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Glucosinolates and their Important Biological and Anti Cancer Effects: A Review
V. Rameeh *

ABSTRACT
Glucosinolates are sulfur-rich plant metabolites of the family of Brassicace and other fifteen

families of

dicotyledonous angiosperms including a large number of edible species. At least 130 different glucosinolates
have been identified. Following tissue damage, glucosinolates undergo hydrolysis catalysed by the enzyme
myrosinase to produce a complex array of products which include volatile isothiocyanates and several
compounds with goitrogenic and anti cancer activities. Glucosinolates are considered potential source of sulfur
for other metabolic processes under low-sulfur conditions, therefore the breakdown of glucosinolates will be
increased under sulfur deficiency. However, the pathway for sulfur mobilization from glucosinolates has not
been determined.Glucosinolates and their breakdown products have long been recognized for their fungicidal,
bacteriocidal, nematocidal and allelopathic properties and have recently attracted intense research interest
because of their cancer chemoprotective attributes. Glucosinolate derivatives stop cancer via destroying cancer
cells, and they also suppress genes that create new blood vessels, which support tumor growth and spread. These
organic compounds also reduce the carcinogenic effects of many environmental toxins by boosting the
expression of detoxifying enzymes.
Keywords: Brassicace, dicotyledonous, mobilisation, myrosinase,sulfur.

oxazolidinethiones and nitriles (Fenwick et al., 1983).

INTRODUCTION

Glucosinolates can be divided into three classes based on
Glucosinolates are sulfur- and nitrogen-containing

the structure of different amino acid precursors(Table 1):

plant secondary metabolites common in the order

1. Aliphatic glucosinolates derived from methionine,

Capparales, which comprises the Brassicaceae family

isoleucine, leucine or valine, 2. aromatic glucosinolates

with agriculturally main crops, Brassica vegetables, and

derived from phenylalanine or tyrosine, and 3. indole

the model plant Arabidopsis thaliana. Glucosinolates are

glucosinolates derived from tryptophan (Fig. 1). The

hydrolyzed to different bioactive breakdown products by

biosynthesis of glucosinolates involves three phases: (i)

the

myrosinase (Bones and

amino acid chain elongation, in which additional

Rossiter, 1996; Falk et al., 2007). These breakdown

methylene groups are inserted into the side chain, (ii)

products

change of the aminoacidmoiety to the glucosinolate core

endogenous

enzyme

include

isothiocyanates,

thiocyanates,

structure, (iii) and following side chain modifications
(Wittstock and
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Halkier,

2002).

More

glucosinolates have been identified. Their

than

130

structural

diversity arises from side chain elongation of the amino
acid precursors prior to make up the glucosinolate core
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structure and from a spacious range of secondary

hydrolysis products are responsible for trait taste and

modifications

viz.

smell of cruciferous vegetables. In a number of Brassica

hydroxylation,

methoxylation,

oxidation,

desaturation,
sulfation

and

vegetables for instance cauliflower, Brussels sprouts,

glucosylation (Wittstock and Halkier, 2002; Halkier and

cabbage

and

broccoli,

glucosinolate

degradation

Gershenzon, 2006). The chemical nature of hydrolysis

products, especially isothiocyanates have been shown to

products depends mostly on the structure of the

have anticarcinogenic properties (Fahey et al., 2001).

glucosinolate side chain, plant species and response

However, the presence of degradation products is not

conditions (Bones and Rossiter, 1996; Rask et al., 2000).

always beneficial. For instance, the amount of rape meal

Glucosinolates and their hydrolysis products are often

that can be used in animal food supplement is limited

studied as plant defense system in opposition to insects,

due to the goitrogenic effect of 5-vinyloxazolidine- 2-

herbivores and certain microbial pathogens. Besides,

thione, the spontaneous cyclization product of 2-

they serve as attractants to specialist insects feeding on

hydroxy-3-butenyl glucosinolate which accounts for up

crucifers (Wittstock et al., 2004). Mostly volatile

to 80% of total glucosinolates in rapeseed (Chens, 2001).

