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ABSTRACT

Plants have an important role in maintaining people’s
health and improving the quality of human life. They are an
important component of people’s diet, but they are also used
in other spheres of human life as a therapeutic resources, in-
gredients of cosmetic products, paints and others. The Daph-
ne genus belongs to family Thymeleaceae which includes 44
families with approximately 500 herbal species. The plant
species of the genus Daphne are used in the traditional medi-
cine in China and tropical part of Africa for the treatment of
various conditions. Previous studies showed significant bio-
logical potential of these species as a source of pharmacologi-
cally active compounds. This indicates that this genus possess
a broad spectrum of biological activity including antimicro-
bial, antioxidant, analgesic, anti-inflammatory, cytotoxic,
anti-ulcerogenic, abortive, hypocholesterolemic and hemo-
static effects. Additionally, Daphne plants are the source of
valuable bioactive phytochemicals such as coumarins, fla-
vonoids, lignans, steroids and different classes of terpenes.
Different parts of the Daphne plants contain specific bioac-
tive metabolites and can represent a source of new, natural,
pharmacologically active compounds, which may potentially
be used in pharmaceutical, cosmetic and food industries.

Keywords: Daphne, traditional medicine, pharmaco-
logical activity, biological activity, phytochemicals
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INTRODUCTION

Using herbs for the medical purposes and finding bio-
active molecules in plants is an ancient idea. Centuries ago
autochthonous plants had been used for the treatment of
various diseases. For instance, archeology data exists that
Neanderthals, who lived 60 000 years ago, in the site of
today’s Iran, used high mallow for different purposes (1).
These herbs are still widely used in traditional medicine,
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SAZETAK

Biljke imaju bitnu ulogu u odrzavanju zdravija ljudi i po-
boljsanju kvaliteta ljudskog Zivota. One su bitna komponenta
ishrane ljudi, ali se koriste i u ostalim sferama ljudskog Zivota
nalazeci primenu kao lekovita sredstva, konzervansi, sastoj-
ci kozmetickih preparata, boja i ostalo. Rod Daphne pripada
familiji Thymeleaceae koja obuhvata 44 rodova sa priblizno
500 biljnih vrsta. Biljne vrste roda Daphne se koriste u kine-
skoj tradicionalnoj medicini i tradicionalnoj medicini tropskog
dela afrike u tretmanu razlicitih oboljenja. Sprovedene studije
ukazuju na biopotencijal vrsta iz ovog roda kao izvor farmako-
loski aktivnih jedinjenja i veliki znacaj zbog ispoljavanja Sirokog
spektra medicinskih dejtva i bioloskih aktivnosti. Bioloske ak-
tivnosti koje ispoljavaju vrste roda Daphne obuhvataju antimi-
krobnu, antioksidativnu, antiinflamatornu, citotoksicnu, anti-
ulcerogenu, abortivnu i mnoge druge. Ispitivanjem hemijskog
sastava vrsta ovog roda utvrdeno je prisustvo razlicitih klasa
sekundarnih metabolite kao Sto su: kumarini, flavonoidi, ligna-
ni, steroidi i razlicite klase terpena. Ovi konstituenti su poveza-
ni sa ispoljavanjem razlicitih bioloskih aktivnosti. Vrste iz roda
Daphne mogu predstavijati izvor novih, prirodnih, farmakolos-
ki aktivnih jedinjenja, koja mogu nadi potencijalnu primenu u
farmaceutskoj, kozmetickoj i prehrambenoj industriji.

Kljucne reci: Daphne, tradicionalna medicina, farma-
koloska aktivnost, bioloska aktivnost, fitohemikalije

all around the world. In the past, therapeutic effects of
herbs were different — from healing and symptoms relief
to toxic effects, and even death. Today, it is estimated that
there are 250 000 to 350 000 different species of herbs on
Earth. Relatively small percentage (less than 10%) has been
used in people’s or animal’s nutrition, but, probably, much
higher number of them was used for medical purposes (2).
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The value of the plants used in traditional
medicine for drug discovery

