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Abstract: Background: Cancer continues to be a global burden, despite the advancement of various tech-
nological and pharmaceutical improvements over the past two decades. Methods for treating cancer in-
clude surgery, radiotherapy and chemotherapy in addition to other specialized techniques. On the other 
hand, medicinal plants have been traditionally employed either as the complementary medicine or dietary 
agents in the treatment and management of cancer. Medicinal plants are a rich source of secondary me-
tabolites with interesting biological and pharmacological activities. Among these metabolites, glycosides 
are naturally occurring substances and have outstanding therapeutic potential and clinical utility.  
Methods: Different medical research engines such as, GoogleScholar, PubMed, SpringerLink, ScienceDi-
rect were used to collect related literature on the subject matter. In this regard, only peer-reviewed journals 
were considered.  
Results: Emerging results showed that numerous glycosides isolated from various plants possessed 
marked anticancer activity against a variety of cancer cell lines. Accordingly, the aim of the present review 
is to shed light on the anticancer effects of glycosides, analyze possible mechanisms of action, and high-
light the role of these natural agents as complementary and alternative medicine in combating and manag-
ing cancer.  
Conclusion: The glycosides isolated from different plants demonstrated potent cytotoxic effects against 
various cancer cell lines in initial preclinical studies. The anticancer effect was mediated through multiple 
mechanisms; however further detailed studies are needed to understand the full potential of glycosides for 
clinical utility. 

Keywords: Anticancer agents, glycosides, medicinal plants, derivatives, safety parameter, drugs of future. 

1. INTRODUCTION 

Cancer continues to be among the most feared of 
human diseases. It is recognized as a major threat to 
health since the earliest days of documented history 
[1]. It is considered as an adversary of modernization 
and the pattern of socio-economical life dominated by 
Western medicine. Cancer is still considered one of the 
most frequent causes of human fatality, particularly in 
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technologically-advanced countries. In these countries, 
it accounts for about 15 to 20% of deaths each year [2, 
3]. One important strategy in combating cancer is che-
moprevention, a method of cancer control by pharma-
cological intervention with chemical compounds. Re-
cent events suggest that new emphasis has been given 
to research on complementary and alternative medicine 
that deals with cancer management [4-6]. 

The use of medicinal plants in modern medicine for 
the prevention and treatment of cancer is central in 
combating the disease. For this reason, it is of para-
mount importance to identify anticarcinogenic agents 
present in medicinal plants which can inhibit the initia-
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tion, promotion and progression of tumor [7-9]. Me-
dicinal plants and their endophytes are important re-
sources for the discovery of clinically-relevant natural 
products [10-12]. They are also incorporated into an-
cient folk medicine of virtually all human cultures. Ad-
ditionally, these plants are a rich source of secondary 
metabolites with interesting biological activities; these 
secondary metabolites have a variety of structural ar-
rangements and properties [13].  

Glycosides are organic compounds derived or ex-
tracted from plant or animal sources. Upon enzymatic 
or acid hydrolysis, these compounds give one or more 
sugar moieties along with a non-sugar residue. The 
sugar moiety is described as a glycone, whereas the 
non-sugar part is called aglycone or genin. Chemically, 
these glycosides are acetals or sugar ethers formed by 
the interaction of hydroxyl groups of the non-sugar and 
sugar moieties with a loss of a water molecule [14, 15]. 
There are four glycosidic linkages including S-, N-, C-, 
and O-glycosidic bonds indicating connecting atoms 
between anomeric carbon of glycone and that of agly-
cone. Among them, C-glycosyl structures are usually 
more resistant to hydrolysis. 

This review focuses on the role played by natural 
glycosides as potential anticancer agents, critically 
analyzes the possible mechanisms of action, and high-
lights the role of these natural agents as complementary 
and alternative medicine in combating and managing 
cancer.  

2. STEREOCHEMISTRY OF GLYCOSIDES 

It is well-known that sugars are available in two 
acyclic and cyclic forms leading to the formation of 
L/D and α/β stereoisomers, respectively. L and D con-
figurations are described by the position of hydroxyl 
group connected to the asymmetric carbon furthest 
from carbonyl group in the Fischer projection in which 
OH is placed on the left or right side, respectively. α/β 
anomers are determined by the position of substituents 
connected to anomeric carbon in the cyclized form. In 
this regard, glycosides are categorized into α -
glycosides and β-glycosides depending on the position 
of glycosidic bond whether it is positioned below or 
above the plane of glycone [16]. 

The biological activity of glycosides are directly af-
fected by their stereochemistry; hence, their stereose-
lective preparation is highly in demand [17]. Most of 
the naturally occurring glycosides such as digoxin and 
digitoxin possess β-D stereochemistry. However, there 
are a few exceptions, such as ouabain having α -L 
stereochemistry which is very potent cardiac glycoside. 

