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Chapter One Introduction

| ntroduction

1.1. Falvonoids.- are ubiquitous group of polyphenolic substanchihv

are present in all parts of pldfits Flavonoids are present in most edible
fruits and vegetables, however the type advdhoids obtained from
different sources varies . The main dietary dlasids and their source are
listed in Table []. Flavonoid subclass such as flavonols, flasand

isoflavonone®.

There are thousands of flavonoids in nature, armldan classification,
they have been divided into eight major groups.séhaclude the flavonols,
flavones, flavanones, catechins, anthocyanidin$lagones, dihydroflavonols,
and chalconé$?. Flavonoids that have received recent attentichérnfield of
human nutrition include the proanthocyanidins iapg seeds, the flavanones
(e.g. hesperetin) in citrus , the flavonols (e.gemgetin) in onion and other
vegetables, the catechins in green tea, the adhdmn in bilberry, and the

isoflavones in soybe&r’. That were shown in figure [4] .

A great number of medicinal plants contain flavaspi having
antioxidant, antibacterial, anti — inflammatory,tiaallergic, antimutagenic,
antiviral, anti neoplastic, anti — thrombotic, avascodilatory . The structure
components common to these molecules include twadre rings on either

side of 3 carbon ring (ring C).
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Flavonoids have been shown in a number of studiebd potent
antioxidants, capable of scavenging hydroxyl rddicsuper oxide anions, lipid
peroxy radicals and hydrogen peroxide. Then awne baen implemented in a
number of disease including astHima cancet’, cardiovasculdr”,
cataracts"'”, diabete¥**® gastrointestinal inflammatdf*® liver®),

mascular degeneratidh'®, periodontal diseaSe.

Table[1]: Main flavonoids and their sourcesin the diet

Flavonoids source Content oaglycone (mg/kg)
Flavonol
Quercetin-3,4-glucoside onion 284- 486

Querectin-3-glucoside

Querectin-3-rhamnoglucoside  black tea 10-25
Quercetin-3-galactoside apple 21-72
Quercetin-3-rhamnoside

Quercetin-3-glucoside

Quercetin-3-rhamnoglucoside  black currant 44
Quercetin-3-rhamnoside
Quercetin-3-galactoside

Myrisetin-3-glucoside

Flavone

Luteolin-7-glucoside red pepper 7-14
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Flavanone

Hesperetin-7-rhamnoglucoside  orange juice

(hesperidin)

Naringenin-7-rhamnoglucoside

(naringin)

Naringenin-7-rhamnoglucoside grapefruit juice

(naringin)

(+) -Catechin
(-)- Epicatechin

(+) -Catechin
(-)- Epicatechin

Anthocyanins

Isoflavones

Genistein-7-glycoside

Daidzein-3-glycoside

apple

red wine

black currant

soy bean

Introduction

116-201

15-42

68-302

4-16
-603

16-53

760

480
330
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The antioxidant effect of flavonoids can residehbet their radical-
scavenging activity or in their metal-chelatingperties, of which the former
may dominat8?. The antioxidant activities of flavonoid comporesynergize
the antioxidant of vitamin C, vitamin E, and caraigls. As such flavonoids
represent an important nutrition component in toey's defenses against free
radical damadé”.

Quercetin has been reported to block the "SorBiaghway" that linked
to many problems associated with diabetes. Rutid a&everal other
bioflavonoids may also protect blood vessels. Adgioamant, some
bioflavonoids, such as quercetin protect LDL-chtded from oxidative
damage. Others, such as the anthocyanidins frdraroyl, may help protect the
lens of the eye from cataracts. Research on arsaoggested that naringenin
may have anticancer actity. The link between flavonoids and
arteriosclerosis was based partly on the evidemaiesome flavonoids possess
antioxidant properties and have been shown to henponhibitors of LDL
oxidation in vitrd*®. The phenolic substances in red wine inhibit otiafaof
human LDL*®. Flavonoid have also been shown inhibit platetgragation
and adhesidff”. Which may be another way to lower the risk of hetisease.
Isoflavones in soybean foods have been reportéowter plasma cholesterol

and also to have estrogen like eff&ts
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1.2. Structures of Flavonoids:

The basic flavonoids structure consist 15 carbomatarranged in three
rings (G-Cs-Cg) labeled A, B and €%, The various classes of flavonoids differ
in the level of oxidation and pattern of subsidaotof C ring .The benzene ring
(A) is condensed with six member ring (C) and ie ghor 3-position carries a

phenyl benzene ring (B) as a substifite

Figure[1]:Flavonoids structure

Flavonoids containing a hydroxyl group in positiod of the C ring are
classified as  3-hydroxy flavonoids (flavonols, awyanidins,
leucoanthocyandins and catechin), those lackirsgatnamed or classified 3-

desoxy flavonoids (flavanones and flavorfés)

Classification within the two families was baseud whether and how
additional hydroxyl or methoxy groups and their ipos in the structure
flavonoid®®. Isoflavonoids differ from the other groups in whitte B ring is
bound to C-3 of ring C instead of C-2. anthocyamsdand catechins lacking
the carbonyl group on C-4 of rind®®. Some of these structures are shown in

figure [2]
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Flavonol

OH

Chatechin

Isoflavone Dihydroflavonol

Chalcone

Figure[2]: Classes of Flavonoids

1.3. Chemistry of flavonoids:-

The chemical structure of flavonoids are basea @) skeletal on with
chromone ring (ring A and ring C) bearing secommhatic ring B in position
2,3. Showed in figurel. In few cases, the six memath heterocyclic ring C
occurs in a two isomers form or is replaced byva-fmembered where the
resulting heterocyclic is of the furan type ")

Various subgroups of flavonoids are classified atiog to the
substitution patterns of ring C. both the oxidatstate of the heterocyclic ring

and the position of ring B are important in thessléicatior{®® ~3
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Flavonoids are mainly present in plant as glycasidglycones (the form
lacking sugar moieties) occur less frequently. ddast of the eight different
mono saccharides or combinations of these (ditsadcharides) can bind to

the different hydroxyl groups of the flavonoid agyé*?.

The most common sugar moieties are D-glucose arfiainnose. The
glycosides, are usually O-glycoside with sugar ityoieund in edible plants or
food , the sugar moiety bound to the hydroxyl gratiphe position 3 and 7 on

the ring ¢*?. Some example of flavonoids glycosides are shawfigure[3]

Apigenin-7-glucoside. Luteolin-5-glucoside.

O

. o .
Narigenin-7-glucoside. Butin7,3- <:glucoside.

Figureg[3]: Flavonoids glycosides
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1.4. Classification of Flavonoids:-

1- Flavone

Examples
Apigenin R =R,=H

Luteolin R =OH, R=H
Tricin R = R.=OMe

2- Flavonol

Kaempferol (R=R;=H,)

Quercetin  (R=, R:=H)
Isorhamnetin(R=OMe, R=H)

Myricetin (R, = R,=0OH)

Rutin (R]_: R,=0H, O-G5H>109 attachel
to OH group in position 3 of C ring

3- Flavanone

Pinocembrin (R=R=H)
Naringenin (R = OH, < = H)
Hesperetin (R=H , R= OCHy)

Eriodictyol (R = R: = OH)

4- Catechin

OH
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5- Anthocyandin

Pelargondin (R=R, = H)
Cyanidin  (R=OH, R =H)
Peonidin (R=0OMe, R =H)
Malvidin (R;=R,=0Me)

Daidzein (R=Rx=H)
Genistein  (R=OH, R = H)
Orobol (R=R.=OH)

Figure[4]: Types of Favonoids and their conman names

1.5. Flavonols, Flavones and Flavanones:-

Flavonols are simply flavones in which having a foxyl group at
position 3 ®%. Flavonol formation in plants was both associatedhwi

lignifications in leaves and wo88 and with UV absorption by flowers.

