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ABSTRACT

Name : Mohamed Ali Abdunnabi Alwzhsh
Title of thesis : Chemical and biological study on Feucrium zanonii prowing in

Libya.

This work deals with the phytochemical investigation of Teucrium zanonii,
Endemic to Libya with special emphasis to their velatile oi! {in which 8-Pinenc
is the main compound), lipids {faity alcohols, fatty acids and unsaponifiable
materials) and flavonoidal constituents (aglycones and glycosides) in addition
to the studies of biological activity of different extracts of the plant conceming

with antioxidant and insecticide activities.

Key words : Teucrium zanonii, Lamiaceae (Labiatae), volatile oil, lipids,

flavonoids, antioxidant, insecticide activity.
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SUMMARY
The thesis includes a study of the chemical constituents of one of the
endemic plants vz, Tewcrium zanonii belonging 1o family lamiaceae

({abiatae) growing in Libya, Bengazi region.

'The thesis includes three parts :-
1-Review of literature :

The available review of literature concerning the chemical constituents
(volatile oil, terpenes, sterols, indoids and flavonoids) as will as the biological

activities of Tencrinm genus,

2- Chemical studics of 7. ;anonii :
a- Preliminary phytochemical screening.
b- Study of the volatile oil :
The volatile ail was prepared by iwo methods as follow ;
¢ Hvdrodistillation method:
The study of the volatile oil by hvdrodistillation method using
GCIMS technique showed a mixture of 74 compounds. The main compounds
were J-Pinene (14,13%), Linalyl acelate (11.10%), Linalool (11.00%) and
Germacrene-D (8,.819%).
» Solvent extraction method:
The study of the volanle oil extracted by light solvemt (n-hexane—ether 1:1)
using GC/MS technique showed a mixture of sixteen compounds. The main
conipounds were Germacrene-D {20.04%), f-Pinene (18.19%) and Linalyl
acetale (7.93%).



c- Study of the lipid fraction ;
The study of the lipid fraction using GL.C and GC/MS analysis resulted
in the isolation and identification of :
i- Fatty alcohols :

I'ricosanol, tetracosunol, pentacosanol, nonacosanol, iriacon-
tene and tetratricontane, in which nenacosanol being the main constituent
(26.21% ).

ii- Unsapoaifiable fraction @

The main constituents of the unsaponifiable fraction were
identified by GLC analysis ; [t consist mamly from a mixture of series of
n-alkanes from n-C; to n-Cys (92.48%), cholesterol (4.48%), S-sitosterol
(1.36%), campasterol (0.86%), stigmasterol (0.36%) and a triterpene f-
amyrine (0.41%).

ili- Fatty acid methyl esters :

The GLC analysis of the total fatty acid methy) esters revealed
the presence of lauric, myristic, palmitic, stearic, oleic, linoleic, linolenic,
arachidic, erucic, lignoceric and tetracosenoic, Linoleic acid was the major
constiuent { 35.25% ).

d- Investipation of the flavoneidal constituents :

Investigation of the flavonoidal censtituents of the ethy! acctate fraction
resulted in the isolation and identification of .

( 1) Cirsiliol ( 2 ) Luteolin

{ 3 ) Chrysoeriol { 1) Xanthomicrol

[nvestigation of the flavonoidal constituent of the butanol fraction
resulted in the isolation and identification of

( 5) Apigenin 6,8-di-O-glucoside

( 6 ) Luteolin-7-O-rutinoside.



3- Biological studies :
A- Antioxidant activity :
The antioxidant activity measurement of different extracts was
measured using DPPH. The ethyl acetate, butanol, totsl alcoholic and agueous
extracts were showed a highest amioxidant activities { 93.6 %, 92.1 %, 7.6 %

and 77.5 % respectively ).

B- Insecticidal activity :
B.1- laboratory experiments:
The insecticidal activity measurements of difierent extracts against
the adult of Phiocotribus oleae showed that the highest effect (86.67%
mortality) was observed with the aqueous extract, while the unsaponifiable
fraction was the least in this concern which give only 43.33% mortality,. Also,
mortalities of 83.33%, 80.00%, 70.00% and 66.67% were obtained by using of
alcoholic, butanol, ethyl acetate and chloroform extracts, respeclively.
B.2- ftled experiments :
The measurements after one week showed that aqueous, alcoholic
and butanol extracts significantly lowcred the percentage of infestation to

7(.82%, 65.86% and 06.56%, respectively.

Lad
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INTRODUCTION
The use of medicinal plants tor the treatment of many diseases dates
back to the Ebers pupyrus of about 1550 BC. Even alter the discovery of
synthetic drugs, the scarch for safer and more cffective drugs of plant
origin for many discases like diabetes mellitus, hepanus, HEV, arthritis,

...etc has been continued ',

The plant kingdom consist of many familics, one of them known as
Lamiaceae ( Labiatae } family. It is commonly called the mint or aromatic
family due to high content of essential oils with aromaiic odor. It 1s one of
the flowering plant groups 1) In the most recent classification the family

comprises about 252 genera and 6700 species 121,

[n Libya the family is represemied by 22 genera and 65 specics 1l
Levmiaceae species are important in the ficld of pharmacology, cosmology
perfumes and foed industry, the soap industry is the main consumer of their
volatile oils, Many species are used as spices in flavoring meat and savory
dishes. The volatile oils from Lamiaceae are also used in alcoholic drink
and carbonated beverages as well as in the llavoring of candy, ice cream
and packed food swuffs. Many species have great potential i the
preparation of drugs in modermn medicine. These species are also very
popular for treating many diseases, especially in the rurat area !*!. Many
species of Lamigceve family are used in folk medicine as anti-
inflammatory, antibacterial, antiseptic and have effects on gastrointestinal
disorders as canminalive, appetizer and digestive and for treatment respira-

tory tract diseases like chronic cough and asthma and many others 1451

The genus Teucrium belonging 10 the Lamiaceae family is represented by
about 300 specics in the world. [t represented by 13 species in the flora of

Libya, five of them being endemic, viz.: 7. appoilinis, T. burbeyanum, T,



davacanum, T. linivaccarii, and T. zanonii \* . Teucrium species are rich
source of volatile oils and neoclerodane diterpenoids, in addition to
furancid diterpenoids and flavonoids. The genus Tewcriim 1s the most
abundant natural source for these compounds, therefore Teuerium specics
arc accepted as chemotaxonomic markers for neoclerodanes. Chemical
investigation of this genus showed that some of species also coniain
sesquiterpencs, triterpenes, sterols, flavonoids, iridoids. phenolic acids and
some alkaloids. Many Teucrium species have been used for more than 2000
years as medicinal plants. They exhibit some intcresting biological
activitics like diuretic, diaphorelic, antiseptic, antipyretic, antispasmodic,
hypoglvcemic, antifeedant b1 hesides some of Tencrinm extracts are used
in folk medicine to treat various aliments such as stomach and intestinal
troubles, cold and as stimulant vermifuge, tonic, rheumatism, hemorroids
and renal inflammatory 7],

In the frame of our chemical and biclogical investigation of Libyan
medicinal plants, this work aim o study the chenucal constituents and

some biological activities of different extracts of Tewcrinum zanonii.

L¥e
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REVIEW OF LITERATURE
Here we will discuss about the chemistry of volatiie oil, diterpenes,
sesquiterpenes, triterpenes and sterols, flavoneids and indoids, in addition

o some biological activities of Teucritm genus.

I- Volatile oils

The mainly terpencid esscitial oils comprise the volatile steam-
distillable fraction responsible for the characteristic scent. odour or smell
found in many planis, They are commercially important as the basis of
naturat perfumes and also of spices and flavourings in the food industry.
Chemically, the terpene essential oils can be divided into two classes. The
mono- and sesquiterpenes, Cip and Cys isoprenoids, which differ in their
boiling point range ( monoterpencs b.p. 140-180 °C, sesquiterpenes b.p.
>200 °C ). First of all, with regard to monoterpenes, these substances can
be further divided into threc groups depending on whether they are acyclic
(e.g. geraniol ), monocyclic (e.g. limonene } or bicyclic { e.g. a- and f-
pinene ). Within cach group, the monotepenes may be simple unsaturated
hydrocarbons ( ¢.g. limonene } or may have functional groups may be
aleohols ( e.g. menthol ), aldehydes or ketones { e.g. menthone, carvone ).
Simple monoterpenes arc widespread and tend to occur as components of
the majonty of essential oils. Some compounds are regularly found
wogether in leaf oils, especially a- and f-pinene, limonene, A’-carene, o-
phellandrene and myrcene. Flower and seed oils tend 10 have more
specialized monoterpenes present.
[.ike the monoterpenes, the sesquiterpencs fall chemically into groups
according to the basic carbon skeleton; the common ones arc cither acyclic
(¢.g. famesol ), monocyclic { c.g. pbisabolene } or bieyclic { e.g. f-
sclinene, carotol ). However, within each group there are several thousand

sesquiterpenoids. The volatility of the simple terpenes means that they are



ideal subjects for separation by GLC. Many have fragrant odours and
indeed can often be recognized in plant distillates directly . if present as the
major constituent ' *!. The volatile oils of Teucrium genus were studied by
many investigator as [ollow :

The composition of the essential oil of Tencrium flaviem was investigated
by Petrici et. @l !® ! using GC/MS. Thirty components were identified, in
which a-, #-pinene (1, 2), caryophvllene (3) and a-aromadendren (4) were
the major components.

The wvolatile oil of Teucritem {usiranicum var. aureiformis was
investigated by Velasco and Perez in 1990 " The main components were
monoterpe-nes: a-pinene (1), f-pinene (2), p-cymene (5), limonene (6),
fenchone (7)., linalool (8), terpinen-4-o0l (9) and a-terpineol (10). Sescoter-
penes: a-copaene (11), f-bourbonene (12), f-caryophyllenc (3). f-selinene
(13), r-cadinene (14), cis-calamenene (15). spathulenol {16), carvophyliene
epoxide (17), humulene cpoxide, ¢-cadinol (18) and a-cadinol {19).

The essential oils of Tewcrivm cyprium suhsp, cvprium, Teucritim
niicropodivides, Teucrivm divaricatum suhsp. canexcens and Teucriim
kotschyarmum were extracied by steam distillation of dried flowers, leaves
and stems and analyzed by GLC and GC-MS ),

Two samples of Tewcrium arduini were hydrodistilled to produce
essential oil vields of 0.07 and 0.18 %(v/w) respectively, GC and GC/MS
analysis revealed that, Germacrene-D (20) (23.4% and 57.8%) and Caryo-
phyllene (3) {17.3% und 13,5%) were the main components of the oil 2l

‘The volatile component of Tenenium polivm was extracted by Vokou and
Bessiere using two methods; hydrodistillation and ether-pentane exiraction,
Thirty seven and thirty five compounds were separated respeciively,
whereas the most twenty four of the components were found in both.
a-pinene (1), 1,8-cineole (21), bormeol (22), trans-carvenol (23), e-muuro-

lene (24), a-curcumene (25), alloaromadendrene {(26), t-{14) and d-cadi-



nene (27), £-(28) and J-calacorene and a-bisabolene (29) were found only
in hydrodistillation sample and ciy- and trans-linalyl oxide, undecane (30),
pinocarvone (31), dodecanc (32), bornylacetate (33), tridecanc (34},
tetradecane {(33), e-cadinene (36), pentadecane (37) and hexadecane (38)
were found only in ether-pentane extracted '),

Laura er. af. 1" ! were analyzed the volatile oil of two subspecies of
Tewcrivm flavum subsp. flavam and subsp. glawcum. They found a rather
similar pattern, mostly in the monoterpene fraction, while the sesquiterpene
fraction is fairly richer in subsp. fflavum. Very peculiar is the presence of a
great amount of 4-methyl-4-hydroxy pentan-2-one (39) (diacetone alcohol)
, 4 rather uncommon metabolite in plants.

The essential oils of Tencrium heterophviium were investigated by
Barroso er. af. 131 during the flowering period and the vegetative phase.
The main components were sesquiterpenes (51% and 48% respectively), f-
cadinol (18) and a-cadinol (19) were the main sesquiterpencs, the
monolerpenes were (29% and 34% respectively), a-pinene (1) was the
main monotarpere.

The volatile component from Teucrinm polium using supercritical CO; at
100 bar and 40°C was performed and compared with those obtained using
hydrodistillation. The resultes showed that the major components identified
were sesquiterpenes, Germacrene-D (20) (23.6% and 13.2%) and §-Caryo-
phvilene (3) (16.5% and 18.0%) were the main components in the extract
and oil respectively 1!,

Assem er. af. |7 ) studied the water-distilled essentiul il and n-hexane-
ether cxtract of Tewcrium leucoctadum by GLC and GC/MS. They
identified about seventy two compounds. The sesquiterpene alcohols;

patchouli alcohol (40) (31.24% and 29.66%) and a-cadinol (19} (9.29%

and 21.54%) were the main components in the ol and extract respectively.



Cavaleiro e, af. "7 were analyzed the essential oils of Tencrium lusitan-
icum and Teucrivm algurbiensis by GC and GC/MS. They identitied
sevenly one volaiile compounds. The major component of Teucritm
alearbicnsis were, a-pinenc {1), sabinene {41), #-pincne (2), limonene (6},
and Germacrene-D (20), while the major constituents of the oil of
Tencrium fusitanicum were a-pinene (1), sabinenc {(41), S-pinene {2},
limonene (6}, and clemol (42},

(Figure 1) shows the chemical structures of the most of these compounds.
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Fig. { 1} : Chemical structures of some volatile cil compounds in
Teucrium genus,
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2- Diterpene compounds in Teucrinm genus

Tewucrinum genus is consider as a rich source of diterpenoids, More than
200 diterpenoids having the neocierodane skeleton have been isolated from
the acrial parts of about 80 species and subspecies ' '* ! The Teucrium
species (family labiatae) alforded a number of neoclerodane and 19-norn-
[ 19

coclerodane diterpenoids, some with unusual and fascinating structures

Here we listed some of themt intable (1 )} and Figure { 2 ).

‘Table { 1 ): Diterpens isolated from Teuerium genus

Plant species Compounds Reference |

1. africanum Talricanin-A (43} und Tafricanin-1 (44). [20]

1. ahssifolium | Alysine-A, B, C and 3-deactylalysine-B. [21]
| T. asiaticum 19-a-cetylgnaphalin (45). Auropolin (46), Teucr- | [22-24]
in-A{47), Teullin {(48), Teucrasiatin (49) and
Teucrasiolide.
1. hotonicun Teubetonin (50).
T. bidentatum Bidentatin (51).
T. botrys 19-deacetylieusceorodol (52), Teubotnn (53),
Teucvidin {54), Montanin-D (55), Teucham-

aednn-C and 6#-hydroxyteuscordin.
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Table { 1 }: Cont.

B brevifolium

| 7 buxifolium

1. capitatum

i 7. carolipaui

| 7. chamacdrys

T ehamaedrs

Var. $yupirense

Teubrevins-A, B, C, D.E, F. G. Hand L.

| 9-acetylteulepicin (56), 19-acetvlgnaphalin,
Teutepicin (57), Teulepicephin (58) and

1 9-acectylteulepicephin,

Capitatin (39), Teucapitatin (60}, Lolin (61)
and 19-acetylgnaphalin {45).
19-acetylgnaphalin (45).

