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Secondary metabolites

Organic compounds biosynthesized from primary metabolites, considered not
essential to the life of the plant.

They do not participate directly in plant development and have no major
function in the plant's metabolism, but rather are involved in its protection
and in its interactions with its environment.

Molecules that exist in very large numbers, with extraordinary structural
variety. They have very different functions:

Mark the identity of a species, genus or family
Protection against attack by pathogens or herbivores
Attracting insects and animals for reproduction and pollination,

They are also very useful molecules for humans, as dyes, flavourings, perfumes,
herbicides, antioxidants, antimicrobials, etc.

Pharmaceutical applications

The content of these compounds varies greatly with the plant part, the
vegetative cycle, genetic factors, and also environmental and soil conditions.



Secondary metabolites

O They take part in allelopathic responses (competition between
plants for germination and growth).

Allelopathy is the set of direct or indirect, positive or negative biochemical
interactions of one plant on another (microorganisms included) by means of
secondary metabolites such as phenolic acids, flavonoids, terpenoids and

alkaloids.
- Allelopathic compounds are released into the air or the soil.

Examples |
Acacia pruinocarpa produces allelopathic compounds that prevent

of other competing plants. —

Research is considering the use of
allelopathic compounds as bio-
herbicides or natural pesticides.




Secondary metabolites

* Allelopathy phenomena (toxicity to other plants)
are known in various plant species.

* Juglone is a naphthoquinone secreted by walnut leaves,
toxic to most plants and preventing their germination,
except a few such as bluegrass, which has become
resistant (Harborne, 1 988; Sévenet, 1994).

* Sorghum has one of the highest allelopathic activities
against weeds,




Secondary metabolites

More than 200,000 secondary
metabolites are already known. The
largest groups are:

They have enormous economic value
(particularly for the pharmaceutical
industry and in cosmetics).

Secondary
metabolites




Biosynthetic pathways

The production of secondary
metabolites is closely linked to
primary metabolism and generally
results from three biosynthetic
pathways

The catabolism of simple
carbohydrates leads to the
formation of pyruvic acid, which
itself acts as the precursor of
shikimic acid and, in this way, of
the aromatic compounds
abundant in nature.

Secondly, the decarboxylation of
pyruvic acid gives acetic acid (acetyl-
CoA), which acts as a biogenetic
precursor for all types of natural

products (polyphenols, terpenoids and
alkaloids).
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Phenolic compounds

Present in all vascular plants.

They form one of the largest and most widely distributed groups
of substances in the plant kingdom, with more than 8000
phenolic structures found in all plant organs.

Phenolic compounds are a therapeutically and economically
interesting family. They are used in phytotherapy and in
pharmaceutical products for their vasculoprotective, anti-
inflammatory and antioxidant (flavonoids, anthocyanins, tannins),
antispasmodic (phloroglucinols) and antimicrobial (phenolic acids)
properties.

They contribute to the pigmentation of flowers, vegetables and
some fruits (grapes, citrus fruits, etc.). Some of them are
responsible for bitterness and astringency.
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Classes of phenolic compounds

Carbon

skeleton
Cé6-ClI
C6-C3

C6-C1-Cé
C6-C2-Cé
C6-C3-Cé
(C6-Cl)n
(C6-C3)2
(C6-C3-C6)2
(C6-C3) n
(C6) n
(C6-C3-Cé) n

Classes

Hydroxybenzoic acids
Hydroxycinnamic acids, coumarins,
phenylpropanoids

Xanthones

Stilbenes and anthraquinones
Flavonoids and isoflavonoids
Hydrolysable tannins

Lignans and neolignans
Biflavonoids

Lignins

Catechols

Condensed tannins



Phenolic

Hydroxycinnamic acids

acids 2. Hydroxybenzoic acids

* Organic compounds having at least one carboxylic function and one phenolic

hydroxyl.
I. Hydroxycinnamic acids

v" Derivatives of cinnamic acid (C6—C3)
v" They are also called phenylpropanoids

HO

HO

OH

Acide cinnamique

Acide caféique

OH

HO

Acide p-coumarique

(4-OH-cinnamic acid)

H,CO N
HO
Acide férulique

OH

OH



Biosynthesis

Shikimic acid COOM

pathway TAL: tyrosine ammonia-lyase

e C4H: cinnamic acid 4-hydroxylase

PAL: phénylalanine ammonia-lyase

OH
Ivrosine TAL
COOH COOH COOH
\
NH, Para-hydroxylation COOH
PAL C4H ~ oxidation
— | —_— — derive from cinnamic acid, whose
side chain loses 2 carbons.
O . .
Phenylalanine Cinmnamic acid p-Coumaric acid Benzoic acid
C6-C1
B - Oxydation Z
R4 . " g R4 \
Acide cinnamique
R; R;

R3= R4=Rs= H.. Acide cinnamique R3=R4=R5=H. Acide benzdique.
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Phenolic
acids

. Hydroxycinnamic acids

The role of these
compounds is poorly
understood. A dry, sunny
climate (hot regions,
Sahara) favours their
formation, and their
location is often very
external (under the cuticle
of hairs in Lamiaceae).

