorata inhibited the  783 

PI3K/AKT/mTOR signaling pathway in U87MG and GBM8401 glioblastoma cells (H.-L. Yang et 784 

al., 2021). Thymoquinone, a constituent of Nigella sativa L., has shown a suitable in vivo and in vitro 785 

glioblastoma cell antitumor activity as well as blood�±brain barrier crossability (Racoma, Meisen, 786 

Wang, Kaur, & Wani, 2013). This metabolite induced tumor cell apoptosis via the following 787 

pathways: Bax up-regulation, Bcl2 down-regulation, and PI3K/Akt and NF-���%�� �V�L�J�Q�D�O�� �L�Q�K�L�E�L�W�L�R�Q��788 

(Darakhshan, Pour, Colagar, & Sisakhtnezhad, 2015).  789 

 790 

 791 
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 792 

Figure 5: The sunshine diagram, which shows the number of reported active molecules from different 793 

classes and subclasses of secondary metabolites  794 

1.5.5 Sesquiterpenes 795 

Natural sesquiterpenes are a class of secondary metabolites which are found in medicinal plants and 796 

marine organisms(Azadeh Hamedi, Afifi, & Etemadfard, 2017; Laurella et al., 2022; Mojab, Hamedi, 797 
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Nickavar, & Javidnia, 2008). Biosynthetically, sesquiterpenes with a usual molecular formula of 798 

C15H24, are composed of three isoprene units and derived from 15-carbon farnesyl pyrophosphate 799 

(FPP). And can be linear, monocyclic or bicyclic. A variety of sesquiterpenes have been reported 800 

from volatile oils and resins. Sesquiterpene lactones are the major class of sesquiterpenoids and 801 

contain a lactone ring. Over 6000 have been reported, especially from the Asteraceae family, although 802 

some of them have been isolated from other families such as Apiaceae (Evans, 2009).  Sesquiterpenes 803 

have been found to have a variety of pharmacological properties, including cytotoxic, antitumor, 804 

antileukaemic, and antibacterial activity, despite often also causing skin allergies. Chemically, they 805 

are classified based on their carbocyclic skeletons, such as germacranolides, guaianolides, 806 

pseudoguaianolides, eudesmanolides, eremophilanolides, xanthanolides, etc., (Evans, 2009; Valeria 807 

Patricia Sülsen & Martino, 2018). It was assumed that the presence of the �.����-unsaturated-��-lactone 808 

in their structure was associated with much of their biological activities.  Some of them have unusual 809 

structures  (Adekenov, 2017). The anticancer properties of sesquiterpenes and their derivatives have 810 

been reviewed extensively (Abu-Izneid et al., 2020; Nakagawa-Goto et al., 2016; Valeria P. Sülsen, 811 

Elso, Borgo, Laurella, & Catalán, 2021). The efficacy of some sesquiterpenes against brain tumors 812 

especially glioblastoma, has been studied along �Z�L�W�K�� �P�H�F�K�D�Q�L�V�W�L�F�� �G�H�W�D�L�O�V���� �6�R�P�H�� �H�[�D�P�S�O�H�V�� �D�U�H���� �� ��-813 

elemene (a natural sesquiterpene isolated from a variety of plants, especially Curcuma wenyujin  and 814 

Nigella damascene) (Sieniawska et al., 2018), dihydroartemisinin, also known as dihydroqinghaosu, 815 

artenimol or DHA, which  is a semi-synthetic derivative of artemisinin (a natural sesquiterpene 816 

lactone isolated from the plant Artemisia annua) (S. H. Kim, Kang, & Kang, 2016), Alantolactone 817 

(or ALT , a sesquiterpene lactone-isolated from Inula helenium) (X. Wang et al., 2021), Zerumbone 818 

(a sesquiterpene from ginger) (Jalili-Nik et al., 2020), dehydroleucodine (a natural sesquiterpene 819 

lactone isolated from Artemisia douglassiana) (A Ratovitski, 2017), and DAW22 (a natural 820 

sesquiterpene coumarin from Ferula ferulaeoides) (L. Zhang et al., 2015). 821 
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Mechanisms have been suggested for the antitumor and cytotoxic activities of some sesquiterpenes 822 

and their derivatives. Some of these sesquiterpenes are:  DAW22 (reported to induce apoptosis and 823 

endoplasmic reticulum (ER)) (L. Zhang et al., 2015), dihydroartemisin (known to activate the 824 

cytochrome c (cyt c)/caspase cascade signaling pathway and to inhibit p-AKT, and to inhibit 825 

proliferation and invasion through suppressing the ADAM17 pathway as well as inhibiting glioma 826 

�F�H�O�O���L�Q�Y�D�V�L�R�Q���Y�L�D���5�2�6���W�R���3�������W�R����-catenin signaling) (L. Cao et al., 2014; Junyan Chen, Chen, Wang, 827 

Gao, & Hu, 2015; S. Liu, Zhou, Zhao, & Yuan, 2015; Que et al., 2017) and Zerumbone (exhibits 828 

antimetastatic effects through inhibition of the expression of Akt, matrix metalloproteinase (MMP)-829 

2/-9 as well as total p44/42 MAPK (Erk1/Erk2)) (�-�D�O�L�O�L�(�1�L�N�� �H�W�� �D�O������ ��������). Some other identified 830 

mechanisms for sesquiterpenes include down-regulating the expressions of miR-21 and inhibiting the 831 

invasion,  up-regulating the reversion-inducing-cysteine-rich protein with kazal motifs (RECK) 832 

(Moujir, Callies, Sousa, Sharopov, & Seca, 2020),  suppressing the EGFR signaling pathway, 833 

suppressing the phosphorylation of ataxia telangiectasia mutated (ATM), AKT  and ERK,  up-834 

regulating the expression of p-��-catenin, suppressing the EGFR signaling pathway and improving the 835 

efficacy of chemosensitivity (for example by gefitinib) or radiosensitivity of  glioblastoma  (for 836 

�H�[�D�P�S�O�H���E�\����-elemene) (Bai et al., 2022; S. Liu et al., 2015; Mu et al., 2016). Other involved mechanisms for 837 

�W�K�H���H�I�I�L�F�D�F�\�� �R�I���V�R�P�H���V�H�V�T�X�L�W�H�U�S�H�Q�H�V���V�X�F�K�� �D�V����-elemene includes reduction in the expression of the 838 

stemness markers (including CD133 and ATP-binding cassette subfamily G member 2, mesenchymal 839 

markers N-�F�D�G�K�H�U�L�Q�� �D�Q�G�� ��-catenin) (Mu et al., 2016; T. Zhu et al., 2015)  and caspase-dependent 840 

apoptosis (via upregulating Bax and Fas/FasL) and downregulation of Bcl-2 (L. Zhang et al., 2015; 841 

T.-Z. Zhu et al., 2014), induction of  ROS-dependent apoptosis (via suppression of STAT3 signaling 842 

pathway) (S.-z. Cai et al., 2021), increasing the levels of differentiation-related effectors (including 843 

glial fibrillary acidic protein (GFAP), Notch1, and sonic hedgehog), increasing the epithelial marker 844 
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E-cadheri, and weakening chemoresistance to temozolomide (T.-Z. Zhu et al., 2014; T. Zhu et al., 845 

2015).  846 

Alantolactonen was suggested to decrease the expression of COX-2 by affecting the binding of NF-847 

���%���W�R���W�K�H���&�2�;-�����S�U�R�P�R�W�H�U���D�U�H�D���D�V���Z�H�O�O���D�V���L�Q�K�L�E�L�W�L�Q�J���N�L�Q�D�V�H���D�F�W�L�Y�L�W�\���R�I���,�.�.�����Y�L�D targeting the ATP-848 

binding site (Uddin et al., 2021; X. Wang et al., 2017a). Another sesquiterpene, galbanic acid, 849 

inhibited PI3K/Akt/mTOR pathway (Shahcheraghi et al., 2021). Dehydroleucodine has shown 850 

stimulation of TP73-dependent transcriptional regulation of multiple cell death target genes and 851 

raising the expression of CDKN1A and BAX proteins (A Ratovitski, 2017). 852 

Most sesquiterpenes are small molecules with some extent of semipolar and lipophilic characteristics. 853 

However, little work has been done to experimentally validate their BBB permeability. On the other 854 

hand, some reports can be found in the literature confirming the BBB and cerebrospinal fluid (CSF) 855 

�S�H�Q�H�W�U�D�W�L�R�Q�� �R�I�� �V�R�P�H�� �V�H�V�T�X�L�W�H�U�S�H�Q�H�V�� �V�X�F�K�� �D�V�� �D�O�D�Q�W�R�O�D�F�W�R�Q�H�� �>�������� �����@���� ��-elemene [26-28], and 856 

dihydroartemisinin [29].  857 

A list of sesquiterpenes and sesquiterpene lactones as well as their sources and their IC50, EC50, or 858 

GI50 against a variety of brain tumor cells is provided in Table 8. 859 

 860 

 861 
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Table 8. A list of natural sesquiterpenes and iridoids that have been studied in different experimental models of brain cancer (in vitro 862 
or in vivo). 863 

Compound 
 

Natural source  Structural 
class 

Cell line or 
experiment
al model 

Mechanism of action Resulted effect Ref. 

Neoambrosin (498) Ambrosia maritima L.  
 

Sesquiterpene U87, 
�8�����0�*�û�(
GFR 

 IC50 = 132.2, 24.1 
���0  

(Saeed et al., 2015) 

Damsin (499)    Inhibited a master regulator 
upstream of STAT3 and NF-���%�� 

IC50 = 154.4, 24.1 
���0  

 

1-Oxoeudesm-11(13) eno-12,8a-
lactone (500) 

 Aster himalaicus C. B. 
Clarke. 

Sesquiterpene U87, U251 
and A172 

increased p53 phosphorylation and 
the mRNA expression levels of 
p53 and p21Waf1/Cip1 

IC50 = 29.5, 7.2, 
���������������P�R�O���/�� 

(S.-s. Liu et al., 
2013) 

Brevilin A (501) Centipeda minima (L.) A. 
Braun. &Aschers. 

Sesquiterpene U87, U373, 
and LN229  

Induction of oxidative stress, ROS 
generation, GSH depletion, 
increased phosphorylation of 
stress-activated proteins p38 and 
JNK 

IC50 � �����������0�����I�R�U��
all cell lines) 

(Jie Wang et al., 
2018) 

Cnicin (502)     IC50 � �������������0  
Elemanolide (503)     IC50 � �������������0  
Heliangolide (504)     IC50 � �������������0  
Salonitenolide (505)     IC50 �!�����������0  
���.-Hydroxy-15-oxo-�������.-�+�������.-H-
elema-1,3,11(13)-trien-12,6- 
Olide (506) 

    IC50 � ���������������0 (Bruno et al., 2005) 

Cope rearrangement of Cnicin (507) Centaurea sphaerocephala 
L. 

Sesquiterpene U-87  IC50 � ���������������0  

(1S�Û,2R�Û,5R�Û,6R�Û,7S�Û,8R�Û,9R�Û,10S�Û
)-2,8,9,10-Tetrahydroxyguia-3,11(13)- 
diene-6,12-olide (508) 

    IC50 � ���������������0  

Hydroxy-2,8,9-triacetoxyguaia-3,11 
(13)-diene-6,12-olide (509) 

    IC50 � �����������������0  

(1S�Û,2R�Û,5R�Û,6R�Û,7S�Û,8R�Û,9R�Û,10S�Û
)-2,10-Dihydroxy-8-angeloxy-9- 
acetoxyguaia-3,11(13)-diene-6,12-
olide (510) 

    IC50 � ���������������0  

Furanodienone (511) Curcuma longa 
L. 

