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A B S T R A C T   

α-Hederin is a natural bioactive molecule very abundant in aromatic and medicinal plants (AMP). It was iden
tified, characterized, and isolated using different extraction and characterization technologies, such as HPLC, LC- 
MS and NMR. Biological tests have revealed that this natural molecule possesses different biological properties, 
particularly anticancer activity. Indeed, this activity has been investigated against several cancers (e.g., esoph
ageal, hepatic, breast, colon, colorectal, lung, ovarian, and gastric). The underlying mechanisms are varied and 
include induction of apoptosis and cell cycle arrest, reduction of ATP generation, as well as inhibition of auto
phagy, cell proliferation, invasion, and metastasis. In fact, these anticancer mechanisms are considered the most 
targeted for new chemotherapeutic agents’ development. In the light of all these data, α-hederin could be a very 
interesting candidate as an anticancer drug for chemotherapy, as well as it could be used in combination with 
other molecules already validated or possibly investigated as an agent sensitizing tumor cells to chemothera
peutic treatments.   

1. Introduction 

Natural products derived from medicinal plants have long been 
recognized as valuable sources of drugs [1–3]. Throughout history, 
traditional medicine has relied on the use of plant-based remedies for 
treating various ailments. These medicinal plants are rich in bioactive 
compounds such as alkaloids, flavonoids, terpenoids, and phenolic 
compounds, which possess therapeutic properties. The diverse chemical 
constituents present in these plants offer a wide range of biological ac
tivities, including antimicrobial, anti-inflammatory, anticancer, and 
antioxidant effects. Scientists and researchers continue to explore and 
harness the potential of natural products from medicinal plants to 
develop new drugs or as inspiration for drug development [4–6]. Their 

effectiveness, coupled with their relatively lower toxicity compared to 
synthetic drugs, makes them an attractive option in the search for novel 
therapeutic agents [7]. Moreover, the sustainable nature of plant-based 
sources makes them a valuable and environmentally friendly alternative 
in the field of drug discovery. Overall, natural products from medicinal 
plants represent a valuable reservoir of bioactive compounds that hold 
great promise for the development of effective and safe drugs for various 
diseases. 

α-Hederin is a pentacyclic triterpene saponin detected in different 
plants such as Hedera helix L., Nigella sativa L., Lens culinaris Medik. and 
Pulsatilla chinensis, in different location [8–11]. The amount of this 
molecule can vary according to the type of species, the part used, the 
harvest season, as well as the geographical and climatic conditions. The 
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identification and the chemical characterization of this natural molecule 
were carried out using several technologies, especially UPLC-ESI-MS 
and HPLC analysis, LC-EI/MS-MS, and MS, 1H- and 13C NMR methods 
[12–15]. 

Furthermore, the biological and pharmacological investigations 
demonstrated that this substance has diversified properties, such as 
anticancer [16], antifungal [17], antioxidant [18], antileishmanial [19], 
anthelminthic [20], and antibacterial [21] activities, which are related 
to different mechanisms that are poorly understood. Importantly, 
α-hederin has shown promising anticancer effects against a number of 
cancers, including gastric, ovarian, lung, colorectal, colon, breast, he
patic, and esophageal [22–29] via various mechanisms, namely induc
tion of apoptosis and cell cycle arrest, reduction of ATP generation, as 
well as inhibition of autophagy, cell proliferation, invasion, and 
metastasis. This saponin could give rise to important downstream in
vestigations and less highlighted pharmacodynamic investigations as 
well as other pharmacokinetic tests to validate its bioavailability and its 
safety. 

In the light of all these data, this review is proposed which includes 
all the essential elements concerning α-hederin sources, extraction, 
identification, and isolation technologies, as well as the anticancer ac
tivity with the reported mechanisms of action. 

2. Sources of α-hederin 

α-Hederin (Fig. 1) is the major compound in leaf extracts of Hedera 
helix L., commonly known as ivy in many countries (Table 1) [10,13,14, 
18,30–39] and the stem extract of the same species collected in Austria 
and France [40–42]. The richness of plants in this compound depends on 
several geographic factors as well as on the plant part used. 

Seed parts of Nigella sativa L. collected in the regions of Israel, the 
United States, Iran, Singapore, and Germany were characterized by their 
richness in α-hederin [8,44,45,47,48]. Also, α-hederin was detected as 
the major compound of Cephalaria genus, namely Cephalaria hirsute, 
Cephalaria elazigensis var. elazigensis, and Cephalaria procera, collected 
in Turkey [51]. Other works mentioned the richness of Chinese plants 
such as Pulsatilla chinensis in this molecule [9,50]. In addition, it has 
been characterized as the major compound of hydroethanolic extract of 
Lens culinaris collected from Spain and Canada [49], and in the ethanolic 
and hexanic leaf extracts of Polyscias fulva (Hiern) Harms collected from 
Babanki Keku, Northwest Province of Cameroon [52]. 

This saponin was characterized as the major compound of hydro
methanolic stem bark extract of Kalopanax pictus collected from Korean 
regions [54], methanolic leaf extracts of Vigna unguiculata L. Walp. 
(Cowpea) from India [55], Fructus akebiae from China [53], Hedera 
Nepalensis K.Koch collected in Vietnam, and hydromethanolic leaf ex
tracts of Maesa lanceolata Forsskal var. gonlungensis Welw. In addition, 
it was detected in high amounts in many plants, such as Trevesia palmata 
collected in Korea [58], Elattostachys apetala from France [59], and 
Anthyllis vulneraria L. from Germany [15]. 