Through their odour, they
play a role in pollination by
attracting bees; conversely,
a high content of essences
has a repellent effect on
certain herbivores.

CH=CH-COOH CH=CH-COOH
OH
acide cinnamique OH
argement répandu acide caféique
Caféier
CH=CH-CH
3 CH,-CH=CH,
OCH;
OCH; .
anéthole eugénol
Anis Giroflier

CH=CH-COOH

OH

OCHj;
acide coniférulique
largement répandu

CH,-CH=CH,

(@

safrole

Safran

Phenylpropanoids




Phenolic

acids
2. Hydroxybenzoic acids derivatives of benzoic acid (C6—C1)
HO H3CO
0 0 0
HO HO
QH OH OH
HO
Acide benzoique Acide gallique Acide vanillique
OH
o)
OH
Acide salicylique

Acetylsalicylic acid Salix alba



BIOSV“thESlS derive from cinnamic acid, whose side chain loses 2

carbons.
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R3 R3

R3= R4=Rs= H. Acide cinnamique R3=R4=Rs5=H. Acide benzdique.



Physicochemical properties

Solubility
soluble in polar organic solvents,

soluble in strong base solutions (NaOH) and sodium carbonate

Heteroside forms are soluble in water.

Heteroside = form bound to one or more monosaccharides.
Aglycone (genin) = free form

Stability

Most of these compounds are unstable.

* All phenols are easily oxidized, especially in alkaline medium.

* Isomerization in acidic or alkaline medium or under the influence of UV
rays.

* They have reducing properties, particularly those in the ortho position
(Fehling's solution, ammoniacal silver nitrate) |

ortho

QL
e S

T meta

para



The extraction of these compounds, preferably carried out on fresh material, is

generally achieved with an alcohol or a hydro-alcoholic solution.
Given the fragility of these molecules

it is recommended to: - avoid extreme pH values - concentrate the extract
solutions at low temperature (45 °C). Re-extraction of the aqueous solution with
immiscible solvents of increasing polarity makes it possible to separate the free

forms, then the esters, then the heterosides.



Chromatography

‘Analytical methods

TLC - HPLC

Pharmacological

intferest

> Antiseptic

» Anti-inflammatory
» Antiallergic
>Lipid-lowering






v' flavus, "yellow" in Latin

"

having a common C6-C3-C6 structure.

v" Two aromatic rings (A and B) are linked by a 3-carbon chain forming an oxygenated
heterocycle (C).

v In all vascular plants.

v Constituents of the pigments responsible for the yellow, red, purple and blue
colours of various plant organs (leaves, flowers, fruits).

v occur both in free form (aglycone) and as glycosides

HO

O . Ot i
|

H | —_— 2 n:I F n:I ma I

= g = ~OoH

OH O
Pelargonidin Cyanidin

Delphinidin

Pelargonium (Geranium) Rosa Delphinium

o




Mixed pathway

Acetate pathway Shikimate pathway

Biosynthesis . Mo

Mixed pathway |
3| HO a
Chalcone synthase
CcHS)

NEoryl CoA d-coumaroylCoA 4.2 4 6-tetrahdraxydchalcone
hydroxycinnamic acid,

The key step in flavonoid formation

The key step in flavonoid formation is the condensation,
catalysed by chalcone synthase, of a hydroxycinnamic acid (4-
coumaroyl-CoA) with three malonyl-CoA units, giving the basic
C-15 structure in the form of a chalcone, i.e.
tetrahydroxychalcone.

Under normal physiological conditions, this chalcone tends
to isomerize into flavane under the action of chalcone
isomerase, which induces a stereospecific closure of ring C.

9SeJaWos! auod|eyd

Flavane
All flavonoids have a common biosynthetic origin and (2-phenylchromane)
therefore share the same basic structural element, namely the
2-phenylchromane (flavane) skeleton.