It is worth mentioning that appropriate stereoisomers of 
cardiac glycosides play a remarkable role in binding to 
the Na+, K+-ATPase receptor to promote cardiac mus-
cle contraction [18, 19]. In this respect, digitoxin, di-
goxin and ouabain have shown desirable biological 
activities [18].  

Recently, the anticancer activity of glycosides, es-
pecially ouabain, digoxin, digitoxin, digitoxigenin, and 
lanatoside C, has attracted lots of attention not only due 
to an increase of solubility and distribution in the body 
resulting from sugar moiety but also due to the effect of 
the stereochemistry of sugar moiety on binding affinity 
to the receptor protein. The study reported by Thorson 
et al. [20] revealed that the anticancer properties of 
cardiac glycosides could be improved by the modifica-
tion of stereochemistry of sugar moieties. Also, various 
research groups have explored the best alignment of 
OH of ginsenoside Rg3 epimers with that of the OH 
acceptor group to induce better anticancer activity con-
firming the significance of stereochemical characteris-
tics of the glycone moiety [21, 22].  

3. GLYCOSIDES AS THERAPEUTIC AGENTS  

There are different types of glycosides, such as 
triterpene, β -sitosterol, flavonoid, iridoid, phenylpro- 
panoid, anthraquinone, kaempferol, and saponine gly-
cosides. In the saponine glycoside, the aglycone part is 
referred to as a sapogenin, whereas the glycone parts 
are generally oligosaccharides [23, 24]. Oligosaccha-
rides may be linked to sapogenin via an ether or ester 
linkage at one or two glycosylation sites, giving the 
corresponding monodesmosidic or bidesmosidic sapon-
ins, respectively. However, attachment of the glycone 
to three sites (tridesmosidic) in a sapogenin is rare [25, 
26]. While considering the dazzling history of gly-
cosides as therapeutic agents, the current review is fo-
cused on the anticancer potential of glycosides derived 
from plants, proposed mechanism and possibility of use 
as future drugs for the treatment of various cancers. 

4. GLYCOSIDES AS AN ANTICANCER AGENT 

A Canadian research group isolated several gly-
cosides from of Betula papyrifera bark [27]. These di-
arylheptanoid glycosides, namely papyriferoside A 1, 
5-O-β-D-apiofuranosyl-(1→2)-β-D-glucopyranosyl-1, 
7-bis-(4-hydroxyphenyl)-heptan-3-one 2, and platyphyl 
loside 3 (Table 1), showed marked cytotoxicity when 
studied in an in vitro assay against various cancer cell 
lines, including lung carcinoma, colorectal adenocarci-
noma, and normal skin fibroblast with IC50 values in 
the range of 10.3-13.8 µM.  
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Table 1. Isolated plant isolated glycosides with anticancer activity. 

Plant Name Chemical Structure of Isolated Compound Refs. 

Betula papyrifera R1 OR2

HO OH

          R1                  R2

1        O     !-L-Araf-[1     6]-"-D-Glcp
2        O     "-D-Api-[1      2]-"-D-Glcp
3        H2     "-D-Glcp  

[27, 84] 

Antiaris toxicaria 

O

OHC

O

O

OH

OH

OH
O

OHHO
OO

OHHO
HO

OH

4  

[28, 30] 

Solanum incanum 

O

O
HO

O

OH

O

OH3C
HO

HO
HO OH

OH
CH3OH

O

H
N

5  

[85, 86] 

Antiaris toxicaria 

O

R4

R1

R2

OH

O

R3

             R1       R2         R3                R4

6          CHO    OH        !-OH      !-O-4,6-dideoxy-!-D-allose 
7          CHO    OH       "-OH      !-O-"-L-rhamnose
8          CHO      H        !-OH      !-O-6-deoxy-!-D-glucose
9          CHO      H         !-OH     !-O-6-deoxy-!-D-allose
10        CHO      H         !-OH     !-O-"-L-rhamnose
11        CH2OH  H        !-OH      !-O-6-deoxy-!-D-glucose  

[30, 87] 

(Table 1). contd….. 
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Plant Name Chemical Structure of Isolated Compound Refs. 
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O
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O
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O
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O
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HO
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O

OH

O

O

HOH2C
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H
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O
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O

O

HOH2C

OH

OH

H

H
O

CH3
HO

HO

O

OH

12 13
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18
19

 

 

Urginea maritima 

O
OH

O

OHHO
HO

20

 

[33, 88] 

Streptocaulon ju-
ventas 

R2O
R3

OH

O O

R4H
R1

H

O O O OH3C H3C H3C
HO

OCH3

HO
OH

HO
H3CO

HO
HO

OH

OH

Cym: b-D-cymarose Dig: b-D-digitoxose Dtl: b-D-digitalose Glc: b-D-glucose  

[34, 89] 

(Table 1). contd….. 
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Plant Name Chemical Structure of Isolated Compound Refs. 

