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Abstract In this research, fruit flavonoids characters of some collected Euphorbia species (subgenera Esula and
Chamaesyce) from Markazi province, Iran area were studied using 2-Dimentional Paper Chromatography (2-DPC), Thin
Layer Chromatography (TLC) and available standard flavonoids. Voucher specimens were prepared for reference as
herbarium voucher. Our studies showed that all of studied Euphorbia species had flavonoids considerably. Flavonoid
sulphates and flavone C- and C-/O-glucosides existed in fruit of studied taxa, while dihyro flavonol 3-O-monoglycosides
just were found in E. falcata. Kaempferol were detected in all of studied species in contrast to rhamnetin which was found
only in E. ozyridiforma. Concenteration and variety of flavonoid componds in studied taxa of subgenera Esula were more
than subgenera Chamaesyce. Some flavonoid compounds including myricetin, naringenin and rhamnetin were not detected

in Euphorbia studied species of subgenera Chamaesyce.
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1. Introduction

The Euphorbiaceae is one of the larger families of
flowering plants with ca. 300 genera and 8000 species [1, 2].
The genus Euphorbia belongs to the subfamily
Euphorbioideae and comprises ca. 2000 species, mainly
distributed in subtropical and warm temperate regions [3, 4].
Euphorbia subgenus Esula is the largest subgenus within
Euphorbia, which largely corresponds to Boissier's
Euphorbia sect. Tithymalus and has about 500 species.
Subgenera Chamasyce is the large segregate genus from
Euphorbia with about 300 species. Euphorbieae and
Euphorbia are generally considered taxonomically difficult,
and a considerable degree of uncertainty has always existed
about the relationships of the groups within them [5]. Plant
chemosystematics is the application of chemical data to
systematic problems. It is a rapidly expanding
interdisciplinary field concerned with using chemical
constituents for explaining relationships between plants and
inferring phylogeny [6]. Flavonoids are popular compounds
for chemotaxonomic surveys of plant genera and families
because of their almost ubiquitous presence in vascular
plants, structural variety, ease of detection and relative ease
of identification [7]. They are the most numerous of the
phenolics and are found throughout the plant kingdom [8].
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To date, more than 6400 different flavonoid compounds
have been identified [9] and the pathways responsible for
their synthesis have been characterized in detail in numerous
plant species [10, 11, 12, 13, 14]. Flavonoids are present in
high concentrations in the epidermis of leaves and the skin of
fruits and have important and varied roles as secondary
metabolites. They are widely distributed in foods and
beverages of plant origin, such as fruits, vegetables, tea,
cocoa, and wine [15, 16]. Within the subgroups of the
flavonols and the flavones, the flavonol quercetin is the most
frequently occurring compound in foods and also kaempferol,
myricetin, and the flavones apigenin and luteolin are
common [17]. Different classes of flavonoids and their
conjugates have numerous functions during the interactions
of plant with the environment, both in biotic and abiotic
stress conditions [18, 19]. Many flavonoids are active
principles of medicinal plants and exhibit pharmacological
effects [20]. Flavonoids play a variety of significant
functions in plants as signal molecules [21], agents for
pollen germination [22, 23, 24, 25, 26, 27], and seed
germination [28, 29], pollinator attractants [30], regulators of
auxin transport [18, 31, 32, 33], UV filters [34, 35],
antimicrobial [36, 37] and antiherbivory agents [38]. Some
flavonoids such as quercetin, kaempferol, myricetin,
apigenin, and leuteolin also have antioxidative activity in
many in vitro studies [39]. Moreover, plants use the huge
variety of secondary metabolites as tools to overcome stress
[40]. Flavonoids are a diverse group of natural product found
in all plants [41, 42]. Bryophytes (mosses), liverworts,
hornworts are the oldest plant group to produce chalcone,
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flavonols, and flavones among the types of flavonoids [43].
Leguminosae produce about 28% of all known flavonoids,
95% of all isoflavonoid aglycones and about 850 compounds,
including 362 isoflavones which were known in this family
[44, 45] .Thirty-three kinds of flavonoids were reported from
Polygonaceae species leaves [46]. Flavonoid compounds
were found widely in Euphorbiaceae and there are some
studies in this connection. Noori et al (2012) showed that all
studied populations of Chrozophora tinctoria and C.
hierosolymitana in Markazi Province contain flavonoid
sulphates, flavone C and C-/O-glycosides and aglycon. Also
all studied populations have apigenin and quercetin, while
rutin was just found in 4 populations of C. tinctoria species
[47]. Five flavonoid glycosides were reported in the
methanol extract of the aerial parts of Chrozophora
tinctoria [48]. Four flavonoids were isolated from the
butanolic extract of the aerial parts of Croton campestris St.
Hill. (Euphorbiaceae) [49]. Eleven flavonoid compounds
-one C-glycosyl flavone and ten flavonol glycosides- were
isolated and identified from leaf material of Cnidoscolus
aconitifolius, C. souzae, and C. spinosus [50]. Several
studies by different researchers indicated that flavonoids
occurred widely in various species of Euphorbia [41, 42,
51-72]. The aim of this study is to describe fruit flavonoids of
18 Euphorbia species from Iran in two subgenera
Chamaesyce and Esula.

