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Intraduction

Ayurveda, an introduction

The term "Ayu" means all aspects of life, from birth to death; the rerm "Veda" means
knowledge. Therefore, *Ayurveda® indicates the science by which life is fully understood.
Ayurveda treats man as a “whaole”, a combination of body, mind and soul, and designs a
lifestvle able to maintain and protect health (Tannaccone, 1997),

Ayurveda is one of the oldest medicinal systems and it possesses extensive documentation
of clinical experience. Traces of Ayurvedic medicine and its mythological origins are
tound in Indian texts dating back more than 5,000 years, but the most consistent evidence
is found in the medicinal text known as Charata Sambita (considered the most important
work about basic Ayurvedic basic concepts), a treaty dating back to 1000 BC which
describes 500 medicinal formulations in terms of preparation, dosage, and treated
disorders and diseases (Tannaccone, 1997),

The principles of Ayurvedic medicine are related to the holistic conception of the human
being, committed to maintaining balance with nature through medical practices that
recognise the importance of narural medication in achieving this targer. Tr is characterized
by v o i, sibisads mad siiscial conde B, I sbanpls lusiiceusical Saiien
feg. powders, infusions, decoctions or tablets) but often mived in very complex
formulations (Materia Medica Ayurvedica, Ed. M.LR., 2007). Ayurveda preparations
could be composed of single drugs or mixtures of them, whose preparation and dosage
depends on the disorder that has to be treated and by the psycho-somatic characteristics
of the patient, categorized according to Ayurvedic principles (doshas) in three different
types: Fasa (air/space), Pirta (fire), Kapha (carth and water). The fact that such remedies
could contain wp to several mived drags might considerably complicare guality control

Ayurvedic Medicine: diffusion and legislation in Italy and EU

Although the principles of this medicine are far from the roos of Hippoeratic practice,
Ayurveda is attracting special interest in Europe because of the different conception of
health and healing system thar patients achieved in modern age: the will 1o be involved in
the curing process and not be as passive as before. 1t is important 1o be able 1o make the
choice about which therapy is intended to be wsed. For this reason, the public needs a
reliable current source of information regarding standards 10 be expected in relation 1w
good practice ("Report of the National Working Group on the Regulation of
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Complementary Therapists 1o the Minister for Health and Children”, December 2005).
The European Union has designed the traditional Ayurvedic medicinal system as non-
conventional medicine, promoted formation courses, channels through which o obrain
intormation and, overall, allowed it to be practiced by qualified doctors. Furthermore the
WHO's accepration of "health”;

“a state of complere physical, mental and sovial well-being

and not merely the absence of disease or infirmity”

(htep:#arww who, int/about/definition/en/print html)
is close to Ayurvedic principles and, due to these premises, the offer of non-conventional
healing centres is increasing, and consequentially the market for natural therapeutic
products is moving in this direction.
I this cowiseit, sckantific rewch s i celsieally wvalasie the prapatis ssibed w the
considered natural sources, through phytochemical screenings and biological assays (in
wvitre, ex viveand in wive), to determine correlations berween active principles and
bioactivitics. Moreover, the in-depth study of Ayurvedic crude drugs could be a valuable
source for the identification of new bivactive molecules, to be wsed a5 lead compounds in
the development of new drugs {Guerrini & Sacchetti, 2012).

The effects of the often complex Ayurvedic formulations are widely described in the
literature but the biological bases proving their effectiveness are still poorly investigared
and this lack of knowledge, often associated wirh fragmented cultural research, makes
various plants, belonging to the Ayurvedic phytotherapic culture, are still characterised, in
the Tralian and Eurepean commercial circuit, as "food supplements” because of the
absence of a precise legal definition. In particular, herbal drugs and formulated products
prepared sccoeding to the directions of the Indian Ayurvedic Pharmscopotia are nat
quoted by the reports of EMEA commissions (EMEA - Commitree on Herbal
Medicinal Products HMPC), making them absent from the lists of drugs allowed/not
allowed by the Tralian Ministry of Health, but nevertheless marketed. A step in this
direction, 1o overcome these shomtcomings, was made by some Furopean countries
(Belgium, France and lealy), which are creating an updated joined list o arrive at a
supplements {Ministero della Salute, Istituto Superiore della Saniva, Pror. N. 12129, 28
marzo 2014).
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PhID goals

The main goal of this PhDD research was 1o provide for the scarce and fragmentary know -
ledge about crude ayurvedic drugs and herbal derivatives. In particular, the project focused
on the achievement of chemical and bivlogical evidence about ayurvedic drugs present in
preparations seld in the Tralian and, in general, in the EU marker, These phyrotherapic
realities, in fact, increasingly adopt herbal traditions belonging to distant and exotic
cultures, like Ayurveda, but they implement their use considering cultural parameters
unrelated to those traditions, placing them in a typical Hippocratic and allopathic context
(Guerrini 8 Sacchett, 2012). Furthermore, there are few studies in which there is a clear
correlation between the choice of the crude drug, its formulations {e.g. decoction or
hydro-alecholic extract), its detailed chemical characterisation, the identification of the
biological activities and therapeutic uses.

These statements lead 1o the main critical aspect: the lack of phytochemical
standardization of crude drug extracts, through the choice of suitsble phytomarkers that
could define their quality. Therefore, starting from the firm belief that phytocomplex
standardization is one of the crucial points to be able to validate their safety and
effectiveness (HMPC, EMEA, 2007 and 2011), the project investigated the
used in the Ayurvedic therapeutic branch called Rasayana: dzadirachea indica A. Juss
(leaves), Boerboavia diffisa L. (roots), Comvolvndus pluricaniis Choisy (whole plant),
Curculigs srchioides Gaertn, (roots) and Hemidesmus indicns (L.) R.Br. Ex Shultz {roots).
The research focused in particular on their decoctions (DECs), cardinal extemporaneous
preparations in the Ayurvedic phytotherapic tradition, alengside their hydro-aleoholic
extracts (HEs), preparations belonging instead to the Western tradition that could
“translate” the use of decoction of the Indian culture. Therefore the main targer of the
PhID research project was the standardization of these plant phytocomplexes defining
some specific phytomarkers (as required by the international bodies for the approval of
the use of crude drugs as medicinal plants or as & components of food supplements} and
correlate the information of the chemical characterization with the biological activities, in
terms of efficacy and safery (antioxidant, antigenotoxic activity and cyvotoxicity against
cancer cell lines), and therapeuric uses.
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BOTANICAL AND PHARMACOGNOSTIC DESCRIPTION
OF THE PLANT SOURCES




Botanical and plarmscogmostic description
Azadirachta indica A. Juss b

Order: Rurales

Gens: Azadirachia

Species; Azadirachta indica A Juss

Parts used (crude drugs): leaves, barks, sceds, roots
Common names: neem tree, nim, margosa tree, indian lilac, mangousies, neem, nimbaum,
neembaum, margosa, pokok mambu, nim, neem, balnimb, nim, neem, nimba; vempu.

Description

Evergreen tree over 20 meters tall, with sympodial trunk, and rough, furrowed and grey -
ish bark. Racemie inflorescences with large and bearing white flowers, pentamers and fra-
grant. Fruit is an edible vellow-green drupe. Leaves are alternate, penmate, with a margin
roothed leaflets and a short petioles,

Distribution

Plant native to the Indian subcantinent, but introduced by humans in large tropical and
subtropical areas of Asia and Afiica, for shading of boulevards and parks, for the produc-
tion of timber and for his great drought resistance and ease of cultivation (Biswas et al.,
2002},

Uses

A, imdica wood, particularly hard and resistant, is used in cabinet-making and for manu-
tacturing tools. The oil obrained by the squeezing out of seeds is used as a lubricant, cos-
Tradirional/ Erbnobotanisal wser: The plant species is known for numerous ethnomedicinal
uses, It is used in ayurvedic medicine for many different purposes (purifiing, antipruritic,
antidermatite, emetic, healing, antirdcrobial). In Ayurveda Neem has rass features
(taste): sweet, virya (power): refreshing, post-digestive taste: sweet; dosa: decreases Vata
amd Khapha, increases Pitra {Biswas er al., 2002).
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Chemical constituents

Besides the abundant polyphenals component, neem is characterized by the presence of
substances belonging to the class of limonoids. These substances, mainly tetranortriter-
pemids, specific o the plant species and generally called azadirachtins, are mainly charac-
terized by & particular cyclic rearrangement. Nimbidin is the major bitter principle extiac-
ted from the neem seed oil, but other tetranortriterpenes (e.g. mimbin) have been solated
from the crude drug. Flavonoids are also present, such as rutin, quercetin, quercitrin and
kaempterel; chalcones, catechins and sulphur compounds (sulphides) are correlated to the
characteristic seeds smell (Arawodi er al., 2009).
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Health effects known by traditional medicine and recent investigations

The use of leaves of A. india is widespread in different pares of India 1o treat gastrointest-
inal disorders such as diarthoea and cholera. The methanol extract showed significant an-
tibacterial activity against Vibrio cholerae, etiological agent of cholera. This extrace also
showed antisecretory activiry towards fuid secretion induced by the bacteria in mice gut
and its oral administration induced antthemorrhagic activity at intestine level (Thakurta et
al., 2007).

Aguecus or alcoholic lowers extracts tested in vitro showed anrifilariasis activiry against
Seraria cervi, that consists of reversible paralysis dependent on the concentration (Mishra
et al., 2005),

Antimalarizl activity testing carried out on 13 different plants wraditionally used, indicated
A indica leaves methanol extract as one of the most active preparations against Plasmod: -
sm fadciparam, both in vigrs (103010 pg/ml, caleulared as che abiliry to inhibir the incor-
poration of radio-labelled hypoxanthine by the parasite) and in vive, exhibiting the
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bighest capacity of clearance of the parasite (89 %) among the rested plants {Gathirwa et
al., 2011).

A study carried out in vive on 30 plants traditionally used in Ayurveda for the treatment
of hyperglvcemia showed the capacity of A, indica leaf extract 1o significantly reduce the
blood level of glicose (Kar et al,, 2003). A subsequent paper also highlighted the in vive
inhibition of lipid peroxidation, the antioxidant blood enzymes reactivation and the levels
of glutathione restoration, demonstrating its antidiabetic and antioxidant properties
{Chandra et al. 2007},

Erthanol extracts of flowers, leaves and stem-bark of the variery siamensis showed a strong
in vires antioxidant activity in DPPH test and an inhibition of the lipid peroxidation in
Chago K1 cell culture {Sithisarn et al. 2005).

Nimbin and nimbidin, tetranortriterpenoids mainly present in seed oil, exhibited an in-
also preventing phagocytosis and respiratory buest, in addition to the mitigation of de-
granulation in newtrophils, justifying the use of such substances for the reatment of in-
fammation (Kaur et al. 2004),

Regarding the potential anti-cancer activiry, leaf ethanolic extract was able 1o induce ap-
optosis in prostate cancer cell lines (PC-3) in a dose-dependent manner (Kumar et al.
2006). The nimbolide, triterpene extracted from the flowers, showed antiproliferative
activity against 11937, HL-60, THP1, B16 cell lines at a concentration of (.4 pM (Roy et
al. 2007).




Boerhaavia diffusa l..

Order: Caryophyllales
Family: Nyctaginaceae
Genus: Borrbuavia
Species: Roevhaavis diffisa L.
Parts used (crude drug): Whole plant, but most of the Ayurvedic preparations use just the

roaot.

Common names: B, diffusa is mostly known as Punamava, but it has o multinede of other
mames depending on the language of the region in which ir is used: Kahiilla, Sophaghni,
Sothaghni, Varsabbu (Sanskric); Rnaga Punarmabha (Assamensel, Rakta punarnava
(Bengalil, Dholisanerdi, Motosaredo (Gujrati); Gadapurna, Lalpunarnava (Hindi), San-
adika, Kommeberu, Komma (Kannada);, Vanjula Punarnava (Kashmiri); Chuvanna
Tazhutawa (Malayalam}, Gherali, Vasuchimuli, Satodimula, Purarnava, Khaparkhuti
(Marathi); Lalapuirani, Nalipuroni (Orival; Treiv (Tal) Khaman{Punjabil; Mukurareai
(Tamil); Atikamamidi, Erra galijeru (Tehogu).

Deseription

Herbaceous perennial plant with strong fusiform roots, less than 1 meter tall. Tt has a
slender and branched stem with purple hues and broadly ovare leaves with shightly round
or pointed apex and round base. The flowers, white, red or pink depending on the species,
are bracteolare usbels that usually contain 2-3 stamens. The cup is covered with glandu-
lar haars. The fruit is an oval achene, sticky, monosperm, a few millimetres long and fur-
rowed longitudinally, Thanks to their sticky navure, the fruiss of the plant remain attached
on the cothing of humans and legs of animals {such as small migratory birds), and it
helps their dispersal from one place to another. (Rajpoot & Mishra, 2011)

Distribution

The plant is spread arownd the rropical, subtropical and remperate regions of the world. Tt
is fonind in Austrabia, Clina, Egype, Palcistun, Sudan, Sri Lanka, South Africa, in the US
and in several countries of the Middle East. B. digfusa is however native to India, it grows
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in all the hotrest areas of the country up 1o an altitude of 2000 m in the Himalayan region
(Awasthi et al., 2006),

Uses

In addition to the numerous therapeutic uses, the whole plant {including roots) is caten as-
a vegetable in curries and soups. Roots and seeds are added 1o cereal, pancakes, and orher
foods. It also used as birds or poultry feed, and found in pastures for forage for sheep,
goats and cows (Awasthi et al, 2006). Moreover, in the Indian tradition, it is a remedy
against snake bites and scorpion stings, while the crushed leaves are used in disinfectant
preparation to washes the eves. The Indian common name of the plant Punarnavs means
"renewal” and indicates its purifying and regenerating use. According to Ayurvedic medi-
cine 8, diffisa has a refreshing, divretic activity and is prescribed for a wide range of con -
jaundice, bronchitis and anemis. B, diffiss root extract strengthens, tones and balances
the liver (hepatatonic) (Rawar et al., 1997). It shows hepatoprotective activity (Chandan
et al,, 1991; Dias & Agarwl, 3011), The plane io used in epilepey, shdoeninal pain, dysei-
tery, prolapsus ani, fistula ani and poison of scolopendrids (Jain & Tarafidar, 1970); in
preumonia (Saxena, 1986); jaundice (Kumar, 1992; Singh & Ali, 1992; Singh, 1993;
Adis & lgbal, 1994; Sudhakar & Cherty, 1998); anaemia, (John, 1984; Basak, 1997); as
blood purifier (Tripathi et al., 1996); in enlargement of spleen (Rajwar, 1983); as stom-
achic, emetic, laxative, expectorant, diuretic (Jha et al, 1997); astringent, antiasthmatic,
in abdominal pain cough (Das 8 Kant, 1988); as anti inflammatory (Kapur, 1993); in liv-
er complaints, heart diseases (Rana et al., 1996) in dropsy, gonorrhoea, oedemna, as diur-
etic (Singh and Aswal, 1992; Singh, 1993) in hacmosrhoids {Singh et al., 1996) anacmia,
calie, thoracic haemorrhage, constipation, hearr disease, oedema, as antidote 1o rat bite
pioes sl im subies (Thaliir ot o, 199) ia riary trindiles (Wisheahwari 8 Singh,
1984} as antiasthmatic, in anasarea, ascites (Ranerjee 8 Banerjee, 1986) cedema, oligurea,
as antidote to snake bite (Chandra et al., 1989). The fruits are used as a diuretic. The
seeds are used as expectorant, carminative, tonic, anthelmintic in humbago (Tripathi et al,
1996); jaundice and gonorrthoea (Mishra & Verma, 1995). The shoot is used in dvsuria,
oligurea as haematinic and wterine stimulant (Borthakur, 1996). The powder of the roots,
when mixed with Mamira { Thaficerum falinisiem), is used 1o trear eye diseases such as
corneal ulcer and night blindness (Awasthi et al., 2006}, The people in the tribal areas are
also used to accelerate the delivery (Rajpoot et al., 2011), The juice of the roots is used to
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treat asthma, urinary scarcity and inflammarory disorders, The agueous extract of the
roots with a diameter of 1-3 cm has hepatoprotective (maximum effect it is recorded in
the extract of the roots collected in May). The decoction of the B. diffiss is used in cases
of cough, jaumdice and in the presence of diffuse edema, caused by kidney or heart prob-
lems, for its marked diuretic effects (Agrawal et al., 2011). Flowers and seeds are used as a
contraceptive (Awasthi et al, 2006). The seeds are also expectorant and carminative
(Agrawal et al., 2011).

Chemical constituents

Some of the most important bivactive phytochemical constituents of 8. difise plant are
alkaloids, Havonoids, steroids, eriterpenoids and phenolic compounds (Kadota et al.,
1989; Lami er al, 1900 Jain & Khanna, 1989), It contains about 0.04% of alkaloid
known as punamavine (C,.H, N.O, mp 234-237 °C) (Surange and Pendse, 1972) and
punarnavoside, an anti fibrinolytic agent, It also contains abour 6% of porassium nitrare,
an oily substance and ursolic acid (Kokate et al., 2005).

The green stalk of the plant has also been reported to contain boerhavin and boerhavic
acid. Hentriacontane, f-sitosteral and wrsolic acid along with glucose, fructose and
sucrose were isolated from the roor (Misra and Tiwari, 19710, A new C-methyl flavones
characterized as 5, 7-dibydroxy-6-8-dimethoxy Havones was reported from root (Gupta
and Ahmed, 1984) and designated as boerhavone (Ahmed and Yu, 1992). Four new
compounds, boerhavisterol, boerhadiffusene, diffusarotencid and boerhavilanastenyl ben-
zoate and a known rotenoid, boerhavinone A were isolated from the root. Many
rotanoids have been isolated from the roots of the plant (Kadota et al., 1989, Lami et al,,
1990}, These include a series of boeravinones: bocravinone A, boeravinone B, boeravinone
C, boeravinone D, boeravinone E and bocravinone F.

Ricuctive: bt 3-0-S-D-gulactopymunnide: and suptisie dushoted G she slonbulie
extract of B. diffusa leaves (Pandey et al., 2005} exhibited immunosuppressive properties.
A metabolite profiling and biological srudy was undertaken on B, diffusa leaves and roots
and substantial differences were found between the two parts of the plant. Several com-
among others, were identified. Organic acid analysis was also performed allowing their
characterisation in this species for the first time and ooxalic, ketoglutaric, pyruvic, quinic
and fumaric acids were identified. Quantitarive differences berween rwo plamt materials
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were found. Additionally, several flavonoids and one phenolic acid were also confirmed
from the roots and leaves of the plant. Two known lignans, liriodendrin and syringaresin-
ol mono-P-D-glycoside have been isolated (Lami et al., 1991}, Two quinolizidine alkal-
oids identified as pumarnavine-1 and punarnavine-11 were isolated from root, stem and
leaves. The distribution of these alkaloids was maximum in stem and minimum in root. A
relation was established berween the growth process of the plant and hiosynthesis of these
rwo alkaloids. The alkaloidal content was initially low during commencement of pre-re-
productive phase, gradually increased in different plamt parrs, becoming maximum during
bermination phase of reproductive stage (Nandi and Chatterjee, 1974).
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Health effects known by traditional medicine and recent investigations

was cbserved in samples collected in the rainy sesson. Because of the combination of
these two activities, B, diffion s considered therapeutically effective for the treatment of
inflammatory diseases and commeon clinical kidney problems such as nephrotic syndrome,
edema and ascires due to early liver cirrhosis and chronic peritonitis. The plant has proven
it usefulness as a growth promoter in children fed with milk fortified with drugs (Rajpoor
etal., 2011}
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In the form of decoction, the drug is useful in the teatment of nephrotic syndrome, and
also decreases the serum level of cholesterol (Rajpoot et al., 2011).

worms within five days of treatment {Awasthi er al., 2006).

The aquesus extract of roots of B, diffue demonstrates analgesic and anti-inflammarory
activity against edema and arthritis induced in rats. The extract it prepared with thin roots
collected in May, shows hepatoprotective activities (Rawat et al., 1997),

The aquesus extract of leaves of the plant shows analgesic activity exhibiting a morphine-
mimetic ceniral action {Hiruma-Lima et al. 2000), The agueous extract of the leaves,
moreover, has proved 1o lower the glucose level in diaberic rats (Rajpoot et al,, 2011) and
is reported to be useful in the treatment of kidney (Indhumathi et al., 2011) and liver
damage (Olaleye et al, 2010).

The ethanol extract of the plant showed anti-mitotic activity in i vitrs systems {Leyon el
al., 2005) and activity against cervical cancer cell line (Srivastava et al., 2001). Tr also
good adaptogenic activity: the molecules responsible for the decrease in stress may be the
flavonoids due to their antioxidant capacity (Rajpoot et al,, 2011). The alcoholic extract of
the roots has the ability w regulate the levels of cholesteral and lipoproteins in the blood
(Khan et al., 2011).

Finally, methanol extract showed spasmolytic, anticonvulsant activity (Rajpoot et al,,
2011) and reduced the formation of metastases in melanoma cells B16F-10 (Leyon et al.,
2005),




Butamical e plamcognostic derption
Convolvulus pluricaulis Choisy

Order: Solanales

Family: Convolvulaceae

Genus: Convoloubes

Species: Comvstomius pluricautis Choisy
Parts used (crude drug}: whale plant

Common names: Laghevishnukranta, Nilasankhapuspi, Sankhapuspi, Comvobaulus phari -
caulis, Vaishnava, Vishnugandhi, Vishnukranthi, Vishnubranthi, Vishnukanta (Sanskrit);
Shankhpushpi, Shyamakeants, Syamakeants, Vishoukanta, Shankhpushpi, Phooti,
Shankaveli, Shankhpushp, Shnkbahuli (Hindi); English speedwheel (English); Sankhali
(Hurdu}; Barabhutra (Bengali), Khalsa pus syi, Sa nkhapu spa, Shankhpushpi (Tibetan),

Diescription

C. pluricawiss is a prostrate perennial herh found on sandy or rocky ground under xero-
phytic conditions in northern India, Trs branches are spread on the ground and can be
more than 30 cm long. The Howers are blue in colour and the leaves, which are elliptic in
shape, are located at alternate positions with branches or Howers {Sethiya et al., 2013),
Distribution

It is commeamly found in India, especially in the state of Bihar,

Uses

C. pluricastis Sieb, ex Spreng. (Convolvulaceae) is & plant traditionally used in Ayurvedic
medicine, it is included in the Madbya Rasayana scction which focuses on herbal prepara-
tions aimed at delaying the ageing of thie brain tissue (Singh et al., 2008), Furthermore, it
SR PR3 P G G U 0 5 W 1 g
evating effects (Verma et al., 2012). The decoction obtained with the whole plant added
ro milk and cumin is used 1o trear fever, nervous debility, and loss of memaory.

The ethanolic extract of the plant reduces total serum cholesterol, triglycerides, phosphol -
il sl momemerriiad fare-ncidl, T sbon; it alne powssses diwsette, s, el-
microbial, antidiabetic, antiuloer, hypolipidemic, antipyretic, analgesic, anti-inflammat-




Bogancal and plunmacogmestic dessiphion
ory, hypotensive and insecticidal properties (Sharma er al,, 1965; Gupta & Mudgal er al.,
1974; Sairam et al., 2001).

Chemical constituents

C. plunicawdis whole plant showed the presence of ghycosilated compounds with phenolic
aglhicones, coumaring, flavonoids and alkaloids. Shankhpushpi, (the alkaloid) has been
identified as active principle. fi-sitosterol ghyeoside, hydroxy cinnamic acid, octacosanol
tetracosane along with glucose, sucrose also isolated from the plant drugs (Sethiya et al,,
06},
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Health effects known by traditional medicine and recent investigations

Pibuiitly . i ls tiond 6 Sk toiie, wind Bov snduiciiy spsvpains ssnsiiuned vl
anxiery, panic attacks, nervousness and insomnia (Kumar, 2006}, It exhibirs 2 reduction of
anxiety and stress by controlling the production of body's stress hormones, adrenaline and
cortisel, It is reported to possess anxiolytic and memory-enhancing and mood-clevating
effects, and is claimed to retard brain ageing (Singh, 2008)

Alcoholic extract of € plharicanhis (50 mg'kg, 250 mp'kg, 500 mgkg 1 ki of body
weight) showed slight sedative but no analgesic and anticenvulsive effects in rats (Aulakh
er al., 1988). Aqueous extracts of the fresh perals of O pluricoudic and E. alsingides were:
found to be almest completely fungicidal against three pathogens: Alternaris brasicae, A
brassicola and Fusarium sxysperum. While alecholic extract of leaves and flowers inhibited
the growth of the fungi Pesaloria slasticae, Carouderia fungea and Fusarism monilfifirmae
(Aulakh et al., 1988). O pluricandis extract has been clinically investigated: at the dose of
30 mi/day, the drug exhibited anti-anxiety effects in 30 patients, Improved mental func-
tons and eelief in symproms like nervousness, palpitation, insomnia, weakness, fatigue
and dyspepsia were also observed. The immediate memory span in these patients was also
increased. The patients also showed a reduction in the level of plasma cortisol and urinary
extbidialinanis: (Avilabbi ey al., 1), Boi o ikl wady, consiladiig 35 e ol avtnsiel
hypertension, treated with the decoction of €. pluricasfis, 2 gradual fall in blood pressure
alonyg with reliefin the synptoms was observed [ Aulakh et al,, 1988).




Botmucal and planmacogmeostic descipinm
. pinricaniis showed nevroprotective potential on aluminium induced neurotoxiciry in rar
brain {Bihagi et al., 2009).
Alcohelic extract at 500 and 300 mg/kg dosage, produced a significant decrease in plasma
glucose levels when compared with diabetic control group in alloxan induced diabetes and
dexarnethasone induced insulin resistance in rats (Khan & Naikwade, 2010)




Botmucal and plimmacogmastic descaption

Curculigo orchioides Gaertn.

Order: Asparagales
Genus: Curculigs

Species: Curcafige orchisides Gaertn.

Parts used {crude dnigs): Rhizomes are the part of the plant ssed in traditional Chinese
medicine (Zoo et al., 2011), Aweording 1o Avurvedic medicine the roor is also used.

Commeon names: Bhumitila (Sanskrit), Talmuli, Tailmuli {Assamense); Talmal, Tallur
(Bengali); Kalirmusali (Gujrati); Syshrousali, Kalimush (Hindi); Neleal, Neltakthigodde,
Nelatale, Nelatelegadde (Kannada); Nilappenea (Malayalami); Kali musali, Bhuimaddi
(Mararhi); Tulamul (Oviysh Sysh: mosaki, Musali ssfied (Punjsbil; Niappanai: (Tamil)
Nel radigadda { Telugu); Musali Sivah, Kali Musali (Urdu).

Dieseription

A perenmial herb, small (30-40 cm), stemless, with cylindrical roots, tuberous, long a fow
centimetres, Leaves are sessile or shortly petiolate, linear or lanceclate, 1-2 em wide and
collected in basal roserre, The flowers, appearing in summer and autumn, are bright yel-
bowr, subsessil and gathered in clusters, in which the two lower fowers are hermaphrodice,
while the rest are male, The fruit is a capsule containing 1 to 4 blacks and glossy seeds
(W ayurprint.org .

Distribution

Curculigo orchicides is endemic to the mountasnous areas of India and China, especially
in sandy and hot areas. It is widespread im all the East Indies, northern Australia, in Japan
and in Sri Lanka (Raaman et al., 2009).

Uses

. archivides thizeme, as well as tuberous roots, have been widely used in Indian, Pakistan
amd Chinese ethpomedicine to treat various disesses, including cancer, jaundice and
asthma (Nagesh er al., 2009).




Botmucal and planmacogmeostic descipinm
It showed hepatoprotective, antipyretic and immunostimulant effects. In China it is used
in the treatment of kidney and sexual dysfunction, as well as for the treatment of fatigue,
A mixture of . srchisider with Asparagus ascendense, A. racemosms, Chlavaphytum bovivil-
ianum and Withania wmnifera in several pharmaceutical formulations, is used as a meta-
bolic enhancer and aphrodisiac (Nema et al,, 2010). The drug was introduced in the
Charaka Samhita, used as an ingredient in cigars to relieve cough. A paste obtained from
the rhizomes, goat milk or honey, applied twopically ro the face, has a cosmetic function il-
luminating the complexion {Patil et al., 2012). The Maharishi Amrit Kalash 4 and 5, Ay-
urvedic formulations containing €. erchivider, are used as 4 supplement o chemotherapy
drugs, o reduce chemotherapy-induced vomiting, ancrexia and improve the general well -
ness of the patients. The plant showed also estrogenic activity (Chauhan et al., 2008).

The root, according to Ayurveda, has various eflects: appetite suppressants, diuretics, it is
useful for the treatment of hepatic-biliary dvsfunctions, metabolic and kidney disorders,
haemorrhoids and joint pain, as well as antipyretic, tonic and carminative (Madhavan et
al., 2007).

‘The rhizome of this plant is used topically to treat itching, skin diseases, but also system-
seally S Tt sl havfioe Somttoent wf Sipwrenr: sl s Comilignind. Bt abem sulbiblie
immunostimulant, hepatoprotective, anti-inflammarory, antioxidant and plateler regener-
ation capacity (Raaman et al., 2009). The rhizomes of C. erchisides are described in Ay-
urveda as Hasayana Vajikarana as aphrodisiacs and enhancers of viriliey; the branch
Vajikarana deals, in fact, with drugs which increase the sexual power in men (Chauhan et
al, 2008). The decnction of the rhisomes of the plase and the fraits. of Thacbyspermum
ammi is used for the treatment of infantile syncope (Nie et al,, 2013}

Chemical constituents

nitrogen constituents, triterpenoids (curculigol, curculigenin A, B and C), and triterpen-
pidal saponins (curculigosaponins A-J) (Shrikumar et al., 2005). Three steroids, -
sitosterol, stigmasterol and yuccagening were isolated from €. orchioides (Nema et al,,
2010),

Among the phenolic compounds curculigoside A-C, curculigin A-1) and orcinol glucos-
ide, corchioside A and flavanone glyeoside-1 have been isolated and characterized (Nema
eral., 2010). A number of fatty acids have been identified from the oil of the roor by gas




Botmucal and plimmacogmaostic descaption
liquid chromatography. Among these there are palmitic acid, oleic acid, linoleic acid, and
2.6-dimethoxy benzoic acid. In addition to these compounds, the plant also containg
glucose, mannose, xylose, glucuronic acid, resin, tannins, fat, starch and mucilages (Nema
et al., 2010),
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Healrh effects known by traditional medicine and recent investigations

Different types of plant extracts, tested in vigrs and in vive on animal models, gave pre-
liminary indications about their effects in the prevention of osteoporosis, in increasing li-
bido and reducing blood ghicose, as hepatoprotector and bland amiseptic. €. orchiside
curculigenin A and curculigol demonstrated hepatoprotective properties. The plant also
pertormed regularory effects on thyreid dysfunction in rabbits subjecred 10 thyroidectamy
(Madhavan et al., 2007).

The ethanol extract of C. archisider was reported to have adaprogenic activiey (improved
tolerance to hypoxia and hyperthermia), and to exhibit anti-infammatory, anticonvalsant,
sedative, immunostimulant and antioxidant capacity (Venukumar et al., 2002}, The alco-
holic extract modified sexual behaviour, increasing mating performance in male rars
{Chawhian et al., 2008). It was also effective in the treatments of hearing loss, induced by
noise, in the animal model (Hong et al, 2011). In addition, the alcohalic extract of the
rhizomes is promising in the rreatment against skeletal diseases (Jiao et al,, 2000)

Aquecus and ethanolic extracts showed significant hypoglveaemic effects in diaberic rars,
The reduction of the average blood glucose level (BGL) was shown to be dose-dependent.
The effects are comparable with the popular diabetes drug, glibenclamide (Madhavan et
al., 2007).




Botanical and pharnacognostic description

The methanolic extract of rhizomes (Venukumar er al., 2002) and roors (Rathod et al.,
2010} showed a good antioxidant activity. The extract obtained from the rhizomes proved
also to be effective as an anti fungal (Raaman et al., 2009).




Botmucal and plimmacogmastic descaption

Hemidesmus indicus

(L..) R.Br. Ex Shultz

Order: Gentianales

Family: Asclepiadaceac

Cienus: Hemidermus

Species: Hemidesmus indions (L..) R.Br. Ex Shultz

Parts wsed (crude drags): The most common part used is the root, bur slso the oot bark
and the dried stems are considered in some preparations.

Common rames: Indian sarsaparilla {English), Anantamul (Hindi), Manipuri (Sanskrit},
MNannari (Tamil).

Deeseription

Perennial slender shrub, twining, sometimes prostrate or semi-erect. The roots are brown
outside yellow-brown inside with a characteristic smell of vanilla and a sour taste. The
rhizomes are woody, thick, fgid, oylindrical with a diameter between 0.5 and 2.0 cr. Tt
presents numerous slender stalks that are swelling at the nodes. The leaves are opposite,
with a small stalk and a varfable shape, from obliqee-oblong ro lnear-lanceclare; they are
smooth, dark green, often with noticeable white streaks on the upper surface and, some-
times, grey-white beneath. The Howers are greenish on the outside and purple inside,
gathered in axillary subsessile buds. The fruits, consisting of two follicles, are thin, about
10 cm long, cylindrical and curved. The seeds are Hat, numerous, dark-grey with a white
stripe.

Distribution

H. indicas is widespread in South Asia, particularly in many regions of Tradia, Pakistan and
Sri Lanka. Because of excessive harvesting in the wild is considered at risk in some parts
of India.

Uses

The root is used routinely as antipyretic, antidiarrheal, diaphoretic, diuretic, for its astrin-
gent, blood puritying, tonic and refrigerants propriety. In ethnomedicine it is also used as




Botamcal and pharmacognostic description
an antidote against snake bites, as a remedy for hepatic crisis, dysentery, respiratory dis-
orders, bronchitis and asthma, skin diseases, syphilis, leprosy, leucoderma, itching, eye
diseases, infantile seizures, urinary and renal disorders, loss of appetite and rheumatism.
The root bark is used for dyspepsia, nutritional disorders, fever, skin diseases, ulcers, syph-
ilis, rheumatism and whites. The stem is used as diaphoretic, diuretic, laxative, and tor the
trestment of ansiery. In sddition, it is used against syphilis, urethritis, wrinary discherge,
utetine problems, leucoderma, cough and asthma (Anoop, 2008),

The Ayurvedic Pharmacopoeia reports therapeutic uses for aversion o food (arci in
Sanskrit), loss of appetite (agnimandya), diarrhoea (atisara), cough (kasa), asthma (fares),
pruritus (kandu), leprosy (kustha), pyrexia (jvara) and diseases of the blood (rakta-vikara).
H, indicns is usually administered as decoction of root or whole plant, alone or in mixture
with other plants. The simple root decoction is used to treat high fevers, skin discases, to
control menorehagia, as anticheumatic, diuretic, anti-inflammatory, emopurificante, and
and P. migrum is used as a tonic for physical recovery after childbirth, ro improve appetite,
increase blood pressure and against diarthoea (Ancop, 2008),

Chemical components

The root contzins coumanino-lignoids {e.g. hemidesminin), vanillin derivatives (2-hy-
droxy-4-methoxybenzaldehyde, 3-hydroxy-4-methoxybenzaldehyde, 2-hydroxy-4-meth-
oxybenzoic acid), triterpenes such as lupeol and lupeol acerate; and phyvtosterols like fi-
sitosterol, sitosterol plycosides (Aneja et al., 2008)




Botmucal and planmacogmeostic descipinm
Health effects known by traditional medicine and recent investigations

The methanol extract of the root significantly neutralizes the venom-induced lechality and
the hemaorrhagic activity of the venom of Fipera russelis in albino rats and mice (Alam et
al., 1996). Furthermore, the pure compounds isclated from root extraces: lupeal acetare
{Chatterjee et al., 2006) and 2-hydroxy-4-methoxybenzoic acid (Alam et al, 1998)
showed antidotes adjuvant activity against the venom of Dabssa russeiii and Naja kasuthia
snake species.

The aguesus extract (1 mg/ml) of the root possesses significant antibacterial activity when
tested in virrs against Staphyiscscous aurens (inhibition dismeter of 14 mm), Preudomonas
aernginesa (12 mm) and Klebsialla prenmoniae {14 mm) (Gayathri et al., 2009} and bac-
reriostatic activity in mice infected by Mycobacterium leprae, activity artributed to 2-hy-
droxy-4-methoxybenzaldehyde (Gupta, 1981).

The essential oil has marked antimicrobic activity towards both Gram+ and Gram- bac-
teria, but does not show appreciable anti fungal activity (Prasad er al., 1983),

The methanolic extract protected hepatocytes by inhibiting the lipid peroxidation induced
by iron-ADP-ascorbate in liver homogenate (EC50=43.8 pg/ml) and the haemolysis in-
duced by phenylhydrazine (ECS0=9.74 pg/ml), confirming the membeane stabilization
activity (Ravishankara et al., 2002).

In tests carried out in vivo on rats, the ethanolic extract of the root and the pure com-

pound, 2-hydroxy-4-methoxybenzoic acid, showed a strong inhibitory activity towards
hepatic damage by ethanol intoxication (Saravanan et al., 2007).

The aqueous extract of the root was investigated in vivo with albine mice for its antigeno -
e iceivily et clgilstin-indicnd dumage. At liw dossgs (10-20 stk ol the
genoprotective effect was high and cviotexicity absent {Ananthi et al,, 201{).

In vive studies were carried out to evaluate the anti-nociceptive activity of the ethanolic
setnct of the vase weing these Hilinens ssuthack of indutinn of nocdcuption (sotic s,
hot plate and formalin) in order to evaluate its effects, respectively, at the peripheral level,
at central level and the two combined. The extract was administered prior the induction of
pain and in all three methods was observed dose-dependent anti-nociceptive activiry
(Verma et al., 2008).




Botmucal and planmacogmeostic descipinm
The hydro-aleoholic extract of the oot showed significant antiulcer activity in a dose de-

pendent manner and reduces the formation of gastric and duodenal lesions induced in an-
imial models (Ansop et al., 2003).

With regards to the anti carcinogenic activity, a dose-dependent cyvotoxic activity was
ohserved by testing the decoction . imdicus, Nigelia sative and Smilax glabra against hu-
man Hep(G2 cell lines (Thabrew et al., 2005).

The cytotoxic potential of the root methanolic extract was evaluated against Ehrich As-
cites tumor. fn wirre, the extract showed a significant cytotoxic activity, while in wive re-
duced the weight of the tumoral mass in a dose dependent manner (Zarei et al., 2012).
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Flow chart schemes of the research




PLANT MATERIAL

Leaves of dzadirachta fndica (Baech No. 0158, Mig Dae 10/12/2010), roots of Boer-
haawia diffusa (Barch No. 5188, Mg Date 15/02/2011), whole plant of Conoslfonius plr-
seaulis (Batch No. 7028, Mgf Date 25/10/2011), roots Curcwlige svebigides (Barch No.
2045, Mgf Date 19/08/2011), and roots of Hemidesmus indicus (Barch No. 3904, Mgf
Dare 2408/ 2011) were collected from Ram Bagh (Rajasthan, India), authenticated by
Dr. MR Uniyal, Maharishi Aywrveda Product Lid., Noida, Indis; and imported by MAP
ltalia. After harvesting, the roots were cleaned and cut into small pieces before being
dried. All samples were then ground w a fine powder and kepr ar -20°C until used for the

extractions,
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Materials and Methods

Plants decoction and hydro-alcoholic extract preparation

Decoction

Decoctions (DECs) were prepared in wiplicate according w the procedures reported in
the Ayurvedic Phiasmacepocia of hulia: W6y of dried grinded crode drg witse i with
300 sl sof woesr st ot o oot Al & gresiond of genfle eeiling thee seibonns: ve-
duced to 75 mL. DECs were then filtered, lyophilized and stored at 20 °C. Immediately
before the use, the samples were resuspended in water. The process is described by the
images below,

Hydro-alcoholic extract

Hydro-aleoholic extracts (HEs) preparation followed the procedure reported in the
European Pharmacopoeia {Ed. 8.0, 2011): 50 g of ground root were mixed with 430ml.
of 30% ethanol-water solution. Mixrures were left for 21 days and were stirred constamtly.
Extracts were thew fikerod, hoghilisod snd steved st -20 °C. All the extractions wese pec-
formed in triplicate, Immediately before the use, the samples were resuspended in 30%
ethanol-water solution.




Materials and Methods

PHYTOCHEMICAL FINGERPRINTING

EXTRACTIONS METHODS

Supercritical fAuid extraction (SFE), chloroform and soxhlet extractions were carried out
on [3ECs and HEs in order to obtaining the best chemical characterisation of the prepar-
ations, with particular amention 1o low-sbundance compounds which are often deemed
responsible for biological activity (Guerrini and Sacchetti, 2012). Every extract was then
investigated by gas chromatography.

Supercritical fluid extraction

SFE was performed using an Applied Separations extracror (Allentown, PA, USA) mod-
el Spe-edyy SFE Prime. The CO, used was 4.5 pusity grade (99,995 %) supplied by SOL.
Spa. A 10 mL extraction vessel was then loaded with about 1.5 g of DEC, or 0.5 g of
HE, mixed with an equal amount of Spe-edpy, Marrix. After the sample compression a
g o wsal (Spe-ad, Wisal) was plice on top snd the sty space was Billed with mas-
rix. The extraction CO, fow rate was maintained at an sverage level of 3.5 L/min, and
the process was performed using different combination of pressure and temperature, tor
15 min of static, followed by 45 min of dynamic extraction at an average flow raze of 3.5
¥'ml. The total duration of the process was 1 hour, Each extract, performed in triplicate,
were collected and analysed by GC-MS.

CHCI, extraction

An aliquot of 0.5 g of lyophilised samples (DECs or HEs) were placed in a glass test tube
with 5 ml of CHCI,, The suspension was placed in sltrasonic bath for 20 mimutes. Afeer
this extraction process the sample was centrituged for 5 minutes at 3000 rpm to separate
the solvent from the not dissolved lvophilised material. The supernatant was collected and
replaced with the same volume of fresh CHCI, and the process was repeated 4 more
rimes. Five consecutive extractions were made on the starting botanical, for a roral volume
of 25 ml that was then filtered through a PTFE syringe filter with a porosity of 0.45 mi-
crons. Finally, the CHCL, was evaporated until the samples were dried.
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Soxhlet extractions

Sechler extraction was performed in order to extract noavolatile and semivolatile organic
applied: an aliquor of 1 g of solid samples were place in the soxhler apparamas under reflux
comditions with 4 ml of a 1:1 mixture of CHCL, and ExOH (heating mante set to 200
“C) for 6 hours. Subsequently, 10 ml of ddH 0} were added to the extraction mixture in a
separation fennel, and after shaken the rwo phases were separarely collecred and dried.

SEPARATION OF THE SUGAR FRACTION

Since the carbohydrate (polysaccharides) portion of some preparations (in particular
Henmideimu indivces) interfered with the chemical characterisation of the secondary meta-
bolites, a separation strategy using a gravimerric column fill up of Amberlite XAD-2 resin
(Sigra-Abdsich) wis adoped.

The sample of H indiczs DEC and HE were solubilised using the concentrations caleu-
late from the yield of their respective formulation processes: 34.07 mg/ml for DEC and
24.41 mg/ml for HE. The solutions were then filtered, the filerate passed through an Am-
berlite XAD-2 column (Sigma—~Aldrich), previously activated, and washed with 150 ml of
ddH, 0. The sugar fraction were then eluted, collected, frecze-dried and stored at -20 "C
before being analysed. The column was then washed with 150 ml of methanol. The
solvent was collected, dried in a Rotavapor and stored in the dack ar -20 "C before the

Spectrophotometric assays for the determination of the total
pelyphenel content of DECs and HEs

Polyphenols, flavonoids and procysniding were mesitored spectrophotometically fallow-
ing the approaches described below.