Sesquiterpene TR/A172, 
TR/U118, 
TR/U251, 
TR/U87 

�'�R�Z�Q�U�H�J�X�O�D�W�L�R�Q���R�I���&�6�3�*���(�$�N�W�(
ERK signalling by inhibiting 
�(�*�5���(�G�H�S�H�Q�G�H�Q�W���W�U�D�Q�V�F�U�L�S�W�L�R�Q�� 

IC50 = 65.4, 52.6, 
�������������������������0�� 

(L. Chen et al., 
2019) 

Ilimaquinone (512)  Sesquiterpene SF-268  GI50 � �������������0 (Ovenden et al., 
2010) 
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Dactyloquinone B (513)     GI50 � �����������0  
Nakijinol B (514)     GI50 � �����������0  
Smenospongine B (515) Dactylospongia elegans 

(Thiele, 1899). 
   GI50 � �������������0  

Smenospongine C (516)     GI50 � �����������0  
Nakijinol B diacetate (517)     GI50 � ���������0  
Radicol (518) Dictamnus spp. Sesquiterpene A172, U118, 

U251, U87, 
TR/A172, 
TR/U118, 
TR/U251, 
TR/U87 

Induced endoplasmic reticulum 
stress, Akt/mTOR Pathway 
Blockade 

IC50 = 6.23, 6.56, 
5.13, 5.97, 12.73, 
12.24, 9.88, 9.52 
���0�� 

(Z. Y. Li et al., 
2017) 

2,3-Dihydro-7-hydroxy-2R*,3R*-
dimethyl-2-[4,8-dimethyl-3(E),7-
nonadienyl]-furo[3,2-c]coumarin  
(DAW22) (519) 

Ferula ferulaeoides (Steud.) 
Korov. 

Sesquiterpene 
coumarin 

C6  Activatation of  �3�(�5�.�����$�7�)���.���D�Q�G��
�,�5�(���.��  Stimulated down-
regulation of Bcl-2, caspase-8 
activation and PARP cleavage 
were inhibited 

IC50 � �����������������0 (L. Zhang et al., 
2015) 

Globularifolin (520) Globularia cordifolia L. Iridoid U87 Apoptosis via regulation of 
Akt/mTOR and MEK/ERK  
Cell cycle arrest, inhibition of cell 
migration and invasion 

IC50 � �������������0 (Y. Yu et al., 2017) 

8-Methacrylyl-4,15-iso-atriplicolide 
(521) 

    IC50 � �����������������0  

8- Isobutyryl -4,15-iso-atriplicolide 
(522) 

Helianthus angustifolius L. Sesquiterpene  U251   IC50 � �����������������0 (Kretschmer et al., 
2011) 

8- Methylbutyryl -4,15-iso-
atriplicolide (523) 

    IC50 � �����������������0  

8- Isovaleryl-4,15-iso-atriplicolide 
(524) 

     IC50 � �����������������0  

Ineupatorolide B (525) 
 

Inula cappa DC. 
 

Sesquiterpene  T98G, U251 Growth-inhibitory activity through 
�W�K�H���D�F�W�L�Y�D�W�L�R�Q���R�I���3�.�&�.�����L�Q�F�U�H�D�V�H���L�Q��
NFAT transactivation ability 

IC50� ���������������������������� (M. Dong et al., 
2015) 

Alantolactone (526) Inula helenium L. Sesquiterpene U87, U251, 
U118, SH-
SY5Y. 

�,�Q�K�L�E�L�W�L�Q�J���W�K�H���1�)���%���&�2�;-2 
signalling pathway and activating 
the cyt c/caspase-dependent 
apoptotic pathway 

IC50 = 20.24, 16.33, 
�����������������������������0 

(X. Wang et al., 
2017b) 

Isoalantolactone (527)   U87, U251, 
U118, and 
�6�+�(�6�<���<���� 

Apoptosis by promoting the 
�F�R�Q�Y�H�U�V�L�R�Q���R�I���)�(�D�F�W�L�Q���W�R���*�(�D�F�W�L�Q����
which in turn activates the 
�F�\�W�R�F�K�U�R�P�H���F���D�Q�G���F�D�V�S�D�V�H�(
dependent apoptotic pathways 

 IC50= 30.26, 32.57, 
33.17, and 26.12 
���P�R�O���O 

(Xing et al., 2019) 

Stellettin B (528) Jaspis stellifera (Carter, 
1879). 

Triterpene  SF295  Inhibition of the phosphorylation 
of Akt 

GI50 � ���������������0 (Tang et al., 2014) 

(4S, 5S, 7R, 8S, 14R)-8,11-dihydroxy-
2, 4-cyclo-eudesmane (529) 

Juglan sinensis (C. DC.) 
Dode. 

Sesquiterpene  U87   IC50 � ����������������  
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11-Hydroxy-2, 4-cycloeudesman-8-
one (530) 

    IC50 � ���������������� (H. Yang et al., 
2012a) 

Isoaplysin (531)   U87, SJG2, 
BE2-C, 
SMA 

 GI50 = 40, 29, 27, 
���������0�� 

 

Isolaurenisol (532) Laurencia pacifica Kylin 
1941. 

Sesquiterpene    GI50 �!�����������0�����I�R�U��
all cell lines) 

(Zaleta-Pinet et al., 
2014) 

Debromoaplysinol (533)     GI50 = 26, 15, 13, 
���������0�� 

 

Costunolide (534) Magnolia kachirachirai 
(Kanehira & Yamamoto) 
Dandy. 

Sesquiterpene  SF268   IC50 = 5.31 µg/mL  (H. S. Chang, Lee, 
Yang, & Chen, 
2010) 

Dehydrosaussurea lactone (535)     IC50 = 5.80 µg/mL   
Guaiazulene (536) Matricaria chamomilla L Sesquiterpene  N2aNB    IC50 >150 µg/mL  (Togar, Turkez, 

Hacimuftuoglu, 
Tatar, & Geyikoglu, 
2015) 

Thiobinupharidine (537)     IC50 = 81.85, 49.73 
���0  

 

Thionuphalutine (538)     IC50 = 45.21, 53.34 
���0  

 

6-Hydroxythiobinupharidine (539) Nuphar spp. Sesquiterpene 
alkaloids 

U-87, U-
87MG 
�û�(�*�)�5 

 
 

IC50 = 42.81, 36.77 
���0  

 

�������•-Dihydroxythiobinupharidine (540)     IC50 = 39.04, 34.74 
���0  

(Fukaya et al., 2018)                                

Pseudolaric acid A methyl ester (541)  Sesquiterpene   IC50 � ���������������0  
Pseudolaric acid B methyl ester (542) Pseudolarix kaempferi 

Gord. 
Sesquiterpene U251  IC50 � ���������������0 (W.-J. He et al., 

2011) 
�3�V�H�X�G�R�O�D�U�L�F���D�F�L�G���%����-D-
glucopyranoside (543) 

 Sesquiterpene 
glycoside 

  IC50 � ���������������0  

���.-Hydroxy-seco-ratiferolide-���.-O-
angelate (544)  

    ED50 � �������������J���P�/  

(1S,5S,6R,7R,8R,9S,10S)-5-
Angeloyloxy-8,9-epoxy1-hydroxy-2-
oxoxantha-3,11-dien-6,12-olide (545) 

Ratibida columnifera (Nutt.) 
Wooton & Standl. 

Sesquiterpene  U373    ED50 � �������������J���P�/ (B. Cui et al., 1999) 

(1S,5S,6R,7S,10S)-5-Angeloyloxy-1-
hydroxy-2-oxoxantha-3,11-dien-6,12-
olide (546) 

    ED50 � �������������J���P�/  

Reissantin B (547) Reissantia buchananii 
(Lees.) N.Hall. 

Sesquiterpene  U87   ED50 > 20   µg/mL  (F.-R. Chang et al., 
2003b) 

Tanacin (548)     IC50 � �������������J���P�/ (Dissanayake, 
Bejcek, Zhang, & 
Nair, 2016) 

Tatridin A (549)     IC50 � ���������������J���P�/  
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864 

1-Epi-tatridin B (550) Tanacetum huronense Nutt. Sesquiterpene U87   IC50 � �����������J���P�/  
Tatridin B (551)     IC50 � �����������J���P�/  
Compound 1 (552)     IC50 � ���������������J���P�/  
Compound 2 (553)     IC50 � �����������J���P�/  
Parthenolide (554) Tanacetum 

parthenium L. 
Sesquiterpene U-87  Suppresses tumour-induced 

angiogenesis through NF-���%��
inhibition 

IC50 � �����������0 (Anderson & 
Bejcek, 2008; 
Nakabayashi & 
Shimizu, 2012) 

Metachromin U (555)     GI50 � �����������0  
Metachromin V (556) Thorecta reticulata Cook & 

Bergquist. 
Merosesquiterp
ene 

SF268   GI50 � �������������0  (Ovenden et al., 
2011) 

Metachromin W (557)     GI50 � �������������0  
Tagitinin C (558) Tithonia diversifolia 

(Hemsl.) A.Gray. 
Sesquiterpene  U373 Caspase independent cell death, 

Induction of autophagosome, and 
G2/M arrest 

IC50 = 59.2 ± 3.7 
���J���P�/ 

(M.-Y. Lee, Liao, 
Tsai, Chiu, & Wen, 
2011) 

Jatamanin P (559) Valeriana jatamansi Jones. Iridoid GSC3, 
GSC12, GS
C18  

 IC50 = 10.88, 1.35, 
> 40 µg/mL  

(Quan et al., 2019) 

Rupesin E (560)     IC50 = 6.34, 13.45, 
4.43 µg/mL  

 

8�.-Hydroxy-13-O-tigloyl-hirsutinolide 
(561) 

Vernonia cinerea (L.) Less. 
 

Sesquiterpene U251 Inhibited intracellular phospho-
Tyrosine STAT3 (pY705STAT3) 

IC50 � ���������0 (Youn et al., 2014) 

8�.-Tigloyloxyhirsutinolide-13-O-
acetate (562) 

    IC50 � ���������0  

Atractylon Atractylodes lancea 
(Thunb.) DC. or 
Atractylodes chinensis 
(DC.) Koidz., 

Sesquiterpene CCK8 
In vivo in 
xenograft 
models 

Anti-tumorigenesis 
Suppressed the migration and 
induced apoptosis, axtivared 
SIRT3, Up-regulated of sirtuin 
3mRNA and protein 

 (S. Sun et al., 2022) 

Cynaropicrin  Sesquiterpene 
Lactone 

U87 Cytotoxicity, Synergistic activity 
with TMZ 

IC50=4, 8 and 10 
µM (24-48-72 h) 

(Rotondo, Oliva, & 
Arcella, 2022) 

Isolinderalactone Lindera aggregata Furanosesquiter
pene 

�8�)���� Apoptosis 
inhibited angiogenesis 

 (S.-Y. Lee, Park, 
Cho, Kim, & Shin, 
2022) 

Oleuropein Green olive skin, flesh, 
seeds, and leaves 

Glycosylated 
seco-iridoid 

T98G 
A172  

Apoptosis, inhibited cell viability IC50=267 and 200 
µM 

(Ercelik et al., 2023) 

Hydroxytyrosol Phenylethanoid Apoptosis, Inhibited cell viability, 
Stem-like Cell phenotype, and 
migration rate Increased sensitivity 
to TMZ 

IC50=91.4 and 112 
µM 
 

Tyrosol Phenylethanoid Apoptosis 
Increased sensitivity to TMZ 

IC50=350 and 150 
µM 

Viridiflorol  Melaleuca quinquenervia 
Allophylus edulis 

Sesquiterpenoid Daoy Apoptosis IC50=0.1mµM 
 

(Akiel et al., 2022) 
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1.5.6 Triterpenes and triterpenoids 867 

Natural triterpenes are C30 compounds that are prevalent in nature, especially in resins. These 868 

compounds that can be aliphatic, tetracyclic, or pentacyclic, have been extracted and purified as esters 869 

or glycosides. For example, aliphatic squalene has been isolated from animal tissues as well as herbal 870 

oils such as peanut and olive. Some important tetracyclic triterpenoids are the limonoids (from citrus 871 

plants), the sterols (from wool fat, herbal oils and yeast) and the cardiac glycosides (from the Digitalis 872 

genus) (Evans, 2009). A list of triterpenes and triterpenoids, and sterols as well as their sources and 873 

their IC50, EC50, or GI50 against a variety of brain tumor cells is provided in Table 9. 874 

1.5.7 Triterpenoid saponins 875 

Most of the triterpenoid saponins (such as raddeanin A, isolated from the plant Anemone raddeana) 876 

are pentacyclic (Evans, 2009; Peng et al., 2018). Another group of triterpenes with interesting 877 

biological activities are the quassinoids, produced by the degradation and rearrangement of 878 

triterpenes. Saponins are known for their hemolytic properties, and many of them are very toxic after 879 