Teucrin-A (47), B (62), E (63), ¥ (64). G (63),
Teuchamaedryn-A (66) and B (67), Dihydro-
teugin (68), Teugin (69), Chamaedroxide (70),
Teucroxide (71}, 6-epiteucrin-A (72), Teuflin
(48), Teuflhidin (73). 1sotenflidin (74),
Dihydroteugin (68), Teuchamaedrin-C (75)
and 6a-hydroxyteuscordin, 12{8)-15.16-
epoxy-19-hydroxyneocleroda-13 (16),14-d1-
cne 18,6a:20,-12-diohd.

Svspircnsins-A and B.

14

(33]

[33-46]



T. corymbosum

T. cossonii

T. creticim

1. cubense

AT divaricatum

N T civaricoitum
ssp. divaricatim
T divaricarum
sSp. wiflosianm
T. eriocephalum

T. flavum

Teucorymbin, 19-acetylgnaphalin (45), Teucja- 1

ponin-A {76} and 6-acetylteucjaponin-B (77).
Teucossine-A, B and Montanin-H.

Teucrctol (78), 6,19-diacetyltcumassilin (79),
19-acctylgnaphalin (45), Teucjapomin-B (80},
Eugarzasudone (81) and Lugarzasadine (82).
2-deoxychamaedroxide (83), Teuflin (48),
Teucrin-H. (106), Teuflidin (73). Teucrin-
AT, F(63), G (65), montanin-b) (55), 64-hy-
droxyteuscordin {84) and Dihydroteugin (68).

Teucvidin {54) and Teucvin,

Villosin-A (85), B (86) and C (87).

Eriocephaiin (88).

Teuflidin (73), Teuflin (48}, Teupolin (89),

Montanin-C (90} and 12-epitcucrin (91).
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[51-52]

[53]

[23, 54]




‘Table ( 1): Cont.
favum subsp

glaucum
T. fragile

T. fruticans

T. gnaphalodes

1. gracile

T. grisehachii

| 7. haenseleri

A 7. hyreanicum

T. japonicum

Teuflavin {92), Teuflavoside (93), and Teuilin
(48).

Teugin (69).

Fruticolone (94), 78-hydroxyfruticolone (95},
8/-hydroxyfruticolone (96), Isofruticolone (97)
, Teuvincenones-A, B, E, F, G, H, |,
[Ferruginol, Fraticolide (98), 11-hydroxyfrut-
icolone (99), Deacetylruticolone {(100) and 6-
acctyl-10-hvdroxyteucjaponin-B (101}
Teugnaphalodin (102), Graphalin (103),
19-acetylgnaphalin (45), Teucrin-P, {136) and
Gnaphalidin (104).

Teugracilin-A, B, C, D, E, Teumicropodin,
3-O-deacetylteugracilin-A and 19-acetylteu-
lepicin (36).

6-acetyllencjaponin-B (77).

19-acetylgnaphalin (45), Eriocephalin (88),
isoeriocephalin, 20-deacetyleriocephalin.
Teucrin Hy (105), H: (106), H, (107)andH ,(108)

Teucjaponin-A {76), B, Teucvin and Teuponin.
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[61]
[62-68]

[69-71]

(68, 72]

[74-77]

(78-79]




1. kotschvanum

| T lamiifolium

\ T. lanigerum

| T lepicephalim

| 7. leucocladim

| T. maghrebinum

Isoteucrin Ha, Teucrin 1, (108), 12-cpiteufiin
and Teukotschyn,

12-epitcupolin 11 (109}, Teuscorodinon, Teuflin
(48), Montanin-C (90), E, 19-acetylgnaphalin
(45), Teucroxide, Teulamifin-13 (110), Teulamio-
side, 19-deacatyloteuscorodol and Teuspinin.
20-deacetyleriocephalin, [soeniocephalin,
Eriocephalin, 7,8-dedydrocriocephalin (111),
Teulanigeral, Tculanigin, 20-epiteulanigin,
Teulanigrin {112) and Teulanigeridin (113).
Teulepicin (5§7). 19-acetylteulepicin {56) and
Teulepicephin (58).

Mentanin-C {90).

12-epiteucjaponin-A (115), 12-¢pimontanin-D
(116), 12-epimontanin-B (117}, Teucjaponin-A
(76), Momanin-B, D (85), 19-deacetylteusco-
radol, Teukotschyn, 12-epiteukotschyn (118),
Teusalvin-C, Teughrebin (119}, and | 2-cpiteugh-

rebin,

[82-84]

[85-86]

[87]

(88-89]




T. martm

T. massiliense

f.

micropodicides

T. montanint.

Sllbp. HGRIART.

| 5sp. pannonicin

subsp. skorpillil

| T. nudicauie

7. oliverianum

T. axylepis subp.

| ntontanient

Table { 1 ¥ Cont,

Teumarin (120).

Teumassin, Montanin-C (90} and Teucjaponin-A
(76),

Teumicropin, 3-acetylleumicropin (121),
Teurmicrepodin (122), Deacetylleupyrenon,
3-deacetyl-20-epiteulanigin.

Montanin-C {90), D (55) and G (123).
Momanin-H , 19-acetylgnaphalin (45), Monta-
nin- B, D (55), E and Teubotrin (Teulamifin-B).
Auropolin (46) and Montanin-H.

Montanin-E, and Montanin-F ( Teucjaponin-A
(76))

6-acetyltcucjaponin-B {77), Triacetylteurnassilin
and C-12 epimer of teupyreinin.

Teucrolivin-A {(124), B (125}, C {126), D (129),
E (130), F, G (127), H (128), Teucrolin-E,

F and G.

Teucroxylepin, 12-0-acetylcugnaphalodin

[90]

[91-92]

[94-97]

(98]



Table { 1 ): Cunt.

T. permvi

17 pernyi

T. pestafozzae

T polium

1 1. polium var.
album
T politm var.

LTS TANTIN

A 7. poliun subsp.

belion

Teupernin-A (131), B {132) and C (133).
Teupermin-D, Teucvidin (54), Montanin-D (53)
Teuflin (48), and Teuscorodonin.
Teupestalins-A (134) and B (135).

Teucrin-P; (136), Teupolin-1 (137}, [1 (138),
1140}, IV (141), V (142}, Teuerin-H;,
Montanin-B (117), Clerodanedione (139),
Auropolin (46), Teutamifin-B (110}, |9-deace-
tyloteuscorodol, Teucroxide, 7-epicapitatin,
Quassimin (143) 6-acetylmont-anin-F (144),
6-acetyl-19-deacetylmontanin-I* (145),
Teulolin-A (146) and B (147).

Montanin-C (90).

3-deacetvlieumicropodin {148), Teumicro-
podin {122), 3,20-bis- deacetylteupyreinidin
and 6,20-bis-deacetylteupyreinidin,
19-acctylgnaphalin (45), Auropolin (46),

Teuecrin-A {(47) and Teuflin (48).
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[110]
[83],

[111-118] |



Table { 1 ¥ Cont.

B polium subsp.

capitatim

7. polium subsp.
pilosun
T. polium subsp.

VIRCER LN

T, myrendicum

T. queadrifarium
T qudrifurivm

T, racemosiom

T. salviastrim

?-ialin (149), 20-Epiisucriﬂtﬁha-
lin (150), Picropolin, Picropolinol (151},
Teuflin (48), Picropolinong (152), 19-acetyl-
gnaphalin (45), Teucjaponin-B (80), Auropelin
(46) and Teucrin-A {47).

19-acetylteupolin [V,

Teuvincentins-A, B, C, D, 19-acetylgnaphalin
(45), Eriocephalin (88) and Isoeriocephalin and
3-deacetyl-20-epiteulanigin,

Teupyrenone (153), Teupyreinin (154),

Teupyreinidin (158), Teupyrins-A (156), B

{157) , Teucvin, Teufln (48), Teucrin H; and
6a-hydroxyteuscordin.

Teucvidin (54) and Teuflin (48).

Teucvidin (54).

Teuracemin (158), Teutrilidin, 20-oxo-teufla-
vin and l4a,l8-epoxytafricanin-A.
Teusalvin-A (159), B, C, D, I, F, Teucvidin

(54) and Teucroxide.
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[22, 121]

[123-124]

[125-126]



Table (1): Cont,

T. scorditm

T. scordium
subsp. scordinm

T. scorodonia

. spinosum

T tomentosum

Sandrasin-A (nd b-deacetylsan-
drasin-A (161), Teusandrn-A, B, C, D, E F
(163). Teucjaponin-B and 6-0-acetylieuc-
japonin-B.

6-Kctoteuscordin (164), 6a-hydroxyteuscordin
(165), Teuscordinon (166), 2-keto-1 91 {ydroxy-
lleuscordin , Teucrins-E (63), H, (108) and 6-
acetylteucjaponin-B (77).
68-hydroxyteuscordin (167) and 2, 6/3-dihydr-
oxyteuscordin (168).

Teuscorolide (169), Teuscorodal {170},
Teuscorodol (171), Teupohin-[ (137),
Teuscorodin (172), Teuscorodonin (166) and
2-hydroxyteuscorolide (173).

Teuspinin (174), 19-acetylteuspinin {175) and
19-acetylgnaphalin (45).

Teuctosin (176), Teuflin (48), Teucrin MHa,
Montanin-I2 (35), 6f-hydroxyteuscordin (167},

6f-acetylienscordin.
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(131-132] |

[133-137] |

(139-140]



Tae (1) Cont.

B trifichni

T. viscidum
T. viscidum var.
migrecliantm

T owebbitnim

y 7. vemense

Teutrifidin and 4a-1 -nxylafricanin-:\, B

Teucvin, Teucvidin (54}, 6-epitcucvin and
Teuflin (48).

Teucvidin (34).

28-hydroxyteucvidin, Teuilidin (73) and

Teucnin-A {47).

6f8-0-acetyl-3f-hydroxyteucroxylepin,

Teucryemin, 19-0-acetylteueryemin and

Teucrveminone.

"

[143]

[144-148]

[149-150]
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Fig. { 2} : Chemical structures of some diterpencid compounds in
Teucrium genus.
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3- Sesquiterpenes in Teucrinm genus :-

The sesquiterpenoid, 11-hydroxyvalenc-1(10)-en-2-on¢ was isolated
from T. carolipaui by Savona et. al. in 1986' 1.
The three guaiane derivatives, [1&, 38-guai-10{14)-ene-48,68-diol (teuclad-
iol), la, 5f-guaianc-4§,68,10a-riol(teuclatriot), and ta, 5f-guaiane-
4B.65.108-triol {10-epitcuclatriol)] were isolated from the aerial parts of T.

leucocladum by Maurizio et. at'™ 1,

183151 were investigated the sesquiterpene fraction of T

Braulio et. al.
heterophvifum, they identified teucdiol-A, teucdiol-B, 1eucrenone, 7-cpi-
teucrenone, teuhetone, teuhetenone-A, teuhctenone-B, tephyllone, 94-hydr-
oxytephylfon, 9-oxo-tephyllone and 3,4-dehydroblumenol-C,

Two sesquiterpenc diol, 7-epieudesm-4(15)-ene-18,6a-diol and 7-cpi-
eudesm-4( 1 5)-ene-14,68-diol, in addition to the sesquiterpene alcohols, f-
cude-smol and a-cadinol were isolated from 7, polium by Kamel, Alaal ™™,
Maryam er. al, | " were investigated T. stocksiantam, they isolated ses-

quiterpenes shiromool |, 10-epoxides.

4- Triterpenes and Sterols in Teucrinm genus :-

Triterpenoids are compounds with a carbon skeleton based on six
isoprene units which are derived biosynthetically from the acyclic Cyp
hydrocarbon, squalene. They have relatively complex cyclic structures,
most being cither alcohols, aldchydes or carboxylic acids. They arc
colourless, crystalline, often high melting, optically active substances,
which arc generalty difficult to characterized because of their luck of
chemical reactivity.

Sterols are triterpenes which are based on the cyclopentanc
perhydrophenanthrene ring system. In recent years, an increasing number

of such compounds have been detected in plan tissues 18]



Grzybek, Jan P57 1 wag investigated 70 botrvs (A), T chamaedrys (B), T.
montanum {(C), T. scordiun (13) and T. scordonid (E). He found stigmasterol
and f-amyrin in all the investigated species, §-sitosterol in species A, B and
C and ursolic acid in B. Species C contain identified triterpenes which may
constitute the sapogenin. [n other species, saponins appeared in free form.

From T. cubense the clerosierol (stigmasta-5,25-dien-38-o0l) was isolated
by Dominguez et. af in 1974 %',

Stigmasterol, phytosterol and f-amyrin were isolated from 7. canadense
by Anderson er, af ''**\.

The triterpenes, ursolic, oleanolic, micrometric. maslinic, and 3-epi-masl-
inic acids were isolated from Teucrium species by Passannati et. af '),
From the acrial parts of 7. korschyanum, the ursolic acid was isolated by
Fatima et. af.'*'!

In addition to the known sterols, 24a-cthylcholesta-5,25-dien-35-ol,
sitosterol, 3&hydroxy stigmast-24(24"), 25-dicn-24 2-al and 3f-hydroxy-
24u-ethylcholesta-5,25-diene-7-one, Lhe triterpene, ursolic acid and o-
amyrin, were isolated from the acrial parts of 7. chamaedrys subs.
chamaedrys by Ulubelen er, af. 1!

Kisicl ef. af. in 1995 1™ Vwere isolaled the most abundant steroids in T
montanum subsp. pannonicion, they identified clerosterol and clerosteryl
acylglucosides in the aerial parts.

From 1. abutiloides and T. betonicum, lhree steroids known as: 24-
ethylcholestane derivatives, (248)-24-ethylcholesta-5,22(E),25-trien-3f-ol,
(245)-24-ethylcholesta-5,25-dien-3f-01  (clerosterol)  and  (24R)-24-
ethylcholesta-5.22(13)-dien-34-ol (poriferasterol) were identified by Gaspar
et. al. '™

Chen er. af. in 2000 !™**! were studied the terpenic fraction of 7. integri-
folium. They isolated a triterpene compound, which was identified as 38-

hydroxyfern-9-(1 )-en-23-oic acid (integnfolin).
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Flavonoids and their isolation:-

Plants of the family Lamiaccae are known for their high contents of
Aavonoids 1. So, here we will discus some notes related to the structure
and methods of isolation of flavonoids,

Flavonoids comprise a large group of secondary plant metabolites.
Presently more than 5000 individual compounds are known, which are
based on very few core structures, their multitude derives mainly from the
various hydroxylation pattems ( up to six hydroxy groups ) and ether subst-
itution by simple methylation or diverse mono- and di-sacchandes Ll

The flavonoids are all structuraily derived from the parent substance
Navone which occurs as white mealy farina on Primufa plants, and all share
a number of properties in common |#1 " All contain fiftcen carbon atoms in
their basic nucleus and these are arranged in a C6-C3-C6 configuration,
that is, two aromatic rings linked by three carbon unit which may or may
not form a third ring. For convenience the rings are labeled A, B and C and
the individual carbon atoms are referred to by a numbering system which
utilizes ordinary numerals for the A- and C-rings and "pnmed” numerals
for the B-ring (Fig. 3), ( but note modified numbering systems used for

chalcones, Fig. 4 )11

Fig. ( 3 ): Numbering pattern of the parent Flavanoid

The nomenclature of flavonoids proper is straight-forward with the
aromalic ring-A condensed to the helerocyclic ring-C and the aromatic

ring-13 most often attached al the C-2 position, The various constituents are
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listed first for the A and C ring and -as primed numbers for B ring ety

Some ten classes of flavonoid are recognized as showed in Fig. (4 ) 181
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Fig. (4 ): Chemical structures of most important classes of flavonids



Flavoncids are mainly water-soluble compounds. They can be extracted
with 70% ethanol and remain in the aqueous layer, following partition of
this extract with organic solvent. Flavonoids are phenolic and hence change
in colour when treated with base or with ammonia; thus they are casily
detected on chromatograms or in solution romatic systems and thus show
intensc absorption bands in UV and visible regions of the spectrum '®!.