An aliquat of DECs or HEs was dissolved in water or 30 % ethanol solution and used for
polyphenols determination. Folin—Ciocalteau method for the evaluation of toral poly-
phenols fraction was adopted, as reported in Bruni er al. (2006). Each extract (0.1 ml) has
been diluted with water (7.9 ml), and added to a 0.5 ml Folin-Ciocalten reagent. After 2
min, 1.5 ml of saturated Na,CO, solution (ca. 209%) was added. The solutions were gently
shaken ar room temperature in the dark. The reaction was measured after 2 hr at 765 nm,




Materials and Methods

with reference to a control. Gallic acid, ar different concentrations ranging from 0 to 5.0
mg/ml, was used as standard to perform the calibration curve solution. Results of total
phenclic for DECs and HEs were expressed as milligram gallic acid equivalents (GAE)
per gram of samples (mg GAE/g).

The total flavonoids in the formulations were checked in accordance to Lamaison &
Carnat (1991): 1 mg of each dried extract has been dissolved in methanol [1 ml] and ad-
ded to 1 ml of AlCLeiH, O solution {2%). The solutions were gently shaken at room tem-
perature, in the dark and then analysed. The reaction was measured after 10 min ar 394
nm, in comparison with a control (hyperoside). The calibration curve was prepared with a
solution of hyvperoside (ranging 0 - 60 pg/ml}. Results of toral favoncids content of the
preparations were expressed as milligram of hyperoside equivalems (HE) per gram of
sammples (mg HE/g)

The total procyanidins in the extracts have been checked as reported by Porter (1986): 1
myg of each dried extract has been dissolved in methanol [1 ml] and added 1o 6 ml of n-
butanol/chloridric scid solution (95:5), and 0.2 mi of 2% NH,Fe($0,},212 H;O i HCI
IM solution. The solutions were gently shaken at 957 C for 40 min in the dack, then ans-
lysed. The reaction was measured, at room temperature, at 550 nm in comparison to
blank. Cyanidin chloride solutions {ranging 0 - 60 pg/ml) were used to perform a cilibra-
tion curve, Resulrs of total procyanidins evaluations in DECs and HEs were expressed as
eilligeam of cyasiding chlodide s quivaleats (OCIE) per graen of saengies (g CCIEp).

Chromatographic approach to a joined evaluation of phytochemical
and bhiological evidences: high performance thin laver chromato-
graphy (HPTLC) separation and bioautographic assays for the eval-
uation of antioxidant activity

Samples of DECs and HEs were resuspended in the same solvent used for their formula-
tion (water for DECs and 30 % ethanol for HEs) at the concentrations calculated after
Iyophilisation (Tab. 1). Pure compounds, instead, were solubilised in methanol at the

ion of 1 mg/ml. Five microlitres of each sample were applied in triplicate to
sifica gel 60 F o -precoated high pedformance thin layer chromatographic plates (Merck,
Germany) as 10 mm wide bands with automatic sampler Linomat ¥ (CAMAG), pro-
grammed through winCATS Planar Chromatography Manager software, 1.4.7 version
(CAMAG), The formulations were flanked by the pure compounds identified inside then
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from previous research found in liverarure, The plates were elured with a double solvent
system { Wagner et al., 2001), the first from the point of deposition to B, (.5, the second
from the deposition point to reach R, 1. The first elution step consist of a mixrere of ethyl
acetate-formic acid-glacial acetic acid-water (100:11:11:26), the second step were a solu-
tion of toluene-ethyl acerate-acetic acid (100:90:10). After solvent evaporation, one chro-
matogram was sprayed with a solution of NF/PEG (Namral produces/polyethylene glveol
reagent} to separate the compounds present in the phytocomplexes and, in particular, to
highlight flavonoids and flavonols. The second and the third chromarograms were re-
spectively derivatised with a solution of ABTS (2.2-azino-his(}-ethylben-
zothiazoline-b-sulphonic acid), 0011 g/10 ml of ddH,0 with 100 ul of K.S,0, 70
mM) and DPPH (2.2-diphenyl-1-picrythydrazyl, 20 mg/100 ml of methanol) to
identify antioxidant active compounds. The eluted plate was then observed under UV
light at a wavelength of 365 nm, with » TLC Visuslizer (CAMAG), to verify the separa-
tion grade, and in the visible light to highlight the antioxidant activity of the phytocom -
plexes fractions.

"The same technigue was used to achieve a semi-quantitative evaluation of the glycosilated
flavonol rutin inside A. indice DEC and HE. On the same HPTLC plate, aliquots of
DEC, HE, and calibration solutions of rutin in three different concentrations were ap-
iiiad in. dosibde. The silicy plase, sfver NP/PEG develupunient niing the mushed descetbed
above, was then photographed with the TLC Visualizer (CAMAG). A rutin calibration
curve was built using the VideoScan 1.02 software (CAMAG), and the concentration of

Depasited Formulation Cone. (mg/ml)

A intea DEC 41,62
A indica HE 24 b

B. diffiss DEC 23,47
B, diffisa HE 14,38

€. pluricantis DEC 2330
. plurscautis HE 14,82
. orchisider DELC .25
C. archisides HE 27,74
H indicus DEC 407
H tnaicss HE 24.4]

Table 1. Decoctions and hydro-aleoholic macerations yields,
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High Performance Liguid Chromatography (HPLC) analyses of
DECs and HEs

DECs and HEs wers subljscead o RP-HPLC analyss to idontify and quantily thoie sk
phytomarkers. The reference compounds (all obtained from Sigma Aldrich, Milana) were
used as external standards to set up and calculate appropriate calibration curves. The
analyses were performed using a Jasco modular HPLC (Tokyo, Japan, model PU 2089)
coupled to a diode array apparatus (MDD 2010 Plus) linked to an injection valve with a 20
pl sampler loop {injection volume: 30 pl). The columns used were 2 Tracer Extrasil QD82
(Smwm, 25%0,46 cm) or an Eclipse-PLUS-C18 (Swm, 25x0,46 cm) with a flow rare of 1.0
ml/min. Mobile phases and gradients were chosen depending on the phytocomplex or
dhe senpenmsd vo: snlyws { Tab 2:5%

Following chromatogram recording, samples peaks were identified by comparing their
software (Borwin ver. 122, JMBS Developments, Grenoble, France) was used 1o
calculare peak area by integration.

Standard solurion and calibrasion procedure.

Individual stock sclutions of each formulations phyromarkers were prepared in methanol.
range (Tab, 2-5) Each calibration solution was injected into HPLC in triplicare. The
calibration graphs were provided by the regression analysis of peak area of the analyses
versus the related concentrations. The analysis of the phytocomplexes was performed
under the same experimental conditions. The obrained calibration graphs allowed the
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. L] e T

Lo 5% g'm D4 pgml 116 agiml

L LR HEIT 107 agfml
Tabile 5.

Gas chromatographic coupled with a flame ionisation detector
(GC-FID) analyses

DECs and HEs gas chromatographic analyses were performed using a Thermo-Qhuest
GC-Trace gas-chromatograph equipped with a flame jonisation detector (FID) and a
Varian FactorFour VF-5ms poly-5%-phenyl-95%-dimethyl-siloxane bonded phase
column (i.d., 0.25 mm; length, 30 m; film thickness, 0.25 pm). Operating conditions
were as follows: injector temperarure 300 “C; FID remperature 300 "C, Carrier (Helium)
flow rate 1.2 mb/min and split ratio 1:50. The chromatographic analyses of chloroform
arud oupeecritical Suids emrscts of DECs sad HEs were perforracd by applying the
following temperature program: 75 "C to 30 C with a gradient of 5 "C/min, then in
isatherm for 10 min, The total duration of the chromatogram acquisition was 55 min,
iplicate, 10 prepare calibration curves. Cosrelation factor R? in the chosen linearity
camge, binmit: of desccsion (LOD) and  limit of quassibication (LOG) weee caloulued fie
each calibation curve, The analysis of the phytocomplexes was performed under the same
experimental conditions to determine the concentration of the phytomarkers inside the
phytocomplexes.

(as chromatographic coupled with a mass spectrometry detector
(GC-FID) analyses

DECs and HEs were also analysed by a Varian GC-3800 gas chromatograph equipped
with a Varian M5-4000 mass spectrometer using clectron impact and hooked to NIST
library. The constituents of the considered formulations were identified by comparing
their GC rerention times, K1 and the M3 fragmentation pattern with those of pure
compounds and by matching the MS fragmentation patterns and retention indices with
the above mentioned mass spectra library, A Varian FactorFour VF-Sms poly-5% phenyl-
95%-dimethyl-siloxane bonded phase column (id., 0.25 mm; length, 30m; film
thickness, 0.25 pm) was used Operating GC conditions were as follows: injector
remperature 300 °C; carrier (Helium) flow rate 1.2 ml/min and split ratio 1:50. Oven
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The mass spectrometer conditions applied were: ionization voltage, 70 eV, emission
current, 10 pAmp; scan rate, 1 scandsec; mass range, 20-9%00 Da; jonic rap temperarure,
150 "C, transter line temperature, 300 “C. In order to determine the Kovats index of the
components, & mixture of alkanes (C8-C32) (Sigma-Aldrich, Traly) was injected in the
GC-MS and analysed using the same conditions described above,

Nuclear Magnetic Resonance

To better define the phytochemical fingerprint, 'H-NMR spectroscopic analysis have
been employed, The 'H-NMR spectra were recorded on a Varian Gemini-400 spectro-
meter operating at 399.97 MHz and at a temperature of 303 K. Every extract was dis-
solved in proper deuterated sobvents (1,0, CD,OD or CDCL) into a 5 mm NMR tube,
arud the solvent signal was used for spectral calibration. "H spectra were run using a stand-
ard pulse sequence “s2pul”, with 450 degrees pulse, 3.00 s acquisition time, 8 repetitions,
4000 Hz spectral width, and 0.33 Hz FID resolution. Characteristic resonances of 'H-
NMR spectra for standards used were derected according to literarure dara, and by com-
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BIOACTIVITY

Antioxidant activity

The prevention of oxidative stress is critical because of itz strong link 1o cellular ageing
and gene mutations, factors thar could expose tissues o an increased risk of oncogenesis
ol ot ok, 2013): Basud oo the indicatinms of Aperwds with soqpoce 15 s phises
source { Rasayana) the study of the antioxidant activiry was a priority, Because of their
chemical complexity, the antioxidant evaluation of herbal-derived preparations could lead
to scattered results, according to the method adopted. Theretore, the recourse to 2 pool of
methods rather than 1o a single assay is highly advisable (Rossi et al., 2011).The 2,2-
azinobis (3-ethylbenzothiazcline-6-sulfonic acid) dismmonium sslt radicsl (ABTS) assay,
the 1,1-diphenyl-2-picrylhydrazyl (DPPH) test and f-carotene bleaching west (BCBT)
were performed, in order 1o evaluare the radical scavenging activity, the capacity of the
phytocomplexes to block the radical propagation, and to determine the activity of both
hydrophilic and lipophilic species, ensuring a better comparison of the fesults and oover-
ing a wider range of possible applications. In particulas, ABTS and DPPH rest were per -
formed by spectrophotometric methods and (HP)TLC -bicautographic assay (Rossi et al.,
Guerrini 8 Sacchettl, 2014). Using the latter test, the most active fractions of the prepar-
ations were pinpointed after (HPJTLC plates elution (See HPTLC paragraph in the sec-
tion “Material and methods™).

ABTS"™ assay

The methad (Miller et al., 1993; Scartezzini et al., 2006) involves the use of ABTS
comverted in it sadical extiom by the addition of sadiuen persulfate 70 mM. 1 L. of
tadicalized ABTS was added to 25 mL of EfOH and the absorbance was measured ar
734 nm 1o obrain 0,70 + 0.02. The instrament blanc was obtained mixing 900 pul of ABTS
saluion with 300 i of EtOH and masniing the sheorbance at 754 nm afles 1 miin wih &

spectrophotometer (ThermoSpectronic Helios v, Cambridge, UK). The same procedure
was performed with ecach sample and the antioxidant activity was expressed as inhibition
percentage (Tp** 4] and calculared using rhe following expression:

IpA¥159 = 100{1 — AbsABT Sy, o5 / AbSABTS, cnc)
A 1 mgml solution of rrolox (Sigma—Aldrich) was used as positive control, The assays

were performed in triplicare for each sample. Subsequently, a regression curve was created
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correlating the ABTS™ inhibition percentage with the sample concenrration and the I1C,
value was calculated.

DPPH" assay

Free radical-scavenging activity of DECs and HEs was performed according to the pro-
cedure of Wang et al. (1998). An aliquot of 100 ul of DECs and HEs was resuspended in
the appropriate solvent and added to 3 10* M methanolic solution of 1,1-diphenyl-2-
picrylhydrazyl (DPPH, Sigma-Aldrich) to obtain assay sample solutions in the approgpri-
ate range of concentrations. The assay solutions were then placed in an orbital shaker
{Universal Table Shaker 709; 200 rpm) at room temperature, After 30 min of incubation,
the absorbance of each sample was measured ar 517 nm with a specrrophoromerer (Ther-
moSpectronic Helios ¢, Cambeidge, UK). A 1 mg/ml schetion.of trolex (Sigms-Aldrich)
wias used as positive control. Antioxidant activiry was expressed as DPPH" inhibition per-
centage {1p™"%) and calculated using the following expression:

Ip™™55; - 100(1 - AbsDPPH, / AbsDPPH,)

where, AbsDPPH, is the absorbance of the DPPH solution thar reacted with phytocom-
plex sample; and AbsDPPH, is the absorbance value of the DPPH solution with methan-
ol only (negative control), The assave were performed in triplicate for each sample. Sub-
sequently, a regression curve was created correlating the DPPH" inhibition percentage
with the sample concentration and the 1C, value was calculared.

BCBT

Antioxidant activity of DECs and HEs was slio determined through the * ~carotene
bleaching test (Taga, Miller, & Pratt, 1984). An aliquot of 10 mg of * -carotene (type 1
oyiuhictic, Signa-Alick) was diasloed i 10 sl of CHICY, with 20 w1 of laatétc acid
(Sigma—Aldrich) and 200 nl of Tween 40 as emulsifier. CHCL, was removed using a
rotary evaparator (Blichi 461 Switzerland) at 40 °C, and distilled water (50 ml), previ-
vusly O ,-saturated for 30 min, was added tw obtain an emulsion. Samples of DECs or
HEs (0.2 ml), in a range of concentration, were then added to the emulsion and incub-
ared at 30 °C for one hour. Absorbance was monitored with a spectrophotometer (Ther-
moSpectronic Helios ¢, Cambridge, UK) before incubation, and after 60 min ar 470 nm
wavelength. To set up the spectrophotometer, a solution composed by 20 =l of linoleic
acid, 200 a1l of Tween 4 and 50 ml of distilled warer (without tested sample) was em-
ploved. A 1 mg/ml methanolic solution of trolox (Sigma-Aldrich) was used as positive
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control, Negative controls were set up with appropriate aliquots of methanol. The antiox-
idant activity (AA) expressed as inhibition percentage of the * -carotene oxidation, was
caleudared as follows:

AA = 100(DRc - DRYDR«
where, DRe [=In{a/bi60] is control percentage degradation; Drs [=In{a/by6e0] is sample
percentage degradation; a = absorbance before incubation; b = absorbance after 60 min of
incubation. For each sample, assays were performed in triplicate.

foeealis (ATCC 29212); Staphylococeus aurens (ATCC 39213); Staphylococcus epidermidis
(ATCC 14990}, three Gram-negartive: Escberichia coli (ATCC 4350); Kishsiolla sxytoca
(ATCC 29516); Pindemonus asruginosa and one yeast: Candida albicans

For bacteria and yeast a 9%6-well microplate was used,

The preparations were tested starting from the concentrations caleulared from rhe vield of
their respective formulation processes followed by a series of two told dilutions for seven
concentrations (Foutsa et al., 2013), The experiments were flanked by a negative control
{solvent only withour plant sample), In all wells was added a bacterial suspension w
obtain a final concentration of 1 x 107 CFU/ml {or 1 x 10¢ CFU/mL for C. albicans) and
a final volume of 200 pLéwell. The microplate was incubated 8 b (24 b for C albicans) at
37 *C in agitation at 110 rpm then was added 40 uL. (of a solution of 20 mg/mL) of the
dye 2.3.5-Triphugl-swomsclum chloide {Signa-AMich) and wes messwod the
absotbance at 415 nm before and after 1 h of the addition of the dye to rest microbial

Genotoxic and antigenotoxic properties

The evaluation of the genotoxic properties was preparatory for the antiogenotoxic assay. It
was performed through Saccharemyeer cerevisiae D7 vest and SO5-Chromeotest, and as ex-
pected the prepararions did not exhibit any mutagenic activity, but the main target of this
biological tests was 1o highlight the possible mutagen-protective capacity of the tested
botanical.




Materials and Methods

Saccharomyces cevevisiae DT test

Cytotoxicity and mutagenic pre-test was performed on preparations, employing yeast cells
(D7 diploid strain of 8. eerevisiae ATCC 201137). Complete liguid (YEP), solid
(YEPD), and selective media were prepared according to literature {Zimmermann,
Rasenberger, 1975; Rossi et al., 2011; Muzzoli 8 Sacchetti, 2001). Cells from a culture
with low spontaneous gene conversion and reverse point mutation frequencies were
grown in a liguid medivm at 28-30°C, until they reached the stationary growth phase,
The yeast cells were pellered and re-suspended in a volume of 0.1 M sterile porassium
phosphate buffer, pH 7.4, to obtain the final mixure of 2 x10° cell/ml, The test solutions
(4 ml) were composed of 1 ml of cell suspension, potassium phosphate buffer, and sample
of phytocomplexes. The negative control was assessed with ddH,0 for DEC and a 30 %
EtOH solution for HE, while a positive control was set up with Ethyl Methane Sulphon -
ate {(EMS) (0.01 mg/plate). The mixture was incubated under shaking for 2 b ar 17°C.
Then the cells were plated in complete and selective media to ascertain survival, sp- (con-
vertants} and éfo- (revertants). The plates were then incubated at 29 + 1°C and. after 5
days, the grown colonies were counted to determine the gene comversion at #p locus (#p
convertants) and point mutation at ifv locus (o revertants) frequencies on the basis of the
colonies ratio numbered on selective and complete media. In light of the results achieved
with rhe above-described method, the inhibitory effects (i.e. mutagen-protective activir-
ies} of cach preparations was evaluated on gene conversion and reverse point mutation
against direct acting mutagen Ethyl Methane Sulphonate (EMS). Staring from a mix-
ture of 2 x 1 cell’ml, as described above, experiments were processed in the same way
adopted for toxicity and mutagenic evaluation, with the presence of EMS (0.01 mg/plate)
included in the test selution, Colony-forming Units (CFU) were assessed after the plates
were incubated at 29 £ 1°C and, after 5 days and compared with that of control where no
estimation (colony counting) and integrated by statistical analysis,

SOS-Chromotest

Genotoxicity and antigenotoxicity assays were performed in accordance with Quillarder
and Hofnung (1985). An aliquot of 500 pl of a bacterial cultre of £ i PO37 was ad-
ded to § ml of fresh La medium (LB medium plus 20 pgéml ampicillin} and lefi 1o grow
overnight and shaken constantly at 37°C. One ml of culture was added to 5 ml of fresh
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La medium and was grown at 37°C for 3.5 h. Ar this point the bacterial concentration
was 2x10° UPC /sl the solution had an optical densiey of 1.0,6:0,02.

This solution was diluted 1:10 with fresh LB medium and 0,6 ml were distributed into
test rubes containing 20 p! of 4-nicroquinoline 1-oxide (4ANQOY), the genotoxic agent, or
30 gl of » aibntion: of e ssaserks] (DB, HIEs, e pure nosomedi) in sl cou -
centrations, For the evaluation of rthe antigenotoxic activity the same assay was per-
formed, but with the addiction of 20 pl a of 2.5 pgfml 4NQO solution in each well used
to test the phytocomplexes. After 2 h of incubation at 37°C started the evaluation of the
genotoxic/antigenotoxic activity ([-galacsosidase) and the cell viability {alkaline phos-
phatase). The genotoxic and antigenotoxic assay (evaluation of the f-galactosidase quant-
ity) was performed using 0.3 ml of the last obtained bacterial sohution added to 2.7 ml of
B buffer, After a period of incubation of 10 minutes at 37°C, 0.6 ml of a 0.4% solution of
e-nitrophenyl-d-galactopyrancside (ONPG) was added. After anther &0 minutes of in-
cxhation, the eddition of 2wl of Na 010, 1M schation stiipped the reaction. The colous
of the mixture was read with a spectrophotometer (ThermoSpectronic  Helios v,
Cambridge, UK at wave length of 420 nm.

At e sume thne the visbility ssssy (evalustion of the ilkaline phosphatase quantity) was
pertormed using 0.3 ml of bacterial solution added to 2.7 ml of P buffer. In this case, after
3 perind of incubation of 10 minutes at 37°C, 0.6 ml of a 0.4% solution of p-nitrophenyl
phosphate (PNPP) was added. After anther 60 minutes of incubation, the addition of 1
ml of HCI 2.5M stopped the reaction and cause the colour disappearance. Five minutes
later, the addition of 1 mi of tris(hydroxymethyllaminomethane 2M changed the pH
restoring the colour. The mixture was read with the spectrophotometer at wave length of
420 nm.

Cytotoxic properties

‘The evaluation of the cytotoxic capacity of DECs, HEs, fractions and pure molecules was
pesbscinnid thouagh MTT sd suasmerien: seesys. These oot siennd ao morsbilink thie vishilioy
of in vitre cancer cell lines exposed to different concentrations of the above mentioned
substances compared ro untreated cells.

MTT assay

Celf fimer amd cuftnre conditions: Human colorectal carcinoma (CaCo-2), human breast
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cancer (MCF-7) and human lung carcinoma [(AS4%)were purchased by Istinito
Zooprofilattico Sperimentale dells Lombardia e dell'Emilia-Romagna, Brescia, ltaly.
CaCo-2 and MCF-7 cells were maintained respectively in DMEM containing 4,5 g/L.
and 1 g/l glucose; A549 cells were grown in Ham's F12 medium. Cell lines were
cultured in medium supplemented with 10% fetal bovine serum (FBS), 100 U/mL
penicillinstreptomycin, and 2 mM L-glutamine. CaCao-2, MCF-7 and AS49 cell lines,
were routinely grown in 75 em? fasks in a humidified 5% CO,-95% air armosphere at
37°C until 80% confluence.

Cell wiability amay: cell viabiliry was determined by MTT colorimerric assay (Mosmann,
1983) as reflected by the activity of succinate dehydrogenase. Cells were seeded at the
density of 2 x 10 cells‘well on a 96-well plate. After 24 h, cells were exposed to different
concentrations of DECs and HEs preparations in a final volume of 200 i of culture me-
dium. Control culture was exposed to only vehicle (medium containing 2% FBS). Afrer
24h of incubation, 20 yl of MTT (Smg/ml in phosphate-buffered saline, PBS) were ad-
ded in each well and the plates were incubated for 4 b at 37°C. The medium was removed
and replaced with 100 pl dimethyl sulphoxide to dissolve the formazan crystals. The ex-
tent of MTT reduction was measured spectrophotomerrically ar 570 nm using a micro-
plate reader (680 XR, BIO-RAD).

Resururin assay

Resazurin reduction assay was performed to assess the cytotoxicity of plant preparations,
fractions and identified pure molecules rowards one sensitive (CCRF-CEM) and its equi-
valent resistant leukaemia cell line (CEM-ADRS000). This bioactivity evaluation was
performed in the laboratories of Doctor Professor Thomas Efferth in the Institute of
Pharmacy and Biochemistry, University of Maing (Germany), during rwo periods: 01
November 2013 - 15 December 2013; and 01 July 2014 - 30 September 2014,

The assay is based on the capability of viable cells to reduce the indicator dye resazurin in
the highly flucrescent resorufin, while non-viable cells rapidly lose this metabolic capacity
without producing fuorescent signal. The assay was performed in accordance with the
method described in Kuete et al. (2013). 100 pl of a cell solution containing 2 x 10* cells
were seeded in each well of 3 96-wells-plate. Another aliquor of 100 il containing the
sample to analyse in various concentrations (from 1000 to 0.5 pg/ml. for extract and from
100 1o 0.005 pg/mL for pure molecules) was then added 1o obuin a total volume of
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200 pl per well. After 72 b, 20 pl of 2 0.01 % wiv resazurin solution in ddH /O were ad-
ded to cach well and the plates were incubated at 37 °C for 4 h. Fluorescence was meas-
ured on an Infinite M20DOPro™ plate reader (Tecan, Germany) using an excitation wave
lergth of 344 nm and an emission wave length of 390 nm. Each assay was repeated three
times, with six replicates each. The viability was evaluated based on a comparison with
untreated cells. O, values represent sample’s concentrations required 1o inhibit 50% of
cell proliferation and were calculated from a calibration curve,

Statistical analysis

Data are reported as mean + standard error of the mean and “n” was the number of inde -
pendent experiments performed in triplicate. The statistical analyses were calculated using
one-way analvsis of variance (ANOVA), followed by Dunnen's Test. The results were
considered significant with p < 0.05 compared to untreated cells.
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Azadirashte indiva Rezults and Discussion

AZADIRACHTA INDICA
Chemical characterisation
Decoction (DEC) and hydro-aleoholic extract (HE) were formulated following the Ay-
urvedic indication and the those of the European Pharmacopoeis, starting from 10 g and
50 g of Azadirachéa indica dried crude dmg respectively. The procedures gave the follow-
ing yields: 3.1200.18 g (11.2%) for DEC and 10.4620.06 g (20.92%) for HE.
The chemical characterisation started with the total phenolic quantification through spec-
trophotometric assay using Folin-Ciocaltean reagent. Curiowsly, the results obtained by
the analyses of the traditional formulations were comparable (Tab. 6) even if the prepara-

DEC HE
Polyphencls {mg GAE/g} 9991193 7.29 4 0.71
Flavenoids (mg HE/g) 222:0,13 1.97 2 D.12
Proanthocyanidios (mg CCLE/g) £ 03 =03

Table . Yield of rotal phenolic quantification of 4. fndics preparanions.

Literature reports similar results for the evaluation of totzl phenolic content of an aqueous
extract obtained from the leaves, bur data showed a significant discrepancy about the
flavonoids quantification (Ghimeray er al., 2009}, Furthermore, the results reported in lir-
erature about the total polyphenol and Havonoids quantification ot an 80% ethanolic ex-
tracts of Azadivachia indica leaves revealed a direct correlation berween the alcohol per-
The '"H-NMR analyses of DEC and HE of 4. imdica (Fig. 1) highlighted the presence of
a substantial sugar fraction.
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Azadirachta indiva

Rezults and Discussion

Subsequently, a RP-HPLC-DAD analyses led w the identification of some favonoids:
rutin, isoquercitrin, querciering kaempterol-3-O-glucoside, kaemperol-3-O-rutinoside in

DEC and the same molecules plus quercetin in HE (Fig. 2).
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Figure 2. RP-HPLC-DAD chromatograms of 4 indiss preparations,
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The identified compounds were then quantified in both preparations (Tab. 7) using the
same chromatographic technique to build 4 calibration curve to evaluate the flavoneids

DEC HE
{mg/mi) G/l
rustin O 300,003 0.453=0.014
isoquercitrin L8 BRI 0,233« 2
haemplerol-3-O-nutineside 0.04150,002 0.05320.002
quescitrin / kaempferol-3-O-glucoside  0.04720.002 0.100=0.004
quercetin i (3,047 =0 004

Table 7. Flavonoids quantificasion in A, midfica preparations (n.d = not detectable).

In general hydro-alcoholic maceration showed a better extraction capacity in terms of
yiehd and quality of favonoids than the aqueaus extract (DEC), in contrast with the spec-
trophatometric evaluation data, but confirming the proposed hypothesis. Rutin was also
chosen to conduct a quantification using a plane chromatographic support (HPFTLC)

coupled to 2 CAMAG UV Visuakiser (Fig. 3),
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The results showed a slight deviation of the values obtained by HPTLC-VISUALLZER

from those obtained by RP-HPLC-DAD, most evident in the hydro-alcoholic extract.

ara :r|.:|_:|ri||_|{ the validation methods, evaluarion of 1 .nr},

indicate RP-HPLC-DAD quantification method as the
(Tab. 8).

HPLC-DAD

R LR

LT |:|1'_.|_-'|-"|'|'.|:l LR
LAY (g vl 0,0063
RIPETIBILITA® (R.5.10.%) 1 iy
ACCIURACY - T 5%
YIELDS

DEC {mg/ml) 0. 330=0.003

HE {mg/ml) 453+0.014

[ .{:'Q_L P-'rfri:»:';l:-r:l and accuras V,

mast accurate by the 3-12 %

'HPTLC-VISUALIZER
0,995
SLEIT 10
O340
),42%

91-115%

O 3600011

05870009

Table 8. Comparsson HPLC-DAD - HPTLC-VISUALIZER for the quanmitative determinsion

aof matin in A dndica DEC and HE.

Haomever, it showld be stressed thar these data are E'-r|'|'|r'||ira'.|.rj.-' arnd =03l in Progress, STt -

i e the OPTirTEEarion of HFTLC-VISUALIZER L;|||.'|||r'|:ﬁ.'_ ation methiod

In order to better characterize the lipophilic fractions of the considered preparations,

three ditferent '|||:-|:||‘ir|.- EXTrAciins wWere e riormed, by wltrasound assisted macerarion in

chlorotorm, soxhlet and supercritical fluid extraction. Using these technigues it was pos
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sible to highlight substances which, although present, were hardly identifiable and quanti-
fiable with the chromatographic methods previously applied (HPTLC, HPLC), because
of their low concentration in the formulations. Given the difficult solubilisation of the
samples, the extraction process was repeated until depletion of the original phytocomplex.
The GC-MS-FID analyses of the phytocompleses described above alloweid the identifica-
tion and the quantification of fi-sitosterol, campesterol and stigmasterol in the apolar
fraction of DEC (Fig. 4) and just -sitosterol in HE (Fig. 5).
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Figure 4. GC-MS chromatograms of SFE and CHC13 esmraction of . tmdfica DEC.
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Figure 5. GC-MS chromatograms magnification of SFE extraction of 4 imdics HE,
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The data were coherent with literature {Siddiqui et al. 1986; Nguyen et al. 2004}, The
GC-FID analyses, performed 1o achieve the quantification of DEC compounds, showed
a higher presence of fi-sitosterol in the chloroform extract compared to the SFE or soxh-
let samples, while the evaluated guantities of stigmasterol appeared to be comparable.
Chloroform extract of HE exhibit a quantity of f-sitosterol below the LOC) value, while
SFE extract, performed on the same preparation, showed a concentration slightly higher.
Moreover, the f-sitosteral concentration in HE resulted 1o be higher compared 1o DEC
(Tab. 9).

DEC CHCl, DEC SFE, HE CHCI, HE SFE
extraction (ug/ml) extraction (pg/ml) extraction (ug/ml) extraction (ug/ml)
f-sitosternl 5447 40,441 371940, 339 ! T 1A50,437
stigmasterol T390, 068 O fc b R f f

Table 9. Quantitation of [i-sitosterol and stigmasterol in 4. sdica formularions extracts.

In conclusion, the extraction of fi-sitosterol was more efficient with chloroform in DEC,
while SFE was the most performing extraction techniques tor the same compound in
HE. This contsasting results could be due to chemically different nature of the phytocom-
plexes in which different chemical interactions among fi-sitosterol and other compounds
e OC-MS snalyecs of the vdidet atiscton of DEC; swoktinned the presence of P-
sitosterol and highlighted the presence of firther molecules, as, in order of retention time,
e siid, suillin, dilerdosevisidiokle sid glyel The st andbyios parformad an
HE exhibited the presence of 4-terpineol, 3 monoterpene aleohol, and dihydroactinidi -
olide. The identification of these substances, with proved biological activities, can be an
opportunity to explain the multiple beneficial effects attributed o the medicinal plant.




Biological activities
Antioxidant activity
The evabustion of the sotiouidant capacity of 4. indics DEC wnd HE perfarmed by ABTS
and DPPH test led o concordant results showing the higher activity of hydro-alcoholie
extract than that of decoction. Rutin, isoquercitrin and quercitrin, exhibited a high anti-
ssidan capacity highlighting, theough ABTS and DPPH sests, IC,, velues lower thisn
chose of positive contral (Tab, 10}.

D50 (g mal) ARTS DFPH BCET
HE 2164 £ 017 12511 + 6.29 542.75+ 2.28
DEC 41.80 £ 0.22 211.96 ¢ 11.34 148.28 + 1.84
Quercirsin 134 £ 0.07 6.11 2 0.33 nd.
Isoquercitrin 1.21 + .06 531=028 nd,
Rawtin 351 + 002 .76 =049 n.d.
TROLOX 401 + 0.2 1361 £ 0. (.35 + 0

Tahle 1. Antinxidant capacity of 4 indics preparation and pure compounds (n.d. = not detect-
absle ).

In particulsr, isoquercitrin appears to be the molecule with the highest antioxidant
capacity exhibiting an 1C, of 1.21+0.06 ug/ml and 5.310.20 yg/ml in the ABTS and
DPPH test respectively. BCBT was performed to evaluate the capacity of the
phyrocomplexes to block the radical propagarion starting from the oxidation of linoleic
ackd and it showed an opposite trend compared 1w the radical scavenging activity results
chsinsd by the ABTS snd DPPH tet. BORT seports » hiigher snthonidunt capacity foe
the Ayurvedic traditional formulation compared to that of the hydro-aleoholic exract,
comparable DPPH assay data obtained testing a 70 % EtOH hydro-alecholic extract
(IC=105.68 ng/ml; Marikandan et al, 2008), showed a slightly higher antioxidant
activity than the experimenta) results. In light of the incressed phenolic extraction
capacity of the 70 % solution compared 1o the 30 % solution, the terature results are
coherent with the experimental evidences,

Considering DEC, literature reports a DPPH test IC., value of 31.41 ng/ml (Shitisarn et
al,, 2006), discordant from the experimental results, most probably because of the
extraction was performed on 4. siamensis variety instead on A, indice. The activity of the
tested Havonoids (rutin, quercitrin and isoquercitrin) is well known and confirmed by
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several studies (Jianxiong et al., 2007; Sankhadip et al., 2013; Silva er al, 2009).

Bath HPTLC -bicautographic test using ABTS and DPPH (Fig. 6) undedlined the
contribution to the antioxidant activity of flavonoids, in full agreement with what already
discussed,

The considered preparations showed a mild antibacterial activity (data not shown) with
particular reference to the Gram positive bacteria 5. awrens. Helated literature confirms the
experimental data (Jahan et al,, 2012). The assavs performed with other microorganisms.
did not highlight any ether noteworthy antimicrobial activity (data not shown),

Grenntoxic and antigenstosic activity

To monitor the safety and efficacy of the phytocomplexes, two different tests were per-
formed in order 1o highlight distinet types of mutations using Test D7 with Saccharsmyces
cereviviae D7 strain and SO5-Chromotest with Ewberichia cafi PQ3T strain,

D)7 test provided information about phytocomplexes cytotoxicity (indicated as percentage
of survivers) and genotoxicity {expressed as gene conversion and point muration), Neither
DEC nor HE showed optotoxic activity at all concentrations tested, as the percentage of
survivors (aumber of colonies grown om complete medium A) is comparable with the
control, In addition, dara showed thar neither DEC nor HE possess genotoxic activiry




Azadirashte indiva Rezults and Discussion

because the valves of gene conversion and point mutation are within the physiological
parameters of the negative control {respectively 0.4-0.8 x 10° for gene conversion and
0.3-0.5 x 10 for point muration) in contrast to those obtained with EMS (ethyl-merh -
anesulfonate), used as positive comtrol. The evaluation of the antigenotoxic potential
against 4 known mutagen (EMS) did not exhibit noteworthy results {Tab. 11) for any of
the rwo preparations. In both rests there was a sharp increase in the number of yeast
colony in the plates with selective medium (lacking tryptophan and iselencine o high-
light respectively gene conversion and point mutation) rreated with EMS, proving that
neither DEC nor HE counteract its mutagenic activity.
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Tab 11. D7 west: Genatoxic and antigenotoxic sctivity of A mdics DEC and HE

Considering the SOS-Chromotest, DEC showed eytotoxicity st the highest these
concentrations tested, probably because of the antibacterial cffect towards E cofi
iSusmitha et al., 2013), however evidenced by the antimicrobial assay. The non-cyroroic
concentrations showed 3 slight sntigenotoxic action: about 20 % inhibition towards the
activation of the SO8 system caused by the mutagen 4NQO (Fig. 7). HE showed
cytotoxicity at the first two concentrations tested but ne antigenctoxic capacity, In
general, the assaps confirmed the absence of genotoxicity but alse the lack of
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Figure 7. Antigenotosic capacity of A tedica prepamtions test with SO5-Chromotest agains the
known menotoxic agent AN, Data were presented as the mean + 510 (n=3).

Thee Ravoneids were tested for their antigenotoxic activity as pure compounds: rutin,
soquercitrin and quercetin (Fig. 8). Quercetin was the only compound showing
antigenotoxic capacity confirming similar results given in literarure (Mersch-Sundermann
et al., 1994).
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Figure 8. Antigenosoxic capacity of mtin, isoquercetrin and quercetrin tested with S05-Chmo-
motest agains the known genotoxic w#?fﬁ-nihmmuthtm + 5D
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“The evaluation of the antipeoliferative activity of the herbal preparations, DEC and HE,
started from the in vitrs test against heterogencous human epithelial colorectal
adenocarcinoma cells (CaCo2), The cells were exposed to an increasing concentrations of
HE (10, 50, 100 pg/ml) and DEC (10, 50, 100, 500, 1000 pg/mi), and they were flanked
by a negative contral, characterised by cells cultured in medium containing only vehicle
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(DMSO 0.1 %) After 24 hours of creatment, both HE and DEC (Fig. %) did not
chinged the index of cell viability at any concentrations tested compared to the control.

= DEC
A) —a— HE “H:_I
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Figure 9, Cell vighility of A indisr Decoction (DEC) and Hydro-afcoholic Extract (HE]) against
AS549 (A) and CaCo-2 (B) cell lines after 24 h. Data were presented as the mesn + S (n=3}.

Continuing the evaluation of the cytotaxic activity, adenocarcinomic human alveolar basal
epithelial cells {A549), breast cancer cells (MCFY), human colon adenocarcinoma cell
{LoVo) and human liver carcinoma cell line {Hep(G2) were considered. 4. indlica formula-
tiong did not exhibit any noteworthy activity against the first three cell limes (AS49,
MCF? and LoVa) ar the highest concentration tested, but it reached 10 values in the
tests involving HepG2 cells, showing an interesting selectivity against this cell line, In
this case, IDEC exhibired a higher antiproliferative activiry than HE, showing an 1C 5 of
217.70+0.431 pg/ml., value far from those stated by the American National Cancer Insti-
tute {Suftness & Perzuto, 1991). The investigation of the cytotoxic capacity of the herbal
preparation in the context of drug resistance problems, involving a number of mechan -
isms often poorly decoded associated to the over-production of P-glycoproseins due to
the increased expression of the multidrug resistance locus, resulted particularly interese-
ing. Tn arder 1o highlight evenmual effects of DEC and HE against this phenomenon, the
antiproliferative activity was tested against one drug-sensitive Jeukaemia cell lines
(CCRF-CEM) and compared with its multi-drug-resistant version ({CEM/ADRS(0G),
that overexpress the P-ghyeoprotein, HE showed a higher bioactivity compared to DEC
against both cell lines (Tab. 12), unlike the results obtained against HepG2, but srill far
from the value stated by the American Narional Cancer Tnstitute, and even higher than

those of doxorubicin (113.17 8,29 pg/ml, Kuete et al., 2014).
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DEC HE
ICy (pgfmL) ICyy (pg/onl)
CCRF-CEM 298, 84412,99 1376141986
CEMM/ADRSO00 = 1000 337.79+41.75

Table 12, Cytotoxic 1C;, values of A, indica preparation against CCRF-CEM and
CEM/ADRS000 cell lines. Data were presented as the mean = 5D (r=3).

Furthermore, DEC did not reach the 50 % proliferation inhibition against CEM/AD-

RAS000 ar the maximum concentration tested.
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BOERHAAVIA DIFFUSA
Chemical characterisation

The ‘H-NMR analyses of DEC and HE of B. diffusa (Fig. 10) highlighted the presence
of a substantial sugar fraction and a phenolic component, and subsequently the prepara-
This sevategy brought to the identification and guantification of some phenolic com-
pounds of the classes of benzaldehydes, benzoic acids, cinnamic scid and phenilpro-
panoids, typically considered interesting as potential actve compounds and never wenti -
fied in the considered herbal preparations of this species.

A1

1.4.1.1

iy J
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Figure 10 ' H-NMIE spectra of 8 diffiss proparations,

The yields of the forrulation processes were 1.76050.172 g (17.60%) for DEC and
4.46120.218 g (8.92%) for HE.

The spectrophotometric quantification of the total phenolic content of DEC and HE,
was carried out using Folin-Ciocaltean reagent and the results are reported in Tab, 13,




DEC HE
Polyphenols (mg GAE/g} 460+ 0.25 971: 111
Flavonocids (mg HE g} 218+ 011 1.14 = 0Lid
Proanthocyanidaes (mg CCIE/g) 0.56 = 0.02 <03

Table 13. Yield of torzl phenolic quantification of 8. diffbss preparetions.

The agueous extract (DEC) exhibited 2 lower capacity of polyphenol extraction than HE,
but the trend was inverted for Havonocids, since the quantification was double of the
armount compared to those detected in the hydro-aleoholic extract, Literature reports very
few information about the B. diffisa DEC and HE phenolic content, refying on prepara-
tion protocols different from those used in Aywrveda, which makes data hardly compar-

*h{]'l“'ﬂ"ﬂﬂdq m.

The RP-HPLC-DAD characterization of the phenalic fraction of B, diffusa preparations,
performed with a fully validated method, showed two different chemical profiles (Fig.

11).
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Figure 11. RF-HPLC-TIAD chemical prafiles of B diffusa DEC and HE,




Vanillin and ferulic acid were the most abundant compounds in DEC, while HE, in ad-
dition 1o these molecules, was also characterised by the presence of boeravinone B and ew-
palitin, which were instead not detectable in DEC (Tab, 14).

DEC HE

(g ml) (g ol
boeravisone B mad, 19440020
eupalitin i, 2. 284010055
ferulic acid 6. 303=0.022 A6 s {h2RE
varillin 1.833=1.387 34470408

Table 14. Puse compounds quansification in B #ifuia prepacations. (n.d. = pot detectable)

The quantitative comparison between tormulations highlighted a higher concentration of
vanillin in HE compared 1o DXEC (46,82 %), while ferulic acid had an opposite trend (-
31.97%), likely as a consequence of its berter solubiliry in hot water than in alcoholic sola-
tion (Merck index, 12th Ed, 1996).

With the asim of obtaining the best chemical characterisation of the preparations, with
particular attention to low-abundance compounds which are often deemed responsible for
biological activity (Guerrini and Sacchetti, 2012), both preparations were investigated
through gas-chromatographic analyses after CHCL,, supercritical CO., and soxhler ex-
traction. The evidences, emerged from GC-MS gualitative analysis of the chloroform ex-
eraction, indicated the presence of f-sitosterol, stigmasterol, 3,5-dimethoxy-4-hydrosy-
benzaldehyde, 3,5-dimethoxy-4-hydeoxy-vinnamaldehyde, 4-hydroxy-2-methoxy-cin-
mamaldehyde in both DEC (Fig. 12) and HE (Fig. 13).
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Figure 12, GC-MS chromatograms of B diffuss DEC CHC), extraction.
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Figure 13. GC-MS chromatograms of B, diffiss HE CHCL, extraction.

Furthermore, the Ayurvedic traditional preparation of B difiss (DEC) exhibit the pres-
enve of campesteral, phytosterel not detected in the hydro-aleohalic extract (HE),

already detecred in the CHCI, extraction, but the process was not as affective as the pre-
vious one. In particular, for f-sitosterol the concentration ratio berween the extract ob--
rained with supercritical CO), and those obtained by CHCI, maceration was approxim-
ately 1:2 {Tab. 15).