Moreover, α-hederin has been isolated from stem bark extracts of 
Uncaria tomentosa (Willd.) collected in Brazil [60], seeds of Lupinus 

Angustifolius and Chickpeas Cicer arietinum [49,62], and Lysimachia 
thyrsiflora from Poland. Two minor triterpene saponins, one of them has 
not been previously reported, were isolated from the underground parts 
of Lysimachia thyrsiflora L. The structures were determined based on a 
combination of one- and two-dimensional NMR techniques, and mass 
spectrometry, as 30- O-β-D-glucopyranosyl-3β,16α,30-trihydrox
y-olean-12-en-28-yl acetate 3- O-β-D-glucopyranosyl-(1→4)- 
O-[β-D-glucopyranosyl-(1→2)-]- O-α-L-arabinopyranoside (denoted as 
thyrsiloside A), and davuricoside L. Quantitative determination of these 
two compounds, along with other saponins present in L. thyrsiflora un
derground parts, was performed by a developed UPLC-ESI-MS/MS 
method, validated according to the ICH guidelines. The relative total 
content of triterpene saponins amounted to 1.19 μg/mg dw. Both 4 and 
5 were present in minor quantities, 0.031 and 0.077 μg/mg dw, 
respectively. 

3. Extraction, identification, and isolation processes of 
α-hederin 

To extract, identify and isolate α-hederin different techniques has 
been sued. Indeed, UPLC-ESI-MS analysis, LC-EI/MS-MS, and MS, 1H 
and 13C NMR methods were used for the structural elucidation and 
purification of this molecule from the leaves of Hedera helix L. (Table 2) 
[12–14,30–35,37,39,56]. In addition, it was purified from the same 
plant (stems and whole plant) using HPLC-MS analysis [36,41]. 

Moreover, α-hederin was identified in of Nigella sativa L. seeds using 
UPLC-Q-TOF-MS, LC/MS, TLC, HPLC, 1H and 13C NMR analysis [8,44, 
47,48], as well as from the leaves of this species [45]. Indeed, using 
UPLC-MS, 1D, 2D NMR, HR-ESI-MS, this bioactive compound was 
identified in the leaves of Cephalaria hirsute, Cephalaria elazigensis var. 
elazigensis, and Cephalaria procera [51], also with a combination of 
DQF-COSY, TOCSY, HMQC, and HMBC experiments,13 and C NMR it 
was identified in Polyscias fulva (Hiern) Harms [52]. 

α-Hederin has been eluted using one-dimensional (1D) and 2D 1H and 
13C NMR from the stem bark of Kalopanax pictus [54], by LC-ESI-Q-TOF 
MS analysis from the leaf extract of Vigna unguiculata L. Walp. (Cowpea) 
[55], and with HPLC analysis from Hedera Nepalensis K.Koch [56], 
Maesa lanceolata Forsskal var. gonlungensis Welw. [57], Pulsatilla chi
nensis [9], Pulsatilla genus [50], and Trevesia palmata [58]. In addition, 
using 1 H and 13C NMR, HSQC and HMBC, it was identified in the leaves 
and stem bark of Elattostachys apetala [59], Anthyllis vulneraria L., [15], 
and, by HPLC-PDA UPLC/Q-TOF–MS, in the stem barks of Uncaria 
tomentosa (Willd.) [60]. 

4. Anticancer activity of α-hederin 

The anticancer activity of α-hederin has been investigated by several 
studies (Table 3). The data collected from the literature show that this 
molecule has a high level of antitumor action against numerous cancer 
cell lines. In fact, its antitumor potential was proved in vitro (Adamska 
et al., 2019) as well as in vivo using animal models [16,29,65]. More
over, the main mechanistic actions have been reported. α-Hederin ex
hibits anticancer action by altering some important biological functions 
in tumor cells such as apoptosis and ferroptosis induction, cell prolif
eration and metastasis inhibition, depletion of ATP generation, disrup
tion of the antioxidant system, etc.( Fig. 2). 

4.1. Induction of apoptosis 

It has been shown that α-hederin induces pro-apoptotic proteins such 
as Bax (Bcl-2-associated protein) and inhibits anti-apoptotic proteins 
such as Bcl-2 (B-cell lymphoma 2), as well as induction of ROS (reactive 
oxygen species) accumulation. These latter are known to increase 
mitochondrial membrane permeability, which lead to cytochrome C, 
AIF (apoptosis inducing factor) and Apaf-1 (apoptotic peptidase acti
vating factor 1) release from the mitochondria to cytosol. This release Fig. 1. Chemical structure of α-hederin.  
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Table 1 
Sources of α-hederin.  

