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Abstract-The flavonoids, both external aglycones and vacuolar flavonoid glycosides, have been identified in the aerial 
parts of endemic North African Sideritis species. The flavonoids produced by these African species are very similar to 
those produced by Spanish species, being mainly 7-allosylglucosides of 8-hydroxyflavones. Two new flavonoid 
glycosides, apigenin and luteolin 7-allosylglucosides, have been identified in these plants. Species of the section Sideritis 
are characterized by the accumulation of the 7-glycosides of 8-hydroxyflavones (isoscutellarein, hypolaetin and their 
methyl ethers) whereas those of section Hesiodia accumulate 7-glycosides of the common flavones (apigenin, luteolin 
and chrysoeriol). 

INTRODUCTION RESULTS AND DISCUSSION 

The genus Sideritis L., consists of some 140 species [l] 
distributed throughout the Mediterranean region (includ- 
ing the Canary Islands and Madeira), where along with 
Micromeria, Phlomis and Rosmarinus they constitute a 
characteristic component of the maquis and the garrigue. 
This is a taxonomically difficult genus, still requiring 
extensive experimental investigation; in particular, the 
specific limits of section Sideritis are often obscure [2]. 

The different taxa analysed are listed in Table 1. In all 
the samples, the aerial parts were firstly soaked in 
chloroform to obtain a rinse which contained the external 
lipophilic flavonoids (excretion compounds) [ 151, and 
subsequently, the plant material was extracted with 
aqueous methanol to recover the vacuolar, hydrophilic 
flavonoid glycosides. 

In the last few years the phytochemistry of this genus 
has been developed, and various di- and triterpenoids 
[3,4], essential oils [S], sterols, coumarins and lignans [4] 
and flavonoid aglycones [b8] and glycosides [9-121 have 
been identified. While the flavonoids from species growing 
in the Iberian Peninsula [6, 8-111 and in the Canary 
Islands [7] have been extensively studied revealing unusual 
structures both for aglycones and glycosides, the species 
from North Africa, including several interesting endemics 
from Morocco and Algeria, have not been studied so far. 

External ,jfavonoids 

Therefore, the flavonoids, of these North African 
Sideritis species have been investigated, with the aim of 
providing new data for the systematic revision of this 
genus. Wherever possible, populations of the same species 
growing in Spain have been analysed, for comparative 
purposes. An additional reason to study the flavonoids of 
these plants is their pharmacological interest since ex- 
tracts of the aerial parts of these species are used in folk 
medicine for their anti-inflammatory and antirheumatic 
properties; several flavonoids isolated from these extracts 
have been shown to be responsible for these pharmacolo- 
gical activities [13, 14). 

*Permanent address: laboratorio de Fitoquimica, Centro de 

Edafologia y Biologia Aplicada del Segura, C.S.I.C., Apdo. 195, 

Murcia 30003, Spain. 

These lipophilic flavonoids are externally deposited in a 
resin which mainly consists of terpenoids (diterpenoids, 
sesquiterpenoids). This resin covers the leaves and young 
stems of several of these plants. The study of the free 
flavone aglycones revealed the existence of highly sub- 
stituted flavones with ring A tetrasubstituted (5-hydroxy- 
6,7,8-trimethoxyflavones) or trisubstituted (5-hydroxy- 
6,7-dimethoxyflavones) and ring B either mono- or di- 
substituted (Table 2). These seven compounds (siderito- 
flavone, cirsiliol, xanthomicrol, cirsilineol, 8-methoxycir- 
silineol, gardenin B, and 5-demethylnobiletin) have been 
found to occur widely in Sideritis species from Spain 
(section Sideritis) [6] but are not present in Sideritis 
species growing in the Canary Islands (section 
Marrubiastrum Bentham) [7]. There is thus a close 
chemical relationship between the North African species 
and the Spanish species. However, only two Moroccan 
species, S. jahnndiezii and S. briquetiana, accumulate these 
compounds to the same extent as the Spanish species of 
subsection Carpostegiatae which grow in (semi-)arid 
habitats, i.e. S. leucantha, S. angustifolia, S. serrata, S. 
p&la, etc. [6]. By contrast, the other Moroccan species 
either contain only trace amounts of surface flavonoids 
(i.e. S. hirsuta, S. ochroleuca var maroccana, S. maireana 
and S. maura) or lack them altogether. 

TPermanent address: Institut Agronomique et VCttrinaire 

Hassan II. B.P. 6202, Rabat-Instituts, Morocco. 