Flavonoids are present in plants as mixtures and it is very rare to find only

a single flavonoid component in a plant tissue' 4/,

Isclation techniques :
1. Column chromatography :

The column is simply a glass wbe fitted with a tap at one end, with
dimensions such that the diameter 1o length ratio 15 m the range 1:10 Lo
1:30. The size (volume) required for any particular scparation can be
roughly calculated once the weight of the flavonoid mixture is known. It is
generally considered that for separations based on pantitioning (i.c. most
cellulose and silica chromatography), the sample to column ratio should be
in the range 1:50 to 1:500, the latter ratio being more appropriate to
complex mixtures and the former to simple mixtures. Column packings
should be chosen that arc marketed specifically for column
chromatography as the particle size is important. Commercially available
packings are usually in the 100-300 mesh range.

Packing of the column should be carried out with care, the objective being
to produce a homogeneously packed column. It will be necessary first 1o
plug the neck of the column with a wad of glass or cotton wool. This
should then he covered to a height of about 10 cm with the eluting solvent.
The column packing is then slurred in a beaker with the same solvent and
poured carefully into the column, preferably alt in one coniinuous process

to avoid layering. The packing is then pemuited to setile and the excess
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solvent drained off.
‘The first step in column chromatography is to apply the sample solution to
the top of the columin in such a way that a narrow band is formed for
further elution. To this end the sample should be dissolved in a minimum
volume of solvent. The solvent used should be one of those selected for
later elution. Application of the concentrated solution to the top of the
column should be carricd out with care to avoid disturbing the surface and
use of a pipetic is recommended for this purpose. The sample concentrate 18
then permitted to seep slowly into the column by opening the column tap
slightly "1,

s Column chromatography adsorbents :

The range of available column packing is vast and the list below

gives a number of the more useful types.

A-Polvamide column chromatography :-

Although a number of different adsorbents have been used for column
chromatography of flavonoids (e.g. silica gel, magnesol, cellulose powder,
polyamide, charcoal and starch), the best adsorbent for the
chromatographic separation of all types of flavonoids appears to be
polyamide. A polyamide-type adsorbent used in conjunction with various
mixiures of water and methanol as eluents has been used successfully for
the scparation ol complex mixtures of glycosides and aglycones of
isoflavones, flavones, flavonols, dihydroflavonols and  {lavanones.
Fractions produced from a large polyamide column oflen yield pure
flavonoids or simple mixtures which may be further separated by additional
column or paper chromatography. Two problems eften associated with
polyamide columns, namely, slow elution rates and the clution with the
methanolic solvents of a mixture of flavonoids and low molecular weight

polymer material.



B-Silica Gel column chromatography :-

Silica gel may be used for the scparation of relatively non-polar
flavonoid aglycones such as isoflavone, methoxylated favones and
flavonols. Silica gel column chromatography is not suitable for the
separation of polar flavonoids such as polyhydrexyflavenols or glycosides
but does provide a conveniemt method for the purification of many
flavonoid aglycones obtained by the hydrelysis of glycosides. An increasc
in the methanol content of the eluting solvent will allew the removal of
most flavonoid aglycones from silica gel. Isoflavone aglycones can be
separated on silica gel by using as eluent chloroform which 1s gradually

increased in polarity by the addition of ether or ethyl acetate.

C-Sephadex L11-20 column chromatography :-

Johnston, Stern and Waiss have described a procedure for the
separaticn of flavonoids; both aglycones and glycosides, on Sephadex LH-
20 columns. Generally the flavonoids were dissolved in methanol and then
added to the column: however, in a few insiances a 1:1 dioxane-methanol
solution was uscd to dissolve the flavonoids. To illustrale the offectiveness
of the procedure, the separation of a mixture of 166 mg of rutin and 75 mg
of quercetin was described. Rutin was recovered in the 190-250 mi fraction
and quercetin in the 390-460 m! fraction. Sephadex appears to be an
efficien1, high capacity medium for both analytical and preparatve
flavonoid work."*! Since it produces residuc-free eluant, LH-20 is ideally
suited to finul clean-up of flavonoid aglycones and glycosides which have
becn isolated from paper. cellulose, silica or polyamide. Methanol is

generally a suitable solvent, although some water may be needed!'* !,
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2. Paper Chromatography iPL‘} :

Paper chromatography (PC) is probably the most generally useful
recognition chromatographic technique available to flavonoid chemists
today "%,

On of the main advantages of PC is the great convenience of carrying out
separations simply on sheets of filter paper, which serve both as medium
for separation and as the support. Chromatography on paper usually
involves either partition or adserption chromatography. In partition, the
compounds are partitioned between a largely water-immiscible alcoholic
solvent { e.g. n-butanol } and water. The classic solvent mixlure, n-butanol-
acetic acid-water (4:1:5, top layer)}(B A W). By contrast, adsorption forces
are onc of the main features of PC in aqueous solvent 1,

Most separation achieved with acetic acid (HOAc) at different
concentrations, with BAW or with 2-methylpropan-2-ol-HOAc-Water
{I'BA ) ( 3:1:1 ). Some other solvents have been used, namely butanol-1-ol
—ethanol-water ( 5:1:4 ), butan-1-ol-pyridine-water ( 30:20:15 ). propan-2-
ol—water ( 6:4 ), acetate-pyridine—water { 2:1:2 ) or phenol saturated with
water. These systems are also indicated for preparative paper
chromatography !'*" ). The detection of flavonoid spots on paper usually by
viewing lhe chromatogram under UV lamp ( 366 nm ) with and without

ammenia or other reagents (31,

3. Thin Layer Chromatography (TLC) ¢
Thin layer chromatography (TLC) remains an impertant method for
the detection and separation of flavonoids in crude plant extracts U871 The
special advantages of TLC compared to PC include versatility, speed and
sensitivity, Versatility is due to the fact that a number of different

adsorbents beside cellulose may be spread on 1o a glass plaic or other

support and employed for chromatography. The greater speed of TL.C is
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due to the more compact nature of the adsorbent when spread on a plate.
The sensitivity of TLC is such that separation on less than pg amounts of
material can be achieved if necessary ! *!. TLC is more commonly used for
the analysis of mixtures than for the isolation of pure flavonoids.
Polyamide is probably the best TLC adsorpant for all types of flavonoids:
however, number of others { e.g. silica gel G, microcrystalline cellulose ),
may also be used. The detection of flavonotd spots on thin layer plates may
be achieved, as in PC. A number of adsorbents are now available which
contain UV-fluorescent phosphors and these provide a highly sensitive

method for detection of tlavonoids I1661

4. High Performance Liquid Chromatography ( HPLC) :

High performance liquid chromatography is basically a form of
column chromatography which utilized a column of packing material of
small particle size and regular shape, The technique offers the researcher a
method of quantitatively analyzing the flavoncid componcents of a mixture
at a high level of resolution and sensitivity ( <50 ng ) and it is the
quantitative aspect of the analysis in particular which sets it apart from
other chromatographic methods. Quantification is achieved by
automatically monitoring the eluant leaving the column by means of a
variable wavelength UV spectromonitor and the chromatogram is traced
out as a series of peaks on a chart. A wide runge of packing/solvent
combinations have been reported !"* 1 Tt is clear (hat for most applications
reversed phase columns {(in which a hydrocarbon is bonded to the silica
packing) of the z-Bondapak C-18 type arc suitable. Solvents such as
H,0/MeOH, HiO/MeOH/HOAc and M;Ofacetonitrile (in  varying
proportion) have been used successfully, and in some cases a changing

solvent contposition (solvent programming) has proven useful '/,
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5- Flavonoids in Teucrinm genus -
The survey of the available literature abeut these compoundes in Tencrium
genus shows the following results:

Brieskomn and Biechele in 1969 1" were investigated 7. pofium. ‘They
isolated 6-methoxy genkwanin (177).

Grzybek, 1. ') was isolated the flavonoids diosmin (178). quercctin
(179) and isoquercetin (180} from T. botrys, diosmin (178), isoquercetin
(180) from T. chamaedrys, diosmin (178), isoquercetin (180) and quercesin
(179) from 7. montanim, isoquercetin (180), rutin (181) and quercetin
(179) from 7. scordium und isoquercetin (180} and rutin (181) from 7.
scordonia.

117 T were investigated the flavonoids of the

Raynaud and Chaouikha
flowering parts of 7. ramoissimum. They found that only apigenin-6,7-
diglucoside (182) is the main {lavonoid.

.73 . . . .
£ VT were investigated the flavonoidal constituents of

Slyunkova et. ¢
1" nuchens. Six flavonoids were isolated and identified as nuchensein (183)
Juteolin (184), apigenin (185), luteolin-7-O-fi-p-glucopyranoside (186),
baicalein {5,6,7-trihydroxyflavene) (187) and 4'-hydroxybaicalein (188) .

From 7. gnaphalodes the following flavonoidat aglycones and glycosides
were isolated by Garcia et ol P T diosmin (178), cirsimaritin (4,5-
dihydroxy-6,7-dimethoxyflavone) (189}, salvigenin  (5-hydroxy-6,7,4
trimethoxyflavone) (190}, cirsilineol (191), cirsiliel(4'.5,3"-trihydroxy-6,7-
dimethoxyflavone) (192), luteolin (184), apigenin (185), naringenin (apig-
enin-7-O-thamnosylglucoside) (193), luteolin-7-0-f-b-glucoside (186),
lutcolin-7-O-F-pD-rutinoside (194), luteolin-7-0-f-D-neohesperidoside (195)
. luteolin-7-0-B-D-sambubioside and apigenin-7-O-4-D-glucoside (196).

From the aerial part of 7. scorodonia, the known flavene, luteolin (184)

was obtained by Macro ef. al. "]



A survey of the flavonoids of aerial parts of 42 European taxa of genus
Teucrium has revealed the widespread presence of five surface flavonoids:
cirsiliol {(192), cirsimaritin (189}, cirsilineol, salvigenin (190) and 5-
hydroxy-6,7,3",4'-tetramethoxyflavone (197) [¥7el

£ VT were investigated the phenolic components of

Verykokidou et ¢
leaves of 7, pelium. They found that it contain some flavonoidal aglycons
identifid as: acacetin (5,7-dihydroxy-4"-methoxyflavene) (198), salvigenin
(190}, cirsimaritin (189}, gupatorin (3".5-dthydroxy-4'.6,7-
trimethoxyflavone) (199), apigenin-4'.7-dimethoxylether (5-hydroxy-4'.7-
dimethoxyflavone) (200), cirsiliot (192), in addition to some flavonoidal
glycosides named acacetin-7-O-galactoside (201), vicenin-2 (202}, rutin
(181), quercetin-3-0-glucoside (180), luteolin-3-O-diglucoside (203} and
apigenin-7-O-glucoside (197),

The aerial part of T. lepicephalum was investigated by Savona et. al. 1301
which result in isolation of known flavone , cirsthiol {192).

Rizk er. al. '7° ! were studed the flavonoids of 72 polfim var. polim and
var. alba. They isclated salvigenin (190) and cirsiliol (192) from both
plants,

Opnesyan and Mnatsakanyan in 1987 L1 1 were investigated T
hircanicum and they isolated the flavonoids pedalitin {pedalin), luteolin-7-
0-f-p-glucopyranoside (186) and luteolin (184) from the aenial parts.

The favonoid, diosmin (178) was isclated from 7. montanum by Savin e,
al. in 1988 11",

Maria et. al. | "V were isolated two flavones cirsiliol (192) and apigenin

(185) from the acrial parts of T poliun subsp. Vincentinum .

Irom the aerial parts of T, kotschyanum, the flavones cirsimaritin (189) and

cirsiliol (192) were isolated by Fatima er. af.'®'!
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Xie et al in 1990 ¥ were isolated a flavone compound from 7. guadri-
Jariwm which was ideniified as 5,4".5-trihydroxy,2',6-dimethoxyfiavone
(204).

The flavones, acacctin (198) and cirsimaritin {189} were isolated from the
aerial parts of 7% juponicum by Min et. af. L7l

Peter e, af. | * ! were isolated the flavone cirsilo! (192} from T. montanum
subsp. Montanum.

183 | were isolated and identified the

Carmo and Nascimento in 1992 |
flavones, viz. cirsimaritin {189) and cirsiliol (192) from 7. algarbiense.

Kalocra ef. al. | ™18 | were investigated the flavonoids of T. arduini.
They isolated ‘uteolin-7-O-rutinosid. apigenin-7-O-glucoside  (197),
querecetin-3-O-glucoside (isoquercitin) (180) and cirsimaritin (189) by
means of column chromatography of Sephadex LH-20, TLC and HPLC.,

The Navonoids, apigenin (188), naringenin (193), pectolinarigenin, and
circiliol (192) were isolated from 7. chamaedrys subsp. chamaedrys by
Ulublen et af, !

The flavone cirsilol (192) was isolated from T, yemense (aenal parts) in
1995 by Essam ef. af. '™

From the aerial parts of 7. nudicanla, the flavones, cirsiliol (192} and
eupatorin (200) were isolated by Gallardo er. af. 1ol

‘The flavonoids of both T leucocladum and T. polium were stdied by
Kawashty et. af. in 1999 1'* 1. Apigenin-7-glucoside (205), vicenin-2 (202},
luteolin-7-glucoside (206) and apigenin-5-galloylglucoside (207) as well as
cirsimaritin (189} were identified. (Figure 5} shows some of these

compounds in genus Tewcrium.
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OH ©

B-methoxy genkwanin (177) OH O
Diosmin {178}

- |
OH O O-rhamnaglucosy
OH ©
Quercetin, R=H (179)
Isoquercetin, R = glucoside (180) Rutin {181)

OH

glucoside-c

glucaside-c

OH O

5pigenin—ﬁ.?—C—diqucosid {182} OH O

Muchensein (183)

Luteolin, R =H {184}

Luteolin-7-C-glucopyranoside, Apigenin {185}
R = glucopyranosid {186)
Luteolin-7-O-rutinoside,
R = rutinoside {194}
Luteolin-7-O-nechesperidoside,
R = nechesperidoside {195}

Fig. ( 5 ) : Chemical structures of flavoneoidal compounds in
Teucrium genus.