 Compound R1 R2 R3 R4 

16-O-Acetyl-hydroxyacovenosigenin 21 β-OH H H OAc 

6-O-acetylhydroxyperiplogenin 3-O-β-D-
digitoxopyranoside 22 H Dig OH OAc 

14β-dihydroxy-5β-card-20 (22)-enolide 
3-O-[O-β-D-glucopyranosyl-(1→2)-β-D-

digitalopyranoside] 23 
α-OH Dtl2-Glc H H 

Acovenosigenin A3-O-[O-β-D-
glucopyranosyl-(1 →4)-β-D-

digitalopyranoside]24 
β-OH Dtl4-Glc H H 

Acovenosigenin A 25 β-OH H H H 

acovenosigenin A β-glucoside 26 β-OH Glc H H 

acovenosigenin A 3-O-β-
digitoxopyranoside 27 β-OH Dig H H 

Evonogenin 28 β-OH H OH H 

Glucoevonogenin 29 β-OH Glc OH H 

5β-hydroxygitoxigenin 30 H H OH OH 

16-Oacetyl-hydroxyperiplogenin 31 H H OH OAc 

Oleandrigenin 32 H H H OAc 

Subapinoside 33 H Dig4-Glc H OAc 

Honghelotrioside A 34 H Cym4-Glc6-Glc H OAc 

Glucogitoroside 35 H Dig4-Glc H OH 

digitoxigenin 3-O-[O-β-D-
glucopyranosyl-(1 →4)-2-O-acetyl-β-D-

digitalopyranoside] 36 
H (2-O-Ac-Dtl)4-

Glc H H 

digitoxigenin 3-O-[O-β-D-
glucopyranosyl-(1→6)-O-β-D-

glucopyranosyl-(1 →4)-2-O-acetyl-β-D-
digitalopyranoside] 37 

H (2-O-Ac-Dtl)4-
Glc6-Glc H H 

Digitoxigenin 38 H H H H 

Acetodigin 39 H Glc H H 

hongheloside G 40 H Cym H H 

Glucoevatromonoside 41 H Dig4-Glc H H 

Echunbioside 42 H Cym4-Glc H H 

digitoxigenin gentiobioside 43 H Glc6-Glc H H 

digitoxigenin 3-O-[O-β-D-
glucopyranosyl-(1→4)-β-D-glucoside] 44 H Glc4-Glc H H 

digitoxigenin sophoroside 45 H Glc2-Glc H H 

digitoxigenin 3-O-[O-β-D-glucosyl-
(1→4)-3-O-acetyl-β-D-digitoxoside] 46 H (3-O-Ac-Dig)4-

Glc H H 

Echujin 47 H Cym4-Glc6-Glc H H 

      

 

(Table 1). contd….. 
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 digitoxigenin 3-O-[O-β-glucopyranosyl-
(1 →6)-O-β-glucopyranosyl-(1 →4)-3-

O-acetyl-β-digitoxopyranoside] 48 
H (3-O-Ac-Dig)4-

Glc6-Glc H H 

digitoxigenin 3-O-β-gentiobiosyl-(1 
→4)-O-β-D-digitoxopyranoside 49 H Dig4-Glc6-Glc H H 

digitoxigenin 3-O-[O-β-glucopyranosyl-
(1→6)-O-β-glucopyranosyl-(1→4)-O-β-

digitalopyranosyl-(1 →4)-β-
cymaropyranoside] 50 

H Cym4-Dtl4-Glc6-
Glc H H 

Odoroside G 51 H Dtl4-Glc6-Glc H H 

periplogenin 3-O-[O-β-D-
glucopyranosyl-(1 →4)-O-β-

Dglucopyranosyl-(1 →4)-β-D-
cymaropyranoside] 52 

H Cym4-Glc4-Glc OH H 

Periplogenin 53 H H OH H 

Periplogenin glucoside 54 H Glc OH H 

Emicymarin 55 H Dtl OH   

Periplogenin 3-O-β-digitoxoside 56 H Dig OH H 

Periplogenin 3-O-β-glucopyranosyl-(1 
→4)-O-β-digitaloxopyranoside 57 H Dtl4-Glc OH H 