Plants species/family Country Part Type of extract References 

Hedera helix L. 
Araliaceae 

Vietnam Leaves Not reported [10] 
Romania Not reported [39] 
Lithuania, Ukraine, Hungary, Czech Republic, Austria, Slovakia, 
Poland, and Greece 

Methanolic extract [12] 

France Hydromethanolic extract [30] 
Belgium Not reported [31] 
Germany Methanolic extract [32] 
Italy Not reported [33] 
France Not reported [34] 
Bagdati region of West Georgia France Not reported [13] 
Germany Not reported [35] 
Not reported Not reported [43] 
Czech Republic Hydromethanolic extract [14] 
France Ethyl acetate and methanol 

extracts 
[20] 

Korea Hydroethanolic extract [37] 
Poland DMSO extract [38] 
Iraq Methanolic extract [36] 
Austria Stems Not reported [41] 
France  Not reported [40] 
France Not reported [42] 

Nigella sativa L. 
Ranunculaceae 

Israel Seeds Not reported [44] 
United States Aqueous extract [8] 
Iran Not reported [45] 
Not reported Not reported [46] 
Singapore Ethanolic extract [47] 
Germany Not reported [48] 

Lens culinaris Medik. 
Fabaceae 

Canada Not 
reported 

Not reported [11] 

Lens culinaris 
Fabaceae 

Spain Not 
reported 

Hydroethanolic extract [49] 

Pulsatilla chinensis 
Ranunculaceae 

China Not 
reported 

Not reported [9,50] 

Cephalaria hirsuta 
Caprifoliaceae 

Turkey Aerial parts Not reported [51] 

Cephalaria elazigensis var. elazigensis 
Caprifoliaceae 

Cephalaria procera 
Caprifoliaceae 

Polyscias fulva (Hiern) Harms Araliaceae Cameroon Leaves Ethanolic and hexanic extracts [52] 
Fructus akebiae 

Lardizabalaceae 
China Not 

reported 
Not reported [53] 

Kalopanax pictus 
Araliaceae 

Korea stem bark Hydromethanolic extract [54] 

Vigna unguiculata L. Walp. (Cowpea) 
Fabaceae 

India Leaves Methanolic extract [55] 

Hedera Nepalensis K.Koch 
Araliaceae 

Vietnam Not 
reported 

Not reported [56] 

Maesa lanceolata Forsskal var. gonlungensis 
Welw. 
Primulaceae 

Belgium Leaves Hydromethanolic extract [57] 

Pulsatilla cernua 
Ranunculaceae 

China Not 
reported 

Not reported [50] 

Pulsatilla dahurica 
Ranunculaceae 

Pulsatilla turczaninovii 
Ranunculaceae 

Trevesia palmata 
Araliaceae 

Korea Not 
reported 

Not reported [58] 

Elattostachys apetala 
Sapindaceae 

France Stem bark Hydromethanolic extract [59] 

Anthyllis vulneraria L. 
Fabaceae 

Germany Not 
reported 

Hydroethanolic extract [15] 

Uncaria tomentosa (Willd.) 
Rubiaceae 

Brazil Stem barks Not reported [60] 

Lysimachia thyrsiflora 
Primulaceae 

Poland No 
reported 

Not reported [61] 

Lupinus Angustifolius 
Fabaceae 

Not reported Seeds Not reported [62] 

Chickpeas Cicer arietinum 
Fabaceae 

Spain Hydroethanolic extract [49] 

Clematis parviloba 
Ranunculaceae 

China Stems Not reported [63] 

Clematis tangutica (Maxim.) Korsh 
Ranunculaceae 

Aerial parts Ethanolic extract [64]  
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leads to caspase 9 and caspase 3/7 cleavage, which induces cell 
apoptosis. GSH (glutathione) plays an important role in protecting cells 
against oxidative stress, caused by exogenous and endogenous agents, 
including ROS. The main cause of ROS accumulation is the disruption of 
the redox system, mainly through GSH depletion. It has been shown that 
α-hederin could decrease the activity of GSH leading to ROS accumu
lation, which results in apoptosis and ferroptosis induction in some 
cancer cells [16,23,26,27,29,65,66,70,75]. 

4.2. Induction of cell cycle arrest 

Cell proliferation is a highly controlled process in which several 
proteins interfere. The phases of a cell cycle are G1, S, G2 and M. Each 
phase is controlled by specific proteins, and any damage in the 

biological content of the cell can lead to the cycle arrest in order to 
initiate the mechanisms of repair. The main proteins involved in the cell 
cycle control are the cyclins and CDK. It is known that cancer cells 
depend on the G2 phase in order to protect against DNA damage. In this 
regard, the G2/M transition has been considered a target for cancer 
therapy, as this phase is controlled by the kinase protein, namely cyclin 
B1, that interferes with CDK1 to constitute a checkpoint for DNA repair. 
Interestingly, in vitro studies have shown that α-hederin could inhibit the 
CDK1 and cyclin B1, which results in cell cycle arrest in the G2/M phase. 
This inhibition was noticed at the protein and transcriptional levels 
[26]. 

Table 2 
Extraction, identification, and isolation process of α-hederin.  