IV infusion, although they are usually considered harmless when they are taken orally. They have 880 

strong foam-forming properties in aqueous solutions (Evans, 2009). Saponins are classified into 11 881 

classes, including dammaranes, tirucallanes, lupanes, hopanes, oleananes, taraxasteranes, ursanes, 882 

cycloartanes, lanostanes, cucurbitanes, and steroids. A variety of saponins have been investigated 883 

against different cancer cell lines. It is assumed that varying degrees of lipophilicity in the sugar 884 

moiety of saponins are essential for possessing cytotoxic properties, and most of the saponins can 885 

induce apoptosis in tumor cells (Man, Gao, Zhang, Huang, & Liu, 2010). Saponins, especially in the 886 

glycosidic form, have a high molecular weight and an amphiphilic nature. It is repported that they 887 

often have a degree of BBB permeation. Several saponins have been reported to induce cell death, 888 

including cell lysis, necrosis, apoptosis, or autophagy by a variety of pathways such as ROS, activity 889 
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on organelles, and affecting the permeability of the outer mitochondrial membrane. Some saponins, 890 

such as ginsenosides, can reduce cell growth by inhibiting proteins such as cyclins or cyclin-891 

dependent kinases. Ginsenosides can reportedly pass through the BBB and show neuroprotective 892 

effects (Lorent, Quetin-Leclercq, & Mingeot-Leclercq, 2014). Paris saponin H, a steroid saponin 893 

isolated from Rhizoma paridis, reduced cell viability, migration and invasion, and caused apoptosis 894 

�L�Q�� �8�������� �J�O�L�R�E�O�D�V�W�R�P�D�� �F�H�O�O�V�� �W�K�U�R�X�J�K�� �W�K�H�� �$���� �D�Q�G�� �$���� �D�G�H�Q�R�V�L�Q�H�� �U�H�F�H�S�W�R�U�)�P�H�G�L�D�W�H�G�� �S�D�W�K�Z�D�\���� ��It 895 

increased p21 and p27 protein expression while decreasing cyclin D1 and S-phase kinase associated 896 

protein 2 protein expression (L. Bi et al., 2021). Saponin 1, a triterpenoid saponin extracted from 897 

Anemone taipaiensis, induced apoptosis and suppressed NF-���%-mediated survival signaling in 898 

U251MG and U87MG, glioblastoma multiforme cells (Juan Li et al., 2013).  899 
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Table 9. A list of natural triterpenes triterpenoids that have been studied in different experimental models of brain cancer (in vitro or 900 
in vivo).  901 

Compound 
 

Natural source Structural 
Class 

Cell line or 
experimental or 
model 

Mechanism of action Reported effect Ref. 

Lovenone (563) Adalaria loveni (Alder & 
Hancock, 1862). 

Triterpene  U373  ED50 = 11 
���J���P�/ 

(Graziani, Allen, & 
Andersen, 1995) 

Anacolosin A (564)     �7�*�,��� �������������0  
Anacolosin B (565)     �7�*�,��� �������������0  
Anacolosin C (566)     �7�*�,��� ���������������0  
Anacolosin D (567)     �7�*�,��� ���������������0  
Anacolosin E (568) Anacolosa clarkii Pierre. Clerodane 

diterpene 
D283  �7�*�,��� ���������0 (S. Cai et al., 2019) 

Anacolosin F (569)     �7�*�,��� �������������0  
Corymbulosin X (570)     �7�*�,� ���������������0  
Corymbulosin Y (571)     �7�*�,��� �������������0  
Caseamembrin S (572)     �7�*�,��� �������������0  
Raddeanin A (573) Anemone raddeana Regel. Triterpene 

saponins 
U251 and T98G inducing the ROS/ JNK 

cascade  
IC50 � ���������� (Peng et al., 2018) 

Bryonolic acid (574) Anisophyllea dichostyla R. Br. Pentacyclic 
triterpenoid 

U87  Inhibition of fatty acid 
cholesteryl ester formation 

IC50 � ���������������� (Khallouki, Owen, 
Silvente-Poirot, & 
Poirot, 2018) 

���.-hydroperoxylabda-8(17),14-
dien-13(R)-ol-4-O-acetyl-�.-L-
6-deoxyidopyranoside (575) 

Aster oharai Nakai. Labdane 
diterpene 

SNB19   ED50 = 1.3 
���J���P�/ 

(Choi, Kwon, Choi, 
& Lee, 2002) 

(13R)-labda-7,14-diene 13-O-
��-D-�����•-O-acetyl) 
fucopyranoside (576) 

    ED50 = 8.9 
 ���J���P�/ 

 

(13R)-labda-7,14-diene 13-O-
��-D-�����•-Oacetyl) 
fucopyranoside (577) 

    ED50 = 5.1 
 ���J���P�/ 

 

Labda-7,14-dien-13- ol (578)     ED50 = 9.5 
 ���J���P�/ 

 

(13R)-labda-7,14-diene 13-O-
�.-L-�����•-O-acetyl)- ���•-
deoxyidopyranoside (579) 

Aster spathulifolius Maxim. Labdane 
diterpene 

XF498   ED50 = 3.8 
 ���J���P�/ 

(S. O. Lee et al., 
2005) 

(13R)-labda-7,14-diene 13-O-
�.-L-���•-deoxyidopyranoside 
(580) 

    ED50 = 8.9 
 ���J���P�/ 

 

(13R)-labda-7,14-diene 13- O-
��-D-fucopyranoside (581) 

    ED50 = 4.2 
 ���J���P�/ 
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acetyl-��-boswellic acid (582)   T98G, LN18, 
LN229, and 
LN308 cells 

 EC50 �!��������������
(for all cell 
lines) 

(Glaser et al., 1999; 
Y. S. Park et al., 
2002) 

��-boswellic acid (583) Boswellia serrata Triana & 
Planch. 

Pentacyclic 
triterpenoid 

  EC50 �!��������������
(for all cell 
lines) 

 

acetyl-11-keto-��-boswellic acid 
(584) 

   Inhibition of the 
phosphorylation of Erk-1/2, 
impairing the motility of 
meningioma cells stimulated 
with platelet-derived growth 
factor BB. 

EC50 �!��������������
(for all cell 
lines) 

 

Calotroprocerol A (585) Calotropis procera (Aiton) 
W.T.Aiton. 

Pentacyclic 
triterpenoid 

U373   IC50 � ������������ (S. R. M. Ibrahim et 
al., 2012) 

Caseamembrin T (586) Casearia membranacea 
Hance, J. Bot. 

Clerodane 
diterpene 

Daoy   ED50 = 0.01 
���J���P�/ 

(C. Y. Chen et al., 
2008) 

Caseamembrin U (587)     ED50 = 4.72 
���J���P�/ 

 

Casearborin A (588)       
Casearborin B (589)       
Casearborin C (590) Casearia arborea (L. C. 

Rich.) Urban. 
Diterpene SF539   0.29 > IC50 > 9.7 

����  
(Beutler, McCall, et 
al., 2000) 

Casearborin D (591)       
Casearborin E (592)       
Asiatic (593) Centella asiatica (L.) Urban. Pentacyclic 

triterpenoid 
U87  Cell death by both apoptosis 

and necrosis, with Ca2+-
mediated necrotic cell 

IC50 � ������������ (Cho et al., 2006) 

Cespihypotin Q (594)     ED50 �!�����������0  
Cespihypotin R (595)     ED50 �!�����������0  
Cespihypotin S (596) Cespitularia hypotentaculata 

Roxas. 
Verticillene 
diterpene 

Daoy   ED50 � �����������0 (Shen et al., 2008) 

Cespihypotin T (597)     ED50 � �������������0  
Cespihypotin U (598)     ED50 �!�����������0  
Cespihypotin V (599)     ED50 � �����������0  
Pomolic acid (600) Chamaenerion angustifolium 

(L.) Scop. 
Pentacyclic 
triterpenoid 

U87  IC50 � ������������������ (Frolova, Lipeeva, 
Baev, Tsepilov, & 
Sinitsyna, 2017) 

����-O-�>��-D-ribopyranosyl-
�����:���� -�.-L-rhamnopyranosyl-
�����:���� -�.-Larabinopyranosyl] 
hederagenin-11,13-dien-28-oic 
acid (601) 

Clematis argentilucida (Levl. 
et Vant.) W. T. Wang. 

Triterpene 
saponins 

U251  IC50 � ������������������ (Hai et al., 2012) 

����-O- �^��-D-ribopyranosyl- 
�����:���� -�.-L-rhamnopyranosyl-

    IC50 � ������������������  
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�����:���� -�>��-D-glucopyranosyl-
�����:�����@-��-D-xylopyranosyl}9.5 
 oleanolic acid (602) 
Higginsianin A (603) Colletotrichum higginsianum 

Sacc. 
�'�L�W�H�U�S�H�Q�H���.-
pyrone 

U373  IC50 � ������������ (Cimmino et al., 
2015) 

Higginsianin B (604)     IC50 � ������������  
�����.-acetoxy-20,24-epoxy-25-
hydroxy-dammar-3-one (605) 

Combretum nigricans Lepr. Pentacyclic 
triterpenoid 

U373   IC50 = 51.7 
���J���P�/ 

(Simon et al., 2003) 

20,24-epoxy-�����.������-
dihydroxy-dammar-3-one (606) 

    IC50 = 31.6 
���J���P�/ 

 

ent-15-oxo-kaur-16-en-18-oic 
acid (607) 

Croton argyrophylloides 
Müll. Arg. 

Diterpene  SF295   IC50 � ���������������� (Santos et al., 2009) 

Echinopsolide (608) Echinops giganteus A. Rich. Pentacyclic 
triterpenoid 

U87, 
�8�����0�*�û�(�*�)�5 

 IC50 = 54.82, > 
���������������0�� 

(Sandjo, Kuete, 
Siwe, Poumale, & 
Efferth, 2016) 

Echinopsfuroceramide (609)  Furoceramide    IC50 > 66.76, > 
���������������0�� 

 

�������������:��������-abeo-����-acetoxy-
���.��������-lanost-24E-en-26-oic 
acid (610) 

Garcinia hombroniana Pierre. Steroidal 
terpenoids    

DBTRG   EC50 � �����������0 (Jamila et al., 2014) 

 Salicylihalamide A (611) Haliclona spp. Salicylate 
macrolide 

SF268, SF295, 
SF539, SNB19, 
SNB75, and 
U251  

 GI50 �a���������Q����
(for all cell 
lines) 

(Erickson, Beutler, 
Cardellina, & Boyd, 
2001) 

Glanduliferin A (612) Impatiens glandulifera Royle. Glucosylated 
steroids 

U373  IC50 � ������������ (Cimmino et al., 
2016) 

�������������.���������.����������������-
pentahydroxy-��������������-epoxy-
������-methoxy-ursane (613) 

Juglan sinensis (C. DC.) 
Dode. 

Pentacyclic 
triterpenoid 

U87   IC50 � ���������������� (H. Yang et al., 
2012b) 

1�., 3��-dihydroxy-olean-18-ene 
(614) 

    IC50 � ����������������  

Litsealiicolide C (615) Litsea lii var. 
nunkaotahangensis (J.C. Liao) 
J.C. Liao 

Butanolide  SF268    (M.-J. Cheng et al., 
2010) 

Secoisolitsealiicolide B (616)       
Linderanolide B (617)     IC50 �!���������0  
Isolinderanolide C (618)       
Secolincomolide A (619)       
Secokotomolide A (620)       
(+)-��-Eudesmol (621)  Sesquiterpene      
trans-Phytol (622)  Diterpene      
4-epi-Kaurenic acid (623)     IC50 �!������������  
Mitrekaurenone (624)  ent-kauren 

diterpene 
  IC50 �!������������  
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Methylmitrekaurenate (625)     IC50 �!������������  
Oropheic acid (626) Mitrephora glabra 

Scheff. 
 SF268  40 > IC50 > 10 

����  
(Gerhardt et al., 
2009) 

Octadeca-9,11,13-triynoic acid 
(627) 

 Polyacetylene    40 > IC50 > 10 
����  

 

Oropheolide (628)     40 > IC50 > 10 
����  

 

9,10-dihydrooropheolide (629)     40 > IC50 > 10 
����  

 

Erythrodiol (630) Olea europaea L. Pentacyclic 
triterpenoid 

1321N1  Activation of c-Jun N-terminal 
kinases (JNK). 