Corchorusoside C 58 H Dig4-Glc OH H 

Periplocymarin 59 H Cym OH H 

Biondianoside A 60 H Cym4-Glc6-Glc OH H 

1β,3β,14β-trihydroxy-5β-c rd-16, 20 
(22)- dienolide 61 β-OH  H ∆16,17 

Griffithigenin 62 H H OH ∆16,17 

Δ(16)-digitoxigeninβ-D-glucoside 63 H Glc H ∆16,17 
 

 

Vitellaria paradoxa 

COOR''H

OH
RO

HO
H

H

R'

OH
                                                             R                    R'                 R''
 Paradoxoside A 64                           GlcA               OH        Rha-(1!2)-Ara
 Paradoxoside B 65                           GlcA               OH       Xyl-(1!4)-Rha-(1!2)-Ara-
Tieghemelin A 66                             GlcA               OH       Rha-(1!3)-Xyl-(1!2)-Rha-(1!2)-Ara-
Butyroside D 67                               GlcA               OH       Api-(1!3)-Xyl-(1!2)-Rha-(1!2)-Ara-
Arginine C 68                                   Glc                 OH         Rha-(1!3)-Xyl-(1!2)-Rha-(1!2)-Ara-
3-O-"-D-glucuronopyranosyl          GlcA               OH
16#-hydroxyprotobassic acid 69
3-O-"-D-glucopyranosyl                 Glc                  OH
16#-hydroxyprotobassic acid 70
Paradoxoside C 71                           MeGlcA           H           H
Paradoxoside D 72                          Glc-(1¯3)-Glc   H           H
3-O-"-D-glucuronopyranosyl         GlcA                 H           H
protobassic acid 73
Mi-glycoside I 74                           Glc                     H           H  

[35, 90] 

(Table 1). contd….. 
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Plant Name Chemical Structure of Isolated Compound Refs. 

Rubus chingii O
O

HO

HO O
O

OH

HO

OH

OH

HO
O

OHO
HO

HO

OH
75  

[36, 91] 

Liriope muscari 

HO

H

H

OOHO
OH

HO O O
H

O

H

OH

O
HO

OHO

OH
HO

O

HO

H

H

OHO
OH O O

H

O

H

HO

HO

OHO
OHHO

O
O

O

HO

H

H

OHO
OH

O O
H

O

H

HO

OHO
OHHO

O
O

OH
O

Liriopem I 76

Liriopem II 77

Ruscogenin-1-O-[b-D-glucopyranosyl-(1     2)]-[b-D-
xylopyranosyl-(1     3)]-b-Dfucopyranoside.

78

 

[37, 92] 

Desmidorchis flava R

O

OH

OH

OR2

H

H

R1O

O

H3CO

OHO

OHOH
O O

OH

O
OHOH

OH  

[38, 93] 

(Table 1). contd….. 
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Plant Name Chemical Structure of Isolated Compound Refs. 

Ipomoea aquatica 

R R1 R2 R3

Aquaterin XII 80 = Octa H Octa Mba
Aquaterin XIII 81 = Octa Octa H Mba
Aquaterin XV 82 =              Octa               H           Octa      Hexa

O
O

O

Rha'

R1ORO

Rha''

OR2

O OR3

O
HO

HO OH

Rha'''

O
O

O

Rha

O

O
HO

HO
O

Fuc

Hexa

Octa

Mba

O
11S

 

[39, 94] 

Dregea sinensis O

RO

OH

OH

OR2

H

H

R1O
O

RO

OH

OH

OR2

H

R1O

 83
R= Ra; R1 = R2 = Bz

 84
R= Ra; R1 = R2 = Bz

OHO

H3CO OH

O O

OH
Ra =

O

Bz=

 

[40, 95] 

Streptocaulon ju-
ventas 

HO O

HO

O

O

OH

H

O

HOH

HOH

OH

85  

[41, 96] 

(Table 1). contd….. 
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Plant Name Chemical Structure of Isolated Compound Refs. 

Asclepias subulata 

O O

O

O

OH

H3C

OH OH

O

CH3

OH

OH

O O

O

O

OH

H3C

OH

O

H3C

OH

OHC

O O

H3C

OH
O

OH

OH

HO
HO

O O

H3C

OH

H3C

O

OH

OH

HO
HO

12,16-dihydroxycalotropin 86 calotropin 87

corotoxigenin 3-Oglucopyranoside 88 desglucouzarin 89

OHC

OHC

 

[42, 97] 

Reineckia carnea 

HO

O

H

O
H

H
R

O

H

H

OHO
HO

O

HO

Rha
90

Xyl

OH
OH

 

[44, 98] 

Magnolia officinalis 

OR4O

OR3

OR5

OR2
OR1

OH

 