Plant species/family Part used Method of 
extraction 

Method of identification Yield References 

Hedera helix L. 
Araliaceae 

Leaves Sonication UPLC-ESI-MS analysis - [12] 
Ultrasonic Column liquid chromatographic, light-scattering detector - [30] 
Not reported HPLC analysis - [31] 
Decoction HPLC profiling  [32] 
Not reported HPLC analysis - [33] 
Not reported LC-EI/MS-MS - [34] 
Not reported MS and1 H and13C NMR methods 1 g [13] 
Not reported HPLC-MS analysis - [35] 
Not reported HPLC analysis - [14] 
Sonication UPLC–ESI–MS/MS - [37] 
Not reported UHPLC-Q-TOF-MS/MS - [10] 
Not reported HPLC-MS/MS - [39]  

Stems Not reported HPLC-MS analysis - [41] 
Whole plant Maceration HPLC-MS analysis  [36] 

Nigella sativa L. 
Ranunculaceae 

Seeds Not reported UPLC-Q-TOF-MS - [44] 
Maceration LC/MS analysis - [8] 
Not reported TLC, HPLC,1 H and13C NMR, and LC/MS - [47] 
Not reported HPLC analysis - [48] 

Leaves Not reported UPLC-ESI–MS/MS - [45] 
Cephalaria hirsuta 

Caprifoliaceae 
Aerial parts Not reported UPLC-MS 

1D,2D NMR, HR-ESI-MS chemical methods 
- [51] 

Cephalaria elazigensis var. elazigensis 
Caprifoliaceae 

Cephalaria procera 
Caprifoliaceae 

Polyscias fulva (Hiern) Harms 
Araliaceae 

Leaves Maceration Combination of DQF-COSY, TOCSY, HMQC, and HMBC 
experiments, 
13C NMR 

628 mg [52] 

Kalopanax pictus 
Araliaceae 

Stem bark Not reported One-dimensional (1D) and2D1 H and13C NMR - [54] 

Vigna unguiculata L. Walp. (Cowpea) 
Fabaceae 

Leaves Soxhlet LC-ESI-Q-TOF MS analysis - [55] 

Hedera Nepalensis K.Koch 
Araliaceae 

Not reported Not reported HPLC-UV analysis - [56] 

Maesa lanceolata Forsskal var. gonlungensis 
Welw. 
Primulaceae 

Leaves Maceration LC–MS/MS analysis - [57] 

Pulsatilla chinensis 
Caprifoliaceae 

Not reported Not reported UHPLC–ESI-MS/MS - [9] 

Pulsatilla chinensis 
Caprifoliaceae 

Not reported Not reported UPLC–ESI–MS/MS - [50] 

Pulsatilla cernua 
Caprifoliaceae 

Not reported Not reported 

Pulsatilla dahurica 
Caprifoliaceae 

Not reported Not reported 

Pulsatilla turczaninovii 
Caprifoliaceae 

Not reported Not reported 

Trevesia palmata 
Araliaceae 

Not reported Not reported HPLC analysis - [58] 

Elattostachys apetala 
Sapindaceae 

Leaves and stem 
bark 

Not reported 1 H and13C NMR, HSQC and HMBC 1,5 % [59] 

Anthyllis vulneraria L. 
Fabaceae 

Not reported Not reported LC-MS MS - [15] 

Uncaria tomentosa (Willd.) 
Rubiaceae 

Stem barks Not reported HPLC-PDA UPLC/Q-TOF–MS - [60]  
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Table 3 
Anticancer activity of α-hederin.  

Source of α-Hederin Methods used Cell lines/animal models Key results References 

Purchased from Sigma- 
Aldrich, St. Louis, 
United States 

Cytotoxicity assay 
5–ethynyl-2′-deoxyuridine (EdU) retention assay 
Colony formation assay 
Hoechst 33258 staining for apoptosis cells 
Flow cytometric analysis of cell cycle and apoptosis 
GSH/glutathione disulfide (GSSG) Assay 
Mitochondrial and cytosolic protein fractionation 
and Western blot analysis 
Hematoxylin and eosin staining and TUNEL assay 

Human gastric cancer cell lines 
(HGC-27 and SGC-7901) 
Xenografted tumor model 

Inhibition of gastric cancer cells, with IC50 

= 20.86 μM and 25.91 μM, against HGC-27 
and SGC-7901, respectively.Induction of 
cell cycle arrest in G1. 
Induction of apoptosis by increasing protein 
levels of Bax, cleaved caspase-3, caspase 8, 
and caspase-9, and a decrease in Bcl-2 level. 
Induction of intracellular decrement of GSH 
of gastric cancer cells. 
Diminution of ATP level by disturbing the 
mitochondrial membrane potential via ROS 
accumulation. 
Inhibition of growth of xenografted gastric 
tumors 
Inhibition of metastasis in vivo 

[16] 

Purchased from igma- 
Aldrich, St. Louis, 
United States 

Real-Time xCELLigence and MTT assays human cancer ovarian cell line 
SKOV-3. 

IC50 values equal to 2.62 ± 0.04 μg/mL and 
2.48 ± 0.32 μg/mL, by Real-Time 
xCELLigence and MTT assays, respectivel 
y.Induction of apoptosis. 
Decrease of mitochondria membrane 
potential. 
Inactivation of anti-apoptotic protein bcl-2, 
and activation of caspase-9 and caspase-3/7 
Induction of cancer cells cycle arrest in G0/ 
G1. 