IC50 � ������������ (Martín et al., 2009) 

Uvaol (631)     IC50 � ������������  
Ottelione A (632) Ottelia alismoides (L.) Pers. Cyclohexenone  SF539  100 pM > GI50> 

1 �Q�� 
(W. Sun et al., 
2017) 

Ottelione B (633)     100 pM > GI50> 
1 �Q�� 

 

Majoranolide B (634) Persea fulva L.E.Kopp.  Alkene lactone C6   IC50 = �������������� (Reis et al., 2019) 
Majorenolide (635)     IC50 � ������������������  
Majoranolide (636)     IC50 � ����������������  
Majorynolide (637)     IC50 � ������������������  
Celastrol (638)     ED50 = 0.22 

 ���J���P�/ 
(F.-R. Chang et al., 
2003a) 

3-hydroxy-2-oxo-24-nor-
friedela-1(10),3,5,7-tetraen29-
oic acid methyl ester (639) 

Reissantia buchananii (Loes.) 
N.Hallé. 

Pentacyclic 
triterpenoid 

U87   ED50 = 0.17 
 ���J���P�/ 

 

6-oxo-pristimerol (640)     ED50 �!���������J���P�/  
��-Sitosterol (615) (641)  Phytosterols    ED50 �!���������J���P�/  
Salvimicrophyllin B (642) Salvia microphylla Kunth. neo-Clerodane 

diterpene 
U251  IC50 �!���������0 (Bautista, Toscano, 

& Ortega, 2014) 
Salvimicrophyllin D (643)     IC50 �!���������0  
Sarcostolide E (644) Sarcophyton stolidotum 

Verseveldt. 
Cembrane 
diterpene 

Daoy   ED50 = 5.5 
���J���P�/ 

(Y.-B. Cheng, Shen, 
Kuo, & Khalil, 
2008) 

Ursolic acid (645) Saurauja roxburghii Wall. Pentacyclic 
triterpenoid 

C6   IC50 > 100, 
43.82 (for U-87) 
����  

(Frolova et al., 
2017; Fujiwara, 
Komohara, Ikeda, & 
Takeya, 2011; 
Mazumder et al., 
2011) 

Corosolic acid (646)    Activation of signal transducer 
�D�Q�G���D�F�W�L�Y�D�W�R�U���R�I���W�U�D�Q�V�F�U�L�S�W�L�R�Q�(����
�D�Q�G���Q�X�F�O�H�D�U���I�D�F�W�R�U�(�N�D�S�S�D���%�� 

IC50 �!��������������  

Ailanqyassin (647) Simarouba berteroana Krug 
& Urb. 

Quassinoids  Nf1- and p53-
defective mouse 

 IC50 � ���������J���P�/  
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malignant glioma 
tumor cell line 

 
 
 
 
(Devkota et al., 
2014) 

Glaucarubinone (648)     IC50 � ���������J���P�/  
Sphaeropsidin A (649)     IC50 � ��������������  
Sphaeropsidin D (650) Smardaea sp. AZ0432 Isopimarane 

diterpene 
SF268  IC50 � �������������� (X.-N. Wang et al., 

2011) 
6-O-acetylsphaeropsidin A 
(651) 

    IC50 � ��������������  

Arjungenin (652) Terminalia ivorensis A. Chev. Pentacyclic 
triterpenoid 

T98G   IC50 � ���������������� (Ponou et al., 2011) 

Arjunic acid (653)     IC50 = 22.1-48.6 
����  

 

Tolypocladin A (654)     IC50 � ������������������  
Tolypocladin B (655)     IC50 � ������������������  
Tolypocladin C (656)     IC50 �!������������   
Tolypocladin D (657)     IC50 � ������������������  
Tolypocladin E (658)     IC50 �!������������   
Tolypocladin F (659) Tolypocladium spp. 

 
Indole diterpene 
Aakaloids 
 

LN229   IC50 � ������������������ (L.-L. Xu et al., 
2019) 

Tolypocladin G (660)     IC50 � ������������������  
Tolypocladin H (661)     IC50 � ����������������  
Tolypocladin I (662)     IC50 � ������������������  
Tolypocladin J (663)     IC50 �!������������   
Lupeol (664) Zanthoxylum gilletii Hoyle. Pentacyclic 

triterpenoid 
U87, 
�8�����0�*�û�(�*�)�5�� 

 IC50 = 20.58, 
���������������0�� 

(Nyaboke et al., 
2018) 

Stigmasterol (665)  Phytosterol  U373   IC50 � �������������� (Mohamed, 
Ibrahim, Shaala, 
Alshali, & Youssef, 
2014) 

Lup-28-al-20(29)-en-3-one 
(666) 

    IC50 = 5.2, 5.8 
������  

 

3-��-hydroxy lupane (667)     IC50 > 20, 19.7 
������  

 

Lupane (668)     IC50 > 20, 20 
������  

 

3-��- acetoxy lupane (595) (669)       
Betulin (670)  Pentacyclic 

triterpenoid 
GOTO, and NB1   IC50 = 17.1, 16.5 

������  
(Hata, Hori, 
Ogasawara, & 
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Takahashi, 2003; 
Ponou et al., 2011) 

3-keto- betulin (671) Different plant sources    IC50 > 20, 20 
������  

 

3-��- acetoxy- betulinic acid 
methyl ester (672) 

      

Lup-28-al-20(29)-en- 3-�� -ol 
(673) 

    IC50 � ����������������
(for GOTO) and 
IC50 � ����������������
(for NB-1) 

 

Betulinic acid (674)   T98G 
U87  
A172 
 
Intracranial GBM 
xenograft mouse 
models 

Induce apoptosis, and arrest the 
cell cycle in the G0/G1 phase 
in vitro 
Antitumore (in vivo) 

IC50 = 7.9, 9.5 
�������D�Q�G���,�&50 = 
�����������������I�R�U��
T98G) 
The IC50= in 
U87 and A172 
cells was 12.1 
���J���P�/���D�Q�G����������
���J���P�/ 

(Y. Li et al., 2022) 
Hata et al. 2003; 
Ponou et al. 2011) 

Betulinic acid methyl ester 
(675) 

    IC50 = 6.8, 6.3 
������  

 

3-keto- betulinic acid methyl 
ester (676) 

    IC50 = 9.4, 9.6 
������  

 

Sugiol Calocedrus formosana 
(Florin) Florin 

Diterpenoid U87 Apoptosis and Cell Cycle 
Arrest 

 (Alharthy et al., 
2022) 

Tanshinone 2A Salvia miltiorrhiza Bunge Abietane 
diterpenoid 

Dictyostelium 
discoideum 
LN-229 
xenograft tumor 
T98G and A172 
 

Reduced PI3K and PKB 
activity 
mTORC1 was inhibited 
following 
chronic treatment 
Suppresses cell proliferation, 
Migration and Invasion Both in 
vitro and in vivo Partially 
Through miR-16-5p/Talin-1 
(TLN1) Axis 
 

IC50�������������×�“�×����������
���������×�“�×���������D�Q�G��
���������×�“�×�������×���0 

(Mannelli et al., 
2018; Williams et 
al., 2022) 

Andrographolide Andrographis paniculata 
(Burm.f.) Nees 

Diterpene 
lactone 

   (Hossain et al., 
2022) 

Cannabidiol  
D9-Tetrahydrocannabinol and 
Cannabidiol (in a 1:1 ratio) 
 

Cannabis sativa Cannabinoid U251 and U138 Proapoptotic Effect 
Autophagy 
SuppressesMitochondrial 
Respiration 
decreased certain subunits of 
complexes I and IV. 
caspases-3 and -7 

 (Rupprecht, 
Theisen, Wendt, 
Frank, & Hinz, 
2022) (�2�¶�%�U�L�H�Q����
2022)  
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����-22 Dihydroxyhopane Sub-Antarctic Lichen 
Pseudocyphellaria freycinetii 

Triterpene Glioma stem cells 
(GSCs) 

Apoptosis 
Inhibits the viability and 
stemness in glioma stem like 
cells 

 (H.-J. Kim et al., 
2022) 

Diosgenin Dioscorea spp. Steroid saponin C6 Apoptosis 
�,�Q�F�U�H�D�V�H�G���V�H�Q�V�L�W�L�Y�W���W�R���7�0�=�����9, 
MMP-2 

 (Semwal et al., 
2022) 

Euphol Tapinanthus sp Tetracyclic 
triterpene 

C6 and U87 Apoptosis 
Inhibition of MAP kinase/Erk 
1/2 and PI3K/Akt in  
 U87 MG 
long-lasting activation of 
Erk ½ (in  
 C6) 

IC50=59.97 and 
���������������0���I�R�U��
U87 and C6, 

(Gade et al., 2022) 

Lycopene Tomatoes and other red fruits 
and vegetables 

Tetraterpene 
carotenoid 

 Activation of caspase-3 
pathway 

 (A. W. Khan et al., 
2022) 

Platycodin Platycodon grandiflorus Triterpenoid 
saponin 

U373MG Inhibited autophagy and 
increases glioblastoma cell 
death 
LDL receptor (LDLR) 
upregulation, disrupting 
cholesterol trafficking and 
autophagy 

 (S. J. Lee et al., 
2022) 

Siderol Sideritis scardica Diterpenoid U87 and T98 Cytotoxicity IC50� ���������0���D�Q�G��
���������0 

(Giannakopoulou et 
al., 2022) 

902 
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 905 

 906 

As another example, apoptosis and DNA damage through ROS are the proposed mechanisms for the 907 

anti-proliferative effects of dioscin (a natural saponin isolated from several plants, including the 908 

Dioscorea genus) on C6 glioma cells. Other involved mechanisms were mitochondrial damage, release 909 

of cytochrome C, and nuclear translation of programmed cell death-5. It also improved caspase-3,9 910 

activity and reduced protein expression of Bcl-2 and Bcl-xl. It also increased the expression of Bak, 911 

Bax, and Bid. Dioscin exhibited a significant reduction in tumor size (in vivo) (L. Lv et al., 2013). For 912 

some other saponins, such as tubeimoside derivatives, the involved mechanism is anti-microtubule 913 

effects and microtubule stabilization (X. Tian et al., 2013).  914 

Another possible mechanism that has been reported for the cytotoxicity of some triterpenes such as 915 

bryonolic acid is to inhibit the production of fatty acid cholesteryl ester in U87 cells (Khallouki et al., 916 

2018).  917 

A variety of saponins have been isolated from marine organisms and plants, but despite the acceptable 918 

cytotoxicity of natural saponins against CNS cancer lines, developing them as new anti-cancer drugs 919 
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was affected by their hemolytic cytotoxicity. Interestingly, a successful approach for administrating 920 

saponins in situ overcomes this limitation to help develop saponins as potential interstitial 921 

chemotherapeutic drugs (X. Tian et al., 2013). 922 

 923 

1.5.8 Sterols and phytosterols 924 

Phytosterols, also known as sterols, as well as their related compounds, phytostanols, are bioactive 925 

tetracyclic triterpenes have been found in a variety of foods, particularly plant-derived foods such as 926 

seed oils, cereal grains, nuts, and seeds (Albuquerque, Nunes, Bessada, Costa, & Oliveira, 2020; Azadeh 927 

Hamedi, Khoshnoud, et al., 2015). More than 250 sterols and their derivatives have been reported, 928 

among which are sitosterol, campesterol, stigmasterol, stigmastanol, campestanol, brassicasterol, 929 

ergosterol, lupeol, and avenasterols, these are the most studied. Some phytosterols, such as sitosterol, 930 

have been reported to promote the proliferation of neural stem cells (Azadeh Hamedi, Ghanbari, et al., 931 

2015; Azadeh Hamedi, Ghanbari, Saeidi, Razavipour, & Azari, 2014). Several phytosterols exhibit 932 

neuroprotection (Ayaz et al., 2017; Dash et al., 2021; Pratiwi et al., 2021; X. Wang et al., 2021) and 933 

target neuroinflammation (Dash et al., 2021). Many of them have been considered safe for oral 934 

administration and have been approved as dietary supplements in many countries (Fahy, o'Callaghan, & 935 