DEC CHUY, DEC SFE HE CHCI, HE SFE
extraction (pg/ml) exrseton (pg'mll exraction (pgdmi) extraction (pg/ml)
i-sitosteral 2.500:+0.342 1.06320.006 (.411+0.189 0.19220.042

Table 15, Quantitation of f-sitostern] in B aiffiss formulations extracts

The chromatographic analyses performed on the phytocomplex obtained after DEC ex-
traction by soxhler apparatus confirmed the presence of vanillin, [-sitosteral and it
showed the presence of rwo new identified maolecules: the 4-hydroxy-3,5-dimerhoxyben-
saldehyde and the stigmastan-3,5-diene.




Biological activities

Antioxidant activity

Because of their chemical complexity, the antioxidant evaluation of herbal-derived pre-
parations could lead to scattered results, according to the method adopted. Therefore, the
recourse to a pool of methods rather than a single assay i= highly advisable (Rossi et al.,
2011), ABTS test, DPPH assay and B-carotene bleaching rest (BCBT) were performed
in order 1o evaluate the radical scavenging activity, the capacity of the phytocomplexes w
block the radical propagation, and to determine the activity of both hydrophilic and lipo-
philic species, ensuring a global vision of the antioxidant capacity and covering a wider
range of possible applications. In particular, ABTS and DPPH test were performed by
spectrophotometric and (HP)TLC -bioautographic assay. Using the latver test, the pre-
parations most active fractions were pinpointed after (HPYTLC plares elution (Rossi et
al., 2011; Guerrini & Sacchetti, 2014).

The ABTS spectrophortomerric assay of the whole preparations and pure compounds was
mere performing compared to DPPH and BCBT data (Tab. 16).

g (nginal} ABTS DPPH BCET
DEC 150, 79450241 nad. .
HE B3T3 4 250 A1) TES 22 1T90.011
varillin (1SR e na. nd.
[R— AEL4eD011 nd. .
cupalitin 440240002 15,7490, 130 0,077 20,003
ferulic acid 10T 00 QAT 0,229 nd.
Tealox 20k 10 A k), 2R 1A=L

Table 16, Antioxidant capacity of B #iffisa preparation and pure compounds {n.d. = not
detectable).

The only exception noticed was eupalitin, which showed its highest antioxidant capacity
in the BCBT, highlighting the different outcomes that may emerge from different mech-
anism of action, Regarding B. diffisa DEC, its antioxidant activity was evaluable just by
ABTS test, resulring 77.93% weaker than the antioxidant capacity of HE, and it was neg-
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ligible in the other assays. The hydro-alcoholic extract, instead, exhibired a weak capabil -
ity in every performed test, showing its highest antioxidant capacity in the ABTS assay.
In order 1o derermine the chemical classes involved in the antioxidant activiey and 1o veri-
ty the contribution of the identified compounds in the B. diffase preparations, IJPPH and
ABTS test was performed also by (HP)TLC -bigautographic assay {Fig. 14).

putemnla.u]ua.,twﬂu:a&iljl E.Fﬂﬂﬂ},mpdlm[! HED?iJ,bMﬁrlmBﬁ Ef: I]'M]'aﬂd
vanillin (6, BE 0,91}, The first and the second sectors are visualised at 254 and 366 nm, while the
third and che fourth are dervarised with ABTS and DPPH respectively.

The experiments confirmed that ABTS offers a better affinity than DPPH for both pre-
parations. The elued (HPYTLC plate displayed the absence of radical scavenging reac-
tions at the R corresponding to the most charactensing molecules identified. Further
spectrophotometric analyses, carried out 1o understand the motivation thar lead 1o these
results, revealed that among the identified compounds the only one showing activiry in all
the performed tests was cupalitin, with a preference towards BCTC where it showed ity
best 1C,, (98.25% lower than ABTS rest result), most probably as a consequence of irs
lipophilic properties. In the ABTS test ferulic acid showed a radical scavenging activity
higher than pesitive control {+47,01%), while in the DPPH test the antioxidane activity
was lower (-56.84%) than Trolox. Ferulic acid did not show any antioxidant capacity in
both (HPYTLC-bivautographic assays, and, in light of evidence otherwise obtained by
spectroplutometric analyses, we could suppose that these negative results could be relared
to its low concentration on the slica gel plate, hundred fold lower than that used 1w reach
significant reactivity. Vanillin and becravinone B exhibited an anticxidant potential just
towards the ABTS rest, with IC, values 66,33% and 57.62% higher than positive contral
The moderate activity of these three molecules in the BCBT (46.87% for ferulic acid,
30.27% tor vanillin and 26.62% for boeravinone B) could be explained by the "polar para-




dox” (Porver, 1993; Frankel et al., 1994), since apolar molecules exhibir stronger antioxid -
ant capacity in emulsions because they concentrate on the lipid-air surface, thus ensuring
an higher protection of the emulsion iself. On the other hand, polar antioxidants, re-
maining in the aqueous phase, are diluted and therefore less effective in protecting the
lipid (Koleva et al., 2002), The literature reported 1C., values for B. diffiss ethanolic ex-
tract , different from those previous described, but similar evidences have been pointed
out about the radical scavenging activity of the pure molecules identified (Khalid er al.,
2011). In the DPPH test, data comparison highlighted just a 0.4% difference berween ex-
perimeiitel ferdlic scid 1C,, valise and related dats snportad in Tnerstie (Tespine ot al,
2010),

We must conclude thar, ar least for the evaluated plants and norwirhstanding whar other -
wise reported, an hydro-alcoholic maceration obtained following Eur. Ph. specifications
outperforms the orthodox ayurvedic decoctions in terms of antioxidant performance and
overall polyphenalic content (Li et al., 2007),

Antimicrobial activity

The preliminary results highlighted a lack of antibacterial activity againse the Gram + (5.
asreus) and Gram- (E. cofi) strains considered. The tests extended to other bacterial and
tungi strains to better verify the antimicrobial activity on human and plant pathogens did
not report any constderable results.

Crenotoxic and antigenotoxic activity

Safery of preparations was investigated through rwo established rests: 17 rest, using Sar-
charomyces cevevisiae [)7 strain; SOS-Chromotest, using Escherichia cofi PO37 strain. Both
analyses gave indication of the citotoxicity of the preparation/compound considered (sur-
viver %, expressed az number of grown colonies on complete medium, in D7; % of activa-
tion of alkaline phosphatase in SOS-Chromotest), but they differed in the information
abour their genotoxic porential: D7 test evaluate genotoxicity and antigenstoxicity ex-
pressed as capacity of the phytocomplexes to generate, or protect from the generation, of
gene conversion and point mutation; while SOS-Chromotest evaluate the activation of
the bacterial SOS system as measure of genetic damage (Muzzoli & Saccheri, 2001),

D)7 test experimental data showed that neither DEC nor HE exhibit cytotoxic activity at
all concentrarions rested, and thar they did nor have genotoxic activity because the values




of gene conversion and point mutation remained within the physiological paramerers (re-
spectively 0.4-0,8 x 10 for gene conversion and 0.1-0.5 x 10* for the point mutation) in
comtrast to those abtained with positive conteol (EMS). The evaluation of the antigeno-
baxic activity against 2 known mutagen (EMS) did not give any appreciable results for
both preparations. Both of them generated a sharp increase in the number of survivors in
the plates with selective medium treated with EMS, which shows that neither DEC nor
HE counteract its mutagenic activity {data not shown),

The SO5-Chromotest was performed in order to have further evidences of the lack of
cytotoxicity, genotoxicity highlighted by the previous test. DEC and HE did not display
any citotoxicity or [DNA damage with reference to the parameters of the test. The only
exception was given by boeravinone B, which showed a limired cyroticity ar a concen-
tration about sixty-folds higher than the amount present in the hydro-aleoholic extract.
To evaluate antigenotoxicity (Tab. 17), DEC and HE were checked in a range of concen-
tration starting from the maximum extractions yield, obrained respectively from 10 and
50 g of crude drug, following a two fold dilution scheme from 1:2 to 1:32. Pure molecules
were tested following the same dilution pattern, in order to include in the tested range the
concentrations actually available in the preparations. The antigenotoxic capacity was
rested against a 2.5 pg/mL solution of 4-Nitroguineline N-oxide (ANCQO), which cause
an induction of the 508 system equal 1o the double of the test performed on the sole 1%
DMSO-saline solation.
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Table 17. Effect of B. diffuss preparations and pere molecales on genotoxicity induced by 4NQO
(2.5 ng'ml.) in the S05-Chromotest (n.d. = not detectable).




Both B diffisa preparations showed a weak antigenotoxic activity, slightly higher for
DEC than HE {9.81% and 7.55% respectively). The highest antigenotoxic capacity, with
dose-response correlation, was showed by ferulic acid (35.09% ar the concentration of 10
pz/mll; and vanillin {36.60% ar the concemtration of 10 pg/ml), values in accordance with
related literature (Ohta ot al,, 1986). In general, the experimental evidences pointed out
an higher activity for DEC in comparison to HE showing an opposite trend wich respect
to the antioxidant capacity.

Antiproliferative activity

Decoction (DEC) and hydro-alecholic extract (HE) were then tested against the cell
lines: MCF7, A54%, CaCol2, HepG2 and LoVo. Both phyvtocomplexes did not reach the
IC;, threasold when tested against AS49, CaCo2 (Fig. 15), MCF7 and LoVo, but HE
showed a better activity than DEC against CaCao2 cell line. DEC showed a weak anti-

proliferative potential against HpeG2 cell line with an 1C., value of 203 6040.58 pg/ml,
far from the value stated by the American National Cancer Institute (Suffness & Pezzuto,
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Figae 14, Cell viability of 8 difese Decoction (DEC) and Hydro-alcoholse Extiact (HE ) against
AS549(A) and Calp-2 (B) cell hnes after 24 h. Data were presented as the mean + 80 (5=3).

sensitive (CCRF-CEM) and one multi-drug-resistant (CEM/ADRS000). Each extract
reached 1C, inhibition value {Tab. 18) against both considered cell lines.




Plant extracts and pure CCRF-CEM cell line CEM/ADRS000 cell line
- molecules IC,, (pgml) IC,, (pgmi)
Boerhaavia diffusa  DEL 42807 = 401 119387 = 45,31
Boerhpavia diffusa  HE 12098 = 1740 4911 = 643
eupalitin 1L.12 = 0.7 DM =00
bocravinone B =30 >3
vanillin >30 >30
ferulic acid >30 =30

Table 18, Plant extracts and puare molecules 10, values against CCRF-CEM and
CEM/ADRS000

The results of the cytotoxicity evaleation followed the same trend of the results of the an-
tioxidant activity, showing higher activity for the hydro-aleoholic extractions compared 1
decoctions, but, in this case too far away from the value stated by the American Narional
eravinone B and eupalitin}, the only compound that showed an 1C,, value of cvtotoxie
activity was eupalitin, Tt exhibit 1C,, values of 13.12:0.76 pg/mL against CCRF-CEM
cell line and 23.3420.33 pg/ml against CEM/ADRS000. Though P-glycoprotein-over-
expressing CEM/ADRS000 cells showed 1,78-fold degree of cross-resistance compared
to its drug-sensitive counterpart, they were more sensitive to this compound than towards
doxorubicin {113.178.29 pg/ml; Kuete er al., 2014},




CONVOLVULUS PLURICAULIS
Chemical characterisation
Literamure references about C. pluricanlis lack of scientific sources regarding the precise
chemical characterization of the whole plant as crude drug. To fill this gap, it was decided
ro preceed with the analysis of the preparations decoction (DEC) and hydro-alcoholic ex-
rract (HE), as planned in the whole PhID research project, and in paraliel perform super-

The 'H-NMR analyses of DEC and HE of €. pluricandis (Fig. 16) highlighted a presence
of a substantial sugar fraction and exhibited some polyphenols signals.
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Figure 16. "H-NMR spectra of C. pluricais

Yields of decoction and maceration processes are reposted in Tab. 19

5 Yields b
DEC TR.40+0.15 P56 730,14
HE 4. 740,01 949002

Table 19. Yields of € plericandis DEC and HE processes.
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To conform to the method used so far, and since the preparations are characterised by ex-
tractions performed on the whole plant, the chemical characterization began with the
guantitative assessment of polyphenols, Havonoids, and proanthocyaniding present in
DEC and HE, by specrrophotometric method {Tab, 20},

DEC HE
Polyphenols {mg CAE/g) b 05+0.78 6. 3B B9
Flavonoids (mg HE/g) 4874032 118006
Proanthocyanidins (mg CCLE/g) 0.4820,001 <03

Table 20. Yield of total phenclic quantification of C. plewaenil prepasations.

The two phytocomplexes showed a similar total phenolic content (5.2% greater for HE
than DEC), but a substantial different amount of Havonoids {99.9% higher in DEC com-
pared w HE) and proanthocyanidins,

Diecoction (IXEC), traditional Ayurvedic preparation, was the first phytocomplex to be
examined. The RP-HPLC-DAD apalysis produced chromatograms characterized by
multiple peaks, of which the most evident was identified as caftaric acid (Fig. 17). Others
two, less intense than the previous one were tound to be caffeic acid and p-coumaric acid.
Other peaks with gradually lower intensity have been identified as: iso-ferulic acid and tr-
feralic acid.
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Figure 17, RP-HPLC-DAD chemical profiles of € ploricaudis DEC at $10nm.

DEC was then fractionated through a series of extractions with different palarity solvent
system (soxhler apparatus, CHCl; maceration in ubtrasound and supercritical CO;) with
the aim of obtaining the best chemical characterization. This extractions scheme emphas-
ize the presence of those compounds in lesser abundance, bur which are often deemed re-
sponsible for the biological activity, as single compounds or in synergy (Guerrini and Sac-
cheti, 2012). The three phytocomplexes obtained (from [YEC and HE), were analysed by
GC-MS. The following figure (Fig. 18) shows the results of DEC chemical characteriza-

tion.
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Figure 18. GC-MS chromatograms of ¢ pluricendic DEC extractions.

The GC-MS chromategrams highlighted the presence of different types of compounds
from benzaic acid, 4-hydroxybenzaldebvde and vanillin, w stigmasterol (phyrosteral) and
hupenl (triterpenoid), but other molecules are in the identification process.

“The first experimental evidences related o the supereritical CO; extractions indicute that
higher temperatures (80 °C) affect the extraction enriching the phytocomplex of
phytosterols (data also confinmed by literature: Zhao 8 Zhang, 2013) and other different
molecules {e.g. lupeol), while at lower temperatures {60 "C) the phytocomplexes is en-
riched of molecules with simple structure like vanillin or its isomers.

At a later stage, hvdro-alcoholic extract (HE) was considered and, as expected, it showed
a different phytochemical profile from DEC. The RP-HPLC-DAD analysi= (Fig. 19)
aimed to the recognition of flavonoids and phenolic acids led to the identification of the
same compounds already seen in DEC.
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Figure 19. RP-HPLC-DAD chemical profiles of C pluriaulis HE at 310nm.




The scchiler appsratus extractive strategy used for the characterization of this phytocom-
plex highlighted rthe absence of phyrosterols, shifting the focus 1o lower rerention times
(form 10 to 20 min) in which benzoic acid, eugenol, vanillin and a cinnamic acid dervat-
ive were detected (Fig. 20). Further investigation w identify compounds detected
between 30 and 35 min are still in progress.
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Figure 20. GC-MS chromatograms of C. pluricastis HE soxhlet extraction.

. pluricanits preparations were the last crude drug to be characterized, therefore GC-MS
analyses of HE extractions with CHC), and supercritical €O, are still in progress, but the
lack of phytosterols resulted evident.

As it can he seen from the comparison of Fig. 17 and 19, the RE-HPLC-DAD analysis
showed a preponderance of phenolic acids in DEC and HE. Further evidences from GC-
MS showed the absence of the phytosterolic component in the latter phytocomplex in-
stead present in DEC. In both preparations is evident the presence of vanillin.
Identification and quanrification of the phenolic acids in DEC and HE by gas chromato-
graphy (Tab. 21) was performed following a full validated method {Caligiani et al., 2013)
in collaboration with the University of Parma (Traly).

Hydeo-alesholic
Compound Diecaction
Extract
(/g of preparatiog) (DEC)
HE}

2-furancarboxdic acid Se.hel R 1.1440.04
benzaic acid 57264273 1220259
vaberic acid (Ll 04 0.3:0.05
benzenescetic acid 46,2421 i Jed 5
succink acid A 2ed 7 611231

Tumanie acid M.1:11 &7 2235
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salicylate 4 52003 12987+ 72.3
4-hydroybenzaldehyde ThHe1b 136,445 8
resorcinol 16.1:0.7 11.120.6
3-hydroxy butaneic acid 168.248.6 530.7224.3
S-methyl resorcinod £8=0.1 .
eugenol 41203 60,4
salicylic acid 1.9+0.1 (TR ER T
vanillin 101 5:4.9 284.9:14.35
3-hydroxybenzobe scsd 1077163 734238
tirnsol 238+1.1 531«2.4
A-hydroxybenzoic acid 226.3+11.3 756, 5438.7
4- hydroxybenzeneacetic acid 13.740.5 $0.121.9
3.5-dimethoxy- 4 hydroxybenzaldebyde 37.121.2 46,8221
vanillic acid 162.2:7.7 69312358
uzelaic acid 157.5:89 B9 42325
% d-dihydroxybenzoic acid 1505464 432192
prcumaric acid 5TR.7:273 111384546
msoterulic acid 394.8:18.7 617.9:295
rr-ferulic acid 111.124.8 1391454
caffeic acid IMh2+121 103.5+5.2
sinapinac acid 11.6:0.4 11.9:0.4

Tﬂll.@mﬂ#ﬂ:ﬂh E.M}fﬂ:ud HE by jgas chromatography
= miat detectahble’

Data shown in Tab. 21, confirm the identification carried out with HPLC and indicated
the presence of further phenolic acid.

As already mentioned, the whole plant crude drug (WP, considered in paralle] 1o the twao
preparations, was taken into account for this plant. The preliminary results of the different
polarity extractions are reported in Fig. 21
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Figure 21. GC-MS chromatograms of C. phericaulis WY extractions.
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The chromatograms of the hotanicals derived from extractions at different polarity of the
whole plant crude drug, instead of on a traditional preparation, exhibited the highest
molecular variety, In particular, the main constimuents of these phytocomplexes were
physostersls (campesterol, stigmasterol and fi-sitosterol) and terpenaids (e.g. lupeal).
Among them, two acyclic diterpene aleshol precursors of vitamin E, phytol and isophytol
(identified jusr in the supercritical CO, extract), not present in the preparations
considered o far (DEC and HE) These molecules are already known in the
pharmaceutical field thanks eo their antiinBammatory and anticheumatic activity (Sudha
et al., 2013). Furthermore, another derivarive of Vit E is siill in identification phase.

Mot of the molecules reported by this thesis are are newly identified in this drug (e.g.
phenolic acids, vanillin, stigmasterol and campesterel, lupeol and vit. E precursors). Liter-
arure reports a general reference to phytosterols and flavonoids (Sethiva et al., 2009), The
presence of other molecules reported in literature {alkaloids) has not yet been verified.




Biological activities
Antioxidant activity
The evaluation of the antioxidant activity of DEC and HE through spectrophotometric

methods showed the higher sensitivity of ABTS test compared 1o DPPH assay and -
carotene hleaching test (BCBT) towards the considered botanicals (Tab, 22).

1C50 {mg/mi) ABTS DPFPH BCHET
DEC 0.170 £ 0.010 0,380 = 0.020 0,165 + 0.002
HE 0.050 + 0.002 n.d. 0.259 + 0.002
Trolox 0005 = 1.0002 0076 = 0.0Mm 0.035 + 0.001

Table 22. Antioxidant capacity of C. plericaislss preparation (n.d. = not derectable).

DEC showed a comparable activity in the ABTS assay and BCBT, and a lower antioxid -
ant capacity in the DPPH test (44.74 %), Regarding the ABTS assay, the highest activity
was showed by HE (+70.59 % higher than DEC), but its IC,, value differs by a factor 10
from those of the positive control.

The opposite trend was shown in BCBT, where DEC showed a better antioxidant capa-
city compared to HE (+36.29 %). The bioactivity of DEC might be linked to the presence
of phenolic acids (caftaric, caffeic, p-coumarie, tr-ferulic and iso-ferulic acid), molecules
whose antioxidant activity is already well-known in literature (Apostolou et al, 2013;
Kelebek et al., 2013; Fernandez-Pachon et al., 2006; Wang et al., 2010; Yi et al., 2011).
HPTLC-bioautographic assays performed with ABTS and DPPH (Fig. 22), confirming
the results of the spectrophotometric analyses, allowed to the identification of some mo-
evident in the ABTS™ test at «f 0.25, 0.3 and 0.75 for DEC; and «f 0.3, 0.44, 0.69 and
0.75 tor HE, but the recognition process in still in progress.
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Figuse 22. {HPTLC - Bioaurographic assay of C. pluricawls preparations DEC and HE, with
kaempferol (kae) and luteolin-7-O-glacoside (hat-7-glu),

Antimicrobial activity

The evaluation of the antimicrobial capacity of C. pluricaudis preparations was performed
on four phytopathogens (4. tumgfacienss, A wures, €. muchiganensis, P. syringae) and 5 hu-
man pathogens (8. awreus, L. grayi, E. cofi, P aevuginesa and C. alficans).

The rests performed on hurman pathogens did not showed any antimicrobial activity, in
contrast t those carried out on the plant pathogens, in which DEC showed to be active
against P, syringar and O michiganensis, with the possibility of calculating the respective
IC., valwes (Tab. 23)

1C., (mg/ml)
Preudemonas syringae 1837
Clavibacter michiganensis 293

Table 23. IC,, values of €. plarvcandis DEC antimicrobial activity.
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Genotoxic and antigenotoxic activity

Cytotoxic and genotoxic/antigenotoxic properties of the whole preparations have been as-
sessed by Saccharemyees cerevisiar D7 strain test and SOS-Chromotest, The first test con-
firmed the safety of the phytocomplexes but the substantial ineffectiveness s antigeno-
toxic agent against EMS (data not shown). DEC and HE were then tested with S05-
Chromatest in a concentration range of progressive dilutions starting from 1:2 up 0 1:32
(w) to assess cytotoxicity and genotoxicity, The tests did not highlight any cytotoxic or
genotoxic potential at any concentrations tested, confirming the safery of the formula-
tions, The evaluation of the antigenotosic capacity (Tab. 24) was carried out against a
2.5 pg/ml solution of 4-niwoquinoline N-oxide (ANQD). HE did not show any note-
wastley activiey, while DEC, even 5 it wis it active siongh o seach. an 1C o, wallss, fo-
hibited the bacterial SO8 system activation of the 30.10+1.92 %, exhibiting a weak anti-
genotoxic potential without a dose-effect correlation.

Tnhibition of
Diose (ngiml) Eﬂlﬂiﬂ?ﬂf

DEC 697 30,110
13.94 27.23

27.88 723

55.75 1883

111.50 18.83

223.00 16.54

HE 2.32 5.36
4.63 625

9,26 7.5

18.53 714

37.05 g.48

TdM 4.9

148,20 1.34

Table 24. Effect of C. plurtanlis preparations on genotoxiciry induced by 4NQO (2.5 pg/mlL) in
the S05-Chromaotest,

Antiproliferative activity
€. plericandis formulations were tested against A549, CaCo-2 (Fig. 23), MCF7, LoVo
and Hep(G2 cell lines. Cells were exposed for 24 hours to different concentrations of
DEC and HE flanked by negative controls: 10 % FBS medium for DEC and 0.1 %
DMSO medium for HE. Both considered formulation did not show any activity against
the first four cell lines at the highest concentration tested. Considering HepG2 cell line,
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DEC, in contrast with HE, exhibited a weak inhibition of proliferation, making possible
to calculate s IC,, value {111.50=0.12 pg/ml). In light of this experimental growth
inhibition data, and comparing them with 10, values thar plant extract should exhibit 1
be eonsidered active by the American National Cancer Tnstitate (<30 pgéml), it could be
concluded that the data obtained are not significant.
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Figure 23. Cell vighility of C. pluricaude Decoction (IDEC) and Hydro-alcoholic Estract (HE)
against A54Y9 (A) and CalCo-2 (B) cell lines after 24 h. Data wese presented as the mean « 5D

(n=3),

e

To proceed the investigation of €. plaricantis cytoroadc activity, DEC, HE, and some of
their extracts obtained with different techniques {maceration in CHCL, sexhlet apparatus.
and SFE}, were tested against two leukacmia cell lines, drg-sensitive {CCRF-CEM),
and multi-drug-resistant (CEM/ADRS000), The aim of this further investigation was o
understand which compound or fraction was most responsible tor this bicactivity and o
highlight eventual cross-resistance phenomenon. These analyses were performed in Daoc-
tor Professor T. Efferth facilities at the Institute of Pharmacy and Biochemistry of the
University of Mainz {Germany), thanks to the international mobility grant for young un-
structured researchers of the University of Ferrara supported by 5 x 1000 funds of the year
1.

A screening of 25 samples (15 phytecomplexes and 10 pure compounds) was
preliminarily performed o a single concentration (100 pg/ml. for phytocomplexes and
100 pM for molecules) on the sole CCRF-CEM cell line. These tests showed at least 50 %
inhibition of cell proliferation for 11 samples: 8 extracts and 3 pure molecules in them
identified. In refation 1o these results, every sample was rested agminst both cell lines
(CCRF-CEM and CEM-ADRS000) in a series of 10 dilutions. The phytocomplexes and
the pure molecules showed a dose-dependent reducrion of CCRF-CEM cell line viabiliey

T
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with 1C, values higher than doxorubicin (Tab. 25).

CCRF-CEM CEM/ADRS000
I, e
Preparations and extracts (pg/ml)
DEC TR0 BS 2 90 = 100M1
DEC SFE TRAOTLRTY » 10N}
DEC CHCY, extract 16.18:£0.79 36,901 91
DEC sosxhler extract {apokar) 63.93:2.33 Th.6220.40
HE 592.78:27.90 > 1000
HE SFE 71192297 » 100
HE CHCI3 extract 39742205 » 1000
HE soxhler extract {apolar) 20.19:1.18 68.92:017
Pure compounds (ph)}
caffeic acid 5669190 5158699
kaernpterol 37 480,69 29312145
doxorubicin 0.20 = 0.06 195.12 + 14.30

Table 25. Cell viability of £ pluricentir DEC, HE, various polarity extracts and pure compounds
against CCRF-CEM and CEM/ADRS000 cell lines after 72 h. Dara were presented as the mean
4 S0 (we3)

The plytocnmplions abtitied by DEC sscoation in CHCY, wid the apolse fiaction of
the HE soxhler extraction showed 1C;, values (respectively 16.1820.79 pg/ml. and
20.1921.18 pg'mlL) in line with the value stated by the Amesican National Cancer
Inatitute (Sulfeess & Pessuto, 1991). They also seached thie 50 % cyvotoicity in the test
performed against CEM-ADRS000 with IC,, values lower than doxorubicin bus
respectively about 2 and 3 fold bhigger than experimental data obtained in the tests against
CCRF-CEM, showing cross-resistance phenomena.

Among ten tested pure compounds just two {caffeic acid and kaempferol) revealed to be
active against CCRF-CEM and CEM/ADRS000 cell lines. Kaempferal and caffeic acid
exhibited higher 1C,, values compared to those of the American National Cancer
Institute for both considered cell lines, but their respectively values against CCRF-CEM
and CEM/ADRS000 were similar, indicating the absence of cross-resistance phenomena.
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CURCULIGO ORCHIOIDES
Chemical characterisation

Decoction (DEC) and hydro-alecholic maceration (HE) procedures were performed fol -
bowing the indications of the Ayurvedic Pharmacopoeia of India and the European Phar-
macopocia (European Pharmacopoeia Ed. 7.0, 2011). Traditional Ayurvedic decoctions
presented a 1otal extraction vield of 8.44:2.51%, while the hyvdro-alecholic extraction
yiekds was 17.7520.08%. The chemical characterization of DEC and HE of C. erchisides
by "H-NMR showed a fingerprinting profile charactenzed mainly by a predomnant car-
bohydrate fraction (Fig, 24).
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Figure 24, ‘H-NMR spectra of C. amdivides preparations.

The quantitative spectrophotometric analyses of the phenolic fractions using Fo-
tin-Ciocalteu reagent revealed an higher content of polyphenals (63,8% %) for HE than
that of DEC (Tab. 26).




DEC HE
Palyphenaks (mg GAE/g) 6,28+ .31 17.39 = 2.08
Flavenoids (mg HE ) 5.41 £ 0.37 1.35 + D04
Proanthocvanidine (mg CCIE/g) 056 + 0.03 < 0.3

Table 26. Yield of total phenolic quantification of C. erchisides preparations.

Regarding the phenolic content of DEC, very few reports are svailable and they rely on
preparation protocols different from the Ayurvedic one, which makes data hardly com-
parable (Hua-Bin er al., 2007). A similar scenario concerns hydro-aleoholic macerations.
In particular, the amount of starting plant material, the ratio of plant marerial 1o solvent,
the ratio of water to alcohol mixture and the extraction time are considerably different
from the official Eur. Ph. protocol here adopted. Such variability, moreover, highlights a
drawback in experimental design that must be noticed, as may lead to scattered and unre-
In particular, C. srebivider hydro-alooholic extract showed a value 65.40 % lower than ex-
perimental data about HE (Hua-Bin et al., 2007; Gacche & Dhole, 2006).

Subsequently, through chromatographic techniques (RP-HPLC-DAD and GC-MS-
FID), started the qualitative and quantitative evaluation of the chemical profile of the two
peepasations, The RP-HPLO-DAD shusectrinstion: of the phendbc facion of G and-
ioides preparations (Fig, 25-26), performed with fully validated methods, highlighted the
presence of curculigoside A and orcnol-f-D-glucoside as main compounds in both DEC
and HE (Tab. 27}, and both molecules resulted to be more abundant in HE than in
DEC: +82.29% for curculigoside A and +68.57% for orcinol-f-D-glucoside, Further-
more, orcinol- -D-glacoside is more abundant than curculigoside A in both preparation,
with a relative abundance of +90.14 % in DEC and +82.49 % in HE.
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Figure 25. RP-HPLC-DAD chromatogratns of € srchivides DEC.
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DEC HE

(ngfml) {pgfml)
orcinal-f-Di-ghicoside 72,93 + 0.43 23204 £ B.49
curculigoside A 719 41,43 4062 £ 6.57
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characterization of the compounds with apolas character present in phytocomplexes: ex-
traction in chloroform with ultrasounds, in soxhler apparans and with supercritical CO,.
GC-MS spectra of DEC CHC, extraction {Fig. 27), compared to the NIST library or to
the pure compound spectra, amd after the Kovars Index caleulation, allowed the identific-
ation of d-hydroxybenzaldehvde, orcinol, vanillin, stigmastan-3,5-diene, [i-sitosterol,
stigmasterol.
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Figure 27. GC-MS chromatograms of €. srditoides DEC CHUL, exraction.

Similarly the phyrocomplex obeained by supereritical CO, extraction (Fig, 28) showed the
presence of: 4-hydroxvbenzaldehyde, methylcinnamate, vanillin, stigmastan-3,5-diene, -
sitosterol and stigmaseeral.
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Figuse 28. GO-MS chrosmatograms of € orcbisides DEC SFE exeraction,

Some differences are notable between the chromatographic profiles of the two
phytocomplexes obtained with different methods. In particulas, the supercritical fluid
extraction resulted richer in peaks than the chromatogram of the previous extraction in
rechmique is more effective in the extraction of aldehydes,

Considering HE, the GC-MS analyses highlight the presence of further molecules
compared to the Ayurvedic preparation (DEC). In the phytocomplex obtained after the
CHCY, extraction, (Fig. 29) the following compounds were identified: eugenal, orcinal,
methylcinnamare, cinnamylacetare, 4-hydroxybenzoic acid and stigmastan-3,5-diene;
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Figure 29, GC-MS chromatograms of C srcfistdls HE CHCL exreaction.




The CO, supercritical extract of HE (Fig. 30) exhibit the presence of: 4-
hydroxybenzaldehyde, ercinol, d-hydroxybenszoic acid, etil p-hydroxycinnamare  and
stigmastan-3,5-diene,
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Figure 3. GC-MS chromatograms of € seobisider HE SFE extraction.

In qualitative terms, comparing the chromatograms obtained, it can be pointed out the
rich phytechemical profile provided by both extractive methods and the slightly different
extraction specificity of the formulations strategies. In fact, while orcinol was identified in
both phytocomplexes, the chloroform extract showed the presence of eugenol,
methylcinnammare and cinmamylacerate not identified in the supercritical one;, vice versa
SFE extract was characterized by the presence of 4-hydroxybenzaldehyde and 4-cthyl-
hydroxycinnamate missing in the CHC, one. '




Biological activities
Antioxidant activity
Curcaligs orchioides hydro-alcoholic preparations was 91,47 % more active than decoction
in the ABTS test and showed a wide range of antioxidant capacity, being active as radical
scavenger and interfering at the same time with radical propagation (Tab. 29).

TC50 (pg/ml) ARTS DPPH BCET
DEC 46.895:1.643 217.354:0.310 n.d.
HE 4. 4350090 35.7770.624 226.627+10.154
curculigoside A 4.752+0.197 n.d. i.d.
arcinol-f-d-glucoside  4.900+0.011 nd. n.d.
TROLOX 2.040+0.101 4,090:0.203 0.059:0,002

Table 29, Antioxidant capacity of C archisider preparation and pure compounds
[rd. = ot detectable ),

The Ayurvedic traditions] preparetion (DEC) cubibited 1 lower activity in the DPPH as-
say 100 when compared 1o HE (that showed 1C,, value corparable to the trolox, positive
comtred) and reached just the 45.75% of inhibition in BCBT st the highest concentration
vested (11.25 mg/ml), Such behaviour reflects the higher phenolic content of €. erisides
preparations: HE with higher polyphenolic concentration showed the best antioxidant ca-
pacity. Considering the identified compounds, curculigeside A and orcinol-f-D-glucos-
ide, they exhibited an IC, values in the ABTS rest approximately rwo-fold higher than
positive control (57.07% for curculigoside A und 58.37% for orcinol-B-D-glacoside),
while they did not reach the 50% inhibition at the highest concentration tested in the
DPPH tese and in the BCBT. Considering the concentration of the puse compounds in
HE, and comparing their results in the ABTS test with those of the whole preparation, a
il somssibution of unaligueide A snd swcind-P-Doghuorids is the suriosidunt
activity of HE could be suggested. On the other hand, DPPH tests and BCBT did not
reveal the same trend, leaving possibilities for further investigations with other methods.
(HP)TLC -bivautographic assay highlighted, for both C. srchioudes preparations, a variety
of molecules with antioxidant activity (Fig. 31). Most of these compounds are i the bot-
som part of the silica plate, the part of the TLC in which the most polar molecules could
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be found, therefore it could hypothesize that antioxidant activity was united 1o this frac-
tion, but the identification process is still in progress.

Figure 1. ABTS and DPPH HPTLC -bisawtngraphic assay of € archisides preparations.

We must conclude that, at least for the evaluated phytocomplexes and notwithstanding
what otherwise reported, an hydro-alcoholic maceration obtained following Eur. Ph. spe-
cifications sutperforms the erthodox ayurvedic decoctions in rerms of antioxidant per-
formance and overall polyphenolic content (Li et al., 2007).

lihibs % (DPPH rest)
curculigoside A 4,99
orcinol-fi-D-glucoside 1.08

Table 30. Inhibition percentage of curculigoside A and orcinal-[3-D-glucoside in DPPH test.

Inhib. % (BCBT)

. srehisides DEC 45.75
curciligoside A 23.14
arcinol-f- D glucoside 14.70

Table 31. Inhibition percentage of . srcbisides DEC, curenligoside A and orcinol-f-D-glucoside
in BCBT.

Although the phytocomplexes are not directly comparable, Rathod et al. (2010)
evaluated the antioxidamt activity of a methanolic extract of O erchieider roots using

DPPH test, reporiing an [Cy, valee of 2997 mg/ml, that seem in line with the




experimental data obtained with the hydroalcoholic exeract (35,78 mg/ml).
Regarding the pure compounds considered, the data obtained so far are innovative,
because of the lack of scientific publications abour it.

Antimicrobial activity

The results of the anfimicrobial test performed with C sredioides DEC and HE
highlighted a lack of antibacterial activity on the Gram + (S, aurcus) and Gram- (E. coli)
srving. oumsbdirnd: Furihar s agaings other buemeiol snd fumngh soesion 20 T wenifly
the antimicrobial activity on buman and plant pathogens did not highlight any acriviry.

Genotoxic and antigenotoxic activity

Safery of preparations was investigated through two established tests using Saccbarsmmpes
analyses give indication of the citotoxicity of the preparation/compound (survivor %, cx-
pressed as number of grown colonies on complete medium, in D7 test; perventage of ac-
tivation of alkaline phosphatase in SOS8-Chromotest), but they differ in the information
abour their genotoxic potential: D7 rest evaluate genotoxicity and anrigenotoxicity ex-
the bacterial 505 system as measure of genetic damage.

[37 test experimental data showed that neither DEC nor HE exhibit cytotoric activity at
all concentrations tested, and that they did not have genotoxic activity because the values
of gene conversion and point mutation remained within the physiological parameters (re-
spectively 0.4-0.8 x 10° for gene conversion and 0.1-0.5 x 10 for the point mutation) in
contrast o those obtained with positive control (EMS). The evaluation of the antigens-
preparations. Both of them generated a sharp increase in the number of survivors in the
plates with selective medium (lacking tryptophan for gene conversion and isoleucine for
point mutation) treated with EMS, which shows that neither DEC nor HE counterace
ifs mutagenic avtiviry,

The 505-Chromotest was performed in order to have further evidences of the lack of
play any citotoxicity or DNA damage with reference 10 the parameters of the test.
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Regarding the antigendtoxic activity, DEC and HE were tested as in 2 range of
concentration following a scheme of progressive dilutions 1:2, up 2o 1:32. The melecules
alse identified in the preparations have been rested fellowing the same dilution scheme 1w
include in the concentranions considered to be those present in the preparations. The
antigenotoxic potential was tested against a solution 2.5 pg/ml of 4-nitoquinoline N-
oxide (4NCO), which resulted in an induction of 505 system equal 1o the double of the
best prikmed with axly 1006 DIMSCl-sline, Piparations of C. wiliinider shovesd o dose-
response trend bur weak antigenotoxic capacity that never reached the 50% inhibition
daeshiold. Tt shauld be stremed that the Ayarvedic preparstion {DEC) showod higher
activity (1623 + 0.81%) compared to the hydro-alcoholic extract (11,32 + 0.47%). Even
the pure molecules identified, curculigoside A and orcinol-f-D-glucoside, exhibited a
low genorptective porential, showing respectively an inhibition of 24.53 = 0.86% and
ZOET & 1.39%:

Antipraliferative activity

the most common cancer cell lines: A54%, CaCa2 (Fig. 32), MCF7, Hep(2 and LoVe.
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Figure 32. Cell viability of C. srchigides Decoction (DEC) and Hydro-alcoholic Extract (HE)
against AF49 (A) and CaCo-2 (B) cell lines after 24 h. Data were presented as the mean = 5D
(=3}

Among these considered cell lines, tests revealed a weak antiproliferative activity juse
against Hep(2, where both preparations reached IC,, value (182.20:0.18 pg/mi for
DEC and 200.9020.23 pgfml for HE), Considering the other cell lines, HE showed a
slightly hetter potential than DEC without reaching the 50 % inhibition at the maximum
comeentration tested (100 pg/ml). Further analyses performed against roo leakaemia cell




fitves, one drug-sensitive (CCRF-CEM) and one multi-drug-resistant (CEM/ADRS000)
confirmed the trend showed by the previous analyses (Tab. 32): both preparations reached
IC,, inhibition values against the considered cell lines, showing higher activity for HE
compared to DEC, but their results were far from the values state by the American Na-
tional Cancer Instinute (Suffness & Pezzuto, 1991).

Plant extracts and jpure ' :
minbecies IC,, (pg'mi) IC.,, (pg/'ml)
Curculige orchioides - DEC 3917 = 585 75 = W90
Curculign orchioides - HE 24357 = an 909 = n
curcaligoside A »30 »30
orcinol - f-O- ghicoside »30 =30

Tahle 32 Cytotaxic 1C., values of € erchisider preparations, curculigoside A and orcinol-B-d-
ghucoside against CCRF-CEM and CEMAADRS000 cell hnes, Diars were presented as the mean
+ 5[ (m=3).

In particular, € erchicider HE exhibited an 1Cy of 200.9622.31 pg/mL  against
CEM/ADRS000, that ies higher than the 113.17:8.29 pa/mL IC, value of doxorubicin
(compounds towards which CEM/ADRSN0 cell line developed resistance) reported by
Kuete et al. (2014}
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HEMIDESMUS INDICUS

H. indicus is a cross-functional plant well known and used in the Awurvedic rraditional
medicine system, As stated in the general introduction, the aim of the research is con-
tributing to the phytotherapic and normative validation of plant, identifying the most
characteristic molecules among rthe compounds detected in the considered phyrocom-
plexes, An in-depth phytochemical characterisation, including spectrophotometric, GC-
MS, RP-HPLC-DAD and NMR analyses, was carried out to reach this target.

As for the other crude drugs, decoction (DEC) and hydro-alcobolic extract (HE) were
formulated following the Ayarvedic indication and the thase of the European Pharmaco-
pocia, starting from respectively 10 g and 50 g of dricd crude drag. The procedures gave
the following yields: 2.5620.39 g (25.55 %} for DEC and 8.53+0.03 g (17.06 %) for HE.

‘The physochemical screening started from the evaluation of the total palyphenol coneent
of the considered preparations, performed through spectrophotometric analyvses using the
Folin-Ciocalten reagent (Tab. 33).

DEC HE

Palyphenals (mg GAE/g) 116 + 060 1234 4 0,48
Flavonoids (mg HE/g) 2192020 0.8% = 0046
Proanthocyasidins (mg CCIE/g) 0.62 + 0.04 0,37 = 0018

Table 33. Yield of total phenolic quantification of H. fndicur preparations.

The assay highlighted a slightly higher polyphenols content of HE than IDEC, but an op-
pacite wend mganding favenaide sud prossthorysidion. Tn pereiculer, HE s » rol
polyphenol content greater than 6% compared 1o DEC, but the latter exceeds HE of
§9:36% the cotont of Savesickds, and of 40.38% the content of prosnthocyamidiss

The chemical characterisation by RP-HPLC-DAD (Fig. 33) and 'H-NMR (Fig. 34)
showed a preponderant sugar composition, in which glucose and froctose were detected.




Hemidesmus tnaficu Rezults and Discussion

mw II.I-HI'H-MIH DED
i I,-'II_}M
A ."f
F HI‘"I. | .'ll'l
'.I I - - .'.lII . i . . N
| My T —— -
ot .'|I j}“w_
— ||
N , |/
| = I,j - J| '.

Figure 33, RP-HPLC-DAD chromatograms of 4. imdiow preparations.
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Figure 34. "H-NMR spectrs of /. indirus preparations.

The prefiminarily RP-HPLC-DAD amalyses of both DEC and HE showed a relatively
(Tab. 34) wese: 2-hydroxy-4-methoxybenzakdehyde (2HAMB), 3-hydroxy-4-methoxy-
benzaldehyde (SHAMB) and 2-hydroxy-4-methoxvbensoic acid (2ZH4AMBAC).
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DEC HE
(gl g/ m)

2-hydroxy -4-merhoxybensoie acid 235420231 32512123
I-hydroxy-4-methoxybenzaldehyde 26852092 57.10:1.39
I-hydrowy-d-methonybenzaldehyde 1720009 214544517

Tahle 34. Quantitation of 2-hydrowy-4-methoxyhenmoic acid, 3-hydrowy -4-methorvhenzaldehyde
and 2-hydroxy -4-methoevbenzaldehyde m A fedias formulations.