[22] 

provided by Cheng du 
PUSH BIO- 
TECHNOLOGY 

CCK8 assay 
Colony formation assay 

A549 lung cancer cells 
Xenograft mouse model 

Inhibition of cell proliferation 
Inhibition of glucose uptake and ATP 
generation 
Reduction of lactate production 
Inhibition of hexokinase 2, GLUT1, 
pyruvate kinase M2, lactate dehydrogenase 
A, monocarboxylate transporter, c-Myc. 
Activation of Srtuin 6. 
Inhibition of lung cancer growth via 
glycolysis inhibition. 

[24] 

purchased from Sigma 
Aldrich Germany. 

MTT Normal fibroblasts cells 
Cervix ephitelial tumor cells 
(Hep-2) 

α-hederin was biocompatible in normal 
fibroblasts cells. 
IC50 = 2 ug/mL on Hep-2 cells 

[28] 

provided by Chengdu 
Push Bio- Technology 
Co. Ltd. (Chengdu, 
China) 

Cell Counting Kit 8 assay 
Colony formation assay 

Human NSCLC A549 cells 
Human lung cancer cells NCI- 
H460 and NCI-H292 (lymph node 
metastasis) 
Male BALB/c nude mice 

Inhibition of A549 (IC50 1⁄4 13.75lM), NCI- 
H460 (IC50 1⁄4 17.57lM), and NCI-H292 
(IC50 1⁄4 18.04lM), proliferation. 
Inhibition of glucose uptake and ATP 
generation 
Reduction of lactate production 
Inhibition of hexokinase 2, glucose 
transporter 1, pyruvate kinase M2, lactate 
dehydrogenase A, monocarboxylate 
transporter, c-Myc, hypoxia-inducible 
factor-1aplha. 
Activation SIRT6 protein expression. 
Inhibition of glycolysis via SIRT 6 
activation. 
Inhibition of lung cancer in vivo by 
glycolysis inhibition. 

[25] 

purchased from Sigma- 
Aldrich; Merck KGaA 
(Darmstadt, 
Germany). 

Cell counting kit-8 and colony formation assays 
Flow cytometry 
Western blotting 

human colorectal cancer cells Inhibition of HCT116 and HCT8 
proliferation. 
Induction of apoptosis via mitochondrial 
apoptosis pathway activation. 
Inhibition of autophagy in vitro and in vivo 
via activation of AMP-activated protein 
kinase (AMPK)/mechanistic target of 
rapamycin (mTOR) signaling. 

[27] 

provided by Shanghai 
Yuanye 
Biotechnology Co., 
Ltd. (Shanghai, 
China) 

CellViabilityAssay. 
CellCycleAnalysisbyFlowCytometry 
Hoechst 33258 Staining. 
Flow Cytometry Analysis of MMP. 
Immunofluorescence Staining 
Real-Time PCR 
Western Blot Analyses 

human colon cancer cells HCT116 
and SW620 

Reduction of SW620 viability. 
Arrest of cell cycle at G2/M phase. 
Reduction of mRNA and protein expression 
of cyclin B1 and CDK1. 
Induction apoptosis and loss of 
mitochondrial membrane potential 
Downregulation of Bcl-2 expression, 
Upregulation of Bax expression. 
Promotion of cytochrome c release from 
mitochondria into cytoplasm. 
Elevation of the levels of cleaved-caspase-9, 
cleaved- caspase-3, and cleaved-PARP 

[26] 

(continued on next page) 
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Table 3 (continued ) 

Source of α-Hederin Methods used Cell lines/animal models Key results References 

Prevention of the nuclear translocation of 
nuclear factor- κB (NF-κB) and reduced the 
phosphorylation of IκBα and IKKα, 
suggesting the blockade of NF-κB signaling. 
Inhibition of the phosphorylation of ERK 

purchased from 
Shanghai Yuanye 
Biotechnology Co., 
Ltd. (Shanghai, 
Chona). 

Cell viability assay human SW620 colon cancer cells 
stimulated with interleukin 6 (IL- 
6) 

Inhibition cell viability, migration and 
invasion in IL-6-treated SW620 cells 
Restore IL-6-induced decrease in E- 
cadherin expression and abolished IL-6- 
induced increase in N-cadherin, vimentin, 
fi- bronectin, twist and snail at both mRNA 
and protein levels in SW620 cells. 
Suppression of IL-6-indcued EMT in colon 
cancer cells. 
Phosphorylation Inhibition of Janus Kinase 
2 (JAK2) and Signal Transducer and 
Activator of Transcription 3 (STAT3). 
Inhibition of the nuclear translocation of 
phosphorylated STAT3 in IL-6-treated 
SW620 cells. 

[66]  

Proteomics, metabolomics, and high-throughput 
sequencing detection 

non-small-cell lung cancer 
(NSCLC) 
cisplatin-resistant A549 cell line 
(A549-DDP), and PC9 cells 
BALB/c nude mice 

Downregulation of glutathione peroxidase 
2 (GPX2), and glutathione synthase (GSS) 
expression suppressed the synthesis of 
glutathione (GSH), which destroyed the 
GSH redox system. 
Induction of ferroptosis, apoptosis, and 
membrane permeabilization in NSCLC. 