O'brien, 2004; Srigley et al., 2018). Furthermore, in addition to the chemopreventive effects of 936 

phytosterols (Salehi et al., 2021), a number of studies have shown that some phytosterols (Qi, Li, Hua, 937 

Wang, & Gao, 2013) and oxidized phytosterols (oxyphytosterols) (Hovenkamp et al., 2008; Koschutnig 938 

et al., 2009) �D�U�H���F�\�W�R�W�R�[�L�F���W�R���F�D�Q�F�H�U�R�X�V���D�Q�G���Q�R�U�P�D�O���F�H�O�O�V������-Sitosterol has shown apoptosis in HAAE-2 939 

(human abdominal aorta endothelial cells), inducing caspase-3 activity in the cells that corresponded  940 

the DNA fragmentation analysis in a terminal uridine deoxynucleotidyl transferase-mediated 941 

deoxyuridine triphosphate nick-end labelling (TUNEL) study (Rubis et al., 2008). On the other hand, 942 
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since cholesterol metabolism is deregulated in these tumors, potentially toxic cholesterol analogues and 943 

phytosterol derivatives, and LXRs (Liver X Receptors) might be beneficial in metabolic treatments to 944 

suppress glioblastoma tumorigenicity, which can lead to glioblastoma cell death (Ahmad, Sun, Patel, & 945 

Stommel, 2019; Sassi et al., 2021). Phytosterol oxidative derivatives, known as oxyphytosterols, could 946 

also act as LXR activators (Blanco-Vaca, Cedó, & Julve, 2019). Studies on the effects of phytosterols 947 

on other cancers have shown antiangiogenesis and antimetastatic effects (Blanco-Vaca et al., 2019). 948 

Considering bioavailability, the absorption of dietary phytosterols is significantly poorer (5�±10%) than 949 

the absorption of cholesterol (33-60%), with the absorption of dietary phytostanols being even lower 950 

than phytosterols (Blanco-Vaca et al., 2019). Since the BBB generally prevents the transport of 951 

cholesterol from the circulation to the brain, and since natural sterols have a similar structure to 952 

cholesterol, it was assumed that dietary sterols have a low concentration in the brain. However, in a 953 

study on the outcomes of high dietary phytosterol intake on the brain, they showed a significant role for 954 

HDL and/or ApoE in the phytosterol transfer into the brain. In addition, sitosterol to a higher extent that 955 

cholesterol elevated apoE mRNA and protein amounts in astrocytoma, but not in neuroblastoma cells. 956 

Overall, dietary phytosterols pass through the BBB and accumulate in the brain (Jansen et al., 2006).  957 

 958 
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 959 

Figure 6: The sunshine diagram, showing the number of reported active molecules from different 960 

classes of secondary metabolites that were investigated in different brain malignancies  961 

 962 

 963 
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1.6 Preclinical and animal studies  964 

Because of the practical and ethical challenges connected with human clinical trials, applying animal 965 

models has been crucial in cancer research on new cytotoxic molecules. The major pre-clinical in vivo 966 

studies are based on experimental tumors grown in rodents such as mice. However, despite the high rate 967 

of gene similarity, there are significant differences in transcription factor binding sites (41%�±89%) 968 

therefore mice are not perfect models for the majority of human cancer diseases (Johnson, 2020; Seok 969 

et al., 2013). On the other hand, due to the complexity of human genetics and physiology, successful 970 

data translation from animal model studies to clinical cancer trials is reported to be lower than 8%. 971 

Consequently, animal models may be considered a significant source of in vivo data. However, safety 972 

and efficacy data obtained from animal models is usually not translatable to human trials (Mak, Evaniew, 973 

& Ghert, 2014).  The in vivo antitumor effects of many of the cytotoxic molecules identified through in 974 

vitro studies have not yet been evaluated. On the other hand, in some cases, in spite of successful 975 

antitumor results in animal studies, no significant effects were observed in further clinical trials. As an 976 

example, after successful animal studies of IPI-926 on a malignant solid brain tumor, it failed to exhibit 977 

a beneficial effect compared to placebo in the human trial (Mak et al., 2014). Despite the remarkable 978 

number of molecules with efficacy against brain cancer cell lines (in vitro), only a few of them have 979 

been studied through in vivo models and animal studies (Table 10). 980 

 981 
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Table 10. Molecules from natural sources investigated against brain cancers through in vivo studies 982 

Investigated molecule Animal model/ 
sex/strain 

Tumor type  Dose/route of administration Result Ref. 

(�í ) -(2R,3R)-1,4-O-
diferuloylsecoisolariciresinol 
(DFS) 

Male athymic nude 
mice (aged 4�±8 weeks) 

Orthotopic xenograft 
models of GBM using 
TS13-64 

Dissociated Luc-TS13-64 cells 
were pretreated with 10 µM of 
DFS for 72 h. Cells were selected 
by trypan blue staining, and 
���×�î�×���������Y�L�D�E�O�H���F�H�O�O�V���Z�H�U�H��
implanted into the right frontal 
lobe of each mouse at a depth of 
4.5 mm  

Pretreatment with DFS: 
-significantly inhibited tumor 
growth and prolonged the survival 
rate of mice  
-Inhibited GBM tumorspheres by 
suppression of FOXM1 
- Reduced the activities of 
transcription factors related to 
tumorigenesis, stemness, and 
invasiveness 
 

(Lim et 
al., 
2022; 
Shim et 
al., 
2022) 

Atractylon BALB/C nude male 
mice (aged 6-8 weeks) 

C6 cells were inoculated 
SC (subcutaneously)  

-  20 mg/kg (intragastric) for 23 
days 
When the visible tumors at the 
injection sites grew to 50-100 
mm3, atractylon was administered 

Atractylon inhibited the in vivo 
growth of GBM cells in xenograft 
models through SIRT3 activation. 

(S. Sun 
et al., 
2022) 

Betulinic acid Male immunodeficient 
NOD.CB17-
Prkdcscid/JNarl 
(NOD/SCID) mice 
(aged 8 weeks old) 

Temozolomide -resistant 
U87MG cells were injected 
into the right flanks of 
mice 

25 mg/kg (intraperitoneally), three 
times a week for 1 month  

-Decreased tumor weight and size  
- Prolonged survival in mice 
-Reduced Sp1 (specificity protein 
1) expression  
 - Increased activation of the 
protein kinase RNA-like 
endoplasmic reticulum kinase 
(PERK)/C/EBP homologous 
protein (CHOP) apoptotic 
pathway 

(Lo et 
al., 
2020) 

Chlorogenic acid Female ICR mice 
(aged 6-8 weeks) 
 

Mouse G422 glioma cells 
were injected into the right 
flanks of the ICR mice 

�����×�P�J���N�J���R�U�������×�P�J���N�J���S�H�U���G�D�\��
(intraperitoneally), for 14  

-Increased the proportion of 
CD11c-positive M1 macrophages 
and decreased the distribution of 
CD206-positive M2 macrophages 
in tumor tissue 
-Reduced the tumor weight 
Tumor inhibition rates were 30% 
and 48% in the groups treated 
�Z�L�W�K���&�K�O�R�U�R�J�H�Q�L�F���D�F�L�G�����3�×�”�×���������� 

(Xue et 
al., 
2017) 

 
Delphinidin-3-rutin  

Male Balb/c nude 
mice at 8 weeks of age 

Human glioma cell lines 
U251, and A172 were 
suspended in saline 
solution and inoculated 

1 or 5 mg/kg (intraperitoneally), 
every 2 days, for 14 

- Repressed glioma tumor 
proliferation 
-Induced miR-20b-5p/Atg7-
dependent cytostatic autophagy 

(M. 
Wang et 
al., 
2022) 
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subcutaneously to the right 
upper back of mice  

-Regulated autophagy in glioma 
via the Akt/Creb/miR-20b-5p/ 
Atg7axis 

Fraxinellone  
BALB/C-nude male 
mice (aged 6-8 weeks) 

. C6 cells were inoculated 
subcutaneously into nude 
mice 

�����×�P�J���N�J�����G�D�\�����L�Q�W�U�D�J�D�V�W�U�L�F�����I�R�U��������
days 
 

-Inhibited the growth and 
migration of GBM through the 
inactivation of SIRT3-SOD2-
ROS signaling 
-Significantly decreased tumor 
volume, compared with that of the 
model group. 
- 
 

(J. Shi 
et al., 
2022) 

Hesperetin Adult Three months 
old male Wistar rats  

C6 tumors were implanted 
�L�Q�W�R���W�K�H���U�D�W�V�¶���E�U�D�L�Q 

10 or 20 mg/kg/day of body 
weight, intragastric, for 28 days, 
starting from the second day of 
secondary tumor implantation. 

-Decreased tumor permeability 
and oedema  
 -Increased expression of tight 
junction-associated proteins  
-Down-regulated the HIF-
���.���9�(�*�)���9�(�*�)�5�����S�D�W�K�Z�D�\ 
- Prolonged the survival 

(X. 
Zhang 
et al., 
2017) 

Matteucinol Fertilized chicken 
eggs (Gallus gallus) 

On day 10, tumor cells 
(U251MG) re-suspended in 
���������/���0�D�W�U�L�J�H�O���R�U���W�K�H��
silicone ring and were 
placed in the Chick 
chorioallantoic membrane 
(CAM)  

�7�U�H�D�W�P�H�Q�W�������������������J���P�/���R�I��
Matteucinol) was initiated on day 
14 in the tumor  
After 3 days, images of the in- ovo 
formed tumor were obtained using 
a stereomicroscope 

_Promoted cell death via intrinsic 
apoptosis in the adult 
glioblastoma  
-Significantly reduced the 
migration, invasion, and 
clonogenicity of the tumor cells 
-Decreased the angiogenic area 
and the number of blood vessel 
junctions in a U251 xenograft-
fertilized chicken egg model 

(A. G. 
Silva et 
al., 
2020) 

Narciclasine Female nude 
immunodeficient mice 
(6-week-old) 

Human Hs683 and GL19 
(glioblastoma multiforme 
cells) were stereotactically 
implanted into the brain 

1 mg/kg either oral (once per week 
for 5 weeks) or i.v. (twice per 
week for 5 weeks) 
Treatment was initiated on day 5 
or 7 post-tumor graft 

-Activates Rho and stress fibers in 
glioblastoma multiforme cells 
 - Significantly increased the 
survival of glioblastoma 
multiforme-bearing mice, similar 
to temozolomide but at lower 
doses (1 mg/kg) 

(Lefranc 
et al., 
2009) 

Papaverin Male BALB/c nude 
mice (aged 5 weeks) 

Human U87MG cells were 
subcutaneously injected 
into the right leg of animal 

40 mg/kg, intraperitoneally, twice 
a day for 4 days 

-Acted as an HMGB1/RAGE 
inhibitor (high mobility group box 
1 protein /receptor for advanced 
glycation end products inhibitor) 
-Delayed tumor growth  

(Inada, 
Shindo, 
et al., 
2019) 
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Quercetin Male Sprague Dawley 
rats (6�±8 weeks old) 

C6 glioma cells were 
injected into the right 
striatum  

Quercetin: 100 mg/kg/day or  
Quercetin 100 mg/kg+ chloroquine 
20 mg/kg) 
 
Intravenous injections performed 
every other day, for 15 days 

-Anti-glioma efficiency of 
quercetin was enhanced by 
chloroquine 
Induced apoptosis, accompanied 
by the activation of autophagy 
and recruitment of autophagic 
vacuoles. 
- Anti-glioma efficiency of 
quercetin can be enhanced by 
inhibiting autophagy at a later 
stage rather than initial stage 

(Y. Bi 
et al., 
2016) 

Resveratrol Male Fischer 344 rats  -RT-2 glioma cells 
subcutaneously inoculated 
into the right flank of the 
rats. 
 
 

-10 or 40 mg/kg of resveratrol, 
intraperitoneally, once daily for 4 
weeks. 
 
Treatments started immediately 
(small s.c. glioma model) or at day 
5 (large s.c. glioma model) after 
tumor cell inoculation. 