 R1 R2 R3 R4 R5 

Magnoloside F 92 H Rha H Caffeoyl Glc 

Magnoloside G 93 H Api H Caffeoyl Glc 

Magnoloside H 94 H Api Caffeoyl H Glc 

Magnoloside I 95 H Api Couma-
royl 

H Glc 

Magnoloside J 96 H Rha Feruloyl H Glc 

Magnoloside K 97 H Api Caffeoyl H H 

Magnoloside L 98 H Rha H Caffeoyl H 

Magnoloside M 99 Glc Rha Caffeoyl H Glc 

Magnoloside N 100 H H H H -syringoyl(4-1)-Rha(4-1)-Glc 

Magnoloside O 101 H H H H -vanillyl(4-1)-Rha(4-1)-Glc 

Magnoloside E 102 H Api H H Caffeoyl 

Magnoloside A 103 H Rha Caffeoyl H H 

Magnoloside B 104 H Rha Caffeoyl H Glc 

Magnoloside D 105 H Rha H H Caffeoyl  

[45, 99] 

(Table 1). contd….. 
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Plant Name Chemical Structure of Isolated Compound Refs. 

Desmidorchis flava 

Bz O

H

H
RO

OBz

OH

BzO H

OHO

OCH3

O O

OCH3

R = Desmiflavasides C 106

O
HO O O

OCH3

O

R = Desmiflavasides D 107

OH

HO OH

O

OCH3

O
HO O O

OCH3

O

R = Nizwaside D 108

OH

HO OH

O

OCH3

 

[100, 101] 

Salix acmophylla 

O

O
O O

O

HO

OH
OH

HO

Acmophyllin  B 110Acmophyllin  A 109

O

O

OH

O

O

OH

HO
OH

O

O

 

[47, 102] 

Wedelia calendu-
lacea 

O

OH

OO
HO

HO
OH

OH

HO

H

111  

[48, 103] 

 

Gan et al. [28] isolated a toxicarioside E 4 from 
Antiaris toxicaria. This cardenolide glycoside illus-
trated marked cytotoxicity against human cancer cell 
lines, chronic myelogenous leukemia and human gas-
tric cancer cells with IC50 values of 0.026 and 0.027 
µg/mL, respectively. Sun and Colleagues [29] studied 

the anticancer profile of steroidal glycoside, solamar-
gine 5, isolated from Solanum incanum in several can-
cer cells. It showed marked anticancer effects in multi-
ple cancer cells, including multiple-drug-resistant can-
cer cells.  
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Liu and colleagues [30] isolated a number of gly-
cosides from Antiaris toxicaria. Of them, antiaroside J 
6, antiaroside N 7, antiaroside O 8, antiaroside P 9, 
antiaroside Q 10, antiaroside X 11, ß-antiarin 12, 
antialloside 13, toxicarioside B 14, convallatoxin 15, 
strophalloside 16, desglucocheirotoxin 17, convalla-
toxol 18 and deglucocheirotoxol 19 showed marked 
anticancer action when tested against human NIH-
H460 lung cancer cells. The structure-activity relation-
ship of these compounds revealed that the orientation 
of C-3 and C-17 substituents played an important role 
in the overall cytotoxic profile. On the other hand, the 
compounds which α-oriented at C-3 and C-17 substitu-
ents showed weak anticancer effects [20]. Similarly, 
compounds contained α-L-rhamnose moiety at C-3 ex-
hibited potent cytotoxic activities [31]. For cytotoxic-
ity, the position of glycone linkage is also very crucial. 
For instance, compounds in which the sugar was at-
tached to C-19 showed poor cytotoxicity than those in 
which this moiety was linked to C-3 [30, 32]. 

During the anticancer study of Egyptian medicinal 
plants based on traditional uses, total 61 plants were 
tested which led to the isolation of a cardiac glycoside, 
proscillaridin A 20 from Urginea maritima [33]. It 
showed significant cytotoxicity against lymphoma cell 
line at various test concentrations. The researchers 
from Shenyang Pharmaceutical University (Shenyang, 
Liaoning, China) isolated 43 cardiac glycosides using 
Streptocaulon juventas roots [34]. These glycosides 21-
63 exhibited varying degree of cytotoxicity against 
various human lung cancer cell lines. 

A multicentre study of Zhang et al. [35] isolated a 
number of compounds from Vitellaria paradoxa in 
which glycosides 64-74 when tested for anticancer ef-
fect, they showed marked cytotoxicity and antitumor 
effects. When these cardiac glycosides 64-74 were 
tested for anticancer effect, they showed marked activ-
ity lungs cancer cell line in vitro. The SAR studies in 
these compounds showed that the monodesmosides 
glycosylated at C-3 proved to be more potent cytotoxic.  