Shikimate Hydrates de carbone
pathway l

l Acetate pathway

Phénylalanme —— 4-Coumaroyl-CoA AcétylCoA

~—— MalonylCoA J

Chalcone synthétase /\Ch‘kom:mm + reductase
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Flavanone - 5-désoxyflavanone



FLAVANONE

|

/ = ISOFLAVONE

O OI O Dihydroflavonol

o Dihydroflavonol réductase
Flavonol synthétase|
FLAVONOL

O 3 :4 dihydroxyflavane et 3 hydroxyflavane
O | (PROANTHOCY ANIDINES) (C ATECHOLS)
OH
O
ANTHOCYANES TANINS CONDENSES



Classification of
flavonoids |

4-oxoflavonoids

Subdivided into subclasses according to
v’ the structure of heterocycle C

v" the number, position and nature of the

substituents  (free, methylated or
glycosylated hydroxyl groups) on the
two _aromatic rings A and B and the
central ring C.

\t\tWe thus distinguish the 4-
oxoflavonoids (flavones, isoflavones,
flavonols and flavanones), the flavanols
and the anthocyanins, as well as more
minor compounds, the chalcones and
dihydrochalcones.

Tableau n"1: Différentes structures des flavonoides.

Classes Structures chimiques R3 B4’ | RS Exemples
H OH H Apigenine
r Lutéoline
Flavones OH OH H
OH | OCHs | H Diosmétine
H OH H Kaempférol
Flavonols OH OH H Quercétine
OH OH OH Myrecétine
Flavanols OH OH H Caréchine
H OH H Naringénine
Flavanones
OH OH H Eriodictyal
H OH H | Pelargonidine
Anthocyanidines OH OH H Cyanidine
OH OH OH | Delphénidine
RS RY R4’
a2 D o
@‘I OH OH OH Genisteine
Isoflavones
i
H o-Glu | oH Daidzeine

Anthocyanins (from Greek anthos, flower, and kyanos, blue-




Physicochemical properties

v' Flavonoids are crystalline solids whose colour ranges
from ivory white to bright yellow.

v" Soluble in water (especially hot), alcohol and other
polar organic solvents.

v’ Aglycones are poorly soluble in water and soluble in
moderately polar solvents.

v" Flavonoids are soluble in alkaline solutions (ammonia
or potash), giving a yellow colour that disappears on
addition of acid.



Localization/Accumulation

At the cellular level, flavonoids are synthesized in
chloroplasts and then migrate and dissolve in vacuoles.
The distribution of these compounds shows very
localized accumulations (roots, stems, leaves, fruits,
seeds, wood and pollen), generally related to a
physiological function or to the plant's interaction with
its environment. Thus, flavonoids located in the
epidermis act as a screen against solar radiation,
whereas those involved in defence mechanisms are
rather located in the subepidermal layers.



Distribution of flavonoids

YV YV V

Present exclusively in certain plant species, e.g.:

Flavanones in citrus fruits

Isoflavones in soybean

Anthocyanins and flavonols are widely distributed in fruits (red
fruits) and vegetables

Chalcones are found more frequently in flower petals. They are o
considered natural pigments in the same way as chlorophylls .
and carotenoids.

Chrysin and quercetin are also found in propolis, a secretion of
the buds of many trees (birch, fir, willow...) collected by bees,
which modify it with their salivary enzymes. Bees exploit the
antifungal and antibacterial properties of polyphenols to keep
their hives sterile.



UNE GRANDE DIVERSITE DE POLYPHENOLS DANS NOS ALIMENTS
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hydroxybenzoiques
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Biological properties

 Electron transport during photosynthesis

O protection against the harmful effects of ultraviolet rays by
acting as antioxidants

O They show important biological activities: antiviral,
antiplatelet, antiallergic, anti-inflammatory and
antimicrobial.

 They also inhibit LDL oxidation and can therefore prevent
atherosclerosis and reduce the risk of cardiovascular
disease

d Some flavonoids (notably from soybean) have a preventive
effect against breast and prostate cancer and osteoporosis.



Extraction

* Extractionis carried out with alcohol; the alcoholic
solutions obtained are evaporated, the residue is
taken up in hot water and exhaustively extracted
with ethyl acetate and then butanol.

* Purification: by column chromatography.



Compounds with nine carbon atoms possessing
the benzopyran-2-one nucleus, derived from
the cyclization of cis-cinnamic acid oxygenated
at C-2. Coumarins take their name from
"coumarou", the vernacular name of the tonka
bean Coumarouna odorata.

More than 300 structures are known; they are
distributed among 9 families of monocots
(Gramineae and Orchideae) and more than 70
families of dicots (Apiaceae, Rutaceae,
Fabaceae, Rosaceae, Compositae and
Rubiaceae).