 
Resveratrol (40 mg/kg/day) 
exhibited significant antitumor 
effects on s.c. tumors 
- Decreased tumor growth rate 
- Longer animal survival time 
- Higher animal survival rate  
 
 

(Clark 
et al., 
2017; 
Tseng et 
al., 
2004) 

-Intracerebral tumors were 
induced by implanting 
tumor cells into the brains 
of Fischer 344 

40 or 100 mg/kg of resveratrol, 
intraperitoneally, once daily for 4 
weeks. 

In contrast, resveratrol affected 
intracerebral tumors at only an 
increased dose (100 mg/kg/day), 
prolonging animal survival 
without affecting survival rate. 

Female BALB/c nude 
mice (aged 5-6 weeks) 

Dorsal subcutaneous 
injection of U87 glioma 
cells 

Animal received one of the 
fallowing treatments:  
-water containing 0.1 mg/ml 
resveratrol ad libitum for 18 days 
-or 50 mg/kg of resveratrol by oral 
gavage for 18 days 
- �����L�Q�M�H�F�W�L�R�Q�V���R�I�������������/���R�I�������P�J��
resveratrol, intratumorally, over a 
period of 2 weeks 
- �����L�Q�M�H�F�W�L�R�Q�V���R�I�������������/���R�I��
resveratrol into the tissue adjacent 
to the tumor (peritumoral) over a 
period of 2 weeks 

Resveratrol administered in water 
ad libitum to mice significantly 
reduced tumor growth compared 
with vehicle-treated controls (p < 
0.05). Similar results were 
obtained with intragastric 
administration. 
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Tanshinone 2A (a) BALB/c nu/nu 
mice (22�±25 g). 
 

Subcutaneous tumors were 
induced by injecting 
glioma stem cells into the 
flank (bilaterally) 

10, 20 and 40 mg/kg, 
intraperitoneally, 3 times a week 
for 8 weeks 

-Inhibited tumor growth 
-Induced apoptosis 
-induced disturbance of the 
IL6/STAT3 signaling axis  

(L. 
Yang et 
al., 
2014; 
You, 
He, 
Wang, 
Mao, & 
Zhang, 
2020) 

NOD-SCID mice Human glioblastoma cell 
lines T98G injected 
subcutaneously into the 
back of NOD-SCID mice 

After injection for 7 days, the mice 
were intraperitoneally injected 
with Tanshinone 2A (30 mg/kg), 
every two days for 35 days  
 

-Inhibited cell viability, migration 
and invasion through miR-16-
5p/Talin-1 (TLN1) Axis 
 
- Decreased Cyclin D1, matrix 
metalloproteinase (MMP)-9 and 
Vimentin expression in glioma 
T98G 
 

Tetrandrine  Fischer 344 rats, 
weighing 200�±350 g. 
 
 

-RT-2 rat RT-2 glioma cell 
were inoculated 
Subcutaneously tumors 
into the right flanks of 
Fischer rats 
 
- Intracerebral tumors were 
induced by implanting rat 
RT-2 glioma cell into the 
brains of Fischer 344 rats 
by stereotactic surgery 

- oral gavage of 50 mg/kg/day of 
tetrandrine  
oral gavage of 150 mg/kg/day 
tetrandrine. 
 
 
Intracerebral gliomas Group 
received oral gavage of 150 
mg/kg/day of tetrandrine.) 
 
Treatment was given once daily 
for 4 weeks 
 

150 mg/kg/day of tetrandrine 
exhibited significant antitumor 
effects on subcutaneous tumors 
and led to slower tumor growth 
rate, longer animal survival time 
and higher animal survival 
-inhibited angiogenesis in 
subcutaneous gliomas  
 
- affected intracerebral tumors 
�D�Q�G���S�U�R�O�R�Q�J�H�G���U�D�W�V�¶���V�X�U�Y�L�Y�D�O��
without affecting survival rate 
 

(Y. 
Chen, 
Chen, & 
Tseng, 
2009; 
Liao et 
al., 
2021) 
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Athymic CAnN.Cg-
Foxn1nu/CrlNarl 
(NUDE) male mice 
(aged 6�±8 weeks) 

 
Subcutaneous tumors were 
induced by injecting GBM 
8401/luc2 into the right 
flank 

- 25 or 50 mg/kg of tetrandrine, by 
gavage for 21 days 

-Reduced the levels of c-FLIP, 
MCL-1, and XIAP  
-Increased the signals of cleaved-
caspase-3, -8, and -9 
- Did not affect the body weights 
-Significantly decreased the tumor 
volumes 
- The 50 mg/kg dose of 
tetrandrine had a two-fold 
decrease in tumor volumes 
compared to 25 mg/kg dose  

983 
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1.7 Clinical trials  on brain and CNS tumour-active small molecule natural products 984 

Among different study models in the drug development process, clinical trials might be considered the most important as these are 985 

essential in approving molecules as medicines or withdrawing them from further drug development studies. Despite the remarkable 986 

number of molecules with efficacy against brain cancer cell lines (in vitro), very few of them have been evaluated through clinical trials.  987 

A list of NIH registered clinical trials on naturally occurring molecules against CNS cancers, the natural source of these molecules, as 988 

well as the study design and their current status, is summarized in Table 11. For each registered clinical trial, there is a code that acts 989 

(such as NCT00390403) as a reference and if you search this code, you will be easily led to the page of this trial with all the details 990 

including the sponsors, the institutes and contact information. Almost all of these trials are in combination with standard treatments, 991 

including chemotherapy or radiotherapy, especially temozolomide.  Among natural compounds, some phase I or II trials were terminated 992 

due to lack of clinical benefit, such as a phase II trial on the safety efficacy of TPI-287 (an abeotaxane, which is a diterpene produced 993 

by the yew tree) on glioblastoma multiforme. As other examples, the clinical trial of bleomycin (produced by Streptomyces verticillus) 994 

on brain and CNS tumors was stopped accrual early with no analyses (NCT00006916) and the trial of doxorubicin (found to be produced 995 

by S. peucetius subspecies cesius ATCC 27952) on glioblastoma was terminated due to the high heterogeneity of enrolled patients 996 

(NCT02758366). Despite the completion of some registered trials on natural compounds, no results were posted to the clinical trials.gov 997 

webpage, such as trials on chlorogenic acid (NCT02728349), gossypol acetic acid (NCT00390403), patupilone (NCT00715013) and 998 

lipoic acid (NCT01833273). The results of some of these trials can be found in the literature. As an example, patupilone is a new, well-999 

tolerated microtubule-stabilizing molecule from the epothilone family of compounds (reported to be produced by Myxobacteria of the 1000 



118 
 

genus Sorangium). It is cytotoxic to cells overexpressing P-glycoprotein and is known to possess anti-angiogenic effects. In the phase 1001 

I/II trial (NCT00715013), it was reported that patupilone can be administered safely pre-and postoperatively for recurrent GBM. It has 1002 

a reasonable accumulation in the tumor tissue and has resulted in long-term progression-free survival (PFS) in a number of patients 1003 

(Oehler et al., 2012).  1004 

Another published phase II trial used antineoplastons, AS2-1 (Astugenal) and A10 (Atengenal), a piperidinedione antineoplaston A10, 1005 

which was first isolated from human urine, although it is now synthesized. This agent intercalates into DNA, arrests the cell cycle in the 1006 

G1 phase, reduces mitosis, and decreases protein synthesis (Rechberger, Lu, Zhang, Power, & Daniels, 2020). Antineoplaston A10 has 1007 

been proposed to prevent ras-oncogene expression while activating the tumor suppressor gene p53 (S. R. Burzynski & Patil, 2014). 1008 

Also, it was reported that in combination with standard therapy, antineoplaston exhibited a significant, rapid, and durable response in 1009 

recurrent GBM with acceptable toxicity and tolerability (S. R. Burzynski, Janicki, & Beenken, 2019). There are some additional  case 1010 

reports of the efficacy of antineoplaston (S. Burzynski, Burzynski, Janicki, & Beenken, 2021). 1011 

 1012 

 1013 

Table 11. The NIH registered clinical trials on naturally occurring molecules against CNS cancers. The natural source of these 1014 
molecules as well as the study design and their current status, is summarized. 1015 
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NCT03463265 ABI-009 (nab-rapamycin, 
nanoparticle albumin-bound 
rapamycin)  
 

Bacterium Streptomyces 
hygroscopicus (rapamaycin) 

High grade recurrent 
glioma and newly 
diagnosed 
glioblastoma 

56 Sequential 
non-
randomized 

Phase II  Open As single agent or in 
combination with 
standard therapies 

Active, not 
recruiting 
2018-�«  

NCT01475006 AMG 595, antibody-drug 
conjugate composed of 
 maytansinoid DM1 attached 
to a highly selective anti-
EGFRvIII antibody 

The maytansinoid DM1 
Maytansine was isolated from 
Maytenus ovatus 
 

Advanced malignant 
glioma, anaplastic 
astrocytomas, 
glioblastoma 
multiforme 

32 Single 
group - 
non 
randomized 

Phase I Open Part 1: dose exploration 
Part 2: dose expansion 
Estimate the MTD 

Completed 
2011-2016 
No Results 
Posted 

NCT00003470 Antineoplaston A10 
(Atengenal + Astugenal)  
 

A piperidinedione originally 
isolated from human urine 

Low-grade 
astrocytoma 

27 Single 
group  

Phase II 
Study  

Open IV inj., daily doses of 
A10 and AS2-1 divided 
into six infusions for at 
least 12 months  

Completed 

NCT01721577 AXL1717(Picropodophyllin) 
 
IGF-1 receptor inhibitor 

Cyclolignan alkaloid found in 
the mayapple plant family 
 

Recurrent 
malignant astrocytoma 

30 Single 
Group  

Phase 
I/II  

Open  Phase I: oral, BID, 28 
days. 
phase II: 28 days 
repeated in up to 5 
cycles 

No Results 
was posted 
Recruitment 
Status is 
unknown 

NCT00006916 Bleomycin  Streptomyces verticillus Brain and central 
nervous system 
tumors 

19 Single 
group  

Phase II  Open  Radiation Therapy 
followed by 
intratumoral 
bleomycin, weekly  

Terminated 
(low accrual) 
2003-2020 

NCT04752813 BPM31510 (ubidecarenone; 
ubiquinone, ubidecarenone, 
coenzyme Q, CoQ10) 
 

A coenzyme family that is 
ubiquitous in animals and most 
bacteria 

Glioblastoma,  
glioblastoma 
Multiforme 

50 Single 
group  

Phase II  Open  IV- weekly, for a 
duration of 8 weeks. 

Recruiting 
2021-�«�� 

NCT02728349 Chlorogenic acid Leaves of Hibiscus sabdariffa, 
flesh of eggplants, peaches, 
prunes and coffee beans. 

Advanced 
glioblastoma 

26 Single 
group  

Phase I  Open  Inj- to find MTD Completed 
2016-2018 
No results 
posted 

NCT02629757  ��-Elemene  Anaplastic 
oligoastrocytoma,  
anaplastic 
astrocytoma, 
glioblastoma 

100 Single 
group  

Phase 
III  

Open  ��-elemene 600mg/d,iv 
drip,d1-14,every 28 
days for 1 cycle, totally 
6 cycles to asses 
Over-all survival [Time 
Frame: 5-year] 

Recruiting 
�����������«���� NCT04674527 

Refractory 
glioblastoma 

30 Parallel- 
randomized 

Phase II  
 

Open  Injectable emulsion 
will be given for 80 -
120 mL/day in each 14-

Not yet 
recruiting 
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day cycle or 21-day 
cycle.  
+ tmz 

NCT02758366 Doxorubicin 
 
 

Streptomyces peucetius 
subspecies cesius ATCC 27952 

Glioblastoma  21 Single 
group  

Phase II 
Study 

Open  8 Weeks after the 
chemo-radiotherapy 
treatment) 1 cycle of 
prolonged IV inj. of 
doxorubicin fallowed 
by TMZ 

Terminated 
due to high 
heterogeneity 
of enrolled 
patients 
2016-2021 
 
No results 
posted 

NCT00390403 R-(-)-Gossypol acetic acid 
(AT-101) 
 

Levorotatory isomer of a natural 
racemic gossypol isolated from 
cottonseed 

Brain and central 
nervous system 
tumors 

50 Non-
Randomized 

Phase I 
Study 

Open  Oral, once daily 5 days 
a week for up to 6 
weeks or oral gossypol 
once daily on days 1-21 
for 6 courses 

Completed 
2006-2012 
No esults 
posted 

NCT02315534 Napabucasin (BBI608) 
(NAPA) 
 

First isolated from the stem bulk 
of Tabebuia cassinoides (Lam.)  