Fig. 1. Schematic pathways of enzymatic hydrolysis of glucosinolate(Tripathi and Mishra, 2007).
Glucosinolates and the sulfur budget

glucosinolate-myrosinase system can be considered to be

Brassica species require a high amount of sulfur. It

a sink for both nutrients. It was expected that fertilizers

has been proposed that glucosinolates may act as a

would have an influence on this system in Brassica

sulfurstorage pool which can be mobilized through

crops (Rask et al., 2000). Zhao

hydrolysis by myrosinases (Schnug and Ceynowa,

et al. showed a clear influence of both nitrogen and

1990). Glucosinolates also contain nitrogen and the

sulfur supply on glucosinolates in B. napus (Mailer,

-2-
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1989). Their results suggest

(Grayston and Germida, 1991; Vong et al., 2002).

an increase in nitrogen

supply favors the hydrolysis step converting 3-butenyl to
(2R)-2-

ydroxy-3-butenyl

glucosinolates.

Aliphatic

Different types of glucosinolates

glucosinolates show a greater sensitivity to sulfur

Glucosinolates are categorized into three classes

deficiency than indole glucosinolates due to the already

based on their precursor amino acids and side chain

sulfur containing precursor methionine. Several studies

variations. Arvind et al., (2012) suggested that these

showed that increased sulfur availability increased the

three classes of glucosinolates are independently

glucosinolate content (Underhill et al., 1980; Kaur et al.,

biosynthesized and adjusted by different sets of gene

1990), whereas a decreased sulfur supply resulted in a

families from separate amino acids. Each class is briefly

decrease of free sulfate and glucosinolates while at the

discussed below.

same timemyrosinase activity increased (65, 67).The
concentration of whole sulfur in plant tissues has been

1. Aliphatic glucosinolates

reported to be 0.5 to 1.5% of the dry weight of the plant

Aliphatic glucosinolates are the major group of

(Blake- Kalff et al., 1998, 2000). The primary inorganic

glucosinolates in Brassica species, contributing about

form weight and that sulfur atoms comprise 15–20% of

90% of the total glucosinolate content of the plant (Table

the molecular masses of all glucosinolates. Given the

1). Glucosinolates are constitutively biosynthesized de

somewhat

in

novo in cruciferous plants, although their degradation is

glucosinolates, changes in sulfur provide can be

highly regulated by spatial and temporal division of

expected to have a main effect on glucosinolate content.

glucosinolates and myrosinases within the plant based

Remarkably, members of the glucosinolate-containing

on environmental and biotic stresses. Hydrolysis of

Brassicaceae appear to need higher amounts of sulfur

glucosinolates makes a large number of biologically

than plants of non-glucosinolate families, and display

active compounds that have a variety of functions. The

sulfur deficiency indications, such as chlorosis, inhibited

most

growth, and delayed maturity at higher levels of sulfur

glucosinolates

supply than other plants (Walker and Booth, 2003). It

isothiocyanates that are formed by the rearrangement of

was shown that crucifers possess 1.1– 1.7% sulfur per

aglycone with carbon oxime adjacent to the nitrogen at

gram dry weight in their seeds, while cereals have a

neutral pH while at acidic pH, nitriles are the

sulfur content of 0.18–0.19% (Marschner, 1995). In

predominant products (Fahey et al., 2001). These

vegetative tissue with adequate sulfur supply, the typical

unstable compounds are cyclised to a class of substances

weight ratio of organic sulfur to organic nitrogen is

responsible for goiter in animals (Griffiths et al., 1998).

0.025 for legumes, 0.032 for cereals, and 0.055 for

By contrast, sulforaphane is one of the derivatives of

Brassica spp. (Dijkshoorn and Van Wijk, 1967). The

glucoraphanin, an aliphatic glucosinolate that has several

high sulfur content of Brassicaceae may reflect their

valuable properties for humans and animals. It is known

production of specialised sulfur-containing metabolites,

as an inducer of phase II enzymes such as glutathione

such as glucosinolates and defensins. Under natural

transferases and quinone reductases of the xenobiotic

conditions, the high amounts of sulfur required by

pathway in human prostate cells (Zhang et al., 1992;

Brassicaceae may be supplied by the complement of soil

Faulkner et al., 1998). The phase II enzymes are

microorganisms related with their roots, which oxidise

maintained

elemental sulfur to sulfate, thiosulfate, and tetrathionate

carcinogens that can make to mutations in DNA and

high

amount

of

sulfur

present

-3-

common
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in

the

many

products
cruciferous

detoxification

of

of

aliphatic

species

are

electrophilic
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cause different kinds of cancers (Mithen et al., 2000).