The most common flavonol in the diet is quercgetinis present in
various fruits and vegetables, but the highest eotmation was found in
oniorf®®. Quercetin is present in plants in many glycosiftions®® with
guercetin-3- rutinoside which is also called quenc8- rhamnoglucoside or
rutin, being one of the most widespread forms. oo, the compound is

bound to one or two glucose molecules (quercethgiékoside , quercetin;8

-glucoside).
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Other quercetin glucosides present in the dietfaranstance, quercetin

galactosides (apples) and quercetin arabinosicra€b) .

Quercetin is known to exhibit biological effestsch as antioxidafit>?),
anticarcinogeni¢”, anti-inflammatory and antiaggregatory effééts
The other flavonols in the plant include kaempfefiotoccoli), myricetin
(berries) and isorhamnetin (onion). Flavones diffem flavonols in lacking a
3-hydroxy substitution, the main flavones in themqé are apigenin and
Luteolin. They are present in rather low conceitrain red peppé&f’ and

celery™.

Apigenin and Luteolin, occur frequently in the arspermS®. These
two compounds occur sporadically in the leavesiaftgledons; they probably
occur more regularly in flowers. Tricin, which mighe expected to occur with

it's close biogenetic relationship to sinapic adsddefinitely rar&?.

About twelve different classes of flavon glycosidave been isolated.
The sugar is attached most commonly at the posifiofe.g. apigenin-7-
glucoside) as shown in figure [5] and much lessrofat the position 5.

Flavone-7- glucosides and 7-rutinoside are alsananton typ&?.

Apigenin-7-glucoside. Luteolin-5-glucoside.

Figure[5]: Flavones glycosides

10
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Flavanones differ from flavones in having singlentoin the
2,3-position instead of the double bond . Naringesd eriodictyol, which
correspond to apigenin and luteolin, are, like tflavones, relatively

commoit*?.

Flavanones occur almost in the solid tissuglarit, but concentration of
several hundred milligram per liter present in itgice as welf?.
Low concentrations of narengenin are also founmatoes. Fresh tomatoes,
especially tomato skin, contain naringenin chalgamkich is converted to

naringenin during processing to tomato ket¢tiup

The glycosidic pattern of flavanones is rathemlar to that of flavones
and eight classes of glycoside have been ftindaringenin-7-glucoside

shown in figure 6. Pruninl common constituent nfres woo.

GIC—0 O o Q OH

HO O

Figurel[6]: Naringenin-7-glucoside structure

11
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1.6. Catechin :-

Catechins wusually occur as aglycones or esterifigth gallic
acid. The(+)-catechin and (-)-epicatechin are foundvarious fruits and
vegetables such as apples, pears, grapes and g&Achkhe highest

concentration of catechins are found in tea andviad®”.

Catechins are structurally closely allied to thecleanthocyanidins and
are also optically active (+)-catechin itself isethguercetin /cyanidin
analogué”. Catechin itself, 3,5,7:34-“pentahydroxy flavan, is one of the
most widely occurring flavonoids and optically &eti The isomers may be

separated by paper chromatography with W4ter

Two optically active catechins and their gallatetees present
in tea leaves were separated on paper chromatogeaphthe gallate esters
have also been separated by column chromatograptogltulose powdé&f.

The structure of these two compounds are presdigure [7]

OH OH
OH
OH
HO

Ho HO

(+) - Catechin. Leucocyanidin (flavan-3,4-diols).

Figureg[7]: Catechin structure

12
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1.7. Functions of Flavonoids: -

1-) Elavonoids as Antioxidant: -

Mechanisms of antioxidant action includes (1)suppreg ROS
formation either by inhibition of enzymes or cheigt trace elements
involved in free radical production, (2) scavengR@S, and (3) regulating
or protecting antioxidant defenses. Flavonoidsilfuthost of the criteria

required for antioxidant actidr’>?. Thus , the effect is of two-fold action :

1-) Flavonoid inhibit the enzymes responsible for sapkle anion
production, for instance xanthine oxidase and [motkinase 2.
Flavonoids reduce the super oxide radicals in tHergnge from 7 to 10,
depending on their redox propertiek addition to redox properties, the

reactivity of superoxide also depends on the cli¥tge

The rate constant for reaction of superoxide witbharged catechin at
pH 7 (determined by pulse radiolysis) is approxeha# times higher than
the corresponding rate at pH 10, K = 1.8 ¥ M'S™ where catechin is

doubly negatively charg&d.

Furthermore, flavonoids efficiently chelate tracetats, which play an
important role in oxygen metabolism (as shown inatipn 1°. Free iron
and copper help in formation of reactive oxygencggge(ROS), exemplified
by the reduction of hydrogen peroxide with generatiof the highly
aggressive hydroxyl radi¢al. However, these metal ions are essential for
many physiological functions, constituents of henotgins and cofactors of
different enzymes, including those involved (eigpn for catalase, Cu and

Zn for super oxide dismutase) in the antioxidarédse.

H,0, + Fe?" (Cu") — O'H +OH+Fe* (Cu®) -------- 0

13
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2) Due to their lower redox potentials (0.23 «<€0.75 V), which is the
same compared to other antioxidizing species likenedhoxyphenol
(E;=0.73VY*?, flavonoids (F1-OH) are thermodynamically able reduce
highly oxidizing free radicals with redox potensiah the range 0.13-1.0 V
such as superoxide radicals by hydrogen atom domads described in figure
8 below.Where, R’ represents superoxide anion. The aroxyl radicO(J

may react with second radical, acquiring a stahlaige structuré?.

FI-OH +R - FI—O+RH -------- )

Figure[8]: Scavenging of ROS by Flavonoids ©°

The aroxyl radicals could interact with oxygen, gexting quinines and
super oxide anion, rather than terminating chaactien. The last reaction may
take place in the presence of high levels of temisimetal ions and is

responsible for the undesired pro oxidant effedtasfonoid$™.

14
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Thus the overall capacity of flavnoids to act asicxidants depends not
only on the redox potential of the coupleO*/FI-OH but also on possible side

reaction of the aroxyl radic&f.

2-)Flavonoids as Enzyme | nhibitor: -

Flavonoids inhibit the enzyme responsible for pé&tex anion
production, such as xanthine oxidase and prot@iada C. Flavonoids have
been also shown to inhibit cyclooxygenase, lipoxys®, microsomal
monooxygenase, glutathione S-transferase, mitogtainduccinoxidase
and NADH oxidase, in which all involved in rea&iwoxygen species

generatiof”.

The enzymes cyclooxygenase and lipoxygenase aatamiidonic acid
in cell membranes, oxidizing arachidonic acid andming potent pro-
inflammatory metabolites including prostaglandingukotrienes and
thromoboxanes. Many flavonoids, including quercetiatin, baicalein,
kaempferol, curcumin, silymarin and green tea podywls exhibit

inhibition of cyclooxygenase and lipoxygenase imofi>>*,

Flavonoids may inhibit enzymes by non-specific oggd competing or
reacting with substrate. Specific oxidation of $lpdryl groups control
tertiary enzyme structure, or through complexingtaitie prosthetic
group$™. Flavonoids have been added to isolated enzynterayat levels
of 1 to 4umole®®. Malvidin -3-glucoside inhibits malate dehydrogsea
and glutamate decarboxylase isolated from the banote salmonella
enteritidis. Malate dehydrogenase was inhibited-campetitively while
glutamate decarboxylase showed a competitive or-coompetitive

inhibition depending on a number of experimentatdé™.