OH © OH ¢

1 BaicaleirT. R=H (187) Cirsimaritin, R=H {189)
4’ -hydroxybaicalein, R = OH (188) Cirsilineol, R = OMe {191)

OMe

OH

glucoside-0O

OH ©

OH © Acacetin, R=H (198)

Acacetin-7-0O-galactoside,

5-hydroxy-6,7.3" 4 -tetra- R = galactoside (201}

methoxyflavone (197)

Fig. (5 ) Cont.
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OH O©

OH O
Eupatorin (199) Apigenin-4’,7-dimethoxylether {200)
OH
glucoside-c OH H

HO

glucoside-c O-diglucoside

OH O OH ©
Vicenin-2 (202) Luteolin-3-O-digluceside  {203)

OH O OH ©
5,45 -trihydroxy-2' 8-dimethoxyflavane Apigenin-7-glucoside (205}
{204}

glucosidec

OH O O-galloylglucosice

Luteolin-7-glucoside {206) Apigenin-5-galloylglucoside {207)

Fig. (3} Cont.
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6- Iridoids in Teucritim genus :

Iridoids are 2 group of naturally occurring compounds. They arc
cyclopentanoid monoterpencs characterized by 2 cyclopentane nucleus
attached to an a-pyrane nucleus HB71 Most frequently occur in plants com-
bined with sugar as glucosides'® /.

Many species of the genus Teucrinm were investigated for their indoidal
content, most of species contained harpagide and harpagid acerate His81

Some of these compounds were reported below in table ( 2 ) and figure (6).

Table ( 2 ) : Iridoids isolated from Tencrium genus

Plant species Compound References

T arduini Acel hagide (208}, ajugol {[]'9), 89-190]

ajugoside (210), reploside {211) and
teucardoside (212),
T aurewm Harpagide (213) and acetyl harpagide (208), [ [190]

schreb

T. bicolor Hampagide (213). [LES8-189]

T. hotrys Harpagide (213), acetyl harpagide (208) and | [188-{89]

teucardoside (212).

7' cunadense | Harpagide (213) and acetyl harpagide (208). | [188-189]

Acetyl harpagide (208) and reptoside (211). [ [189, 191]

T. chamaedns

| 7. cubense Acetv] harpagide (208) and reptoside (211). | [189, 191]
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Table (2 ) : Cont.

T. hivcanicum

T, lcidm
T omasstlicnse
T. montanum

e T oriental

T. polium var,
afhet

T pyrenaicum

T scordium

' T scorodoniu

orf

Harpagide (213) and acetyl harpagide (208).

Elarpagide {213) and acetyl harpagide (208),
(eucardoside (212) and teuhircoside (214).
[Tarpagide (213).

Flarpagide (213) and acetyl harpagide (208).
Harpagide (213) and acetyl harpagide (208).
Harpagide (213), fastigenin, and 8-O-acetyl
harpagide (208).

Harpagide (213) and acety! harpagide (208),

Teucardoside (212},

Harpagide (213), acetyl harpagide (208) and
teucardoside (212).

Harpagide (213) and acetyl harpagide (208).
Harpagide (213), acetyl harpagide (208} and

reptoside (211).

Harpagide {213).
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[192-193]
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[179]

[188-189]

[188-189]

[188-189]
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Fig. { 6 }: Chemical structures of seme iridoids in Teucrium genus.



6- Biological activities :-

Since the available analgesic drugs exert a wide range of side effects
and are either too poient or too weak, the search for mew analgesiic
compounds has been a priority of pharmacologists and pharmaceuncal
industrics. Medicinal plants are believed 10 be an imporiant source of new

V%) Teucrium spec-

chemical subslances with potential therapeutic cffects
ics have been used as medicinal plams for more than 2000 years and some
of them are still used in folk medicine as anti-inflammatory, antispasmodic,
tonic, antipyretic and antiseptic 1171 1{ere we list some of these interesting

biclogical properties :

Debat ef. al ' '™ | stared that an extract of 7. marum which was
obtained by exiracting the whole plant with boiling H;O containing NH,
has muscle relaxant, respiratory and analeptic and antianaphylactic activity,
also showed spasmolytic aclivity in isolated rat duodenum, Uterus and pig
ileum.

‘The furanoid diterpene teucjaponin-A which isolated from T. japonicum
showed antifeedant activity for Prodenia titura '™\,

Tafricanin-A and safricanin-B which were isolated from 7. africanum

showed antiseptic and antifeedant activities ' *°1.

| 195 |

Capasso e, al. in 1983 showed that the alcoholic extract of 7.

pofitem has anti-inflammatory activity.

iy
Omar ef. af. |17 1952001

reported that 7% pofien used as antidiabetic druy,
also used in treatment of hemorrhoid, stomach pain and have etffect on
intestinal motility and blood pressure, also the aqueous decoction of the
acrial pariies showed significant reduction in the serum levels of
cholesterol and triglycerides in hyperlipidemic rats.

1. flavun subsp. glawcum is chiefly found in Sardinia and used in popular

medicine for healing wounds I'*],
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Simmonds ¢z. al. '?"" reported about the antifeedant activity of clerodane
diterpenoides which isolated from Tencriwm species against the larvac of
Spodoptera littoralis and Heliothis armigera.

Kamel and Sandra in 1994 %) sugpested that the antispasmodic activity
of 7. polium oil could be attributed to its high content of sesquiterpene
aleohols,

The methanolic extract of 7. pumiftum and MeOH-CH,Cl, , CH,Clh
extracts of 7 flavum showed significant anti-inflarmmatory effect 12031

The study of the hepatoprotection of ethanolic extract of 7. stocksianum
indicates the presence of hepatoprotective constituents against paracetamol-
induced hepatic damage in mice '**1.

The antifeedant activity of the neoclerodane diterpenoids 6-acetylteucjap-
onin-B, triacetylteumnassilin and C-12 epimer of teupyreinin against
Tenebrio molitor larvae was studied by Gallardo er. «f. in 1996 '™},

The norclerodane  diterpenoid  teucvidin - which isolated from 7.
qudrifarium and its prepared derivatives showed significant antifeedant
activitics against larvac of Leucania separate 1%l

Belen et. al. in 1997 '**) studied the traditionally using of T buxifolium
for treatment of rtheumatic and other inflammatory affections. They found
that it exhibited potent anti-inflammatory properties and significant
antiulcer and cytoprotective activity.

Tesus et af. 1% N were studied the antiteedant activity of ten neoclerodanc
diterpencs isolated from Tewcrium specics, the results showed that these
compounds have significant antifecedant activity against Leptinotarsa
decemiineata larvae (Colorado potate beetle larvae).

The isofruticolone is a neoclerodane diterpene 1sclated from T. fruticans

by Bruno ez. al.'*!. It is one of the most potent antifeedant against larvae

of Spodoptra littoralis.
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The acrial paris of T. divaricaium were studied in 2000 '** ! by Galai er.
af. They reporicd that the extract of the plant showed a significant
decreasing of ulcer index on rat,

The antileedant activity of neoclerodane diterpenoids from 7. arduini was
confirmed by Bruno e7. af. in 2002 | 2071

Mohamed et. af. in 2004 ! % *% 1 were studied the total alcoholic extract
and essential oil of T. politem. They concluded that the antinociception was
mainly due io the essential oil. Also this siudy confirms the anti-visceral
pain properties comparable to those of hyoscine and indomethacin and
suggests a good place for it in antispasmedic therapics in human. Also anti-
inflammatory activity of this plant was established and the data clearly
showed that the plant extract reduces the high bloed glucose levels through
enhancing insulin secretion by pancreas.

In 2004 71 the volatile oil, n-hexan-ether and crude cthanolic extracts of
T lencocladum were tested for their bacterostatic, antifungal and larvicidal
activities. They showed potent activities against Pseudomonas aeruginosa,
Bucillus subtilis, Culex pipiens, Musca domestica and Ceratitis capitaty
larvae.

Krishna et. al. ™ lisolated teuctosin, teuflin, teucrin-Hs, 6#-hydroxyteu-
scordin. 6F-acetylteuscordin and montanin-D from 7. tomentosum. All the
compounds showed antifeedant activity against Plella xylostella and

Spodoptera lituralis.

Ln
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Aim of the study
[n the recent past, there has been a plobal trend towards revival of curative
agent from indigenous plants.
The objectives of this study are (o find out resources of potential biological
active chemical constituents from an endemic plant viz.. Tencrium zanonii.
By reviewing the available literature on 7. zanonii, no data was published about
it's chemistry and/ or biological effects.
The aim of this study can be achieved by the following steps.
1- Complete literature survey.
2- Collection of the plant from it's growing region, drying and grinding
to a fine powder.
3- Extraction of chemical constituents with different solvents.
4- Identification of isolated compounds by different chromatographic,
chemical and speciroscopic techniques { UV, MS, NMR ).
5. Investigation of the biological activity of difTerent extracts and /or the

isolated compounds.
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STUDIED SPECIES
Plant deseription :-

Teucritim zanondi is an endemic to Libya and can be described as below: It
is a subshrub. suffrutcscent, branched from the base, branches prostrate,
diffused, densely velutinous-tomentose. Leaves 6-7x 2-3 mm, oblong, obtuse,
cuneate, usvally coarsely 3-4 crenate in the middle, strongly revolute, woody
above and bencath, Verticals forming many oblong terminal capitula which
become densely spicatc and cylindrical in fruit. Bracts obleng, narrowly
attenuate, villous, shorter than calyx, 4 mm long, flat. Clayx 4 mm long,
curved, ventricose, denscly long villous, teeth triangular, acute, subequal,
Corolla inferior lip glubrous, small, lateral lobes 1.5x 0.5 mm, lanceolate,
obtuse, upper lip oblong. obtuse 2 x 1 mm. Stamens filaments glabrous rarely
spreading hairy, Nutlets black, reticulate-faveolate, glossy B (Figure 7) shows

picture of Tewcrium zanonii plant.

Plant Material

It was cotlected from Abo-fakhra region about (25 Km) from Benghazi city
in April 2004 during the flowering stage. The plant was kindly identified by Dr.
Mohamed Alsharif ai Botany department, Faculity of science, Gariuones
University. A voucher specimen has been deposited at the Herbarium of
Biology department, Faculty of science, Altahady University, Sirt, Libya.
'The acrial parts of the plant (leaves, flowers and branches) were air dried and

ground altogether till it become as a fine powder.
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Fig. ( 7) : Picture of Teucrium zanonii plant.
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1-PRELIMINARY PHYTQCHEMICAL SCREENING
The preliminary phytochemical screening was carried out on the powdered

plant of Teucrium zanonil.

1-Volatile oils :
steam distillation! """

About 10 g of the powdered plant were subjected to steam distillation and
the distillate was tested for the presence of volatile oils by saturation with
sodium chloride, extraction with ether and evaporation of the ether
spontancously. The oily residue obtained indicates the presence of the volatile

oil.

2-Unsaturated Sterols and/or T'riterpenes :

The aicoholic extract (corresponding to about 2g plant material} was
evaporated. The residue was treated with anhydrous chloroform (10 ml) and
filtered. The filtrate was divided into two portions and tested by Liebermann-
Burchardt and Salkowskis reactions.

a-Libermann-Burchardt's test! '

To the first part, 1ml of aceti¢ anhydride was added followed by 2 ml of
H:504 down the walls of the test tube. A reddish-violet ring was produced at
the junction of the two layers and then the solution became bluish-green in
colour in the acetic anhydride layer which indicate the presence of unsaturated

sterols and/or triterpenes.

h-Salkowiski's test! ' :

To the second part, an cqual volume of sulphuric acid was added. If a red
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colour was produced, it indicates the presence of unsaturated sterols and/or
trilerpencs.
3-Carbohydrate and/or glycosides' ™"

About 2 g of the powdered plant were extracted with 50% ethanol and

tested by Molisch's test.

a- Molisch’s test:
About 5 ml of the cthanolic extract were mixed with 0.5 ml ethanolic
a-naphthol. Sulphuric acid {1ml) was carcfully poured down the walls of the
test tube, The carbohydrale andfor glycosides are present when a vielet ring

wus formed at the interface.

b-Reduction of Fehling's solution:
About 5 mt of the alcoholic extract were heated with 5 ml of Fehling's
solutions. The colour changed form deep biue to green yellow or red

indicating the presence of free reducing substances.

- . 215
4-Flavonoids! "%,

Shinoda test:
The aleoholic extract corresponding to abount 2 g of the plant material
was tested with few drops of cone. 1Cl and magnesium tumings (~0.5g). The
presence of flavoneids was indicated if a pink or magneta red celour is

developed within 3 minutes
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4. Coumarins ' '9;

About 1 g of the moistened plant material was placed in test tube and the
(ube was covered with filter puper moistened with dilute NaON solution. The
tube was placed in a hoiling water bath for few minutes. The filler paper was
then removed and examined in UV light, any fluorescence was indicative lor
the presence of coumarins.
6-Saponing 7281

a-Froth test:

About 3 g of the powdered plant were extracted with boiling water and
fiitered. After cooling, the extract was shacked vigorously until froth was
abtained then allowed to stand for 15-20 minutes and classified for saponins
content. (No froth = negative, froth lees than lem height = weakly positive,
froth 1-2 em height = positive, froth greater than 2 cm height = strongly
positive)

b-Blood haemolysis:

About 5 g of the powdered plant were extracted with hot ethanol (95%).
One ml aliquot portion was added to 10 ml of 1:4 suspension of erythrocytes
in physiclogical saline solution and haemolysis was observed which indicates
the presence of saponins.

T-Anthraquinﬂnes”m':

About 2 g of the plant material were boiled for few minutes with 0.3 N
KOH (10 mD 1o which was added 1 ml of dilute H:0: after cooling, the
mixture was filtercd and acidified with acetic acid. The acidified solution was
extracted with benzene (10 ml) and the benzene extract was shacked with

NH:OH (5 ml). A positive reaction was evidenced by the formation of a red
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colour in the alkaline layer.

8-Alkaloids ")

The alcoholic extract (corresponding to about 3 g plant matenial) was
evaporated 1o dryness and the residug was heated on boiling water bath with
AN HCI (3ml). After cooling, the mixture was filtered and the fihrate was
divided into two cqual portions. One portion was treated with few drops of
Mayer's reagent " and the other with  similar amounts of Wagner's reagent
12201 The appearance of turbidity or precipitation indicated the presence of
alkaloids
9-Taﬂl‘|i“!’i | 213, 221-212 |:

About 10 g of the powdered plant were extracted with ethanol (50%) and
tested for tannins by the followiny test:

Upon addition of ferric chloride, if a blue, blue black, green or blue green

colour or precipitae would indicate the probable presence of tannins.

10-Iridoids 3

About 2 g of the fresh plant material were cut into small pieces and
placed in a test tube with § ml of 1% aqueous HCI. After 3-6 hrs 0.1 ml of the
macerale was decanted into another tube containing | ml of the Trim-Hill
reagent (10 ml acetic acid, 1 ml ¢.2 CuS0+.5H20 in water and (.5 ml conc.
(LICI. When the wibe is heated for a short time on a flame, [f certain iridoids,
are present, a blue colour 1s produced.