could

Enhanced using up cruciferous vegetables appears to

phenomenon of some insects including harlequin bugs,

decrease the risk of cancers (Nestle, 1997; Talalay 2000;

sawflies, and some homoptera including aphids (Bridges

Brooks et al., 2001). The sulforaphane content of these

et al., 2002; Mewis et al., 2002).

be

due

to

the

glucosinolate-sequestering

vegetables could be a leading factor in the reduction.
Another less documented health benefit of sulforaphane

2. Indole glucosinolates

is the embarrassment of Helicobacter pylori, a pathogen

Indole glucosinolates in cruciferous plants

are

of peptic ulcers and gastric cancer (Fahey et al., 2002).

obtained from tryptophan and possess variable R group

Sulforaphane also protects human retinal cells against

side chains(Table 1). The moderately high content of

severe

indole glucosinolates in the model plant Arabidopsis has

oxidative

stresses

(Gao

et

al.,

2001).

Isothiocyanates and other breakdown products of

improved

glucosinolates play important roles as repellents of

transportation and functional properties of this group of

certain insects and pests (Rask et al., 2000; Agrawal and

glucosinolates (Petersen et al., 2002; Brown et al.,

Kurashige, 2003; Barth and Jander, 2006; Benderoth et

2003). Side chain alteration in indole glucosinolates take

al., 2006). Leaves of the mutant myb28myb29 in

places through hydroxylations and methoxylations

Arabidopsis with low aliphatic glucosinolate content,

catalysed by several enzymes. Indole glucosinolate types

when fed to the lepidopteran insect Mamestra brassicae,

and contents in different organs of the plant are strongly

enhanced larval weight by 2.6 fold (Beekwilder et al.,

affected by environmental effects. Four main indole

2008). Glucosinolates may have specific repulsive or

glucosinolates have been detected in most Brassica

anti-nutritional effects on specific classes of insects and

species including glucobrassicin, neoglucobrassicin, 4-

microorganisms. Some in vitro studies demonstrated that

methoxyglucobrassicin and

glucosinolate degradation products, isothiocyanates and

Similar to aliphatic glucosinolates, breakdown products

nitriles, inhibited fungal and bacterial pathogen growth

of indole glucosinolates have multiple biological

(Brader et al., 2006; Tierens et al., 2001). In

functions. Indole-3-carbinol derived from glucobrassicin

Arabidopsis, over expression of CYP79D2 from cassava

has strong anticarcinogenic activity (Hrncirik et al.,

increased accumulation of isopropyl and methylpropyl

2001). The indole glucosinolate derived compound 4-

aliphatic glucosinolates and transformed plants showed

methoxyglucobrassicin has strong insect restriction

enhanced resistance against a bacterial soft-rot disease

activity (Kim and Jander, 2007; De Vos et al., 2008).

(Brader et al., 2006). Birch et al., (1992) reported that

Osbourn, (1996) reported antimicrobial activities of

biotic stresses such as pest damage in Brassica species

indole glucosinolates and their breakdown products in

alters glucosinolate profiles in roots, stems, leaves and

Brassica species. Several studies suggest that there is a

flowers. This suggests that a phytoanticipin property of

metabolic association between indole glucosinolates and

glucosinolates is involved

the plant hormone indole-3-acetic acid (IAA). In the

in the plant defence

our

awareness

of

the

biosynthesis,

4-hydroxyglucobrassicin.

mechanisms of Brassica. Glucosinolates and their

consecutive

breakdown products have many biological functions,

degraded into indole acetonitrile (IAN), which is then

with a few compounds acting as biopesticides,

hydrolyzed by nitrilases into IAA . In clubroot infected

biofungicides and soil fumigants, while others play roles

Brassica roots, indole glucosinolate-based induction of

in appeal of pollinators and supply oviposition cues to

IAA was detected to be responsible for gall formation.