15
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Protein synthesis may be inhibited by flavonos|east in vitro, found
that hesperitin, naringenin, quercetin, and thiicasides, phloridzin, inhibited
incorporation of ¢-leucine into tuber slices of solanum tuberosurnedr free
extracts of Escherichia Coli. In all cases, theyemghs were much more
effective inhibitors than their glycoside .

3-) Flavonoids as Vitamine C:-

Flavonoids have been associated with vitamin @voihoids in citrus fruits,

then referred to as "Vitamin P" were known to erdeavitamin C activit{® .

* Flavonoids posses vitamin C-stabilizing and antdexi-dependent
vitamin C-sparing activities.

* Both flavonoids and vitamin C have complementatggan protecting
the stomach and the intestine from food born sulggts which can
cause cancgp.

* Vitamin C has been shown to enhance the abilifya@bnoids to inhibit
tumor growtfr®,

» Flavonoids and vitamin C occur together in plants.

* Vitamin C can protect flavonoids from oxidation.

« Flavonoids enhance vitamin C absorption or viaa8rs

4-) Flavonoids as Pigments:-

The pigments found in plants play important roleglant metabolism and
visual attraction in natuf&°Y. Major plant pigments include carotenoids,
anthocyanins, other flavonoids, betalains, androiploylls. Flavonoids include
red or blue anthocyanins and white or pale yell@mpgounds such as rutin,

quercitin and kaempfer6?.

16
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Flavonoids in flowers and fruit provide visual cdes animal pollinators
and seed disperses to locate their target. Theyasur in most other plant
parts and in most genera. Flavonoids are locatedhén cytoplasm and
plastid$®®. The flavonoids function include attraction fosétts to distribute
pollen and seeds; flavonoids are thought to adumscreens, protecting the

plant against damaging ultraviolet radiatféh

Flavonoids have a high absorbance in the 250 ton27@ange, flavones
and flavonols absorb significantly in the rangenfrd30 to 350 nm and

anthocyanins strongly absorb in the range from 8680 to 560 nifi*.

The type of compound attached to the basic stracjueatly influences
the color of the anthocyanins. For example thechtteent of methyl group can
result in reddish color and the presence of flagomeflavonols can cause a

more bluish cold?®.

Plant pigments are importance cues to humans amer dterbaceous
animals in helping identify plants, find plant gasguch as fruit, leaves, stems,
roots, or tubers, and determine stages of plantldpment such as fruit

ripeness or overall senescefite

5) Flavonoids as Antibiotics:-

Most of the anthocyanins and leucoanthocyaninsbitéd respiration
and reproduction in some type of bacteria atévellof one or twqumoles if
glucose were present in the medium. In the absehghucose the flavonoid
were metabolizetf). More than 20 flavonoids were investigated, no coumgb
was devoid of inhibitory activity toward one or moof the ten bacteria
studied®.

17
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Flavonoids of many types have antiviral effect. Ihuman
cell lines (Hela Cells) herpesvirus hominis is mted by qurecetin at levels
of 300 mg mif“°” but not by rutin or dihydroquercefifi. When quercetin
was added to cultures of several viruses associated
with human maladies, viruses with an envelope wateibited while

those lacking such an envelope were moderatelyompletely resistafif.

Jain®® was found that quercetin and some of it's metaltimplexes of it
exhibited antibacterial and antifungal activitieslg and Pb complexes were
the most effective antimicrobial agents, but theg af limited therapeutic
value because of their high toxicities. Howevelthey be useful for external

application.

El-Gammdl® had tested six flavonoid compounds namely kaeropfer
guercentin, myricetin, rutin, naringin and morin ieth were separated from
different plant materials, for their antimicrobjaoperty against bacterial and
fungal strains as test organism. All compoundbitbd yeast and fungi. Only
four flavonoids (Kaempferol, quercetin, myricetimda morin) possessed
antibacterial activity. Antihelmitic activity havebeen reported for
flavonoid$’?. The chalcones were generally effective, espgcihilbse with

few hydroxyl substituents.

1.8. Extraction, | solation and | dentification of Flavonoids:-

Flavonoids occur in virtually all parts of the plamethod of isolation
depended on the type of flavonoids would been tsdlaln cases when
flavonoids occur in the surface oils or waxes, they be obtained simply by

scraping or washing the surface with an appropsateent’®.

18
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The possibility of enzymes action occurring durthgir early period of
isolation, leading in particular to hydrolysis df/¢pside§®, may be avoided
by plunging of the plant material into boiling seht or by rapid drying prior to
extraction®. Pre-drying of plant material generally appearsnitrease the
yield of extracts, possibly due to rupture of tledl structure and to the better

solvent access provided as a consequence.

Solvents used for extraction are chosen accordirtged polarity of the
flavonoids being studied. The less polar solvemés @articularly useful for
the extraction of flavonoids aglycones, whilst tm®re polar solvents are
used if flavonoid glycosides or anthocyanins areighd. The less polar
aglycones, such as isoflavones, flavanones, andidilflavonols or flavones
and flavonols which are highly methylated, are Uguextracted with solvents
such as benzene, chloroform, ether or ethyl acEt&teA pre-extraction with
light petroleum ether or hexane is frequently eariout to rid plant material of
sterols, carotenoids, chlorophylls, étc

Flavonoid glycoside and the polar aglycones sashhydroxylated
flavones, flavonols, bioflavonyls, aurones and cbaés are generally isolated
from plant material by extraction with solventsdicetone, alcohol, water or a
combination of thef®’®. Perhaps the most useful solvent for the extraatfo
this group of compounds is 1:1 mixture of watermaebl. Traces of acid are
occasionally incorporated in the solvent for theraotion of flavonoid
glycoside$?, although this practice is normally reserved fw extraction of
anthocyanin and anthocyanidifi$”) The use of acid, however, can lead to

hydrolysis of glycosidic materials.
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TLC is a technique which has developed rapidly miythe last decade
and to a limited extent it has replaced by papeoratography in analytical

and small scale separation of flavon&its .

However, it is also complementary to paper chrography in that it
provides new media for the separation of flavonmasa small scale, and
permits the use of a wider variety of detectingyezas®%.

Flavonoids are not sufficiently colored to be visito the eye on a thin
layer plate; thus some form of visualization ises=ary for spot detection. In
many cases this was achieved by viewing the phatéM-light (366 nm) either
in the presence or absence of ammonia V&poFlavonoids some times

appeared as dark spots against a fluorescent gesdaground .

Another useful method of detection was brief expesaf the plate to
lodine vapour which produced yellow-brown spotaiagt a white background
with most flavonoids. Flavonoids were chromotogepbin solvents such as
toluene-ethyl formate-formic acid (5:4%F) and benzene—pyridine—formic
acid(36:9:5¥°.Chloroform-methanol(96:4) was found useful fottidiguishing
flavones such as apigenin, chrysoeriol and lut&€8land have also been used
with flavones and flavonols. Isoflavones, flavonsnand dihydro flavonol
were generally chromotographed using less polaresté. The isoflavones
daidzein, genistein and biochanin have been segghrasing chloroform-
methanol (92:89® and ethyl acetate-light petroleum ether (3:1 anb)®f:
Dihydro flavonols were separat&with chloroform-methanol-acetic acid
(7:2:1)%),

20
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Flavanones such as naringenin, hesperetin have ideatified using
benzene-acetic acid—water (125:79%)chloroform-acetic acid-water (2:1:1)
and by using benzene-pyridine-formic acid (6:9'5) Separation of flavonoid
glycosides using alcoholic solvent n- butanol-acatid-water 4:1:5 (BAW),
t-butanol-acetic acid water, 3:1:1 or water satdawith butanol) which

produced separations based largely on partitidiing

More polar flavones and flavonols required moreapaolvents. Thus
apigenin luteolin, galanin, kaempferol, quercetmyricetin, isorhamnetin,
datiscetin and morin were separated well in totueimoroform-acetone
(8:5:7). Similar flavonod mixtures were separafétusing benzene-pyridine-
formic acid (36:9:5).Although paper chromatographyLC-cellulose was the
method of choice for the separation of anthocyaaims$ anthocyanidiifs®?