[67] 

purchased from Sigma 
(Sigma-Aldrich, St. 
Louis, USA) 

Cell Counting Kit-8, flow cytom- etry, Hoechst 33258 
staining, enhanced ATP assay kit, 2′,7′- 
dichlorofluorescin diacetate, JC-1 kit, and Western 
bolt 

Human esophageal carcinoma cell 
(ESCC) line (Eca-109) 

Inhibition of proliferation, and induction of 
apoptosis of ESCC. 
Cell cycle arrest in G1 phase. 
Induction of ROS accumulation. 
Decrement of ATP levels. 
Disruption of MMP. 
Release of AIF, Apaf-1, and Cyt C. 
Increase of caspase-3, caspase-9, and Bax. 
Decrease of Bcl-2 level. 
α-hederin significantly inhibited the growth 
of xenografted tumors with favorable 
safety. 

[29] 

obtained from Sigma 
(Sigma-Aldrich, St. 
Louis, MO, USA) 

Cell Counting Kit-8 
Transwell invasion assay and wound healing assay 
Hoechst 33258 Staining Kit and an Annexin V-PE 
apoptosis kit 
GSH Assay Kit 
DCFH-DA and JC-1 Kit 
Western blot analysis 

human gastric cancer cell line 
(HGC27) 
male BALB/c nude mice 

Inhibition of HGC27/DDP proliferation and 
induction of obvious apoptosis compared 
with the control. 
Suppression of invasion and migration. 
Induction of GSH depletion and 
intracellular ROS accumulation. 
Disruption of mitochondrial membrane 
potential. 
Elevation of Bax, Apaf-1, AIF, Cyt C, 
cleaved caspase-3 and cleaved caspase-9 
expression and depletion protein level of 
Bcl-2, survivin, MMP-9 and MMP-2. 
Inhibition of xenograft tumor growth in vivo 

[68]  

Molecular docking hepatocellular carcinoma (HCC) 
hepatoma cell lines HepG2, 
Hep3B, Huh7 and Hcclm3 

Inhibitio of cell migration and invasion 
induced by PAF in HCC cells, as well as lung 
metastasis in vivo. 
Reduction the PAF-induced matrix 
metalloproteinase-2 expression through 
inhibiting the activation of STAT3 in PAF 
stimulated HCC cells 

[69]  

5-ethynyl-2′- deoxyuridine staining, colony 
formation, flow cytometry. 
RT-qPCR and immunoblotting 

human SMMC-7721, HepG2, and 
Huh-7 HCC cell lines 
female BALB/c nude mice 

Promotion of apoptosis and inhibition of 
SMMC-7721 and HepG2 proliferation of in 
vitro. 
Inhibition of tumor size and weight in the 
xenograft mouse model 
a-hederin increased the expression of pro- 
apoptosis proteins and suppressed the 
expression of anti-apoptosis proteins. 
Upregulation of Hippo signaling pathway- 
related proteins and genes expression. 
Reduction the nuclear YAP level, 
Inhibition of proliferation and induction of 
apoptosis of HCC cells.hibitor in vitro. 

[70] 
1 

Clematis ganpiniana MTT human breast cancer cell lines 
MCF-7 and MDA-MB-231 

Strong inhibitory activity on the growth of 
breast cancer cells 
Induction of apoptosis 
Depolarization of mitochondrial membrane 

[23] 

(continued on next page) 
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4.3. Autophagy suppression 

Autophagy is an important process in cell development, and it can 
have two opposite actions in tumor growth. In normal cells, autophagy 
participates as a survival mechanism to protect cells against damage 
factors such as the accumulation of oncogenic proteins, non-functional 
and damaged proteins and organelles, by facilitating their extracel
lular secretion. On the other hand, autophagy can promote tumor 
development by maintaining mitochondrial functions through the pro
motion of some essential metabolic substrates, as it is known that cancer 
cells face high pressure due to a lack of nutrients such as glucose. In this 
step, autophagy is involved in restoring cancer cells’ development and 
metabolism through some processes such as the stabilization of mito
chondrial functions and organelles and reusing substances. In this re
gard, the inhibition of autophagy is an important strategy to fight 

against cancer. But this approach can only be used with patients that 
reach a level in which autophagy is not involved in tumor inhibition. 
The data from the literature show that α-hederin could inhibit auto
phagy in some cancer cells. This inhibition is achieved by the alteration 
of lysosomal pH and the inhibition of cathepsin maturation [[27,66,72]. 

4.4. Inhibition of cell proliferation, migration, invasion, and metastasis 

Migration, invasion, and metastasis play major roles in cancer pro
gression. The main pathway involved in these phenomena is the STAT3 
(signal transducer and activator of transcription 3), by activating MMP2. 
STAT3 can be activated by PAF and JAK-2. In addition, the ratio be
tween E-cadherin and N-cadherin controls the metastasis of cancer cells. 
Decreased E-cadherin and increased N-cadherin, at the transcriptional 
and protein levels, promote metastasis. Interestingly, the data from the 

Table 3 (continued ) 

Source of α-Hederin Methods used Cell lines/animal models Key results References 

potential and released Apaf-1 and 
cytochrome c from the intermembrane 
space into the cytosol, where they 
promoted caspase-3 and caspase-9 
activation 

Hedera colchica Cytotoxicity assay 
Calcein–AM assay 

Human lung carcinoma (A549), 
human colorectal adenocarci- 
noma (DLD-1) and human normal 
skin fibroblasts (WS1) cell lines 

Permeabilizing the cellular membranes. [71] 

purchased from 
Chengdu Must Bio- 
Technology 
(Chengdu, China) 

Cell Viability Assay 
GFP-LC3B or mCherry-GFP-LC3B Assay 
Western Blotting 
AO Staining 
LysoTracker Red Staining 
Measurement of Intracellular ROS 

human NSCLC cell lines NCI- 
H1299 and NCI-H1650 

Inhibition of autophagy. 
Synergistic effect between α-hederin and 
Tax in NSCLC cell proliferation reduction 
and apoptosis induction. 
α-Hederin induced ROS accumulation in 
NSCLC cells. 