definite insects. The attraction of specialized insects

The IAA production from indole glucosinolates during

-4-

reactions,

indole

glucosinolates

are
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gall formation is related to a signalling cascade of IAA

other glucosinolates, which is apparently due to

and cytokinin complex (Ugajin et al., 2003). Structural

participation of different amino acid precursors in the

similarity data indicates that the indole alkaloid,

biosynthesis of the different classes of glucosinolates

brassinin, and possibly other cruciferous phytoalexins

(Kliebenstein et al., 2001a). Cloning and functional

are derived from glucobrassicin. Studies in rapeseed,

characterization of the CYP79A gene of Arabidopsis

mustard and Arabidopsis have suggested that methyl

suggests

jasmonate and wounding induce the biosynthesis of

monooxygenase

particular indole glucosinolates (Bodnaryk 1992; Brader

phenylalanine

et al., 2006).

glucosinolate biosynthesis (Wittstock and Halkier,
2000).

that

Five

3. Aromatic glucosinolates

recognized

The third class of glucosinolates in cruciferous

glucosinalbin,

species is aromatic or benzylic glucosinolates,

cytochrome
catalyzes

to

reaction

phenylacetaldoxime

aromatic
in

P450-dependent

the

glucosinolates

Brassicaceae:

gluconasturtiin,

in

from
aromatic

have

been

glucotropaeolin,
glucobarbarin

and

glucomalcomiin. The distinctive aroma and spiciness of

Yielded from the aromatic parental amino acids

condiment Brassica plant parts, such as the leaves and

phenylalanine and tyrosine(Table 1). Very limited

seeds of white (Sinapis alba) and black (B. nigra)

information is available about aromatic glucosinolates at

mustards, is due to the presence of these aromatic

qualitative

glucosinolates (Kliebenstein et al., 2001a).

or

quantitative

levels.

Aromatic

glucosinolates are biosynthesized independently from
Table 1. Chemical structures of different classes of glucosinolates in Brassica species.
Glucosinolate name

Trivial name

R side chain

Chemical structure

Alipathic 3C

Sinigrin

2-Propenyl

CH2=CH-CH2-

Alipathic 4C

Gluconapin

3-Butenyl

CH2=CH-CH2-CH2-

Alipathic 5C

Glucoalyssin

5-Methylsulfinylpentyl

Alipathic 6C

Glucolesquerellin

6-Methylthiohexyl

Alipathic 7C

Glucoarabrshirsutain

7-Methylthioheptyl

Indole

Glucobrassicin

3-Indolylmethyl

Indole

4-Hydroxyglucobrassicin

4-Methyoxy-3indolylmethyl

-5-

CH3SO-CH2-CH2- CH2-CH2CH2CH3S- CH2-CH2- CH2-CH2(CH2)2CH3S- CH2-CH2- CH2-CH2(CH2)3-
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Trivial name

R side chain

Chemical structure

N-Methoxy-3-

Indole

Neoglucobrassicin

Aromatic

Glucotropacolin

Benzyl

Aromatic

Glucosinalbin

p-Hydroxybenzyl

Aromatic

Gluconasturtiin

2-Phenethyl

indolylmethyl

Biological effects of dietary glucosinolates

taste compared to sinigrin. Although, progoitrin is a

Glucosinolate themselves are biologically inactive

non-bitter glucosinolates, but is degraded by myrosinase

molecules, but Gls degradation products
are biologically active

or by heat treatment to the extremely bitter compound
for their

goitrin. Therefore, contribution of progoitrin to taste and

diversified biological effects. Negative effects of

bitterness vary by its degradation product goitrin,

glucosinolates

its

depending on the processing conditions. Gluconapin is

concentration in diet. Isothiocyanates are responsible for

also a bitter glucosinolates but its impact on intake is

bitterness (Mithen et al., 2000), whereas nitriles exert

related to its content. Reduced intake often causes

health-degrading

on

and known

animals

influence

are

et

al.,

to

2004).

growth depression on diets containing high glucosinolate

Thiocyanates, thiourea and oxazolidithione may disrupt

rapeseed meal. The degree of adverse effect of dietary

iodine availability to thyroid thus affecting thyroid

Gls depends on the level and compositions of

function (Wallig et al., 2002). Other adverse effects of

glucosinolates and their breakdown products. Different

glucosinolate metabolites are goitrogenecity (Burel et

animal species have varying glucosinolate tolerance

al.,

2002), mutagenecity,

capabilities. Mortality is often reported with high

hepatotoxicity and nephrotoxicity (Tanii et al., 2004).

glucosinolates diets in pig, rat and rabbits(Mithen et al.,

The negative influence of dietary glucosinolate on

2000).