Other number of separation have been achieved on giéEs.

Ethyl acetate-formic acid- 2N HCI (85:6:9)asv recommends for
separation of malridin and peonidin which were idifft to distinguish by
paper chromatography. Solvents such as n-butamwiidoacid-water (3:4:1)
were satisfactory used for the separation of botithayanin and

leucocyanidiff?.

21



Chapter One Introduction

1.9. Separation of flavonoid by High Performance Liquid

Chromatoqgraphy: -

HPLC is technique, somewhat similar to GLC exdbpt the carrier gas
is replaced by one solvent or solvent mixtures. pbly phenols in beers and
red wines were separated using silica gel colunmn{lx 2mm) with a UV
detector was report€d. The solvent system was: hexane followed by
methanol-chloroform-acetic acid (30:70:1) and hexahloroform (1:1),
followed by methanol —chloroform-acetic acid (50850 were found suitable
for the separation of quercetin, kaempferol, cateatatechin gallate, caffeic
acid and coumaric acid . Separation of phenolicpmmds using this method
was carried out using different columns like OBSNovapack or Lichrosorb
Bondapack ¥ .

Bilk ®¥ separated qurectin and kaempferol using methawsetic acid :
water (42:8:50) with flow rate of 1ml / min , ugitbounda pack {g column,
the solvent systems were used 10% acetic acid ierwat flow rate of
0.8 ml / mirf®®. Teisserr€¥ used two types of HPLC system, semi preparative
HPLC and HPLC analyzer, by Novapack column, usimg types of solvent
systems one is dichloro acetic acid and the sec@dmethanol.
Flavonol, quercetin, rutin, kaempferol were sepatatfrom ginko leaf by
HPLC using two mobile phases one is acetonithie dther is 0.3% formic
acid using minibore phenomenex lunand C18 column with 400ul /min
flow rate. Advantages claimed for HPLC analyzerduded 1) short analysis
time, 2) high resolution, 3) no derivatization regd, 4) no risk of thermal

decomposition and 5) easy quantit&Ble
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1.10. Coumarins:-

The most widespread plant coumarin is the parempoand, coumarin
itself, which occurs in over twenty-seven plant iiaas. It is common in many
grasses fodder crops and is familiar as the swaeltliag volatile material
released from hay. Hydroxy coumarins were also danrmmany different plant
families; the common ones were based on umbelliferone (7-
hydroxycoumarin), scopoletin (6-hydroxycoumarin) rgvegenerally lipid
soluble and be isolated by extraction of drieghplmaterial with ether or light

petroleum ether or ethyl acetdte

Coumarins were class of polypropanoids compouwndiéch were
naturally occurring phenolic compounds having arienang to which a
three-carbon side chain was attached . They weneediebiosynthetically from
aromatic amino acid phenylalanine and they mayaorine or more C6-C3

residue8®,

The hydroxycinnamic acid includes importance ndy @s providing the
building block of lignans, but also in relation tegulation and to disease
resistanc€®. The phenylpropanoids were included hydroxycounsari
phenypropenes and ligndfis They occasionally occurred in bound form as
glycosides and have then to be released by pridacrolysis. TLC on silica

gel was most commonly used for their separé&tibn

HO @) O (@) O HO O O
Scopoletin Coumarin Umbeliferone
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Coumarins is a lacton for hydroxy cinnamic acid aiednd as a
colorless crystals, aromatic odor, bitter test,afuhis soluble in alcohdf§*®,
The other hydroxyl groups undergo methylation pathby mean of addition
methyl group before isomerisation and cycliarrangement like ferulic acid
which gave scopoletif{®® The first step for coumarins synthesis is
O-hydroxylation group which means the addition ofdioxyl group to
cinnamic acid derivatives so phenolase enzyme waqukl/ent this step.
Coumarin and coumarin derivatives play importamé iia inhibition of many

fungals growth, so protect plant from virus andguaccruing ©®®

1.11. Tannic acid: -

Tannic acid, a commercial form of tannin , is natue acid but an acid-
like substance called a polyphenols. Tannic agda basic ingredient in the
chemical staining of wood. The tannic acid or tansialready present in wood
like oak, walnut, and mahogany. Tannic acid carayalied to woods that is
low in tannin so chemical stains that require tanoontent will reaét.

Tannic acid is the most common mordant for celaldibers such as cotton.

Tannin is often combined with aluminum and / anir. Poly(phenols)
tannin was used to convert animal skin into leathMelecular formula of acid
IS (GreHs:046), with molecular weight of 1701.18 g/mol. Tannicida is
yellowish to brown powder, odor characteristic,téastrongly astringent.
soluble in 1 part of water or alcohol, soluble metne, almost insoluble in

chloroform or ethé?.
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Chapter One Introduction

Tannic acid used for the extraction of germanitime, production of
Ink, rust presenter of metals and as raw mateolapharmaceutical industry.
In printing and dyeing of textiles, it is used adoc fixer, polygenetic dye and
fiber deodorizer. It is also used in clearing atapping dysentery and also for

synthesizing sulphanilamide synerdiét

1.12. Gallic acid: -

Gallic acid, chemically 3,4,5-trihydroxybenzoic éclCH,(OH);COOH,
Is a clear crystalline compound found in gallnstanach, tea leaves, oak bark,
and many other plants, both in its free state angdaat of the tannin molecule.

It can be prepared commercially by the hydrolysisaanic acid with sulfuric
acid*®,

Gallic acid has two functional groups in the sam&etule, hydroxyl
groups and a carboxylic acid group two moleculest @an react with one
another to form an ester, digallic acid . They gaald various kinds of esters
and salts when heated above 220°C, gallic acidsloaebon dioxide to form
1,2,3-trinydroxybenzene,83(0OH);, which is widely used in the azo dyes and
photographic developers and in treating certain skseases. Gallic acid and
its derivatives were used as photographic devetoged used as astringents in
medicine. Some gallates are used as antioxidarftsoofs, and in laboratories

for absorbing oxygef®®.
HO

HO
OH
HO
Gallic acid
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Chapter One Introduction

1.13. Medicinal Plants :-

Medicinal plants a gift of nature are being usaghinst various
infections and diseases in the subcontinent giasehistory. Herbs were used
as food (vegetables ) and flavors medicine for nedhabf years in many parts
of world. Whereas number of herbs have also beahtionally regarded as
natural remedies for common ailments of human . Furthermore some
herbal plants are considered as house of medieingés played an important
role in nearly every culture on earth, includingiddsAfrica, Europe and the
Americas™®?,

The herbs chemical components provide importante rah
Pharmaceuticals companies. Furthermore interegieople in plant made
medicines are increasing due to their concern alheuside effects of powerful

synthetic drugs and high prices of these medicines

It is expected that raw materials obtained fgiamts will not only
reduce the prices of medicines in the pharmacdutieaket but also provide
rapid and reliable system of treatment of variofections and diseases in
human populatidh®™. Herbs can be used to make tea, perk up cooladas
meats , vegetables, sauces and soups, or to add ftavinegars, or mustards.