If compared with the tonal polyphencls quantification experimental daga (Tab. 33), the
arnount of this phytomarkers represented about 10 % of the whole polyphencls content,
suggesting that other molecules, such as hemidesmins (Das et al., 1992) and derivatives of
vanillin isomers (Zhao et al., 2014) were still 10 identify. In effect, the chromatograms
showed the presence of other compounds that posses the typical UV profile of phenolic
acids. Moreover, solvents used for the formulations exhibit different specificity towards
the two vanillin isomers {(2H4MB is more abundant in HE than DEC, as confirmed by
'H-NMR spectra, while 3H4MB showed an oppesite trend) giving evidences that the
polyphenol composition of the twe traditional formulations could differ under the
qualitative and guantitative point of view. Literature already reports the presence of
vanillin iscomer, ZHAMBAe and other molecules in these phywocomplexes, but no
information abour the guantification are mentioned.

A scparation performed using a “gravimetric” column filled with an Amberlite XAD-2
resin {Sigrma-Aldeich, Ialy) allowed o obtain rwo complementary phytocomplexes and
highlighted the preseace of a molecule not identified before: chlorogenic acid (Fig. 35).
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Figure 35 RP_HPLE-DAD chromatograms of . indicus DEC before and after column
RepaErarion.
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The mast apolar fraction of DEC after column separation was also nvestigated by GC-

M S (Fig. 36), highlighting a strong sugar component and the presence of lupeol, fi-

HL|h'*“h F b, e
ﬁpuﬁﬂﬂﬂﬁwwﬂﬂmﬂ"ﬁtmm;tﬁuaﬂm
separation.

At this stage, to berrer analyse the lipophilic fractions of the phytocomplexes, different
polarity extractions (soxhlet apparatus, CHU, in ultrasounds and SFE) were performed.
CO-FTI-MS analyses confirmed the presence of already known madecules {Charterje e
al., 2006; Padby et oL, 1973) and highlighted a different extraction specificity of the used
techniques. In particular lapeol and P-sitosterol were major constituents of soxhlet and
CHCI, extractions of DEC; while the acetylated compounds (lupecl acetate and p-

ammyrin acetate) were more abundant in the supercritical CO, extraction (Tab, 35),

DEC CHCY, DEC 5FE HE CHCL, HE SFE
extraction (pg'ml) extracton (pgfml) extraction (pgfml) extraction (pg/ml)
hrpenl T Tk, (u6nb 1,007 1=k 149 n.d. n.d.
bapes| acetare 2458321320 R0 80T 0.1 25440007 Ak S 0, O
[-sitostesal Laal+0,231 0.47720.077 .. nd
f-amyrin acetate 2.94720,162 3.27420.085 nd. i

Tahbe 35, Quantitation of lapenl, lupeol acetate, f-sitosterol and f-amyrin acetare in M. indiowr
formuotations after CHCL, and supercritical CO, extracts (nud. = not detectable).
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Lupeol acetate, in particular, was the only molecule identified in the lipophilic fraction of
HE. Soxhlet apparatus extractions of both DEC and HE (characterized by higher polar-
ity solvents than CHCI,; and supereritical CO)) confirmed the presence of vanillin, irs iso-
mers, and allowed the detection of other vanillin derivatives in HE never reported in lit-
erature before: vanillic acid, acetovanillone, syringaldehyde and vanillin acetate, in order
of retention time,
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Biological activity

Antioxidant activity

The anticxidant activiry was investigated useing three different assays: ABTS, DPPH and
fi-carotene bleaching test (BCBT). Results (Tab. 36) showed a different degree of re-
sponse among the considered assays but they are concordant o highlight the greater anti -
oxidant capacity of HE compared 1o DEC,

1C o (gfml} ABRTS DFPFH BCBT
DEC 29412147 £2.2624.11 949.35420.001
HE 244047 69 442347 265 570=0.001
2-hydrowy-4-methoxvhenzoic acid 205081 n.d. n.d.
2-hydrony-4-methoxyhenzaldehyde 8.17+0.41 n.d. n.d.
3-hydroxy-4-methoxybenzaldehyde 1.02=0.05 21356.55:115.83 nd,
Trodax 240011 4.94+0.25 0.035=0.001

Table 36. Antioxidant capaciey of H. fadics preparation and pure compounds (n.d. = not
detectahle).

In genoes] ABTS perfismes bover than other test 1o evalaste the sntioaddast activivy be-
cause of its capacity to be soluble in both agueous and organic solvents; and because it has
less problems related 1o its structural conformation unlike DPPH. ABTS showed the best
IC,, value for the vanillin isomer 3-hydroxy-4-methoxybenzaldehvde [1.025:0.055
ig/ml), even lower than Trolox (IC=2.400.12 wg/ml), the vitamin E analogue used as
positive control. The activity of 2-hyvdroxy-4-methoxvbenzaldehyde and 2-hydroxy-4-
methoxybenzoic were slightly higher than, respectively, HE and DEC activity. These
substances may be responsible for, or contribute to, the activity of the two traditional pre-
parations; and the lower activity of DEC compared to HE could be due to their lower
concentrations in the Aywrvedic preparation. Considering DPPH test, DEC and HE
showed 1C,, values higher than positive control, confirming the bemer activity of hy-
dro-aleoholic extract than decoction. Among the pure molecules considered just 3-hy-
droxy-4-merhoxybenzaldehyde and chlorogenic acid showed a radical seavenging activiry
sgainist DPPH, vkl e 2-Diyduncy~#-sncihuybensabilyds mid 2-hiydiony<4-mothony-
benwzoic acid was not possible to obtain an IC, value, The P-carotene bleaching test did
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mor exhibit any interesting results reporting evidences of antioxidant activity just for the
two preparations with 10, values bigger than positive control. From the comparisen of
the three methods is evident the high selectivity of the molecules of DEC and HE for the
ABTS assay, in which they obtained IC, values lower than DPPH and BCBT. Literat-
ure reports the antioxidant activity (DPPH west) of H. éndice oot methanolic extract
with an EC,; valee of 18.87 mgfml (Ravishankara et al., 2002) but, currently, there are no
data concerning the preparations DEC and HE.

In order to check and provide evidence of the presence of phytocomplex fractions mere
active than others, and to verify the contribution of the identified compounds in both pre-
parations, DPPH and ABTS test was performed as HPTLC-bioautographic assay
(Fig. 37).

Figure 37, (HPITLC -Bioaurographic assay of 4. indicus preparations and purs
molecules{ZH4MB: 2-hydroxy-4 methosybenealdebvde, 3IH4MB: 3-hydroxy-4-
methoxybenzaldehyde; ZHAMBA 2-hydrooy-4-methosybenzoic acid).

The derivatised HPTLC confirmed the higher activity of 3H4MB compared w 2HAMB
along with the 1C;, value obtained by the specrrophotometric analyses, and highlight the

presence of other fractions that contribure to the anrioxidant activity.

Aol sctivit
The antimicrobial activity of DEC and HE was performed on human and phytopathogen

bacteria (£, faecalis, 8 awrens, 3. epidermidis, E. eoli, K. oxyioca, P, aeruginsia) and veasts
(. afbicans). The performed assays did not highlight any sensible activity towards the
comsidered micro-organisms, Literature reports a noteworthy antimicrobial activiey
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against different microorganisms (Khanna & Kannabiran, 2008), but it consider the
saponin fraction obtained with different extractive method.
Crenstoxic and antigenotoxic acrivity

Safery of preparations was investigated through twe established rests using Saceburemyces
cerevisige 137 strain (D7 test) and Escherichia colt PQ3T strain (SO5-Chromotest). Both
analyses give indication of the eventual citotoxicity of the preparation/compeound (surviv-
or %, expressed as number of grown colonies on complere medium, in 17; % of activation
of alkaline phosphatase in S05-Chromotest), but they differ in the information about
their genotoxic porential.

D7 rest evaluare genotoxiciry and antigenotoxiciry expressed as capacity of the phytocom-
plexes to generate, or protect from the generation, of gene conversion and point muta-
tion. The experimental data (Tab. 37) showed that neither DEC por HE exhibit
extotoxie activity ag all concentrations tested, and thar they did not have genotoxic activity
physiological parameters {respectively 0.4-0.8 x 10° for gene conversion and (0,1-0.5 x 10
* for the point mutation} in contrast to those obtained with positive control (EMS), The
evaluation of the antipenotoxic activity aginst a known mutagen (EMS) did not give any
appreciable resulrs for both preparations, For each of them there was a sharp increase in
the mumber of survivors in the plates with selective medium {lacking tryprophan for gene
conversion amd isoleucine for point mutation) treated with EMS, which shows that
neither DEC nor HE connteract its mutagenic activiry.
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In order 1o obtain further evidences of cyrosoxicity, genoroicity and antigenotoxicity of
the considered traditional preparations and their most characterising molecules, 505~
chromorest was performed. These assays confirmed the phyrocomplexes safety, but it did
not show any substantial antigenotoxic capacity of DEC or HE toward the known
mutagen ANQO (Fig. 38); while the dara relaring tested pure molecules, showed
cytotoxicity for the 2-hydroxy-4-methoxybenzaldehyde and the 2-hydroxy-4-
methoxybenzoic acid at concentration 4 mg/mi and above.
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SO8-Chromotest. [hata were presented as the mean + 51 (n=3).

The 3-hydroxy-4-methoxybenzaldehyde showed cytotoxicity as well, but lower than
previous molecules, because it exhibit cytotoxic at concentration 23 mg/mi and above |
Every pure compounds showed a better antigenotoxic activity then DEC and HE, in
particular the 2-hydroxy-4-methoxybenzaldehyde exhibic the highest activity decreasing
the activation of the bacterial SO5 system ar the maximum concentration not cytotoxic of
the 50.98+2.73 %, After the 2HMB, the rank of anhgenotoxic activiey continued with the
3-hydroxy-4-methoxybenzaldehyde, with an inhibition of the 37.47+1.61 %, and ar the
last the 2-hydroxy-4-methoxybenazoic acid showing a genoprotective activity of the
32.60=1.81 %.

Traditional medical practitioners wse Hemidermus sndices to treat several pathologies and,
wften, poly-herbal preparations conmaining this plant are used for the treatment of cancer.

In light of this premises, the antiproliferative activity was investigate in the laboratories of
the Professor Gianni Sacchetti, Pharmaceutical Biology Deparement of the University of
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Ferrara (Ttaly), in the facilities of Doctor Professor Thomas Efferth, Instinute of Pharmacy
and Biochemistry of the University of Mainz (Germany), and of Professor Starti, Phar-
macy, Health and Nurrition of the University of Calabria (Traly). The research project
considered different cell lines, belonging to the most common type of cancer (Calo2,
AS49, MCF7, CCRF-CEM, CEM-ADRS000, HeplG2 and LoVe), in order 1o conduct
an in-depth investigation abour the antiproliferative capacity of the traditional formula-
tion considered.

Both preparations were tested on every cell lines and their cytotosicity was not note-
worthy, being far from the concentration values, 30 pg/ml for extracts, and 4 pg/ml. for
pure compounds, stated by the American National Cancer Institute { Sufiness & Pezzuto,
1991). DEC, HE and the pure compounds tested resulted inactive against MCF7 and
AS54% until the concentration of 100 pg/ml included, with the exception of 2-hydroxy-4-
methexybenzaldehyde that, at this concentration, reduced the MCF7 vitality of nearly
20 %,

The results obtained by exposing heterogeneous human epithelial colorectal adenocar-
cinoma cell (CaCo-2) at growing concentrations of HE showed just a slight reduction in
cell viability when compared ro the control culure, reduction not significant after 24

hours treatment (Fig. 39).
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Figure 39, Cell viability of A, imdicas Decoction (DEC) and Hydro-alcohobic Extract (HE) against
A549 (A)and CaCo-2 (B cell lines after 24 h. Diata were presented as the mean + 51 {m=3},




Hemidesmus tnaficu Rezults and Discussion

The same cell line weated with growing concentrations of DEC induced a toxic effect
with a dose-dependent trend. In particular, cell viability decreased in a statistically signi-
ficant manner starting from the concentration of 100 pgfml As it can be seen from the
graphs, the highest HE concentration tested (1000 pg/ml) modify the cell viability index
with a different trend than DEC, bur they both reach a #0% reduction of viability,
demonstrating the comparable activity of the rwo formulations ageinst this cell line.
Based on the obtained results, the effect of DEC and HE most characterising molecules
(2H4MB, 2HAMBAC and 3H4AMB for HE and the same molecules plus lupeol acetare
for DEC) were tested individually and in combimtion, using their own conventrations
founded in DEC 500 mg/ml (Fig: 40) and HE 100 mg/ml {(Fig. 41). After 24 hours
treatment, the tested standards did not change CalCo-2 cell viability in a statistical
significant way compared to the negative conrrol.
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Figure 40. Cell viabiliy of A taaboss DEC and pure compounds vested alone a.mi -:m*ﬁbm.mm
aguinst CalCo-2 cell lines after 24 h. Data were presented as the mean + 50 (m=3).
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Figure 41. Cell viabiliry of H indicas HE and pure compounds tested ah:m-. and combination
against CaCo-2 cell lines after 24 b Data were presented as the mean = 51 (a=3).

In light of this resulr, it can be assumed thar the ayurvedic waditional preparation DEC
contains other molecules responsible for its weak antproliferative effect, or thae in the
phytocomplex are present synergistic actions not easily ascribable o the considered
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Hiemidermus indicus Resules and Discussion

The analyses of antiproliferative activity performed in the laboratories of Professor G.
Stasti st the Universiey of Calbria considerad Hep(32 sud LoVo coll fines. The sssys
showed similar IC, values for bath preparations against HepG2 (1C,, DEC= 33.52+0.13
pglest snd 30, MB= 24500014 pgimi), bt the: tvend dilfernd sgeing: La¥io wese HE
exhibited an 10, value close to the one stated by the American National Cancer Institute
(Suffess & Pezzuto, 1991) while DEC was inactive.

Preparations and pure compounds were tested on human leukaemia cell lines CCRF-
CEM and multi-drug-resistant CEM/ADRS000 in the facilities of Professor T. Efferth
st the Uniwersicy of Maing. The sctivity of the considerad ssmples against these call lines
were investigated to examine in depth the aspects of cytotoxicity towards leuksemia cell
limes already identified in relared works (Fimognari er al, 2011; Ferruzzi er al, 2013).
The screening of 13 samples at a single concentration {100 pg/ml. for phytocomplexes
and 100 M for molecules) was performed only on the CCRF-CEM cell line. These tests
showed interesting values of bioactivity for 6 samples: HE, methanolic fraction afier
fraction after soxhler extraction of HE, 2ZH4AMB and lupeol. In relation to these results,
they were tested on CCRF-CEM and CEM/ADRS000 cell lines in a series of 10
dilutions, showing a dose-dependent trend. The four extraces (HE, methanolic fraction
after column separation of DEC, apelar fraction after soxtilet extraction of HE and
methanolic fraction after column separation of HE) and the pure compounds (2ZH4MB
and lupeol) showed a reduction of viability on CCRF-CEM cells lower than doxorubicin
(0.20 = 0.06 uM, Kuete et al., 2013), with IC,,, values reported in Tah. 38.

iy

Sample CCRF-CEM CEM/ADRS000
DECyop gue  7.36=029 ug/ml.  22.30=0.98 pgiml
HE 4623102 pgiml. 84852334 pgiml.
L ——— 2793058 pp'ml, 69700122 pgiml.
ME 2,46+0.28 pgfml 3, 768001 gl
THAMB 85394170 M nd
lupeol 9,62¢0.21 uM ad

Table 38, Cell viahility of H. indicus HE, extractions and pure compounds agpinst CCRF-CEM
and CEM/ADRSO0G cell lines after 72 b. [Data were presented as the mean + SI) {#=3) (n.d. = not
detectable).




Hiemidermus indicus Resules and Discussion

IC,, values higher than respective data obtained against CCRF-CEM cells, but lower
than those reported in the literarure for doxorubicin (195.12 « 14.30 pM; Kuete er al.,
2013) rowards CEM/ADRS000. Considering the data obtained it can be assumed that
this cell line is more sensitive to the tested samples compared to doxorubicin to which is
resistant, but nonetheless presents phenomena of "cross-resistance” indicated by the 1C,,
experimental values that were about the double compared to those obtained against
CEM-CCRF. In general, HE was the only ssmple that showed antiproliferative activity
against every cell line considered and its fractions, obtained first with column separation
and after with soxhlet apparatus, exhibited an [Cy, value in line with the one stated by the
American National Cancer Institure (Suffness & Pezzuto, 1991),
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The Italian and, in general, the EU phytotherapic realities are increasingly adopting
herbal traditions belonging to distant and exotic cultures, like Aywrveda, but they
implement their use considering cultural parameters unrelared 1o those maditions, placing
them in a typical Hippocratic and allopathic context (Guerrini and Sacchetei, 2012).
Following this premise, it is possible to understand that the use of Ayurvedic
phytotherapic remedies in Western culture has became estranged from its purpose:
entering in the "symptomatology” context it leaves behind the importance of the
philosophical concept of "whole man” (combination of body, mind and soul), considering
the traditional medications just in terms of their body healing properties and not like a
substance able to return the natural human equilibrium. For this reason, one of the goals
of scientific resesrch should be, starting from the ethnomedicine knowledge, the
investigation of the linear connection between phytocomplex and biological activity in
perspective of the “occidental” use (dichotomy symptomiremedy) of the
drugs/ preparations.

The increased interest of patients {and consumers) in non-conventional medicine, as a
way to be more active in their healing process, 1o decrease the costs and the side effects of
the allopathic medications, is driving the regulatory organs to define a berter legislation
for their use and the alternative remedies trade. The phytochemical standardization of
crude drug and botanicals, through the chodce of suitable phyromarkers thar could define
their quality, is one of the crucial points to be able to validate their safery and
effectiveness, to move towards a precise legal regulation.

This PhID project was set entirely on chemical and biological characterization of the drugs
and preparations covered by the PRIN 2009LR9YLF project (founded by MIUR, Min-
wstry of Instruction, University and Research), with the aim of standardizing the con-
sidered phytocomplexes. Avadirachea indica, Boerbaweia diffusa, Convoliudus plaricandis,
Curculigs orchioides and Hemidesmus indicus and their preparations (decoction, DEC, and
hydro-alcoholic extract, HE) were phytochemically investigated with different chromato-
graphic techniques (GC-FID, GC-MS, HPLC and HPTLC), and NMR 10 identify
in the millenary ethnomedical Ayurvedic culture, but alse from sspects related to mod-
ernity as the prevention of the oxidative stress (antioxidant activity), the evaluation of
their antigenotoxic potential, and the research for new "lead compounds” for the treat-
ment of neoplastic diseases, keeping in mind the problem of the drug-resistance.




Main resules:

Ll

Azadirachta indica: dentification and quantification of favonoids, such as rutin,
in DEC, and same malecules plus quercetin in HE was carried our by HPLC.
Rt eantification was dlee pesfomied with HPTLC Vieuslaes wd the dits
comparison with the HPLC resulrs, highlight discrepancies that could be over-
two different polarity extractions {maceration in chloroform with ultrasound, and
SFE) permiitted the identification and the quantification of stigmasterol and -
sitosterol. The quantitative evaluation of the identified compounds, by HPLC or
GC-FIL), is a new teature in the A, indics panorama, adding new data to literat-
ure, In general, the hydro-aleoholic extract exhibit a higher antioxidant activiry
shan DIEC snd vvery Rimmoils showed 1C;, wides lower fhen posities couteil.
D7 and S0S5-Chromotest did not highlight any genotoxic activity, confirming
the safery of the preparations but they did not showed any noteworthy antigeno-
activity in the SOS-Chromotest, but it did not reach the 50% inhibition. The
study about the cytotoxicity against all human cancer cell Tine considered showed
data far from those stated by the American National Cancer Institute (Suffness &
Pezzuto, 1991), therefore not significant. A paper is in preparations deseribing
the chemical characterisation data and an overview of the biologicals activity
rested.

Boerbagvia diffina: ferulic acid and vanillin were idemtified and quantified in DEC
and in HE, but HE showed the presence of other two characterising molecules:
hoeravinone B and eupalitin. fi-sitosterol was identified and quantified in both
preparations, but resulted more abundant in DEC. While literature repost evid -
ences of the boeravinone B, eupalitin and [i-sitosterol presence in this crude drug,
Sovalic wod sl wasilie: wes nereidy Wontiiod, aad sl i i pebicsbios The-
chini et al. (2015). The evaluation of the antioxidant activity highlight the radical
scavenging capacity of ferulic acid against ABTS® higher than positive control,
aned s setioliy. of ovpeliii twwani il the comilinerd Sosts. Phepuasiboen v
pure compounds did not show any noteworthy antigenotoxic asctivity towards the
twe known mutagen considered. The study of cytotoxicity using DEC and HE




against human cancer cell line considered showed data far from these stated by
the American National Cancer Institute {Suffness & Pezzuro, 1991). Eupalitin
inhibired the growth of the rwo leukaemia cell ines, CCRF-CEM (drug-sensit-
ve) and CEM/ADRS000 (multi-drug-resistant), exhibiting not significant 1C,,
values and showing cross-resistance.

Comvabvadus pluricautis: the Ayurvedic preparation DEC was charscterised by the
presence of phenolic acd: caftaric acid, caffeic acid, p-coumanic acid, iso-ferulic
acid and tr-ferulic acid. Stigmasterol, P-sitosterol, lupeol and vanillin isomers and
derivatives (ZH4MB, 3HAMB and acetovanillone) were also detected in the same
preparation. HE showed the presence of p-coumaric acid, vanillin, 2-hydroxy-4-
methoxybenzaldehyde, acetovanillone, and vanillic acid but the absence of
phytosterals. The antioxidant activity evaluation indicated DEC as the phyto-
complex that exhibited activity in every performed test, while HE showed a high -
er activity than DEC in the ABTS rest, no activity against DPPH radical and a
lower eapacity of blocking the radical propagation than DEC in the P-carotene
bleaching test. Regarding the cytotoxic capacity of the considered preparations
against A549, CaCo-2, MCF?, LoVao and HepG2 cancer cell lines, the growth
inhibition experimental data, compared with the IC,, threshold stated by the
American National Cancer Institute (<30 pg/ml), are not significant. The tests
carried out with DEC and HE exteacts against two leukaemia cell lines, drug-
sensitive (CCRF-CEM) and multi-drug-resistant (CEM/ADRS000), showed,
instead, interesting results. The DEC CHCI, extract and the HE soxhlet extract
exhibit experimental data in line with the one stated by the American National
Cancer Institute against the CCRF-CEM cell line, but respectively about 7 snd
3 fold bigger in the tests against CEM/ADRS000, showing cross-resistance phe-
nomena. These experimental results are innovarive in the bioactivity panorama of
€. piuricawiss and they could be the starting point to a new research extended to
other extraction methods or human cancer cell lines, however, a paper to report-
ing this data is in preparation.

Currulige srehiosdes: Curculigoside A and orcinol-p-D-glucoside were identified
and chosen as characterising compounds of the preparations, therefore quantified
through HPLC methods, P-sitosterol was also identified and quanified using
GC-FID. The hydro-alcohalic extract showed the highest antioxidant activity in
every performed test. Regarding the antigenotoxic activity DEC resubied slightly




more active than HE, bur the highest activity was showed by orcinol-p-D-
ghcoside, even if it 4id not reach the 50 % inhibition st the mastmum concentrs-
tion tested. The evaluation of the cyrotoxic activity against human cancer cell line
gabibited s apposiss: endl, swing DEC swme. setee: thion HE G A58, Cor
Co2, and HepG2 . The hydro-alcoholic extract was instead more active against
CCRF-CEM and CEM/ADRS0M), bur the IC, data were far from those stated
by the American National Cancer Institute, The pure molecules did not exhibic
any activity,

Hemidessmns indicus: the two phytocomplexes were characterised by the main pres-
g of vl s sl deivdines Dlpdioy-A-rmihishssahlvade

(ZHAMB), 3-hydroxy-4-methoxybenzaldebyde (SHAMB) and  2-hydroxy-4-

their higher concentrations in HE compared to DEC, The GC-MS analyses of
different polarity extractions highlighted the presence of lupeol, lupeol acerate, fi-
sitosterol and fi-amyrin acetate. After quantification, they resulted more concen-
avatid i DEC than HE sssd » dilfboens goade of she extrustion spcificioy of the
used techniques was observed: lupeol and -sitosterol were major constituents of
sonchlet and CHCL, extractions; while the acervlated compounds (lupeal acetate
and fl-amyrin acerate) were more abundant in rthe supercritical CO, extraction.
The two preparations showed radical scavenging activity and capacity of blocking
the radical propagation. HE showed an higher antioxidant capacity than DEC
and 3H4MB was the most active compound. The test of genotoxicity confirmed
the satety of the phytocomplexes, but did not highlight any antigenotoxic activity
against the considered mutagens. 2HAMB showed to reduce the activation of the
SOS system in the SOS-Chromotest indicating an antigenotoxic activity, but
withour reaching the 50 % inhibition ar the maximum concentration rested. Both
preparations were tested for their cviotoxic sctivity against human cancer cell
lines (CaCo2, AS49, MCF7, CCRF-CEM, CEM-ADRS000, HepG2 and
LoVo) but the data were not noteworthy, being far from the concentration val-
American National Canoer Tnstivute, The phytocomplex obtained by separation
on gravimetric column with of HE and the one obtained by HE soxchlet extrac-
tion showed a promising activity with 1C,, values, respectively, of 27.9320.58
p'mL and 2.4620.28 pg/mL. against CCRF-CEM, and 69.7021.22 pg/mlL. and




5. 76:0.01pg'mL againse CEM/ADRSOM). In relation to previous published pa-
pers reparding the anti leukemic activity of H. imdicus DEC (Fimognari et al,
2011; Ferruzzi er al., 2013), a paper reporting the experimental results obtained
by this PhI) project is going to point out the activity of HE towards the drug-
sensitive and the drug-resistant leukaeniia cell lines here considered.

In conclusion, this research has provided an initial response 1o the need for standardiza-

a way to pertorm the chemical standardization, in terms of the analyses to per-
foorm and results to be obtained,

a link berween chemical characterization and biological activity, in some cases
showing a non-linear connection, more linked to a phytocomplex rather than to a
single molecule or 1o a mixture of compounds recrested in the laboratory by sim-
ulating the contents of the preparations;

indications of biological activity with particular reference to the antioxidant activ-
ity (preventing oxidative stress damage, contributing cause of degenerative dis-
eases and ageing cells), antigenotoxic (protection of the genome by the action of
lnows: mutagenic molecules as EMS or sNQO) and inhibition of the viability of
cancer cell lines. The evidence of bicactivity collected, finally, added innovative
data to the phytotherapic landscape, confirming the validity of these drugs, and
facilitating the process of making a safe trade possible, preventing fraud and mis-

LLS

In the perspective of personal growth this PhID has given me opportunities to come into
contact with other ltalian (University of Parma, Modena and Cosenza) and foreign (Uni-
versity of Mainz, Germany) research umits, with different approaches and research
strategies and collaborating in writing scientific papers (Rossi et al,, 2013; Prencipe et al,
2014; Tacchini et al., 2015).

Anticancer agents of plants origin have been a mainstay of cancer chemotherapy for abour
S0 yesns. {Kingheon st of,, 2013). Cindddesiog the Stwtaic activity axdilliied fiom €
pluricaudis and H. indicus extracts against CCRF-CEM oell line, the natural continuation
of this research will focus on the investigation of bieactive compound, by bioassay goided
tractionation, to use as possible "lead compound” in the formulation of new synthetic mo -
lecules w introduce in the cancer prevention and therapy.
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1. Twtraschuciion

Ayurveda. the traditional Indian medicinal system, ulilizes a large mmber of plants and derived
preparations, which are alten difficolt o cheacense through phyvtochermeal, pharmacologscal
and toxicological investigation. This is due to the fact that their efficacy liex more in the
symergisis effect of o comple s maxtore of compoamds cather than on 2 smgle boactive molecale,
Momeover. these preparations are often formulated by mixing several crode drsgs. derived from
scarcely known plands, thus wdding Farther complesity w the anadysis (Guermm & Sacchen
201 2). Decoctions {DECs) are frequently employed for various practical reasons, including the
availability of water and the concurrent need For-serilisaion of both herbal drugs snd solvent, a
hy gienic prophy laxs that mst tot be overlooked when operatig in some geographic and socio-
culiwral comtexts (Kuriar et al. 20075 However, most of the current scientific information
weallable whoul ethmobotumeal remeshes refers o prepuntions oblaned through approasches
more relased o Western phytomedicine, e.g. hydro-alcoholic extracts (HEs) whose composition
ind efficacy may differ from those sugrested by rraditional healtheare systems (WHO 30100,
Momeover. becasse DECs are more and more frequently suggested in Western countries a5 a
praciical approsch o Avivedic meduine, sn medepth companson between Avervedic orthesdos
mel officially recognised Western phytotherapic preparations is decmed useful for both
pracationers and consuniers. An sccurate chemical characterisation of these preparations
represents i Tundnmental staming poas o imnslie the Avarvedic concepls i phmmacobligscl
and toxicological evidence i order to-shed lght on Avervedic crude drugs snd present them in
ther most effective and safe form o EL markets (Guermim & Sacchetn 30025 In hght of these
early assumptions, this paper considers two plants widely used in the Aywrvedic tradition,
nimely Boerhaavie diffuse (Nyotagmacese) and Curculigo orchivides (Hypoxaducese). Both
crude drugs are included in Rasavana formulations with the aim 1o increase life expectancy.
In particubier, 8 diffusa and C orchisides we bnown o radibonal remesdies for reproduct e
swstem deficiencies. liver and renal condinons. and gasrroimestingl degenerstive disease, and are
kpown for ther antosidant, avb-mflammatory amd adaplogenic acovines (Ragposi & Meshra
2001; Nie et al. 2013). These plants are abso pant of an established ltalian project (PRIN
2NWLRIYLEF) with the alm of contritusting 10 the phyiotherapic and normative validation of
plumii poamaltly used m the Avorvedi: radisnal medsomal system, bt alresdy emplowesd in EL
markets, DEC represents the raditional preparation of these herbal drugs. This paper reports, for
the first tme, thesr chemical charactensaton combaned wah bolopeal sctiviry, I reponts a
preliminary chemical characterisation of B, diffisa and C. orchisides DECs, mgether with an
eviiluaton of thewr amtionidant, antrgenotoxic gl cyiotonic activities, providing at the same ime
a direct comparison with their HEs obtained under the Eur. Pho specifications, in order 1o
hghlbight which preparsion s the mose effective,

2. Resulis and discussion
1. Chemical fingerprinting
The quamtification of the ol phenohc content (Table 1) 0f DECs showed shghtly higher values
foor . afiffusn thin for O orchioides (22.8%). HEs, metesd. evidenced an opposiie trenil with
O orchioddes displaying a concenration 71.9% higher than B diffise. The comparison between
Table |. Compeparations of wotul phenals in 8 difiee and C crclamaes.

HE img of gallic scidip of cnade dnag DHEC img of gallic acid'e of crude drsg)
B fiffusa a6+ 000 B+ 44

A, prehimides FLET £ 169 635 = 0l
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Table 2. Concentrations of the main compoundsof B e and C crolioades expressed i jagiml and in
percenlzge (v of dried phylocamples ),

HE BEC
Planis Compomids il . pzml %
B diffusa Baosrayimode B 1G04 = D20 uid = 00 / /
Buspulitin 2284 = D05  e006 = 0001 ! ')
Ferulic acid A = 088 037 = 0002 68 = 0Mm2T 0029 = 000
Vantlkin A7 = DA08 GZd = 0003 LB = 00ET 00ROk
. orchipides  Orcinnl-B-b- BIL0A6 = B489 @37 0031 Ti03] £ 04X 0648 = 000d
ghucoside
Cusculiposide & 40619 £ 6565 01462 0024 7092 = 0083  (L0A & (uENE

Fote ¢ iinbctes compossd guansly belos the B ol guaiilcntion

B. diffisa DEC and HE showed similar values in total phenolic content while ©. orclioides
presented data fivelold higher for HE than for DEC. Regarding the phenolic coment of
C. orchicides and 8. diffusa DECs and HEs very few reports are available and they rely on
préparation  prodocols different from those used o Ayurveda, which makes data hardly
comparzble {Hua-Bin et al. 2007). The RP-HPLC-DAD characterizsation of the phenofic fraction
of B diffuso preporations, performed with a fully vabdsted method, showed two different
chemical profiles (Figure S1). Vanillin and ferulic acid were the most sbundant compounds
in BEC, while HE, in addivion o these mobecules, was charactensed by the presence of
boeraviname B and eupalitin, which were instesd mssmg m DEC (Table 20 The comsinson
between formaulations highlighted a higher concentration of vanillin in HE than in DEC
(46 82%0, while ferube acid had an opposie trend (= 31975 ), Tkely e o conseguence of iis
better solubility in hiot watér than in alcoholic solwion (Merck index 1983} O prchibides
preparations kghhghied the presence of curcuhgesde A aml orcmol-Bop-ghicossde as mam

in both DEC amd HE (Table 2}, but both mokcules were more abundant in HE than
m DEC: 82.29% for curcubigeside A& pnd 68 57% for orcincl-B-n-glucoside.

L2, Anfinxidamy aclivity

Because of their chemical complexity. the antionidant evalwstion of herbal-derived preparations
coinhd Bead 1o scattered resalts, sooording 1o the method asdopled. There fore, the recoirse to g poil
of methods {ABTS test. DPPH assay and P-carotene bleaching test (BCBT). performed by
spectrophotometrse amd  HPTLC -bosoographic assay  for both preparabons  and | pure
compounds) is highly advisahle (Rossi e al. 2011) (Tables 3 and 4). Only eupalirin, which
showed hgher anhosidam capacity in the BCBT, lighbighted the different oulcomes thal may

Tahle 3. Besiglis of antwsedand activity evaluation of 8. diffuse preparastions aid pure moleculke.

1Ty ARTS {jagimi. ) I g DPPH (agimil.} Cysy BCET jagimli

B dfiffaina DEC £50. 794 = 6241 1 d

B. diffusa HE 33372 = 1400 25EAM = 1] 738 230170 + 930y
Wanillinm G058 = ka4l / !
Boemavimne B 4814 = (k11 ! {
Eupalitin 4410 = (0 15.749 = 0. 520 LT + DuDo
Ferulic acid L0gl £ 43 4477 + 110 !

Trohax 2040 = (L1608 A0 = 023 (L= = (a2

e indacates. thal e W0 vidng obsained b e comoenitalion mngo codeklensd
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Table 4, Besiults of amicsidant sctivity evalaation of © arlisides preparations and pure molscale

sy ABTS (pugiml) I 5 DPPH (pugfml_ s BOBT {pugienl)
€. orchioides DIEC 26,595 + 1 641 217354 + 0,310 J

. wrehsoides HE 4435 + (090 3777 + 0624 26,627 + 10,154
Curculigoside A 4782 & 197 ! i
Orcinol-f-n-ghicoside 490K + (b1 | ¢ ¢

oo 200 + G108 080 & G203 A9 & 0002

M ¢ amlacales that mo 10 valee obtiannd = e comimiialen mingo oossiend

emerge from methods wang different mechamsms. The moderate sctovty of vamllin, ferulic sl
and boeravinone B in the BCBT (respectively. 30.27%. M6.ET% and 26.62% ) could be explained
by e “polir paradios ", smce apolar molecules exhit stronger astox idant capacily i emulsons
hecanisg they are concentrised on the kpad —air surface, thus ensurmg a lgher protecion of ihe
emulzion itself (Porer 1993:; Frankel ei al 1994). On the other hand, polar antiovidanis,
rermigiiang in the agueods phise, wre difuted and therefore less effective in protecting the lipid. as
already reported by Koleva et al. (2002 ). For both crude drugs. the higher activity of HE than DEC
was evident {about S-fokd for B, diffusa and 10-fold € orchioides) ABTS and DPPH (HPTLC-
biosutographic assay (Figure 52 performed with 8. deffiise preparation displayed the absence of
racdical scavengimg meachioms al the RE coaresponsding tothe most characlensing mobisco les, mosl
probably becanse of their low concentration in the preparations. ABTS test results for ferulic acid,
vamillin and boeravinone B showed g values, respeciively. 4T 00% bower amd 66 33% amd
57.62% higher than positive control (Trolox). In the DPPH test, data comparison highlighted just
a 0.4% difference betwern experimental ferulic acid ICs; valiee and related data reported in the
Intemture (Terpimc & Abmmovic 200100, Concerning DFPH assay and BCBT. these molecules dad
not show S09% inhibition at the highest concemtration tested. Consiklering O ovclusides imditional
Avurvedic preparations, HE shwowed 3 wide range of antoxidant capacity, beng sctive as radieal
scavenger and interfering ot the same time with radical propagation (Table 4). In general, both
., orchioddes preparations exhibited hgher atioxwlant capacity as radial scavenger than Hiose
of 8. diffusa but showed comparable results in the BCBT. acconding o the higher phenodic
comtent of £ archieides preparations, (HPYTLC -bioautographic assay highlighted for both
. echinides preparations a higher variety of mofecules with antoxidam activity than 8. difisa
(Figures 52 amd 531 g values of cercoligoside A and orciool-F-n-glucoside were ahoul
twolold greater than positive control in the ABTS test (57.07% for corculigoside A and 58 37%
for arcinol-f-n-glacoside). while in the DPPH test and in the BCBT, they did not reach 5095
mhshitom al the highesi concentration ested. We et come hile that, i lesst Tor the planis
evalusted. the hydro-alcoholic maceration outperforms the Avwrvedic DEC in wwrms of
s ot performance and overall polyphesole content (La et al 2007,

23, S48 hronmiest

The BOE-Chromotest was performed in order 1o attest the absence of gemotoxicity and o check
the possible antigenotosic activity of preparabons and smghe compouncds (Qmilander & Hofiveng
1945). DEC and HE did not display any cytotoxicity or DNA damage with reference io the
pararneters of the SO5-Chronsdes. The only excepion wis boeravieme B, which showed
Frmidbead cytotoaicaty at 4 comcentration aboat Gl-fold higher than the quaniity sctually present
the HE. 8. diffisa and . orchioide s preparations showed weak antigenotoxic activity with dose-
response correlmtion. The antigenotoxic activaty wis slightly hagher for DEC than HE and for
. orchioddes comparad w B diffusa. The highest antigenotoxic capacity. with dose- response
correlatson, wiss shoown by Terufic acid (35.099% o the cocentration of 10 pgtmill); and vanilin
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{3500 ap the concentrtion of 10 pgiml ), wath salues 0 accordance wath the hiersiore {Cilis
et al. 1986). Even if the antigenotonic capacity revealed a weak potential, it should be siressed
thint the Avurvedic preparation (DEC) displaved s higher capacity than i showed by HE.

24. Respzurin riduction assay
Every extract reached ICsy inhibition values against both considered cell lines {CCRF-CEM and
CEMY AR S0, Coriowsly, the resehts of the cvtomaeoty evaluation followed the s rend of e
resuts of the antioasdam activiny, showing Wigher activity for the HEs than for DECs. Fuarthermore.,
. ornchioides i exhibited higher activity than B diffusa proparations (Table 51
Comsuberng the C orchioides showed the lovwest Iy values: 24357 + 421 pgfml. agwinst
CORF-CEM and 29096 + 231 pgiml. against CEM/ADRSO00 (heen, respectively, 24.12% and
B8 T4% lower tham ditin obtained for B diffiss HE). Among the minlecules considered. the only
that showed an 1€y value of cytotoxic activity was cupalitin. It exhibits 1.y, values of
TR1E & 000 peiml. agamst CCRE-CEM cell line wnd 233 * (033 pe/ml. against CEM/
ADRS000. Though P-glvcoprotein-overexpressing CEMAADRSN0 cells showed & 1.78-fold
depres of cross-resetance companed o1 drop-sensitive counterpan, they were more sésiive (o
this gommpotnad B docorubsen (01317 = 829 pedml, Koete ot ol 3004),

3 Expurimental

AL Chemicals, bacterial serains and cell lnex

Chromatopraphic prade solvents ssed Tor boassays were purchased from Sigpme- Aldnch Traly
i Milano, Ialy). Pure compounds used as standard in RF-HPLC-DAD were purchased from Sigma-
Alidnch Taly and Extresynthese, France. Escherichia coli PO37 strann for SOS-Claromiolest wes
Addreh, Drog-senssli ve b -y mphoblastosd cell Bve (OCRF-CEM ) o o lidng-resistant P
glyomprotein ever-ex pressing keukacmia oell line (CEMADRSNG) were kindly provided by Dr
). Beck { Departiment of Padurics, Utdversaty of Gremfswakl, Greifswald, Germany ),

A2 Plawt sterial

Roots of B. diffiesa (Batch Mo, 5188, Mz Date 13 February 200 1) and . archioides (Batch No.
25, Mgl Dae 19 August 2001) were collected from Ram Bagh (Rajasthon, lakia),
mithenticated by Dr MR Uniyal, Mahorishi Ayurveda Product L., Noada, India; and imporied
by MAP Tialia. Afier harvesting. the roois were cleaned amd ot it small pieces before being

Table 5. Plaml exbracis and pore imidecules s vahses agninsl CUEFACEM sl CEMY AT STHER

Plamt eatracts and e CCRF-CEM eell CEMYATIR SO0 ookl
o lecules lime W5, {pgiml) Lime 15 1 jagdiml )
B diffuse - DEC dIR0T = 40 111987 = 4531
& diffura - HE IME0E + (740 4033 =6 4]
£ prehimden — BEC ATEIT = 588 71513 = 3490
O orchinider — HE 25T = 420 T Ge = 13
Eapalitin 13,12 = 076 Pl e |
Bue ravmione B =3 =3
Vanillim =30 2= ]
Ferulic acid =M =M
Curculigosicde A = 3 =0

Dincinol-f-1 ghacoside =X = 3l
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dried, All samples were then grownd o o fine powder and kept ot — 20°C il used for the
ERITHCHOnRS,

33, Plant DEC and HE prepanetiom

DEC was prepired in triphicate as previously described by Ferruza etal (200 3 according to the
procedures reported in the Avurvedic Pharmacopocia of India: hydro-alcoholic maceration,
imstesd, Tollivesd the provedure reporied i the Buropesn Pharmacopoesa (200 1) as Tollows: Skg
of groumd root was mixed with 450 ml. of 3% cthanol - water solution. Mixtures were left for 21
diwys and were stimed constantly, Extracts were then Alterssd, Ivophihsed amd stoved st — 20°C.
All the extractions were performed in triplicare.

34, Derermination of wotal phenotics

Total polyphenolnc contemt was determined using a ThermoSpectronic Hebos-y spectropho.
meter, according w previously deseribed methods (Rossi et al. 2012). The content of total
plyphenok s expressed momg of gallic acd sgurvilems,

A5 HPLC avalvses wf plnt prepavations

The analyses were performed using a JASCD modular HPLC system { Tokyo. Japan, model PU
2080 coumplesd 1o a diode arrey apparatus (810 2000 Plas) hnked @ an omjecion valve with g
20 L. sampler ioop, The column used was an Eclipse-PLUS-CI18 (25 wm > 046.cm, i.d., 5um)
it flow rate of 10mLAmin The solvents wsed i the RP-HPLC-DAD analyses were water and
0.5% of formic acid (A ), and acetonitrile and methanol. in equal proportion, with 0.5% of formic
wend (B Thees dlferm pradeents were wed 1o obtam the best resolution for each specific
miolecule. The detection wavelength for vanillin and ferulic acid wes 310 and 270 nm for the
other molecules. Samples of DEC and HE were, respectively, dessolved in woter and  30%
ethanol - water solution. Pure compound samples. instead. were dissolved in methanol. and the
calibration carves were made wsing a range of five concenmratons ( L.25-50000 pgiml. for
boeravinone B and ewpaliim; 125 - 10000 pe'ml. Tor curcuhigoside A, Ferubie sead smd vam i
5.00—430.00 pgfml. for orcinol-B-o-glucoside ). For each compound. areas were caleulated by
integratsn uang Borwmn ver, 1,22 (MBS Developments, Grenoble, France).