2000c; Wallig et

(Tanii

relative

al.,

animal growth and production may be related to the

Anticancer Benefits

drastic endocrine disturbance induced by antinutritional

Epidemiological studies have long suggested that an

factor (Ahlin et al., 1994). The reduced intake of Gls

inverse relationship exists between the consumption of

containing diets is due to the presence of sinigrin and

Brassica vegetables and generation of cancer. Bioassays

progoitrin, these both glucosinolates are associated with

and feeding studies revealed that several indolyl and

bitter taste. Progoitrin produces more profound bitter

isothiocyanate

-6-

products

present

anticarcinogenic
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properties (Zhang et al., 1992). In food-bearing plants,

greens, horseradish, kale, kohlarabi, parsnips, radishes

glucosinolates act as natural pesticides and are

rutabaga, turnips, watercress and wasabi (Mithen et al.,

accumulated in the plant’s cells, ready to be released

2000).

upon tissue damage. Similarly, when consumed by
humans,

the

action

of

chewing

releases

the

Glucosinolates stop “hormone-dependent” cancer

glucosinolates into the body, where they are transformed

cell growth

into bioactive compounds considerd to have anticancer

Indole-3 carbinol is the most widely studied

properties. These anticancer compounds operate on

components of cruciferous vegetables; studies have

several fronts including triggering the body’s own

shown that it fights cancers of the breast, prostate,

detoxification systems (Wallig et al., 2002), slowing

reproductive tract, colon and blood cancers. In cancers

cancer cell growth (Tanii et al., 2004) and supporting

of the reproductive tract, indole-3 carbinol prevents the

DNA repair (Burel et al., 2000c). Researchers have

development of tumors by benefiting important ratios of

found lower levels of these compounds in people with

estrogen metabolites.Both sulforaphane and indole-3-

lung cancer than in those who are cancer-free (Burel et

carbinol decrease the amount of cancer stimulating

al., 2000c; Wallig et al., 2002).The major dietary source

estrogen, and this has been shown to help in thyroid as

of glucosinolates is cruciferous vegetables, the curing

well as breast cancer. Phenethyl isothiocyanate is a

properties of which have been extolled for ages. The

natural metabolite of glucosinolates that has been found

results of earlier study (Nestle, 1997) showed that

to down-regulate androgen receptors – minimizing

cabbage paste, when rubbed on animals, can prevent

stimulation

tumor development. Top glucosinolate sources maintain

testosterone.Diindolylmethane (DIM) is produced in the

up cabbage, Brussels sprouts, broccoli, cauliflower,

body fat, following the ingestion of glucosinolates

broccoli sprouts, kale and red cabbage (Jeffery and

derived from cruciferous vegetables. DIM helps prevent

Araya, 2009).

the growth of estrogen-dependent tumors such as those

of

prostate

cancer

by

of the breast and reproductive tract (Fahey et al., 2001).
Genetical effects of glucosinolates for reducing of
the risk of cancer

Glucosinolate-myrosinase system effect on plant-

Glucosinolates directly affect the function and

insect/herbivore and plant/pathogen interactions

expression of genes, this is know as the epigenetic effect

Glucosinolates and their hydrolysis products clearly

which means it prepares both wide-raging and long-

play a role as mediators in plant-insect interactions. The

lasting changes to the gene’s function. Human research

role

reveals higher dietary eats of glucosinolates are related

consequently differs, i.e. glucosinolates can serve as

to a reduction in the risk of most common cancers. For

general poison and deterrent for generalists while at the

prostate cancer, the risk is cut by 32 percent and the

same time they can attract and stimulate feeding and egg

derivatives of the glucosinolates abundant in broccoli

laying of insects which are specialists on cruciferous

sprouts help prevent stomach cancer by killing the H.

plants. Several studies have reported that glucosinolates

pylori bacteria (Cartea and Velasco, 2008; Jeffery and

exhibit growth inhibition or feeding deterrence to a wide

Araya, 2009). Some of the more common cruciferous

range of general herbivores such as birds, slugs and

vegetables to eat are, broccoli and broccoli sprouts,

generalist insects (Giamoustaris, 1995; Giamoustaris and

arugula, bok choy, Brussels sprouts, cauliflower, collard

Mithen, 1996). It was also found that plants respond to

-7-
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Glucosinolates and their Important…

herbivore

or

insect

damage

V. Rameeh

by

ystematically

hydrolysis toward nitriles which are less toxic than the
usually produced isothiocyanates (Miles et al., 2005).