Many herbs are grown for their fragrance and usedoatpourris,
sachets, and nosegays; or to scent bath watere;anikllor perfumes. More of
25% of our modern drugs came from plant extractacéise ingredients ; and
researchers continue to isolate valuable newiaimsd from plants and
confirm the benefits of those used in traditiorak fmedicin&®?. Herbs can

be classified as either annual, biennial, or pae¢nn
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Chapter One Introduction

Some herbs such as borage, anise, caraway, chevgnder, cumin,
dill, and fennel, should be direct — seeded, bex#usy grow easily from seed
or do not transplant well. Other herbs, such astaniaoregano, rosemary,
thyme, and tarragon, should be purchased as pkamds transplanted or
propagated be cutting to ensure production of #sred plant (do not come

true from seedS¥?.

1.14. Chamomile plant: -

Chamomile is one of the widely used and well-docuteeé medicinal
plants in the world .It is included in the pharmpgeia of 26 countries.
In Germany, more than 4,000 tons of chamomile amedyced yearly.
The use of chamomile as a medicinal plant datek bm@ncient Grece and
Romé103'1°5).

The name (chamomile) comes from Two Greek wordsnmgaground
apple) for it's apple-like smell. In Europe it i®nsidered as “cure all” and
meaning “ capable for anything”. Chamomile growdigenously in Europe,
N.W. Asia, N. Africa , and N. America and many atparts of the world .

The Egyptians considered the herb a sacred gift ftee sun god, and
used to alleviate fever and sun stféke This herb has been believed by

Anglo-Saxons as one of nine sacred herbs givemntans by the loftf®.

The main medicinal part of the herb is the floweFhe composite
flower is white in color with a yellowish orangenter. There are numerous
varieties of chamomile, the most popular are Romlammomile (Anthemis
nobilis) and German chamomile _ (Matricarcdhamomil¢ ; both are from

composite famil{®? .
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Chapter One Introduction

German chamomile is considered as the more pofetfitectwo. It has
received more scientific evaluation, and is moreidely cultivated than
Roman chamomile .German chamomile possess ardnrinflatory, vulnerary,
deodorant, bacteriostatic, antimicrobial, and at#ohal, carminative,
sedative, antiseptic, and spasmolytic propéttfeS® Chamomile products
can be administrated in many forms. The common ames oral, topical,

inhalation, solution for bath and infusf&f?.

Chamomile is used both internally and externallyreat an extensive
list of conditions . It is used externally for wals) ulcers, eczema, gout, skin
irritations, neuralgia, sciatica, rheumatic painjspn ivy and conjunctivitis,
and as hair tint and condition€f”. Chamomile used internally to treat
hysteria, nightmares, and other sleep problems.d@nehamomile main roles
IS as multipurpose digestive aid to treats gastesiinal disturbance including
flatulence, indigestion, diarrhea, anorexia, nauaed vomiting. In children it
Is used to treat colic, croup, and fever. In woredreéalth, it is used an uterine
tonic. Chamomile essential oil is also used fomattreent of malaria and

parasitic worm infections, cystitis, cold , andffti*'?

Chemical components of chamomile plant :-

The most active chemical constituents found imatraile are:
1- Terpenoids: a-bisabolol , a-bisabolol oxide A and B, chamozulene

sesquiterpens.

2- Flavonoids:apigenin , luteoline , quercetin and others .

3- Coumarins umbelliferone.

4- Spiroethers en-yn dicycloether.
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Chapter One Introduction

One hundred twenty chemical constituents have hdentified in
chamomile including Terpenoids, Flavonoids, Counsmi@and others, such as
anthemic acid, choline, tannin and polysaccharid&srman chamomile oil
comprises of 0.5% to 1.5% in flower h&€&H°" The essential oil of both
German and Roman chamomile is a light blue colare tb the terpenoids
chamazulene, it is artifact formed during heatimgl &omprises about 5%
percent of essential oil. It has antiallergic amahtispasmodic properties.
Bisabolol comprises 50% percent of German chamoaoiil@nd a spasmolytic

for intestinal smooth musciet*™,

The flavonoids apigenin and luteolin possess afigmnmatory,
carminative, and antispasmodic properties. Apigdmms to GABA receptor
and has a mild sedative effect. Apigenin reducesldkency of picrotoxin —

induced convulsiontg”.

1.15. Toxicity and side effects of the chamomile plant: -

All herbal products carry the potential for contaation with other
herbal products, pesticides, herbicides, heavy Immtal pharmaceuticals.
Allergic reaction can occur to any natural produoh sensitive persons.
Allergic reaction to chamomile are r&f&. It s allergic properties have been
attributed to anthecotulid, a sesquiterpene lact@ma matricarin, a
proazulen&®”*** Some individuals allergic to other members ofdbmposite
family are allergic to chamomile. Due to the preseaf lacton in chamomile it
can cause allergic reaction in sensitive individu&onjunctivitis and eye-lid
angioedema, contact dermatitis and eczema and mmeadministrations of

higher doses have been repofted
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Chapter One Introduction

Hypersensitivity reactions include contact dertrgtdyspnea, asthma,
bronchitis and conjunctiviti§ ’. Consumption of chamomile tea may
exacerbate existing allergic conditions, and thera report of asthma and

urticaria in one patient after a chamomile enéfa

The use of chamomile products are in patients Withwn sensitivities
or allergies to plants of asteraceae (Compositelh &1 ragweed, asters, and
chrysanthemums, and in patient with a topic hayeffesr asthma. It is
contraindicated in woman during their early pregryadue to it's teratogenic

effectd!™™.

1.16. Aim of the work: -

Due to the importance of flavonoids and poly (p¥liE) compounds in
medicinal treatment and the importance of flavosardplant extract capable
plant to use as drugs in the treatment of manyadestherefore the aim of this
work is extraction and isolation of some flavonolite querctin and rutin and
others from Matricaria chamomile flowers, at themeatime involved
separation of some poly (phenolic) compounds likenearin, tannic acid,

gallic acid and other from this plant flowers .
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Chapter Two

Chapter Two

2.1. Chemicals:

Experimental

Experimental Part

The following chemicals were supplied from difiereompanies:

Compounds Supplied by

Acetic acid Fluka
Bismuth nitrate BDH
Butanol BDH
Chloroform BDH
Ethyl acetate Fluka
Ether Fluka
Ethanol 95% BDH
Formic acid Fluka
Hexane BDH
Hydrochloric acid Fluka
Lead acetate Fluka
Methanol BDH
Mercury chloride HgGl Fluka
Methyl ethyl ketone BDH
Petrolium ether (60-80°) Fluka
Phenol Fluka
Potasium hydroxide BDH
Potasium iodide BDH
Sodium hydroxide Fluka
Toluene Fluka
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Chapter Two Experimental Part

Standard compounds Supplied from
Apigenin Fluka
Catachin Fluka
Coumarin Fluka
Gallic acid Fluka
Kaempferol Fluka
Myrectin Fluka
Quercetin Fluka
Rutin Fluka
Scopoletin Fluka
Tannic acid Fluka
Umbelliferone Fluka

2.2. Instruments:-

1- Melting points :- were determined for the two separated compounidg us

Gallen Kamp (Japan) melting point apparatus.
2- Ultraviolet absorption spectra :- UV-Visible were measured using
Shimadzu 1085 (Japan) spectrophotometer and wagthlerscanned

between190-500 nm.

3- Infrared absorption: - FTIR of the separated compounds measured using
KBr disk by FTIR model 8300 shimadzu (Kyoto, Japan)

4- Atomic — absorption spectrophotometer model 50@Merican Perkin-

Elmer company.