Extraction of particular alkaloids from opium, at the
beginning of 19" century, is the crucial event in the devel-
opment of modern pharmacy. The compounds that were
extracted had the same, but much stronger activity than
the herbal material which had been used, which paved
the way for the use of pure molecules for the treatment of
various diseases. From then on, a lot of plants have been
used as a source of new natural medicines. The molecules
which were extracted from the herbal material, served for
the design of new, synthetic medicines, by introducing
active chromophores into an existing natural molecules.
That is how, for example, from the jaborandi leaf, which
was used in Brazilian traditional medicine to induce per-
spiration, the pilocarpine was isolated and now days is
used in medicine as a miotic in the treatment of glaucoma
(3). The process of discovery of the new medicines from
the natural resources consists of several phases. In the first
phase, the data of traditional use of herbal material is being
investigated. Consideration of traditional use of a certain
herb represents the basis for possible assumption that the
herb in question manifests biological and pharmacological
activities. If there are any indications of their biological ac-
tivity, it is necessary to identify the plant and determinate
it according to the scientific nomenclature. After conduct-
ing relevant tests of biological activity, decision should be
made whether to conduct extraction and structural iden-
tification of the active constituents which are responsible
for manifested activity. Bioactive molecules are being iso-
lated through several cycles of fractionation of extracts.
Each fraction’s activity is tested and bioactive fractions are
further used for the isolation of pure compounds. These
molecules, after determining their activity and structure,
serve as potentially clinically useful products (4).

The importance of the traditional medicine
plants today

Herbs have an important role in maintaining people’s
health and improving the quality of human life. They are
an important component of people’s diet, but they are also
used in other spheres of human life, finding application as
therapeutic resources, ingredients of cosmetic products,
paints and others. The use of plants has always been a part
of human culture. WHO (World Health Organization)
estimates that 80% of human population relies on some
of the traditional methods of treatment in the primary
health care (5). In some countries, governments advocate
the use of autochthonous treatment methods more than
the use of expensive imported medicines. In the last 100
years, mass production and use of chemically synthesized
drugs are the main part of the health care system. How-
ever, a large part of population, especially in the develop-
ing countries, still relies on traditional methods of treat-
ment and use of herbal medicines in conducting health

care. In such way, for example, in Africa 90% of population
relies on traditional methods of treatment, in India 70%,
whereas in China, traditional medicine makes 40% of all
health care systems, and more than 90% of general hos-
pitals have units for traditional medicine (6-8). However,
the use of traditional medicine is not restricted only to
developing countries. In the past two decades, interest for
traditional treatment methods, with special focus on phy-
totherapy, is growing in developed countries as well. The
research conducted in USA in 2007 showed that more than
35% of adults and around 12% of children are using some
of the traditional treatment methods (9, 10). According to
the research of National center for complementary and al-
ternative medicine, herbal therapy, with the exception of
vitamins and minerals, is most used method of alternative
medicine (11).

Secondary plant metabolites as a source
of new antimicrobial agents

Infective diseases are still the leading cause of morbidity
and mortality around the world, in spite of the major prog-
ress of medical technology and scientific findings about in-
fective agents and mechanisms of their development (12).
After the discovery of first antibiotics, penicillin, in 1929,
there has been a revolution in development of antibiotics
in modern medicine. However, in the last couple of decades
there has been an increase of global incidence of resistance
of microorganisms towards antimicrobial agents (13, 14).
Resistance of microorganisms against antibiotics that are
currently being used is increasing, so there is the need for
continuous findings of new antimicrobial compounds (15).
Natural herbal products have been used for treatment of
different infective diseases (16-19). Apart from synthetic
molecules, natural products are still being considered as the
important source for new and innovative therapeutic agents
with a wide spectrum of antimicrobial effects (20). Among
contemporary antifungal agents more than 35% have natu-
ral origin (21). Natural products present a promising source
of new antibiotics, antibiotics supplements and disinfec-
tants (22-24). The studies performed in the last couple of
decades defined the most important ingredients of plants
which have antimicrobial activity. For example, some phe-
nolic compounds exhibited broad spectrum of antimicrobi-
al activity against variety of pathogenic microbes. Generally,
since phenolic compounds do not have strong pharmaco-
logical effect, they can be used only for prophylaxis and for
the treatment of initial stages of diseases (25).