accumulating higher levels of glucosinolates and thus
presumably increasing their resistance (Martin and

The role of glucosinolates in defense against

Müller, 2006). In a field experiment using lines of

pathogens is less clear than that for herbivores. There are

Brassica napus which differed in their glucosinolate

many reports demonstrating the toxicity of glucosinolate

content, Giamoustaris and Mithen (1995) found that

hydrolysis products to bacteria and fungi in vitro (Mari

increasing levels of glucosinolates resulted in a decrease

et al., 2002; Smolinskau and James, 2003), but only a

of damage by generalist herbivores. The opposite was

few in vivo studies were able to correlate glucosinolates

true for Brassicaceae specialists. Furthermore, it was

with pathogen resistance (91). Brassica crops were

found that a decrease in the side chain length of aliphatic

recognized as »break crops« due to glucosinolates and

glucosinolates and in the extent of hydroxylation
increased

the

chrysocephala,

feeding
suggesting

amount
that

by

this

their hydrolysis products which show inhibitory effects

Psylliodes

on soil borne pathogens (Angus, et al., 1994; Manici et

Brassicaceae

specialist is more responsive to particular types of

al.,

glucosinolates than to the others (Giamoustaris, 1995).

glucosinolates were demonstrated to stimulate growth of

1997).

The

hydrolysis

products

of

indole

that

certain ectomycrorrhizal species. When the relative

glucosinolates serve as cues for feeding and oviposition

antifungal activity of several isothiocyanate breakdown

of many insect herbivores which have become

products from different glucosinolates was compared, it

specialists on glucosinolate-containing plant (Mewis et

was found that aromatic isothiocyanates were more toxic

al., 2002; , Miles et al., 2005). Volatile hydrolysis

than aliphatic ones and that the fungal toxicity of

products may serve as a signal for attraction from a

aliphatic isothiocyanates decreased with increasing

distance, whereas intact glucosinolates might act as

length of the side chain (Manici et al., 1997; Sarwar and

contact cues for feeding or oviposition stimulation.

Kirkegaard,

It

has

been

recognized

Behavioralexperiments

were

and

accepted

confirmed

by

1998).

Tiernes

et

al.

studied

the

antimicrobial role of crude aqueous extracts from

electrophysiological investigations in which receptor

Arabidopsis.

organs or cells responded directly to glucosinolates or

In

one

of

the

fractions,

4-

methylsulphinylbutyl isothiocyanate was identified as a

their hydrolysis products (Rojas, 1999; Miles et al.,

major compound with a broad spectrum of antimicrobial

2005). Volatiles produced by glucosinolates can also

activity. A wide range of the fungi and bacteria tested

attract natural enemies of herbivores such as parasitoids
and provide indirect protection of the plant. Herbivores

showed 50% inhibition in vitro at a concentration lower

that specialize on glucosinolate-containing plants have a

than 350 ìM of 4- methylsulphinylbutyl isothiocyanate

mechanism to overcome the toxicity of glucosinolates

(Tierens et al., 2001). When they tested the resistance of

and their hydrolysis products. For instance, Plutella

an

xylostella possesses its own sulfatase gut enzyme that

exhibits a lower amount of 4-methylsulphinylbutyl

removes the sulfate moiety from the glucosinolate

isothiocyanate, only Fusarium oxysporum was found to

structure. The resulting desulfoglucosinolate does not

be significantly more aggressive than on wild-type

serve as a substrate for myrosinase anymore and passes

plants,

through the insect’s digestive tract (Ratzka et al., 2002).

isothiocyanates might playa role in the protection of

Pieris rape uses nitrile-specifying protein to direct

Arabidopsis against particular pathogens. Development

-8-

ArabidopsisMAM1mutant

suggesting

that

which

after

damage

glucosinolate-derived
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of clubroot disease of the Brassicaceae, caused by the

in increased cell division and cell elongation (Ludwig-

obligate biotrophic Plasmodiphora brassicae, was

Müller et al., 1993,1999).