5-TLC glass (Merk), Micropipette (Brand,Germany), tdwer (China)
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Chapter Two Experimental Part

2.3. Plant material:-

The flower of German chamomil&létricaria Chamomile) plant were
collected from the botanical garden in collegeAgficulture in Baghdad —
Abu Ghrabe during the flowering season between &fad/June. In which the
plant head flowers were cut and separated fromhangiarts of plant and
then dried in a dark place for 4 day’s before use .

2.4. Extraction, Hydrolysis of German Chamomile Fl@rs:-

One hundred grams of the dried German chamomileefls were
crushed using small electric blender and thenaetgd with 750 ml of
methanol by heating under reflux with continuousrisg for three hour.
The total methanolic extract was filtered usingmaat filter paper No.2.

The filtrate was evaporated under reduced pressueary evaporator
at 50° to obtain thick residue, then washed wétigdeum ether (b.p. 60-80°)
to remove carotenoids and chlorophylls. Then ewatpoto obtain thick
extract and transferred to a reparatory funnel @l to it about (100) ml
distiled water. The mixture was then shaken thiraes with (100) ml ethyl
acetate each time. The organic layer was sepaaatgcvaporated using the
rotary evaporator at 30° to a thick extract withoven color crystal
composition. Portion of 3.6 grams of this extraeis hydrolyzed with (2N)
hydrochloric acid in a mixture of (water/methandl)1) under reflux for one
hour and evaporated solution to thick extract. &ttwas divided and shaked
with 200 ml of each the following solvents hexanbkloroform, ether and
ethyl acetate separately . Each divide was colleatad evaporated to give
0.35 gram hexane fraction, 0.5 gram chloroformtfoam; 0.92 gram ether
fraction and 1.23 gram ethyl acetate fracfibh
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Chapter Two Experimental Part

Scheme: Extraction and hydrolysis of German chamadeflowers **"”

Dried German chamomile flowers ( loo grams)

Extracted with methanol (3x250ml) under
reflex for 3 hours
I Filtration \

I Marc | l Filtrate |
I Evaporated to thick residue.
I Dissolved in 100 ml of distilled water.
I Shacked with (3x100 ml) ethyl acetate.

I Aqueous | I Ethyl acetate

Evaporated to thick residue

I Take 3.6 gram of this residue

Hydrolysis with 2N / HCl in
mixture of equous methanol
(1:1) under reflex with
continuous stirring an hour and
then evaporated to thick residug

I Extract shacked with 200 mI|
1 1 1 1
Hexane| f|Chloroform Ether [Ethyl acetat
0.35¢9 05¢g 092g¢g 1.23¢g
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Chapter Two Experimental Part

2.5. Chemical Tests for some plant components:-

1- Flavonoids Test:-

This test was done using two solutions; the firs¢ avas prepared by
mixing 10 g plant material in 5 ml of 95% ethanahd the second solution
was prepared by addition of 10 ml from 50% ethatwoll0 ml Of 50%
potassium hydroxide, equal amounts from the twatsmis were mixed
together in which a yellow color was obtained whinthicated the presence of

flavonoids in plarft*.

2- Alkaloids Test:-

Preparation of Dragendoff's reagent:-

Dragendorff Test :- Two solutions were prepared; one from the
addition of 20 grams of bismuth nitrate Bi(R)9to 80 ml distilled water.
The second solution was prepared by dissolvingrafhg of potassium iodide

KI in 30 ml distilled water. The two solutions werexed in 1:1 portiorfS'.

10 g’s plant material was heated with 50 ml ofitlest water acidified
with 5% HCI until boiling . The solution was fileed and let stand to cool.
Dragendorff reagent was added to 1 ml of the cotdréte in a test tube.
The absence of the orange color indicated thatt plas free from alkaloid

compound$™.
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Chapter Two Experimental Part

3- Tannins Test:-

10 gram plant material was mixed with 50 ml distlllwater. The
solution was heated until boiling then filtratettdacooled. This solution was
divided into two parts in two test tubes, 1% @CB®O)Pb was added to the
first part, gel composition precipitate indicatdee tpresence of tannins in
plant, and 1% ferric chloride Fe@as added to 10 ml from the second part

of the solution. Blue —green color confirm preseot&nnin§" .

4- Resins Test:-

This test was performed by addition 50 ml 95%aeth to 5 gram
plant flowers powder and heated in water bath foni@utes. The solution
was filtrated and added to it about 100 ml diddilkcidified water with 5%
HCI. Trepid solution formed was confirm the mmese of resins in plaft®.

5- Saponins Test:-

The aqueous solution of plant was prepared by iatd®0 ml distilled
water to 10 gram plant material and the solutios Wwaated until boiling. To
the cold 2 ml aqueous plant solution 5 ml merccinjoride solution was
added. The absence of White precipitate indicaptant was free from

saponift' .

6- Coumarin Test:-

A 1 gram of plant material was dissolved in a 20iMB0% methanol in
test tube. The tube was covered with watman foegrer No.1 saturated with
diluted sodium hydroxide. The tube was heated itewbath for 5 minute,
then the filter paper was viewed under UV-lightwhich the appearance of

green-yellow color indicates the presence of cointtay.
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7- pH for the plant Extract:-

A 10 grams of plant flowers powder was taken angeghiwith 50 ml
distilled water with continuous shaking for 15 ntawat room temperature,

then the solution was filtered and the pH was deitezd using pH-meté&r .

2.6. Thin layer Chromatography (TLC) Separation of
Flavonoids:-

Separation of flavonoids was carried out usiG@g5 mm thick
(20x20)cm glass TLC plates. The plates were deeelopith solvent
systems and allowed to dry overnight at rotemperature and then
activated by heating at 120° for an hour beib used. Solvent system
was placed in glass tank (22.5cm x 22cm x 7.0cio)-120 ml of solvent
was placed in the tank each time. Spots were lased bands on the plates
using Micropipette and these bands were dried usatglower, then plates
were placed in the glass tank was well covered gldiss cover and the plates

allowed to stand for an hour .

After development, plates were dried at room tempee.
The separated bands were determined according eovaltues of Rof
separated compounds and compared withofRthe authentic samples.
Then two separated bands were removed from thesplahd purified by
washing with 15 ml ethyl acetate to dissolve thpasated compounds and
then filtrated to remove silica gel and obtainedifppd compounds after

evaporating the solvent.
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2.7. Solvent System Used in TLC and paper Chromaampdry
Separations :-

Different solvent systems were prepared for TLC apdper

chromatography separations of the interested congmuThe solvent

prepared according to Stahl (196%)

1- Butanol: Acetic acid: Water (BAW) (4:1:5).

2- Toluene : Ethyl acetate : Ethanol (TEEL(D.

3- Ethyl acetate : Methyl ethyl ketone : Faracid : Water (EMFW) (5:3:1:1).
4- Forestal solvent = Acetic acid : concerttddCl : Water (30:3:10).

5- Phenol saturated with water.

2.8. Separation using High Performance Liquid Chratography/
HPLC:-

The separation of flavonoids from plant extraotrireach fraction was
performed on HPLC model 10 AVT gradient model 10SRD. The
flavonoids were separated on reversed phase catmmpack C-18 particle
size 5 nm (250 x 4.6 mm Il.d), using mobile phdaeetic acid: deionized
water, methanol) (1%: 40 :60) V/V, the flow rate sva ml/min 30°.
The eluted compounds were monitored at 280 nm.rié&éa&surement carried
out by taking 0.1 gram from each fraction of plartract and add to it 1 ml
from mobile phase, then mixing by vortex and 5phirsolution was injected
into instrument and the separated compound reteniioe was compared

with that of standard compound.

