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Introduction
Rapeseed-mustard group of crops is considered as the oldest 

cultivated plants in human civilization. It is the third important 
oilseed crop in the world after soybean (Glycine max) and palm 
(Elaeis guineensis). Rapeseed-mustard (Brassica spp.) is a common 
Rabi crop cultivated over 8000 hectare in the sub-Himalayan plains 
of West Bengal, India. Plants have received considerable attention 
due to the role of endogenous bioactive compounds in human 
nutrition [1].

Since 1957, there has been considerable interest in the cancer 
preventative properties of Brassica plants. This interest has been 
further strengthened by few epidemiological studies suggesting 
that sulphur compounds from brassica can reduce gastric juice 
nitrile concentration and allylic constituent can inhibit HMG-
CoA reductase to prevent activation of nitrosamines. The cancer 
preventive properties of crucifers are typically associated with 
sulphur containing phytochemical compounds, therefore nature 
of these compounds should be reviewed. Members of cruciferae 
contain many health promoting and potentially protective 
phytochemicals including folic acid, phenolics, carotenoids,  

 
selenium, organo sulphur compounds and ascorbic acids etc. 
[2] with anti-proliferative activities. These bioactive compounds 
provide powerful, broad-spectrum support for protecting against 
the pervasive cancer provoking agents which enters every day 
in our environment [3]. The major protective role is due to the 
presence of a type of bioactive components: glucosinolates.

 Glucosinolates are the substituted esters of thio amino acids 
and methionine and cysteine are the major precursors for their 
synthesis. Every glucosinolate contains a central carbon atom, 
which is bound via a sulphur atom to the thioglucose group (making 
a sulphated aldoxime) and via a nitrogen atom to a sulfate group. 
In addition, the central carbon is bound to a side group; different 
glucosinolates have different side groups, and it is variation in 
the side group that is responsible for the structural & functional 
variation of this compounds. 

Biosynthesis
Biosynthesis of glucosinolates comprises three phases: (i) 

Amino acid chain elongation, in which additional methylene group 
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are inserted into the side chain, (ii) conversion of the amino acid 
moiety to the glucosinolate core structure, (iii) and subsequent side 
chain modifications.

First, chain elongation of precursor amino acids, in which 
methionine and other aliphatic amino acids can undergo a 
process to produce chain elongated homolog of amino acid. This 
process includes deamination, condensation with acetyl CoA, 
isomerization and oxidative decarboxylation by an isopropyl malate 
dehydrogenase (IPM-DH). The result of this series of reactions is 
addition of a methylene group to the precursor amino acid [4].

The second step involves construction of glucosinolate core 
structure. The precursor amino acids are converted into aldoximes 
by cytochromes P450 of the CYP79 family. These aldoximes are 
oxidized to activated compounds by cytochromes P450 of the CYP83 
family. These activated compounds undergo initial conjugation 
process where cysteine is the sulphur donor. The initial conjugation 
product is further processed by γ-glutamyl peptidase (GGP1) to 
produce cysteine-glycine conjugates i.e. S-alkyl-thiohydroximates 
[5].The resulting S-alkyl-thiohydroximates are converted to 
thiohydroximates by the C-S lyase SUR1 [6]. Thiohydroximates are 
in turn S-glycosylated by glucosyltransferase UGT74B1 to form 
desulfo-GS (ds-GS). The glycosylation gives rise to dsGS, which 

are finally sulfated by the sulfotransferases to form complete 
glucosinolate.

The third process involves side chain modifications of the 
glucosinolates. The biological activity of GS is influenced by 
the structure of the side chains [7]. Aliphatic GS can undergo 
oxygenation, hydroxylation, dehydrogenation, and benzoylation. 
Indolic GS can undergo hydroxylation and methoxylation. 

During the GS synthesis, the prolongation of the carbon chain 
occurs with natural donors which synthesize homo-methionine 
amino acid. The natural donors of the thio group are methionine 
or cysteine amino acids. However this synthesis differs from 
each other according to the character of the R side chain of the 
synthesised glucosinolate. For example Magrath [8] recognised the 
products 2-amino-6-methyl-thio-hexane and 2-amino-7-methyl-
thio-heptane acids synthesised during biosynthesis as alkenyle 
glucosinolates. Similarly, indole glucosinolates biosynthesis starts 
from L-tryptophane, however, in this process chain prolongation 
does not occur. Here glucose is switched to its activated form 
by uridine-biphosphate-glucose (UDPG). Then sulphate group 
is transferred by phosphor adenosine phosphate (PAPS). The 
biosynthetic pathway of glucosinolates has been almost entirely 
elucidated in Arabidopsis (Figure 1). 