In 2015, a Chinese group of researchers phyto-
chemically investigated Rubus chingii for secondary 
metabolites which led to the isolation of three new gly-
cosides [36]. These compounds were screened against 
five different human cancer cell lines in which only 5-
O-β-D-apiofuranosyl-(1→2)-β-D-glucopyranosyl-18-
O-β-D-glucopyranosyl-13(E)-ent-labda-8(9),13(14)-di-
ene 3β,15,18-triol 75 showed potent cytotoxicities 
against human lung cancer cell lines (IC50: 2.32 µM). 
Li and co-workers [37] derived steroidal glycosides 76-
78 from Liriope muscari. These glycosides exhibited 

an outstanding anticancer activity against human breast 
cancer lines with IC50 values of 0.58, 0.05 and 0.15 
µg/ml. The phytochemical investigation on Desmidor-
chis flava led to the isolation of pregnane glycosides 
[38]. Out of which, desmiflavasides B 79 showed con-
centration-dependent anticancer activity against breast 
cancer cell line.  

Fan et al. [39] isolated several glycosides from wa-
ter spinach (Ipomoea aquatica). These compounds 
were analyzed against six different cancer cell lines and 
compounds 80-82 showed marked in vitro cytotoxicity. 
Jia et al. [40] isolated six glycosides from Dregea 
sinensis. Out of them, only 83 and 84 showed cytotox-
icity towards human leukemia cells (HL-60) with IC50 
values of 14.10 µM and 19.16 µM, respectively. Simi-
larly, Xue et al. [41] isolated TXA9 from Streptocau-
lon Juventas and tested for anticancer activity in both 
in vivo and in vitro experiments. The results showed 
marked cytotoxic effect on lungs cancer lines in vitro. 
Similarly, the in vivo treatment of mice with TXA9 at 
15 mg/kg caused profound antitumor effect (64.2%). 
Similarly, the bioactivity-guided isolation on Asclepias 
subulata led to the cardenolide glycosides 86-89 [42]. 
When these were tested for anticancer activity against 
various cancer cell line, outstanding potencies were 
observed with IC50 in the range of 0.0013-6.99 µM.  

The isolated labdane-type diterpene glycosides were 
tested against various human cell lines. Of the tested 
cell lines, 15-O-β-D-apiofuranosyl-(1→2)-β-D-
glucopyranosyl-18-O-β-D-glucopyranosyl-13(E)-ent-
labda-8(9),13(14)-diene-3β,15,18-triol showed marked 
cytotoxic effect against A549 cells with IC50 values of 
2.32 µM. Similarly, researcher isolated 14 glycosides 
from Ixeris dentata roots [43]. These sesquiterpene lac-
tone glycosides when tested for cytotoxicity, but no 
significant effect was observed. Zheng and colleagues 
[44] isolated five compounds from Reineckia carnea 
roots. These steroidal glycosides when studied for pos-
sible cytotoxicity against Caski cancer cell line, com-
pounds 25(S)-5β-spirostan-1β,3β,14β-triol-1-O-α-L-
rhamnopyranosyl-(1→2)-β-D-xylopyranoside 90 and 
25(S)-5β-spirostan-1β,3β-diol-1-O-α-L-rhamnopyrano-
syl-(1→2)-β-D-xylopyranoside 91 showed prominent 
cytotoxicity with IC50 values of 34.4 and 3.7µM, re-
spectively. Similarly, Xue et al. [45] isolated 26 gly-
cosides from Magnolia officinalis stem bark. Of the 
various human cancer cell lines used in the assay, com-
pounds 92-105 showed cytotoxicity against MGC-803 
and HepG2 cells.  

Raees and co-workers [46] isolated three pregnane 
glycosides from Desmidorchis flava. When these iso-
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lated glycosides 106-108 were tested against breast 
cancer and ovarian cancer cell lines, marked cytotoxic-
ity observed with IC50 values of 19.97-25.84 µM and 
37.97-64.5 µM, respectively. Recently, a Pakistani re-
search group [47] isolated two salicin glycosides 
acmophyllin A and acmophyllin B from Salix 
acmophylla leaves. These compounds were tested for 
anticancer activity against various cancer cell line, in-
cluding pancreatic, breast and lung, where they showed 
encouraging activity. Most recent studies of Verma and 
coworkers [48] isolated and characterized a novel gly-
coside from Wedelia calendulacea named as 19-α-
hydroxy-ursolic acid glucoside [19-ahydroxyurs-
12(13)-ene-28 oic acid-3-O-β-D-glucopyranoside 111. 
Treatment of rats with this compound produced signifi-
cant inhibition of renal tumor by down-regulation of 
ornithine decarboxylase.  