Glioblastoma 34 Parallel,  
non 
randomized 

Phase 
I/II  

Open  Oral, daily, each day of 
a 28-day cycle, in 
combination with 
temozolomide. 

Completed 
2019-2021 
 

NCT00715013 Patupilone (EPO 906, 
Epothilone B)  

Myxobacteria of the genus 
Sorangium 

Recurrent 
glioblastoma 

9 Single 
group, non-
randomized 

Phase 
I/II  

Open  unclear Completed 
2008-2011 
No results 
published 
 

NCT02704858 Perillyl alcohol (NEO100) 
 

In essential oils of various 
plants, such as lavender, 
lemongrass, sage, and 
peppermint 

Recurrent grade IV 
glioma,  
glioblastoma 
multiforme 

49 Single 
group  

Phase 
I/II  

Open  Intranasal - four times 
daily for a 28-day 
treatment cycle up to 
six cycles  

recruiting 
2016-�«  

NCT01833273 PolyMVA (Lipoic acid 
mineral complex) 

Lipoic acid bound to lysine is 
present in foods (kidney, heart, 
liver, spinach, broccoli, and 
yeast extract).  
As a supplement it is 
synthesized 

Grade IV astrocytoma 13 Single 
group  

Phase I  Open  Oral, 26-week period 
as a supplement 

Completed 
2013-2016 
No results 
posted 

NCT00047073 Rapamycin (Sirolimus)  Streptomyces hygroscopicus Brain and central 
nervous system 
tumors 

13 Single 
group; non-
randomized 

Phase I 
Study 

Open  Oral, 5-7 days before 
surgery and after 
recovery each day, 
once daily. Cycle is 
every 4 weeks 

Completed 
2006-2012 
No results 
posted  

NCT00053963 Romidepsin  The bacterium 
Chromobacterium violaceum 

Childhood 
meningioma (grade I , 
II and  III);  

30 Single 
group  

Phase I  Open  IV inj. on days 1, 8, 
and 15.  
every 28 days 
to find MTD 

Completed 
2003-2013 
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childhood high-grade 
cerebral astrocytoma;  
recurrent childhood 
cerebellar astrocytoma 
Recurrent childhood 
cerebral astrocytoma 

No results 
posted 

NCT02047214 TPI-287 (abeotaxane) 
 

A diterpenes produced by the 
yew tree (genus Taxus) 

Glioblastoma 
multiforme 

17 Sequential  Phase II 
Study 

Open  IV infusion once every 
3 weeks (Days 1 and 
22) + bevacizumab 

Terminated 
(Due to lack 
of clinical 
benefit in the 
17 subjects) 
2014-2018 

MTD: Maximum Tolerated Dose; IV inj: intravenous injection 1016 

 1017 

 1018 

 1019 

 1020 

 1021 

 1022 

 1023 

 1024 

 1025 
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Table 12. The NIH registered clinical trials on compounds, which are synthesized according to natural lead compounds. The natural 1026 
lead molecules as well as the study design and their current status, is summarized. 1027 
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NCT04250922  2-Hydroxyoleic acid, sodium 
salt  
(2-OHOA) 
 

Oleic acid Primary glioblastoma,  
glioblastoma multiforme 

180 Randomized
, parallel  

Phase II,  
Phase III 

Double-
blind, 
Placebo-
controlled  

Adjuvant trial, orally, 
once daily 
week 3-6 without washout  
first 3 weeks of each 
cycle, followed by 7 days 
washout 

Recruiting 
2021-�«�� 

NCT03867123  Newly-diagnosed 
glioblastoma  

18 Non-
randomized 

Phase I 
 

Open  Oral, 
Arm 1: Daily for 6 weeks 
Arm 2: daily, two 28-day 
cycles 

Completed 
2019-2021 
No results 
posted 

NCT05053880  ACT001 
(dimethylamino micheliolide)  
 

Parthenolide Recurrent glioblastoma 
multiforme 

48 Sequential, 
randomized 

Phase I  Open  Oral, twice daily, 2 weeks 
prior to the surgery 
until the evening prior to 
scheduled surgery 

Recruiting 
2021-�«�� 

NCT02014844 Aldoxorubicin (INNO-206) 
 

Doxorubicin Glioblastoma 28 Single 
group  

Phase II  Open  IV infusion, a pilot study 
to determine the efficacy 
and safety 
Time Frame: up to 6 
months 

Completed 
2013-2017 
No results 
posted 

NCT00012181 Alvocidib  
 

Rohitukine Recurrent childhood 
cerebellar astrocytoma,  
recurrent childhood cerebral 
astrocytoma 

30 Single 
group  

Phase I  Open  IV �± days 1-3. Treatment 
repeats every 21 days 

Completed 
2003-2013 
 
No results 
posted 

NCT00360828 Irinotecan Hydrochloride Camptothecin  Recurrent 
anaplastic astrocytomas, 
mixed malignant gliomas, 
and oligodendrogliomas 
 

10 Single 
group  

Phase II  
 

 _ Terminated 
(Principal 
investigator 
left Moffitt 
and study 
had low 
accrual.) 
2006-2017 
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NCT02490930 Fingolimod (Other Name: 
Gilenya) 

Myriocin Newly Diagnosed High 
Grade Glioma 

5 Single 
group  

Early 
Phase I 

Open Oral, 1 week prior to the 
initiation of concurrent 
radiation and 
temozolomide and will be 
discontinued immediately 
upon completion of the 6 
weeks of therapy 

completed  
2015-2017 
No results 
posted 

NCT02432417 Chloroquine (Other Name: A-
CQ) 

 Quinine Glioblastoma, astrocytoma, 
Grade IV 

156 Parallel,  
randomized 

Phase II  
 

Masked 
 

Oral, once daily, adjutant 
to TMZ  
CQ will start one week 
before the start of 
radiotherapy and end on 
the last day of 
radiotherapy. 
 

Not yet 
recruiting 
���������«������������ 

NCT00272870 
 
 
 
 

O6 Benzylguanine (O6-BG) Guanine Glioblastoma Multiforme 
(WHO Grade IV), 
anaplastic astrocytoma 
(WHO Grade III) 

1 Single 
group, non 
randomized  

Phase I  Day 1-5 for up to 6 
courses,  
A Pilot study of 
temozolomide and 06 

benzylguanine using 
autologous peripheral 
blood stem cells 
genetically modified for 
chemoprotection 

Terminated 
(Slow 
accrual, drug 
availability) 
2006-2012 

NCT00002971   Malignant Glioma 5 parts 
(each 
includes 
8-14) 

 Phase I  IV inj.  
Part I: 6 hours prior to 
surgery. 
Part II: 18 hours prior to 
surgery. 

Completed 
2003-2018 
 

NCT00004147 Incyclinide (COL-3) Tetracycline 
antibiotic 

Brain and Central Nervous 
System Tumors 
 

Phase I 
15-18 
phase II 
35 

- Phase I/II Open Following radiation 
therapy or chemotherapy. 
Phase I: oral COL-3 daily. 
Treatment repeats every 4 
weeks  
until the MTD  
Phase II: Patients receive 
oral COL-3 daily at the 
MTD from the phase I  
until death 

Completed 
2003-2017 
No results 
posted 
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NCT00526812  RTA 744 (Berubicin) doxorubicin Glioma 
 

54 Single 
Group,  
Non- 
randomized 

Phase I Open  IV inj. - three consecutive 
days 
or 
IV inj. one day a week for 
four consecutive weeks. 

Completed 
2007-2014 
No Results 
Posted 
 

NCT04762069  Glioblastoma multiforme, 
Adult 

210 Randomized
, parallel  

Phase II 
Study 

Open  IV inj., once daily for 3 
consecutive days followed 
by 18 days off study drug 
(each cycle = 21 days) 

Recruiting 
2021-�«  

NCT01989884 Ortataxel (IDN5109) Taxanes Recurrent glioblastoma 45 Single 
group  

Phase II 
Study 

Open  IV inj., every 3 weeks. 
until progression or 
unacceptable toxicity 
develops 

Completed 
2013-2017 
No results 
posted 

NCT01866449 Cabazitaxel (Jevtane) 
 

Toxoids, 
taxanes such 
as paclitaxel 

Glioblastoma multiforme 
(GBM) WHO Grade IV 

24 Single 
group  

Phase II 
Study 

Open  IV inj., every 3 weeks. Completed 
2013-2017 
No results 
posted 

NCT00424060 Sagopilone (ZK 219477 -
synthetic epothilone B 
analogue) 

Epothilone B Brain and CNS tumors 38 Non-
randomized 

Phase II 
Study 

Open  IV inj. on day 1 , every 3 
weeks 

Completed 
2013-2017 
No Results 
Posted 

NCT00397072 Glioblastoma 15 Single 
group, Non-
randomized 

Phase II 
Study 

Open  IV inj. on day 1 , every 3 
weeks 

Completed 
2006-2014 
No results 
posted 

NCT00394628 Banoxantrone 
dihydrochloride (AQ4N) 
 
 

amino 
anthracendion
es 

Glioblastoma multiforme 60 Single 
group, Non-
randomized 

Phase I 
Study 

Open  In combination with 
radiation therapy and 
temozolomide 

Recruiting, 
unknown 
2006-�«  

NCT00030108 Ixabepilone (INN; also 
known as azaepothilone B, 
codenamed BMS-247550) 

Epothilone B Brain and CNS tumors, 
neuroblastoma 

30 Uncllear Phase I 
Study 

Open  IV inj., days 1-5. , every 
21 days 

Completed 
2003-2012 
No results 
posted  

NCT01654497 Dexanabinol 
 

Cannabinoids Brain Cancer 26 Single 
group  

Phase I 
Study 

Open IV inj., weekly (i.e., Day 
1, 8, 15 and 22 of a 28-day 
cycle) 

Completed 
2012-2019 
No results 
posted 

MTD: Maximum Tolerated Dose; IV inj: intravenous injection 1028 
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However, an article written by Gorski questioned the effectiveness of this compound (Gorski, 2016). 1029 

Moreover, some other concerns about the clinical trials on antineoplaston A10 have been discussed 1030 

(Massimino & Clerici, 2014). 1031 

Napabucasin (also known as NAPA or BBI608) is a small molecule first isolated from the stem bulk of 1032 

Tabebuia cassinoides (Lam.), a tree native to Central and South America. Napabucasin is orally 1033 

bioavailable and was administered in a phase I/II study to glioblastoma participants (NCT02315534). 1034 

The results suggest that napabucasin at a dose of 480 mg BID is safe to be combined with temozolomide 1035 

and has encouraging anti-tumor effects in patients suffering from recurrent glioblastoma (Mason et al., 1036 

2017). The mechanism by which napabucasin suppresses cancer stemness involves targeting STAT3-1037 

driven gene transcription (Santoni et al., 2021). 1038 

Some natural molecules with efficacy against cancerous cell lines went through structural modification 1039 

in order to reduce adverse effects and improve their efficacy, bioavailability, and tolerability. In the 1040 

literature, there are numerous semi-synthetic or fully synthetic molecules with interesting efficacy 1041 

against CNS tumor cell lines that were designed with natural lead compounds in mind. The large number 1042 

of these compounds places a review of these beyond the scope of this article, but to emphasize the role 1043 

of natural compounds in the development of new anti-cancer drugs against brain tumors, the NIH 1044 

registered clinical trials on these types of molecules are listed in Table 12. Among these molecules, only 1045 

2-hydroxyoleic acid sodium salt has reached phase III. Some are still recruiting, such as ACT001, or 1046 

dimethylamino micheliolide (a parthenolide derivative, NCT05053880), berubicin (a doxorubicin 1047 

derivative, NCT04762069), and banoxantrone dihydrochloride (amino anthracendione derivative, 1048 