2. Materials and Methods

2.1. Sampling and Identification

Mature fresh fruits of 18 Euphorbia species were collected
from some area, described in Table 1. Plants identified using
available references [73, 74, 75]. Samples were air dried for
detection and identification of flavonoids.

2.2 Extraction of the Plant Material

For a comparative analysis of the flavonoids, small
extracts of all the accessions were prepared by boiling 200
mg of powdered air dried fruit material for 2 min in 5 ml of
70% EtOH. The mixture was cooled and left to extract for 24
h. The extract was then filtered, evaporated to dryness by
rotary evaporation at 40°, and taken up in 2 ml of 80%
MeOH for analysis by 2-Dimensional Paper
Chromatography (2-D PC).

2.3. Flavonoid analysis by 2-Dimensional Paper
Chromatography (2-DPC)

For the detection of flavonoids, ca 20 pl of each of the
small extracts was applied to the corner of a quarter sheet of
Whatman No 1 chromatography paper as a concentrated spot
(10 applications of 2pl). The chromatogram for each sample
was developed in BAW (n-BuOH-HOAc-H,0=4:1:5; V/V;
upper layer), 1* direction, and HOAc¢ (=15% aqueous acetic
acid), 2™ direction, with rutin (= quercetin 3-O-rutinoside) as
a standard. After development, the chromatograms were
viewed in longwave UV light (366 nm) and any dark
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absorbing and fluorescent spots were marked. R¢-values in
BAW and 15% HOAc were calculated.

2.4. Methods of Identification of the Flavonoids

After obtaining sufficient amounts of purified flavonoids,
as in the case of the flavonoids from 18 Euphorbia species,
they were identified by means of UV spectroscopy using
shift reagents to investigate the substitution patterns of the
flavonoids [76, 77] and by acid hydrolysis to identify the
aglycone and sugar moieties. Cochromatography with
standards was also performed where possible. Flavonoid
standards available for comparison during the study were
rutin, kaempferol, quercetin, myricetin, naringenin, apigenin,
luteolin, and rhamnetin (all obtained commercially, rutin
from Merck and the rest from Fluka).

2.5. Acid Hydrolysis and Identification of Flavonoid
Aglycones

A small amount of each purified flavonoid (ca 0.5 mg)
was dissolved in 0.5 ml of 80% MeOH in a test tube. To this
sample 2 ml of 2M HCI were added and the mixture was
heated in a water bath at 100°C for 0.5 h. The solution was
cooled, 2 ml of EtOAc were added and thoroughly mixed
with the aqueous layer using a whirley mixer. The upper
EtOAc layer was removed with a pipette, evaporated to
dryness, dissolved in 0.5 ml of MeOH and applied as spots
on thin layer chromatograms=TLC (cellulose). The TLC
plates were run in three solvents alongside standards to
identify the aglycone moiety [78].