Figure 1: Glucosinolates biosynthesis (GLS are derived from proteinogenic amino acids e.g. alanine, leucine, isoleucine, 
methionine, phenylalanine, tryptophan, tyrosine and valine, which may undergo one to several rounds of chain elongation 
(especially methionine) before the glucosinolate core structure is synthesized. Most of the enzymes involved in the core 
structure biosynthesis have been identified and cloned. 

Table 1: Chemical structures of glucosinolates in Brassica species. Trivial name and chemical formula of R side-chains of glucosinolates 
identified in Brassica species, Mol. Wt. #: molecular weight of de-sulfo glucosinolates.

GSL name Trivial Name R-Side Chain Chemical Structure Mol Wt.

Aliphatic 3C

Sinigrin 2-Propenyl CH2=CH-CH2- 279

Glucoibervirin 3-Methylthiopropyl CH3S-CH2-CH2-CH2- 327

Glucoiberrin 3- methylsulfinylpropyl CH3SO-CH2- CH2- CH2- 343

Glucheirolin 3- methylsulfinylpropyl CH3SO2CH2- CH2- CH2- 179.26

Glucoputranjivin 1-Methylethyl CH3-CH-CH3 281

Glucosisymbrin 2-hydroxy-1-methylethyl OH-CH2-CH-CH3 298
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Aliphatic 4C

Gluconapin 3-butenyl CH2=CH- CH2- CH2- 293

Progoitrin (2R)-2-Hydroxy-3-butenyl CH3=CH-CH(OH)- CH2- 309

Epi-Progoitrin (2S)-2-Hydroxy-3-butenyl CH2=CH-CH(OH)- CH2- 309

Glucoerucin 4-Methylthiobutyl CH3S- CH2- CH2- CH2-CH2- 341

Glucoraphasatin 4-Methylthio-3- butenyl CH3S-CH=CH- CH2- CH2- 340

Glucoraphanin 4-Methylsulfinyl butyl CH3SO-CH2-(CH2)2- CH2- 357

Glucoraphenin 4-Methylsulfinyl-3- butenyl CH3SO-CH=CH-CH2- CH2- 355

Glucoconringin 2-Hydroxy-2-methylpropyl CH3=CH(OH)-CH2- 312

Aliphatic 5C

Glucoalyssin 5-Methylsulfinylpentyl CH3SO-CH2- CH2- CH2- CH2- 
CH2- 371

Glucobrassicanapin Pent-4-enyl CH2=CH-CH2- CH2- CH2- 307

Glucoberteroin 5-Methylthiopentyl CH3S-CH2- CH2- CH2- CH2- 
CH2- 354

Gluconapoleiferin 2-Hydroxy-Pent-4-enyl CH2=CH- CH2-CH-OH- CH2- 323

Glucocleomin 2-Hydroxy-2-methylbutyl CH3-CH2-CH(OH)- CH2- CH2- 326

Aliphatic 6C
Glucolesquerellin 6-Methylthiohexyl CH3S- CH2- CH2- CH2- CH2- 

(CH2)2- 370

Glucohesperin 6-Methylsulfinylhexyl CH3SO- CH2-CH2- CH2- CH2- 
(CH2)2- 385

Aliphatic 7C
Glucoarabishirsutain 7-Methylthioheptyl CH3S- CH2- CH2- CH2- CH2- 

(CH2)3- 384

Glucoibarin 7-Methylsulfinylheptyl CH3SO- CH2- CH2- CH2- CH2- 
(CH2) 3- 399

Aliphatic 8C
Glucoarabishirsuin 8-Methylthiooctyl CH3S- CH2- CH2- CH2-CH2- 

(CH2)4- 398

Glucohirsutin 8-Methylsulfinyloctyl CH3SO- CH2-CH2- CH2- CH2- 
(CH2) 4- 414

Indole

Glucobrassicin 3-Indolylmethyl C16H19N2O9S2- 368

4-Hydroxyglucobrassicin 4-Hydroxy-3-indolylmethyl C16H19N2O9S2- 384

4-Methoxyglucobrassicin 4-Methoxy-3-indolylmethyl C17H22N2O10S2- 398

Neoglucobrassicin N-Methoxy-3-indolylmethyl C17H22N2O10S2- 398

Aromatic

Glucotropacolin Benzyl ‎C14H18NO9S2- 329

Glucosinalbin p-Hydroxybenzyl ‎C14H19NO10S2- 345

Gluconasturtiin 2-Phenethyl C15H21NO9S2- 343

Glucobarbarin (2S)-2-Hydroxy-2-
phenethyl C15H20NO10S2.K 360

Glucomalcomin 3-Benzoyloxypropyl C6H5COO(CH2)4 402

Diversity
Till date nearly 200 Glucosinolates types have been identified 

(Table 1), which are classified into three classes based on the 
structure of different amino acid precursors: aliphatic, indole, 
and aromatic [9]. However, glucosinolates of each group are 
synthesized through an independent metabolic pathway with 
the help of a common set of enzymes involved in the formation 
of different glucosinolates under genetic control [10]. Similarly, 
it has been noticed [11] that glucosinolates compositions & its 
content are mainly affected by the genotype, climate and cultivation 
conditions including fertilization, harvest time and plant position. 
Number of environmental conditions such as light, nutritional 

status, fungal infection, wounding and insect damage etc. can alter 
the glucosinolate pattern significantly.