Lo, Attt aciivity

Radical scavenging and antiowidant propertics were performed through different spectmo-
photometrc wwd (HFTLE osiographic asavs. DPPH assay, ABRTS assay and BCBT were
determined spectrophoromencally sccording 1o previeasly described methods (Guernmi e al.
2006, 200E0, Trolox (1 meiml) wis ised as positve control. The anbosbidamt wetvity of the
samphes was expressed as 1C., and it was calcolated using the inhibition curves obizined by
plottrng the percentage mbibrbon sgmnst the sample concentratin, AR the dista collected for
each assay are dve average of three determinations in three independent expeiments. {HPFTLC
bsvautographic asseys were performed ustng ABTS and DPPH radical, 10 pinpoint the muost
active compounds from each phytocomples. Six microlires of DEC, HE of each herbal drug and
methanohs selutian of pare compounds were sppled m inphoate e a (HPITLC plae of sibca
gl (Merck, silicn el 60, F154) as 10mm wide bands with Linomat ¥ (Camag). The plate was
eluted in a chromatographic chamber with a solvent solution composed of ethyl acetate/formic
wcidfacene  acelwater (P00 120 and ssother plate in a chromatographie. chamber
containing a solution of wluene/ethy | acetate/acetic acid (1090 10} After plate development,
thee first plate was sprayed with @ solution of ARTS (11 mg/10ml of distlled water, plas 100 pl.
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i K250k T m solution b wmd the second sath a soluton of DPPH (20mg/ 100 ml of ethamd
Data reported for each assay are the average of three determunstions of three independent
EXPETINETLS.

A7, BON-Chromoiest

Gemsoxicity wnd antrgenozicly sssays were performed as described by Prencipe et al. (2014)
using exponential-phase culre of E. coli PQ3T. All the data collected for each assay are the
average of three determinations in three independent experiments.

AE. Resozwrin redueiton assay

Resazurin reduction assay was performed to assess the cytotoxicity of plant extracts and
whenbified pore modecules wwanls one sensiive (CCRF-CEMI and one ressstmi leuk aemim
CEM/ADRS000) celf line. The assay was performed in accordance with the method described
in Koete et al, (3014). Fluorescence wis measured on an Infimiie M2000Po™ plae reader
iTecan, (ermany) using an excitation wavelength of 544 nm and an emission wavelength of
Sdnm. Bach wssay wis repeated three times, with six replicates exch, The wabality was
evalwated based on a comparizon with amtreated cells. 10 valoes represemt  sample
concentrations required o whibit 30% of cell proliferation and were caleulated from a
caltbration gurve.

0, Seavisvicol analyses

Besults wre presented as memes * stmdand  deviabons from three different  experimenis,
Collected data were then malysed using one-way ANOVA, where appropriste, to check
sigrufican differences,

4. Conclusions

This paper reports the first chemical chamctensstion and some bological achvity of the
iraditional health preparstions of B diffusa and C. orchioides DECs and HEs. It highlighted
the: presence of previously undetected molecules, the antiosidan and antigenotonic cigpacity and
anel multi-resistant leuksemia cefll lines. While the recourse to DEC may represent a more
orthados approsch 1o Avurvedic herhal drigs, notsdthstanding the safer profile involved i the
use of pure water a5 a solvent. the hydro-alcoholic macerastion may allow a richer and mone
effective phyviocomplex o be obtamned, a1 least i terms of overall sntoxsdanl protection, The
antigenotoxic properties for both prepamtions from both € erchioides and B diffuss are
neghgible, The cvisloxicily twards the drog-sensinive buman  T-lymphoblastoid cell Line
CCRF-CEM and madtidmig-resistant P-glycoprotein over-expressing CEMIADRSNN leukae-
mia cell hine was not noteworthy, being far from the concentration vidues (20 pgiml for
extracts, and 4 pgiml for pure compounds) stated by the Anwrican National Cancer Institute
i SulTness & Perrato 19915, The molecales sentthed in O orcfiaddes did nod sheow any eyigiosic
acrivity at the tested concentrations. while eupalitin, identified in 8. diffusa, evidenced an 1C.,
value higher than that of the American National Cancer Instituee, bur which could be involved i
the wenk cylotoxiciny revenled by B difusa HE. Even if the cvtotoxiciry study did not reveal any
neveaarthy activily of the preparations and pure compounds on the considered cell lines, it coald
faormin the basis for further m-depth analyses sramst other commen cancer cell hnes
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Erhrophormoraingiral relmiamee: The decoctinn off the roots of Hemdesmus mdiows & widely wsed in the
Indian raditivnal medicine for many purponses and poly-herbal preparations containng Memideemes ae
often wsed By Erditional medical practboners for the treatment of cincer. 0 the context of amtcancer
pharmacology, anti-angogenks themapy has become an effective araegy v inhibiong new vessel
formation and contras fumor giowth, These corsiderations ar suppormed by the evidence that most
rumneTs arignabe in ypoxic condimons and limianon of osygen diffuson sgwalaces the formacion of
rumiT abanrmal microvasculature, Aim of this study was 1@ evaluste the s anti-angingenic poential
of Hembdesmics imdg [D31-093 mgim)] on human ambilical vein endothelial cebls and delineate the
raie molecular mechansms vobad in s anti-angogenic activity bath i normea and Mypesia
fiaterinis amd methpds, The decoction of Hemidesiaus madiois wias subgected 0 an @cersive HILD
phymchemical characerzation. s i vim anfi-angiogenic poental was imeestigared 0 normasia and
bypposia. Cell prodifearion, apeposls inducnon. and inhitsmon of endorbedial coll migraten and invasion
waene anglveed iy flow cyromerry The endothelial abe formation assay was evaluamed in marrix gel. The
capillary e bvanch poing: formed wene oounted using 3 Motic AE2T microscope and @ VisiCam
videgramera The regulation of key faciors of the nevvasculanzation process such as VEGE HIF-1a and
VEGFR- was explored ar wilbA and protein level by real nme PR and fow cymmemy, respecrively.
Restilts, Treaproent with Hembdemmies fesalted in a significars inhibtion of cefl prolileracion and aite termarian
in both mormeoia and hypooi, MHemideames dfferently regulated muitiple moleodar tigets relabed W0
angiogerese acording o caoyvgen aeailabifitg in normosia the inhibition of YVEGF was the mam responsble
fivr ity amfi-angiogeic Sfect; the angogeness inhibiton nduced m ypoaia was regulabed by 3 neare compleg
miec barism imvabving firsthy HIF - 1o inhibition, and then VEGF and VEGFR-2 dionemy-repubaiion. Additionally, the
inhibitson ol endothedial cell migration and imeedon by emoems was more prosourced inonormmas than n
bypewcia, ity due i the piysological enhaoced irchuction of imason. thamcieriste of hypexia,
Conchsions: Our rensls imschoabe that Hemidesmes might represent a provasing therapeutic sixavegy for
disears in which the inhibition of angiogenesis could be benefical, soch as canee. The anbangiogeic acthdty
of Hemidesmas i haved oo multphe imleractions with critical steps in the angingenic cascade. VEGF sxpression
shimmulaied iy HIF- 1 2 well as ercdothebial o=l migaton and differentiaton epresent mportant @rgets of
Hemidesmy action and might sonfribube @ its cancer therapeutic sficacy that & presenily emenzgng and affer
a scientific hasi o its use m taditiona medicine.

& 200 Published by Elevier ireland Lid

1. Dwtrdudtion

1-2 mm* and metastasize withowr bbeod circulation. Tumor celis
need blood vessels that bring caygen and merients and remove

Angingenesis covers 8 key role in the development and spread merabalic wastes 10 spread. In absence of vasoular SUppoes, Iwmors
af tumor, Cancer cells are not able o grow in diameter mane than may becsme necrstic or even apeptetic {Parangi et al, 1996) Most
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tumors originate in hypoxic conditions and limitation of oxygen
diffusion stimalates the farmation of mwmor abmgrmal microvas-
culature [Jan, 2005}, The hypodk conditien enhamnces the man-
seripricn of wascular endothelial groswth facoor (WEGE) by hyposia
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inducible Bactor-la [HIF-1e] [(Kwschel oo al, 2002}, An mnproved
activity of YVEGF has been reported in most aggressive cancers anid
it i= related with a poor prognosis (Fosoens e al, 200 )

The preatal role of angiogenesis in wmor speead and metastasis
formation provides the rationale for usng anti-angiogenic strate-
fes s a form of anticancer treatment. Thiss, the mbibition of VEGF-
sygnaling pathway 5 an inferesting [lwrapeulc Swafegy in the
treatmvent of cancer and the most validated ann-angogenic stralegy
targers the VEGF axis, Bevacizumab, the first climically availabbe
angiogenesis inhibdton, direcely biocks VEGF, and ofher drggs such
as sunitindh, sorafenib and pazopanib indivectly inhibic VBGF
mecepior [VEGFR) activity (Cesca et al. 20173) Several angiogenesis
infibitors hawve been approsed by FOWM for cancer treatment, bt
their use is asseciated with many side effecs, among them blecding
is ome of the most severe (Elwoe and Rodeghiern, 301F)

Hemidesinus bedious (L) B8e [HI) belongs o che family of
Aaciepiadecegr and 5 an Indian weed widely wsed i the tradi-
nonal medbcine. The plant b5 a bush, woadsy, with thick and brown
bark, wehich gronas from the upper Gangenc plains Exsr-wards o
Azsam, throughowr Cemtral, Wesern and Southern India. The
decocnon of the roms of HI & madmionally used for the mearrment
of blood discases, dyspepsia, boss of taste, dysprea, coogh, peisan,
menorrhagia, fever, and diarrhea (Ayureedic Pharmacopoeia Com-
mitbee, 198% Mary et al, 20073). Moreoeer, poly-herbal prepara-
tions comtaining HE are used by taditional medical practitioners
for the mearment of cancer (Thabrew er al,, 2005) and different
sristhies demonsirated the anticancer potential of HI [ Costa-Londdo
B0 &l 2005, Fimognart ef al, 2071, Samarakoon ¢ b, 2072, Zare
and javarappi, 2012 Fermuzzt et al,, 2013} Aol this seedy was o
evaluare the o vire ant-anggenic potennial of Hl on human
umbitical wem endothelial cells (HUVECs) and delineate the main
maberular mechanisms involved in s anbi-angiogenic activiby
tath in normaomia and hypoxia

2 Materials and methods
A1, Movertals ond cefl cupieres

Dimetinylsubfemide | DRS00 fetal bovine seram (FES ), antiaotics
{penicithn and serepramwon), Typsin-EDFEA, and homan recombn-
mant VEGF were obtained from Sigma Aldrich (St Lowis. MO, LUSA]
HIWECs weere punchased from Lonss (Basel. Switzerland |, cultured
in BGM complete mediym b weith SimgleCuots™ (on-
taining hydrocertisone, hEGF, FES. VEGF, hFGF-B, RI-IGF- 1, ascurbic
acid, heparin and  gentamycinfamphotencn-8, Lonza) and ince-
lated &t 37 °C and 5% 00 In normosia (21% O4) or hypoea {258
Oyl The ypoxld was guaraneee by the wse of the ypocic stition
InWien, 200 ( Baker Ruskonn, Sanford, MA USAL To maintain the
axponential growth, cells were divided when chey reached B0% of
confieence in & 25 co® dish. HUVECs af passage between 1 and
B were veed for the experiments,

22, Plant mgtenals

HI (voucher #MAPL/Z001TE) was olianed from Ram Bagh
{ Rajasthan, ndia) after s authenueanon by De. ME Umiyal, Mabar-
sl Aguirveda Product Lid, Moida India, The ayurvedic cruge dmig
was collected in 2000, in particular, Followding the indications of
Ayuryedic Pharmacoporeia of ndia (2004), dermg the balzamic
period (Jameary),. The decoction was prepamd according b the
mirthiod previowsty described and agreeimg with Ayureedic Pharma-
coporia [Fimognar er al . 5001 L Briefly, 10 g of grinded roots wene
added o 300 ml of boiling warer, and boiled unril the siuspension
reached tlse wohsme of 75 mi- The yeebd of the decocmen was 155 H
decoction was filtered, lyophilied, and stored at room Termperanrs,

The expermments were performed by preparing a stock solutben of
31 mgiml. The suspension was centrifuged at S000 rpm ta discard
amy insoluble material

A3, HEC- M5 anelvss of plass decocrion

The main phymmarkers of HI, namely 2-hydrosy-3-methog-
benzaldelyde, 3-hydroxy-4-methoxyhenzaldebade and 2-hydrogy-
d-methoxybenzoic adid ([as and Biski. 20031 were identified and
guaniified by HPLC-MS analysis. The meference compounds (all
obtained from Sigma) were used as external standards 10 set up
and caloulate appropriate calibration curees. The calibration grapis
were provided by the regression analysis of peak area of the
analyres v the related concentrations

The analyses of three differemt batches of HI were performped
on a Jasoo PLU-1585 Liguid Chromatograph [Jasco Corporation,
Tokio, Japan) imterfaced with & Jasco 1575 UV-wvis detector
(i =254 nm) and a LOQ-Doo Mass Specirometer [Thermo Finnigan,
San jose, CA LI5A] by a splitting flow T-valve, The mass spectro-
meter is eguipped with heated capillary iverface and electrospray
innization (E51) source, operating with an oo Trap [T analyzer.
ESl syshem employed a &5V (positive polaricy) and S0kV
i neganwe polarity) spray weliage and a heared capiblary rempera-
ture of 200 € The shearh gas and the ausiliary gas ( nitrogen ) o
rares were el o 075 and 12 Ljwin, respecively. BSD was opii-
mized wring I-hydromy-2-methoxybenrzaldebyde and 2-kopclposcyp-
4-methoeybereoic acid for posttive and negative polaritg. respec-
tively, The mass chromatograms were acquited in total ion current
() mndality from 50 to S00 miz, and in MS/MS made (muktiple
reaction monktormg) on the ES generabed most abundant jon,
correspaniding o ihe psesdomobacular jon: |M 4 H]* ar 193 myz
fowr 2-tayclroogy -d- 1meer hoayenzaldenyde and 3-hydrogy-d-methng-
yhenzaldetipde, and [M-H| ar BT miz for 2-hypdoosg-d-
methaaybenzow acid. The relanve collision energy varied for the
different compounds frem 8% mw 235

Chromamgraphic analyses were performeed on a Phenamenex
Gemini C columna (5pm, 150 mm = Z0mm L) by gradient
elution from A (1% formic acid in acetonitrile)—8 [00% formic
acid inwaber) 28: 72 (viv) for 7 min to A-B 55235 {viv]in 20 min, at
thie fow rate of 0.3 md fimdn. The re-equiltrem nme bepyeen runs
was 5 min The mjectn volume was 50 plo

24, Preperation end GO-FID and GC-MS anelyses of fpidic fraction

As previously reparted { Das and Bishi, 2013, Fion et al,, 2004}
in Hl mor decodtion can be detected not only hydrophilic com-
pounds but aso lipephilic onex.

Twwo g of decoctnn were exactly wesghed inio @ 25 ml Mask and
then extracted with 20 ml of chismfam by ulasound system
maceration for 20 min, The resdual decoction was centrifoged at
P00 rpm for 53 min. The extraction was performed three times
Al supernatants were trtsferred into a 100 ml roend ot
flask, then taken to dreness with a rotary wacuum evaporator, The
procedere was repeated on twee different baiches. The dreed
exiracts have been mixed with 100l BSTFA 1% TMCS] (bis
(rrimethyksiby Eintluorseceramids  cromet bylchionositane |
{Gigma-Aldrich) for 45 mim at 80 °C Then 1 pl of sohston was
directly inpected in GC

Lupenl. hipeol acerate, posistesterol. and gamyrin acetate were
identified by GC-MS and then goantified in GC-AD by external
standlard method. Al standards were parchased from Extrasymth-
esp{ienay, France ), Afer derivatization, an appropriate calibration
curve was Caloulaced for each reference compound. The calitbration
graphs were proveded by the regression analysis of peak area of
the analytes vs the relaped concentratons.
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GC-BAS analyses was performed by a gas chimmatograph { Model
Varian ©C-3800. Agilent Techmadogies Inc, Santa Clara. Califormia,
USA) equipped with a VF-5 ms 5% poly- and 95% phenyl-dimetyl-
silomane bonded phase oplumn (id, .25 mm: lengrh, 30 m; flm
thigkness, 025 pm. Agilent Technodogies Inc.), @ mass specirometer
i Bodel Varian MS-4006, Agilent Technologies Inc) nsng electmon
impact (EL) and hooked w NIST bwary Lepeol, lupeal acerate, j-
sistosiersl, amd f-amyrin acetaie were kentified by comparing theh
CC retenmon e and the M5 frgmentanon panern. Operatig
coditens were a8 follows: injector temperature, 300 T carmer
{ helivim ) flow rate, 1 mil)min and split s, 12560 Oven temperat e
was increased from 230 °C to 320 °C.at a rate of 5 “Chmin, olkwed
by Twmin at 320 °C The M5 conditions were: ionization woliage,
TiheW; emission current. 10 mA: scan mie, 1 scands; mass range, 29
GO0 Da: trap temperatone, 150 C; ransfer line temperature, 300°C,

GO-FID wias wsed for guantitaiive determinaieon through the
ermalieation method, wilsour wsing mredion faciors: the elamve
peak areas Bor imeblvidsal consnimeents were averaged on three
different chroimatograms of thres inde pendent reactions. The relacve
percentages were determined wsing & gas-choomamgraph | Model
GC-Trace, Thermepluest Corporation, Atlania. Georgta 1SA ) squipped
with a A detector maimtained at 350 0 and an autosampler [AS
Triplus 3000, Thermo Elecron Corporation. Waltham. Massachusetts,
U5aAL all the others GC conditions were the same of GC-MS methadd,

25 Flvw cymmety

All flow cytometnc analyies were performed using the Guava
sasylyte SHT fow cytemeper [Merck Millipore, Haywaid, CA, USAL

26 Cell viability and profifermtion

HUWVEDs were meated with HI (800093 mgfmL) for 5k and
24 b in normoda and by poea, Viability was determined immedi-
ately after the end of mearment ErieRy. HUVEC s were mined with
an adeguare wolisme of Ceava ViaCount Reagent [ Containing propi-
divrm wodide, Merck Millipore) and allowsed to $1aim 5 min ar o
temperaiure before the fow oytomerric analysis.

27, Awmalysts of apoprasis

The pro-apoptoric poiential of HI [000-0592 mgimil | was ana-
lyzed after treatment of confluent HUVEC: for G amd 24 in
normoxia and hypoxia. Briefly, aliquots of 2 « 107 cells weee stained
with 100 pL of Guava Nexin Reagent (Merck Millipore ), containing
Apmexin V-phyonenython | Anmexin V-PE | and 7-2mini- acmmongcin
O (F-AAD) The damples were incubated for 20 min &t o
temperare in the dark and then analyzed by flow cytomermy

A8 Endothetial coll fube formaiion pssay

The abiliy of HI to influence the endothelial orll ube formarion
was anabyred by using the fn Viers Angiogmmesis Assay Kit {ECMGS,
hberck 1 The amay is based on culiurng oells i an
Elhatnix=, 4 saolid gel of basement proteins prepared from the
Engelitweth Holm-Swarm [EHS) mowse e and consistiig of
lammin, colizgen vpe IV, heparan swlfae proteosghans, entactin
and midogen. i also contdins growth factors (TGF-A, FUF) and
provechtic enzymes {plasminagen, R, MMPs) The g = optinined
for mamimal tebee-formation. Thes, endothetial oebls can rapidly align
and Form tube-dike structures, Briefly, each well, of a 96-well plaie,
was opated with 50l of cold BCMatric™ sobhgtion and the plate was
kept 3t 37 °C for 1h to allew the solidification of the ECMatrinm,
Afterwards, 1= WP HUVED: wee seeded in each well in a total
volume of 150 . of BGM median and meated for 6 b bypesia or
mnrmeaia with varnowss ooneentranons of B (0u00- 0093 mgimil) o

VEGF 10 mg/mil as posiove control, dlone or in associamon. Paiunes
from three randomily selected fclds were taken wsing a Motic AE21
micmssnpe |Campbell. CA USA) and a VisiCam 30 videocamera
(VWR Interpational PBL Milan, laly) The capillary tube branch
poines formed wene cownted in Foar random view-feld perowell,

2% Analysis of ongiogemic predeins

After treatment with HI [D00-0.9% mgiml) in bath ozygen
conditions, aligquots of 1 = 10F HUVECs were ficed with a sobstion
of 4% paraformaldehyde and permeabilized with ice cold 90%
rmethanol. Afterwart, cells were incubated for 30 min with ann-
VEGE (1:500, Abcam, San Framvisco, CA USA) of anti-HIF-Ta
{1:500, Merck Millipore] antibsodies, washed and inosbared with
the FTC-oomjugated secondary anbibody (1500, Sigmal For
VEGFR-2, 1 = 10" cells were stained with 2.5 il of anti-VEGFR-Z-
PE Cy-5.5 antibody (2.5:10. Bindegemd, San Diega, CA, USAL Mean
fluorescence intensity was quantified by fow cytometry through
the amabysis of 10000 svents!sample. In order o exchade non-
specific bindings, the fluoresoenee of the isotype negative control
antibody |FITC Modsse 1g61, k (FC). Biolegend) was analyzed

20 ENA extrochon and onelys of gene expression

Afer megiment for Gh owith HE (0-093 mgiml} both o
normwsea and 0 epoxea, woad BNA exrraction was performed by
miFVana™ muRMA olanon kit (Life Technologies, Carlsbad, CA, L5A)
acording 0 manfamurers insimsmions. Total BNA was reverse
mansmibed usimg the High Capaciy CONA reverse mansaopiion ki
{Life Techmologees), ENA eximaction and cDNA weTE
performisd a5 meported  above, Relative guantification of VEGE HIF
anel VEGFR-2 mEMNA as well as 185 and GAPDH. a5 internal controls,
was performed by real dme PCR {ABLU PRISM PREET, Life Technoko-
e uwsing Universal Baster Mix and Taghdan assay (Hs00900054 m 1.
HsI53153 ml, HsOO1PRE7E_ml HaS9o0090]_s]l Hs998909%05_ml.
respedtively ) [Life Technolemes) Each measure was performed o
mriphicate. Daka were anabyzed through 2 - 57 method.

201 Migration and invasion assops

Ciell pegration and pnvasion assays were performed by QO 24-
wiell Fheorimetne Cell Migration Kir [ECH508, Merck Milkipore ; and
QO -wedl Fluosimetrie Celf Invasion Assay Bit (ECMSS4; Merck
Millipore), respectieely, acconding to the manufotisrer’s insuchions.
Both assays meploit a pokcarbonate membrane with an 8 pm pore
gige, which in the mwvasion assay is mated with a thin layer of
ECMatrie™ pechating the membrane pomes amd physically inhibits
the passage of non-ivasive oells. The beo kits possess sewveral
crmmon procedure sieps, Briefly, HUVECs reated with HI {0000
8% mgiml) i normoxka and hypoxia were loaded in the spper
compartments, whibe in the bower chambers ECM suppbenvented
with 10K FBS was uwsed a8 chemoattracant. The plaes were
ncubated for & b far the migration and 24 b for the measion assay.
Cetls able to migraie throwgh or invade the supporr were detached
from the bottom using, a Cell Detachment Buffer, and then fised and
stained with C¥0uant GR Dye. The fluorescence of the migrated or
invaded cell was evaluated by nfinity F200 Proplate mader (Tecan.
Mannedirt, Swiss) using S8530 nm filer set. The migrated and
mvaded cell number relative vanation was obrained companng the
mean fluorescence skgnal of Hi-treared samples woith witreated cefls

212, Sratisticnl mnalysis
Al experunents were repeated at least theee times and results are

reporied as the mean + SEM. Differences amomg Ueanmenis were
assessedd by one-way ANMIOVA folbewed by Dunnets of Bonferroni as
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Az 1, LC-B1E 5B (single on moneoring) chismamgrans of the decoction. Black lme deeecnen 0 positve potamy ol 3-fyimoee-4- me thoy benealdehyde (1) and
T -hyd o4 methiybenzaldetyde (21 Tashed ling; detection in negatree polanty of 2. hydmoy 4 methooybenmic aod (3}

Talble 1

Quanrificaion o lipophilic compainds
{ampnnne il
Lupared 147 = QLM
gt pelabe 58+ 102
B-Sitoeerenod Lias ¢ 023
P-AATIN arclane L95 + 08

post-hoc test InSeat version 50 [GraphPad Prism. San

Diego, CA USA} was used for all stasistical analyses. P< (006 was
constderad sigaifcant.

1. Resulis
A0, HI pain plygomierrenrs

2-Hydrogy-4-metlsoey benzabbehy de, 3-hydrosy -d-meth oy be-
nzaldelyde amd 2-lpdroxy-4-methoodenzoic acid were indenn-
fied in Hi as reference phyiomarkers (Fiz 1] The amows of each
phytomarker in the demetion (31 mgiml) was guantified in- 306 1
0.2 pgfmil for 2-ydrosy-2-methomybenzaldebyde, 20480 + 08 wgiml
for I-hpdroy-d-methoogbenraldeyde, 2002 + 0.7 pgfml for 2-

i acil, Three different batches of HI were
anabyred and no significant differenoe was food in the content of
thse thiree plyeinarkers (data nor shown )

Morepyver hupeol, lupes] scetas, p-sisiosterol, and j-amyrin
acetare were quantified in dried decoction after macerandasn with
chioreform and results are shown bn Table 1. Al these lpophilic
meibeciles were previouslty detecred in the rool [Das and Bishe,
HITL but in our paper seere quantified for the first time in e
decnction

32 #i affecs proliferarion of HUVECS

To prefiminary exchode awy possible effect of HE on angingen-
esis connected with the reduction of wviability, the oyioioxic
potential of HI on HUWVECS was soreened. In both mormosia and
hypoxia, nomse of the tested concenirations showed a segmificant
sedwsrion mocell viahbibloy o apopiosis indecten [ dara nor showin .
Ag an example, after & h of reatment, the ¥ of viable cells was
100% at the concentration of .31 mgimL, 26% at 06 mgiml. and
B9 an 93 mg!mil in normmossa: 1008 at 0,31 and 063 mgfml, and
S8% at 0,93 mgiml in hypoxia.

I omder o determine the effect of Hl on HLVEC pmfiferation,
cells waere freated weith different concenations [00-05%3 mgfml )
for &b and 24 b in normaxia (Fle 2A&) and hypoxia (Fig 2R
Teearment with Hl for & b induced a reduecton of cell profiferation
Iw more than 3L onby in normoxa and at the heghest rested diose.

Afier 24 b of mearment. a reduction of cell growth by more than
K s incluced by HI 0H2 mgiml in morrmocaa, wehile in byposia a
sambar effecr was iduced by HL 093 mglmi

3.3 HI inkibits the formation of new vessels

The ability of HUVECS o migrate. attach each other, and form
tube struchsees on EChMatric®™ is shawa in Sig. 34, The number of
bramch poinis counied in oan onteated sample in o pormoric
comatitions was kpwer compared o ypoxia |65 branch points ws
TL respectively ) Ml strongly mbibited rebe formamon ar the
likghest tested concenirations in bodh hypoxe and ermosia Far
exgmple, I a hypoxic sample we courted 18 and 0 branch prnes
at Ml 062 mgiml and 0.93 mg/ml, espectively, and in a normiosic
samphe 17 and O branch points ac 0.62 mg/ml and 0093 mg/ml.
respectively. Accordingly, count of the tube branch points formed
after HI 62 mg/mi treatment showsed its ability m significanthy
reduce the branch point number mare in ormoexia than in
bypaoxia (17 + 0.07 vs 022 + 0.83) compared to the untreated
samples {Fig. 38 Similar effecss were recorded in celis reatad
with the assoclation HI 062 mg/ml-VEGE, with a skgnificant
redisction of the branch point nomber in normexia (021 + 006}
and hypozia [0.24 + 0.20) compared to the VEGF control {Fiz 3C)
Mioreseer, inc semples reared wath HI 0083 mgiml. in bodh mor-
maomia and hypoxia, HUVECs were nob able m form holiow mbe-
like structwres. Thos, branch point could nob be determined
(Fig. 38 and ). Motably, HI 031 mg/ml appeared to stimulate
angiogenesis, but the number of tube branches was mot signifi-
cantly increased compared to the unireated and YEGF controls in
tsath Oy conditens (Frz 38 and ©),

F4 M medulares the expression of profeing involved in the
LMFIGEYTIT PROTess

The ability of H1 o inkibit angiogenesis was confirmed by testing
its ahifity o induce a posi-transcriptional and  posi-manslatio-
nal modulation of proteins imvobed. it the regolation of vessel
formation process. The exprestion of VEGE VEGAR-2 and HIF-1a
was guaniified by measunng the mean fluorescence bmensiy In
Iy and redmexia H mduced a dose-dependent dinam-regriba-
fion of VEGE, which reached the highest effect at the highest tested
concentration (81 + 002 i normacia and 0077 + 0,17 in hypoeda))
(Fig. 44 In normaxia, HI did nor shives any effect on the expression
of VEGFR-1 and HIF-l1a [Fig 48 and €L On the other hand, in
bypoxia HI down-regulatesd the expression of alf three proteims at
all mested doses. In particular the highes effects on VEGFR-2 and
HIF-Tie wene ohserved after meatment with HI D99 ma/ml, wilsich
induced a reduecton in ther expressions by 40K and 175 respec-
tiwely [Fig. 48 and C)
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Fig. & HUMFL profiferation after treatment with #80 (000-093 mgiml; G b and 246 m nommesic |41 and hyposic (8} condstinns.

A

Mormoxiz — Hypoxia

£ nermosis

Mg imes indoos coencemrstom
imgienl] + VEGF 10 mgFml
SPec Q05 P00 VEGF

P 3. Masorosoogee phvsographs of HUWEC fobe Ferabon op ECBabn™ aftes HE reatoient for 6 hom nomeoeia and bypome (AL (o al) Undregbed ceils: (b, B VELF
A i : (e, 1] Weridewme 090 mgimi [l 0 1) IEE mgfmi (e, 0] 033 mgg'ml. Repnch point telative senibon e HUVED brestiment for 6 b normaisia aml ey

wwth W8 or WEGE [B: and sheir paocution (L

1.5, Ml inhibis VEGE VEGFR-Z and HIF gene expresslon

Hi mindulabed VECGE VEGFR-2 and HIF gene expressione A dose-
dependent down-regulanion was observed, partioularly mardeed in
hypoodia [Fig 5) The highest inhibitory effect was observed after
treatment of HUIVEDs with HI 053 mgimi, whem a stronger down-
regulation of HIF- 1a and VEGF mEMA was recorded in hyposia than in
i (0T + 004 vs 0205 + 006 anad 050 + 003 v 100+ 007,
respectively ] (Fig 50 With regard 1o VEGFR mRa, we observed a
dowan-regularon both in normesia and Byposia Rz SAL

36 HI inleibis cetl migreton and vesion

Migration plays an important mbe in angiogenesis and is a
whether HI was able to inhibit HLWEC: migration and invasion. In
normioxia, the inhibition of migration amd ineasion weas  more
pronoanced than in hypoxia [Fip 64 and B) Actuably, HI at the
highest tested concentration (0U9% mgiml) and after & b of trear-
ment led o a more propounced reduction of the migramed cell
relative vanation in normoxia compared o hypoxia (65 + 001 vs

of

m-ﬁﬂ'mmw_l.lﬂ.h‘-ﬂw*ﬁﬂmmh hypoxic and normoxic conditinns.
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(785 + 0003, respectively ) [Fig. GAL In the same way, the unvaded
bl relanve varkarion was 0050 + 003 In roemeaie v 063 + 0.07 in

typoxia [Fg GBEL

4 Dherussion

Here. we prowide first avidence that HI exerts anfiangiogenic
propenses that could contribure o s cancer therapestic potential,
The model used covers pmltiple steps relevant of anglogensesis,
such as endothebial cell profiferanon, formation of capiliary-lke
suctures, quantification of the sprouting, endothelial cell migra-
tiom and invasion. OF note, those events were analyoed abso in
hypoxia. which represents a temor microenrironment stronghy
stimulatmg hemar angiegeEnesis,

Angingenesis has been idestified a5 a hallmark of tumer
progression and ant-angkogents theragy has bevome a new antic-
ancel sirategy, Mowadays, numerows anfi-angiogenc therapewtics
are wsed o assockation with oyt e dmgs (Cescaet 4l 200173 ), or in
maintenance wearment (johnsson el ol 2013), Several plant pro-
ducts and exiracts. endmwed wirh multiple pharmacological activ-
itiees, mochdare many key factors involved in the comples regelation
of the angiogendsis signaling pathway, Among those, Ricoidan from
Uindloria ganmatifida (Liv of al, 20072, Trifelim gaetense L { Krenn and
Paper, HE¥L. or Rhizomn rhei exrads (He et al. 2001} inhilbit
angiogenasts thomugh the modulation of The VECGF parhway.

HI ushilsited angiogenesis o nomeeia and ypoxia theowzh e
regulanon of key factors of the peovasoulanzation process. Endorhelial

B amdd M- 0C) i HUVEL s after freatrment weth 18 for 6 b

cell profiferanon 15 srictly oorrelated with the an@ogenic and meta-
sEe provess {Browne ar al Wb, In beth Oy condinons, HI reduced
preliferation withost showing any cytotoxic effect

Hi inhibited microvessel sotgrowth in a dose-dependent manner,
alsn i assocation with VEGE a well-know angiogenesis mducer. OF
npie, howewer, Hl G031 mgiml. appeared o stimulate angiogenesiz
This ewidence 15 nol suprising. Indeed, hanmens dose-responses ime
often obsered with anf-angiogenic agents. in particulac a bell-
shaped dose-response can be recorded. where an agent @xeris a
stimuslarony effect 3t bow doses, wihich i diminished ar higher doses.
Ap higher doses, an inhitbamry offect may be observed, Agents that
exhibit hommetic dose-response inchide S-fluomuracil, ATH-161,
towteromib, cisplating endostating emterostain, integrin inhibebors,
inierferon-a, plasninogen actvator-1, mpannycin, msiglitasone, sta-
tins, thrombospondin-1, TRl and TEF-x] {Reymolds, 20000

The expression lrvels of the principal preeing imvoived in e
angiogenasis regulation [HIF-1e, WEGF and VEGFR-2)] and their
miEMNAs were anabyzed after reatment with HL A dowo-regulanion
of HEF-To profein level was observad in fypaeia, while m noemosia
iy micdilation was eported. AT gene level, Hl induced a dose-
dependent redwction in the expression of HIF-Te, both in normocia
and hypoxia, with the highest down-regulation obhsersed m hyposia
Because VEGF receptors are mainly expressed on endothefial celis
{Terman o4 al 1991 L we inchaded the high-affinity receptor pymoesine
kimase VEGFR-2 m our inwestigations. Bebween the pao VEGF
receptors, YEGFR-2 appears o be the major tansducer of VEGF
sygmals in endorhelial cells {Jung e al, 20099 In the hght of tese
oofskderations, imhsbrion of VEGFR-2 might represent an dueresming

Please cite this artiche as: Twrrini, E., et al., I vitro anti-angiogenic
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appmadch for anti-angiogenic mberventions. HE redooed  VEGFR-2
profein expresshion in ypoxia and dowen-regulated VEGFR-2 mENA
bty i boypoia and normioda

Taken mgether. our mesults suggest that the inhibition of angio-
genesis by HI s medaved thisegh two destisct mechamisms aoood-
ing b theee cswgen avalatality. I normsosia, the reduced sscpression of
WEGE seemis to be the matn canse of anglogenssis mbsibition On the

other hand, the angiogenesis inhibition induced in hypoxia is regu-
lated by a more complex mechanisen mwoliing firstly HIF-1a
inhihition, followed by VEGF amad VEGFR-2 dosyn-regudation

Blaod wessel formation is the resalt of mashtiple molecolar events.

where VECF constituies one of the ceniral factors. Bt acts as an
endorhebal ritcgen and nduces endorheial cell surdival mgranon
differenihanion, and self-assembly [ Affara and Bobemson 2004 ), VEGE

Mease cide this articke as: Tarrink, B et abl. in witro anti-angiogenic effects of Hemidrsmms indicis m hypoxic and normoxic conditinns.
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mEMNA expression i regulated by HIF-lo and MF+B (joske and
Mamurek, M) HIF-1 s an axygen-dependent tanscoptional acimea-
twor in nommexia, HIF-1u s degraded by e proteaseme after post-
trarsrnprional modification; under lepoia, HIF-10 = smble, manslo-
ates mp the mckess and favors transcripbion of = &) @get genes,
incheding VECF [Semenza, 2003, HE strongly reduced the miBiiA lewel
of HiF-1 m either normoxia and hypeda However, i@ evokes a
differential regulation al protein level: 3 down-regubalion was evident
anly in iwpsda & lack of corelation betwesn mENA and proeis
abundance i commoen. Indeed, proteins have very different half-ees
diee o the result of vaeed protein synrthesis and degradation, and
varied post-transcriprional mechanisms ivobard i harming mENA
inibg protein, Dowen-regulation of rENA mocurem with ap-regulation
off protein swpression may ooour when 3 protein half-life is increased
due i stabilization-componenis mresbeed with the protein’s nommal
nrover of the proin may e sabdized drough proein- proeins
interacnons. Further experinvents cowld assess the modularon by HEof
o RMAS daar raderate the HIF-1a mansonipoonal program and of
e probeasome-meduted degradation of HIF-T wy mormasd .

O e, previous siudes reported that MF<B 5 4 direa moclaton
o HEF- 1o excpiession (van Uden et al 2006} and regulaces endothelial
el integrity and wascular homeostasis ™ ovive, also Brough the
muoafulation of VECF mREMA expression (josko and Mazurek, 0]
For ¢xampie. rerumbone derved from a subiropical ginger. Zmgiber
mumbe Smich, imhibits mor angiogenesis via NF-«8 o gasinic
camcer | Taihad er al. 2004}, Addimonally, suppression of NP8 activity
abwrosgared the ME-cB activation and the pro-angioeenic activities of
glbmma celks [jlang e al, 200175) Yery recenthy, it was epoied that Hi
prevented actee WFwch froen binding w0 it meclear DA, [ Gueernond
e al, 2004} Conseqisenty, MF-kB-regulated mechanisivg, wchuding
HIF-1 andd VEGF expression, involeed in proangiogenic signaling. ender
Tty might b sensitive to HI treatment

Megwascularization influences the dissemination of cancer cofls
throughowt the enfire body, eventually leading o metastasis
formation, The vascularization level of a solid tumgr is an excellem
indicaior of s metastar poental (Mishida e ol 2006 In this
opiniext, HE sqpnific suppressed iwasion and migration of
sndothefial cefls These acnivimes weere not due o the antiprolifera-
twe influence of HI, because they were observed undetr experi-
mental condinons (031 mgml @ hypozia oand mormoxia amd
QG2 mgimb in hyposial where cell profiferstion was not impeded.
low oxygen conditions acoelerate ool mvasion (Mivoshi et gl
M) justifging the kess pronconced inhibition of vasion resulted
from HE treatments in by poxia than in normogia,

Hi shawed a fugher potency i the cetlular analysis (| Le. profifera-
Tior, tube formnation, migration and imvasion assay ) ender noomiokas
condition sather than Fyposia condiion bt oopversed resuelos in the
imoberulay analysis This could be due mo the ypecal highes expres-
swon of HIF-Ta, VEGE aml VEGFR2 in hypoxia than i nosmosia,
Hypaoxia treatment significantly enhances VEGF secretion and HIF-
la expression (Kumar et al, 2001) and this can allow an easier
iclentification of subtle modecular effects. Furthermoe, the degrada-
tion of HIF-1a nperamd in normogic conditions by the proteasome
may not gl ecording the effects of Hl on HIF-1a expression,

As o the pharmacelogical relevance of the concantrations of H
wsed In oier shedy and mkbsg o accpunt that a decoction s
usisably more dileeed than an eenac (Marreil er 4l 2006), the
active conceniranons of HI are weall above those mdicated by the
American Mational Cancer Institute for a crude extract {Suffiness
anid Pezruin, 1950),

O the bases of s multiphe anticancer mechanisms, Hl can
represent an interesting botanical drgg. The chemical comstituents
af a bptanical drug are ol always well Sefined. In many cases, the
active constituent B nob identfied nor & irs obogical activiny
characrerzed. Accordingly, there is a concern abour the therapeu-
tic consistency of marketed batches of a botanecal drsg [Fimognari

A |
23| ':
rE

v |

L

Fig 7. Possinle ciscade of syenls mvolved i bhe anti-aggngems sty of HI

et al, M2 Ax far as the therapeutic consistency of HI s
concerned. our HPLC phytochemical anahysis demonstrated the
presence of  2-hydroay-2-methgeybenzaldebyde,  3-hypdrmoy-4-
methoxybenzaldehyde, 2-hydromy-4-methoxybenzoic acd  and
for the first dme lupeol acetate. together with miner compouncs
such as hepesd, p-sieostersd and f-annrin acetate, which can be
wsed as fngerpring. iteresomgly, vanillin {4-hydroay-3-methoe-
yhenzaldehyde) and ethyl vanillin, vwo srrectural analoges of
2-hyrd oy <d-methoxybenzaldehyde  and 3 lyd rosy —d-merhaoy-
benzakiehyde, have been shown to possess antiangingenic activity
{lumg ek al. 200 Lirdprapamonghkol ef al | 20009), The phytochem-
ical aralysis performed on three batches of H demaonstrated chat
the kewels of the seven phytomarkers were not satistically
different amang batches. OF note; the three barches were not
statbstically different in terms of biokogical activities

5, Conchsion

The findings of this siudy suggest that the ankanggenic
activity of Hi is based on multiple interactoms with critcal steps
in the angiogentc cascade [Fig 7L VEGF espresseoa stimuilaved by
HiF-1a as well as endothelal cell migration and differentiation
represent important targets of HE action and might contribute o
its canger therapeotic efficacy that is presently emerging.
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Sommary

hﬁmm&mﬁmﬁmr.mﬁﬁ:mﬂfm-
e L, . imen L. and mixtare of Cirus spp. (Rioisceas), namexd

N, CA, {‘Ll CL2, ©1 and ©2, were chemically characterized by
S and TMHJHM&MWM{
and fl-carotene Beaching feste)l. for anfimicrobial properties (disk
diffusion meethod) and for ansifimgnd capacicy | agar vapoor assay ).
CHCL, C2 samsples evidenced fee sost ameresting resuls: O iy
Perpinene lnaloo] chensoiype: 143 %/ 416 % with & considerable
amouis! of tymesl 9.0 %), wsd C 1 {lusaksal, 18,3 %, salbnene. 1.6 %,
Hymod, 5.5 %), showed relevant aniiossdant activity with both
DPPH [0y = 3.57 sl 548 mpinl respectively) and [-carolene
(Mg = 0LAET and .49 mep'd, respectrvely). Antibactenal propes-
ties of TN aiwd C1 agadinst P.asivabilis (340 = 061 mp'os] for both)
and B sublis (MIC = 061 and 044 mgiml, respectively) weie
mast probably doe to thymol, C2 (geranial: 34,7 %, neml Hl'ﬁ-}
evidenced & wvaluoble binactivity agninst . albicans [MIC
nﬂmd}ﬁﬂﬁmmﬂfﬂﬂhw
T mepragrapivies and N, cajetans was reached with amomes of C1,
1 and CW |es= than 4 plplate Bioactreity of Amaeoman Oires
spp O, O and ©F essenfinl oils snggests their potential nse as food
preservatives of additives in cosmscenticals as preventive against

Tatreduction

Hiethis aiid spives have beei emploved since el Hises as favou -
o sl preservatives agemis for food, bl oaly m the bast decade
schemtific research has focused its mrerest on essential ods snd ex-
tracts as il searces of antmaerobeal ad annccodant conspounsds,
as salfer afftermative additives for food preservanons (BumT, 2004
SHAsBAN Bf &l 20012}

Winbe i essenial cals are usally cold-exmacied witl pweclam-
el systems (2 stated in Evropean Pharmacopoein. VI ed ). the =0
elbed petitgrain oils are obiwined by distiflation of Cirw leaves,
bds amad samall bramches from Civer spp, adult plats (D000 ef al,
i,

The composition of Citrar leaves essential oils are not as well de-
fined as the comespomdent peel oils (DGO e Al 20010 and sh-
dies concerning these aspects have been offen reviewed (LoTA of al ,
Doiie; Lowa et al, 2001h; Lot et ol 2002; Duco et al., 2010}
Db b its pleacant and charscheriang fagrane, bffer ofange [eour
oraige, bigaiade) petitgrain i the wost ooportant sud sppreciated
among leal essental osls. e weibsly weed i perfuneny foi prepa-
rateen of eni de Oolognes, lobods aisd sonps becanse of e good
resistaiice o alkaline medusi. Seur ooaage plants ave culivated
vpnly moibe dlediterranesn coumsines (Frasce, Naly. Spain) and m
Pasaguay (LoTa et 6l 2001a; Doco ef al, 2010). The best knowi
anid most emploved species i Oimes anramiium L. Other Cftres spp.
petitgrain: (lemon, nuemdarin, eic ) ore afforded ot small guamirbes.