related to an increase of auxin and cytokinins resulting
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ﻤﺭﺍﺠﻌﺔ :ﺍﻟﺠﻼﻜﻭﺴﻴﻨﻭﻻﺕ ﻭ ﺘﺄﺜﻴﺭﺍﺘﻬﺎ ﺍﻟﺒﻴﻭﻟﻭﺠﻴﺔ ﻭﻤﻀﺎﺩﺍﺕ ﺍﻟﺴﺭﻁﺎﻥ ﺍﻟﻤﻬﻤﺔ
رﻣﯿﺢ*

ﻤﻠﺨـﺹ
ﺍﻟﺠﻼﻜﻭﺴﻴﻨﻭﻻﺕ ﻋﺒﺎﺭﺓ ﻋﻥ ﻤﻭﺍﺩ ﻏﻨﻴﺔ ﺒﺎﻟﻜﺒﺭﻴﺕ ،ﻨﺎﺘﺠﺔ ﻋﻥ ﻋﻤﻠﻴﺎﺕ ﺍﻷﻴﺽ ﻓﻲ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺍﻟﺘﻲ ﺘﻨﺘﻤﻲ ﺇﻟﻰ ﺍﻟﻌﺎﺌﻠﺔ
ﺍﻟﺼﻠﻴﺒﻴﺔ ،ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﺨﻤﺱ ﻋﺸﺭ ﻋﺎﺌﻠﺔ ﻤﻥ ﻤﻐﻁﺎﺓ ﺍﻟﺒﺫﻭﺭ ﺫﻭﺍﺕ ﺍﻟﻔﻠﻘﺘﻴﻥ ﻭﺍﻟﻤﺘﻀﻤﻨﺔ ﻋﺩﺩﺍ ﻜﺒﻴﺭﺍ ﻤﻥ ﺍﻷﺼﻨﺎﻑ ﺍﻟﻘﺎﺒﻠﺔ
ﻟﻸﻜل .ﺘﻡ ﺍﻟﺘﻌﺭﻑ ﻋﻠﻰ ﺍﻷﻗل ﺇﻟﻰ  130ﻤﻥ ﺍﻟﺠﻼﻜﻭﺴﻴﻨﻭﻻﺕ .ﺒﻌﺩ ﻋﻤﻠﻴﺔ ﺴﺤﻕ ﺍﻷﻨﺴﺠﺔ ﺘﺘﺤﻠل ﺍﻟﺠﻼﻜﻭﺴﻴﻨﻭﻻﺕ
ﺒﻭﺴﺎﻁﺔ ﺇﻨﺯﻴﻡ ﻤﺎﻴﺭﻭﺴﻴﻨﻴﺯ ﻹﻨﺘﺎﺝ ﻤﺠﻤﻭﻋﺔ ﻤﻌﻘﺩﺓ ﻤﻥ ﺍﻟﻨﻭﺍﺘﺞ ﺍﻟﺘﻲ ﺘﺘﻀﻤﻥ ﺍﻴﺯﻭﺜﻴﻭﺴﻴﻨﺎﺕ ﻤﺘﻁﺎﻴﺭﺓ ،ﻭﺍﻟﻌﺩﻴﺩ ﻤﻥ
ﺍﻟﻤﺭﻜﺒﺎﺕ ﺍﻟﺘﻲ ﻟﻬﺎ ﺍﺜﺭ ﻓﻲ ﺍﻟﻐﺩﺓ ﺍﻟﺩﺭﻗﻴﺔ ﻭﻤﻌﺎﻟﺠﺔ ﺍﻟﺴﺭﻁﺎﻥ .ﻴﻌﺩ ﺃﺩﺍﺀ ﺍﻟﻐﻠﻭﺴﻴﻨﻭﻟﻴﺕ ﺃﺜﻨﺎﺀ ﻋﻤﻠﻴﺎﺕ ﺍﻷﻴﺽ ﺫﻭ ﻋﻼﻗﺔ