3. Results

All studied Euphorbia species contained flavonoid
compounds in their fruits. Data in Table 1 and 2 show the
collection information and also two-dimentional paper and
thin layer chromatographical data of 18 studied Euphorbia
species in two subgenera FEsula and Chamaesyce from
central of Iran. Table 1 shows 2-DPC and Table 2 show
TLC data of studied Euphorbia species in two subgenera
Esula and Chamaesyce from Markazi Province, Iran. The
results showed existing flavonoid sulphates and flavone
C-and C-/O-glucosides in all of studied taxa fruits but dihyro
flavonol 3-O-monoglycosides were not found in them with
the exception of E. Falcata (Tablel 1). The most flavonoids
number was observed in E. macroclada species fruits and E.
osyridiformis showed the lowest (Tablel 1). Kaempferol was
found in all of studied species fruits. While rhamnetin was
detected only in E. osyridiformis and myercetin existed in E.
falcata and E. szovitsii (Table 2). All of studied samples had
not quercetin with the exception of 5 species (E. chamaesyce,
E. macroclada, E. seguieriana, E. splendida and E. aleppica).
For other flavonoids is refered to Table 2. Our investigation
into studied Euphorbia species illustrated that the variety and
concentration of flavonoid compounds in studied Euphorbia
species in subgenera FEsula is more than subgenera
Chamaesyce (Table 1 and Table 2).



International Journal of Modern Botany 2014, 4(1): 1-7

Table 1. Collection information and 2-DPC data of studied Euphorbia species in two subgenera Esula and Chamaesyce from Markazi Province, Iran

Sampling locality Flavonoid type
Voucher Taxon Number of Number of Number of Number of
data Latitutde Longitude total flavonoid flavone C-and dihyroflavonol
flavonoids sulphates C-/0-glucosides 3-0-monoglycosides
Subgenera Chamaesyce
*CMK63 E. chamaesyce 49°47'N 34°05'E 3 2 1 -
CMK65 E. maculata 50°02'N 34°08'E 3 2 1 -
Subgenera Esula
CMK 75 E. aleppica 49° 02'N 34° 14'E 4 2 2 -
CMK 23 E. bungei 50°07'N 34°36'E 4 3 1 -
CMK 57  E. cheiradenia 49°22'N 33°56'E 3 2 1 -
CMK 60 E. esula 49°47'N 34°01'E 4 1 3 -
CMK 59 E. falcata 49°45'N 34°03'E 4 2 1 1
CMK 32 E. helioscopia 49°47'N 34°09'E 6 4 2 -
CMK 26 E. heteradena 49°41'N 34°29'E 3 1 2 -
CMK 54  E.macroclada 49°16'N 34°02'E 7 4 3 -
CMK 70 E. microsciadea 49°48'N 34°13'E 5 4 1 -
CMK 66 E. osyridiformis 50°03'N 34° 12'E 2 1 1 -
CMK 62  E. peplus 49°37'N 34°01'E 3 1 2 -
CMK 74 E. petiolata 50°20'N 34°22'E 5 4 1 -
CMK 16 E. seguieriana 49° 55'N 34°01'E 3 2 1 -
CMK 10 E. splendida 49°42'N 34°02'E 3 2 1 -
CMK 48 E. szovitsii 49° 11'N 34°23'E 3 2 1 -
CMK 34  E. teheranica 49°43'N 35°08'E 6 3 3 -

*CMK: Mahdi Kaveh collection numbers

Table 2. Thin Layer Chromatography data of studied Euphorbia species in two subgenera Esula and Chamaesyce from Markazi Province, Iran

Identification
V(()ll;ct:er Rutin Quercetin  Kaempferol =~ Myricetin ~ Naringenin Apigenin Luteolin Rhamnetin
Subgenera Chamaesyce
CMK63 *o + + - - - - -
CMK 65 + - + - - + + -
Subgenera Esula
CMK 75 - + +++ - - + o+ i
CMK 23 + - + - - + - -
CMK 57 - - ++ - ++ - - -
CMK 60 - - +++ - + - - -
CMK 59 + - + +++ - +++ +++ -
CMK 32 - - + - - + + _
CMK 26 - - + - + - - -
CMK 54 - + +++ - + - - -
CMK 70 - - +++ - - - - -
CMK 66 - - +++ - - - + +
CMK 62 + - + - - + ++ -
CMK 74 - - +++ - - + - -
CMK 16 - ++ -+ - + - - -
CMK 10 - + ++ - - - + -
CMK 48 + - +++ +++ - + - -
CMK 34 - - + - - + ++ -

*-: (non flavonoid), +: (few flavonoid), ++: (high concentration of flavonoid), +++: (very high concentration of flavonoid).
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4. Discussion and Conclusions