The plant phenols as antioxidants

Previous investigations have shown that phenolic com-
pounds and flavonoids have antioxidant effect in biological
systems, mostly because of their redox properties (26). The
mechanism of flavonoids activity is based on reduction and
neutralization of generated free radical and thus the interest
for further study of this compounds remains high (27).
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The ability of neutralization of free radicals makes fla-
vonoid compounds important for the therapeutic or pro-
phylactic use, e.g. after infection, inflammation, burns or
injury due to radiation exposure (28). The antioxidant ac-
tivity of phenolic acids is important in the defense mecha-
nisms of biological systems and for the stability of the food.
Recent studies have shown that many polyphenol ingredi-
ents of the plants are showing much stronger activity than
vitamin C and E (28, 29). These results, obtained in ix vitro
studies also show significant protective antioxidant poten-
tial in vivo.

Polyphenol compounds are strong antioxidants and
they have great potential in preventing cellular damage
caused by reactive oxygen species and, in that way, they
protect organism from cardiovascular, cancerous and oth-
er chronic diseases (27, 30, 31). However, the contribution
of particular components to overall antioxidant protection
is difficult to determine because the manifested activity of
the extracts can be the result of synergistic effect of differ-
ent compounds. In one study, it was recorded that mix-
tures of lycopene of other herbal polyphenol compounds
has better antioxidant effect compared to the effect of in-
dividual compounds (32).

Taxonomy, distribution and description
of the genus Daphne

Plants from the genus Daphne are small bushes or
short trees with sparse branches (33). Taxonomy of the
Daphne genus is very complex and complicated because
of the existence of great number of species and subspecies.
The Daphne genus belongs to family Thymeleaceae which
includes 44 families with approximately 500 plant species
(34). The primary center of evolution of this genus was
China (33). The genus covers 95 species which are mostly
distributed in Europe and certain regions of sub-tropical
Asia (35, 36). Until now, in Europe’s flora, the presence of
17 species of this genus has been identified (37). The phy-
logenetic tree of Daphne genus is shown in Table 1.

Secondary metabolites present in plants
of the Daphne genus

The interest for the plants of the Daphne genus is in-

creasing because of numerous beneficial medicinal prop-
erties of these plants that can be of potential clinical sig-

Table 1. The taxonomy classification of the genus Daphne

Kingdom Plantae
Division Magnoliophyta
Class Magnoliopsida

Order Malvales
Family Thymelaeaceae

Genus Daphne

nificance. The extracts of the examined species exhibit
pharmacological and biological activities and different
methods of analysis have identified the active molecules
(secondary metabolites) which are responsible for these
activities. There are an increasing number of studies aimed
to identify specific molecules, improve methods for their
synthesis and determine their activity and/or toxicity. The
research so far has confirmed the presence of molecules
and derivates which belong to different classes of second-
ary metabolites.

The next section of this paper offers a look on the most
present secondary metabolites in groups in Daphne spe-
cies, as well as their properties in terms of biological and
pharmacological activities.

Coumarins

One of the first metabolites to be isolated (in the 1930s)
is coumarin heteroside daphnin, whose presence has been
confirmed in several plant species (38). Since then, in
Daphne species, the presence of about 50 coumarin deri-
vates has been discovered. According to the structure they
can be simple coumarins, dimeric and trimeric (Figure
1). Simple coumarins that are found in Daphne species is:
daphnetin, daphnetin-8-3-glucoside, daphnin, daphne-
sid, umbelliferone and acetil-umbelliferone (39-43). Some
of the dimeric coumarins present in these plants are: ru-
tarensin, demethyldaphnoretin-7-O-glucoside, daphno-
retin and daphneretusin A (44, 45). Daphnoretin exhibits
good antitumor activity. It stops the cell cycle of human
osteosarcoma cells in G2 phase and it activates aptoposis
over caspase-3 dependent way (46). Daphneretusin B and
triumbellin are trimeric coumarin metabolites. Daphner-
etusin A and B show good antioxidant activities (44).