Other phenolic compounds were separated on HRilderuthe same
conditions, and these compounds are: Tannic acidljcGacid, Scopoletin

,Umbelliferone and Coumarin and were compared stéimdard compounds.
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2.9. Determination of metals concentration in plant

The concentrations of the following metals ,Mu, Cd, K, Ca, Mg,
Fe and Zn, were determined using atomic —absaerptpectrophotometer
model 5000 American Perkin-Elmer company. 2 gramplant powder was
placed in crucible, then the crucible was tramsféto the muffle furnace
at 500° for 3 hours. The residue was dissolve& ml of 20 % HCL and
the solution was remained (30-60) minutes. Thetgmuwvas filtered using
(Watman filter paper No.l1, then the volume wesmpleted to 50 ml

volumetric flask with deionized wat&?y.
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Chapter Three Result and Disssion

3.1. Chemical constituentsfound in plant :-

German chamomile flowers were examined using nudu@mical
tests, to show if plant flowers contain flavonojdskaloids , tannins and
coumarin. Flavonoids test gave a yellow precipitakech indicated the
presence of flavonoids. The result agreed withsdame result obtained
by SalamoH®?.

Alkaloids test gave no orange precipitate whictidated that
German chamomile flowers were free from alkaloidmpounds.
No white precipitate was formed in Saponins testrred that plant was
free from Saponin compounds. While in the casetasinins test blue —
green color was appeared which represented avgos@sult for tannins.
In Coumarin test the green — yellow color that fedon the filter paper
when it was viewed under UV- light indicated thregence of Coumarin
in plant extract, which agreed with other stud?® The Resin test
showed unclear solution after the addition of di&didistilled water to
the filtrate which indicated the presence of resinplant'?” .

These chemical constituents were found in Germaamomile
plant give the plant a medicinal importance and engkant posses
significant pharmacological activity®. The pH of the plant also was
determined for the plant flowers powder solutiord amas found 4.35.

Table[2] summarized the results of the above tests
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Table[2] : Tests carried on German chamomile plant

Compounds Results Color reaction
Flavonoids + yellow
Alkaloids - orange
Saponins - No white color

Tannins + Blue-green

Coumarins + Green-yellow

Resins + Trepid solution

3.2. Separation and ldentification using Thin-layer
Chromatography (TLC) and Paper Chromatography (PC) :-

The results in this study appeared that the Geroemmomile
flowers that grown in Irag contain 2.53g/Kg totakract of dry weight
plant flowers. Thin-layer chromatography was qadie screening
survey for the presence of flavonoids like quercamnd it'sQuerectin-3-
rhamnoglucoside (rutin) in German chamomile flowgrewn in Iraqg.
Table [3] shows the results of TLC separation gi$our solvent systems
like Butanol — Acetic acid — Water (BAW) (4:1:5)0lliene — Ethyl
acetate — Ethanol (TEE) (2:1:1), Ethyl acetate -Hyleethyl keton —
Formic acid — Water (EMFW) (5:3:1:1) and phenolsatted with water.
All these solvent systems were indicated the p@seof flavonols
guercetin and rutin, thesRalues for the separated quercetin and rutin
were the same or near to that Ralues for authentic samples.
At the same time colors of separated compounds wergified under
UV-light which have the same colors of standardrge@ and rutin

compounds.
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Table[3] : Ry values and color reactions for standards & separated quercetin &

rutin from German chamomile flowers extract on paper chromatography (PC)

Compounds | BAW TEE | EMFW | Phenol/Water | Color reactions/UV+NH3

Standard
Quercetin 0.84 0.73 0.86 0.42 yellow
Standard

Rutin 0.5 0.2 0.41 0.44 Bright yellow
Separated
Quercetin 0.85 0.7 0.86 04 yellow
Separated

Rutin 0.48 0.22 0.4 0.45 Bright yellow

TLC chromatography was indicated the presence e$ehtwo

flavonols quercetin and rutin in German chamonidevérs that grown in

Iraq using two solvent systems Butanol — Aceticdaei Water (BAW)
(40:10:50) V/V, forestal solvent: acetic acid — centrated HCI — Water

(30:3:10). Table [4] listed the ;Ralues and colors for two separated

flavonols which were found near to the \Rlues and colors of standards

guerectin and rutin. The weight of separated comgswas found to be
0.035% rutin and 0.023% quercetin from the tataight of the plant .
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Table [4] : Ry values & color reactions for the standards & separated
guercetin & rutin from German chamomile flowers extract on TLC
chromatography

Compound BAW Forestal Color reactions
UV+NH3
Standard
Quercetin 0.82 0.43 yellow
Standard
Rutin 0.45 0.29 yellow
Separated
Quercetin 0.8 0.44 yellow
Separated
Rutin 0.47 0.31 yellow

Separation using TLC and paper chromatography sthothat
there were other separated spots for different cumgs, but these
separated spots could not be identified becaushef little amounts
which can not be separated completely. These spaysbe belong to the
compounds that were separated using HPLC metho@dLGand paper
chromatography noted that the best solvent systesed in the separation
of quercetin and rutin was butanol — acetic acidater(40:10:50) V/V,
because the two separated flavonols bands and @jpotsired clear.
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Chapter Three Result and Disssion

HPLC method was used to separate other flavonoikis |
kaempferol, myricetin, catechin and other polymiee compounds like
coumarin, scopoletin, umbelliferone, gallic adidnnic acid that were
not separated by TLC and paper chromatographic adsth
The local market chamomile flowers were extractgdhe same method
and examined by TLC and paper chromatography usarge solvent
systems, it was found that the local market chareffowers was free

from quercetin and rutin.

3.3 I dentification of Separated compounds: -

The two separated flavonols quercetin , rutin fré&derman
chamomile flowers grows in Irag were purified ardentified using

melting points, UV- Visible spectra and infrarguestra (FTIR).

Melting point measurements of quercetin and rutomf German
chamomlile flowers extract were (317-318and (190-193) and for the
standards (317-319and (192-194)respectively.

The isolated quercetin absorbed at 256 nm and BY@/imere that
of standard quercetin appeared at 255 nm and 374 whle isolated
rutin absorbed at 257nm and 385nm compared tongb@nd 363 nm
for the standard solutions. This indicated thatwhg Visible spectra of
the isolated quercetin and rutin were similar ® thv/-Visible spectra of

the standards quercetin and rutin . as shown urdi¢Q] and [10] below:
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Figure [9] : UV-Visible Spectrum for Separated Quercetin

from German chamomile flowers extract

2.278 .

2.000

1.500

Abs

1.000

0.500

n

m.

S00.00 S00.00

Figure[10] : UV-Visible Spectrum for Separated Rutin from

German chamomile flowers extract

¢0



Chapter Three Result and Disssion

At the same time the two isolated flavonols quencand rutin
were identified through infrared spectra (FTIR), which spectral
properties of the separated querectin and rutire wanilar to infrared
spectral of standard compounds as shown in figlrép].
Table [5] listed the importance bands for these mmumnds.
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Figure[11] : FTIR Spectrum for the separated Quercetin from German

chamomile flowers extract
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Figure[14] : FTIR Spectrum for Standard Rutin compound
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Table [5] : FTIR Spectral properties of Separated and Standards
Quercetin and Rutin

N
| oo od| S0 o
Compounds | O-H aromatic / \ / A aliphatic
asy 3y
Separateg 3250.—| 3105.2 1700.5 1610.5 | 1251.7 1041.5
Quercetin| 3200.0
asym
Separated 3300.—| Overlapped 2935.5
Rutin 3100.6| with OH 1650.3 1608.5 | 1253.6 1018.3 sym
stretching 2864.1
Standared 3600- 3050 1697 1600 | 1250 1024
Querectin| 3100
Overlapped asym
Standard| 3600- with OH 1652.4 1600.8 | 1296.1 1064. 2925.8
Rutin 3000 stretching sym
2862.2
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3.4. Separation and Ildentification of Flavonoids using high
performance liquid chromatography HPLC : -

In this work HPLC method was used in separationotifer
flavonoids like kaempferol, myricetin, catechin amither polyphenolic
compounds like coumarin, scopoletin, umbelliferongallic acid,
tannic acid. In addition of the two flavonols querand rutin that were

separated in TLC and paper chromatographic methods.