The results of the phytochemical screening are tabulated in (Tab. 3 )
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‘Table{ 3 }: The results of the phytochemical screening of . zanonii

Constituents Results

Volatile otl. ++
Sterols and/or Triterpencs. +++

Carbohydrate andfor glycosides. + +

Flavonoids.

Coumarins.

Anthraguinones.
Alkaloids.
Tannins,
| [ridoids.

+ + -+ Highly posilive.
+ + : Modrately positive,
+ : Weakly positive,

-+ Ahsent.
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2-VOLATILE OI]L
Preparation of the volatite oil of 7. zenonii :
1- Hydro distillation method :

About 250 g of the fresh plant material (acnal parts) of 7. zanonii
were subjected to water distillation in all-glass apparatus for about three hours
according 10 Gunther method %

The trapped oil in the side arm was removed after complete distillation and
dricd over anhydrous sodium sulphate to give a pale yellow oil having a

characteristic odor (0.20% v/w)

GC/MS analysis of the volatile oil :

The volatile oil was subjected to GC/MS using the following conditions:

Gas chromatography:

Instrument : TRASC GC, Splitless Mode.

Column - DB-3 capillary column ( 30 m, 0.25 mm intemnal
diameter, 0.25 pm film)

Temperature program  Injector 50°C, Initial Temp. 38°C, Rate, 2°C/min. to
200°C, Final Temp, 200°C for 5 min.

Flow gus : Helium at 10 ml/min.

Mass spectroscopy :

Instrument TRACE DSQ.

Full scan 50-450, positive ion, [on source 200 °C, mass trunspher line 200 °C.

Library : NIST,

The mass spectra were measured in EI scan Mode a1 { 70 e.v. } from 50-450
mass unit (Fig. 8 and Tab. 4). The results obtained revealed that the volatile

ail (hydrodistillation method) consists of a mixture of seventy four compounds
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| i\
| CH,CH,CH(CH,},CH,

A-Pinene (1) #-Myrcene (2) 3-Octanal (3)

o0 Q ©Q

- Cyclohexane, 1-methy-
1,1 -Bicyclopentyl (3) lene-4-{methylathenyl

{6}

T

Benzene acel-

a-Phellandrene (4}

P-cymene (7) D-Limonene (8)

E-Ocimene aldehyde (10) Z-Ocimene [11) y-Terpinene  {12)
(9)
O 9w
HO —
I_'r Q
Linalool oxid {13} Bicyclo[3,1,0)hexane,6- i-Pentanol,5-
isopropylidene-1-methyi cyclopropylidene  [15)
{14)

Fig. ( 8 ) : Chemical structures of the volatlle oil compounds of T, zanonii.
( prapared by hydrodistillation }
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0
e
| OCCH,

|
| CH=CH{CH,);CH,

_'_._._,..-"-"-.._‘_‘_\_
Linalool {(16) Octen-1-0l, acetate “ T] ﬁ -Thujone {1 ﬂ}
O
|
g OH
J-Cyclopentense-1-acel- .
aldehyde,2,2,3-trimethy! E-Pinocarveol (20) E-Verbenol (21}
(19)
‘  OH
/ 0 @ Iﬂ‘
O
i 24
2H-pyran, 3 B-dihydro-4-math- 2(40-Pinen-3-ane (23) Borneal |
yl-2-(2-methl-1-propenyl) (22)
OH
H MR

3-Cyclohexene-1-meth- a-Terpineol (27)

Z-Terpineo) {25) anoi 4,5 5-tnmethyl {26)

Fig.{(9): Cont,
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2,6-Dimethyl-3,5,7- Vierbenone (30)

Myrtenol (28} octatrieng-2-0/ (29}
CH
O =~z
OH
1 (33
Caren4-01 (31) Carveol (32) Nerol (33)
D
DCCH
i/\ ) @
] Carvone {35) Linalyl acetate {36)
Geraniol {34)
) o GCCH,
: Il
. .wOCCH3
as
Bornyl acetate (37) Myrtenyl acetate (38) Thymol {39)
Fig.(9): Cont.
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|
OCCH,

3-Cyclohexene-1-methanol-

-Elemene (41
Verbenyl acetate (40) 0 (41) 4.,5,5-trimethyl acetate (42)

a -Cubebene(44) a-Bourbonene (45}
Geranyl acetate (43)

CH,
CH,
Undecane,4,7-dimethyl Caryophyllene {47) «-Bergamotena
{46) {48)

z,z,z1,4,7-Cycloundeca- 1-(3-Methyloutyl}-2,3.4,5  Germacrene-D {51)
triene1,5,9,9-tetramethyl  tetramethylbenzene (50)

{49)

Fig. (9} : Cont.
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y-Elemene (52)

& -Cadinene (55)

Elemal {58}

E-Nerolidol {61)

@ -Gurjunene (53)

Z-Bergamotol {56}

Z-Farnesci [59)

Spathulenol (62}

Fig. (9): Cont.
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OH

Selinene (54)

a-Farnesene (57)

Z-Nerolidol {60)

#-Elemenone {63)

=



C Ayl i
Globulol {64) aryophyllene oxide (65) Cubenol {66}

OH
: H

+ -Cadinol (67) #-Eudesmol (68) a -Cadinal {69)

N i
OCCH, 0
w
OH |

7-1sopropenyl-1.4a-dimethyl-
Nerclidyl acetate T1 -4.43.5.5,?,3-h&xahyd r0-3H-
Carotol (70) y (i -naphthalen-2-one {72)

“Wfi:::J:;:rﬁj mzrx[::j[%:jﬁo
2{3H}-Naphthalenone 4 4a,-dimethyl-4 4a- 2(1H}-Naphthalenone-4 8a -dimethyl-3,5-
.5.6,7 18-hexahydro-6-(1-methylethenyl) .B5.7.8,8a-hexahydro-6-( 1-methylathanyl)

{13) (74)

Fig.{9): Cont.
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belonging to many classes as follow ( salurated hydrocarbons 0.56%,
unsaturated hvdrocarbons 41,79%, alcohols 31.68%, aldabydes 0.09%,
ketones 2.39%. esters 15.16%, oxides 0.64%, aromatics 0.67% and about

7.02% unknowns and traces compounds ).
p

2- Solvent extraction method ( n-hexan—ether method ):

about 100 g of . zanoenii were exiracted with 300 ml n-hexan-ether
( 50 : 50 ) by percolation for 24 hour, The extract was filtered and the solvent
was evaporated under reduced pressure at 30°C. The obtained semisold
residue was subjected to GC/MS analysis using the condilion shown in page
62. The results obtained (Fig. 10 and Tab. 5 )} revealed that the volatile oil
consists of a mixture of sixteen compounds belonging to many classes as
follow ( saturated hydrocarbons 16.08%, unsamrated hydrocarbons 60.94%,
alcohols 0.91%. ketones 1.24%, esters 7.93% and ahout 13.1% unknowns

compounds ).

i
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4-Vinylbicyclo[3.3.1]- 2,B-Dimethyl-1,3, y-Cadinene |
nonane-2,7-dicne  {3) 5,7-octatetraene

(5}

6-lsopropenyl-4a,Ba-

dimethyl-1,2,3,5,6.7.8 8a- Aromadendrene, 2,1b-Hexadecanedione
octahydro- nahlh;qlen -2-0l debydro {11} (12}
(10

Heptadecane-2,6,10,15%-

Tetradecane-2,6,10- tetramethyl (14}

timethyl {13}

o o

Heptadecan,8-hexyl {135) Eicosane,7-hexyl {16)

Fig. { 11) : Chemical structures of some volatile oil compounds
of T. zanonii (Prepared by solvent axtraction)
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-INVESTIGATION OF THE LIPID FRACTION OF
TEUCRIUIM ZANONIH

Extraction of lipids and related substances:

About 1.4 kg of the dried powdered plant of T. zanonii was extracted with
petroleum ether (b.r.40-60°C) in a Soxhiet apparaius. The combined
petrolcum ether extract was passed through fuiler's carth to remove the
calored pigments, fittered, dried over anhydrous sodium sulphate and
evaporated in vacuo at 40°C il dryness to give a pale yellow residue (12.3 g).
The petrolerm ether residue was disselved in boiling acetone (300 ml} and left
overnight at room temperature, An amorphous precipitate was filtered, washed
with cold acctone and recrystallized from chloroform/methanol to gives bright
white crystals (2.8 g) of acetone insoluble fraction (fatty alcohols). The fltrate
(acetone soluble raction) was cvaporated till dryness (7.5 g ).

GC/MS analysis of the acetone insoluble fraction (fatty alcohols):

The fatty alcohols mixture was subjected to GC/MS analysis using the
following conditions and (he results of GC/MS were showen in (fig. 12 and
tab. &)

Gas chromatography:

Instrument : Hewelett Packard Model 6890,

Column : HPP-1, capillary, length 80 m. Thickness 0.3 pm

Temperature program : Oven 40-150°C, 4°C/min., 150-300, 10°C/min. final

temperature for 15 min ; Detector 320 °C.

Carter gas : Helium at 0.8 cm/min.

Mass Spectroscopy:

Instrument : Hewelett Packard Model 5973 Mass Selective detector
Seleclive Ton Detector (SiM) AS Harvey {1981)
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[dentification of scparated compounds was done by using: Standard library

(NIST Version 2.0).

Sapounification of acetone soluble fraction :-

The acetone soluble fraction { 7.5 g ) was sapomfied by refluxing with 50
ml N/2 aleoholic KOH for 6 hours. The alcoholic solution was concentrated to
about 25 ml and diluted with cold distilled water. The unsaponified matter was
extracted by shaking with successive portions of chloroform (3x100 ml). The
combined chloroform exiract was washed with distilled water, dehydrated
over anhydrous sodium sulphate and evaporated in vacuo till dryness to give a
yellowish brown semisolid residue of unsaponificd matter (4.1g).
Gas-liguid chromatographic analysis of unsaponifiable fraction:

The unsaponifiable matter was subjected to GLC analysis under the
following conditions :-
Instrument : Agient technologies 6890N  Network GGC system
Column - capillary column (ZB-5), (length 30m, 530um,

Film-thickness 50 pm})

Temperaturc program:

(ven - inttial temp - 80°C, rate: 8C°/min., final temp.: 250°C,
final time: 50 min.

Inlet : 270°C, (split) =mode, Splil ratio =15: 1

Detector . (FID) 3007C

Carrler gas : N2 30ml/min,

Hydrogen : HZ 30ml/min.

Alr : 300ml/min.

The results obtained are shown in (Fig. 14 and Tab. 7).
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Table ( 7 ): GLC analysis of unsaponifiable fraction of 7. zanonii

Compound | R, (min.) Relative Cmnpnnd . ) | Relative |

o

n-Cs 4,91 . 1.70
6.32 : 6.29
.60 : | 3.85
0.90 : . 1.14
10,83 : 2.36
12.22 : 1.9
13.23 . Chaolesterol 4 48
14.37 : A-Sitosterol 1.306
15.57 : Campasterol (.86
16.22 : Stigmasterol 0.36
18.66 . | B-Amyrine 0.41
20.68

Preparation of the total fatty acids:

‘The hydroalcoholic soap solution after saponification {c.f. page 88) was
rendered acidic ( PH = 2 ) with 5% sulphuric acid. The liberated fatty actds
were thoroughly extracted several times with chleroform. The combined
chleroform extract was washed with distilled water till free from acidity
and dehydrated over anhydrous sodium sulphate. The solvent was

evaporated in vacuo at 40°C il dryness (0.7 g).

o0



Preparation of the fatty acid methyl esters:

About 0.5 g of the total fatty acids was dissolved in 30 ml dry
methanol containing 4-5% dry HCl and refluxed on a boiling water bath for
three hours. The reaction mixiure was diluted with successive portions of
chloroform {3x100 ml). The combined chloroform extract was washed with
distilled water till free of acidity, dried over anhydrous sedium sulphate,

filtered, and the solvent was evaporated in vacuo at 40°C (0.3 g}.

Gas-Liguid Chromatography of the fatty acid methvl esters:

GLC analysis of the faity acid methyl esters was carried out using
the following conditions:-

[nstrument : Hewlett Packar DHP-68%0 scnes.

Column : capillary column HP-wax Bonded Polyethylene
Glycol { Length : 60 m, Dimeter: 320pum. Film
thickness: 0.25 pm. )

Temperature program  : 70 °C for 2min, rate 4°C/min

Final Ternp.200°C, Final time, 30 min.

Detector temp. :2753°C (F1D)
[njector temp. : 230°C
Flow rates: N2 : 30ml/min

H2 ; 30ml/min

Alr : 350ml/min

The results obtained (Fig. 15 and Tab. 8) revealed the presence of 1] fatty

acids.
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Table ( 8 ) GLC analysis of the fatty acid methyl esters

Fatty acid

Relative %

RI=

Lauric
Myristic
Palmitic
Stearic
Oleic
Linoleic
Linolenic
Arachidic
Erucic

Lignoceric

Retention time

(Cizg)
(Cia0)
(Cis0)
(Cis)
(Ciga)
{Ciga2}
(Cisa)
(Ca00)
{Ca)
(Caso)

Tetracosenoic (Cas)

93

1.36
122
13.95
15.03
13.69
35.25
11.21
1.38
1.21
3.58
1.90




4-INVESTIGATION OF THE FLYONOIDAL CONSTITUENTS OF
TEUCRIUM ZANONH

Extraction and fractionation of the flavonvidal constituents:

About 1kg of the air dried powdered plant of 7. zanonii was defatted
with petroleum ether (b.r.40-60°C) (5 L). The dcfutted powder was macerated
with 70% methy! alcohol till cxhaustion. The alcoholic extract was cvaporated
in vacus at about 50°C { 73.7 g), dissolved in hot distilled water (300 ml), left
overnight in refrigerator and then filtered. The aqueous filtered was extracted
with successive portion of ethyl acetate (5%x500 ml) followed by butancl
(5x500 ml). The solvenis were dried; separately; over unhydrous sodium
sulphate and evaporated in vacuo at 50 °C. The ethyl acetate and butanol free

residues amounted 10 3.5¢ and 6.5 g respectively.,

Paper chromatography:
Paper chromatographics of ethyl acetate as well as the butanol exiracts
were carried out as follows:
Ascending paper chromatography (PC) was used for the detection,
isolation and purification of the different flavonoidal componenis using
chromatographic sheets (Whatman 3MM) and applying the following
solvent systems:
1-Butanol-Acetic acid-Water (BAW) (3:1:1) L8],
2-Butanol-Acetic acid-Water (BAW) (4:1:5) (upper layer)! %1,
3-15% and 25% Acetic acid (AcOH)! %!,
Detection was carried out by examining chromatograms under UV light at
366 nm, before and after exposure to ammonia vapor and spraying with 1%
alcoholie ALCL. "1,

od



Paper chromatography of the ethyl acelate fraction using Whatman
IMM irvigated with 15% acetic acid gave the best separation of the
flavonoids (T'ab. 9 and Fig. 16). It revealed the presence of four main
flavonoids ( Re 0.05, 0.11, 0.31 and 0.36 ) while the butanol fraction
contain main flavoneds ( Ry 0.48 and ¢.60 ) (Tab. 10 and Fig. 17).

Table ( 9): Paper chromatography of the ethyl acetate fraction

Clnur under UY

~NH,

Sk. bl
Y.
F.G.
Y.G.
F.¥.
Y.
Br.
Y.