Biflavonoids

Daphnodorins and similar biflavonoids, genkwanol and
daphnorigin, are specific secondary metabolites present
in the Thymelaeceae family which contain 2,3-functional
benzofuran group (47). Daphnodorin A was first isolated
from the D. odora plant and it has numerous biological ef-
fects such as inhibition of a-glucosidase, K+-ATP inhibi-
tion, anti-HIV activity, antifungal and insecticidal activity,
12-lypoxygenase and cyclooxygenase inhibitory activity
and antitumor activity (48). From the extract of D. odora,
other daphnodorins have also been isolated (Figure 2). The
methanol extract of D. acutiloba contains daphnodorin M
and H. Spirobiflavonoids, genkwanol, as well as juanhua-
nin have been isolated from D. genkwa and they exhibit
cytotoxic properties (49).

Terpenes
Terpenoid secondary metabolites are often found as a

constituent of different parts of Daphne plants. Mono and
sesquiterpenoid compounds are most often found in the
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Figure 1. Coumarin derivates in Daphne species.

genkwanol A
daphnodorin A (R = H) daphnodorin C (R = H)
daphnodorin B (R = OH) daphnodorin I (R = OH)

Figure 2. The structures of some biflavonoids isolated from Daphne species.

OH H

daphauranol A daphauranol B daphauranol C

Figure 3. The structures of the sesquiterpenes isolated from Daphne species.



acutilobin 1

acutilobins 3, 4 and 5

Figure 4. Daphnane-type diterpene esters isolated from Daphne species.

composition of aetheric oils obtained from the flowers of
these species, giving them a specific smell (50). Diterpenes
and triterpenes are found as terpenoid constituents in the
extracts obtained from other parts of these plants.

Sesquiterpenes

Daphnauranols are bioactive tricyclic sesquiterpenes
which have recently been isolated from D. aurantiaca (Fig-
ure 3) (51). Their insecticidal activity has been confirmed,
so they can be used in the protection of plants from harm-
ful insects as a non-toxic, safe and biodegradable alterna-
tive to synthetic pesticides (52).

Daphnane-type diterpene esters

Diterpenoid esters of the daphnan type are primarily
isolated from plants that belong to the Thymeleaceae fam-
ily, and only a few of them have been discovered in plants
from the Euphorbiaceae family. They represent the main
type of known plant orthoesters and they exhibit numer-
ous biological activities (53-55). This group of molecules
also contains acutilobins, which are found in some Daphne
plant species, such as D. acutiloba (Figure 4). Acutilobins
exhibit considerable anti-HIV activity, while the strongest
activity is exhibited by acutilobin G. Also, they exhibit a
significant cytotoxic activity tested in five human tumor
cell lines (56). Juanhuanin is a white amorphous powder
isolated from the D. genkwa flowers (49). It possesses an-

R= 000 NN
U R= oo0cC /

acutilobins 6 and 7, wikstroemia factor M1 and
genkwanin 8

titumor activity by inhibiting the growth of lung cancer
cells and can find potential use as a chemotherapeutic
agent (57). Genkwadaphnin is a daphnan diterpenoid ester
which is isolated from D. genkwa. It exhibits antineoplastic
effects against leukemic cell lines and it induces the apop-
tosis of skin tumor cells (58).

Triterpenes

Pentacyclic triterpenoids, taraxerol, taraxerone and
taraxerol acetate are isolated from D. papiracea (59). Addi-
tionaly, in different Daphne species, the presence of ursolic
acid, p-viscol, as well as o and p-amirin were confirmed
(Figure 5) (60).

Steroids

The most often molecules of steroid structure found
in Daphne plant are phytosterols: [-sitosterol and
B-sitosterol-B-D-glucoside (Figure 6) (60).

Lignans

Recent research of the chemical composition of the
plants of the Daphne genus has shown the presence of
compounds of the lignan metabolites (Figure 7) such as
dihydroxysesamin, sesamin, lariciresinol, pinoresinol and
syringaresinol (61, 62). These compounds have been iden-
tified in several species of this genus.
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Figure 6. The structures of some phytosterols isolated from Daphne species.
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The plant species of the genus Daphne:
Pharmacology screening and use in traditional medicine

Plant species of the Daphne genus are used in the tra-
ditional methods of treatment, especially in Chinese tradi-
tional medicine and traditional medicine in tropical part of
Africa (63). Although nearly half of the plants of this genus
have been investigated in detail, there is still a great pos-
sibility for founding new natural bioactive molecules (44).