" Canvespondng aithor

Lemons {Cvirws fimon i particwlary are culivated in Mediterranean
conmiries, southern California and Argenting while mandarins |oiher
several Citrus spp. and hyvbrids) are enltivated in Mediterranesan
coumiries, knpan, Brazil, Arpentina, United States (known as ange-
rines) and Ausiralin (Loms e al., 2000; Duco eal., 2000}

Awm“mm“ﬁm" pﬂ:ﬂmm

mmwmg phytochemical
bogecal activides {Dooo et al. imﬂ.wdﬂ 2012} In fast
it 44 kmeewn that the wide chemodiversaty widch characternzes thes
kind of plhiyvtocompleres could be due to several varmbles, affect-
oig the chenumcal profile, as geograplacal ongin, tine of collaciom
and gubuvars (GUeERsms ef al., 2011). These variables can delermine
chenmcal diversiies uy essential oils obtained froo the sanse specees
which tecessanily could reflect different bractiviines aud possille
frmctiommal mees
In hight of these presmses, m Ecowadorion iraditionnl efthnomedi-
cime Cfws spp, leaves ore used io treat stomachaches (RIS of al..
DT}
The present paper represends the first report aboard Cirws spp petil-
gram essential pils from plants grown ar the margin of the Amazonian
forest (Egnador), The aim iz to evaluate possible, distinctive hio-
activity proqerties of driven due o this peculiar geo-
graplucal angin. B Fact, if i ksown that the Amazosian biodiverse
lsot-apod s chargctensed by an biotic aed albdone et of condibons
whach can force fbe secondary plany metabobizn 1o peculiar aiwl
wmguee profiles with corresponding miteiesiing oactivities {Eyoem
Works et al., 2000 Rosss et al, 2013, Mareover, e ethoolotamcal
use of Ciri spp. leaves is sometomes wtloit
anenipoal 1o the sgle species sunce the shape i somilar and tey B
collected withoe distinciion. Tlas fact comtribnues o bave poepar-
tioms with mixed-species lenves (mainly as Ravonring sl ansiolviic
ngeints) (HANAZAK] et al., 20000, In the present work, the stiady of &=
sentinl oils obtamed from mixtre of Cierur leaves wonld mime this
efhmobotanscal evidence. Therefore. differsnt Amazonian Cfrus spp,
petitgraims from single and mixed species leaves were svaluated for
their chemicnl composition through GO, GO-MS and *C NMER i
vrider to poing ot the possible chemadiverainy aspects related 1o their
genpraphical ongin nmd ko check for fimctonal propertes {antin-
erobial, antifiisgal. anbiogidant) o valonze tieir possible applicative
s int food andfor bealih felds

Material and methods

Chemicals

All the solvenis smploved for chemical analyses and hinsssays were
chromaingraphic grade. Solvents and pure componnids were all por-
chasgd from Sigma-Aldrich Ialy [(Milano, Ialy) Thvnmus valgaris
essential oil thymot-chemorype employesd s reference plrrtocnim-
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Plaint miaierial

O nerbilils | manmwed OB, O adraniiars (nansed CAQ 0 D [amecd
CLT aipd CLI) fresh leaves and fresh leaves mieiue of e Cifris
spp. (uhined C1 and C2) were parchased by Fundacsen Chasknag
{Cneitn, Ecuador), non-govenumentive organization which has as
main tagges the valorizaton of Amaronian soirces recovering pham
material to directly ohtnm conmescial procheces from nabives, with
the croperation of our research about Esuadorinn Amazonian bio-
diversity  For what concemns the essenfial odl mixmmres, no infomma-
fion have been given by Fandacion Chankuap regarding the differem
s species and their quantittive miio. Leaves were
collected in Seprember 2010 from wibd adult plants growsig in duee
ihifferent locations on the catskats of e Wasak"enlsa reserve in
eastern Ecundor (77715 Wiz=357 8) amd positively identified by
Fusdacion Chankuap (Quito, Ecuado). Dived specunens were de-
posuted af die Department of Brology aid Evelunog, Univessity of
Femrara. Code C1. C2,.CAL CHIL. CLL L2

Eociwnthal ofls isulatien

E=sential oils were in sing exiracted for & hmers throagh sseam distil-
latiom of . fimen, O arrantips, O, mebilis, misgtare of Cism spp,
fresly leaves (approximately 10 kg) asing a mobile essential ofl dis-
filler (Essendinl Oif Company, Poriland, OF, USAY st op folloar-
ing the parameters reported in litemsme (Hoewimz, 2003), Essential
oil yiekds have been achieved thwrongh fhres different distillations of
fresh plamt material belonging to Cirmr spp. The pefitgmins were
dried aver anbydrons sodinim snifite and stored in airtight glass vials
with Tedlon-seated caps af -185.0+0.5 *C o the absence of Lzl unid
nisAlysis

Cras Clarvinsiography

Essential ol samples were analyzed and the relative peak aeas fon
imchivedisal comsimients averaged. The relative perceniages weig de-
tennubed wEog a GC-Trace gas-cheonsstograph eoqudp-
ped with a FID detector and a Varian FactorFour VF-3ms poly-3 %
phenyl-#38 dp-tgimethyl-siloxane bonded phase column (i d., 025 mm;
lemgih, 30 m: film thickness, 01% pm). Operating conditions were
as follows: inpsebor empersmre 300 “C; FIEY semperabwre 300 “C,
enrmier (Helnm) fiow rate | ml'min and split miso 1-30. Oven tem-
peraturs was initially 22 °C and then raised to 100 50 a8 mie of
1 /i then rised w 250 9 ot o role of 3 5 /min and finally held
at that temperatire for 15 min. One pl of ench sample disselved in
CHLCH was mgected. The perceniage conpesition of the iz was

Easential wil nmwmﬁmﬂmhnmm-jm
gare cluwomarogaply equepped wiily & Varsan MS5-4000 mass specino-
imieter widing ebecton inpact ad booked to MIST libvary,

The comditivms were the same reparted for GO analysis and the sue
golmmm was weeid. The MS conditions were as follows: ionizafion
vadtage, T0 eV emission current, 10 pAanp; scan rave, 1 scan/'s; mass
range, 20-40dk [in; trap temperamire, 130 °C iraisfer line ténipera-
tare, 300 70, The constiments. of the volatike oils were identified by
companig their relotive reteniion fime, K1 and the MS% fmgmenta-
tion paitern with those of orher ssseniial oals of knowamn composition,
with pure componmds and by matching the M5 fropmendation pai-
bt aapd petenton oudices wilh the above ueentioned e specha
libiasies amd with those u the lieranoe [ADass. 20071 o onder o
detesimwie the Kovats e of the compoiensts, & OOy i-alkanes
{Sigmn-Addrich) was added 1o e esental sl before bhectue o

the GC-ME equipmieent aud analyzed mider the smne conditions &
abive.

WAHE speciTasropy -
130 WK spectra were tecarded at 10038 MMz and al temperanire

of 404 K with a Varan Gemini=-400 specirometer. The essentind ails
were dissolved i CTHCT (™0 ma/l 8 mb) mfo s % mon MR amd
sotvent signal was nsed for spectml calibration (central line of i
pletat 7.0 ppl. Chemical shifts (ppnj and peak atiribution were
based on comparsons of the resonances in "C NMR speciiom of
e eswental odl with teese of pure standards and meore of lese
[oe-piiene, sabuvene, f-pinese. D-lowodens, werpaoene, Haaboeod.
cuironellal. Jrerpinenc, cinal. dyymel) presenl in our spectral li-
ey (GUERRRD o al. 2006) o aceording wiih those of bitershue
(RURECZRA. 2002k SDES (Sarmoel al.. 1000}

Biclagical activities

Annosedan. antifungal and asunecrobial actviries were perfomed
comparieg all the dara with these oldained with approprisie pore
syithietic compomnds and'or commercinl Ty vilgards sssential
oil, i order to have positive comira] references with single com-
ponnds or comparable phvtocomplexes reparted for their fnchinmal
linactnaties. The wse of a phytocomphey known for its chemical and
binkogical propertiss (e g thyme eszendial ail) a5 a posilive referenge
Teslis indicative of fiw real fmctional efficacy of a tew-
edexiract (MAETTI et al., 201 33 Dinta reported for each assay are the
average of tree determunaticns of tuee mdependan] exfenimness.

Avtifungal aimd antimicrabbal stvains

Aggoiding 1o previously described metlwdology (GuErrsa e al,
2o06; MaETn er el 2003 Civug peliigrain asimes] asd aen-
imscrobial activites were performed with agar vapor method amd
standard dak diffusion techie sespecively.

For amiibacierial nssays, Gramepositive (Ewferscoccws  foecalis
ATCC 292112, Bmapivdococous aurens ATCC X213 and Beeifluy
rubtilis ATCC T00E) and Growpegative (Escherichia coli ATOC
350, Proews miralifis ATCC 20837 and Kleboiells povtecs ATOC
2041 &) hacterial strains wers employed. Anfifimgal activity was as-
sessed on yeast Candidy pitieans ATCT 48174, on phytopathogen
sirains (Bommtis civerer Miicheli ATCC 4853%, Pulfrium wifimm
Trow, kindly supplied by Prof G D'Ercole (Tnstitute of Vegsial
Pathelogy, Unaversity of Bodogna, Takyv ). Megngperiie gilsea ATOC
648830 and denmaiopliyte sy | Tochoplivien eertagroplinnes
vigh, aertagrophtes [Robim) Blanchard CBS (Centraal Burean
Vaor Selwmmselcininges. Baarn, e Metlwrlapds) 160068, Nanrizzia
cigferan Ajello THME [lnstinde of Hysiene asd Epndesnolony-
Myveolegy (THME) Bssels. Belgmmng) 3441 aid Tricfopdoren m-
ey (Casteliant Sabowand [HME 4321).

Aatbiricrobial aeriviey: disbe difTogion merthod

Tother cultumes of each bacteria were set wp L4 b before the s-
=vs in order to reach the sationary phase of growth, The tests were
nssemsed by inocolating from the motker énfores Petri dishes wath
proper sterile medin with the aim of chiainang the microorganisms
eomceniration 10F CFUAn For hacteria, aliquots of dimethyl sul-
foxide (WS were added to the essential sils i order to obtnin
(o] =50.0 mp'ml concentration range and then deposited on sterile
jeapes dish (6 mugs daareter, Dafcal.

Beacnviry agamsl e v Candiols aliscarns was alss processed.
Morver calipes were sel up usocnlabing FO0 md YEPD Lguid nae-
o (Yeast Extract and Potate Dexirose) an 250 sterge Basks sl
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picubaned i tle dack gt 30 °C o coder o sssess mowtl amrves. From
each mavibey cultumes &1 the statonary pleses of grewil, broth dub-
tiofss were smade o obiain te stram concentration of 107 CFU/ml
ta imnculaie Petri dishes with agarized YEPD for binassays Then,
16 pl of DRASO-essential ol sojtions were prepared i or-
der to have an assay mnge 0.0 1400 mg'ml, and then deposited on
sterile paper disk (4 nun dimneter, Difco). The Peiri dishes were suic-
cessively mewhated st 30 “C in the dark and checked for evaliai-
ing fhe prowth inhibition after 48 b both for bactera and Candida
sireams, the lowest concentrotion of each essensial oil showing &
clear zome of imhibition was taken s the MIC (Adimimmm nbibirory
Concentration), Megative comirols were sat np with 10 pl of DRSO
i ihe test eoluiion. wdule posifive snes were assessed vl T ovid-
e esseiiial oil,

Autifungal actisity: agar vapour assay

Baological actvity of Cimus peritgrams agaust thoee phynopatlo-
g anid iheee dennatophytc foogl was perfonned by asing the
agar vapous metod (MAETT e al., 2005, They were grovwn in Peiri
ﬂm{ﬂm}m‘mﬂﬂl!mn{mm
agar, moculated with & mm phegs from

The plates were then incubaied for 24 hat 16 £ | *C hnurmlﬂr
sterilized filter paper discs (diameter @ 0 man) were absoried with
different volmmes of Civwr petitgrains samples mnging from 0 20
b 25,000 jal, aned placed] inside the wpper Iid of each plate. Flates were
kel in an inverted position. fightly seaked with parafilm, and incu-
babad for T days st 16 + 1 °C, Blanks served as a Degative coisisel
Copnmeercaal T vadgaris essenial odf was prepaced as described above
fioi petigiads sastiples, with volines vanging from 020 @0 2500 ul
and considered as & postive coirol releraice Taee
replicates were made fow each meabment. Afler 7 days e resulis
weig deteriiived as the inbibation of redial growil and expresed o
the st of essential ol et led o 50 % wilkibion of growth in
each fumgal strams (105).

Anbhrsidanit activiries

Bacical scavengimg and awhosadamt properies of essential wils were
performed fuough different sssavs, namsly the DPPH assay and the
fi=carmtene hleaching test according ko previonshy described methods
This approach permits the anfioxidant effectivensss of an essential
oi] to b meore carefuliy defined. as it is alnsost 0 EXpTERE
e agptsoxidant actviey as i absolute valug that b wrversally recog-
wizable. besides bemp expressed by ondy one Type of assay (MaETT
et al. 2013} I vilgards essential oll was used as positive cenirols,
Esmennal oibs antioxidant actviry wias considesed as the IC 5. calou-
lated froin wibilsnon. curves obtamed by plofisg die % dalsibition
agauisl oil copceismation. All the data collected tor each assay ase the
average of deee detenuinatins for e mdependent expetiments,

Searistical analysis

Felative standard deviations and statistical significance | Snadent's
e B = 0008, one-way ANOYA and LSD post loe Fisher s honest
significant difference test, were given, where appropriate, for all dain
collected All compumaiions were made using the statistical softamre
STATISTICA 6.0 (StaiSofi [alia srl),

Resulis
Clieinical lugerjrinting
Brgasn dustillation of Cimis spp. lesves provided petitgiass: witl
yield from 0.20 + 0.02 g'100g for ON to 0,29 = 0.03 @100 for CL1
and demsary Miat covered o range of 0.82-092 gl (Tab. 1)

The Ecuadoiian CA petitgrain exlubiied as major compoients sa-
binene {383 %), rans-E-ocinene (6.7 %) inalool (BB %) ofber
HEBO Conpoients were 3-carene (8.9 %), D-limonene (7.9 %) p-
oiyroene (3.4 %), d-lenpnenel (2.5 %), c-prene 1.9 %), peranial
(1.9 %) fepinens (] § %) CL1 essential ol evidenced an high abun-
dance of Tanonene (327 %) anel limalool {191 %) and a= minor com-
ponnds ciropeflal {3 1 %), sabimenz (2.7 %) and carvone (1.6 %),
mstead in CL2 petitgrain predominated sabineng (36 1 %) followed
by lamomene (14,1 =), linalool (4 7 %), 4=terpinenc] (3.9 %), y-ier
pimene (3.9 %), citromelial (3.6 %), ronsfeocimens (3.2 %), o-
terpimene (2 8 %), f-omyroene (2.6 %) Cirus mebilly pettigrain evi-
deisced izl abundaisce of Linaloed (41,6 %) and appiecable coments
of wTespusens (14.3 %) and Hpaeod (9.0 %) foblowed by rars-E-
ocipeng {109 %), poymese (4.1 %), o-pinene (3.6 %), p-pueng
(3.1 %) looowsene (18 %) as moy componnds. Fmally, luslool
[ 18.3 %), sabinene 1.6, Hmoiene (11,1 %), v-erpinens (10,6 %),
sl (55 %) [-puneme (4.9 %), reas-E-ocooeoe (4B %) amd
povmene (34 % owere lbe most chamctensic componods for
Cl pefitgiain samples. C1 pelilorain. nstead. evidenced peranial
(347 %) and neml (23,1 %) followed by feamycene (3 4 %), line-
bood (4.7 %), and geraniol (3.1 %) as the mest abudant chemicnls
(Tab. 1)

To condrilnie o define & metabolomic fingerprinting of Cifrus spp,
essentinl oils, PC-Nuclear Magnetic Resouance (MR of the mast
atmancdnni chemical standard compared with whole essential oil spec-
mwm:ﬂ—-gﬁ:nmmhﬁ?-m

Tutiwctioial proups typical of the exanswed moleculbe

Antioxidant artiviries
The essential oils examined evidenced mierestimg anficogdant pro-
cular, CH in exhihited n pood radical anticxidant sctivisy bath
mmmu{n:,,-a E1+0,25 m}umm
Asshy (I gp=0 3870021 mgmal). Tlese resulis ase
HNHWH}HMMMT&MﬂH{pd:
izsential il (I0g=1 24+0.10 mg'ml), taken as reference phyiocam-
plex (SACCHETTT ef al. 2005) C1 petigrain, that showed a relative
abisilance of prerpmeng (106 o) sl teymol (5.5 %), probably
e relate to the dnleresting DPPH activity (ICsw—=5.4B10.45 mg
mil}. displaved mstzad a lower activity in fi-carotene bleaching test
(=048 0041 mpml). Thymel has been tesied as pure com-
pennd m DFPH and fi-carciene bleachmg tests sogpestng that the
antioxidant capacity displaved by essenfial nils could e mainly due
tos the presence and the atemdance of this mibsiance.

Amibidcrolal

Evalmation of antibacierial achivity (Tah 3), expressed as MIC
was the most aciive nmong the Cirws spp phyviocomplexes against
Lrraen-negntive as well as Crami-positive bacteria. The most inkerest
g results were against P mirgioliy for O O and CA, against B
wiibtifis for CH amd O 1 amel fimadiy against E. cali for OM and CA since
MIC s were comparable. The anfibacierial properies of CH petitgrain
were relevant also against 5. apreus and E. foecalis (0T8240 08 and
0,95+ 000 meal) if compared o e positive combtal T ovielpars,
Np semarkable mhibetion scuviry was observed againe K. oxvioca.
C2 peiibgrain was mstead pareularly sctive aganst e weast O al-
dieang, with & MIC of 044 =005 g/



Amazonan i peitgrans

Tah. l: Chemseal compostion of Cines petigrams
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© omponnd EI* ma*
(e ] cA L 2 1 2
Catranelly] Sormate 1274 s :
R AT T 1204 - 13
Giempyd formate 1208 05 o4
Carvaom] 1299 - -
5-Elemens 1538 = B4
Ctrmielly] aeotane 1353 03 0g Dz 0l
Merv] welate 1342 s 08 B2 0l
Gemany] weetate 1381 o i 04
(= 1391 14 - 0] .
Mtethv] metiylantranitate 1406 0 o2 . (EY] LN
teaams-f-Caryphyiene 1419 e 08 - LT 13 02
o3-Carvyl propanoaie 141 (11
v Elsmens 1433 2
ezt - Ber prammale e 1435 - - 02
o-Hunmulens 1455 o1 o4 2 o2
P-CEF ammesens 1457 02 -
2- Fradec nnome 0 0.5
Basv fopermscrens 1500 B2 62 - B3 na
Gemmscrens A 1309 o7 - o2
semmacrens B 1561 - 0
Sgattilend 1578 - - o1
Caryopiyllens oode 1583 &5
1-Mlithary W S-ontadisen 1651 07
- Smensal 170 =
o-Swensal 1757 B3 - - 02
TOTAL IMENTIFIED ok | W67 87 L] W0
Extraction vield (g 100g) 0 Mk 412 013200 i e 1 02804 0. 2 0 e 13
* Arvlumetic mdsces caleulated on o Yanmm VE-Sms cobamn
¥ Relative penk aren caleubaed by GC-FID
The major components (hold letters) of samples were wdennfied by 10 NMR
Tab. 2: Astcondanl actwaty of Citres pefitgrams perfonmsd by Arilungal actividy

DIFFE
{rarntene bleachimg assays and comparsd bo commercial Thseus

vnparis essentad ol and pure compoesd thvmol
gz ST gl i
Essential nils DFFH fi-raratens hleaching
[ 1 353 & @5 D EET & DB
CA VLT &0 5 D432 £ 0037
CLi GEI+DTL D988 + 008k
oz T 45 = Dl 0571 = 0038
i1 548+ 045 0801 = 00
. a0 T 0 THE + O 0
Thyeol &0 = GOS 008 =00
Thavmues vadlgars 1094000 0164 & D003

Thee sl inreresting resulls coiscermmg aifungal activites {Tab, 4)
were exlnbated by C2 petitgran particolaly agaosr dernatophivies
species (T, merdagropinies. N, sojeiand ). dial dhiowed 1Ty, less thai
0.20 wh'plate. comparable 1o possiive comirol T, vifpars essential ml.
bewever, e conceniralions comesponding 10 the 100 % growth -
Tnitietions wias better for 2. Tlis eswential ol was e most aclive also
agnms phytopathogens. boi less active than the reference siandard
T. wilpavis.

C and CW petitgrains also showed good activity agaimst all tested
fiirgi reaching valies of 50 & inhibition of conceniTation comprised
from 2 b E pl'platz. The mst sensitive fimgnl strain, however, ap-
pears 1o be T, rubrisn.

The study of activity of cimral (msmare of neral geraneal) stancdard,
the mosi abnindan component in C2. ageinst phytopathopens and
dermsstoplyvies, confinned he best achivies against T sientagro-
pivies. N ecajerand, T_rebeum! e paiticulas. T, mevagrophvies was
tie nbosl sensbive fumpes sdce it evedeipced 50 % nkibabon a1 con-
eenifration less Hun 0 20 pljdate.
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Tah. 3 Amtusarromal actverty of Cifees peisigrams compared. to rommereial Ty wipans ssental ol gyl and el

MIIC imgmi} = SD
FEusential nils Ciraae-posative bacteria Gram-megative bacterin Yeast
5. nurens B. subiilis E. fawcalix K. oxyora E. eaif P neirabilis €. albicans
ATCCH2EY ATCCTON ATCCEE | ATOCRUSLS ATCC4350 ATCC29852 | ATCCHRITS
L. 78 + GOl a8l =005 D95 4 O E1T 2 0E DAL 4+ 00 &1+ s S A R
iCA BAGx D68 152 =016 LECELIRR EREHER R 0 &R & {107 &R+ 007 338 =034
i EHEES I LM =057 Lo 0 Hi1lz k&1 &.12 & 0a2 4 0d] 88 + Do
L B 15p+D 3] 1732007 IF+0 IR 6052035 1M =038 10} F4R+RAI
i | ISR 044 & i (-1 A 3E =042 2400 [EES ST 1752018
i} 70 050 199 &£ 018 197+0%) 6174041 LM £017 F97T 4050 04 4 [ D
vy d 03T 4 06 I8 =00M D200 Lin=m2E] 0.9 & 903 W3l +002 08 =007
cuirad 50 00 05D = 0BT 058 4 0l O = A 025 & 005 T ad? 042 & i
T wulparis il =00l nil 00 R 40 = ot 006 £ {10 ir+=0m s+ Do
Rab, &0 Atifungal actvrty of {igus spp. pebalpraus companed b0 conmmercial T vinparis sssentd all, cols) snd v
Samgles Phatopathagens Dhermnaduspley tes
P wltivsesnn M grsen B sinerea N peiisar) T srmiaproplives ¥ rodermi
N df+02 CEFESIE 14404 i7+£02 La+D2 27202
A IZ7+09 Ml 15i=12 LRSI =25 142212
CLA #81xa7 *E5 . e 5 =25 LU ES 1IZ0=11
CE2 JLEE ) i WE=15 1764+ 1.9 Wiszt? HIs14
Tl 1T+048 TR+DE 6104 a7 edy dBz03 10=02
2 1402 Y4408 19£03 < I =i P 19201
T, wilparis 0 &0 10 LR -+ 0 023004 b 2F < 2 <) M
Citral 1ri02 L5401 14+01 G 4 002 <f), 2 088 = s
Thymol 1+01l 22403 16£02 11402 12£04 08 =062

All the valuey are expressed ax I (mdplate = skandard dessanon
214K prowil misiison. of coocenirmion of 2.0 mliplse
By %, gronwsh miubetion a2 comcentratson of 1 0 mb-plate
©1H1% grvwils mbshiban at concentrnhon of 50 ml/plaie

Discussion
The pumpase af the aurrent sindy was to compare the chemical com-
pasiion of Amazomian Cirws spp. lesves sszenfial oils with those
repon fed i Dleratine 1o deferaane possibie dufferent chensorypes aid
‘luiuglﬂli:ﬂuﬂ:lﬂlﬂﬂhﬁﬂ anin b valonze fwewr conimescial

mmyﬂm“wmmmmmh
CA(Branco Toeapo et al.. 1995; Lora et 4l 2000 4) sl OW {Lora,
et al., 2001%); matead for CL petitgrams wepe lowser than ihose ve-
ported for other lemon species {VERLARI et al. 2002}

The Ecuadorian ©A petitgrain was comparable o an afypical sa-
Finene rans-E-acnnens chemotype, mmmm
et al., 20010} CLI petitgrain exhibited an atvpical

high abundance of liosonene (527 %) ond linakool (1% l'!i-}.lsm
ported for the Meyer culvivar (T, meveri) (LoTA & al.. 20010, CL2
petitgrain conlid be defined as limonene (24,1 %) sahinene (36,1 %)
lmakeo] (4 Ma) chemorype, stading ol the most comnwn lemon
chemoiype characferized by limonens {1‘-‘3-331 U, oepinens

[10.5-25.1 %), permnisl (8.6-22.6 %), neral (5.9-18.1 %) (Lova etal

2oaly. C. oobilly pemgrains (OW) evidenced a -terpinenelina-
Lol chemorype. becanse of ligh abvmdance of lusalool (41,6 %) aml
appreciable contents of y-ierpinese (14.3 %) aid thyimol (9.0 %)
A sinnlal chemotype was ponted oul i & systemalic research il
pettgrains dervved from 58 Corscal masdang cultivars from daf-
fopenl species and 41 cultivars belonging te O, refividon Blancoe
(LarTa et al., 2006k LOoTa of al, 2001h) Mandarin leaves essential oil
eomposition from plants of different geographical origins. Floridian
. rangerme Hor, ex Tan amd [smaelian € coficwbefn. evidenced
high content of linalool. thyimol and y-terpmens (ATTAWAY et al
197, FLEMHER and FLEISHER, 1990; FLEISHER and FLEISHER. 1991],
white Colombian ©, reficwlaim petitgm was chamcterized by an
Tigh abumdance of linalool {42,466 55), bt less contens of y-torpinene
[ 1.9% 5y (BLasoo Teeano et al |, 1965},

Thee chemsical composstion of Curus spp. leaves essential oils (C'1
and ©2) does mid allow te dedisee any conssderation aboan the spe-
ces engployed aiad their sbimdasce. b if 15 an imporiast stanig
roanl il maknee sugeesios aboar the comparsson betaeen e o-
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Tah. 5 Chenscal shifts (V) of coimpounds m Cifray spp. petitpramms,

Componnd Chensical shifi Y

o-Pame 144 5/ 16007 40 738 031 431 276 3230209
Sabmens 154 5/ 100 557652 650 1009 0T A8 B8 760

- Patimie 1522105 B51 680 7405770026 173 571 8
P-Mtvrveme 14627139 001 31 9124 3115 7113 131 6267356176
5L armme 1314119 4008 B3 W0 B8 416 816615 2
PCvEnEne 145 V155 LITRII6 23 7241000 9

Dlimonene | 150 3133 8/120:6/ 108 41 0030 030 627 9315008
rrwiver-E-Oipmmene | 141 5133 7/022 11006 27325 TIT VLG
¥-Terpinens 18064151 2B 016 34 531 AT S N3
Liralool 145 061 52 001 24 34108 7T 5020007 8025, 7/22.1 7.7
Catransllal 2 VT3S 128 V5] VAS MY RIS TS 4019 9

4 Terpimencd  |133.8/108 471 136 834 6308770023, 3/16.4

Raal 190 16333 12080122 132 627 VRS S 177
Gemanol 139 5151 4124 1123 S50 4/39.0506. 3725 WD A16.2
Cremanl 1914163 132 0127 4120 540 K75 W25 1T VT 6
Theymal 152 5136 8131 8126 2121 $116.006.3/22 770 9
Muthyl 169 V151 20134 FALEE £S5 400 RS E 50090
methylantramilate

netivities of the mixtares and the other ssenhial oils.

However, the shadies comcemning plants growing in Amaronia are
particularly inreresting since the Amazonian basin 15 one of the most
mpriant hidiversity botspats where the ecological conditions and
lnigh desaty and diversety of species per il ares drive the pland sec-
oy imetabohsim te bosvotheree patlyways wilich aze pansculaly
michy im shifferent chenlcal stmechores (Rypern Wsie et al. 2000
Riomsy et al., 20030, This aspect conbd explam the sligln differences
vefarence 10 those telonging to O lmon (CL) sanples.

The coufirmation of e gas dumnsiogiaplde realis by MLE ex-
peiiments sigpests Hus specoacomes reclisoie a5 suitable for the
identification, squality control, oF frond detection of essential oils
provading their good and fast discrimmation. Moreover. these kinids
of evadences reinforce the moke of moa-chromatographic approach as
potential taol fo discrinnate cnltivar and hybrids as
nlready sipgested elsewhere (Lors of al, 2000h; GUERRINT ef al ,
20 CUERRINE of al , 2001} All these chemical profiles obtaimed
throngh GO-MS and confimmed by BMR speciroscopy, evidence
That Amazoaian modiverssy does wol indiee sooag cheadiverssty
among Ui spp. petifzranss exameabed. 1 compared o when melated
hrerahne peports, even of onerestng diffesences jegardme nmog
compeands were fonnd,

The examuned esental mls evadeced et TN petgram revealed
the highest sboxided actoaty. of compared b0 pesults obtained
il conunescial T, vidlgarie essenteal ol faken as refersnce plydio-
comples. [Saccsmerm et al. 2005 C1 pediigram, with relative
atnmdance of ¢-terpinens {106 %) and thymed (55 %), showed nlso
imegresting data. The antoxidant capacity displayed by emential oil=
could be mainky dog 1o the presence amd the abandance of thymol, a=
experimental reanits evidenced However, with particnlar reference
oUW samge, the relevant abumdance of =terpinene {143 %) conld
be also snggested a5 responsible of this biclogical property (Cro
et.pl.. 20}, bogether with the presence of thymmed (4 (%) (RUBERTD
and BapatTa, 2000} as well as imethylN-meihylanshranilate
(131 %) (Eo-Gipoman ot &l , 2003
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Fig: 11 "5 spasinn of Ciis spp peifpisins

W wabnes of ©4 and ) saniples were instead lower amd comparn-
ble The amounts of thymel i CN (@0 %) and €' (5.9 %) petitgrams
coitld ke ane of the pessible reasons for the antibacterial activaby
{Bumr, 2004} C2 perfgran was (netesd parbcalarly scoive aganst
thie yenst O albdcans, with & MIC of 0,44+ 0.05 mg'ml probably due
to fle hegh abundmsce of nesal (33,1 %) and gesanal {347 %), pre-
vigtigly deseribed as ad-Candids epp. agents (38VA ot al.. 2008)
annd confionsed by our vesulis. Trying to relate sutascrobial activity
witl chegmcal data doyosod has been assayed as pure coaapoand, bl
i iensarkable results Were obdamed, However, if should be stressed
that higher antibacterial capacity of tiyise essenbisl oul than that of
frvmod conld be due to a sinergic intermction imvolving more chemsi-
cals, thymnd incloded, This seagestion plays cerinly a role in the
actriibies displayed by petitgrmins

The most interesting results conceming ansifumgnl activities {Tab, 4}
were exhibited by U1 petitgrain doe io the high alnmdanee of cimml,
s comfirmed by experimenial dats, The good schivities of C 1 and CH
petitprains condd be explained with the relative sbvndonce of thy-
i, bestedd bee s as pare compord and previonsly described as anti-
Skl agent in wne and W vive sgains dermaiomycoses | SoE0VIC
e &l . 2008). Fusally, the particular wifesesiug Woachviny of Bie es-
seigiial ol pnuxiies confinmed fee ausszeiaan ellioboiay wlbc
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olten does pot descrinsaate Cipwd species m g leaves for ireda-
tuvisal prepaations, engphasiFing synevgee expiesaon of daffenent ex-
bracte chienscal compounids o have better biokogecal performances,

Conclusinns

Thas frst vepart slout Aanazomian ©5ved spp. petifgrms evidenced
et cliennical chaiacterizaiion by GO aad GC-55 and rensarbed the
wse of WK as nsefal tool to chamcterize and discriminate chemo-
ivpe for identification. quality control and fraed desection of esen-
finl wils (LOTA et al,, 2000b; GUERRING ef al.. 2004 CAUERRIN 22 al.,
2011 However, no remarkahle difference emerged with other Cirws
spp. petitgrams from other geographical regrons, even if mieresmg
differences regarding mimor compomds were foumd, In particndar
Amazonian Ch petitgram. p-rerpinenslinalos] chemonype m the
basis of cheémvical composition defined by GCMS and NAER, and O
petiprain revealed both wterestng in vive atibacteral and radical
senyvengping schvites. Resull higlhglns that Iﬂtmﬁlﬂﬂmh

hioreover te antidenmatophsme properises of C1. CM and the mos
imiferesting C2 leaf esential oils sugpest thes possible application
i codpeceutbcals as antidermatoplymic addinves. ot only a5 angle
essenidial oil Yl also as metinres.
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Livaloeinga

Ethnopiermocoiogiool refevamoe: The deasction of the roots of Hemsdesmues mdious i widely used in the
Infian traditional medicine for the trestmend of blood diseases, dyspepsia. loss off teste, dyspresd. cough,
poizan. menoimhagia, fever, ardd diarrhea Poly-herbal preparations containing Hemidesmns are often
wsed by fradichons] medical praciitioners Tof the weatment of cancer, The aim of rhis snady was 1o
imeestigare the cytodifferentiative. cyrestatic and cyboreic potential of & decocrion of Hemdesous
InhonE's poacts 00,31-3 mgimil) on & hiaman promselocytic leukemia cell line [ HE -G,
Materiak gond merhmts: The decoction of Memidesmies indicus was characterized by HPLE o guannify its
main phytamarkers. Irdoction of apoprosis. cell-cycle analysis, levels of specific membrane differentia-
tion markers wene evaluated by fow oyomerry. The anslysis of oell differentiation by nicrohioe
tetrazaliim (BT educing activity, adherence fo the plasnic substrate, a-napthyl acetate esterase
actwity and morphelogical analysis was performed rhreoagh light microscopy (LM ) and transmission
eleCIron Wi rosonpy [ TER)

Besiolra: Starting from tThe concentration of 0031 mg'ml. Hemidesnius idicus induced cytofaxicity and
altered cell-Cycle progression, thioggh 3 tlock in the GOIGT phase The decocrion caussd o Fferentiation
of HL-6 cells a5 shown by NET peducing activity, adhenence to the plastic substrare, 2-naphiyl acetate
esterase activity, and incressing expression of (0P amd CR15 The morphological anaysis by LM ansl
TEM clearly showed the presence of granuiocytes and macrophages after Hersidesmus  mcicus

rEabmient.

Comcfiesinns: The cytedifferemtiating, oyiotoxic amd cytostatic activities of Hemidesmes indicus offers a
srientific basis Tor its use in traditional medicine. Its podent amtileukenic aotvity provides 2 pre-oimical
evidence for ils raditional oie in anticancer pharmacology. Further experments are worthwhils 1o
dedermine the in vive anticancer podential of this plamt decocbon and its components

& M3 Elsevier Irefand L. Al nghts reserved.

1. Imteodsction

(e of the main characteristics of leukemia is the blsck of cell
differentiation at an early stage and the inability of cells o
differentiate imto functional mature cells [Mowak et al. 2009,
The therapy based on the induction of differentiation has favor-
able outcemes for substances such as all-rans retinow acid, bt
the use of a single-raeger rreatment has a bomited efficacy and a
imzmnber of side effecrs. Given the complexny and heterogeneiny of
lewkemias and the crosstalk among @ mulioede of signaling
pathways, specific combination regimens have been preferen-
tially wsed in order to enhance the therapeotic efficacy of
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treatment. A inreresting and promising srategy (5 represented
by the multi-target approach, which allows the modolacion of
several argets simuitaneousdy and resubbs more effective than the
inhibition of a single target (Aggarwal et al, 2009], In a coratiee
sefting, superior response rates have been achieved from the
association of all-trans retinoic acid with arsenic trioside, Different
Ireatment srategees using these agents, usually in combination
with chemotherapy, have provided excellent therapeuns resulrs
{Ganz et al, 2009}, Moreover, the associamon wath prophyladoic
serd or other chemotherapeutc agenis has besn wmed o
decrease the incidence of the retmodc acid syndrome, a cardio-
respiratory distress syndrome that is the most significant toxicity
associabed with all-trans retingic acid therapy (Shen et al, 2004;
Tallman, 2002 )

In the vontext of multi-target stravegy. plant product s, based
g thelr intrinsic complesety, could represent an aileresting and
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promising approach. They are able o interact with numerous
malecular targets thus perturbing biological networks rather than
individual targets [Gertsch, 2011}

Hemidesmus indicus (L) RBr (Asclepimdacess) 15 a imadirional
Indian medicinal plant. It is a perennial slender lactiferons,
prosmare or semierect climber widely distribuemesd  throwghost
Inakia, from wpper Gangenc plaiss easr-wards 0o Assam, through-
il Central, Western and Sourbern India The raditbenal name is
Sarva, Ananta, Anantamala et i s commonky kiswn as “bedian
Sarsapariila®. The diug consisis of ool with a charactenisic
preasant smell of vanilla and acored taste. The decoction of the
roots of Hemidesmus indicus is widely wsed in the traditional
maedicine for the reatment of blond diseases, dyspepsia. loss of
taste, dyspniea, cough, poison, menorhagia, fever, and diarrhiea
{dyrureedic Pharmacopoeia Committes, 1989; Mary et al. 2003]
Paly-herbal preparacions containing Hemidesmus are offen wsed
by tradinional medical practivioners for the treatment of cancer
(Thabrew er al, 2005 Funhermore, different studies demon-
strated the anticancer potential of Hemidesmus ndicus, alone o
i combination with other planis [Cosia-Lotufo ef al, 2005,
Samavakoon et al, 20012; Zarel and Javarappa, 200121 but s use
in a specific anticancer strategy and its optodifferentiating effeces
remtain slusine,

The aim of this study was to evaluate some pharmacol ogical
activitics of Hemidesmrs fmdias, in order o give a scientific basis
1o its raditonal wes For this purpose. we tested the anticancer
activiy of ehe decoctbon of the plamt roots, wihich represents the
mast used form in the taditonal medicing, In pamicular, we
Imvestigated Ws  cymorexk, cypostane and  oytodifferenmacive
potential on HL-80, a human promyebooytic leukembs cell line
that can be stimulated to termimally differentiate moward grano-
locyees andior macrophages. A phytochemical stady was also
performed o obiain 3 chemical characterization of the Hemideamus
indicus degoction {HID,

2. Marvertals amd merhods
A1 Mani decoction prepo o

Hemidesmus indices {voucher #MAPL/20)178) was collecied
from Rarmn Bagh (Rajasthan, ndia}, and authenticared by Dr. MR
Uniyal. Maharishi Ayurveda Prodoct Lid. Moida. India, The
method described n the Aywreedic Pharmacopocia of India
{ Ayureedic Pharmacoporia Committes, 1989) was followed for
the preparation of HID, In particular, 10 g of grinded roots wene
mixed with 300ml of bodling water, atlowing the walume of
water o peach 75 mbl The yield of the decocoon was 155 HID
was then fleered, Ivophilized, and stored &t room femperaiure.
Immediarely before the use, the samples were ressspended in
water and cenorifeged ar 2000 rpm w0 discard any insoluble
material,

23 HPLC analysis of plont decoction

HID was subgected ro HPLD analysis o quantify s main
phytomarkers, namely  2-lpdroxgy-4-mechoxybenzaldehyds, 1-
hydroxy-<d-methogybenzaldebyde and 2-hydrowy-4-methegybenzoic
acid [Alarn and Gomes, 1998, 1998b; Das and Singh Bishit 20012
Sicar e al, 207) The referenoe compounds (all oblained from
Sigmia, St Lonsis, B0, LISA) were wsed as external standards tooset up
and caloulate appropriate calibration ourves. The analyses wene
performed using a jasco modular HPLC {Tokyo, apam, maodiel PL
B0 coupled 1o a dicde array apparatus (MO A0 Plus) limked toan
ingection valve with a 30 mi sampler loop. The column wsed was a
Traver Exirasil DD (256046 cm, &4, 5 mm) with & flow rae of

1ombjmin. The mobtle phase consisisd of solvent soluton B
{methanol} and A (water/formec acid =955] The gradient system
atlopted was characterized by fve steps: 1, isncratic, B30 for 15 min
2, B raiwed progressively from 203 o 406 at 200 min; 3, B then raesed
0 &% ar 50 min: 4 B achieved 30% at 55 min and 5 T00% ar §0 min
mpection wolume weas 4000 pl. Following chrmomatogram reconding,
peaks from HID sarmphes were idenmified by companng their U
spactra and retention time wath those from the pare standards. The
ety was alse confirrmed by 1H MM on the ennched fracoon of
the compounds obeained by soxhlet extraction in CHCLEDH 1:1.
Dedicated Borwen softweare (Borwin ver. 1,22, IMBES Developments.
Grenoble, France) was used to caloulate peak area by integration.

A3 Smndard selution and celibration procedune

Individual stock solutions of 2-hyd roxy-2-met kowybenzalde-
hyde,  A-hydroxy-4-methooybenzaldehyde  amd  2-hydroxgy-4-
methosxybenzow acld were prepared in owarer. S different
calibratbon levels were prepared within the Bllowing rangs:
2-20mgiml for 2-hydrogy-d4-merboxybenzaldehypde, 1.5-40.0
mgimL for 3-hpdeoay-d-met ey benzaldehyde, and  1-100
mgiml for 2-hydroay-4-methoxybenzo ackd Each cabibration
splution was imgected intp HPLC in triplicate. The calibration
graphs were provided by the regression analysis of prak area of
the amabries versos the related covcentrations. The analysis of
HIE {31 mg!ml} was performed under the same esperimental
conditions. The obtained calibration graphs allowed the determi-
natien of the concentration of the three components, Three
different batches of Hemidesis fndicus were tested.