H

H 3 g
cyclization

Sy P g
o~ “OH > Tl *!-J ;L\

cis-Cinnamic acid (2)

C6-C3

Coumarouna odorata



Biosynthesis of

coumarins .
*~«.__. Shikimicacid .-~
pathway
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in= My 1
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= ==~ ~ > Flavonoides

Acide p-coumanque p-coumaroyl-CoA
PAL: phénylalanine ammonia-lyase '

C2H: cinnamic acid 2-hydroxylase TAL: tyrosine ammonia-lyase
4CL: 4-coumarate-CoA ligase
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OH OH H,0 0 0

cis-trans
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Classification of
coumarins

Classified according to the nature of the substituents on
their structures into five categories:

Simple coumarins
Furanocoumarins
Pyranocoumarins

Dicoumarins (dimeric coumarins)
Tricoumarins (trimeric coumarins)




Simple coumarins

* the most widespread in the plant kingdom
* have substitutions (OH or OCH3) at positions 6 and 7

a. Genins (aglycones)

I N S

Ombelliférone

Esculeétol
Scopolétol

Herniarine

Fraxetol

b. Heterosides

F raxoside




Pyranocoumarins

Compounds formed by the fusion of a pyran heterocycle with the coumarin:

v’ either in line with it (linear form): xanthyletin
v’ or laterally (angular form): seselin, visnadin

linear
form

Xanthylétine d Séseline

angular
form



Furanocoumarins

* Also called furocoumarins, they derive mainly from umbelliferone by
condensation with a C5 isoprenoid unit. Most furocoumarins, however, are

named after the plants in which they were first described (bergapten in Citrus
bergamia, rutaretin or rutarin in Ruta graveolens).

Psoraléne Angélicine

a. Linear furanocoumarins b. Angular furanocoumarins



Dicoumarins (dimeric
coumarins)

compounds formed by the linking of two simple coumarin units

Daphnorétine Edgeworthine

Tricoumarins (trimeric
coumarins)

compounds formed by the linking of
three simple coumarin units

~ Triumbéllatine



Biological properties

J Coumarins show various biological activities,
which vary according to the substitution on
the benzopyran ring, such as:

dantifungal, antiviral, anti-inflammatory,
anticoagulant, diuretic, analgesic and
vasodilatory.



Substances of relatively high molecular weight with an astringent taste (drying
sensation in the mouth) and the common property of tanning skin. Tannins are
widespread in the plant kingdom and particularly abundant in certain families:
Fagaceae, Rosaceae, Myrtaceae, Rubiaceae. Tannins are present in a variety of
plants used as food, notably cereals, legumes and fruits (millet, barley, dry beans,
peas, carob, blackberry, date, grape, hawthorn and strawberry). They can exist in
various organs: roots or rhizomes, bark (oak) and wood (acacia).

Classification
There are two categories of tannins, of different biosynthetic origins:

hydrolysable tannins

condensed tannins

phlorotannins have been isolated from brown algae

Tanning properties: turning fresh hide into a hard, rot-proof material,
leather



a. Hydrolysable tannins:

These are polyesters of glucose (or related molecules) and a variable number of
phenolic acid units, which is either gallic acid in the case of gallotannins or ellagic
acid in the case of ellagitannins

They are more tanning — very astringent

Distribution: oak — walnut leaf — bearberry

HO—, H._..c’* ol
“ I ., y\x _IiH.i\ ; ~‘ ) ] L : o
Gl e Il i G
H | -—fl—n A &N b i . Gallotannin
Acide Gallique i :’ KA {l S,  Orpentagalloylglucose
- OH . i



b. Condensed tannins:

- Also called catechic tannins or proanthocyanidins: they are flavanol polymers
(flavan-3-ol); the polymer chains contain 2 to 20 units. They differ fundamentally

from gallotannins and ellagitannins:

- Their structure is close to that of flavonoids.
- They contain no sugars in their molecules.

- Non-hydrolysable.

Distribution:
tea, hazelnut, red grape vine leaf.
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Basic structure of condensed tannins



Physicochemical properties:

s Astringent taste

+*» High molecular weight (between 500 and 3000 Da)

s*Poorly soluble in cold water; soluble in hot water and in
alcohol/acetone; insoluble in apolar organic solvents.

**They are precipitated by many reagents:

- With heavy metal salts: iron, zinc, copper.

- With ferric salts, they give coloured precipitates that differ according
to the nature of the tannins (blue-black with hydrolysable tannins, green-
brown with condensed tannins).

- With sodium tungstate and, in general, with proteins (gelatin,
albumin).

- With Stiasny's reagent or formaldehyde-hydrochloric acid (for
catechic tannins only).



Biological properties

The astringent property of tannins is the basis of other
properties (vulnerary, antidiarrhoeal, ...)
vulnerary = healing of wounds or injuries

It promotes wound healing and skin waterproofing, and
favours vasoconstriction of small vessels.

Tannins have a very high antibacterial, antiviral and anti-
inflammatory power.

Plants rich in tannins are used for colds, excessive secretions,
internal or external infections, wounds and burns.