One of the Moroccan species, S. jahandiezii, can be 
separated from all others by its having the rare external 
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Table 1. Sideritis species and localitie? of collectron 

Place of collection 

flavonoids. gardenin B and 5-desmethylnobiletin. It may 

be taxonomically significant that these two rare markers 

occur in S. srrrarcr [Xl, a Spanish species which according 
to Font-Quer [lb] 1s morphologically similar to S 

jahandicrii. 

It IS generally assumed that external Ravonoids act as a 

LJV-screen and play a role in the adaptation of plants to 

(semi-)arid and alpine habitats 1171. It is noteworthy that 

those North African species of sectmn Sidrriri.\ which 

grow in arid habitats. do not excrete flavonoids as a 

general rule (see above). but they do produce cxternai 

resins of a terpenoid nature. Exceptionally, the different 

taxa of S. in~,un~ sc’nsu furu lack both Havonoids and 

terpenoids at the leaf surface. However. they do appear to 

be protected from harmful LJV irradiatloli since their 

leaves are completely cokered with a dcnsr mat of white 

hairs. This is nicely illustrated by the elcctt on micrographs 

of’ the leaf surface of S. juhrrndie;~i (hair&. but contains 

external flavonoids) and S. in~c~~a I h:t~ry hut lacking 
excretion Ra\ctnoids) (Fig. 1 ). 
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Table 2. External and vacuolar flavonoids from North African Side&is species 

Vacuolar flavonoids 

Excretion flavonoids 8-OH-flavones 5,7-OH-flavones 

Plant name 1 2 3 4 5 6 7 ISOSC HYP CHRY LUT API 

Section Sideritis 
S. incana 

subsp. incana (1) 

subsp. incana (2) 

subsp. incana (3) 

subsp. sericea 

subsp. intermedia 
subsp. tomentosa 
subsp. guyoniana 

S. suhatlantica 
S. ochroleuca var. maroccana 
S. hirsuta (1) 
S. hirsuta (2) 
S. hirsuta (3) 
S. hirsuta (4) 
S. ochroleuca var antiatlantica 
S. jahandiezii 
S. maireana 
S. maura 
S. imbricata 
S. subatlantica var. heterostachya 
s. sp. 
S. arborescens 
S. briquetiana 
S. grand$ora 

Section Hesiodia 
S. romana (1) 

S. romnna (2) 
S. montana (1) 

S. montana (2) 
S. cossoniana 
S. cillosa 
S. goss)pina 

_ 
_ 
_ 
_ 
_ 
_ 
_ 

+ 
_ 
+ 
+ 
+ 

t 
+ 
_ 

_ 
_ 

+ 
_ 

_ 
_ 

_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
+ 
_ 
+ 
+ 
+ 
_ 
t 
+ 

_ 

+ 
._ 

_ 
_ 
_. 
_ 

- 

_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
+ 
_ 
+ 
+ 
+ 
_ 
+ 
_ 
+ 
_ 
_ 

+ 
_ 

_ 
_ 
_ 
_ 
_ 
_ 

- 

_ 
_ 

_ 
_ 
_ 
_ 
_ 

_ 
_ 
_ 
_ 
_ 
t 
_ 

_ 
_ 

_ 

_ 

_ 
_ 
_ 
- 

_ 
_ 

_ 
_ 
_ 
_ 
_ 

_ 
+ 
+ 
+ 
_ 
+ 
_ 
+ 
_ 
_ 

+ 

_ 
_ 
_ 
_ 
_ 
- - 

_ 
_ 
_ 
_ 

_ 
_ 

_ 

+ 
._ 

._ 

._ 

.~ 

_. 
-. 

- - 

_ 
_ 
_ 
_ 

_ 
_ 

_ 

_ 
_ 
+ 
_ 
_ 
_ 
_ 

_ 

_ 
_ 
_ 
_ 
_ 
- - 

+ 
t 
+ 
t 
t 
t 
t 
t 
t 

++ 
++ 
++ 
++ 

+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

t+ 
-t+ 
++ 
++ 
t 

+ 
t 
t 
t 

+t 

t 

t 

t 

+ 
t 
t 
t 

t 
+ 

+ 
t 

++ 
+++ 
+++ 

t++ 
++t 
+++ 
+++ 
+tt 
+++ 
+t+ 

_ 
_ 

_ 
_ 
_ 

_ 

_ 
_ 
t 
t 
t 
_ 
t 
+ 
_ 
t 
t 
t 
+ 
+ 

++ 
+ 

++ 
+ 
+ 
+ 
t 

Excretion compounds: [I] cirsiliol (5,3’,4’-trihydroxy-6,7_dimethoxyflavone); 123 sideritoflavone (5,3’,4’-trihydroxy-6,7,8- 

