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Introduction

Glioblastoma (GBM) are the most common central nervous 
system malignant tumor in clinic, accounting for 46.6% of all 
primary central nervous system tumors [1]. GBM is characterized 
by high degree of malignancy, strong invasion, and easy recurrence. 
The current standard of care for GBM begins with maximal safe 
surgical resection followed by a combination of radiotherapy (RT) 
with temozolomide therapy [2]. Adjuvant therapy can significantly 
prolong the median survival of GBM patients and improve their life 
quality, but still cannot achieve desired effect. The median survival 
for patients with GBM tumors is only 12-18 months and the 
majority of these patients die in two years [3]. Garlic, a member of 
family liliaceae and originally from central Asia, is one of the earliest 
cultivated plants [4]. Garlic is a dual-purpose plant for medicine 
and food. It has been used as a traditional chinese medicine for 
thousands years. It contains a variety of chemical components, 
including sulfur compounds and saponins. Alliin, as the main sulfide, 
is the most important active substance. After processing, such as 
cutting, crushing, chewing, or dehydration, alliinase rapidly breaks 
down alliin to form allicin. Allicin is immediately decomposed to 
other organosulfur compounds such as diallyl sulphide (DAS), 
diallyl disulfide(DADS), and diallyl trisulfide (DATS), dithiins, and 
ajoene [5]. In previous studies, allicin and its metabolites have 
been proved to have diverse biologic activities including anti-
inflammatory effects, antitumor effects and other effects [6].

 
Therapeutic Effect of Allicin on GBM

Allicin inhibits proliferation and viability in glioma cells

Inhibition of cell viability and proliferation is an important part 
of glioma treatment. Alliin has been revealed of dose-dependent 
inhibition of proliferation and viability of U251 glioma cells [7]. DATS 
is conformed to have proliferation effect on human glioblastoma 
(U87MG) and neuroblastoma (SH SY5Y) cell lines [8,9]. The allicin-
treated U87MG cells exhibited cell rounding and shrinkage [9]. In 
vivo, DATS also has the effect of inhibiting cell cycle progression. A 
study about DATS treatments on ectopic U87MG induced tumors 
found significant reduction of G2/M phase checkpoint regulator 
cdk1 and its activator cdc25c, with increased p53 expression. 
The results show DATS can reduce tumor growth by inhibits cell 
cycle progression and promotes p53-mediated tumor suppression 
pathways [10].

Allicin induce apoptosis on GBM

Inducing apoptosis is a important stage in inhibiting the 
development and progression of cancer. In this regard, numerous 
studies based on allicin or its active compounds show effect of 
inducing apoptosis through different approaches.

Allicin induces apoptosis through intrinsic and extrinsic 
pathways: The extrinsic death receptor pathway and the intrinsic 
mitochondrion pathway are the two main apoptosis associated 
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Abstract 

Glioblastoma (GBM), as a common malignant tumor of central nervous system, is lack of effective treatments. Most of the GBM patients die 
in two years. Lack of effective chemotherapy is a important reason for the poor therapeutic efficacy of GBM. Several natural dietary agents have 
established noteworthy consideration because of their pharmacological effects. Garlic is one of the earliest cultivated plants and is commonly used 
as a dietary condiment worldwide. Alliin, as the most important active substance of garlic, has been proved to have diverse biologic activities 
including anti-inflammatory effects, antitumor effects and other effects. This article briefly reviews the therapeutic effects and mechanisms of allicin 
and its metabolites on GBM.
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signalling pathways. The activation of Fas binding to its Fas ligand 
(FasL) could initiate the extrinsic pathway of apoptosis and serve 
a key role involved in death signalling in many cancer types [11]. 
The intrinsic pathway is mainly regulated by B cell lymphoma 2 (Bcl 
2) family proteins which are located on mitochondrial membrane. 
Bcl-2 family regulate the release of cytochrome C from the 
mitochondrial intermembrane space into the cytosol. Cytochrome 
C then interacts with procaspase-9 and Apaf-1 to activate caspase-9 
and then activate caspase-3 leading to apoptosis [12].

A study showed that after treating glioma U251 cells with 
different amounts of alllicin, Fas, FasL and Bax mRNA expression 
levels were significantly increased, caspase 3, 8 and 9 enzyme 
activities were upregulated, while Bcl 2 expression levels were 
decreased, in a dose dependent manner [7]. Another study showed 
an increase in the Bax: Bcl-2 ratio and mitochondrial release of 
cytochrome C and activation of caspase-9 in glioblastoma cells 
after treatment with allicin metabolites (DAS, DADS, and DATS) 
[13]. These results demonstrated that Allicin may induce apoptosis 
through extrinsic and intrinsic pathways in a dose dependent 
manner.