Daphne oleoides Schreber ssp. Oleoides (Spurge-olive).
The D. oleoides root is used as a laxative, its cortex and
leaves are used in the treatment of skin damage and ulcers
(64). The leaves of this plant are used in the treatment of
gonorrhea and abscess. The above-ground parts of D. ole-
oides are used in Turkish traditional medicine in the treat-
ment of rheumatic pains, lumbago and fever (65). A study
showed that active components isolated from this plant,
genkwadafnin and dehydrodaphnetoxin, are primary bio-
active components which strongly inhibit cytokines on
which macrophage activity is depended (65).

Daphne genkwa Sieb. et Zucc.(Lilac Daphne). The flowers
are used as diuretic, anti-tussive, expectorants, anti-carcino-
genic and anti-inflammatory agent in Chinese and Korean tra-
ditional medicine (66). In Chinese traditional medicine, flow-
ers are used for the relief of the rheumatic symptoms. Latest
studies showed that flowers, which mostly contain flavonoid
compounds, exhibit anti-inflammatory, analgetic and immu-
nomodulatory activity (67). Flavonoid fraction extracted from
the flowers of this plant, which is made of luteolin, apigenin, hy-
droxy genkwanin and genkwanin shows significant therapeu-
tic effects on arthritis in mice, without obvious adverse effects
(68). The methanol extract of flower D. genkwa buds exhibits
an inhibitory effect on the production of nitrogen monoxide
(NO) which has an important role in neurotransmission, blood
pressure regulation and cell defense systems (69).

Daphne odora Thunb.( Fragrant Daphne, Winter Daph-
ne). In traditional Chinese medicine, the root of the D.
odora is used for treating stomachache, bruises and bites
of venomous snakes, while the leaves are used for treating
abscess and neuralgia (70).

Daphne acutiloba Rehd.. The root and the bark of the D.
acutiloba plant is used in traditional Chinese medicine un-
der the name “jin yao dai” to treat bruises and scrofula (71).

Daphne feddei Levl. This plant which contains daph-
nane type diterpenes, exhibits immune-stimulating and
anti-neoplastic effect (72).

Daphne gnidium L.(Flax-leaved Daphne). In traditional
medicine, the leaves of the D. gnidium plant are used as
a hypoglycemic compound and for treating skin diseases.
This plant is traditionally used as a medium for dyeing in
the textile industry. However, the use of this plant is con-
sidered dangerous because of certain toxic effects. Its use
can cause headache, paleness, shivers, swelling of the lips
and mouth, convulsions, and even death (73). The analysis
of the methanol extracts of the branches has shown that
the extract has quite good antimicrobial activity, especially
against Bacillus lentus and Escherichia coli bacteria. Daph-

netin, genkwanin and 2,5,7,4’-tetrahydroxy flavanol have
shown the strongest effect (39).

Daphne retusa Hemsl. This is a plant from the “Zhu Shi
Ma” traditional Chinese medicine, and it is used to treat
rheumatism and to decrease the swelling and pain in pria-
pism, while its ethanol extract exhibits anti-inflammatory
and anti-analgesic activity (74). The results of the toxicity
testing of the ethanol extracts on mice have demonstrated
a low level of toxicity (75).

Daphne mucronata Royle (Kashmir Daphne). In tradi-
tional medicine this plant is used for treating tumors and skin
diseases (74). The water-ethanol extract of this plant exhibits
cytotoxic activity, especially on breast cancer cell lines. The
extract also exhibits antileucemic activity, especially on 1/937
cell lines. The ethanol extracts exhibit antimicrobial activity
against gram-positive bacteria (E. coli and S. aureus) (76).

Daphne pontica L. (Twin flowered Daphne). The ex-
tracts of different parts of the D. pontica plant exhibit anti-
inflammatory and antinociceptive activity (77).