trimethoxyflavonef; [3] xanthomicrol (5,4’-dihydroxy-6,7,8-trimethoxyflavone); [4] cirsilineol (5,4’-dihydroxy-6,7,3’- 

trimethoxyflavone); [S] 8-methoxycirsilineol (5,4’-dihydroxy-6,7,8,3’-tetramethoxyfavone); [6] 5-demethylnobiletin (5-hydroxy- 
6,7,8,3’,4’-pentamethoxyflavone); [7] gardenin-B (5-hydroxy-6,7,8,4’-tetramethoxytlavone). 

Vacuolar glycosides: 7-0-glycosides of luteolin (LUT),apigenin (API), chrysoeriol (CHRY), isoscutellarein (5,7,X,4’-tetrahydroxyf- 

lavone) and its 4’-methyl ether (ISOSC), hypolaetin (5,7,8,3’,4’-pentahydroxyflavone) and its 3’- and 4’-methyl ethers (HYP). 
Relative abundances: (+ + +) the main compounds in the extract: ( + t ) significative amounts; (+) present; (t I trace amount; (F) 

not detected. 

these were identified by standard UV procedures and 
chromatographic comparison with authentic samples 
isolated from Spanish Sideritis species. The presence of 
allose was confirmedafter acid hydrolysis by cochromato- 
graphy. In addition, other 7-glycosides of isoscutellarein 
were detected. One of these compounds gave allose and 
glucose after acid hydrolysis, and its higher R, values (n- 
BuOH-HOAc-H,O 4: 1: 5, upper phase and HOAc 15 ‘;/;) 
compared with isoscutellarein 7-allosyl(1 -+ 2)glucoside 
suggest that this compound is the 6”‘-acetate. The glyco- 
sylflavone vitexin (apigenin 8-C-glucoside) was also de- 
tected in the same plant; this is the second time that this 
compound has been found in this family. Previously this 

compound was reported from Majorana hortensis 1211. 
Here again, as in the case of the excretory flavones, the 
flavonoid glycosides identified in Sjahandiezii support its 
close relationship to S. serrata since this species also 
produces ‘I-allosyl( 1 --t 2)glucosides of isoscutellarein and 
its 4’-methyl ether (Tomis-Barberin, unpublished 
results). 

S. maura, an endemic from Algeria, contains mainly 
isoscutellarein 7-allosyl( 1 -+ Z)glucoside, and 7-glycosides 
of hypolaetin and its 3’-methyl either in smaller amounts. 
In addition, this plant produces chrysoeriol and luteolin 7- 
allosyl(1 -+ Z)glucosides, the latter being a new naturally 
occurring compound. 
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The third species studied in detail was collected in 
Agard (Ourzazate, Morocco), and is a new taxon, the 
affinities of’ which i\ still bemg determmed (Rejdali. 
unpublished work 1. This plant contams mainly ixo- 
scutellarein allosyl( 1 --t 2)glucoside and a small amount of 
the ?-allosyl(l --_ 2)glucosides of hypolaetin and its i’- 
methyl ether. In addition. it produces aptgen~n 7-allosyl( 1 
---t 2)glucoside. Thus is a ~CM naturally oci:urrmp cum- 
pound which is not present in an:, i>t the 11th~ Sic/rnri.r 

species so far examined. 
This stud) has revealed that the tax.:1 studied can be 

divided broadly into two groups on the basis of the 
accumulation of 7-allosyl( 1 ~4 ?)glucoside\ of X-hydra- 
xyflavones (isoscutellarein. hqpolaetin) 01 of 
phloroglucinol-based flavonel (apigenin. luteolin. 
chrysoerioli i Pablc 2). The first group :ncludes xl1 the 
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sensu late, S. subatlantica and S. ochrolewca var maroc- 
cana. The second subgroup which accumulate isoscutel- 
larein glycosides includes S. ochroleuca var antiatlantica, 
S. jahandiezii, S. maireana, S. maura, S. imbricata, S. 
subatlantica var heterostachya and the new species. There 
are minor chemical differences at the subspecific level in 
the case of S. subatlantica and S. ochroleuca, whereas 
subspecies of S. incana and of S. hirsuta collected variously 
in Spain and North Africa are more or less uniform in 
chemical content. 