Production of ROS induces apoptosis of GBM cells: Evidence 
suggests that induction of apoptosis by garlic products can be 
dependent on production of reactive oxygen species (ROS). A 
significant increase of ROS was induced in A549 lung carcinoma 
cells after DADS treatment, which may be an early event in DADS-
modulated apoptosis [14]. Production of ROS can active some 
apoptosis inducers which active the mitogen-activated protein 
kinase (MAPK) pathway further [15]. A study on allicin main 
metabolites (DAS, DADS, and DATS) found they can increase the 
ROS production in human glioblastoma T98G cells and U87MG 
cells and induce p38 MAPK phosphorylation leading to apoptosis. 
Activation of JNK pathway and Ca2+-dependent pathways are 
involved in this process [13]. DATS can induce apoptosis by ROS 
through regulation of Bcl-2 and have anticancer effect on human 
glioblastoma (U87MG) and neuroblastoma (SH-SY5Y) cells [8]. 
Another study about the effect of Allicin on U87MG cells also found 
allicin can induce apoptosis on U87MG cells, and the mechanisms 
were found to involve the mitochondrial pathway of Bcl-2/Bax, the 
MAPK/ ERK signalling pathway and antioxidant enzyme systems. 
The difference is this study shows allicin-induced apoptosis on 
U87MG is not regulated by the caspase cascade [9].

Inhibition of cancer stem cells(CSC)

A highly tumorigenic subpopulation of cells found in GBM is 
responsible for tumor initiation and progression. Because these 
cells shows stem cell-like properties, such as self-renewal and 
differentiation into other cell types, these cells are referred to as 
cancer stem cells (CSC) [16]. The effect of chemotherapy drugs 
on CSC is an important factor affecting the therapeutic effect on 
GBM. Yuchae Jung and his colleagues obtained CSC expressing the 
CD133 marker on the cell surface through culturing human GBM 
U87 and U251 cells. They found the treatment of ajoene inhibit the 

sphere forming activity of the two cell lines in a dose-dependent 
manner. The CD133+ subpopulation in the CSC culture condition 
was significantly decreased in ajoene-treated cells, and this activity 
may result from decreased AKT activity, increased ERK/p38 
activity, and decreased TGFβ activity, all of which are associated 
with downregulated FOXO3A expression [17].

DATS prevents tumor progression and promotes apopto-
sis by inhibiting HDAC

Cancer cells have a common feature of genomic instability are 
and are more susceptible than normal cells to DNA damaging agents. 
The DNA damage response is modulated by the acetylation status 
of histone and non-histone proteins, and by the opposing activities 
of histone acetyltransferase and histone deacetylase (HDAC) 
enzymes. HDAC overexpressed in cancer cells has been implicated 
in protecting such cells from genotoxic insults by activing tumor 
suppressor genes and DNA repair pathways [18]. Studies on other 
tumors found DATS can inhibit DNA damage response proteins like 
p53 by inhibiting HDAC [19]. A study about the effect of DATS on 
ectopic U87MG induced tumors shows DATS can reduce tumor size 
and mitosis, decrease HDAC activity, inhibit cell cycle progression, 
promotes p53-mediated tumor suppression pathways, and 
increased cell death markers. The findings demonstrate that DATS 
can inhibit U87MG cell growth in vivo by inhibiting HDAC [10].

Allicin enhances TMZ sensitivity in GBM

Temozolomide (TMZ) has been the standard chemotherapy for 
newly diagnosed GBM for many years. Although TMZ can prolong 
the survival time by a small margin, a considerable number of 
glioblastoma patients are insensitive to TMZ treatment or gradually 
develop secondary resistance. Therefore, GBM resistance to TMZ 
is considered to be the underlying cause of chemotherapy failure 
and GBM recurrence [20]. Studies have demonstrated that the 
most important mechanism of TMZ resistance is the expression of 
O6-methylguanine-DNA methyltransferase (MGMT) [21]. MGMT 
protein is a kind of DNA repair enzyme, which can protect normal 
tissues from alkylating agent damage, reduce cancer, and also cause 
tumor tissue resistance to alkylating agent chemotherapy. High 
expression of MGMT will lead to TMZ resistance and chemotherapy 
failure. Acetylation of histones H3 and H4 can up regulate the 
expression of MGMT [22]. Recent study shows allicin can promote 
apoptosis and enhance the sensitivity of TMZ-resistant U251 cells 
to TMZ by promoting the high expression of miR-486-3p which can 
directly bound to the 3’-UTR of MGMT and decreased the protein 
expression of MGMT through inhibiting the translation of the 
MGMT mRNA into the MGMT protein [23]. 

Conclusion

Allicin is a naturally occurring compound, is consumed by large 
populations with no ill effects. Previous researches have showed 
allicin and its metabolites do a vital role in the killing of multiple 
cancers and the inhibition of the cancer progression. There are 
only a few studies about the treatment of allicin on GBM. We 
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summarized previous studies and found allicin has a therapeutic 
effect on GBM in multiple ways. Allicin and its metabolites are a 
range of organic sulfides. They can increase the ROS production 
and induce apoptosis of GBM cells in vitro and in vivo, and inhibit 
the activity of CSC. Inhibition of HDAC may be one of the important 
mechanisms. The most interesting thing is allicin can enhance 
the sensitivity of TMZ-resistant cells to TMZ by inhibiting MGMT 
expression. Many mechanisms are still unclear and require further 
study. Allicin may be an effective drug for clinical GBM treatment 
and can be generated at low cost to patients.
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