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The physiological function of autophagy in normal cells is to 
maintain cellular homeostasis in nutrient-deprived states. The 
degradation of cytoplasmic material serves cell-autonomous energy 
production to promote cell survival. Hence, autophagy acts as pro-
survival mechanism. Other autophagy-inducing metabolic stressors 
are growth-factor depriviation, hypoxia, and reactive oxygen species. 
Depending on the cellular context, autophagy also induces cell death. 
Therefore, autophagy has been described as type II-cell death, in 
contrast to apoptosis (type I-cell death). Cell death raised considerable 
interest in cancer pharmacology. Although natural products have been 
demonstrated to induce autophagy, the full therapeutic potential still 
needs to be explored.

Apoptosis has been one of the hottest topics in cell biology, 
immunology and pharmacology during the past two decades [1-
3]. More recently, new forms of cell death were discovered such as 
necroptosis, immunogenic cell death, etc. Autophagy has also been 
described as a form of cell death, which can also act as pro-survival 
mechanism.

The term autophagy describes the degradation of intracellular 
cargo (mitochondria, proteins, other structures) within lysosomes. 
Three types of autophagy are known:

1) Macroautophagy is best analyzed as of yet, as is commonly termed
“autophagy”. Cargo delivery to lysosomes is mediated by vesicles
with a membrane bi-layer. These vesicles (“autophagosomes”)
fuse with lysosomes (“autolysosome”) to release intravesicular
material.

2) Micro-Autophagy: Cytoplasmic material is taken up by
lysosomes, by invagination of the lysosomal membrane.

3) Chaperone-mediated autophagy: Proteins form complexes with
Hsc-70 or other chaperones, which are recognized by lysosomal
associated membrane proteins (LAMP), and translocated into
lysosomes.

Macroautophagy (hereafter, referred to as “autophagy” in this 
article) may be subclassified into “basal autophagy” (constitutive 
turnover of cytoplasmic components) and “induced autophagy” 
(degradation of intracellular cargo upon appropriate stimulation) [4].

Autophagy is described as type II -cell death in contrast to apoptosis 
(type I-cell death) [5], because it induces cell death depending on 
the cellular context in contrast to apoptosis (type I-cell death) [5]. 
Autophagy can precede, accompany or prevent apoptosis, and the 
molecular mechanisms of cross-talk between autophagy and apoptosis 
are still incompletely understood [6-11]. Autophagy and apoptosis may 
cooperate leading to cell death. In other cellular settings, autophagy 
may counteract apoptosis by creating a pro-survival cellular milieu. 
Finally, autophagy may enable apoptosis by providing energy to induce 
ATP-dependent apoptotic processes.

All forms of cell death have raised considerable interest in cancer 
pharmacology, since most if not all anticancer drugs induce apoptosis, 
or another form of cell death. Apoptosis represents an evolutionary 

very old mechanism of organisms to cope with toxic insults, either 
from environment (e.g. heavy metals) or from poisonous ingredients 
in foods or microbial infections. In clinical oncology, it has however, 
frequently been overseen that natural products from plants, fungi or 
microorganisms induce cell death and thus, provide a basis for the 
development for novel treatment strategies in cancer therapy. It has 
been well documented in the literature that natural products induce 
apoptosis in cancer cells [12,13]. Although, a number of papers also 
demonstrated that natural products induce autophagy (Table 1), the 
full therapeutic potential still needs to be explored [14]. Given the 
fundamental importance of autophagy in cell biology, and the fact that 
natural products represent a major resource for the development of 
cancer drugs [15], cytotoxic compounds from nature certainly deserve 
more attention in cancer therapy dealing with autophagy regulation.
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Compound/agent Species Cell line Autophagic markers Reference

puromycin
HeLa cervix cancer, DU145 
prostate cancer, RAW264.7 
macrophages

formation of polyubiquitinated defective ribosomal products 
(DRiPs) ↑ [16]

prenylated flavones
ER(+) and MCR-7
ER(-) MDA-MB-23I
breast cancer

autophagic vacuolization
monodansylcadaverine staining (=autophagosome-specific dye)   [17]

MK615 extract Prunus mume (Japanese 
apricot)

SW 480, CoLo, WiDr
Colon Ca autophagic vacuoles, ATG8 immuno-fluorescence [apoptosis] [18]

extract Solanum nigrum L.
HepG2
liver cancer

low doses: autophagic vacuoles, LC-I and LC-II expression 
↑, Bcl-2 and Akt expression ↓ high doses: p-JNK and Bax 
expression ↑ apoptosis

[19]

xanthohumol, 
isoxanthohumol, 
8-prenylnaringenin, 
6-prenylnaringenin

Humulus lupulus L. PC-3, Du 145 prostate cancer
autophagic vacuoles,
no caspase-3 activation, no apoptosis [20]

voacamine Peschiera fuchsiaefolia Multidrug-resistant 
osteosarcoma

autophagic vacuolization, LC-3 expression and conversion, 
monodansylcadaverine staining [21]

proteoglycan extract areca nut CE81T/VGH cells autophagic vacuoles, acidic vesicles, LC3-I cleavage [22]

30-100 kDA extract areca nut autophagic vacuoles, acidic vesicles, phosphorylation of mTOR 
↓, LC-I cleavage [23]

evodiamine Tetradium spec. HeLa cervix cancer monodansylcadaverine staining, Beclin-I expression ↑, LC3 
expression ↑, 3-MA(= autophagy inhibitor) decreased cell viability [24]
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organic extract Catha edulis Forsk. Leukemia cell lines MOLM-13 morphological features of autophagy apoptosis: McR-1↓, c-FLIPL 
cleavage ↑, pro-caspase-8 activation ↑; mitochondrial damage [25]

timasaponin A III Anemarrhena 
asphodeloides various cancer cell lines

mTORC1 inhibition induction of endoplasmic reticulum stress 
(eIF2alpha phosphorylation ↑; caspase-4 activation↑)→pro-
apoptotic pathways

[26]

extract Sutherlandia frutescens MCF-7 breast cancer autophagic vacuolarization hypercondensed 
chromatin→apoptosis [27]

UNBS 1450 01 
(=derivative of 
2-oxovoruscharin 02)

Calotropis procera sodium pump inhibitor, disorganization of actin cytoskeleton [28]

isocannflavin B T47D autophagic vacuolization, Akt phophorylation ↓; p21 (Cip21) 
expression↑ [29]

concanavalin A Jack bean seeds autophagy, checken immunomodulation [30]

alisol B Alisma orientale (rhizome) various cancer cell lines
autophagosome flux formation; cell death, Go/G1 cell cycle arrest; 
activation of CaMMK-AMPK-mTOR pathway; disruption of Ca2+ 
homeostasis; binding to SERCA

[31]

chloroform extract Physalis minima L. Caov-3 Human ovarian cancer vacuolated morphology; [apoptosis] [32]
bafilomycin F, G, H, and J Streptomyces ssp. MCF-7 breast cancer microscopy and biochemical assays [33]

triterpene extract Ganoderma lucidum Colon cancer autophagic vacuoles, Beclin-1↑, LC-3↑; Go/G1 cell cycle arrest; 
cell death; inhibition of p38 MAPK reduced autophagy [34]

artesunate Artemisia annua MCF-7 breast cancer
endolysosomal and autophagosomal compartments, inhibiting 
autophagosome turnover and causing perinuclear clustering of 
autophagosomes, early and late endosomes, and lysosomes.

[9]

Table 1: Natural products inducing autophagy in cancer cells.
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