Paper chromatography : ( Whatman 3MM )

Solvent : 15% HOAc

Spray reagent : Ale. AlCl,

Sk. bl. = Sky blue, Y. =Yellow.

Br. = Brown G. = Green.

F. = Faint Fl. = Fluorescent ( bright )

45



Solvent . 157 HoAc

Fig. (16 ) : PC of ethyvl acetate extract of Teucrium zanonii.
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Table { 10 ): Paper chromatography of the butanol fraction

Caolour undV

N,

AICI;

Sk. bl.
Y.
F.y.
F. Y.
F. Y.

Paper chromatography : { Whatmann 3MM )

Solvent : 15% HOAc¢
Spray reagent Ale, AICT
Sk. bl. = Sky blue. Y. = Ycllow.
Br. = Brown (1. = (Green.
F. = Faint

o7

Sk. bl.
G.
F. Y.
G. Y.
F.Y.




Selvent 115/ Wolc
F
0
9
O
f

Fig. (17 ) : PC of butanol extraet of Teucrium zanonii.
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Fractionation of the ethy] acetate extract of T. zanonii :-

Aboul 200 g of Sephadex LH-20 were swollen overnight in a mixture of
methanol : water { 80 : 20 ), then poured as a slurry in a glass column {70 x
35 cm ). About 3 g of the ethyl acetate extract were disselved in 5 ml of
methanol ; water ( 80 : 20 ) and applied on the top of Sephadex LH-20
column. Elution was affected with methanol : water with decrcasing the
polarity. Tractions 25 ml cach were coflected and the course of
chromatographic fractionation was followed using PC in [5% ucetic acid as 2
developing solvent. The column was summarized in (Tab. 11).

Table (11) : Column chromatography of ethyl acetate extract of 7. zanonii

Cnlr in V slated -

Solvent Fraction ~NH; AlC); | compound

Methano! : Water 4.20 Sk. bl Sk. bl. traces
8020 F.Y, G. traces

Br. . traces

Methanol : Water G. . Comp.-4
90 10 : Y. Comp.-3

Methanol : Water Y. < (. traces
953 : . Comp.- 1

traces

Methanol . ) traces

100% : .G, Comp.-2

Adsorbent : PC Whatmmn No. 3MM.
Solvent systern @ 13% acetic acid.

Spraying reagent : 1% AICI; in methanol.

9%



purification of compound -1 :

The fractions 27-33 (Tab. 11) containing compound-1 were collected
and rechromatographed over small column of Sephadex LH-20 eluted with
methanol ; water {90 : 10), and collecting small fractions (10 ml). The
[ractions containing compound-1 in pure form (PC, 5% acetic acid) were
collected and the solvent was evaporated in vacuo till dryness at 45 °C.
Identification of compound-1 :

The UV absorption spectra of compound-1 were carrid as follw:

UV spectroscopic measurements:

The UV absorption spectra of the isolated flavonoidal compounds were
measured by preparation of a solution of 0.0001M of the flavonoidal
compound in absolute spectroscopic methanol and measurements were
carried out as follows:

a) preparation of reagent stock solutions and solids:
i. Sodium methoxide (NaOMe):

Freshly cut metallic sodium (2.5g) was added cautiously in
small portions to dry spectroscopic methanol (100 ml). The
solution was stored in a glass container with a tightly fitting
stopper
ii. Aluminum chloride (AICI;):

About 5 grams of fresh anhydrous reagent grade AlCI; were
added cautiously to spectroscopic methanel (100 mi).

iii. Hydroechloric acid (HClI):

Concentrated reagent grade HC1 (50 ml) was mixed wih
distilled water up 100 mi, the solution was stored in a glass
stopper bottle.

iv. Sodium acetate (NaOAc):

Anhydrous powdered NaOAc¢ reagent grade was used.

100



v. Boric acid (1[:B0;):

Anhydrous powdered H;BO; reagent grade was used.

b) Procedure of measurements:

i- The methanol spectrum was measured at normal scan speed (about
50 nm/min) using 2-3 ml of stock solution,

2- The NaOMe spectrum was measured immediately after the addition
of three drops of the NaOMe stock solution to the methanolic
solution used for stepl. then after 5 min. the spectrum was rerun to
check for flavenoid decomposition,

3- The AiCly spectium was measured immediately after the addition of
six drops of the AICl: stock solution to 2-3 ml of fresh stock
solution of the flavonoid.

4- The AICI/HCI specirum was recorded immediately after the addi-
tion of three drops of the stock HCI to the solution used for step 3.

3- The NaQAc spectrum was determined by the addition of excess
coarsely powdered anhydrous sodium acetate to 2-3 ml fresh stock
solution of the flavonoid and shaking the cuvette (about 2 mm layer
of NaOAc remained at the bottom of the cuvette} and the spectrum
was recorded within two minutes, 1o cheek for flavonoid
decomposition.

6- The NaQAc/H;BQy spectrum was determined by the addition of
sufficient powdered anhydrous 13BO; 10 give a saturated solution to

the cuvette from step § containing the NaQAc "],

The UV absorption spectrum of the isolated flavonoidal compound-1 in

methanol (Fig. 18 and Tab.12) showed band-! at 344 nm { flavone type }in
addition to bathochromic shift band-i with NaOMe from 344 nm to 396 nm
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without decrease in intensity which indicates the presence of a free O

group at C-4",

The AICI; spectrum showed a bathochromic shift in band-1 (76 nm) relative
to methanol spectrum indicate the presence of free OH group al C-5. The
presence of an ortho-dihydroxy system in ring-B was confirmed where
there is a hypsochromic shift (54 nm) in band-I in AIClyHCI spectrum
relative to AICI; spectrum. Also it was proved through NaDAc/H;BO,
spectrum where there is a bathochromic shift (22 nm ) in band-i relative to
methanol spectrum.

The NaDAc spectrum showed no bathochromic shift in band-II indicating,

the absence of free OH group at C-7.

Table ( 12 ): Ultraviolet absorption da¢a of compound-1

F—i1iiY

| 254 (sh), 274, 344,
NaOMe 270, 396.
Al 239 (sh), 275, 300 (sh), 340 (sh), 420,

AlICH/HCI 263 {sh), 283, 366.
maOAc 268, 402,
 NaQAc/H,BO, 261, 367.

The El-mass spectrum of compound-1 (Fig. 19 and scheme 1 ) showed a
molecular ion peak at m/z = 330 (M"; 58%) and others at 329 (M"-1; 14%),
331 (M™+1; 16%). 315 (M'-CH;: 50%), 301 (M"-CHO; 16%), 287 {(M’-
(CO+CHa,); 26%) and 284 (M™-{(QOCHy+CH,); 17%).
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The fragmentation pathway of compeund-1 undergoes Retero Diel’s Alder
reaction (RDA)} giving rise 1o fragments at mfz = 196 (A" ; 1.8%) and 134
(B,”, 25%) as shown in scheme { 1)

miz = 301 ; 16% miz =284 ;17% COH

OH
-CHO  -[OCHy+CHy} .

/..-'C
KC{;’ ¥,
H miz =134( E51 i 25%)

CH, 0

CH, O
OH ©

miz =137 ; 9.4%
MY miz = 330 58%

CH,O xg
OH
+*

miz =186 (A 1 | 1.8%)

OH ©Q

-CO OH
GH
GHao
O
OH
1 mfz =287 ; 20%
o
CH,0 0 CH,;O OH o
L0 L
. - + — miz=135:;16.3%
o C=n C=0
OH
miz = 181 ;15.7% mfz =153 ; 43%

Scheme (1 ) Fragmentation pathways of compound-1
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The 'H-NMR spectrum of compound-1 in (CD,0D ) (Fig. 20) showed
signals at & in ppm 7.45 (1H, d, H-2"), 7.41 (1H, d, H-6"), 6.9! (1H, d, H-5")
,6.80 (1H, s, }i-8), 6.61 (1H, s, H-3), 3.98 (3H, 5, C-7-OCHj; ), 3.83 (3H, s,
C-6-OCH;).

The "*C-NMR spectrum of compound-1 (Fig. 21 Tab.13) displayed the
most important peaks for 7,6-dimethoxylated flavones in addition 1o the
carbonyl carbon at & = 182.90 ppm. Also these data were coincided with

that reported lur cirsiliol as shown by Mouma ef. af. | 2241

Table ( 13 }: “C-NMR data of compound-1

Carbon No,

| C-6-OCH,
| C-7-0CH,;
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From the above chromatographic and spectroscopic data compound-1 can

be identified as cirsiliol { 3'.4" 5-tnhydroxy-6,7-dimethoxy flavene)

Cirsiliol (3°, 4', 5-trihvdroxy-6,7-dimethoxy flavonc)

purification of compound-2 :

The fractions 36-30 (Tah, 11) comaining compound-2 were collected
and rechromatographed over small column of Sephadex LH-20 eluted with
methanol ;: water (90 ; 103, and collecting small [ractions {1 ml each). The
fractions containing compound-2 in pure form (PC, 15% acetic acid) were

collected and the solvent was evaporuted in vacuo 11l dryness at 45°C.

ldentification of compound-2 :

‘The UV absorption spectrum of the compound-2 in methanol (Fig. 22
and Tab. 14) showed band-I at 348 nm ( flavone type ) in addition to a
bathoc-hromic shift in band-1 with NaOMe from 348 nm to 400 nm with
increasing in intensity indicates the presence a free OH group at C-4 16é]
The AICl; spectrum showed a bathochromic shift in band-I (74 nm)
indicating the presence of free OH group at C-5. The bathochrormic shift in

band-Ia in AICI;/HCI spectrum relative to band-1 in MeOH is (35 nm)
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Indicating the presence of OH group at C-5 and not at C-3, Moreover, the
AICI/HCI spectrum exhibit hypthochromic shift (39 nm) in band-] relative
to AICl; spectrum indicating the presence of an orro-dihydroxy system in
ring-B.

‘The NaQAc spectrum showed bathochromic shift (14 nm) in band-lI
indicating the presence of free OH group at C-7.

An ertho-dihvdroxy system is further proved to be present in ring-B as a
bathochromic shift in band-l1 (22 nm) of NaOA¢/H3;BO, spectrum was

ohserved,

Table ( 14 ): Ultraviolet absorption data of compound-2

Additien to Mcthanol % mae, (NM)

None 253, 265, 290 (sh), 348.
NaOMe 232 (sh), 265, 330 {sh), 400.
| ALCI 232 (sh), 272, 300 (sh), 331 (sh), 422.

¢ ALCI3/HC) 262, 275, 293 {sh}. 356, 383.
NaOAc 267, 329 (sh). 396.
NaOAc/H;BO, 259, 300 (sh}, 370, 430 (sh).

The El-mass spectrum of compound-2 (Fig. 23 and scheme 2} showed a
molecular ion peak ut mfz = 286 (M™ ; 100%) which corresponding to the
molecular formula Cys11606 287 (M™+1 ; 31%). Ancther important peak al
miz =285 (M'-1; 17%) and 258 (M'- CO ; 34%),

The fragmentation pathway of compound-2 undergoes Relero Diel's Alder

reaction { RDAR ) giving rise to fragments at m/z = 153 (A,"+1, 57%) and
134 (B,”, 49%) as shown in scheme ( 2 ).
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-H +
-— oH 0 ——— M-1=28517%
+
mz = 258 ; 34% M, mz =286 ; 100% \
F
M +1{ =287 ;31%
RDAR

+. OH
’_ N OH
HO 0 n=C OH OH

miz = 137 ; 9%
CQD ,,//,,c
OH AL
H
£, +.
mfz =153 (A 4 +1:57%) miz=134( B ; 49%)
1

Scheme ( 2 ): Frgmentation pattern of compound-2

The 'H-NMR spectrum ( CD;OD ) of compound-2 (Fig. 24) showed
signals at & in ppm 7.4 (1H, d, H-2"), 7.36 (1H, d, H-6"), 6.92 (1H, dd,
H-5", 6.55 {1H, s, H-3), 6.44 (1 H, d, H-8} and 6.2 (1H, d, F[-6} which are
in agreement with those reported for Lutcolin. |tés)

The *C-NMR spectrum of compound-2 (Fig. 25 Tab. 15) displayed the
carbonyl carbon at 8 = 183.91 ppm and all the characteristic signal for
Navone type structure. Also these data were coincided with that reported

for Luteolin as shown by Kumari ef, af!
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Table ( 15): "C-NMR data of compound-2

[ CarbonNo. | 6 (ppm}

166.39
103.90
183.91
163.26
100,18
166.15
95.05

159.46
105.33
123.73
114.19
147.10
151.05
116.62
120.33

All these dalta were coincided with that reported for lulcolin so

compound-2 could be identified as Luteolin.

Luteolin (3',4".58.7-tetrahydroxy flavone)
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Purification of compounds (3 and 4) :

The fractions 21-26 (Tab. 11} were collected and tested by PC in 15%
acelic acid, it was found to contain two main flavonoidal compounds (R¢
.26, 0.60), The methanolic solution of fractions {21-26) was applied into 4
preparative  thick layer chromatography (PTLC) using chloroform-
methanol {(80:20) as a developing solvent system. I'wo main zones {Rr0.52
and 0.68) were localized under UV light, scrapped off and cluted with
methanol {90%). The methanol was cvaporated from each zone to afford
two compounds ( 3 and 4 } in pure form but in small quantities (0.7 mg and
0.5 mg respectively) so, we tentively identify these two compounds

depending mainly on their UV spectra and mass spectrum (or cach one.

ldentiftication of compound-3 :

The UV absorption spectrum of compound-3 1in spectroscapic methanol
{Fig. 26 and Tab. 16} displayed band-l at 340 nm which indicates the
flavone nature of this compound. A bathochromic shift (48 nm) was
noticed in band-l1 with increasing intensity on addition of NaOMe
indicating the presence of a free QN group at C-4'

The absence of an erthe-dihydroxy system was proved through AICI:/HCI
spectrum as there is no hypsochromic shifi in band-[ was occur. Alse, no
bathochromic shift in band-1 was observed in NaOAc¢/H;BO, spectrum.

The presence of a free OH group al C-7 was confirmed through NaOAc
spectrum, where there is a bathochromic shift in band-[1 (6 nm}. So, we can
concluded that compound-3 is lavone type have free OH groups at  C-4,

C-5 and C-7, also it does nol contain ortito-dihydroxy system,
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Table ( 16 ): UV absorption data of compound-3

Additinnm Methanol i ma, M

None 255 (sh), 267,291 (shy, 340,

| NaOMe 371, 309 (sh), 330 (sh), 388.
AICI 257 (sh). 275. 294, 345, 382.
AICI/HC) 256 (sh). 276, 294, 346, 380.
NaOAc 273,312 (sh), 381,

| NaOAC/H;BO; 267, 343.

The El-mass spectrum of compound-3 ( Fig. 27 ) showed a molecular ion
peak ( M' ) at m/z = 300 {60%) which constituted with the molecular
formula CjoH1:0,. Another peaks at m/z = 269 (M*-OCH; ; 40%) and 241
(M'- (OCH; + CO) ; 13%) were displayed.