As table 1 shows, flavonoid sulphates and flavone C-and
C-/O-glucosides were detected in fruit of studied taxa, but
dihyro flavonol-3-O-monoglycosides were not found in
studied taxa except E. falcata (Table 1). Flavonoid solphates
and flavone C-and C-/O-glucosides were reported in leaf of
studied FEuphorbia species [41]. Kaempferol was
predominant flavonoid in extracts of studied taxa (Table 2).
Quercetin, and kaempferol were reported as the most
representative compounds for the genus Euphorbia [41].
Kaempferol was reported in E. helioscopia [55], E. hirta [69],
E.  chamaesyce, E. cordifolia, E. osyridiformis, E.
heteradena, E. bungei, E. peplus, E. esula, E. falcata, E.
szovitsii, and E. seguieriana [41]. Kaempferol 3-O-glucoside
and quercetin 3-O-glucoside were obtained from E. larica, E.
virgata, E. chamaesyce, and E. magalanta [61]. Papp et al
(2005) studies showed that arial parts of FEuphorbia
cyparissias had 2 main flavonoids: kamfpherol-3-
glucuronide and quercetin-3-glucuronide [68]. The
hypotensive principales of E. maddeni were found to be
kaempferol-4'-O-glucose and hyperin [57]. Result showed
that quercetin was identified in E. macroclada, E.
seguieriana, E. splendida, E. Chamaesyc and E. aleppica
among studied species (Table 2). Quercetin was found in
Euphorbia pilulifera [52], E. helioscopia [55], E. hirta [69,
711, E. chamaesyce, E. ozyridiforma, E. heteradena, E.
bungei, E. helioscopia, E. petiolata, E. peplus, E. esula, E.
falcata, E. szovitsii, E. microsciadea, E. cheiradenia, E.
macroclada, E. seguieriana, E. splendida [41] and
Euphorbia wallichii [42]. Some known derivatives of
quercetin were isolated from different Euphorbia species by
researchers [58, 60, 62, 67, 68, 72]. In this study, rutin was
detected in Euphorbia bungei, E. peplus, E. falcata, E.
szovitsii and E. maculata (Table 2). Rutin was identified in E.
larica, E. virgata, E. magalanta [61], and leaves extracts of
E. chamaesyce, E. cordifolia, E. ozyridiforma, E. heteradena,
E. bungei, E. helioscopia, E. peplus, E. esula, E. falcata, E.
szovitsii, E. teheranica, E. microsciadea, E. cheiradenia, E.
seguieriana, E. splendida [41] and E. hirta [71]. As table 2
shows, Euphorbia falcata and E. szovitsii among studied
species just have myricetin. Myricetin was reported in leaves
extract of E. macroclada and E. petiolata [41] and in E. hirta
[71]. Murillo and Jakupovic (1998) identified myricetin-3-
rhamnoside and one flavonoid glycosides in E. aucherii
which was collected in Iran [65]. Ghanadian et al (2012)
identified myricetin 3-O-B-D-galactopyranoside in aerial
parts of Euphorbia microsciadia [72]. Result shows that
there are luteolin in some studied species, including F.
ozyridiforma, E. helioscopia, E. peplus, E. teheranica, E.
falcata, E. splendida, E. aleppica and E. maculata (Table 2).
Omurkhamzinova and Erzhanova (1985) identified
luteolin-3-rhamnoside and luteoline-3-galactoside from the
aerial parts of E. soongarica and E. alatavica [59]. Our study
indicated that rhamnetin was absent in all studied taxa except
E. ozyridiforma (Table 2). Muller and Pohl (1970) isolated
six new flavonoids all being glycosides of rhamnetin from E.
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amygdaloides [54]. Apigenin was detected in this study in E.
maculata, E. bungei, E. helioscopia, E. petiolata, E. peplus,
E. falcata, E. szovitsii, E. teheranica, and E. aleppica (Table
2). Apigenin was characterized in nineteen Euphorbia
species [79]. The major flavonoids of Euphorbia prostrata
are  apigenin, luteolin, apigenin-7-glucoside  and
luteolin-7-glucoside [63]. Five apigenin glycosides were
identified in E. humifusa [80]. As table 2 shows, naringenin
were detected in Euphorbia heteradena, E. esula, E.
cheiradenia, E. macroclada and E. sequieriana. Roshchin et
al. (1970) found naringenin 7-O-B-D glucofuranoside for the
first time in genus Euphorbia [81]. Myricetin, naringenin,
and rhamnetin were not detected in fruits extracts of
Euphorbia maculata and E. chamaesyce of subgenera
Chamaesyce (Table 2). Finally, this study showed that the
diversity of flavonoids in studied taxa is considerable and the
concentration and variety of flavonoid compounds in studied
species in subgenera Esula is more than studied taxa in
subgenera Chamaesyce. It is believed that the high variety of
flavonoid compounds in studied Euphorbia species is to their
response to environmental stresses because all of studied
taxa were weed and grow in destroyed pasture. Flavonoids
protect plants against various biotic and abiotic stresses and
play an important role in the interaction between the plant
and their environment [13, 39, 82, 83]. However, further
work is needed for attaining an obvious mechanism of
flavonoid roles against stress protection.