Reichelt M [12,13] reported 34 different types of glucosinolates 
in the leaves of different ecotypes in Arabidopsis. Similarly, Padilla 
[14] reported 16 different glucosinolates among 116 accessions of 
turnip greens and He [15] studied 8 different glucosinolates with 
gluconapin and gluco brassica napin as predominant aliphatic 
glucosinolates. Furthermore, variation in concentration of 
individual glucosinolates also exists in cultivars of the same species. 
These products have a wide range of biological activity, which 
include both positive and negative nutritional attributes and effects 
on the attraction, growth, and survival of plant-herbivores [16].
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Hydrolysis
Plants with glucosinolate activity always possess myrosinase 

(a thioglucoside glucohydrolase), which are involved mainly in 
the hydrolysis of the glucose moiety on the main skeleton and 

results into the formation of unstable aglycone and glucose. These 
two further rearrange to form isothiocyanate, nitriles and other 
products (Figure 2). These hydrolytic products contribute towards 
the different biological activities of the glucosinolates [17]. 

Figure 2: Glucosinolates and their possible products after myrosinase cleavage at different pH.R denotes amino acid-derived 
side chains. Epithio specifier protein (ESP) together with the pH and other factors are critical parameters determining which 
product is formed from the aglucone. (Source: www.plantphysiol.org).

These hydrolytic products vary from plant to plant and it is 
dependent on original patterns of glucosinolates, environmental 
factors such as pH, presence of ferrous ions etc. In addition epithio 
specific protein (ESP) determines the metabolic conversion of 
glucosinolates e.g. in the presence of ESP glucosinolates converts 
into epithionitriles whereas in the absence of ESP glucosinolates 
converts into isothiocyanates [9].

Glucosinolates are mainly located in the parenchymatous 
tissues, mainly in vacuoles together with ascorbic acid whereas 
myrosinase enzyme is separately localised into the idioblast 
cells [18]. Therefore damage to these tissues, both by grinding, 
digestion, mechanical injury and damage by insects leads to self-
hydrolysis and synthesis of its biosynthetic products. It has been 
mentioned earlier that ascorbic acid is able to modulate myrosinase 
activity i.e. inhibition at higher concentration and activation at 
lower concentration [19]. In the era of natural product research, 
glucosinolates and their breakdown products are of particular 
interest because of their proposed anti-carcinogenic properties.

Examples

Approximately 120 classes of glucosinolates have been 
identified in plants; however each plant species contains any three 
to four glucosinolates in significant amount [20]. Glucoiberrin, 
progoitrin, sinigrin, glucoraphanin, glucoerucin, gluconapoleiferin, 
glucobrassicin, sinalbin are few important glucosinolates found 
in order brassicales (table 1). Sinigrin and sinalbin are two major 
glycosides occurring in mustard seeds. These glucosinolates were 
isolated early in the 1830s from black (Brassica nigra) and white 
(Sinapis Alba) mustard seeds, respectively. Sinalbin (SNB) is the 
major glucosinolate found in yellow mustard (Sinapis Alba) [21]. 
The hydrolysis of sinigrin gives a glucose, allyl isothiocyanate 
(volatile oil of mustard) and potassium acid sulphate, whereas the 
hydrolysis of sinalbin gives a phenolic isothiocyanate, glucose and 
sinapine. Pungency and bitterness are the major quality factors 
for brassica species which is mainly caused by the glucosinolate 
breakdown. Although these compounds contribute taste & odour 
to condiments, these may also exhibit goitrogenic or anti-thyroid 
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activity [22]. (If consumed in high quantity). Glucosinolates are also 
known for their anti-cancerous properties [20]. 

Sources

The species in which glucosinolates occur that are important 
for animal or human feeding belong to the family Brassicaceae 
(e.g. Cruciferae, Capparidaceae, and Caricaceae), but also in the 
genus Drypetes (family Euphorbiaceae) [23]. Major sources for 
glucosinolates include: rapeseed, cabbage, cauliflower, Brussels 
sprouts, swede/turnip, calabrese/ broccoli and Chinese cabbage, 
radishes, mustard seed and horse radish. However McNaughton 
and Marks, [24] (2003) reported higher levels (> 100mg/100g 
fresh weight) in Brussels sprouts, cress and mustard greens.