The fragmentation pathway of compound-3 undergoes RDAR giving rise

two peaks at miz = 153 ; 36% and m/z = 148 ; 7% which correspond 10

Ay"+1 and B, respectively as shown in scheme ( 3 ).
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OO +O0H -0
miz= 241 i—:"} QH O ke

1.5% ML miz = 300 : 60.4%

miz = 269 ; 10%

RDAR

.« :

1?
r I‘ZJC.‘.H3 DCH:
HO 0 + OH
o=C CH
\C c
20 =
CH 7

+.
B, mz=152; 12% H

+

vz =153 (A;+1 ; 36.3%) miz =148{ B, ;6.7%)

Scheme { 3 ) : Fragmentation pathway of compound-3

So, from this fragmentation pathway we can say that the methoxy group
was present at C-3 in ring-B,

Finally, the chromatographic and the available spectroscopic data
substantiated that compound-3 is chrysoeriol ( 47.5,7-trihydroxy-3-

methoxy favone ). '*!

oH ©

Chrysoeriol { 4°,5,7-trihydroxy 3'-methexy flavone )
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Identification of compound-4 :

The UV absorption spectrum (Fig. 28, Tab. 17) in methano! gives band-
[ at 330 nm which prove the flavone nature of this compound. By addition
of NaOMe a bathochromic shift (52 nm) in band-1 with ir_lc:reasing in
intensity was noticed which confirm the presence of free OH group at C-4'.
Another free OH group at C-5 was proved through the AICI; spectrum
where there is a bathochromic shift (27 nm) in band-1 was observed. No
hypsochromic shift was occur in band-I in AICIW/HCI spectrum which
confirm the absence of ortho-dihydroxy system which was confirmed
through the NaQAc/H;B0O; spectrum. The NaQAc spectrum showed no
bathochromic shift in band-!I relative to methanol spectrum which prove

the absence of free OH group at C-7.

Table ( 17 ): UV absorption data of compound-4

Addinn to etannl | 2 max. {n)

None 274,333,
| NaOMe 272, 385,

AlCI3 263 (sh), 288, 298, 360.
AICI3/HCI 263 (sh), 288, 298, 354.
NaQAc 371, 389,
‘ NaOAc/HIBO3 373, 336.

The El-mass specirum of compound-4 (Fig. 29) showed a molecular ion
peak ( M*) at mfz = 344 ; 6.3% which correspond to the molecular formula
CisH1307. The most important fragments are at mfz = 329 (M"- CII, ;
9.3%), 314 ( M- HCHO ; 27.1% ), 316 ( M*- CO ; 2.8% ), 313 (M"- OCH;
: 10%). 299 ( M"- (HCOH + CH; ) : 38.3% ), 298 ( M”- (OCH; + CH, ) ;
5.1%)and 271 { M- (CO + CH; + HCHO ) ;18.6%).
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The presence of a fragment at m/z = 118 ; 15.3% is indication to the B,”
which mcans that only one OH group was present on ring-B and the other

groups are at ring-A as shown in scheme (4 )

+.
B CHO O OH
)

CH,O
HCHO O | "M a0 03%
mz=314 27.1% CH,O P
-(HCHOHCH,) MY iz =344 6.3% Wz =316 - 3.8%
=299 : 38.3%
= 5% RDAR

| i |
+
g, oo (o
CH;0 'e) /©/Dl-l
mz =121 10%
CHO™ X" X z c

N &
o 0 7
H
+, +.
mz=226 (A { ; 5.4%) m2=118B, ;15.2%)
{(HCHOHCH,C)
miz = 153 :43.3%

Scheme (4 ) @ Fragmeniation pathway of compound-4
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So, we can tentatively identify compound-4 as Xanthomicrol ( 6,7,8-

trimecthoxy 5,4"-dihydroxy flavone ).

CH,0

Xanthomicrol ( 6,7 8-trimethoxy 5.4'-dihydroxy flavone )



Investigation of butanol extract:-

About 6.5 g of butanol fraction were subjected to preparative paper
chromatography (PPC} by dissoiving in about 15 ml 80% methanel and
developing with 25% acetic acid, Two main zones ( [, [1 } were localized
under UV light, cut into small pieces and cluted, separately, with methanol
70%. The methanol was evaporated under reduced pressure at 45°C to

afford two impure compounds (5 and 6).

Purification of compound-5 :

The residue obtained from zone-I (compound-5) was further punified by
PPC, developed with BAW ( 4:1:5 ). Finally it was purified by passing
through small Sephadex LEL-20 column, eluted with 70% methanol to give

compound-6 in pure form (2DPC, different solvent system)

ldentification of compound-5 :

The UV absorption spectrum of isolated flavonecidal compound-5 in
methano) (Fig. 30 and Tab. 18) showed band-I at 330 nm (flavone type) in
addition to a bathochromic shift band-1 with NaGQMe from 330 nm to 399
nm without decrease in intensity which indicates the presence of a free Ot
group at C-4".

The AICly spectrurn showed a bathochromic shift mn band-I (53 nm)
indicating the presence of free OH group at C-3 and /or at C-3. The nore
intensity of band-la than band-Ib as well as band-[lb than band-1lla
indicating the presence of free OH group at C-5 and not at C-3. Moreover
the AICI;/HCL spectrum did not exhibit hypthochromic shift in band-I
relative to AICI; spectrum indicating the absence of an ortho-dihydroxy
system in ring B. the NaOAc¢ spectrum showed bathochromic shift ( 9 nm )

in band-11 indicating the presence of free OH group at C-7.
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Table ( 18 ): UV absorption data of compound-3

Addition to Methanol | A (nm)

None 272, 330.

NaOMe 281,332, 399
tAIC, 379, 304, 349, 383.

AIC1/HCI 279, 303, 343, 380.

| NaOAc 281, 334, 396.
NaOAC/H,LBO, 284, 318, 349, 410 (sh).

The "H-NMR spectrum (DMSO) (Fig. 31 ) showed signals at 8.02 (2H, d,
H-2'.6Y, 6.9t (2H, d, H-¥', H-5, 6.79 (1H, s, H-3) and two anomeric
protons for two glucose moieties at C-6, C-8, 5.1 {1H, d, 11-1"} and 4.85
(1H, d, H-1")

Acid hydrolvsis :-

About 5 mg of the compound-5 ware dissolved in 25 ml of 2N HCI :
MeOH (1:1} and refluxed on boiling water bath for 2 hours, After complete
hydrolysis, the solvent was evaporated and diluted with distilled water. The
aglycone was extracted with ethyl acetate (3 X 30 mi). The ethyl acctate
extract was washed with distilled water till lree from acidity. The aglycone
was obtained after evaporation of the solvent. The aglycone was further
purified by passing over a small Sephadex LH-20 column, eluted with
methanol.

The (+ve) FAB/MS of the aglycone of compound-5 (Fig, 32 } displayed
a molecular ion peak at m/z = 271 corresponding to the molecular formula
of CisH;0s +1 which coincided with that of apigenin. The agueous layer

after removal of the aglycone was rendered neutral with Barium carbonate,
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filtered, ¢vaporated and dissolved in isopropancl. The mixture of sugars
was investigated by PC using Phenol saturated with water as developing
solvent against some authentic sugars ! '**|. The chromatograms was dried
and sprayed with aniline phathalate reagent and heated in an oven at 110°C
for 5 min. only glucose was detected as sugar.

So, from the above chromatographic, spectrescopic data and acid

hydrolysis, compound-5 can be identified as apigenin 6.8-di-O-glucoside.

CH
glucose-O
O

Apigenin 6,8-di-O-glucoside

Purification of compound-6 :

The residue obtained from ¢lution of zone-1I was further purified using
PPC developed with 20% acetic acid. The main zone was ¢luted as before
and the obtained residue was further purified in another solvent system
{(B:A:W. 3:1:1). The pure compound-6 was eluted and passed over small

column of Sephadex LH-20 column eluted with methanol { 70 % ).

[dentification of compound-6 :

The behaviors of compound-6 in different selvents indicate 1t is highly
glycosidic compound.
The UV spectra of compound-6 showed band-I in methanol (Fig. 33 Tab.

19) at 344 nm which proves the flavone nature of this compound,
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A bathochromic shift (56 nm) in band-l was noticed upon addition of
NaOMe without decreas in intensity indicates the presence of a free OH
group at -4,

The presence of an ortho-dihydroxy system was proved where there is a
hypsochromic shift (35 nm) in band-1 of AICly spectrum relative to
AICI5/HCI spectrum, also there is 2 bathochromic shift (16 nm) in band-1 of
NaDAc/H;BO; spectrum relative to methanol spectrum.

The absence of frce OH group at C-7 was confirmed where there is no

bathochromic shift in band-1! of NaOAc spectrum.

Table { 19 ): UV ahsorption data of compound-6

b, (n)
None 254, 265, 344,
NaOMe 272, 400,

AlCl, 271, 345, 410.

AlICI/HCI 273,348, 375, 361 (sh).
NaOAc 208, 404.
| NaOAC/H;BO 258, 360.

The "H-NMR spectrum of compound-6 (DMSO) (Fig, 34) showed signa! at
din ppmat 745 (2 H,d, H-2', H-6" ), 6.95¢( 1 1, d, H-5 1, 6.77 ( 1 H, d,
H-8),6.73(1H.,s, H-3), 64 (1 H, d, H-6 ) in addition to two anomeric
protons for two sugars at 5.1 (1 H, d, H-1" for glucose ), 4.55 (1 H, s, H-
1™ for rhamnose ) and the methy! protons of the rhamnose moiety at .07 (
3 H, d, CH; protons ), These data were in accordance with that reported for

luteolin 7-O-rutinoside. "%
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The “C-NMR spectrum (DMSO) of compound-6 ( Fig. 35) showed the
most characteristic signals of flavene diglycoside like C-4 at 6 = 181.76,
C-1" at 99.83, C-1"™ at 100.41 and C-6™ of CH; group of rhamnose at
17.68. The down filed shift of C-6" { 65.94 ) and C-1"" ( 100.41 ) indicates

| 227 |

the two sugars ar¢ rutinoside i.e. gluco-( 6 — 1} rhamnoside and in

accordaz-nce with those of luteolin-7-O-rutinoside. The other data of Be.

NMR were found in table { 2011501

Table ( 20 ); *C-NMR data of compound-6

Carbon No.

7-O-glucose

l rr
2”‘
3”

\ 7-0-rhamnose

1

e
113.49 3
145,74 4
150,02 5™
116.07 6™
119.07
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Acid hydrolysis :-

Aboul 5 g of compound-6 were subjected to acid hydrolysis as in page
129. Quly glucose and rhamnose were detected as sugars and luteolin as an
aglycone,

The position of the attachment of these sugars to the aglycone was
confirmed at C-7 where the UV spectra of the aglycone { page 135 )
showed a bathochromic shift in band-II in NaQAc spectrum relative to
methanol spectrum. Also the identity of luteolin was confirmed by the +ve
FAB/MS ( Fig. 36 ), where it displayed 2 molecular ion peak at m/z = 287.
From all the above chromatographic and spectroscopic data, we can

identify compound-6 as Luteolin-7-0-rutinoside.

rutingside-0O

Luteolin-7-O-rutinoside
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BIOLOGICAL
ACTIVITY



ANTIOXIDANT ACTIVITY

1.1- Introduction

Oxidation is the twansfer of electrons from one atom to another and
represents an esseniial part of acrobic life and our metabolism, since
oxygen is ultimate electron acceptor in the electron flow system that
produces cnergy in the form ATP. However, problem may arise when the
clectron tlow becomes uncoupled ( transfer of unpaired single electrons ),
generating free radicals. Examples of oxygen-centered free radicals, known
as reactive oxygen species { ROS ), include superoxide ( Q) ), peroxyl
(ROQ™), alkoxyl ( RO™), hydroxyl (HQ™), and nitric oxide ( NO' ).
The hydroxyl { half-life of 10°° 5 ) and the alkoxyi (half life of seconds) free
radicals are very reactive and rapidly atiack the molecules in nearby cells,
and probably the damage caused by them is unavoidable and dealt with by
repair processes. On the other hand, the supcroxide anion, lipid
hydreperoxides, and nitric oxide are less reactive, In addition to these ROS,
nonradicals, such as the singlet oxygen ( Os ), hydrogen peroxide ( H.Q»),
and hypochlorous acide { HOCI ).
[t is accepted that ROS play ditferent roles in vivo. Some are positive and
are related to their involvement in energy production, phagocytosis,
regulation of cell growth and intercellular signaling and synthesis of
biologically important compounds, However, ROS may be very damaging,
since they can attack lipids in cell membranes, and DNA, to induce
oxidations. which cause membrane damage, protein medification
(including enzymes) and DNA damage. This oxidative damage is
considered to play a causative role in aging and several degenerative
discases associated with it. such as heart disease, cataracts, cognitive
dysfunction, and cancer.
Humans have evolved with antioxidant sysiems 1o protect against free

radicals. These systems include some antioxidants produced in the body

147



(endogenous). The first include (a) enzymatic defenses, such as Se-
glutathione peroxidase, catalase, and superoxide dismutase, which
metabolize supecroxide, hydrogen peroxide, and lipid peroxides, thus
preventing most of the formation of the 1oxic HO', and {b) nonenzymatic
defenses. such as glutathione, histidine-peptides, the iron-binding proteins
transferrin and ferritin, dihydrolipoic acid, reduced CoQ10, melatonin,
urate, and plasma protein thiols, with the last two accounting for the major
contribution to the radical-trapping capacity of plasma [ #*.

Flavonids have shown potential health benefits arising from the
antioxidative effects of these phtochemicals, whose properiies are
attributed 1o the phenolic hydroxyl groups attached to the flavonoid
structure. Scavenging of free radicals seems to play a considerable part in
the antioxidant activity of flavonoids as potent free radical scavengers have
attracted a tremendous interest as possible therapeutics against free radical
mediated discascs. In general, the radical scavenging activily of flavonoids
depends on the molecular structure and the substitution pattern of hydroxyl
groups, i.e., on the availability of phenolic hydrogens and on the possibility
of stabilization of the resulting phenoxyl radicals via hydrogen bonding or
by expanded electron  delocalization.  Previous  siructure-activity
relationship (SAR) studies of flavonoids have pointed to the importance of
the number and location of the phenolic OH groups present for the
antiradical efficiency. The structural requirement considered to be essential
for effective radical scavenging by flavonoids is the presence of a 3,4
dihydroxy, i.¢., an orthodihydroxy group {catechol structure ) in the nng-B,
possessing electron donating propertics and being a radical target. Also, the
3-O1 moiety of the ring-C is also beneficial for the antioxidant activity of
flavonoids. The C2-C3 deubile bond conjugated with a 4-keto group, which
is responsible for electron delocalization from the ring-B, enhances further

the radical scavenging capacity, and saturation of the 2, 3-double bond is
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helieved to cause a loss of activity potential. Also the presence of both 3-
O and 5-OH groups in combination with 4 4- carbonyl function and C2-
C3 double bond increases the radical scavenging activity. In the absence of
the orthodibhydroxy structure in ring-B, hydroxyl substituents in a catechol
structurc on the ring-A were able to compensate and become a larger
determinate of flavonoid antiradical activity (Fig. 37) summanzes the
structural criteria that modulate the free radical scavenging activity of
flavovoids. In summary, these structural features contribute to the increase
of the phenoxyl radical stability, i.e., the radical scavenging activity of the

parent flavonoid 1¥?1,

Fig ( 37 ) : Structnral features of flavonoids with a high radical

scavenging aclivity,

I1.2- Principle :

The Radical Scavenging Activity ( RSA ) of the prepared plant extracts
was tested using a methanolic solution of the stable free radical, 1,1-
DiPhenyl Picryl Hydrazyl ( DPPH ). Unlike laboratory-generated free
radicals such as the hydroxyl radical and super oxide anion, DPPH has the
advantage of being unaffected by certain side reactions, such as metal-ion

chelation and enzyme inhibition, brought about by various additives [/,
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DPPH has been widely used to test the scavenging ability of flavonoids.