24. Call cufrures

Human promyebecytic leukemia cells |HL-60) were obiakmed
from the Istitubs Zooprofilattico of Brescia (Haly) and grosen in
suspersion. Culbwres were propagated in BPME 1640 supplemen-
e with 203 heat-inactivated bovine serum, 1% penicillinfstrep-
tarmycin sabution ad 15 L-glutamine solwtion (all ohtaimeed from
Sigmal To mainmiain exponesiial growth the ooliures were
divided every third day by dilutbon to a concentration of
35 = 1 cellsiml. To redece spontanecus differentiation, cells
were mever allowed o exceed a density of 1.0 = 10F cellsimil,
Ta reduce spontanesus differentiation, cells were never allowed
o exceed a demsity of 1.0 = 107 cells/ml Cells were reared with
different concentrations of HID within the following range:
O-31mgml. The stock selution [31 mg!ml) was diluted to
110 and the concentration 1.1 mgiml was obtained. A serics of
rwvo-fpld dibuticn was used to obtain the keser concentrations

A5 Fow cytometry

Al fAow cymometric analyses were performed by using the
eagyCyre SHT flow oyicanerer {Millipore Guava Technofogies,
Hayward, £, LI5A]

28, Cyfomxioy rest end anelyss of apopiosis

Cyrodosicity test was performed by Guava ViaCount Keagent
{Millipare Guava Technologies |, containing propidiom iodide. The
inhibitary concentration cavsing 508 of cell towicity following one
cell-pycle exposure [300h) (e, 1y} was calculated by interpola-
tion from dose-response curves,

Analysis of apoptosis was performed after 30 and 72 h of
treatiment with different concentrations of HID. Eriefly, aliquots of
2w 10 cells were stained with 100 ul of Guava Nexin Reagent
{Millipore Guava Technologees), a pre-maed cockrall conraiming
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Annexin V-phyooenythrn {(Annein Y-PE) and 7-amimo-actinemycin
T (7-AALY, and, after 3 30 -min of incubation at msm bemperature in
the dare the samples were anabyzed by flow cytometry, Cytarabime
15 phd was used as positive coneml

A7, Cefl-gycle mralysis

Cell were treated with different concentratbons of HID for 24,
3 and 48 b and then fxed with ice-cold ethanel. Samples were
then staised with 200 pl of Guava Cell Cycle Beagen (containing
propudivm odide ) incebared at room termperatre e 30 min in
the dark, and analyzed via flow cytometry.

28 Anmiysis of cefl differentintion

To evaluate the optodifferentiative pobential of HID, HL-G0
were treated with different concentrations of HID for 72 h, Afer
incubarion, the cells were screened for the presence of markers or
merphobegic feaures of differentiated cells. The following assays
were performed 1o analyze the differentiation forward rhe gran-
ulocyre andiar the macrophage lineage: niteoblue 1errazeliem
(MET Freducing actieity, indicative of differennation along bol
menocytic and granulocytic lineage {Sub et al, 19953); adherence
ter thie plastic substrate for the macrephagic differentiation (Kim
et al, 2001 ); w-paphthy] acetate esterase activity, a non-specific
achl esberase activity that indicates differentiation forasrd mone-
cytic/macrophage lineage (Suh et al, 1995} and finally, the
detection of CD15 and CON4, two membrane proteins specific
for the menecytes granubocyTes oF moneECyTes Macrophages, respec-
thvely (Choi et al., 2002; Stocks et al, 1990),

2B NHT reducnion essay

This assay wias wsed to evaluate the abibity of HID o produce
superoxide when challenged with 12-0-tetradecanoylphorbol
1 3-awetate [TPA) The assay was performed according o Catino
and Miceli [ 19881 Approximately 1.0 = 107 cells were treated
with Hemidesmus indious and freshiy prepared TPAMAT solukion
{1 = phosphate bufler contaimng 02K NET and 200 ngimL TPA}
and incubared for 30 min at 37 ' The reacnen was stopped by
placing the sampbes on ice for 5 mn. Cells were then soneared o
glass sldes, Pogiove cells reduced NET yielding incraceflular
black—blue formazan deposits amd chis was determined by micro-
soope examination {10 = wbal magnifcation) of 500 cefls, The
resulis were expressed as pereentage of positive cells over total
cefls DIWSO 1% [wiv) was used as positive comimal,

LB Adberence te the plastic sishsirete

Dish-anchored cells were easily distinguished from the wndil-
ferentiated suspended cefls. Approximately 1.0 = 10F cells were
grown in normal cell growth conditions. After 72 b of weatment
with different concentrations of HIE, the mediom was removed
and the remaiming non-adherant cells were gently washed away
with 1= phosphate iffer. The number of adherent cefls was
counted on a light microscope. Resules were reported as mumber
of attached cells (Ahmed et al, 1991} TPA 50 nM was used as
persitive contral,

283 m-pophthyl aceiate exterase artivity

Azsay for m-naphthyl aoetate esterase was performed wsing the
cyiochemical kit from Sigma (91-A) (Fhow et al, 1989, Difer-
enpigted cells were assessed by microscopie examination of a
mrinimum of 200 cells {in duplcare | for each experimeant.

284 Eealugrion af COTS awd CO14

Aliquots of 1.0« 10° cells were collected to determine CDA5
and CD14 expression by flow cytomettic analysis. Cells were
washed dtwice in ice-cold 1« phosphate  buffer (Sigmal,
suspended in 200 pl of FITC-conjugated COA5 [ 3-fucosyl-M-acet-
yllactosaming | 3-FAL)| { Biolegend, San Diego, CA.USA] or in 20 pl
of FiC-conpegared CD14 [glycosyl phosphated bsosiol  (GPT)-
linked] (Biolegend), and incubated for 30 min in the dark ac
4°C After mcubation the cells weere washed pwiee with phos-
phate buffer, then resuspended in 200 pl of phosphate buffer and
analyzed, The mean flusrescence intensiny values were cabcukared.
From each sampie, 10,000 evenes were analyzed and non-specific
hinding was exchaded by the isotype negative contral antibody
[FITC Mowse fgll. k (FC), [Binkegend)],

285 TEM anaiysis

After T2 hoof treatment with HID, cells were washed and fixed
with 2.5% glutaraldelnede in 0.1 M phasphate buffer (pH 7.3,
poest-fined with 1% Os04 in the same buffer, aloohal dehydrated
and embedded in araldite (Burattini oo al,, 20000, To obrain better
direct  ultrastroctural  observations, semithin  sections  were
stained with 1% woduidine blee at G0 € and observed by LM Thin
secrions were collected on neckel grids, stammed worh wranyl
acetate and bead curate. and analyied wath a Philips W 10

alecion mcInscope.
A% Seatistical mralysis

Al resules are expressed as the mean + 5EM of at least three
different experiments, One way ANOVA fllowed by Dunseo or
Bonsberroni as post 1est was wsed e evaluare differences berwesn
rreatments.  GraphPad InStar version 5.0 (GraphPad Prism,
San Mego, CA, USA) was wsed For all scatistical analyses as well
as fpr By value calculation, = 005 was considered significant,

1. Resulis

A0 RID consaing 2-lydronp-4-merhoeybenzaldeigde, 3 fydroxy-
A-prethaggbenzpidehpde and - hydrogy-4-merhoxydenzoie acid

FID was foumnd to contain 2-lydrogy -4-methoay benealdelnyde,
A-hydrosy-d-methosybenzaidehyde and 2-hypdroxy-4-mearhoxy-
benzoic acid (Fig 11 NMR data on the decoction and on the
enriched fraction are shown in Supplemental Figs. 51 and 52, The
amoonts found in the decoction (31 mgiml] were; 00025 +
D0 mgiml for 2-hydmooy-S-methomybenza kiebyde, 00078 + 0003
mgiml  fr 3-hedmay-d-methoxyhenzaldehyde. D022 4 0005
mgiml for 2-hydroay-d-methogdbenanic ackl. The analyses wene
performed on the devoction obtaned from three different batches
and the difference among the batches in the phytomarker aonient
wis el sgnificant (dara nor shown )

3.2 HI induces celi death

HID ebacreased HL-60 wiabiliny and the 1C.;, value caloelated atter
30 b ool preearmend has been 152 mgimL (Fig. ZAL The inductien of
apopiosis was evaluared for concentrations sumilar or smmabler than
thee Bqy £0-1.55 mg/mlL }. The incidence of apopeotic cells after 30 h
was statistically significant starting from the concentravion of
A2 mgiml [ 116% vs 4.6% in the controll, The highest percentage
of apopbotic cells (220%) was ohserved at the highest conceniration
tested, which resuited higher than that mdeced by ortarabine,
Hinweawer, a significant fracthon of necratie cells was alsa recondad
starming from the concentratien (.93 mgiml (Fig. 2BL Flow gyuo-

meetnc histograms are slhowin in Supplemental Fig. 53
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To define the rate ar which HID perturtsed cell-cycle progres-
80 sion. ool cycle was evaluated at different time peints. The effect
of HID was time dependent. The early effect, observed at a
i concentration of $47-1.24 mg/ml, appeared as an increass in
the percentage of cefls in GOfGT and 5 phases starting from the
ai concentracion (62 mgiml, accompanied by a4 compensatory
decrease in the ceils i G2fM phase. The highest effect was
0 4 ' observed ar the highest dose tested. where the percentage of
cells i GOIGL phase reached 23% in 5 phase 31% and in GZ{M
o phase absist -53% (Fig. 3) Loanger exposure (30h) bed to an
4n 03 a8 a8 L3 LS BB 24 24 27 A ER increase of cells in the GOAG! and 5 phases. The «fect was
ancentration significant  starting from  the concentration of 0.9% mg/mi.
. {mg L) Hemidesmus [GHIGT: 28%: S 148 A decrease of cells in G2/M
B s phase starting from 063 mg/ mL was alss obsereed (from - 15% to
Em - 59%) [Fig. 3} Prolonged exposure (48 h) appeared as a marked
e imeraase i the proportion of cefls in GOJG1 phase staring From
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Fig 2 Cwintoaoay (A1 and fracting of viable, apoptetic and necmoic cells /81 afes
ITEALME N wWith Hemidesmus indeus & the indcated dases hor 300

047 mg/ml [abowt &%), that reached the highest level a1 1.24
gl fabour S0E ) & decrease in the percentage of cells in 5 and
G2{M phazes was also recorded (Fig. 3]

24, HID indures HL-60 differenifation

The malysis of cytodifferentiation has w0 be performed at
concenirations where cell wiabibity 15 higher than 80X |Kong et al.
1ol For the analysis of cytoedifferemation indeced by HID afer
72 I of wearment, HL-60 cells were treared with up 1o B2 mglml
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of HID, where we recorded a cefl viability of 825 Ar 093 mgimi, ozl
viabiliy was 485

MET reducnion, a marker for granubscyte monacyee differentia-
non, revealed thar HID induced a dose-dependent differentuarion
of HL-60 cells | Fig 4A) After treamment with HID 0062 mgiml. the
fracrion of MET-positive cells was 36.58% + 078 compared o
562% + 047 in the control. thus comparable to DMS0 [43.88% +
0B, used as positive controd (Fig. 4AL HID 062 mg/ml also
indeced an morease in the number of adherent cells by over 8-
Told [Fig. 4B) This sugpests that HID i able w stimuolace
differentuation into monocy tefmacrophage. The increased maimber
of a-maphthyl-acetate-esterase-positive cells confinmed the did-
ferantiation weward the maenecyiemac rophage, The highest elfect
was observed at the highest concentration of HED {23 50% + 084
e 500% + ©152 in the conmral) | Fig 400

To confirm the ability of HID to indwece differentiation, the
mppreszion of mewo specific momocyte/ganulocyte and monocyte]
macrophage markers, CO15 and CD4 respectively, was analysed,
Cells treabed  with G2 mg/ml. of HID showed a (D15 mean
Fusresoence of 2.32-fold higher than untreated cells (Fig 401 The
mean Theowescence of C014 was 2.45-fald higher comparsd 1o the
contrad at 062 mg/miL and 1.50-fold higher at 0.31 mg/ml (Fg. 4}

The cyrodifferentianve potential of HID was further devatled
by TEM analysis. Fg 5 shows cell differentianion towards gran-
ulocyte  andfor macrophage fineages  Myeloid ool gramabe
maturation, at ultrastrectoral level oocurs chroogh a progressive
comabensation of granule content from a loose, scarce electron-
dense substance, to a dense compact material n HID-treated
HLGO cebls, 02005 pm immature granukes, scatiered throwg baot
the cytoplasm and consistently absent in control cells, are clearly
recegrizable in A Oocasienal (01003 pm granubes, confaning a
uniform. elecron-dense material, can e also revealed and

correspond o 4 further differentiared granule form (A B} The
presence of larger emepry vacuoles (T, oypical a phagocytic process,
Seggests 3 progressive macrophage differentiaton, a5 alse oon-
firmed by the observation of large oell< with Sartened polymaiph
nuckeus, phagooyting mecrohic nes (O,

4. [Msrussion

The stimutation of differentiation is a recognized sliemative in
the treatment of cancer, by generating cells with limited or no
replicative capaciny abbe o enter in the apopionic patlbaays
{Movwak er al., 2009} It &= well known that the anly seccesshul
differentiation therapy in the cline soill remains reatment with
all-trans retinmic ackd and arsenic crioxide (M et al. 2012}
A merdecular bevell all-trans retineic acid and arsenic rioside are
abbe to synergistically modulate multiple downsiream pathways!
cascades. This combimation themapy, compared o the traditional
anthracycline-based regimen, resulis in lower towicity, improve-
ment of long-term oucome, higher sureival rates, with = 9%
panents disease-free after 5 years by the end of reatment {Alslain
ancl e The 2011, M e al. 2002} & mult-target approach thus
TEpresends an ameactive therapechc sirategy in the oncological
Fiedd.

Botanical drugs are mubb-component systems of  known
and possibly active compounds able w interact with different
pharmamdagically-rebevant fargets. In this mntext. the in witro antil-
eukemic effect obseresd in our stsdy for HID deserves attention, HID
is able to induce oyrodiffereniiating, cylostatic and cygtomic ofects,
Acoeaneingly o a recent study pedormed on a different beukemic cedl
line |Fimognan et al, 2011 ) wearment of HL-60 culneres with HID

caigsed apopioss and cell-cycle inhebition, whch may repeesent an
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avenl only parnly dependent on cyiodifferentation i our experi-
meental conditions. bn T, after 30 h of treatment with HID, we had
already recomied an increase in the apopiotic ool fraction and after
2 b of treatment we had already observed a Hock i ocell-cpcle
progmssion. The eady appearance of cell-cyde-imbibition and apop-
tosis compared with oyadiifferentiation cleady indicates that oyto-
tomicity and oytosiasis events are primary dimect effects doe o HID
and are mol due to activation of apapooses andior uabdbdition of cefl
preliferation a5 a consequence of cells dilferentiaon. Although
reported b vitrs, those effects are worthy of companng wath the

effects pecorded for all-wams retinoic acid on the same o=l line
Mo inchection of apoprosis was observed on HL-60 cells after 48 h of
treatment with all-trans retinoic acil, By 72 hoa modest fraction of
ik incubated with ali-trans retingic acid became apopiotic [Orake
ef al, A5 These mesults are consistent with the evidence that
apoptosis mdwoed by all-trans retinoic acid s A conseguence of ity
oytodiffeentative porential [Lawson and Berliner, 1999 and does
nol papresent an mdependent event.

The preatenent of HL-80 with HID abtered cell-cycle progression
though the inductan of & dose- and rame-dependent acoumul aton
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Fg. 3 TEM ol HL-B0 cells aber Hemidesius s meavment Farming | ®) and matuse [g] granukes indicare the granuiccyTic ditferentaen |ARL Cot il asnih il oles
¥} and phagacyinsis panterns (&) evideriane e macrophagic propemies (001 AR har=5 um; CO bar= L gm

ol cells in the GG phase evident after 24 b of treatment. This is a
critical point because cells need to exit from cell cycle before
differentiating and this decizion is commonly made in &1 phase
{Wang er al., 2006], By comparng owr results with thaose olrained
with all-trans retinoic acid and arsenic tnoxede on the sams oall
liee, we observe thar the antipmobiferarive effecrs of Hemidesoius
are much earbier than those of all-trans retinolc ackd amd arsenic
treede, evident atter 4 and days of incubarbon, respectively Jang
er al., SDE,

HE-60 cells hawe the poteniial b differentiate into macrophages
or in granubocybes Birmie, 19881 Our biological data support the
conchasion that HID significantly induoed HL-60 m differentiate
along the macrophage and granulocyte limeage, The subsequeent
morphobegicd analysis by TEM conficmeed  the oytodifferentation
abibicy of this adimioenal plant, The ability of HID @ edece
differentiation e granubocytes resulied n a less extent sompared
1o the data concerning the ddfersnuiation inducted by all-trans
meiinic acid, but in a greater exbent comparsd (o arsenic acid
(Jiang et al., 2608

Taken together, our results showed the capabifity of HiD
indwee a plethora of effects, all contrbuting to its antileakemic
effect This aspect appears important because the therapeutic
swccess of drugs used i the acure promyelacyric feukemia resuls
from the balance of sell renewal, apopiosis and differentaon.
Indeed, inchinical pracnice, rerinoks acid by iself snly racely welds
probonged remission, even g hn it indece masseve differentia-
tion. Othersase, in vive studies on arsenic tioxide reported an
initial indoction of apoptosis followed by stow blast differentia-
tion {Ablain and De The, 201 1),

Az m the pharmacalogical relevance of the concentranons of
HID weed in the present study, the active concentrations of HID
are well above 30 pg/mbl Suffress and Pezzuio | 1990) ndicared a
crude extract promising B fuether punficanen based onm 1y,
values bvwer rhhan 30 pgiml afrer an exposure e of 72 h

Howewer, we tested the decoction of Hemidesmus indicns becanse
it represents the traditional preparation The decoction is wsually
mire diloted than the extract { Marriott et al., 2006) For example,
the comtent of ethamol and water soluble principbes and rhe
content of total phenslic compound in differem preparations of
Apacta aroime leal are as follews: 2995 mg/ml in plnciere, 178
gl in fuid exract, 48.45 mg/ml in alcoholavere, 8.5 mg/ml in
decoction [Arias et al, 2004} The comcentrations of sohibbe
principles in the fluid extract of Aracis erene is abowt 27-fold
higher than those in the decoction, Moreover, it is worth 1o note
that the K value for HID after 72h of treatment is about
053 mgiml and that we sbsereed the most interesting activities
of HID in the concentration ramge 0.51-0.62 mg/mi, where we
recorded a significant inducthen of apoprosis, oytostanc and
oytoddi Ferentlaning effects with a moderace and no statsthcally
slgnificant mduction of necratic events, By using that range of
concentrations of HID and the rato between the content of
soluble principles in the extract and that of soluble principles in
the decoction reported for A aroma, the concentrations of HID
able to ecvoke a biokegical effect in owr experimental system are
similar or even bower than those indicaced by Soffress . and
Pezzuin (19807,

The increasing interest on botankcal dinsgs s suppored by the
FO peblcanon of industry guidelines for botanical doig products
{ B ) and by che approval of te first botanical prescapron drsg,
an exract of green tea leaves (Veregen™ ), for the perianal and
genital condyloma ( 2006). Botanical drugs are multi-component
systemns where all chemical constiteents are not well defined. For
this reason, they can pose a number of problems, among which
therapeutic comsi stency is the mast important. This aspect makes it
necessry b minimize the differenees between the batehes by
restriciing and controbling the cultbvars aind determining & veliable
fingerprint for the produect b our shedy, HID was subjeced 1o
an HPLC analysis o guantfy s main phytomarkers. namely
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2-hydroxy-<d-methoxybenzaldehyde. 3 -hydnooy -1-methoaybenzal-
debyde and 2-hydmosgy-4-methosybenzoic acid, which can be wsed
as fingerprint. We disd nob shserve any sgmificant diffenenoe bebaeen
the different batches used for the study,

5, Conclusions

Dhge to its multiple effects. Hemidesmes indicis represents a
promizing candidare in the therapy against promyelooytic beoke-
miia Based on ps abiliny o raggel simulianecwsly mulcipls
melecular mechanisms, 0 can represent a siracegy not only Bor
wndefferentiated tumor cells. Even though additinal studies are

required o pinpaint the signaling pathways mwobved moois
anticancer activity, our resules might substantiate the use of this
plant in the traditional medicine to treat cancer,
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The Amazenizn Craton fechlen sem bark essential oil was tested far s anbi-mutagenic peental by per.
forming the Ames test agaimst keterocychic amanes (HOAs) in continuing research an applicattee fsnc-
tisnial prafile of this phytoramples as food ingredient (Bossi ot al, 2001} Sedmonefle tpphirsirien
sirain TASE was wsed with and withow! mestaboelic activation (539 mic] The anti-matagenic properies
wa assaved with the following HCAs: 2-amino-3-methylimidazo-| 4 5-Tquindine (1Q), 2-amins-3,4-
dirnethylimidan- 4.5 foquinaline (MelQ)  2-amino- 38 -divethylimidazo- 4.5 fouinesaiing | MeiG
bhee imidaendes. 3-amimn-G-mesthyipyrida-] 1,20 2 dlimidazeke [Clu-P 1 and 2-amindipingde-]1,2-
o ¥, 2 djimidasale [Ghe-P-21 All HCAs with 59 indueced mstagenicity al 10" mel jplae, Withoae 59
b anid W showeed mutagenicity a1 10 maol/plae. MalQx and Glu-P-T a0 10" mol fptare, while Glu-
F-2 was inacrive. In presence of HACs { 107" mol jplarel © fecfiler pesential all was tested for mastagen-
PROECTG praperies [concentrarion range; 01-0.10 mgiplare] raking rhe Highest Uneffective Dose
{HLIEY) a5 threshodd reference. With 32 mix C fechlent essennal oil displayed a significant redusction of rev-
ertards & 0.06 wegjplare. from 21% m 345 The essentizl oll showed misagen-protective efficacy against
K3 and Mek] tesred a5 direct mutagens (10 7 moljplace), with 3 reveriants percentage redicnon of T2
ard A0, respectively. Moo anti-mutagen capaciny was noned for MelQx and Glu-P-1 {1077 mal/plae )
Since HACS are knowm as possible colon and Hver cancer inducers, © lechien essenmial ol was pesoed
far s cytodosicicy and anri-proliferatve capacity against Vo and Hepdl? cancer cell lines shawing
ICsn of 7495 £ 0,05 pgiml [Lova) and 52,28 + 003 piglml (Hepicd L isplaying 3 promising role of this

essential all a5 a funcrienal food ingredient with EeresTing MU3Een Preventing propermes,

i M3 Elewier Lod Al rights resemved

1. Introsdec D

Plants are constantly monmered in e search for pew teerapes-
tic agents b treat disorders and diseases based on ethaobotanical,
ethnapharmacological, chemasystematic and ecological informa-
tion. In spite of the literature which emphasizes bislogical
applications of phytoremplexes andior bigactive pure maotecules,
many natural derivatives remain largely untapped {Bezerra et al,
2008 L However, This research contributes to the chemical and bio-
logical knowledge of these plams which are ravely or never studied
bt wehich mmay potentially contnbute o improsing the efficacy and
safery of phamacesticals and heatth, prodects. Armong thess sred-
ie5, those concerning Amazonan planis are particelany interesting
since the Amazonian basin is ome of the most important biodiver-
sity hotspors, where the ecological conditions and high density
and diversity of species per unit area drive the plant secondary

* Uorresponding spthor, Ted: & P8 055D J91TM; Taxe <59 0652 JBSE1
F-meail pdvfrense s sogigmleat gianm saorhetbaPunsie L (G Saahebi)

Q0B I146{% - sor (oo mareer © 30173 Emeer ld All ngmes wesened
Byt il hos a1 0L 106 S chem. 201 301076

merabalism o bosynthetc pahways which are parmcularly nich
i dtifferent chemical striectures ( Hoplkins, 2000 |

in recent years the mesearch on plant extracts has been per-
fiormied through two main binaries. ie. chemical chamcterization
and biological activity, the latter diversified in a plerhora of bio-
capacitics. from those which are antibiotic to those which are
anti-canoerogenic, taking into account efficacy and safety aspects,
Particularly interesting as plant derivatives are the essential adls,
a5 radimonal kerbal produces are employed i many different
applecations § cosmenes, foads, pharmaceuticals, agriculure, o, |,
Asowith mamy ofher plant derived prodwcts, they are ivestigated
atsn for thewr capacity o prevent CAnoer onSer as anh-rmBlagenic
tools, One of the most mpoertant way threwgh which nzmans come
im comtact with carcinogens is diet. In facr, the human diet contains
a large number and varicty of mutagens and carcinogens, and
many of them lave an action mechanism irmmiving the generation
of mastly ouygen radicals, Heteroopclic amines [HACs ), produced
mmainly from household cooking of food rich in proteins. are known
as poastile human carcinogens as asserted by epidemiological and
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nsk assesseent smudies {Saito, Sakal, & Magase, 2006). The carcin-
aggenic risk indwced by these compounds is doe not only to the le-
vel of exposure depending on the diet. bast also to the fact that they
interfere with uptake and biotransfermations of dictary factors. In
fact, the ressarch intn the actiology of neoplasia has Tocused its
attention on the complex mixture of chemical entities characteris-
ing the diet which can inhibit or modslace che onset and develap-
ment of cancer, Moreover, somatic muations are recogmised nof
only as an initlating event in the development of sporadic cancers,
bt alse as key steps in the development of atherosclerosis and a
large number of chrosie diseases in humans such as diaberes and
meuriegenerative diseases [Bend, Mikoliv, Stanopeeic, Vulos-
Gatid, & Knedevid-Vulkievic, 2008: Ferguson. 20100 Even if the best
approach to decrease the incidence of cancer and relaced discases
i5 b awoid contact with carcinogens amd mutagens, sxposure (o
such compounds 5 however onavoidable in a large number of
cases (Saimm et al, 2006 There 5 abundant evidence that chemical
mistagens and carcinogens can b inhibited by a plerthora of nare-
rally ocowrring mimor constimuents of plant argin, incheding spices,
fruits and beverages, vegetables, etc. Therefore, chemical charac-
tepizanon of phytocompbexes, fracions and pure compounds and
inwestigation into their binactivities as ol (o prevent mutagene-
sis andfor carcinogenesis are of great and increasing interest
i Shishu, Singla, & Kaur, 200%), For exarnple, there are many papers
which report the mutagenic and antimutagenic potential of essen-
tial gils as phytocomples and of terpepes [mono-, sesqui- and
diterpenes |, either lselated pure compounds ABINS0 COMMINONE #0V -
ronmental muragens, of processed foods contalming them, by
mainly performing the dmes test employing Sedmonelia cephiimr-
wie siraing {Aydin, Bagaran, & Bagaran, 2005; Bakkali, Averbeck,
Averbeck, & kaomar, 2008: Berid et al. 2008; lpek et al. 2005;
Saito et al. MuG; Sghaier et al. 2000; Vakowit-Catit, Mikievic,
Beric-Bjedoy, Knedevic-Vukievic, & Simic. 2006}

The anti-mutagenic properties of the essenvial oals may be due
e different factors, eg., (i} the inkibition of mutagen penci@tion
inen the cedls, [0} activamon of call antkoxidant enzy mes, | i) mura-
zen meuiralisanan by direct scavenging activicy or inactivation of
radicals prodeced by mutagens, [w) mldbnoen of metabolic con-
version of pro-muragens Infe mutagens by microsomal enzyms
poolts, (v} activatn of enzymate detoxificanon of mutagens, ()
invalvement incerferenoe with DNA repait systems. (vii] general
and unspecificd hepatoprotective activity [Baklkali et al. 2008:
Edriz, 20071 Moreover. this kind of growing imterest in the use of
essential ofls needs however to assess their orbatoxic and gena-
toxbe potential, idemtify possible poxic/mulagenc  components,
and ey to display an almost complete profile of rsks and benefits
of employing rhese herbal derivabives as health peoomoters | Bakkali
er al,, 2008, and references therein

Among the genus Crotm, O cglsrarg was inwestgated lor ies
mrtagenicity and antimutagenicity, i particelar methanolic bark
extracts of i, giving impaortant evidence, using the micromeckeos
test, pven if no specific evidence was identified about the pstarive
chemicals responsible (Dos Santos et al,, M08, L repelionus was
instead studied for the possible antitumar robe of its essential oil
from faves using different mumor cell lines, identifying the role
of ascaridele and edoperoxides in exerting ant iproliferacive capac-
iy against in wiore cancer cells and suggesning an action mecha-
msrm simidar to riar of arbernisinim relaced compounds | Bererra
er al., 2008} Finally, C. flovens essennal afl from leaves was testad
for anticancer {i.e. antiproliferative | activity against buman lung
carcinoma and hurnan calon adenocarcinoma cell fines, sugeesting
the sesquiterpenes o-cadinol. f-elemene and o-humuslens as the
compounds most responsible for the oytodaxic properties of the
phytocomplex |{Sybvestre. Fichette, Longtin, Nagaw & Llegaukt,
2006} As a preliminary step of a research pathweay thar lald the
foundareen of tlee m-deprh investigation reported here, we recently

dermonstrated the non-mmetagenic acnvity of C lechien bark essen-
tial il [Ames best and & cermvisiae DT assayl The anti-mitagenic
propetiies of the terpene phyioogmples were also tested against
ethyl methane sulphonate (EMS) employing S cerevisioe D7 strain,
and against 2-nitroflogrene. sodium azide and 2-anvi noanthracens
fior TASH and TATDO Ames strains (Rosst et al, 2001}

Croron fechien Mill Arg. (sin Crofon droconcides MGOIL Arg ) a
simall-sized Amazonan rree belonging o the Euphorbleceas family,
is maknly known for traditional uses of its sap which was investi-
gated in depth from a chemical and boactiviy perspective. In
aur presious relared research, O lecilerl stem bark essennial oil
wirs studlied for s chemical compasition and binactivities, sug-
gesting its employnent as a fonctional food constiteent [ Rossi
et al. 2 1. and references therein). In continuing research on C
lechler eszential oil's applicative functional profile. the anti-muta-
genic potential was here reported by performing the Ames fost
against heterocy e amines, knowos to be mdrect mutatmn indec-
ers produced during cooking of protein-rich foods [Robbara-Bar-
nat, Kabache, Bialiand, & Fradin, 1996} In facl, the Anes gssay is
well esablished and it is an effectwe strategy 1o check phytocom-
plexes or pure compounds for their potential chemoprawentiee
role, It s also an obiguiteusly accepted mostagenicity and  anti-
mutagenicity test and a good predictive tool for carcinogens (83
of munagens foend in the Ames test are alsg carcinogens | [ Ames,
Durston, Yamasaki. & Lee, 1973; Edenharder, Worf-Wandelburg,
Diecleer, & Platt, 1999: Rossi et al, 2001), Cytotoxic and antipralif-
erative acndiny was then assayed against heman cobon carcinoma
{ Lovie) and human hepatocellisdar carcinoma |[HepG2 | cells, 1o eval-
wake possible further ancicancer evidence of this Amazonian plant
derivative,

2 Marerials and methods
2.1, Plont material mnd isrlation of essentinl ol

Three different stocks ol O lechler MOIL Arg. stem barks col-
lected In Sepremiser 2006 foom wild adulr rrees growing b the aui-
shirrs of rhe juyukamentsa village [Morona-Sanriago provinee,
Eowador) wem subjected to steam distillation and the essential
@il ohrained was then wreated to prevent degradations, as previ-
gusly reported (Rossi et al. 2011],

A2, Chemicel cherarterization of the essential ofl

The essential ol was chemically charactenised through gas
chromategraphy [GCL gas chromatography-mass speciramerry
(GC-MS) and the chemical structure of the man compoeunds was
confirmed by GO-MS and proven Meclear Magrens Resonance
("H NME: (Rossi et ail. 20111

2.2, Chemicils

Chromatographic grade solvents and pore compounds used for
ioassays were purchased from Sigma--Abdrich lealy (Milano, Taly}
except  for rhe heterocyclic amines [(HCAsL namely the
guinlines  2-aming-3-methylimidazo-|4.5-quinoling {103, 2-
armuing-3A-dimet iyl medazo-| 45-quineline  [Mel{)  2-amino-
1B -dimerbreetirmpdazo-{d 5-fbguinoxalive (Meljxl the imidazobes
2-amino-G-methyldipyrido-] 1 2-0: ¥ 2'-djimidazole (Glu-P-1] and
2-aminodipirydo-{ 1 2-a: 3 2 -diimidazole [Glu-P-2] supplied by
Torenta Research Chemicals b, (Toronts, Canada ). Dimethy] sulf-
axide {DM5S0. Sigma-Aldrich Raly) was used as sebwent for HOAs
and C, lecileri essential oil dilutions. All the microbial culture media
were from Omoid Malia §(Garbagnate, Ralyl Lyephilized posi-
mitechondrial supermatant 539 fracnon (Aroclor 1254-induced,
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Sprague-Dawbey male rar liver in 0,154 M KO sohstion | commonly
uwsed for the activation of prosmutagens to mutagenic metabolites,
was purchased from Modeoular Toxicology, Inc, (Boone, BE LISA)
and stored at — 80 °C, The components of 5% mix were: 8 mM MgCly,
325 mM ECL 5 mM GGP, 4 mM NADP, 0,1 m sodium phosphate
busfFer pH 7.4 and 58 at the concentration of 68 mg/ml of mix,

24 Ames best, Mutegen-proeciive activicy of O lechlen essennl of
againat HACk

240, Tester bincrerial stradn

To rvaluate the mutagen-protection capacity of O lachlen stem
barks essential ail in presence of the HACs previousty cited., the pes-
ter sirains 5. typhimerirn TADE amd TA D kindly suppdied by Prof,
k. Barale { Pisa Universiny. laly ) were wsed, For all assays. an imoc-
uhem of thawed permanent culioere was added o 200 ml of Mutrient
Broth and incebared a 37 °C inan orbital shaker 120 rpeo ) wnnd
reaching a microbial concentranan of approximately 2 « 1W0° bag-

teniaimi.

242 C lechien essentind ol cyionmaiey: Highest Uineffective Dose
(HLIT

To correctly set up the assay m oest the possible muEgen-
provection capacity of the essential oil, the Highest Uneffective
Dy (HUDY of the £ fechien essential oil was determined in order
todefine the rangs of essentizl il concentration avciding cptotoic
interferences. Folloang the isdicatons previossly reparted | Rosg
et al, 21}, the C lechlerl HUD was determuned for the wade con-
cepiration range from 0071 @ 1000 mg/plate, wicth and withour
metabolic activation (59 mux) with the ohject to avaid overlapping
of the cytotexic and antimutagenic resufts which would be there-
fore indistinguithable In other waords, HUD is of crocial impor-
tance o st up maEagen-profection experiments 1o confirm that
the dose-dependent disappearance of the mutant colonies = nob
a result of cell-killing (Maron & Ames. 1983 Rossi e al. 2011)
The essemtial oils were diluted in DMS0, mixed with 2ml of
malien top agar and plated with 0.1 ml of the dilured culmre.
Histidinefviorin agar plares were enriched with 10 pmoles of
w-hustiding and Q05 pmael of Blonn by incorporanng rhese nurr-
ants inio the soft agar everlay. Triphicate plates were powred for
each dose of sobetion. Megative contrels were set op with 100 plf
plate of DMSD with or without 59 mix. The colony-forming units
{CFLF) were assessed after the plates were incubated ot 37 90 for
48 b and compared with that of contrel where o test samples
weere aidded. HUD for O lechler essential oil was evaluared by visual
asrumarian [colames oounting] of rhree independent experiments
and integrared by s1avistical analyses

243 Mutegenlc gacriviny of heteracyclic amines | HUAz)

The muiagenic activity of the HOAs was determined on the basis
af the counted CFL i plates treated with 10, MeiQ, MelOx Ghe-P-1
and Glu-P-3 at copcentrations comprising bebseen 107" and
10 * moljplate (Edenharder et al. 1999) The results were then
compared o thase recordid i negative control plates ro check sig-
nificant evidence of direct and imditect induced mutagenicity by
HCAS Therafore, to réach the target, muragenic assays were per-
formeed in iriphcate with and withour metabolic activanon (59
I |

X244 Mutagen protection of C lechieri essential in presence of HCA=

The potential mutagen protection of C fechieri essenrial oif with
TAGE tester strain systerm was determined for 3 concentration
range from 001 to @10 mgiplate in presence of HCAs Negative
controfs were set up with 100 phplave of DME0 with o withour
59 muix. HOAS were all wsed ar 10" mol plave o check the protec-
tive capacity of the essential ol In presence of a clear indirect

rmctagenciny mediared by the presence of 58 mix. Given the & ffer-
ent comcentration at which the different HOCAs indoced direct
mutagenicity {without 5% mix], the profective activity of the essen-
tial oil was checked in presence of I and MelQ a8 107 mal/plate.
while fpr MelQu, Glu-P-1 and Glu-P-2 the concentration tested was
10 ¥ mal/plate. The inhibition rate for mutagenic induction was
compured considenng the data obtained from rhree independent
experimeants, with and withoutr mecabolc acbvarion, according
o the formula: inbibition rate [X)=1{4 - B} « 1004 = standard
deviarion, where 4 are revertants in posiive comirol, and 8 are
rewertants i the essennal ol samples, having subiracied rhe spon-
taneous revertants, [ata were expressed alsn as CFLU plate + stan-
danl deviation.

A5, NA methyliransferese inldbition

. dechderi essential ol (10 # o 10" mg/ml concentration range)
wead analysed for the DNA methyliransferase 1 acrivity by the Epdp-
urk™ Db& mechy liransferase assay kit and istactions proveded
by the manfacturer [Epiuik DA Methyliransferase T Activity]
Inhibitor Screening Assay Kit Epigentek Group Inc, New York
MY LAY This kit yiclds accurate measorements of methylorbosine
contenl as a percentage of tlal cytosine content. Briefly. in an as-
say with this kit, the wnigue oetosine-rich DNA substrate is stably
coabed on the strip wells, These wells are specifically treated to
have a high DNA absorption abaliy. The Doemcl enzyme iransfers
a meEthoy] group to oytosine foom S-adenosy|-c-mer ionins i meth-
ylate DMA subsirate. The methyiated DMA can be recogised with
anii-5-methylogiosine annbody. The ratioe or amowant o methyl-
ated DWA, which 5 proportonal 1@ engyme acHvity, can then be
colerimietrically quantified through ar enzyme-linked immunoser-
bent assay-like reaction using S-methyloymsine  antibody. The
amount of methylated DNA is proportional to the OD intensity
and the degree of DNA methytation can be caloslated wsing the fol-
besaing formasla;

“iMethylation - 0D sample  blank |, 300 positive control — Slank || © 100

wihere OO represents the optical density, blank is bosffer wirhour
DMA positive control i met hylaied conral DA

25 MTT [3-{4.5-dimethyithiozod-2-y - 2.5 diphenylivirazolinm
bromide | avsoy

Two cancer cell lines, muman oolon ¢arcisoma Love | ECACT Mg, :
BP0} and human hepatocellular carcimoma Hepl2 (ATOC
Mo, CHL-11997 ) were used The Lovo and Hepl2 cells were cul-
mred i BPRME 164D and D-MEM meediem. respect vely, ot sup-
plemented with HE foetal bovine serum, 1% c-glotamine and 1%
penicil lingstreptomycin,

The 34 5-dimethylthiaral-2-y1)-2,5 diphenyltetrazoliom bro-
mide assay [MTT, Sigma, Haly) was used to determine the ability
of metabodically active cetls to reduce the yeliow termzolivm salt
(MITT] forming inspluble purple formazan crystals. The assay for
each sample concentracion was perfermed i criplicates and the
culture plates were kepl a1 37 0 with 5% (w)v) OO0 for one day.
Alver incubation, 100 pl of mediem was rermoved from sach well.
Subsequeently. 100 [l of D.5% w)v MTT, dissaolved in phosphare buf-
fered saline. was added to sach well and alloweed to incubate for a
further 4 b After 4 b of incubation, 100 pl of DMS0 was added to
each well to dissolve the formazan coystals, Absorbance values at
S nm were measured with a microplate reader [GDY DY S50
BV, Boma, [taly} and expressed as Ks., which 5 the concenteation
o reduce the absorbance of reared cells by 50% conswbered as
cytatodicky with reference 1o the control (unmreatad cells i
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Calls cownts and viabiling were pecfommed wsing a standard ory-
pan blue cell counting bechnique. The cell concentration was ad-
justed to 2« 10 cellsiml 100 pl of the above concentration were
cultured in SG-well plates fior one day o become nearty confluent,
Concentrations ranging from 0005 o 1 mg/ml of the samples were
prepared from the stock solutions by serial dilution in cellular spe-
cific medium to give a velume of 100 pl i each well of a microliter
plate (Sh-well ), Then cebls were culiured with vehicle, essential ofl
for 24 h

2.7, Statistical enalysis

Relative standard deviations and statistical significance (Stu-
dent's ©oegs P 05 were given wher appropriate for all data
corllecred. Dne-wiay AMOVA and LS50 post hoo Fisbecs honsest signif-
icant difference test were wed for companng the bisactive effects
of different . leclen essential oil samples. Student's ¢ test P ¢ 0.05)
combined with the Highest Linefective Dose [HUD comparison
was wsed to interpret the results of @ significant decrease in the
msmber of Salmenelie revertants, When the modulator dose con-
centration is statistical by efective and it ranges bebew or coincides
with the HUD, the samples were considered to present sign of the
effect { antimuragenkoity ). All computanons were made using e
statistical software STATISTICA 6.0 (Satsoft Talia sel),

1. Results and discussion

O lechieni essential oll was preliminanly investgated for irs
chermical composition and bioactivities, for its possible employ a5
functional food ingredient [Resst et al.. 20011}, In partioular, the
essennial wil was charactensed as sesquierpene  Clemolype,

sesquicinesle { 17 18E ) a-calacorene (11.22%), 1,10-di-epi-cubenal
(4,72, pcalacorene (4.31%) and epivedmd (4074 being the most
abundant compounds accounting for 76.93% of the total (95 84%),
The 18.89% of the remaining characterised part is composed of
meamHerpenes, in particular Bmonens (2175, borneol [ 266%L p-
cymene [2.59%) and x-pinene (200 (Fig. 1) Starfing from the
oactivity evidences reported for the non-minagencity and for
the mutagen-prolecive capacity [Ressi e al 20011, © fecien
esgential ol was subpected to the Highest Uneffective Dose
{HUDY) evabsarion in order mo derermine the magimum concenira-
tun ol the terpenic phytocomplex which dees nol induce cyloiog-
icity (Tabbe 1)

Therefore. the HLUD fier toxic effect. with and without metabaolic
activarion through 5% mix, for TASE and TA 1D strains was seitfed
at ol and 0.07 mgiplate respectively (significance P < .05 accord-
ing ta 1 best: Fig. 1) This kind of resutt points out the higher sensi-
tiviry of TATD0 than TASE m respect 1o tee toxciny of essential als,
This ewidence couid be due oo the higher permeabiliny of TALDD
bacrertal cell wall than TASE wwards mone- and sesquiteTpenes
{ ipel er al., 2006; Vukowd-Galic et al_ 2006),

Given the lact thar C fechiler exsential ol did not exhibit rmuta-
fen protective activity for TATD0 against the direct mutagen so-
dium azide and indirect mutagen 2-aminnanthracene at lower
conceniration than HUD (0 mg/plate) [Rossi et al. 20011}, and
in light of a similar approach reported by related papers [Arimod-
a-Kobayashi & Hayatso, 2003, the 5 tvphimuriiem TASS strain with
and wirhout mecabolie activanion {53 rix] was adeped for the fol-
Iowing assays with heterecyclic amines (HACS) [Tables 2 and ),
Moreower, the specific mutagen activity of HACS 15 much higher
in TASH sirain than in TATOD, indicaning that heterocyclic amines
induce frame shift mutations { Frederiksen, 20061,

Spsquepones - TG 03%

e Rlelt T o
epicadrol
Mol - TR 80% fraznrene
i
a . %, 10-dmpi-cubanal
v rerane .
[~oarvoptyiene
1 jrre i o-hmaboid
Jl A
i L J l.h . i
& 4 L] ] - £ [ 3

Fig 1 Gas chromarmurghic specum of Crotm leoken stem hak essenmal il Sesguaenpenss wene the most abundant compounds besrg the TE03E of The tobal wiie

e acenunie] dor 1589
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Table 1

g Uil Do | HL tested with g waifoss metabobe g bawhion (539 mue L HUD sepreenis B maesmgm comcentrstion of St feckden meenbal ol (0 0 oo
) diluted wehich does nod indooe oo eedences m S pphomeenen TS aul TAVE sicging culbares, The HUD data are emenbal o mierpres the seoalis of sgmifices)
deirease wn e number of Sabmenela seeeranie. Sepatiee conbmls (O L eo = 0000 mgipleie heee bees sed up with 100 plijdade of (A% The semits e sagessed ol e
wpraival pereentage = staindard dedstion (.} and Coseryg Formessg Units (CPU ) plage & stemdand devalon

C | e, imgiplane] CRplate Survivals R plate: Sundvall CFUplane Sarvival® CEUfpiane Sursiva by
THUE wathoui 35 o TASE wath 58 ma TA I wathout 98 mix TAIKD wath 24 maw

1LIHH] 16R2 2 67 TO0HE = 0 5303 261 PORHE 2 1 85 413 ¢ 44 RRLRE LT ] I5EY a6 1ML & 1 05
g 1706 = 51 10 5a e 100 ST = N0 ongEe 1R M 253 ARG+ 152 T a2 TG 2 1 HE
nn2s 16E5 =47 00T e 2Ty FAH) & 52 101.76 £ 155 AR AR T2 | &T iR1d +3% 5057 ¢ 1.8
A0S0 TR =41 SRR 1A F3RT 2 57 G173 1516 2" LERUERE LY G & MR F515 ¢ 1,86
aTs 1652 30 aTi52 23 LEILER T NG # A5 TG & Wizeaad 688 + 23" AR £ 25
[SNEUIE 1568 & 33 @22 108 HREO = Sa EET 2188 120 & 18 ARy 457 £ 16 VR G’
Q250 B3d# 15 48582179 12564 28" WA= 15 ng+ 1 748137 127+ 52 3.54 098
050 =1 1R4 0T 634424 W18+ 0Ty T+¥F 021 & hoE 16 +3° 045 #0.0E
1.0001 = UMl i 94:7 412033 = QLN+ T 2 L & 01.00°
SaMH - | 0 E QUMY & DO i QLM = [0 A QLMY & 0 i L0 +10,00°

[~ ni Colonvy Farming, Wnees (CFLU) has been detemed becase of the opnmcing expressed by the © dokien essentia oil.
* Clechien essential ofl has Been tested wntl] the concencraten of 1000 maiplate giving afways Cptotnecity evidences

T Sggnificant evalences (oyIoenEcry in lght of Soadeni’s - west resulrs.