5. ANTICANCER MECHANISM OF ACTION 
Extensive research on the mechanistic insights has 

explored almost every aspect of anticancer agents [49-
51]. Cardiac glycosides (CGs) are compounds used for 
the treatment of cardiac failure. Additionally, they pos-
sess strong anticancer activity and induce impairment 
of cell proliferation or activation of cell death by apop-
tosis or autophagy. CGs may also induce autophagic-
like cell death. Mcl-1 has been recently discovered to 
sequester Beclin-1, an important mediator of autophagy 
in neuronal cell models, and its degradation is an event 
strictly required to allow onset of autophagy. There-
fore, Mcl-1 degradation may lead to apoptosis or to 
autophagic cell death [52]. Research showed that the 
glycoalkaloid solamargine (SM) significantly inhibits 
the growth of human hepatoma SMMC-7721 and 
HepG2 cells and induces cell apoptosis. In addition, 
SM causes cell cycle arrest at the G2/M phase and up-
regulates the expression of caspase-3 [53]. The effect 
of CO-OCS and SO-OCS is triggered by both cell cy-
cle arrest and apoptosis, showing that these castano-
spermine analogues may be used as potential antican-
cer agents against breast cancer [54]. The anticancer 
effects for cardiac glycosides isolated from Antiaris 
toxicaria were found to be in conjunction with induc-
tion of Nur77 protein expression [30, 55]. 

Amygdalin can induce apoptosis in human promye-
locytic leukemia (HL‑60) cells. Amygdalin suppressed 
the proliferation of human colon cancer SNU‑C4 cell 
through the mechanism that involves inhibition of ex-
pression of cell cycle related genes. Furthermore, 
amygdalincan induced apoptosis in DU145 and LNCaP 
prostate cancer cells by regulating the expression of 
Bax and Bcl‑2, and inhibited the survival of HeLa cells 

in a concentration-dependent manner [56]. In a similar 
fashion, reevesioside A inhibited c-myc expression and 
down-regulated the expression of CDC25A, cyclin D1 
and cyclin E, leading to a profound decrease of RB 
phosphorylation. G1 arrest is, therefore, induced 
through E2F1 suppression. Consequently, reevesioside 
A caused mitochondrial damage and apoptosis in hu-
man hormone-refractory prostate cancer cells [57]. 

Four cardenolide glycosides with strong antiprolif-
erative activity were isolated from Asclepias subulata: 
one new, namely 12,16-dihydroxycalotropin, and three 
known compounds, such as scalotropin, corotoxi-
genin3-O-glucopyranoside, and desglucouzarin. The 
isolated cardenolide glycosides showed selectivity to 
human cancer cells. Results also revealed that A. 
subulata could be a potential source of anticancer 
agents with the underlying mechanism of apoptosis 
induction [58, 59]. In a similar fashion, aquaterin II 
induced G0/G1 arrest regulated by related proteins 
CDK4/6, cyclin D/E and p21, and caused mitochon-
dria-mediated apoptosis featured by matrix metallopro-
teinase (MMP) decrease, reactive oxygen species 
(ROS) accumulation, caspase cascade activation, and 
Bax/Bcl-2 alteration. Additionally, suppression of the 
phosphoinositide 3-kinase (PI3K)/Akt signaling path-
way was observed, suggesting that it may be involved 
in aquaterin II-induced cell growth inhibition [60].  

Triterpene glycosides are characteristic secondary 
metabolites of sea cucumbers. The anticancer molecu-
lar mechanisms of these compounds include: (a) induc-
tion of tumor cell apoptosis by the activation of intra-
cellular caspase cell death pathways; (b) arrest of the 
cell cycle at S or G2/M phases; (c) influence on the nu-
clear factor-κB (NF-κB); and (d) up- or 
down-regulation of certain cellular receptors and en-
zymes participating in carcinogenesis, such as epider-
mal growth factor receptor (EGFR)), Akt (protein 
kinase B), extracellular signal-regulated kinases 
(ERK), focal adhesion kinase (FAK), MMP-9 and oth-
ers [61]. On the other hand, the methanolic leaf extract 
of Olaxmannii led to the isolation of 17 flavonoid gly-
cosides, three of which were new compounds. One of 
the isolated compounds, kaempferol 3-O-α-L-
rhamnopyranoside, was found to exhibit significant and 
selective cytotoxicity by the inhibition of NF-κB [62].  