ACKNOWLEDGEMENTS

The authors would like to thank of Organic Chemistry
Laboratory Experts, Chemistry Department in University of
Arak.

REFERENCES

[1] Webster GL. 1994. Synopsis of the genera and suprageneric
taxa of Euphorbiaceae, Ann Missouri Bot Gard, 81:33—144.

[2] Radcliffe-Smith A. 2001. Genera Euphorbiacearum, Royal
Botanical Garden, Kew.

[3] Heywood VH. 1979. Flowering Plants of the World. Oxford
Univ. Press, Oxford, pp. 336.

[4] Govaerts R, Frodin D & Radcliffe-Smith A. 2000. World
checklist and bibliography of Euphorbiaceae (with
pandaceae), Royal Botanical Garden, Kew, 2: 417-921.

[5] Steinmann VW & Porter JM. 2002. Phylogenetic
Relationship in Euphorbieae (Euphorbiacea) Based on ITS
and ndhf sequence Data, Annals of the Missouri Botanical
Garden. 89 (4): 453-490.

[6] Jones SB & Luchsinger AE. 1987. Plant systematic, London:
McGraw-Hill.

[7] Harborne JB & Turner BL. 1984. Plant chemosystematics,
London: Academic Press.



[16]

[17]

(18]

[19]

[20]

[24]

[26]

(27]

International Journal of Modern Botany 2014, 4(1): 1-7 5

Harborne JB. 1994. The flavonoids: Advances in research
since 1986, New York: Chapman and Hall.

Harborne JB & Baxter H.
Flavonoids Chichester: Wiley.

1999. Handbook of Natural

Dixon RA & Steele CL. 1999. Flavonoids and
isoflavonoids—a gold mine for metabolic engineering,
Trends Plant Sci, 4: 394-400.

Harborne JB & Williams CA. 2000. Advances in flavonoid
research since 1992, Phytochem, 55: 481-504.

Harborne JB & Williams CA. 2001. Anthocyanins and other
flavonoids, Nat Prod Rep, 18: 310-333.

Winkel-Shirley B. 2001a. Flavonoid biosynthesis: a colorful
model for genetics, biochemistry, cell biology and
biotechnology, Plant Physiol, 126: 485-493.

Springob K, Nakajima J, Yamazaki M & Saito K. 2003.
Recent advances in the biosynthesis and accumulation of
anthocyanins, Nat Prod Rep, 20: 288-303.

Kelm MA, Hammerstone JF & Schmitz HH. 2005.
Identification and quantitation of flavanols and
proanthocyanidins in foods: how good are the datas?, Clin
Dev Immunol, 12: 35-41.

Schreier P. 2005. Chemopreventive compounds in the diet,
Dev Ophthalmol, 38: 1-58.

Lin Jk & Weng MS. 2006. The science of flavonoids,
Springer science, pp. 214.

Dixon RA & Paiva NL. 1995. Stress-induced
phenylpropanoid metabolism, Plant Cell, 7: 1085-1097.

Shirley BW. 1996. Flavonoids biosynthesis “new” function
for an “old” pathway, Trends Plant Sci, 1: 377-382.

Yilmaz Y & Toledo RT. 2004. Health aspects of functional
grape seed constituents, Trends in Food Science and
Technology, 15: 422-33.

Peer AW & Murphy AS. 2006. The science of flavonoids.
Springer science, pp. 239.

Morandi D, Branzanti, B & Gianinazzi-Pearson V. 1992.
Effect of some plant flavonoids on in vitro behaviour of an
arbuscular mycorrhizal fungus, Agronomie, 12 (10): 811-816.