ﺒﺘﺭﻜﻴﺯ ﺍﻟﻜﺒﺭﻴﺕ ،ﺤﻴﺙ ﻭﺠﺩ ﺃﻥ ﺘﻜﺴﺭ ﺍﻟﻐﻭﺴﻴﻨﻭﻟﻴﺕ ﻴﺯﺩﺍﺩ ﻋﻨﺩ ﺘﻨﺎﻗﺹ ﺘﺭﻜﻴﺯ ﺍﻟﻜﺒﺭﻴﺕ ،ﻭﻟﻜﻥ ﻟﻡ ﻴﻌﺭﻑ ﺒﻌﺩ ﺍﻟﻤﺴﺎﺭ
ﺍﻟﺫﻱ ﻴﺴﻠﻜﻪ ﺍﻟﻜﺒﺭﻴﺕ ﻤﻊ ﺍﻟﺠﻼﻜﻭﺴﻴﻨﻭﻻﺕ .ﻋﺭﻓﺕ ﺍﻟﺠﻼﻜﻭﺴﻴﻨﻭﻻﺕ ﻭﺍﻟﻤﻭﺍﺩ ﺍﻟﻨﺎﺘﺠﺔ ﻤﻥ ﺘﻜﺴﺭﻫﺎ ﺒﺨﺼﺎﺌﺼﻬﺎ ﺍﻟﺘﻲ
ﺘﺴﺎﻋﺩ ﻓﻲ ﻋﻼﺝ ﺍﻷﻤﺭﺍﺽ ﺍﻟﻔﻁﺭﻴﺔ ﻭﺍﻟﺒﻜﺘﻴﺭﻴﺔ ﻭﺍﻟﻨﻤﻴﺎﺘﻭﺩﺍ ﻭﻜﺫﻟﻙ ﺨﺼﺎﺌﺹ ﺍﻟﺴﻤﻴﺔ ،ﺤﺩﻴﺜﺎ ﺘﻡ ﺇﺠﺭﺍﺀ ﺍﻟﻌﺩﻴﺩ ﻤﻥ ﺍﻷﺒﺤﺎﺙ
ﻋﻠﻴﻬﺎ ﻟﻭﺠﻭﺩ ﺼﻔﺎﺕ ﺘﺴﺎﻋﺩ ﻓﻲ ﻋﻼﺝ ﺍﻟﺴﺭﻁﺎﻥ .ﺤﻴﺙ ﺇﻥ ﻤﺸﺘﻘﺎﺕ ﺍﻟﺠﻼﻜﻭﺴﻴﻨﻭﻻﺕ ﺘﻌﻤل ﻋﻠﻰ ﺇﻴﻘﺎﻑ ﺘﻘﺩﻡ ﺍﻟﺴﺭﻁﺎﻥ
ﻤﻥ ﺨﻼل ﺘﺩﻤﻴﺭ ﺍﻟﺨﻼﻴﺎ ﺍﻟﺴﺭﻁﺎﻨﻴﺔ ،ﻭﺘﺜﺒﻴﻁ ﺍﻟﺠﻴﻨﺎﺕ ﺍﻟﻤﺴﺅﻭﻟﺔ ﻋﻥ ﺇﻨﺘﺎﺝ ﺃﻭﻋﻴﺔ ﺠﺩﻴﺩﺓ ﻭﺍﻟﺘﻲ ﺘﺩﻋﻡ ﻨﻤﻭ ﺍﻟﻭﺭﻡ ﻭﺍﻨﺘﺸﺎﺭﻩ.
ﻜﻤﺎ ﺃﻥ ﻫﺫﻩ ﺍﻟﻤﻭﺍﺩ ﺍﻟﻌﻀﻭﻴﺔ ﺘﻌﻤل ﻋﻠﻰ ﺘﻘﻠﻴل ﺤﺩﻭﺙ ﺍﻟﺴﺭﻁﺎﻨﺎﺕ ﺍﻟﻨﺎﺠﻤﺔ ﻋﻥ ﺍﻟﺴﻤﻭﻡ ﺍﻟﺒﻴﺌﻴﺔ ﻋﻥ ﻁﺭﻴﻕ ﺯﻴﺎﺩﺓ ﺇﻨﺘﺎﺝ
ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﺘﻲ ﺘﻌﻤل ﻋﻠﻰ ﺇﺯﺍﻟﺔ ﺍﻟﺴﻤﻭﻡ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺍﻟﻌﺎﺌﻠﺔ ﺍﻟﺼﻠﻴﺒﻴﺔ ،ﺫﻭﺍﺕ ﺍﻟﻔﻠﻘﺘﻴﻥ ،ﺍﻟﺤﺭﻜﻴﺔ ،ﻤﺎﻴﺭﻭﺴﻴﻨﻴﺯ ،ﺍﻟﻜﺒﺭﻴﺕ.
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