NCT00394628). Although most of these phase I or II trials have been completed, no results have been 1049 

reported to the registry page to date, nor have their results been published. It is not clear if the molecules 1050 

are eligible for Phase III trials or if it is reasonable for other researchers to work on other analogues of 1051 
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such molecules. Although it is understandable that some molecules might be patented, in order to 1052 

accelerate the drug development process, it seems essential to encourage researchers to publish the 1053 

results of trials.  1054 

 1055 

 1056 

Figure 7: The pathways and receptors that have been reported to be affected by different subclasses of 1057 

flavonoids and phenolics. 1058 

 1059 

 1060 

 1061 
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 1062 

 1063 

 1064 

Figure 8: The pathways and receptors that have been reported to be affected by different subclasses of 1065 

alkaloids, terpenoids, quinones, and lignans. 1066 

 1067 



128 
 

 1068 

1.8 Conclusions and Future Perspectives 1069 

According to epidemiological data, the incidence of central nervous system disorders, especially brain 1070 

cancer, has shown an incremental increase(Pouchieu et al., 2018). Compared to other cancers, the 1071 

prevalence of CNS cancers is relatively low, although they are considered a major source of mortality 1072 

and morbidity (Bray et al., 2018). More importantly, estimates suggest that 20% to 40% of patients 1073 

suffering from systemic cancer will develop brain metastases (Horta & Walbert, 2022). According to 1074 

recent studies, more than 296,000 new instances of CNS malignancies are detected each year around the 1075 

world, resulting in more than 241,000 deaths (Bray et al., 2018; Saito & Hori, 2020; Salimi et al., 2020). 1076 

Despite the fact that brain cancers have a wide range of neoplasms (i.e., limited or metastatic forms), 1077 

surgical segregation followed by chemotherapy and/or radiotherapy is considered the common standard 1078 

treatment (Cruz et al., 2022). Other treatments include immunotherapy and molecularly targeted 1079 

therapies. Chemotherapy and radiotherapy for CNS cancers, on the other hand, may result in 1080 

complications and have a poor prognosis, particularly for those with metastatic tumors (Alemany, 1081 

Velasco, Simó, & Bruna, 2021; Che, Wang, Wang, & Lyu, 2022). 1082 

Several chemotherapeutic agents, including vincristine, vinblastine, taxol, podophylotoxine, and 1083 

camptothecin, were first isolated from medicinal plants, while other agents, such as vinorelbine, 1084 

taxotere, etoposide, teniposide, and irinotecan, were developed as analogues of the above-mentioned 1085 

molecules. Thus, natural sources are still considered by researchers as a very important source for 1086 

finding new chemotherapeutic medicines. This approach is still currently supported by a significant 1087 

number of TGA (Therapeutic Goods Administration) approved natural molecules from various classes 1088 

of secondary metabolites with acceptable IC50 values (as shown in the tables of this article). Therefore, 1089 

a significant number of studies have focused on identifying new natural molecules effective against 1090 
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brain cancers. Based on the data gathered in the present manuscript, most of these studies reported have 1091 

evaluated the cytotoxicity of these molecules against related human cancer cell lines. More than 70% of 1092 

investigations were carried out on astrocytomas and glioblastomas, whereas less than 40% of studies 1093 

were established on infrequent cancer types, including neuroblastoma, oligodendroglioma, and 1094 

medulloblastoma (Fig 6).  1095 

On the other hand, a variety of cell lines have been applied in different reports (Tables 4-10). In most of 1096 

these studies, the cytotoxicity was investigated by applying 1�±3 cell lines, and it is not clear why these 1097 

cell lines (and not the others) were chosen. Thus, the efficacy of the compounds on the other cell lines 1098 

is not known. Moreover, in spite of this fact, in many of these studies, the ultimate practical goal was 1099 

drug development and the structure of the biologically active compound/s was elucidated, but in most 1100 

cases, only the results of the in vitro studies can be found in the literature. The number of in vivo studies 1101 

on the antitumor properties of natural compounds is much lower than in vitro studies, which shows that 1102 

the studies have not been entered into in vivo stages, and as a result, most active molecules have been 1103 

neglected and stopped at this stage after reporting the in vitro cytotoxic effects. Although, there might 1104 

be some other issues that prevent them from development including their toxicological or 1105 

physicochemical characteristics. On the other hand, the mechanisms involved in the efficacy of the 1106 

majority of these molecules are still unknown. One reason for this may be that the study of these 1107 

mechanisms is usually beyond the scope of the pharmacognosists and phytochemists who performed the 1108 

isolation and structure elucidation of the molecules. It seems apparent that to achieve the ultimate goal 1109 

requires the cooperation of pharmaceutical and cell biology researchers at the first stage of study design. 1110 

Different pathways can play a role in the effectiveness of these molecules, including the 1111 

PI3K/AKT/mTOR pathway, phosphatase and tensin homolog deleted on chromosome 10 (PTEN) 1112 

regulatory pathway, MAPK/ERK pathway, EGFR signaling pathway, farnesyltransferase (FTase) and 1113 
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geranylgeranyltransferase type I (GGTase-I) pathway, p53-Mouse double minute 2 (MDM2, HDM2) 1114 

and p53-MDM4 pathways (Figures 7 and 8). 1115 

The caspase pathway is influenced by naphthoquinones, xanthones, phenanthrenequinones, 1116 

benzophenones, guanidine alkaloids, indole alkaloids, isoquinoline alkaloids, sesquiterpene coumarins, 1117 

flavones, chalcones, and prenylated derivatives of flavones and chalcones. 1118 

The PI3K/AKT/mTOR pathway is affected by molecules from different subclasses, including lignans, 1119 

neolignans, xanthones, isoquinoline alkaloids, carbazole alkaloids, oxoaporphine alkaloids, and 1120 

diphenyl bisbenzylisoquinolines. Moreovere chalcones, isoprenylated xanthones, prenylated chalcones, 1121 

and flavanones primarily affect the PARP pathway.���� 1122 

 The ROS pathway is affected mainly by sesquiterpenes, naphthoquinones, triterpene saponins, 1123 

carbazole alkaloids, isoquinoline alkaloids, and amide alkaloids. The sesquiterpenes backbone was 1124 

associated with a diverse number of pathways, which include JNK, STAT3, NF-���%�����S���������S���������D�Q�G���S��������1125 

In addition, lignans, xanthones, flavanoids, and chalcone backbones are associated with activity in 1126 

different target pathways, including PI3K/AKT/ mTOR, mitochondrial apoptosis, cdc2, and cyclin B1.��1127 

One limitation for relating these pathways to different molecular subclasses is the limited number of 1128 

reports. 1129 

 It is also noteworthy that other strategies, including immunotherapy through utilizing molecules with 1130 

immunomodulatory or immunostimulatory effects such as polysaccharides (Azadeh Hamedi, Rezaei, 1131 

Azarpira, Jafarpour, & Ahmadi, 2016; Kiddane & Kim, 2021; Zeng et al., 2021), or polyunsaturated 1132 

fatty acids (PUFA), have been considered helpful for cancer treatments. It is essential to maintain a 1133 

�F�H�U�W�D�L�Q�� �U�D�W�L�R�� �R�I�� �&-���� �W�R�� �&-6 for normal nervous system function. Alterations in PUFA signaling are 1134 

involved in the development of various pathologies of the nervous system, including cancer (Hejr et al., 1135 
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2017; Montecillo-Aguado et al., 2020). On the other hand, some natural products have been reported to 1136 

inhibit protein glycation (Abbas et al., 2016; Fournet, Bonté, & Desmoulière, 2018; Seri, Khorsand, 1137 

Rezaei, Hamedi, & Takhshid, 2017; Song, Liu, Dong, Wang, & Zhang, 2021). Glycation was reported 1138 

to increase the invasion of glioblastoma cells (Schildhauer et al., 2023). On the other hand some 1139 

phytochemicals have been reported as neuropreotective agents (A. Hamedi, Pasdaran, Zebarjad, & 1140 

Moein, 2017; G. P. Kumar & Khanum, 2012). Moreover, some molecules can have synergistic effects 1141 

to improve chemotherapy efficacy; however, reviewing immunomodulators and neuroprotective agents, 1142 

herbal mixtures, total plant extracts, and fractions was not within the scope of the present article. 1143 

In this review known pathways involved in CNS cancer progression were discussed in detail to give a 1144 

better understanding of the cytotoxicity of the molecules. For each pathway several natural molecules 1145 

were introduced as examples. Considering the cost and time-consuming nature of studies on finding the 1146 

mechanism for the observed efficacy, it is important to choose the right pathway and right cell line for 1147 

further experiments. Moreover, despite those that are designed as bioassay-guided studies, these studies 1148 

are usually designed to isolate specific classes of molecules from their natural sources, since the isolation 1149 

procedure for each class of compound is different. Thus, when designing such studies, it might be 1150 

beneficial to have some insight about the specific classes of compounds that have shown the most 1151 

promise/success to date against the different CNS cancer cell lines. In the present review, about 700 1152 

molecules were identified that have reported cytotoxicity or antitumor effects against CNS cancer 1153 

related cell lines (see Tables 4�±10). The compounds are classified into different compound classes 1154 

according to structure. Among the reported molecules that we could find in the literature to date, the 1155 

flavonoids and phenolics have the highest number of reported active molecules, followed by alkaloids 1156 

(Figure 5). Among flavonoids, different specific subclasses show activity, including flavones, chalcones, 1157 

flavanes, and stilbenes. Among the different subclasses of alkaloids, the most abundant bioactive 1158 
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molecules belong to the indole and indolizidine alkaloids (Figure 5). Sesquiterpenes are the most 1159 

reported terpenoids, while naphthoquinones are the most reported quinones. 1160 

Furthermore, molecules classified into a specific class typically have similar backbones, and knowing 1161 

that each class of these compound has been reported to affect a specific pathway may aid researchers in 1162 

developing a better study design. Also, for those molecules and classes of compounds whose 1163 

mechanisms or involved pathways have been reported to date, they are discussed. In contrast to herbal 1164 

extracts or supplements, which can begin in phase II or phase III, studies on pure natural molecules in 1165 

clinical trials must fully comply with the laws and guidelines for clinical trials of conventional medicines 1166 

in many countries. Therefore, it is essential to ensure the safety of these molecules through animal 1167 

studies and then start the trial from phase I. Very few of the reported molecules possessing cytotoxicity 1168 

against brain cancer cell lines have entered clinical trials. The majority of these reported trials are phase 1169 

I or phase II studies, so they are not randomized or placebo-controlled and have a small number of 1170 

participants. The trials of some molecules have been discontinued due to the failure to observe 1171 

reasonable efficacy or serious adverse effects. One strategy to reduce adverse effects and to improve the 1172 

efficacy, bioavailability, and tolerability of natural molecules is structural modification. This strategy 1173 

has been conducted on some of the active molecules with cytotoxicity against CNS tumor cell lines and 1174 

has resulted in a number of semi-synthetic or fully synthetic molecules, some of which have entered 1175 

clinical trials. One successful example is vinorelbine, which is a structural analogue of the natural 1176 

product lead compounds vincristine and vinblastine. This review introduced a variety of natural 1177 

molecules with cytotoxicity against various CNS-cancer cell lines, which can be considered a useful 1178 

source for research in this area to design further studies on the structure modification of the molecules 1179 

in order to develop molecules with better activity and fewer adverse effects. For those molecules that 1180 
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have been left over from subsequent studies, this might be a chance to investigate their safety and 1181 

efficacy in in vivo studies or even clinical trials.  1182 
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Figures�¶ caption list 

Figure 1: A scheme of the normal versus diseased blood barrier 

Figure 2: A scheme of PI3K/AKT/mTOR pathway 

Figure 3: A scheme of the MAPK/ERK pathway and EGFR signaling pathway 

Figure 4: A scheme of the Farnesyltransferase (FTase) and Geranylgeranyltransferase type I (GGTase-

I) pathways 

Figure 5: The sunshine diagram, which shows the number of reported active molecules from different 

classes and subclasses of secondary metabolites 

Figure 6: The sunshine diagram, which shows the number of reported active molecules from different 

classes of secondary metabolites that were investigated in different brain malignancies 

Figure 7: The pathways and receptors that have been reported to be affected by different subclasses of 

flavonoids and phenolics  

Figure 8: The pathways and receptors that have been reported to be affected by different subclasses of 

alkaloids, terpenoids, quinones, and lignans  

 

 

 

 

 

 