The results of the separation by HPLC from eachttifsa of plant
extract, hexane, chloroform, ethyl acetate andretieee found to contain
flavonoids such as quercetin, rutin, kaempferol, ricggin, by as
comparing the retention time of these compounds wihat for the
standard compounds. At the same time other flaasnaiere separated
by HPLC like apigenin and catechin.

Hexane fraction of plant extract was found to comtampounds
like tannic acid, catechin, rutin, querectin anerkaferol, as shown in
figure [15]. The chloroform fraction was found tontain tannic acid,
catechin, gallic acid and apigenin. While ethyltate fraction contained
myricetin, scopoletin, umbelliferone and querectifowever the ether
fraction contained compounds like Tannic acid a@dtechin, as shown
in figures [15-18] below. The retention times fdnese separated
compounds were compared and found similar to thHatstandard

compounds as listed in tables [6-9] for each efahove extract.
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Figure [15] : HPLC chromatogram for German chamomile flowers extract

(Hexane fraction) using methanol:

(60: 1%:40) VIV

acetic acid : deionized water

Table[6]: Retention time for standards and separated compounds from
German chamomile flowers extract (Hexane fraction)

Compounds Retention time for Retention time for
Standards Separated compounds
Tannic acid 3.8 3.77
Catechin 4.5 4.48
Rutin 6.24 6.24
Quercetin 16.11 16.06
Kaempferol 20.5 20.6
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Figure [16] : HPLC chromatogram for German chamomile flowers extract
(Chloroform fraction ) using methanol : acetic acid : de-ionized water

( 60:1%:40) V/V

Table [7] : Retention times for standards and separated compounds from
German chamomile flowers extract (Chloroform fraction)

Retention time for

Compounds Retention time for
Standards Separated compounds
Tannic acid 3.8 3.855
Catechin 4.5 4.69
Gallic acid 5.6 5.645
Apigenin 7.12 7.123
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4,49

Response

Retention time (minute)

Figure [17] : HPLC chromatogram for German chamomile flowers extract
(Ethyl acetate fraction) using methanol : acetic acid : de-ionized water
(60:1%:40)

Table[8]: Retention time for standards and separated compounds from
German chamomile flowers extract (Ethyl acetate fraction)

Retention timefor | Retention time for
Compounds Standards Separated
compounds
Myricetin 8.27 8.272
Scopoletin 9.48 9.495
Umbelliferone 10.8 10.815
Quercetin 16.11 16.115
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Figure [18] : HPLC chromatogram for German chamomile flowers extract
(Ether fraction ) using methanol : acetic acid : de-ionized water ( 60:1%:40)

Table [9] : Retention times for standards and separated compounds from
German chamomile flowers extract (Ether fraction)

Retention timefor | Retention timefor
Compounds Standards Separated
compounds
Tannic acid 3.8 3.88
Catechin 4.5 4.752
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3.5. Nutrition metals found in plant:-

Table [10] listed the concentrations of mineralgyition and toxic

metals were found in German chamomile flowers ektra
The highest concentrations were found for potassindhcalcium and the
smallest metal concentration was that of zinc anadngum.

The presence of potassium and calcium would ineck#ise importance
of plant in enhancing the strength of the body lamides in addition to the
iron. The presence of Pd and Cd gave the planitniportance role in

medicinal treatments.

Table[10]: Concentration of metals found in German chamomile flowers
plant grown in lraq

Metals Concentration ( ppm)
K 500
Ca 450
Mg 50
Fe 46
Cu 0.9
Mn 1.0
Zn 0.8
Cd 0.47
Pd 3.63
S 4.94
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3.6. Conclusion:-

The study of matricaria chamomile flowers that gnowm Iraqg.
In which the extract was appeared to consist flawsbmompounda like
guercetin, rutin, kaempeferol, apigenin, myrectid ather polyphenolic
compounds like coumarin, scopoletin, umbelliferotamnic acid, gallic
acid. TLC chromatography for two isolated flavaqguerctin and rutin
and were identified using infrared and UV-Visiblgestrophotometers.
At the same time local market chamomile flowers evexamined
searching for quercetin and rutin using TLC and esawmlvent systems,
the result has been noted that plant flowers was from these two

flavonols.

These results agreed with AngH! which found that Roman
chamomile flowers (Anthemis nobilis) that grownliaq were free from
querctin and kaempferol compound. Herisset & Chati® were
found that chamomile plant contain many types avdhoid glucosides

such as apigenin-7-glucoside and luteolin-7-gligdmand free luteolin.

Mady in 1999'” reported the presence of flavonoids, coumarins
in matricaria chamomile flowers. Avallo& identified flavone like
apigenin in methanolic extract of matricaria chanterplant, from the
previous review we can say that difference in cloaimcomposition of
the various chamomile may be return to the diffeesin environment

and agriculture conditions.
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3.7. Suggestion for further work:-

Extraction and isolation of other type of chemicainstituents
from matricaria chamomile plant grown in Iraq, @&ndto isolate these
compounds using TLC,PC,HPLC in separation, extchand separated
flavonoid compounds from other herbs using differsolvent in
extraction process in addition to water, and trystady antitumer
activity for the flavonoid compounds as strong @xitiant in addition to

the antibacterial & antifungal properties .
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This study included extraction of total flavonoids
compounds from Matricaria chamomile flowers that grown in
Irag. The extract was brown color crystals composition.
Querecetin and rutin were isolated by TLC, HPLC and
identified by using UV-Visible spectraand FTIR spectra.

HPLC method used to separated and identified another

flavonoid compounds such as apigenin, catechin, myrectin,

other poly(phenolic) compounds were separated such as

coumarin, scopoletin, umbelliferone, tannic acid, gallic acid .

Also the local market chamomile flowers extract examined
by TLC method using same solvent systems, viewed that local
market flowers extract was free from flavonols querectin and

rutin.

The concentration of metals found in plant material was

determined using atomic absorption spectrophotometer .
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Antioxidant

Anti-inflammatory

Anti- alergic
Antiviral
Anti-neoplastic
Anti-thrombotic
Anti helmitic
Angiosperms
Astringent
Annud
Anorexia
Anise
Alleviate

Anti catarrhal
Antiseptic
Asters

Bilberry
Broccoli
Bark
Biennial
Borage

Cardiovascular
Cataracts
Carminative
Celery

Citrus
Caraway
Chervil
Coriander
Cumin
Chrysanthemums
Croup
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Dicotyledons
Diarrhea
Dermatitis
Dyspnea

Eyelid

Fodder
Fennel
Flatulence

Gastrointestinal
Gallnuts
Gout

Herb
Herrpesvirus hominis
Herbicides

Hay

I nsects
Infection
Inhalation
Infusion
Indigestion
[rritation
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Muscular degeneration
Mahogany
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Platelet aggregation

Peaches

Pears

Pigments

Pollen z
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Reactive oxygen species

Paper chromatography
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High performance liquid chromatography
y- amino butyric acid

Abbreviations
Nicotin amide adenine dinucleotide hydrogenase
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