Mo Y, Nagel C & Taylor LP. 1992. Biochemical
complementation of chalcone synthase mutants defines a role
for flavonols in functional pollen, Proc Natl Acad Sci USA,
89: 7213-7217.

Ylstra B, Touraev A, Moreno, RMB, Stoger E, van Tunen AJ,
Vicentie O, Mol NNM. & Heberle-Bors E. 1992. Flavonols
stimulate development, germination, and tube growth of
tobacco pollen, Plant Physiol, 100: 902-907.

Taylor LP & Grotewold E. 2005. Flavonoids as
developmental regulators, Curr Op Plant Biol , 8: 317-323.

Roshchina V. 2001. Molecular-cellular mechanisms in pollen
allelopathy, Allelopathy J, 8: 11-28.

Samanta A, Dos G & Dos SK. 2011. Roles of flavonoids in
plants. Int J Pharm Sci Tech, 6: 12-35.

(28]

[34]

[35]

[36]

[37]

[38]

[41]

[42]

Shirley BW. 1998. Flavonoids in seeds and grains:
physiological function, agronomic importance and the
genetics of biosynthesis, Seed Sci. Res., 8: 415-422.

Gould KS & Lister C. 2006. Flavonoid Functions in plants. In
Andersen @M, Markham KR. (eds.), Flavonoids. CRC Press,
Boca Raton, pp. 397-442.

Iwashina T. 2003. Flavonoid function and activity to plants
and other organisms. Biol. Sci. Space, 17 (1): 24-44.

Dooner HK, Robbins TP & Jorgensen RA. 1991. Genetic and
developmental control of anthocyanin biosynthesis, Annu.
Rev. Genet., 25: 173-199.

Brown DE, Rashotte AM, Murphy AS, Normanly J, Tague B.
W, Peer WA, Taiz L & Muday GK. 2001. Flavonoids act as
negative regulatorys of auxin transport in vivo in Arabidopsis,
Plant Physiol, 126: 524-535.

Peer WA, Bandyopadhyay A, Blakeslee JJU, Makam SN,
Chen RJ, Masson PH & Murphy AS. 2004. Variation in
expression and protein localization of the PIN family of auxin
efflux facilitator proteins in flavonoid mutants with altered
auxin transport in Arabidopsis thaliana, Plant Cell, 16:
1898-1911.

Kootstra A. 1994. Protection from UV-B-induced DNA
damage by flavonoids, Plant Mol Biol, 26: 771-774.

Ryan KG, Swinny EE, Winefield C & Markham KR. 2001.
Flavonoids and UV photoprotection in Arabidopsis mutants,
Z Naturforsch, 56: 745-754.

Mustafa KA, Perry NB & Weavers RT. 2003.
2-Hydroxyflavanones from Leptospermum polygalifolium
subsp polygalifolium- Equilibrating sets of hemiacetal
isomers, Phytochem, 64: 1285-1293.

Yadava RN & Verma V. 2003. A new biologically active
flavone glycoside from the seeds of Cassia fistula (Linn.),
Asian Nat Prod Res, 5: 57-61.

Lahtinen M, Salminen J, Kapar, L, Lempa K, Ossipov V,
Sinkkonen J, Valkama E, Haukioja E & Pihlaja K. 2004.
Defensive effect of surface flavonoid aglycones of Betula
pubescens leaves against first instar Epirrita autumnata larvae,
J of Chem Ecol, 30: 2257-2268.

Dwyer J. 1995. Overview: dietary approaches for reducing
cardiovascular disease risks, J Nutr, 125:656S-665S.

Vasconsuelo A & Boland R. 2007. Molecular as-pects of the
early stages of elictition of secondary metabolites in plants,
Plant Sci., 172: 861-875.

Noori M, Chehreghani A & Kaveh M. 2009. Flavonoids of 17
species of Euphorbia (Euphorbiaceae) in Iran, Toxicological
and Environmental Chemistry, 91 (3): 409-418.

TASKEEN A, NAEEM A & MUBEEN, H. 2009. Isolation of
flavonols from Euphorbia wallichii by preparative High
Performance Liquid Chromatography, Nature and Science, 7:
86-88.

MARKHAM KR. 1988. Distribution of flavonoids in the
lower plants and its evolutionary significance, in The
Flavonoids, Advances in Research Since 1980, Harborne, J.
B., ed., Chapman and Hall, London, pp. 427-468.