[72] 

α-hederin (Aldrich 
Chemical Co.) 

Cell viability 
Nitrite assay 
Endotoxin assay 
RNA preparation and iNOS mRNA analysis by RT- 
PCR 
Transfection and luciferase and b-galactosidase 
assays 

Peritoneal macrophages from 
pathogen free-BALB/C mice 
(female, 5 ± 7 weeks old) 

Stimulation of NO release and 
upregulatation of nitric oxide synthase 
iNOS expression through NF-kB 
transactivation. 

[73]  

Cell apoptosis assays 
Measurement of intracellular glutathione and adenosine 
triphosphate 
ROS detection 
Western blot analysis 

Human SMMC-7721, HepG-2 and 
Huh-7 HCC cell lines 
xenograft tumor model. Male 
BALB/ c-nu/nu nude mice (4–6 
wk old) 

Induction of apoptosis of HCC cells 
Reduction of intracellular GSH and ATP 
levels. 
Induction of ROS accumulation. 
Disruption of mitochondrial membrane 
potential. 
Elevation of protein levels of Bax, cleaved 
caspase-3, cleaved caspase-9, apoptosis- 
inducing factor and cytochrome C, and 
deletion of Bcl-2 expression 
Inhibition of xenograft tumor growth in 
vivo. 

[65] 

Hedera helix Cytotoxicity assay human colon adenocarcinoma 
HT-29 cells 

α-hederin at sub-IC50 cytotoxic 
concentrations enhanced 5-FU cytotoxicity 
about 3.3-fold. 
(widely prescribed 5-fluorouracil (5-FU) in 
a human colon adenocarcinoma model) 

[74]  

CCK8 and colony formation assays non-small cell lung cancer A549 
cells 
A549 tumor xenograft mouse 
model of lung cancer 

Cell proliferation inhibition 
Inhibition of glucose uptake and ATP 
generation and reduction of lactate 
production. 
Inhibition of hexokinase 2(HK2), glucose 
transporters 1(GLUT1), pyruvate kinase M2 
(PKM2), lactate dehydrogenase A(LDHA), 
monocarboxylate transporter (MCT4), c- 
Myc, and hypoxia inducible factor-la(HIF- 
1x) protein expression. 
Inhibition of glycolysis by inhibiting 
glycolytic regulators. 
Inhibition of lung cancer growth via 
inhibiting glycolysis in vivo. 
The mechanism of glycolysis inhibition 
includes a-hederin inhibiting the expression 
of the glycolytic regulatory factors HIF-1œ 
and c-Myc.   
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literature show that α-hederin inhibits cancer cell migration, invasion, 
and metastasis through PAF and JAK-2 inhibition, E-cadherin elevation, 
and N-cadherin depletion [66,68,69]. Cell proliferation is normally 
stimulated by the activation of transcriptional factor TEAD by YAP. This 
latter is activated when there is a low amount of Mst protein. α-Hederin 
has been shown to increase this protein, which causes YAP inhibition 
and as a result stops cancer cell proliferation [25,27,29,68,70]. 

4.5. Reduction of ATP generation 

Cancer cells demand a high amount of energy due to their rapid 
growth. In this regard, targeting ATP production is a promising 
approach for cancer treatment. The main source of energy for cancer 
cells is glycolysis, which is controlled by some key enzymes and regu
lators such as HK2, PKM2, LDH, MCT4, GLUT1, cMyc, HIF1alpha, p53, 
Akt, and SIRT6. GLUT1 is involved in glucose uptake into the cell. HK is 
the essential and the initial catalytic enzyme of glycolysis which is 
highly expressed in tumor cells. Another key enzyme in glycolysis 
pathway is PKM2. It has been shown that this enzyme is overexpressed 
in tumor cells. MCT play an important role in the transport of pyruvate 
and lactate through the cell membrane. LDH catalyzes the reaction of 
pyruvate to lactate. With the intervention of the membrane protein 
MCT, lactate transported out of the cell, creating an acidic environment 
for tumor development. The data from the literature show that α-hederin 
can reduce the activity of glycolytic enzymes HK2, PKM2, and LDH, and 

membrane proteins GLUT1 and MCT4 in cancer cells. In addition, it was 
reported that α-hederin could inhibit the regulator of glycolysis HIF- 
1alpha, c-Myc, and SIRT6 [25,75]. 

5. Conclusion and future perspectives 

Here, we have discussed the natural resources, anticancer activities, 
and mechanism insights of α-Hederin. The reported studies show that 
this bioactive compound can be found in different natural sources, 
particularly in medicinal plants. Moreover, biological and pharmaco
logical investigations have shown that α-hederin has potential anti
cancer properties against several human cancers. Indeed, α-hederin 
exhibits different pharmacodynamic anticancer mechanisms, which 
make it an important drug candidate. However, other pharmacody
namic actions as well as pharmacokinetic parameters should be inves
tigated in further studies. In addition, in vivo anticancer studies are 
required to validate the effects of α-hederin on animal models as well as 
to validate the safety of this compound. 