Daphne mezereum L. (Mezereon, Paradise plant, Feb-
ruary Daphne). The water-alcohol extract of the D. me-
zereum plant has shown antileukemic activity on P-388
lymphocytic cells in mice (78). The active compound me-
zerein, which has been isolated from this plant, has shown
a significant inhibitory effect against P-388 cells and
L-1210 type of leukemia in mice in the 50ug dosage (79).

Daphne giraldii Nitsche. Active compounds from this
plant exhibits the pharmacological effect of a hemostasis (80).

Daphne altaica Pall. is used in traditional Chinese medi-
cine for treating esophagus and stomach cancer, tracheitis,
fever, throat inflammation, snake bites, and it is also used as
an antitusic and a diaphoretic agent (81). The extracts of the
bark has an antiproliferative effect, so it can be considered as
a source of anticancerogenic substances (82).

Daphne papyracea Wall. (Nepali paper plant). The fla-
vonoid compounds found in this plant, exhibit sedative
and hypotensive effects (59). Its ethanol extracts exhibit
strong cytotoxic effects (83).

Daphne acutiloba Rehd. is used in traditional medicine
to treat wounds and bruises (71).

Daphne acuminata Boiss. & Hohen. ex Stocks. The
methanol extract of D. acuminata exhibits hypotensive
and cardiotoxic effects (84).

The extracts of Daphne species located in Serbia (Daphne
alpina subsp. alpina, Daphne cneorum L. (Garland flower
or Rose Daphne), Daphne blagayana L. Freyer and Daphne
malyana Blec¢i¢) exhibit significant antioxidant and antimi-
crobial activities. Analysis of the chemical composition of
these species has demonstrated the presence of different sec-
ondary metabolites that belongs to the groups of coumarins,
phenolic acids and flavonoids, which are considered to be re-
sponsible for their biological activitiy (37, 40, 41, 85, 86).

The traditional medicinal practices of many cultures
utilize parts of several Daphne plants species for the treat-
ment of a wide range of disorders. The summary of report-
ed medicinal uses, parts of the plant and form is given in
the Table 2.
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Table 2. Summary of reported medicinal uses of plant from the genus Daphne

Plant Part Form Use Reference
D. alpina Root Tincture Induction of menses 87
Abortifacient 88
Buds Diuretic 89
Expectorant 90
D. genkwa Tincture
Tonic 91
Flower, root Malaria 91
Mushroom poisonig 92
Analgesic antidyne for treat-

D. giraldii Rootbark Tincture ment of hemorrhoids 93
Ointment Vesicant 94
Bark Diuretic 95
D. gnidium Tincture Stimulant 96
Rooth Powder Abortifacient 97
Diuretic 55
D. lureola Bark Powder Laxative 265
98
Anticoaugulant 98
Scrofula 99
Bark Decoction Siphilis 100

D. mezerum Vesicant
100
Tincture Laxative 65

Root-Bark Infusion Dropsy
31

Decoction Rheumatism
Swelling 65
D. odora Root-Bark Decoction Toothache 101
Vermifuge 97
Sore throat 101
Root, leaf Decoction Wash for smallpox pustules 92
Leaf Infusion Gonorrhea 102
D. oleoides Abscesses 102
Leaf Poultice Boils 102
CONCLUSION both under in vitro and in vivo conditions. Plants from the

The data shown in this paper illustrates a wide range of
pharmacological and biological activities that the extracts
obtained from different parts of the plants of the Daphne
species exhibit. The presence of different groups of second-
ary metabolites indicates that these plants might serve as a
source of active compounds, some of which with potential
pharmaceutical significance. It is also significant that there
are still species that have not been examined in detail espe-
cially from the aspect of their chemical composition and its
exhibition of biological activity, which opens up possibili-
ties for discovering new molecules. Future research should
go in the direction of a more detailed and broader chemical
characterization of bioactive components, as well as in the
direction of the examination of other biological activities,

Daphne genus may represent a source of new, natural, phar-
macologically active compounds, which may potentially be
used in pharmaceutical, cosmetic and food industry.
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