[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

Mahdi Kaveh et al.:

DEWICK PM. 1993. In J. B. Harborne (ed.) The Flavonoids:
Advances in Research since 1986, Chapman & Hall, London.
pp. 117-238

HEGNAUER R, GRAYER-BARKMEIJER RIJ.
Phytochemistry 34, 3.

1993.

KAWASAKI M, KANOMATA T & YOSHITAMA K. 1986.
Flavonoids in the leaves of twenty-eight polygonaceous
plants, Bot. Mag., (Tokyo) 99: 63-74.

NOORI M, ZARE MAIVAN H & MAZAHERI A. 2012.
Leaf flavonoids of Chrozophora Neck (Euphorbiaceae)
members in markazi province using chromatographical
methods, Journal of Medicinal Plants, 11: 118-126.

DELAZAR A, TALISCHI H, NAZEMIYEH H,
REZAZADEH H, NAHAR L & SARKER SD. 2006.
Chrozophorin: a new acylated flavone glucoside from
Chrozophora tinctoria (Euphorbiaceae), Brazilian Journal of
Pharmacognosy, 16 (3): 286-290

SALATINO A, SALATINO FML & NEGRI G.
2007.Traditional uses, chemistry and pharmacology of
Croton species (Euphorbiaceae), J. Braz. Chem. Soc., 18 (1):
11-33.

KOLTERMA AD, BRECKON JG & KOWAL RR. 1984.
Chemotaxonomic studies in cnidoscolus (Euphorbiacea). 11
flavonoids of C. aconitifolius, C. souzae, and C. spinosus.
Systematic Botany, 9 (1): 22-32.

NAGASE M. 1942.J. Agr. Chem. Soc. Japan, 17, 183; Chem.
Abstr., 36, 3525 (see Singla and Pathak).

HALLETT FP & PARKS LM. 1951. A note on isolation of
quercetin from E. pilulifera, Journal of American
Pharmaceutical Association, 40: 56-7.

SOTNIKOVA OM & LITVINENKO VI. 1968. Isomyricitrin
from Euphorbia stepposa, Chemistry of Natural Compounds,
no. 1: 42-3.

MULLER R & POHL R. 1970. Flavonol glycosides of
Euphorbia amygdaloides and their quantitative determination,
Planta Medical8, no. 2: 114-29.

VOLOBUEVA MA. 1970. Phytochemical study of
Euphorbia  helioscopia, = Trudy @ Alma  Atinskogo
MeditsinskolInstituta, 26: 451-5; Chemical Abstracts, 77,
7254 (1972).

BURZANSKA Z. 1975. Quercetin derivatives of Euphorbia
indica W.K., Acta Poloniac Pharmaceutica, 32 no. 6: 7038,
Chemical Abstracts, 85: 189224v, (1976).

SAHAI R, DUBE MP & RASTOGI RP.1981. Chemical and
pharmacological study of Euphorbia maddeni, Indian Journal
of Pharmaceutical Sciences, 43: 216.

VAN HOOF L, VANDEN BERQHE DA, HATIFIELD GM
& VLIETINCK AJ.1984. Plant antiviral agents,
3-methoxyflavones as potent inhibitors of viral-induced block
of cell synthesis, Planta Medica, 50: 513-17.

OMURKHAMZINOVA VB & ERZHANOVA MS, E. E. C.
S. 1985. Int. Conf. Chem., Biotechnol. Biol. Act. Nat. Prod.
(Proc.), 3rd, Chem. Abstr., 110, 4671g (1989), (see Singla
&Pathak 1990).

[60]

(61]

[67]

[68]

[70]

[71]

Fruit Flavonoids of Some Species of Subgenera Esula and Chamaesyce (Euphorbia) in Iran

GAUTAM RK & MUKHRAYA DK.
Academy of Scientific Letters, 10: 95.

1981. National

ULUBELEN A, OKSUZ S, HALFON B, AYNEHCHI Y &
MABRY TJ. 1983. Flavonoids from Euphorbia larica, E.
virgata, E. chamaesyce and E. magalanta, Journal of Natural
Products, 49: 598.

SINGLA AK & PATHAK K. 1990. Phytochemistry of
Euphorbia species, Fitoterapia LXI, no. 6: 483-516.