Anti-nutritional effect

Glucosinolates and some of their metabolites have been shown 
to be mutagenic and weakly Genotoxic [25]. The most remarkable 
degradation product is oxazolidine-2-thione, which is derived 
from progoitrin [26]. They also reported that this glucosinolate 
causes gioter and other harmful effects on animal nutrition, such as 
depressed growth, poor egg production and liver damage. 

Anti-cancer effects in humans

It is the biotransformation enzymes that play important roles 
in the metabolism and elimination of a variety of chemicals e.g. 
toxins released after metabolic activities and carcinogens. These 
biotransformation enzymes includes mainly phase I metabolizing 
enzymes that catalyzes reactions to increase the reactivity of 
hydrophobic (fat-soluble) compounds, and Phase II enzymes 
involved primarily into catalysis of conjugation reactions. It has 
been shown earlier that reactions catalyzed by phase II enzymes 
generally increase water solubility and promote the elimination of 
the compound from the body [27].

Fahey [20] reported that glucosinolate degradation products, 
especially isothiocyanates have been involved in anti-carcinogenic 
properties. They identified glucosinolates as β-thioglucoside 
N-hydroxysulfates with more than 120 unique amino acid side 
chains. It has been reported that glucosinolates are not only anti-
carcinogenic but can act as potential antioxidant [9] and protects 
against herbivores and microbes [28]. ITCs occur primarily in 
cruciferous vegetables, many of which show significant cancer 
chemo-preventive activities, and therefore are widely suspected 
to account in part for the cancer preventive activities of these 
vegetables in humans. Sulforaphane is perhaps the most widely 
known crucifer-derived cancer chemo-preventive ITC [29].

Mechanisms of anti-carcinogenic action of sulforaphane 
involves the direct detoxication of carcinogens followed by 
inhibition of phase 1 enzymes of the cytochrome P450 system, 
thereby prevents formation of carcinogen-induced DNA-adducts, 
formed by heterocyclic amines [30]. This leads to the indirect 
involvement of sulforaphane in elimination of reactive anti-

oxidants (ROS) and further improves the antioxidative cellular 
activity. However, sulforaphane acts by other mechanisms too. It 
induces cell cycle arrest, apoptosis in cancer cells, and sometimes 
inhibition of histone deacetylase also [31]. In addition it has been 
reported to inhibit nuclear factor- jB (NF-jB) activity and affects the 
expression of NF-jB mediated genes encoding adhesion molecules, 
inflammatory cytokines, growth factors and anti-apoptotic factors 
[32].

Lawson [33] reported that a number of glucosinolate hydrolytic 
product i.e. isothiocyanates (e.g. phenethylisothiocyanate (PEITC), 
benzyl isothiocyanate (BITC) and sulforaphane) induces cell cycle 
arrest in cultured cells. These isothiocyanates can also modify 
the balance of Phase I and II xenobiotic metabolizing enzymes. 
This protective effect may be due to improved phytochemicals 
with antioxidant status. Phase II enzymes such as the glutathione 
transferase family (GST) plays a major role in the detoxification of 
different types of mutagens. Lam [34] described that individuals 
with homozygous deletion for GSTM1 and GSTM2 had strongest 
reciprocal relationship of total cruciferous vegetable intake with 
lung cancer risk.

Conclusion
Glucosinolates is a major natural product of brassicacae family 

with a large group of bioactive compounds. These compounds 
are mainly non toxic and exhibits broad bioactivities e.g. defense 
system of the plant, antitumor activity in human etc. In earlier days 
research was focussed mainly on lowering of glucosinolates in the 
cultivars because of their contribution to characteristic property 
of bitterness in the seed meal/oilcake. However their immense 
advantages in agriculture have inspired the plant breeders to raise 
varieties with increased glucosinolates. 

Apart from their defense response in plants, glucosinolates 
can also perform as chemopreventive agents. However their 
tumerogenic ability depends mainly on structure of the 
glucosinolates, hydrolytic products, target tissues, the animal 
species and the specific carcinogen used. They can act either by 
arresting cell cycle progression or preventing growth of cancer cells 
i.e. apoptosis etc. This review provides valuable information for 
developing new cultivars with an appropriate glucosinolate profile, 
which can be used to develop high quality value added products 
used in agriculture and medicine. However there is a prerequisite to 
further explore, characterise and commercialize the glucosinolates 
in humans to design future chemoprotection studies.

Investigations on hydrolytic products of glucosinolates (mainly 
allyl isothiocyanates) and other nutritional phytochemicals in 
Indian mustard are currently in progress in our group.
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