The scavenging of DPPI by flavonoid (free radical scavenger) can be

represented as depicied in fig.( 38 ) (%1,
NG
NO;, /F,h Hz /Ph
ON N—N: + FIOH ON N—N\: + FIO
. ) Ph
NO, Ph NO,
. ] flavonoid
DPPH { purple } flavongid DPPH { yellow } phenroxyl radical

Fig. (38 ) : Scavenging of DPPH ( [ree radical ) by a flavonoid ( free

radical scavenger ).

A freshly prepared DPPI solution exhibits a deep purple color with an
absorption maximum at 517 nm. The purple colour generally
fades/disappears when an aniioxidant is present m the medium. Thus,
antioxidant molecules can quench DPPH iree radicals (i.e. by providing
hydregen atoms or by electron donation, conceivably via a free-radical
attack on the DPPH motecule ) and convert them to a colorless/bleached
product (i.e. 2,2-diphenyl-1-hydrazine, or a substituted analogous
hydrazine ), resulting in a decrease in absorbance at the 517nm band ' ']
hence, the more rapidly the absorbance decrease, the more potent the
antioxidani capacity of the extract in terms of hydrogen atom-donating
capacity.

The DPPH test is a commonly cmployed assay in antioxidant
studies and offers a rapid technique in which to screen the RSA of pure

synthetic compounds, isolated natural compounds, crude plant extracts and

foods 12!
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2- Material and method :
2.1- preparation of plant extracts :

About 100 g of the aerial parts of the plant were dried in the shade and
grinded. ‘The petroleum cther extract was obtained by continuously
extraction with petroleum ether (40-60°C) in soxhleth apparatus, the
resulting cxtract was fractionated as before { ¢.f. page 82 ).

The defaticd plant material was extracted at room temperature with 70%
methanol, the extract (total alcoholic extract) was then partitioned with
chloroform, ethyl acetate and butanol respeclively.

The aqueous extract was prepared by maceration of 50 g of the plant

material with water for 24 hr. The water was evaporated in vcnio at 50°C.

3- Assay:

Three hundreds microlitres of fixed concentrations of the extracts in
methanol was added to 3 ml of a methanol solution of DPPH (20mg/L).
After 30 minutes incubation period at reom temperature the absorbance
was read against a blank at 520 nm. [nhibition of free radical DPPH in

percent ( 1% ) was calculated in following way ;

1% = {A Blank -A s:i.l::'q;:«lv;:Jrr A blank ):'( 100

Where A e iS the absorbance of the control reaction {containing all

reagents except the extract) and A g 15 the absorbance of the test extract.



4- Results :

The obtained results were shown in table ( 21 ).

Table ( 21 ) : Antioxidant activity of different extracts of T, Zanenii.

Ahsorbance
| Blank ( MeOH ) 0.363

| Total alcoholic extract 0.045

Chlorolorm extract 0.172

Ethyl acetate exiract 0.023

i Butanol extract 0.028

 Petroleum ether extract (.363

Unsaponifiabl fraction 0.361
Blank { H,O ) 0,358

'_ Agueous extract 0.080




INSECTICIDAL ACTIVITY

1- Introduction

Olive trees are liable to investigation by several destructive borers. The
olive bark beetle, phloeotribus oleae Fab. (order : Coleoptera, Family :
Scolytidac ) is considered one of thesc borers, since it cause scrious
damage to olive trees which may lead them to death within few years.
These losses start when the female beetle deposits her eggs beneath the
bark of the tree. The hatching grubs complete their development in the
cambium region, and then (he beetles emerge through smill round holes.
Various conventional chemical insecticides are available which offer some
protection against this pest, but they have created many problems such as
resistance, secondary pests outbreaks, environmental contamination ....etc,
A promising allernative in this regard is the application of plant extracts
which can be both effective and inexpensive 1o produge.
The present study was undertaken to evaluate certain exiracts as msecticide

alternatives for controlling Phleeatribus ofeac Fab.

2- Material & methods
2.1- Preparation the plant extracts:-

About 250 g of dry powered plant were extracted with petroleum
{40-60°C) in a Soxhlet apparatus for eight hours. The petroleum ether was
tested as a total extract and then fractionated to fatry atcohols, fatty acids
and unsaponifide materials as in pages (82, 88 and 90). The defatied plant
material wis extracted with agucous methanol (70%). The alcoholic extract
was partitioned with chloroform, ethyl acetate and butanol respectively.
Another 100 g of the plant material were macerated in distitled water for 24
hours. The tested extracts were petroleun cther, fatty alcohols, fatty acids,
unsaponifide fraction, alcoholic, aqueous, chloroform, ethyl acetate and

butanol extracis.



2.2- Stock culture :-

Cutting of olive branches severely infested with the olive bark
beetle, Phlioeotribus aleae Fab. Were collected from Burg-El-Arab region,
Matrouh Governorate, Egypt.

A box of 60 x 60 x 100 cm, walls and floor was constructed of wooden
frames covered with wire gauze and lined with cloth streamers while the
ceiling and the door were made of glass. The collected cutting of olive
branches were lefl under luboratory condition (25+2°C and 65+ 5% R.H.),
until emergence of the beetles at about the beginning of March. Newly
emerged adducts were collected and classed according 1o sex , Cutting of
fresh olive branches 10 e¢m long and 2.5 cm thick, each were used as an
aviposition site. They were left for 1-3 days to be suitable to the entry of

beetles.

3- Control experiments:-
3.1- Laboratory tests ;

They were conducted using nine plant extracts (Tab. 22), the slide
dip technigue ' ™! was used. A small piece of a double faced adhesive tap
was adhcred on a glass slide and ten adult beetles of P. oleae of the same
age. were transferred by means of a soft brush and placed with their backs
on the surface of the tape. The slide with the adults on it was dipped for 5
seconds in cach extract after which the slides were left (o dry under room
temperature. The bectles of the untreated control were dipped in water for
comparison. Three replicates were used for each extract and unireated
control, the dead and alive beetles were recorded afier 24 hours,

3.2- Ficld experiment :-
An orchard of olive trees naturally infested with a fore mentioned

insect was chosen at Burg El-Arab regin, Matrouh Governorate. The trees
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were 6-8 years old and about 1.5-2,0 m in a height. For the individual
extract, a randomized block design was used where nine reatmenls were
arranged in three replicates, 4 trees each (12 trees/ treaiment). Rows of
olive trees were left, as borders among the treatments, to aveid any spray
drift. All spray applications were made once on late March, 2005 using
knapsack sprayer 20 L capacity, to cover slems, branches and twigs of all
trees. Five of green branches, were randomly selected from each tree, and
cut off. Then they were Kept in plastic bags and transferred to the
laboratory where they were examined. The number of living adults per
branch both befere and after application was recorded in each treatment
(including control plats) and used as an index for the population density
(infestation) of the borer. Pretreatment counts were taken immediately
before spraying application, whereas post treatment counts were taken .2
and 3 weeks after application.

Evaluation of all reatments was based on the reduction of the population
density of olive individuals per replicate according to Henderson and Tilten
equation (1955)' ). Data were statistically analyzed using Duncan's Mult-

iple range test (1955) ™), The resuits were shown in table (22 ) and (23 ).



Table { 22 ): Insecticidal activity of different extracts of T. zanonii
against the adult of Philoeotribus oleae (30 beetles/ treatment)
Number of dead %o

Extract beetles Percentage of mortality
After 24 h After 24 h

[ (- petroleum ether 18 de 60.00

| 2- faity alcohols 15 be 50.00
3- fatty acids M. E. 17 «cd 56.67
4. Unsap. Fraction 13 b 43.33
| 5- Alcoholic 25 f 83.33
G- Aqueous 26 86.67
7- Chloroform 20 e 66.67
8- Ethyl acetate 21 70.00
[9- Butanol 24 80.00
10- Untrealed control 1 333

(Without extract)

Mcans marked with the same letlers are not significantly different
(P<0.05).
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DISCUSSION

Family Lamiaceae { Labiatae ) 1s known to be rich of medicinal plants,
which arc characterized by the presence of volatile oils, flavonoids, phenolic

acids, terpens, indoids and coumarins.

The swdicd species Tewcriwm zanonii is belonging to the famly
Lamiaceae. This plant wuas subjected to phylochemical investigation
concerning with their volatile oils and lipids as well as the flavonoidal

constituents.

The volatile oil of this plant was extracted using two methods (hydro-
distillation and solvent extraction}.

The GC/MS analysis of the volatile oil extracted by hydrodistillation
method showed that it is @ mixture of 74 compounds representing 92.98 % of
the total oil. The identificd compounds represent several chemical classes,
viz.; saturated hydrocarbons 0.56%, unsaturated hydrocarbons 41.79%,
alcohols 31.68%, aldahydes 0.09%, kctones 2.39%, esters 13.16%. oxides
0.64%, aromatics 0.67%, with the highest abundance of #-Pincne, linalyl
acetate, linalool, germacrene-D) in addition to y-elemeng ( 14.13%, 11.10%,
11.00%, 8.81% and 7.79% respectively ). These results were coincided with
that reported by Cavaleiro et, af.''7 |, where they reported the identification of
more than seventy components from the oil of 7. lusiianivm and T. afgarbi-

ensis in which f#-Pinene and germacrene-D are the major compounds.

The GC/MS analysis of the volatile oi! extracted by solvent extraction
(n-hexane-¢ther 30 @ 50) showed a mixture of 16 compounds representing

86.90% of the total oil. The identified compounds represent several chemical
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classes, wiz.o saturated hydrocarbons 16.08%, unsaturated hydrocarbons
6(3.94%, alechols 0.91%. ketones 1.249%. esters 7.93% and about 13.10%
unknown compounds with the germacrene-D, f-Pinene and linaly! acetate as

the main components, (20.04%, 18,19% and 7.93% respectively).

Investigation of the terpenoids and related substances of 7. zanonii was
carried out, revealing the identification of the faity alechols fraction using
GC/MS technique. The resull showed presence of tricosanole (5.10%),
teiracosanol  (4.62%), pentacosanol  (23.37%), nonacosanol  (26.21%),
triacontene {24.73%), tetratricontene {15.95%). Nonacosanol was the major

compound (26.21%).

The GLC uanalysis of the unsaponifiable fraction revealed that, the
unsaponifiable matter consists mainly from a mixture of series of n-alkanes
from n-Cs to n-Cs; (92.48%), sterol fraction (7.06%) [cholesterol {4.48%),
B-sitosterol  (1.36%), campastero!l  ((.86%), stigmasterol (0.36%)] and

triterpene fraction contain F-amyrine (0.41%),

The study of the total fay acids of 7. zanonii was achieved by GLC
analysis of their methvl esters. 'The results revealed the presence of lauric
(1.36%), myristic (1.22%), palmitic (13.95%%), stearic (15.05%), oleic
(13.69%). linoteic (35.25%), linolenic (11.21%), arachidic {1.58%), erucic
(1.58%), lignoceric {3.58%). tctracosenoic {1.90%). The saturated and
unsaturated falty acids represents 36.74% and 63.27% respectively. Also

stearic and lineoleic acids are the major acids.



Flavonoids were obtained from the alcoholic extract (70%) by the
conventional method, 1.e. by treating the concentrated alcoholic extract with

organic solvents {ethyl acetate and butanol ).

Fractionation of the flavonoidal constituents was affected by applying
column chromatography. Mor¢over, further punification was achieved using
preparative TLLC andfor PC as well as Sephadex LH-20 column

chromatography.

The favonoidal constituents either aglycons or glycosides was
investigated. Six flavoneids were isolated from ethyl acetate and butanol viz.
cirsiliol, luteolin, chrysoerial, xanthomicrol, apigenin 6,8-di-O-glucoside and
lutcolin 7-O-rutinoside, two of them viz. : chrysyoeriol and xanthomicrol were
in minule amounts. However they were tentatively identified and wilt be
subjected for further studics.

174-175]

The same results wus reported by Garcia e, «f, ! . where they isolated

cirsiliel, luteolin and luteolin 7-Q-rutinoside from 7. gnaphalodes.

Identification of the isolated flavonoids was achicved through
chromatographic studies and spectroscopic measurements (viz. @ UV, M5, 'H-
NMR and “C-NMR).

The studies of antioxidant activity of different extracts against DPPH
showed that the ethyl acetate, butanol fractions and aqueous extract have the
highest antioxidant activity. This activity may be mainly due {0 the presence
of flavonoids (aglycones or glvcosides) in these fraction. These observations

were in accordance with that reported by Tiziane ef. al. 17!,
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The insecticidal activity of different extracts on Pholeotribus olcae
were measured in the laboratory. The results indicated that all extracts used
proved 1o have various degrees of insecticidal effect on the adult beetles.
Regarding to potency ol the control agents tested, the agueous extract showed
the rmost effect (86.67% mortality) whereas that of unsaponifiable fraction was
the least in this concern which give only 43.33% mortality. Also, mortalities
of 83.33%, 80.00%, 70.00% and 66.67% were obtained by using of alcoholic,
butanol, ethyl acetate and chloroform extracts, respectively. There is
significance between aqueous and alcoholic extracts. These resulis clarify that
aqueous extract was the most efficient as insecticide followed by alcoholic

axtract,

Filed experiments of insecticidat activity show that the mean numbers of
Pholeotribus oleae Fab. on the olive trees before treatments, ranged from
13:00 to 1500, indicating a relatively uniform distribution of insect
infestation. One week after spraying, the treatments suppressed the levels of
infestation 10 different degrees compared to that of untreated control,
Aqucous, alcohelic and butanol extracts significantly lowered the percentage
of infestation to 70.82%, 65.86% and 60.56%, respectively, Two weeks post-
treatment, aqueous extract become more efficient and had almost similar
activity as cidial 50% (conventional chemical msecticides, unpublished data)
displaying 71.39% and 73.9% reduction in infestation respectively. Similur
results were reported by [smail and Abdalla '/,

As for the 3™ week after the treatment, both aqueous extract and alcoholic
showed good bioresidual activities against P. oleae giving 72.63% and

62.07% reduction, respectively. This was in accordance with 1smail ez, af! 27,

| 138

also Masanoni et. af. in 2000 ) reported that some methoxylated flavones
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have antifecedant activity, So the insecticidal activity of T. zanonii may be due
to the presence of such compounds in the active extracts.

Accordingly, the present study showed that T. zanonii extracts was a good
candidate to be considered for protecting olive trees against this pest in

integrate pest management (IPM) program.
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