CHEN L, CHEN R &WAI K. 1992. Constituents of tannins
from Euphorbia prostrata , Ait China Journal of Chineese
Material Medica, 17 (4): 225-226.

GVAZAVA LN & ALANIYA MD. 1997. Flavonoids of
Euphorbia armena, 33 (2): 210.

MURILLO R & JAKUPOVIC J. 1998. Glycosides from
Euphorbia aucherii, Ingenieria y Cienceia Quimica, 18:
57-60.

AIMOVA MZH, RAKHMADIEVA SB, ERZHANOVA M S
& ABILOV ZHA. 1999. Akad. Nauk. Resp. Kaz. Ser. Khim,
26 (see Williams A & Grayer JR. 2004. Anthocyanins and
other flavonoids, Nat. Prod. Rep., 21: 539-573.

HALAWEISH F, KRONBERG S & RICE JA. 2003. Rodnet
and ruminant ingestive response to flavonoids in Euphorbia
esula, Journal of Chemical Ecology, 29 (5): 1073-1082.

PAPP N, VASAS A, HOHMANN J & SZABO LG. 2005.
Morphological and flavonoid pattern variations within some
Euphorbia cyparissias L. populations, Acta Biologica
Szegediensis, 49 (1-2): 171-2.

ADEDAPO AA, ABATAN MO, IDOWU SO &
OLORUNSOGO O0O. 2005. Effects of chromatographic
fractions of E. hirta on the rat serum biochemistry, African
Journal of Biomedical Research, 8: 185-9.

FALODUN A, OKUNROBO LO & UZOAMAKA N. 2006.
Phytochemical screening and anti-inflammatory evaluation of
methanolic and aqueous extracts of Euphorbia heterophylla L.
(Euphorbiaceae), African Journal of Biotechnology, 5 (6):
529-31.

UPADHYAY B, SINGH KP & KUMAR A. 2010.
Pharmacognostical and antibacterial studies of different
extracts of Euphorbia hirta L, Journal of Phytology, 2
(6):55-60.

GHANADIAN SM, AYATOLLAHI AM, AFSHARYPOUR
S, HAREEM S, ABDALLA OM & BANKEU JJK. 2012.
Flavonol glycoside from Euphorbia microsciadia Bioss. with
their immunomodulatory activities, Iranian Journal of
pharmaceutical Research,11 (3): 925-930.

RECHINGER KH. 1964. Flora Iranica, Vol. 6, 1-48. Graz,
Austria: Akodemische Druck—U.Verlagsanstalt.

MOBAYEN 8. 1979. Iran vegetation (vascular plant flora),
Vol. 6, 85-152. Tehran University Publications, no. 1500/2.

GHAHREMAN A. 1979-2006. Flore de I’Iran: A joint
project by the Research Institute of Forests and rangelands
(Iran) and Tehran University, Published by RIFR, Ministry of
Reconstruction Jahad, Vols 1-24.



International Journal of Modern Botany 2014, 4(1): 1-7 7

MABRY TJ, Markham KR & Thomas MB. 1970. The
systematic identification of flavonoids, Berlin, Springer
Verlag.

Markham KR, 1982. Techniques of Flavonoid Identification,
Academic Press, London.

HARBORNE JB. 1998. Phytochemistry methods, 3rd ed.
London: Chapman and Hall.

KAWASHTY SA, ABDALLA MF, E-L hadidi MN & Saleh
NAM. 1990. The chemosystematics of Egyptian Euphorbia
species, Biochemical Systematics and Ecology, 18
(7-8):487-490.

(80]

(81]

(82]

(83]

TIYAN Y, LIU XQ & DONG GX. 2009. Apigenin glycoside
from Euphorbia humifusa,Yao Xue Xue Bao, 44(5): 496-499.

ROSHCHIN YUV, SHINKARENKO AL & OGANESYAN
ET. 1970. A flavone 7-glicoside from Euphorbia
condylocorpa, Khimiya Prirodnykh Soedinenii, 6(4): 472.

CHALKER-SCOTT L. 1990. Environmental significance of
anthocyanins in plant stress responses, Photochemistry and
Photobiology, 70: 1-9.

POURCEL L, ROUTABOUL JM , CHEYNIER V, Lepiniec

L & Debeaujon L. 2007. Flavonoid oxidation in plants: from
biochemical properties to physiological functions, Trends Plant
Sci, 12 (1): 29-36.