Funding 

The study was supported by the deputyship for research and inno
vation, Ministry of Education in Saudi Arabia for funding this research 
work through the project number: IFP22UQU4331128DSR166. 

Fig. 2. Anticancer mechanisms of α-hederin. JAK2: Janus kinase 2; STAT3: Signal transducer and activator of transcription 3; PAF: Platelet-activating factor; MMP2: 
mitochondrial membrane potentia; E-cad: E-cadherin; N-cad: N- cadherin; ERK: extracellular signal-regulated kinase; NF-kB: Nuclear factor-kappa B; YAP: yes-associated 
protein; Mst: mercaptopyruvate sulfurtransferase; TEAD: Transcriptional enhanced associate domain; Bcl-2:B-cell lymphoma 2: Bax: Bcl-2-associated X protein; ROS: 
Reactive oxygen species; Cyt C: Cytochrome C: Apaf-1: Apoptotic peptidase activating factor 1; AIF: Apoptosis-inducing factor; GSH:Glutathione;GPX2: glutathione peroxidase 
2; GLUT1: Glucose transporter 1: iNOS: Inducible nitric oxide synthase; NO: Nitric oxide; MMP: Mitochondrial membrane potential. 
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Phytothérapie 15 (6) (2017) 379–383. 

[3] M. Butnariu, C. Quispe, J. Herrera-Bravo, J. Sharifi-Rad, L. Singh, N.M. Aborehab, 
A. Bouyahya, A. Venditti, S. Sen, K. Acharya, The pharmacological activities of 
Crocus sativus L.: a review based on the mechanisms and therapeutic opportunities 
of its phytoconstituents, Oxid. Med. Cell. Longev. 2022 (2022). 

[4] T. Benali, K. Habbadi, A. Khabbach, I. Marmouzi, G. Zengin, A. Bouyahya, 
I. Chamkhi, H. Chtibi, T. Aanniz, E.H. Achbani, GC–MS analysis, antioxidant and 
antimicrobial activities of Achillea odorata subsp. pectinata and Ruta montana 
essential oils and their potential use as food preservatives, Foods 9 (5) (2020) 668. 

[5] A. Bouyahya, O. Belmehdi, J. Abrini, N. Dakka, Y. Bakri, Chemical composition of 
Mentha suaveolens and Pinus halepensis essential oils and their antibacterial and 
antioxidant activities, Asian Pac. J. Trop. Med. 12 (3) (2019) 117–122. 

[6] T. Benali, A. Bouyahya, K. Habbadi, G. Zengin, A. Khabbach, K. Hammani, 
Chemical composition and antibacterial activity of the essential oil and extracts of 
Cistus ladaniferus subsp. ladanifer and Mentha suaveolens against 
phytopathogenic bacteria and their ecofriendly management of phytopathogenic 
bacteria, Biocatal. Agric. Biotechnol. 28 (2020), 101696. 

[7] I. Marmouzi, A. Bouyahya, S.M. Ezzat, M. El Jemli, M. Kharbach, The food plant 
Silybum marianum (L.) Gaertn.: phytochemistry, ethnopharmacology and clinical 
evidence, J. Ethnopharmacol. 265 (2021), 113303. 

[8] A.S. Dagtas, R.J. Griffin, Nigella sativa extract kills pre-malignant and malignant 
oral squamous cell carcinoma cells, J. Herb. Med. 29 (2021), 100473. 

[9] M. Jin, W. Zhang, Y. Xu, Y. Du, Q. Sun, W. Guo, L. Cao, H. Xu, Simultaneous 
determination of 12 active components in the roots of Pulsatilla chinensis using 
tissue-smashing extraction with liquid chromatography and mass spectrometry, 
J. Sep. Sci. 40 (6) (2017) 1283–1292. 

[10] H.N. Pham, C.A. Tran, T.D. Trinh, N. Lan, N. Thi, H. Nhu, T. Phan, V.N. Le, N.H. Le, 
V.T. Phung, UHPLC-Q-TOF-MS / MS dereplication to identify chemical 
constituents of Hedera helix leaves in Vietnam 2022 (2022). 

[11] W.G. Taylor, P.G. Fields, D.H. Sutherland, Fractionation of lentil seeds ( Lens 
culinaris Medik.) for insecticidal and flavonol tetraglycoside components, J. Agric. 
Food Chem. 55 (14) (2007) 5491–5498. 

[12] I. Bezruk, M. Marksa, V. Georgiyants, L. Ivanauskas, L. Raudone, 
Phytogeographical profiling of ivy leaf (Hedera helix L.), Ind. Crops Prod. 154 
(July) (2020), 112713. 

[13] A. Gepdiremen, V. Mshvildadze, H. Süleyman, R. Elias, Acute anti-inflammatory 
activity of four saponins isolated from ivy: alpha-hederin, hederasaponin-C, 
hederacolchiside-E and hederacolchiside-F in carrageenan-induced rat paw edema, 
Phytomedicine 12 (6–7) (2005) 440–444. 
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