There is an intermediate group of plants based on S. 
hirsuta which accumulate both isoscutellarein and hypo- 
laetin glycosides in approximately the same amounts. 
Previously, the 7-allosyl( 1 -+ 2)glucoside of 6-hydro- 
xydiosmetin (5,6,7,3’-tetrahydroxy-4’-methoxyflavone) 
was reported from S. hirsuta 1223, but we have been 
unable to detect this compound in this species, finding 
instead the 8-hydroxy isomer. This result could be 
attributed to the difficulty of identifying flavonoids with 
an extra substituent on A-ring only on the basis of NMR 
evidence [23]. S. arborescens occupies an intermediate 
position between the two main groups of plants, since it 
produces chrysoeriol glycosides and hypolaetin glycosides 
in a similar amount. Finally, it is apparent that S. 
grandiflora and S. briquetiana can be separated from all 
other species of section Sideritis by the fact that they 
contain the flavonoids typical of plants of section 
Hesiodia. Thus, they may well represent bridge species 
between the two sections. 

EXPERIMENTAL 

Plant material. the different Sideritis species were collected at 

flowering in Spain, Morocco and Algeria, and voucher specimens 

are deposited in the Herbaria at Reading, Rabat and Murcia 

Universities. 

Extraction of ffavonoids. Aerial parts of the different species 

were first dipped in CHCI, for 2 min. to obtain a rinse in which 

the excretion flavonoids were analysed, and second, after remov- 

ing the excess of CHCI,, with EtOH-H,O (7:3) overnight at 

room temp. to extract the flavonoid glycosides. Both extracts 

were taken to dryness and dissolved in MeOH and MeOH-H,O 

(4 : 1) respectively. 

Ex~emal flauonoids analyses. The excretion flavonoids were 

analysed by TLC on silica gel with tolueneeHOAc (4: 1) and with 

the solvents previously described 1241, and their structures were 

confirmed by chromatographic comparisbns against authentic 
markers isolated previously from other species of Sideritis and by 

standard UV spectrophotometric procedures. 

Flmonoid glycosides analyses. The hydroalcoholic extracts 

were analysed by 2D-PC on Whatman No. 1 with n- 

BuOH-HOAc-H,O (4: 1: 5, upper phase) and 15’2, HOAc, and 

the different flavonoids were detected under UV light (366 nm). 

The different spots were eluted with MeOH-H,O (4: 1) and their 
UV spectra run in the same solvent and after addition of the 

classical shift reagents. The original extracts were also hydrolysed 

with 2 N HCl (90- ) for 30 min and the aglycones obtained were 

extracted with EtOAc and TLC analysed on cellulose TLC with 

50% HOAc against the expected aglycone markers (luteolin, 

chrysoeriol, apigenin, 6-hydroxyluteolin, 6-hydroxychrysoeriol, 

scutellarein and scutellarein 4’-methyl ether) giving a complemen- 

tary Information to the 2D-PC analysis. The presence of 

flavonoid glucuronides in the original extracts was also analysed 

by paper electrophoresis in 0.1 r\r acetate buffer pH 4.4. The 

structures of the isolated compounds were confirmed by 

chromatographic comparisons against authentic markers iso- 
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lated from known sources of Spanish Sideritis species. The 
presence of the uncommon sugar allose in these glycosides was 

evidenced by paper chromatographic comparisons against a 

marker with PhOH-H,O (4: 1)a system which has proved useful 

for the differentiation of this sugar from the rest of the hexoses 

[9--l 1, 18, 191. The flavonoid compounds which after this survey 

remained unknown, were subsequently thoroughly studied in 

order to establish their structures. 

ldent@cation ofapigmin and luteolin 7-ullosylglucosides. These 

two new compounds were isolated from Sideritis sp. and S. maura 

respectively. Their UV spectra in MeOH and after addition of the 

classical shift reagents clearly demonstrated that these are 7- 

glycosides of luteolin and apigenin. After prolonged acid hydro- 

lysis (1 hr, go’, 2 N HCI), allose, glucose and the respective 

aglycones (luteolin and apigenin) were detected. Mild acid 
hydrolysis [9--l I] produced a small amount of the monogluco- 

sides showing the sugar sequence in the natural glycosides. 
Electron micrographs. Whole specimens were mounted on 

brass SEM stubs by means of double sided adhesive tape. The 

stubs were then coated with gold in an atmosphere of argon for 

3-4 min. and examined in a JEOL TSM T20 instrument 1251. 
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