6. SYNTHETIC DERIVATIVES 

In 2004, Popiolkiewicz and coworkers [63] synthe-
sized genistein glycosides using genistein as a major 
soy isoflavone. The compounds were synthesized in the 
hope to encounter some of the intrinsic limitations and 
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improve pharmacokinetic parameters of parent com-
pound which already demonstrated great potential as a 
lead compound in studies reported from different cen-
ters [64-67]. The synthesized compounds showed en-
hanced potencies than genistein, a soy-derived isofla-
vone and phytoestrogen with anticancer activity, as 
well as better pharmacokinetic profile. Similarly, the 
safety profile of these compounds was also studied in 
both in vitro and in vivo models to evaluate their clini-
cal status. The results revealed marked the safety of 
these compounds in comparison to clinically used 
chemotherapeutics [68]. 

Anand and colleagues [69] synthesized various car-
diac glycoside. The purpose was the study of glycone 
part on their anticancer action. The anticancer effect 
was found to be sugar-dependent. Nitin and colleagues 
[70] synthesized a series of perillyl alcohol glycosides 
through a new facile route. When studied for antipro-
liferative effect, these compounds were found highly 
potent and the cytotoxic activity was glycone-
dependent.   

Podophyllotoxin is regarded as the most potent, ver-
satile anticancer agents but never get clinical status due 
to several unwanted sides effects. However, some of its 
derivatives, etoposide and etopophos are in clinical 
uses [71-73]. Zi et al. [74] synthesized a number of 
perbutyrylated glycosides of podophyllotoxin. The 
overall effects of these compounds were outstanding 
against different cancer cell lines with IC50 values in 
the range of 0.14-1.69 µM. Interestingly, some the de-
rivatives were found more potent than the standard 
drugs, etoposide and etopophos. Further, studies in this 
regard could lead to clinical application. The electron-
withdrawing groups, such as F, Cl and NO2 on phenyl 
ring, exhibited strong activity when compared to elec-
tron-donating such groups, such as OH and OCH3 
groups [75, 76]. 

The novel glycoside derived from Wedelia 
calendulacea caused inhibition of ornithine decarboxy-
lase [48] which is considered as an important mediator 
of tumor proliferation [77, 78]. Additionally, the potent 
antioxidant property of the compound further aug-
mented the antitumor effect as reported to an important 
promoter of tumor [79].  

7. NOVEL EXTRACTION TECHNIQUES 

Recently, different extraction techniques have been 
developed for extraction of various types of compo-
nents [80]. Extraction is a primary step in the isolation 
of secondary metabolites. The pressurized hot water 
extraction technique are already reported for extraction 

[81, 82]. In this regard, Liau et al. [83] has designed a 
very significant pressurized hot water extraction tech-
nique coupled with HPLC/ESI-MS-MS for the isola-
tion of flavonoid glycosides from Camellia oleifera. 
The latest development in extraction methodology and 
the involvement of HPLC, MS and ESI could play an 
important role in the standardized of crude formula-
tions and identification of isolated compounds.      

8. TOXICOLOGICAL PROFILE OF ANTICAN-
CER GLYCOSIDES 

In general, the isolated glycosidal compounds 
showed specific cytotoxic effects against various can-
cer cell lines. However, some exception has been re-
ported with toxicity towards normal cells. The gly-
cosides from Betula papyrifera 1-3 caused non-
selective toxicity even toxic to normal cells [27]. So-
lamargine was less toxic to normal cells with IC50: 23.4 
µM [29]. TXA9 isolated from S. juventas roots when 
studied for potential toxicity in normal lungs cell line, 
and it was found to be absolutely safe [41]. It is also 
worth mentioning that in most of the cases the effect 
against normal cell lines have not been test, therefore, 
based on these results the untested glycosides also need 
to be studied for their activity towards normal cells in 
order to ascertain their clinical status.    

CONCLUSION  

Naturally-occurring glycosides are present in sig-
nificant amounts in medicinal plants. Several of these 
glycosides possess anticancer activity. Glycosides ex-
tracted from medicinal plants have been recognized 
and employed as alternative drugs in treating different 
cancers. In this review, we demonstrate that natural 
glycosides provide a wide range of preventive and 
therapeutic options against different types of cancer 
either alone or in combination with other chemothera-
peutic drugs. Additionally, these therapies based on 
phytochemicals could constitute a novel pharmacologi-
cal approach for the treatment of cancer. This review 
has focused on the use of glycosides as chemopreven-
tive and therapeutic agents along with a description of 
the various mechanisms by which these compounds 
exert their action. In conclusion, this review reveals 
that glycosides can be used in complementary medicine 
for the prevention and treatment of different types of 
cancers due to their natural origin, safety, and low-cost 
relative to available cancer drugs. However, further 
studies are needed on these natural compounds to un-
derstand the full potential of these compounds for their 
clinical utility.  
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