Table 2

Amies tedt [ Simondin ppRinEALn, SEin TARS] [0 sy Mulagen Sedeion {revertss his-idate) with swiabolc aceation (59 ma ] of the Heteooclic amines (BI04 1-
amino-3-mattihimidaza- [ 45-fquinaline (101 2-aming-3, 4-demeshylemdarc| 4.5 fgaactine (MeIQL 2 amanc-3 8 demeshyimidare |45 figsaexaine Mok e imacamles

T-aiinn-6-methyadoyrido-[1,.2-0:3 7 -d|imidazoe (Gla-P-1) a0 - aminodpinge | 1,20 F 2d pmidasss (GI-P-2) weaed a 30 o 10 moljplane

ERNEEFATALCN TATGT

MRS hyvew been diluted m D8RG negative conizols Az = G muliplate] hpse been set op aith 100 pliplate of AT, The meoits e axpressed s Colery Fommming Uty (C00
plate & standan) deaation (2. A8 the ol sesged sgemeficant sooosding e e coenpsstion [Saros B Ames, 10831 sacem foe shies achieoed for segateer condross

A |l fpa i TAUR wilh %3 mix
g L[] el Glu-P-1 Glu-P-3
CPpate + i, L fpiate + 50, CFLpaie & uil, CFLfplate = 5.4, P plate 5
a M+ 4 LT - 54+ 4 58 44
[ 1050+ 58 2162 +39 56131 480 .+ 35 268 + 1B
. MG+ 130 FETT ¢ A 1434 £ 7T 12541 1522 4150
1 FTECERL TR VT TATE B A 1 A0 £ 105
0w W17 VI ¢ 6T 430 2 W0 AT £ 15 IR +
B 20 10 T T TN+ 5D TS+ T 25+ 116
o TEET + 10T TR B 56T+ 4T FRET + 10 RN Vi
Tahle %

Ame st | Saimosely Spivmuneen, stain TASE ) i asssy matagen madaction | revestanis besesplate | withont messsolic stivtion |59 mee ) of the Hetemepdic dnnes (HCAz) 3

armuno-1 -matyghmadseo- [ A5 Tgumshine (L 2-aminn- 3,

ne (Mef L 2-amme- 36 Wi | e imsdaznles

A-dmmehyrraze-C A5 Fguemedi e hyvrmda e |40 g pare
2-zaning-f-meshyldspyrido (1 2.0:% T od|imidazole (Ghe-P- 1} and 2-aminodipingdnd1,.3-003 2" dlimadamle [ P-2) mested a0 00 1o 10" modjplabe eonceraraas meogr
HUAs have boen diluned o DMED; negative mnmmals | HCAS = O maliplate] have Doen se7 up with 100 pliplate of DMSD, The meseas aoe exgreseed s Coley Forming Wi {ORE

plate + standasd disiazion.
HCAs [ maliplase] TASR withoan 58 ma
i L Lo ] M Glup- Glupa
CPUplabe + . CFUjplabe £ ad. CFUfplate +5.d. CFUfplate = sl CFUjplate + 5.4
) 21 d A2+ 4 Biz it Bl
m= 45+ E 45+ 6 ook iR Nt
| fad S5t 6 L1 ] 3 rE IT+5S
| 0 14 413+ 397 I+ 5 Exd =T
| i 1907 + 457 1357 + 38" i h 4 td FEE L
m* 140+ 52 i +IT H+h 40+ F £ f 1]
] B 1334+ B eyt LLEE - St 97 a3

© Sgnihcany watues acoenling 10 Ames comphiation [Maion & Ames, 1983 ],

The mutagen protective capacity of C fechien essential ol
agaimst direct and indirect mutagens [nitrofuorene and 2-amino-
anthracene) on TAGE [Rossi o al, 2001) led us to investigate the
same capaciry employing heterocyclic amines [HCAs), Heterocychc
amiees, produced during the conking process of proteins rich
foods, Le. mear (beel, pork, lamb, and chicken), residues afrer
coking meat, beef flavors, fish. are potent carcinogenic mutagens
when merabalicatly acoivated (Arimoro-Kobayashi & Hayaisu,
N3 Aydin et al. 2005; Robbana-Barnat et al, 1996). Although
the guantification of HACS in a typical Westem diet proves to be

difficuli. the exposwre level o these chemical compounds can be
considered similar, to a good approzimation, o that of nitrosa-
mvires and benzofafpyrens (Robbana-Barnat ef al, 1996}, However,
sinee the real risk o humans (s soll a marter of debata, WHO and
Matianal Health Organizatons suggest muiminng the expnsure.
The HAC: formapoen during cosking al emperangres above
200 °C is mainly due both 1o pyrolysis of amine acikds and te differ-
enil rearmion sequences kaving amino acids, carbohpdrates and cre-
atinine as substrates, The multi-target carcinogen activity of HACs
was demonistrated in diferent laboratory animal madels, and the
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Ag 2. Chemiral stacture of the wested Heverooydic amines [HOAs) 1 amino-3-methyl ansdaze- 14,5 Hosnatine (1 2-aminn. 3.4-dimetsyl medazs 4,5 Nansine (Mei]
2 -aming- 35 -dimettyEmidao- 145 fquinoxane (Meiln ], the mmodazoies 2-aming-5-methyldipyrate | 120032 o jimidaxcle (Glu-F-1} and 2-aminodipangda {1 203 -

dmnidazode (Gl P2

HALs synergic capacity was related moinducing anving-2-carboniles
adeicts formation: in DNA of cefls belonging to stomach, liver, oolon,
kidneys, prostate and skin fsmees (Aydin et al, 2006, amd referenoes
therein}, The HACs considered wene the guinadines 2-aming- 3-methy-
lirnidazo-4 5 quinoling () 2-armino-34-dimethylimidazo-|4,5-
fquinolive (Mel(L Z-ammo-3E-dimethydimidazo-{4,5-]quinosaline
(Meljx) the imidazobes -amino-S-methyldipyude] 1.2-2:3 2 -
dlimidazale [Glu-P-1) and Z-aminodipicydoe-| 1.2-a23 2 -djimidasola
(Ghu-P-2} (Fig 21 Bwen if heterocyclic amines are generally repuied
to be indicect mutagens, they were wsed toindece muEgeniciny
an TAQE strain with and without 59 mix (Tablies @ and 3) All HOAs
in presence of 59 mix induced motagenicity alveady at 107" mol/
plate, with signi Boant revertants vabees according to Ames compu-
tarion (Maron & Ames, 1983 confirrmng related Lieranare data
iTable 2; Edenharder e al, 1999 interesting endence emergad
by the same assay withaur metabolic actieatien, with a direct sig-
mificant mutagenicity of I and Mel) at 10" mol/plare | Table 3}, in
e same conditions, MelQx and Glu-P-1 gave reverants at
1 * mol/plate while Glu-P-2 resubted inactive as direct mutagen
(Table 3}, Given the fact that the concentration of 107" mol/plate
i consistent with the amaunt of HACs in coaleerd Food (Frederiksen,
206, vhe pesults have important implications on the debate abot
the relationship betwresn hetemcyclic amines motagenesisican-
cappgenesis risk and the dist. Besels on HUD and 1o HAC s musage-
miciey, with and withour metabalic activation, drove the mstagen-
profective acewity of O lechlen essennal ol [0,03-001 mg/plae
condenirarion range ) against all the HACs merabodicatly activarad
with 53 mix ested ar 107 maliplate (Table 41 C fechier essential
ail induced a significant decrease in revertants colonies at (s mg/
plate with all HACs: In fact. the reduction was almast of 22% for 10,
298 for MelQ), 31% for MelQwx 20 far Ghe-P-1 and of 23% for Gl-P-
2 AL the highest concentration tested of essential il (001 mg!
plate], the highest mutagenic protection was expressed with a ree-
ertants reduction of about B9 for Clu-P-2, follewed by Mel(x
(S, 10 (42 19%), Glu-P-1 (39%) and MelQ) { 3061

In lght of their direct mutegenic activity [Table 11 1) and Mel
was tested ar 1077 mol/plate e check the possible: genotoxic pro-
tective activity of C. lechleri essential oil (Tabbe 51 As for the mit-
abolic activated conditions. a significant protective activity of
essential oil was expressed at 005 mglplate withour 55, with a
reduction ol revertants celonies peroentage of almost 3% and
406, For 1) and Mel) respectively, At 0010 mg/plate, C lecheri essen-
nal oil induced a revertants reduction of 45K for 1Q and of 41% for
Meil) in treaved 5, pyplimunium TASE strains, On the contrary, TA9E
sbraing treated with MelQx and Clu-P-1 ar 10 molfplate did not
exhibr a reducon of revertants colonees in the pressnce of O lech-
kert essential ol Glu-P-2 was mot assayed becanse o did not induce
mutagenicity without metabolic activation { Table &),

The fact that 1) and Me displayed a moderate direct-acting
mutagenic activity still inhibited by O lechert essential nil, leads
us o suggest that the essential oil may be involved both early
and late in mutagenesis, e, by inhibiting metabalic activation
via P50, and by edher reachimg with an witimate mutagen or

blocking s access m DNA. As a matter of Fact, the animutagenic
action withowt 59 mix canngt be regarded as an effective proof
to discharge the hypothesis of a promutagen metabolic activation
inhibition. Indesd, the antinwiagenic effects of flavonaeids, chal-
cones and structurally related compounds on the activity of 10
weere proved only wien cybosol acovation s iwalved without ex-
agen 59 faction addinen | Haich, Lightsione, & Colvin, 2000} This
cield be che resulr of inhibiton of eicher M-0H-K) formatan by a
nn-450 rovte or a different pathway of 10 activation, MelCe, as a
casein point. is activabed through metabolic pathway under the a<-
tion of N-acetyliransferase forming M2-( peanine-8-yi-fefCx) ad-
duct with C8 position of guanine [Ochiai et al, 1993). To confirm
the hypothesis of 8 HCAs epdogen activation by 5 tephimurinm
TASE, an aceryiiranslerase enzyme was partially purified from this
strain and characterised as O-acerylranslerase (Sadta, Shinohara,

‘Kamataki, % Kabo, 1985)

The chemecal composition of C. lechien stem bark essential ol
(Fg 1 Rossioer al, 200 1) can help to seggest which compounds
are tesponsible for the mutagenic propection. However. the bisac-
tivity of an essential oil, a5 well a5 of other kind of phytocomplexes,
i hardly dwe to a singhe active compound. bt it is rather asoribed
to a synergic activity of different kinds of chemicats that may not
be necessarily the most abundant [Bakkali et al, 2008; Edns,
WY, Voon, Bhat, & Rusul, 20012 Terpenes and thelr denvatives
were fpund 1o be porentially wseful i the prevention and therapy
of several diseases, including cancer. For example, d-Hmonemse
{4208 in O lechler! essential il ) and linalosl (982K in O fecfifen
esgential oil) are claimed o mhilaic, I a dose-dependent manner,
the dewelopment of mammary. liver, skin, lung. colon, fore-stom-
ach, prostate, cervical and pancreatic carcinemas (Chemg, Shieh,
Chiang. Chang, & Chiang, 2671 p-Caryophyllens; a sesquiterpene
with interesting protective capacily sgainst exidative stress (Bossi
et al., 2011: Fheng, Kenney, & Lam. 1992 ) was suggested as a prom-
1sing porential anncarcinogenic agent. The ant mutagenic effecs of
limaloel and f-caryophyliene were also evaleared by rhe bacterial
TEVETSE TETATion assay on 5 Dypliimuriam TASE and TA 100 | [ Soi-
1o, Evandri, & Mazzant, 2008 ). Linalosl s devoed of annomul agetsic
activity against Z-nitrofloorene. sodinm azide. methy] methane
sulfonate and 2-aminoanthracene, In contrast. [Soarpophytlens
showed a strong antimutagenic activity against 2-nmitrofhiorens,
T our knawerledge. related fiterature does nor report any data about
irthibition of i, Melc), MelCk, Ghe-P-1 and Ghe-P-2 mutagenicity in
the bacterial reverse mulation assay on 5 ryphimunum by verp-
anes. Even so, 1015 possible 1o make suggestions about the correla-
tions between the chemical composition of C. lacdlen bark essential
ail aned orher sucterally related compounds already srudied for
ancimutagenic effecr agamst HOAS. InteTesiing Suggesnons Came
from a gquantitative sireciure-activity relationship (C5AR ) data-
base, developed by the combination of inhibitory process resules
af flavonoids against HCAs mutagenesis with strucheral evidences,
aty imitiy quantum chemical. hydropathic, and antioxidant factors
(Hatch et al, 20007 Limited quantitative outcomes emerged from
this research strategy supporting rhe evidence that the inhibirion
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ol keterocyclic amime mutagenesis by flavonoids involves the
interference with the cytochrome P450 pathway. caused by non-
covalent, or eventually covalent, bindings, The widely discussed
antinxidant and radical scavenging properties of lavonnids appear
0 b wnrelated to the inhibition of mutagenesis. In fact. the major
variables controfling the inhibitory efficacy of the favonaids in the
5. [yphiruiium assay are near-planarcity, hydrophobwicy and dipoele
MLt

Relevance of planarity was confirmed mnochalegmes and strucrwr-
ally relared compounds acting as hetemoyche amine muiageness
imfibitors {Eden harder ef al. 1999 If planarity &5 considerad as a
structural feature useful as anti mutagenic activity identifier, ses-
quivinesle. the most abundant chemical inC lechieri bark essential
oil (17.29%), would be characterised as an effective HCAs mutage-
nicity inhibitor, On the contrary, m-calacorense (11 29% in C lechien
essential oil} coubd be structuratly related with the mbkibitory po-
rency of the favonowds and clhalcopes,

Hypathesising thar O lechien essenvhial ofl protecove activiny
waizld be Livvobved i DNA methylation processes, mathyltransferase
1 inhifsinon of essential oi (107 2 10" mgiml concentration range)
wias pesbed three fumies by the EpiCiuik™ DA methy Bransferase asay
kit Mo significant diferences bebween control and meated samples
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werre found {ddata nor shown), pointing out that the essential oil is
neptirwndwed in any significant inhibitory effect of DMA methylation,
Given the fact that the Ames assay is an ubbqeitoushy accepred
mirtagenicity and anti-mutagenicity test and a good predictive tool
for carcinogens { 83% of mutagens found in the Ames test gre alm
carcinogens ) (Ames e al, 1973; Bdenharder er al_ 199%; Rossi
er al, 200111 the stem hark C lechler essential odl was evaluabed
for is in vitra CyToBoE Properties on Two heman cancer cebl limes:
colon carcimoma Lo and hepatoce helar carcioma Hepll. Botl
human cell lines were capable of forming a NOMOEEReOUs MR-
layer on plastic substratum of the ultere wells, st for the 3-
(4 S-dimethylthiazol-2-yl)-2.5-diphenyltetrazoliom birormighe
(MTT] assay. The cytoboxic effect of essential gil on the growth of
human mmer cell Hnes. expressed as 10so (Table 7L point out the
heman colon carcingma Lovie as the most responsive cell Hne
{15 = 7495 pgiml} wirh interesting values consistent with those
highligheed in other related studies abowt the anttomor acnivicg
of Croron spp. essential gils |Bezerra et al,, 2009; Sylwesire et al,
2006 | This essennial ol s eyroreaecity can be related 1o the koacriv-
ity of different terpene-rich extracts from other Croten species (Dao
et al, 200 Phan, Phan, Hamada, & Otsuka. 2005], In Tight of this
evidenoe it could be speculated that the cytotoxic activity of the
C. lechien sbem bark essential oil would be mainly determined by
the mast abundant sesquiterpene fractions. In particular, consider-
ing the antioxdant capacity repomed in a prévioes refated paper
(Rosst et al, 2001 as diseriminant pool in suggestimg the most
responsible compounds, the sesquiterpene - and f-calacorens,
Secadinene, cadalens caryophyllens oside. 1,10-di-epkcubens
and epicedrol would probably be the most iwvolbved compounds
in exerting cytntmxicity of the £ fechied stem bark essential oil.

A, Do lusiom

C. fechieri stem bark essential showed inceresting  anti-
mrtagenic properties at concentrations consistent with its safe
use g additive functional phytocomplex in foods (for eg., as relish
for high protein cooked foods). Based on this evidence, a new
threshald of HCAs as indirtect mutagens was evaluated, together
with the determination of direct muragen capacity of some HCAs
A CONCenITaigens oomsisrent with thewr presence in conked foods,
Data reported in this paper also demonstrate that © lechlen stem
bark essential ol offers an effective protection against the
mutagenic  potential of HCAs with amd withour metibolic
acovatken b Bghe of the resuls achiewved with the Ames 12,
and the cytebesic and antiproliferative assays against colon and
hepatocetinlar carcinomeas. it is hard to mggest the potential risk
caused by this essential oil in humans, since complex metabolic
activation reactions are not adegeately mpresented in in wim as-
says with exogenous homogenate enzymes. Nevertheless. the data
reported 1 this srudy provide the framework for the development
of new anicancer drings,
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Inhibition of Cancer Cell Proliferation and
Antiradical Effects of Decoction, Hydroalcoholic
Extract, and Principal Constituents of
Hemidesmus indicus R. Br.

Giangarlo Starti.' M la Marretli.' Filomena Conforti.'” Antonella Spagnotesti.
Massimo Tacchini,” Carmela Elrmmrn Brognam,” Roberte Gambari,”
Gianni Sacchettic and Alessandra Guerrini®
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Hobion Sarsaparills (Hemidevmeas incdicos B Be is wideby wsed in Dudian refitioonal medicioe. lo e presemt
wiwrk, we pxplared the elfecis of decocion, wafitiensl Avervedic preparatien, and hyvdrosleohalic exieaci, 5
phvtisenmples maore tnmlitionally stndicd smwl conmercisliced as Foed sopplement in western medicine, froan
e rouds o possible soorce of chemicels with pew loocibensl potentiol Boked o lweir maritpons oses, The
amtipreliferative and sntividant properics were ssayved. To st antiproliferative affects, differenl cancer eell
Toes, growing boil oy momolayers (Calol, MOF-7. AS9, kSa2, MIA-MB-231, Jorkat, Hepl, and La%o)
and in sspension (K2 and Jorkat) were used. The decoction showed strong activity sn Hep(2 cells, while
e Ty drosdendudiv exirpcts were active on HeplGZ, LoVa, MOUF-T, BS362, and Jockat cell lines. Weak inbibiion
of cuneer cell prolifcration wae olserved for the privcipal constineenis of the preparssions: 2-hydrooed-
ety benealdelivde,  2-bydrogy-daneihosy bepeow: acid, and  S-bvdoosy danetboxybencldelyode  thal wene.
pested wlone. The swticadical scfivity was tested with 2,2-diphony |-Lpirsbvdraeyt and 2,2 awinabisg 3-cthy e nes-
Uil - sullonic acid piononenimm sl tesds and inbilsigon of aiicec eadde prodecton s Bpopolysaocdhade-
sfpmukaicad B AW 264, 7 imscrophages, hiieresting resuli has alas been altaied G by deoabosloic extract repanding
pennprotective pelenfiol (38,79% of inhihition o 37.5 ppiml L Copyeight © 2005 Jshn Wik & Sans, Lal,

Kewwormds Ayirwila: sntdumor setrsty) prooprodictng podeniial; antiooslmis: nitric ogile mbieiom

Abfreevimtions: DFFEL 2.2-Déghenyl- 1-picrylhvdraeyl; ABTS, 277 Arinobis] 2-uty@hencotiiaasding -H-sulfom: sl jdeammonivm salt.
CaCa?, Himan colorecial sdenocarcinima cells, MOFT, Human estrogen recepinr (ER)-positve breasl adenocananisma cells,
A5, Homan lung caranoma ool Hepda!, Human hepatoceliular coromama cells; Lo, Human ookon caronoma celis: MEACRAB-
T3, Human estroget tepior | ER Fnogative Broost adenoseremiima coefls; Jurkal. Himmain T-haphoid eol emia cells: £567. Himan

chrone myvelpi] leukema colls

INTRODUCTION

Hemidesmuy imdices B, B [ Asclepiadaceas), also
known as Indian sarsaparilla, s a common weed found
all over India, [ts roof is widely used i avarvedic tradi-
tiomal meedicine, and iR oan meredient mois typical
preparations alone or m combination with other plants
{Avurvedic Pharmacoposia Commithee, |9E9),
Hemidesmus indicus rools have a wide variely of
ethnomedicinal uses, the mosl meportant of which s
probably the rcatment of dvsentery and diarrhea, bul
it is also wed for other infections, skin disease, menor-
rhagia, postparium recovery, stomach oleer and pasimc
alments. fever, headache, pamm and inflammation, sore
mouth. vencreal decase including gonorrhes and syphe-
Ie, impotence, and as a bloo] parifiers, cooling toamc and
appetite stimulant. and 1o promote health and vitahity

¥ Corrgspemdence 1o Fikenena Comfortd, Dropantinenl of Fharmscy,
Heath and Bubrsion Sciences, Unwersay of Calabra lialv,
E-mal @y comfirtifPunicd #

Copwright © 2015 John Wik & Sons, Lid

and ‘o neutralize soake bite and scorpion stimg | Das
ef al., XHE; Austin, 2008 Under a pharmacological
pevind of view, M imdicier has been studied for the frst
fime i 1962, when the divretic potential of ity roos
has boen explored (Satoskar e al, 1962 Since then.
four reviews and mumerows other specific artcles on
the pharmacology of H.indicus have been published
(Austing MR Amega of ol NE, George et af, 08
Das amd Bisht, W135), suggesting a wide range of
beneficial  effects, ancluding chemopreventive adnd
anfitumour activity. hepatoprotection, free radical scav-
enging and antioxidant activity, cardiprofection, meu
ropratecton, antithrombotie and hypolipidemie effecs.
renal prodecton, amtuileer activiry, and anti-infestive
and amtbinfammatory activities theough @ vk and
in vive rescarch strategies (Das and Bisht, 20013). The
pharmmcoborical studies referred particularly o the
decoction of the H_indicus roots. which 1s the prepara-
tion  mradhitionally  indicated in Pharmacopeia  and
Ayurvedic medicine. In this paper. we have compared
the decoction with a hydroalcobolc extract, a traditional
product ysed in western medcine.

Rersived 17 Dhevernirer 2iT4
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The mapor shoriconming i i barge number of experi-
mental and clinscal studies & the absence of phytochemi-
gal stamdardization of the administrated prepariions,
Therclwe, the am of this rescarch was o stamd scdize
the extracts todefine and guaniify some-speafic markers
and then, as required by Intermatwonal Agencies for the
wie aprpraoval of a drog as medscinal plint or food sapple-
ment. o Behhehr the correlatean beween chemical
informa tion and biological-therapeutic activities. For this
peason, we have firstly performed the standardizagion of
H.indics root decoction and  hydroalcoholic extract,
aml then, we have determaned the i wilm antitumor
activity t a panel of cancer cell lines in arder to
highlight their possble sclective cyloloxic effects on
cancer cells, comparing the obtaimed results with related
liveratare data for decoctwn agamnst Hepli? (Thalwew
et @l 2005; Samarakoon er al, 2012) and contribwtimg
to extend the researchies toward other cell Tmes mod previ-
ously studied. Fmally, in light of acquired cwvidences.
regarding the chemical and functional charactenzation
of each simgle preparalion. suggession aboul new thera-
peutic potental of M. indicay extracts was pointed out.

MATERIALS AND METHOIMS

Plomi maberiabs, The ayvorvedic crude drug {roots] was
collected in 2000 from Bam Bagh |(Kagsthan, [ndia).
in paarticular, Tollowing the mdicatons of Ay urvedic Phar-
macopoia of India (2004) during the balsame period
theat is fon M. adaces B B roots in Lanuary (wanter), This
crude drug was authenticated by Dr. M. K Unival, Maha-
tishi Awurveda Product Lid., Noida, Tndia.

Chemicals. Ceallic acid, hypesossle. cyamdin chloride, 2
diphenyl-1-perylhvdraeyl (DPPH), 2.2%-armobis 3-cthyl-
benzcith inzodine -fesulfomic acid diammwmium salt { ABTS),
Folin—iocalteau reagent, RPMI (acroavm of Roswell
Park Memorial Institute § lﬁ-iunm.lium il Brorvine: serum
(FBS), L-ghmamine. [ ptomycin, trypan  béne.
3-45-dimethyithiwol- ml-li-dqnluymhumhﬂmj:
(MTT, e fromn poscine panceeas Tvpe 11, d-mitsoghenyl
octanoate, orlistat. Ciriess reagemt (1% sulphonamide
and (1% N Faoaphtyl) ethylenediaminediby deochlorkle
i 2 5% HaPO ) and [ LB wNitroargimne Mothyl Ester)
L-MAME were obtwined from  Seppma-Aklch Spa
(Milano. laly). MCOF-7 and A5 weme purchased by
sttt Fooprofilamen Spevimentale della Lombaidia e
defl"Emika-Romagna. Brescia, Ialy; K562, CaCol MDA-
MIB-231, Jurkat, HepG2, LoV, and RAW 264.7 were from
Amercan Type Culiure Collection (Lniversity Bouleward,
Manassas, VA 20010 USA). Referenoes substances (2-hv-
deony Lmethoxvhenzaklehyde,  hyvdrosy d-methosygben-
raldchyde, and  2-hydroxy-4-mel acid)
HPLC amalvsis ave fom Saema- Akdoch Spa. Al other
reagents, of analviscal grade, were supplisd by VWER
Irnterratoskal <rl, (biilan Haby ),

Exirmction amil prepacimtion of Termalatisns, The decos
on was obtaned by mixing g of grinded roots with
HHbmL of boiling water, allowang the volwme of water
to reach T5ml. according o the method previously

Copyrght © 1003 John Wiley & Sons, Lad

described and apreed with Avervedie Pl macopsoeia
[Fermorxi & al,. 2003} The hvdroalcoholic extract was
prepared suspending 50g of dried promded voods i
450mL of ethanolic soloton 30% (v ethanoliwater)
and  stirred  for Mdays oat 23590 (Préparations
homéopathigues (1038). Fharm ¢ frangaise. 1le
edition ). The two extacts were then filtered, lvophihzed
m an Edwards E-C Modulyo lvophilizer, and stored n
the dark at —20°C. Both formulations were prepared
10 times 1o ensure the best statistical standard @ation,
Resulting powders were then redissolved according to
the woreesponding assay conditions and checked for
the amount of ers by HPLC before smartng
expermmenis,. Youchers of the ophifized extracts were
deposited n Department of Life Sciences and Biotechnol-
o 5o of the Umiverany of Ferraca and, respectively,
cowded as HEILD and HELNNE,

Dhetermination of toral Anins,  and
Flawasmoighs combent aml Frec radicil seivenging aetivily.,
The determination of the total pofvphe nolic, flavomodic,
and procyanidin content 1 decoction amd hvdroaloofolic
extract wis performed using a Helios-y spectrophotometer
(Mherma  Spectronic, Cambridge, LK) according o
i ¢ described methods (Rossi er al. 2002). Total
polvphenok were expressed as gallic aod, favonowds s
hyperesidhe, amd procvanidine as ceankdin chiomle
Radwal scavenging propertics were performed m
different aszsavs, DFFH and ABTS fests, acoording to
previously described methods (Rossi er al., 2002) to
determane the sy value using ThermoSpecirons
Helios-y spectrophotameter.

cotn and the hyvdroalocholic extract were sulyected o
HPMLAT analysis to quantfy its mamm phyiomarkers: 2-hy-
drogy -L-methosvhenzabdehy de,  3-hypdrogy-L-methosyhe-
nzaldehyie. and 2-hvdroxy-+methoxvbenzoic acid. The
reference componnkls were el s exterml standards o
set up and calenlate appropriate calibration curves, The
analyses were performed using 8 Jasco modular HPLC
(el PLT 2084, Tokvo, Tapan ) coupled o a diode arvay
apparstus (MD 2000 Phs) according to the method
descrbed by Fermigai o @l (213), To enswie e besi
standardization process of the two extracts. nuchear
imagmeti resonance fingerprinting has been sogquired as
described m our previous paper (Ferrurz er af, 2003)

el line and cell cultwre, The human cancer coll lines
MDA -MB-231, MOF-7. Hepli, CaCol, and A9 were
grown  in Dulhecoo’s Modified Eagle's Medium
(DMEM ) supplemented with 100 FRS and 2 mM Ll
tamine; Lovo in RPMI-1640 medivm supplemented
with 100% of FBS, 1% Lghitamms, and | % antibbobi
sofution (penicllinstreptomycin ;. and K562 and Jurkat
i BEPMI-T640 medivm supplemented with 100% FBS
S U'mL penicllin, and Shugim), strepromycin. Cells
were maintamned m a humidified atmosphere of 3%
Cs-an 37°C, After 4=5days, cells wiere removed from
culture flask and cemmifuged st 1500rpm for 1ikmin.
The medivm was then removed and cells resespemled
with fresh medimom. Two wvpes of tests were performed:

Phipoer Bew (2005
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Yiabibity assay, for AS49, Calol, Hepl32, and LoV
cells, using & standard trvpan blue coll counting tech-
nijue and determimation of cefl proliferation using a
£F Uoulter Counter | Coulter Electronics, Hialeah, FL,
LISA) for all the other cell lines. The muring momeylis
macrophage cell lme RAW 264.7 was used to determims
the imhibtwton of mitnc oxde (N0} production, The celis
were grosn in Dulbecco’™s Modified Fagle's Mediam in
the same conditions az described earlier, Cell mono-
iavers were stubcultured omto 95 well culiure plates
{1+ WP celis'well) used for experiments 24 h later.

Evalustion of antiprofiferative and cviotoxic cllects.
Cells prowing in suspension (K362 and larkar) were
seeded at an inmial concentration of 3« 1 ~*cellml
and cultored in the presence of incressing concentra-
tions of compounds. Noa-ireated cells were considered
as comirol. Cell growth was wsoally determined after 3,
4, and 5days of culture as cell nmmber per ml.. asing &
ZF Coulter Counter (Coulter Eleciromics, Hialeah, FL,
LSA) These time pomis were selected hecanse be-
iween dive 3 and 5, untreated controls K362 and Jurkat
cellz are on the lop phase of cell growth (Bunchi o el
2000 ). Adherent colls (MDD A-22] and MUOTF-7) were cul-
rared at an initial concentration of 1.5 = 10 ~ cells'ml.,
treated with increasing concentratiwms of compounds
and after 72 h washesd with sterile prhosphate-buflered
‘salime 1X amd inized. Cell growth was moniored
s described for K562 and Jarkat cell ines,

For the others cell limes (Hepli2, LoVa, CaCoZ, and
A5 the MTT assav, reported previowsly (Marrelli
ef al, 20020, was gscd fo estimate ool number indirectiy,
Cell monolyvers: wery subculiured onto 96 well culiure
plates (2 = 10 cellsiwell) and treated wilh seriad concen-
trations of the samples. After 24h of mewbation, 10l
oof mesdiminm were removed fram each well. Subseguenily.
Il of (5% wiv MIT. dissobved in phosphate-
baffered saline, was added s each well and alliwed 1w
incubate further for 4 h. After 4h of moabaton, 10Dl
of dimethyl sulfoxide was added o cach well (o dissolve
the formaran crystabk. Absorbance valwes at S50nm
were measured with a microplate seader (GDY DY
W) B, Roma. Haly) Cviotoxcity was expressed as
L1350 which i the comcentratmn needel 1o reduce the
absorbance of treated cells by 5% with reference o
the comtrol (untreased cells ) Doxorubicia was taken as
posilive control

Innkiibwigiasmn o sitene onide produciien in Rpasgol vsaech-
ride-stimmlkaied BAW 264.7 cells. The murine mioso-
cyhic macrophage cells RAW 2647 were cultured with
different concentratioms. of extracts for 24h, alter
addivion of LPSs (fnal concentration of | pefml) for
antmnflammaiory etz The noe of mitrite, a stable
okl el product of MO, was determaned i cell culiure
media 24 h later by the Gricss reagent { 1% sulfanamide
and 0% & naphiy] ethylenediammediby drochloride
im 2.5% HJPOG) as previonsly descriBed | Confiort & af.,
2012). About 1bpl. of cell culture supernatant was
cormbrined with W pl of Griess reagest in a 9 well plae
follywed by spectrophotome tnic measurement at 351inm
wsing a ommecroplate resder (GIY DY 90 B Rome,
Italv). Cviotoxicity was pssessed using the MTT assay.

Copwight © 2015 Jobn Wikey & Sons, Lid

SO S-chiromntesl,  Genoloxwity  and  antigemohosicty
assays were performed in accordance with Ouillardet
and Hofmung (19651 Exponential-phase culiuse of
Excherichia coli PUAT waz obfained as follows: an
abigud of hacierial culture was imooukited to S ml of esh
LA mediom (LB, iysogeny broth, plus 20pg/ml ampial-
finn) i lefl o grow overnight amd shaken constantly af
ITC. OF the precedent calture, | ml was then ddded to
SmbL of fresh LA medium and was grows at 37°C for
A5h Ar this point, the bacterial concentratiom was
2 WPLIFC/mL; the solution had an optical density chosed
ek =0

This salutemn was dilated 1:10with fresh LB medm,
and (16 ml was distributed into fest tubes conlaining
Wpl of genotoxic agent, 4-nitroguinoline M-oxide.
and 200 pl of a-solaton of tested material (M. walics
decoction and hvdroalcoholic extract, and pure mile-
cules ) in several concentralions. Every sample was s
solved in dimethvl sulfoxide and tested in imphcate.
After 2h of incobation wt 37 0, the evaluation of the
g o antieenotoxic activity {Bogalaciesidase) and
the cell viability (alkahine phosphatase ) started.

T perform antigemotoxic assay (evaluation of the
f-palactosidase expression ), the method was the followmg:
13l of the last obtamed hactenal solution was added
to 2.7 mi of B buffer. After a period of mosbation of
1mnn @ 37"C. Obml of a4 04% solution of 2-
mitrophieny]  f-D-galactoperaneside was added. Adfer
amother Slain of incubabon, the addinon of 2ml of
Fas 20y TM =olution siopped the reactsmn, The color of
the mpiere was read with a Th i Helwos-y
spectrophofometen al wavelength of 430 nm.

For vubility assay (evaluation of the atkaline phos-
phatase expression), the proceduere stated that at the
same. tame of the §§ i assay, [L.53ml of bacte-
rial sodution was added 1o TmL of P buffer. In this case,
after a period of incubation of 10min at 37°C, (kéml af
i 4% solutsen of d-niropheny] phosphate disodinm
salt hexahydrate was added. After another &lbmn of
incubation, the addition of 1ml of HCI 25M stopped
the resction and caused the color disappeamance. Five ms
nutes later. the addition of 1ml. of tris{hydroxymethy )
aminoimethane 2 changed the pH restorng the colos,
The mpsture was read with a romic Hebos-y
speciroplotometer ol wavelength of £220mm,

Statisticil wmilysi, Al coperiments were cirmed oul in
iriphcate. Lata were cxpresscd as means +standard
ergor of men, The concentvatsen vielding S0% whibixomn
() was caleukited by noalinéar regression with the
me of Prism Ciraphpad version 440 for Windows
(GraphPad Software. San Diego, CA, USA), Sttesixcal
significance was assesscd with oncoway  analysis of
vanance wsing SigmaStat seftware (Jantel scientific
sobtwnre, San Hafmel OCA, USA). Sipmifcsnt differences
amamg means were analyeed wsing Tukey's multiple
comparisons lest. Differences at p < (005 were considered
sigmificiat,

RESLLTS AND INSCLSSHON

The weeld of decoction was of 25.6%. analogously o
what was recemtly reported | Crocrring e al., 2004 ), while

Pioemeher. Hes (H15)
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Tahbe 1. Yields, vidal polyphenals, peocy anidim, and [yonoids
Al Memidermurs indicas extracs

Decoction  Hydroalcoholic axtract

Winkd (g 100 g of deied doog) 25 6+0.4 1718081

Total palyphenals’ 1160 & 0.860 12.34 048
Tatal oo yaniding” 062 £ 004 0AT =002
Total Rawonoids? 2.19 £ 0.20 .88 & .06

YPar 100 g of lyophieen decootion, as wassed as gallic s,
fPar 100 g of lyophilized decoction, sxpressed as cyanidin chiarida.
Par 100 g of yophiead decoonon, axprasssd a5 hypesoaide

for hydroaleaholic extract, o was 17.06% | Table 1), bu
for vhis lamier, o data were shown in relased literature
for 8 companson. Both extracts were chemically charnc-
feriged] o Rghlight their differences and performed
their standardization and evidence of possible correla-
tons and explotations with biological activites. As
previously supeesied n Wtecature (Ferrwes f al . 2003,
Das and Bishe, 200 3), we have detcrmimed the amoun
of madn H. mdices phvtomarkess (Talde 2 and Fig. 1),
X-hvdroxv-4-methoxvbenzaldehyde. 3-hvdrooy-4-meth.
osybenzaldehvde, and 2-hvdroxy-d-methozybenzomn
acid, the content of all three compounds was higher m
hyilvaoaleohiobc solution with 2-hydrosy-d-methosyben-
raldehyde as the most abundant (214.5pe'ml and
08T g/ 100k ). IF compared with total pobyphenals dati
(Table 1) the amount die o the phyiomarkers
represenied  about  W00% of the whole conlent o
ey prhenods, spggesting than ather prssible mokecules,
such as hemidesiins [ Das ef al., 1992) and dervatives
of vanillin somen (Fhao e af, 2004) conld also be
imvestigated. From 6 o H"EEI'IL the nuclear magmetic
resonakce  [mgerprinting hydroaleohadic  extract
highlighted the tvpical chemical shifts of 2-hydrocy-8-
methosvhenzaklehyde, the most abumdant phyiomarker
among those quantified by HPFLC (Fig. 2).

The two H.indicus rations were first tested for
their cvtotoxic effects using a panel of cancer cell Fines
commonly uscd for these assavs. such as colorectal ade-
pocircimorma Calol, g carcinoms A59, hepatocel-
lntar carcinoma HepG2, and colon carcinoma LoVo
cells, Cvioloxicity was determmned after 247 of treast-
mient. The resulis om the cviotomic effects: of & imdicns
preparations ave depicted in Table 3, Both preparations
exhibited weak oviotoxscity on AS4Y, Calln?, and LoV
cell Nines o the highest jested] concentration of
LNkl (Mg = LN pgiml ) Cytotoxecsty of H. indices
preparations wis, of comrary, found against the
Hep(2 cell fine. These results are in line with previows
studics showmg that M. indicis decoction s cytotosic on
Hepi? cells [Thabrew of al, N5 In the presem
research. we showed that hvdroalooholic exiracts
can also b responsilde for cvioloxic activity, In Bact, thi

H. ey hydroalooholic preparations dsplayed a cyioe
toocee activity (1 q valoes of 34 50 pgml_ ) similar to that
if thiz decoctaon (10 values af 3352 peiml), As for the
decoction. the hydroalcoholic extract was not ¢ylatoxic
apaiasl the AS549 amd CaClol cell lines. O the contrary,
eytotoxicity was found when treatment was performed
om LoV cells.

After these prehminary assays. we determined the
in vitro antiproliferative activity selecting the breast can-
cer MOF-T cells an comparison with ihe maore agiressive
MDA -MB-23]1 coll bine. In addimion to these cxperimen-
Tl mondhed svstemes Tor solid memors, we determned the
antiprolferative activity on the ervthroleokema K562
and T-lymphoid Jurkat cell lines. In fhese assays, the cella
were cultored in the sbsence of presence of the tested
apemts and the cell nomber per ml defermine after 3
and 4days, when the untreated cells are in the log phase
of den vitroe cell growth, The resulis of these expe mments
are shown in Tahle 4. 'We found that MIDA-MB-231 is
resistant to all the treatments [ inhibition of cell proldera-
fiont @5 obtamed] only &l concemirafions prealer than
SpgmL). On the contrary, the hyvdroalcoholic
preparation displayed activity of BMCF-T cells at albou
200 pg'ml., K562 and Jurkat cells were differently sensi-
tive B thee Treatments, becayse the decoction was only s
twe on Jurkat cefls, while the hydroalcoholic aration
was active &0 both K562 (W values of 17711 pgimil )
and Jurkat (1Cs vidaes of 63.79 pg'ml. ) oclis.

These data are of interest when compared with a
previous siudy (Thabeew ¢ al, H0E) showing that the
decoction prepared with Nigella sativa seeds, H. indicus
{rowsts), annd Seeday gladeen | chosorme ), wsed by traditaonal
medical practitioners in Sri Lanka to treat cancer, has a
dise-dependent inbibiton actaty with the maximmm
elfect at concemdrations higher than 4bmpml. (dose
cousig SF% inhilation, EDsq= 17 mg'ml.). All three in-
dividual plant extracts demonstrated inhibstory activity
with miteresting H. indicien values for EDkg {32 mgimil ).
Owr study showed mstead the strongly different resulis
for the H.indicus decoction evidencing 10, values
aalmst OO0 fokl ower (33,52 pg/mil ) than those reportesd
by relmed paper (32mg/ml). at least m some of the
T vel] lines wsed.

Morcover, the study of Samarakoon et el (2012) dem-
smsirated thal the decoction of N safva seeds, H. indicus
roots, and 5. glebra rhzomes can imduce apoptoss m
b Reeputocellubar carcinoma Hepls? cell, in a dose
and time-de manner through the actrvatkm of
casprase-3amd caspase-9, arnd wpeeaulation of pro-apoptol
Bax and downregulstion of anti-apoptotic Bol-2 penes,
which are involved in mnirmsic o mitochondsial petheay
of apopliss,

No previows studies were conducted agamst human
oo carcimrma cell line (Lovo) for which the
hvdroalcohobic extract showed the best antiproliferatve
activily,

Tahle 2. HFLC spianiification of chemical compoands in Sawidemm sdions exiraces

Decactson Hydraseconahc mxrrmat
{pgemiLi g 10D g {egimLl g 1Dl
Z-vydrany-domathoky penzedebyde 1.72 20008 005802 0.003 214 644817 OET9 0021
-Hydrgsy- 4o sy Denabdahyde WaE0.9F 0. 788 £ 0. 027 &7.10%1.3% 0334+ 0 006
-Hydrosy-d-mathaxy-Denoic asid 23.54+0.23 0,691+ 0.0407 32.51+1.23 D133+ 0.005

Copyrght © 1003 John Wiley & Sons, Lad
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Figure 1, HALC chromaagrams. of The Two extacis
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Figure 2. Proton nuoleas magnetc resonance fingemeinting of the rtao axtacts.

Tidde L €ybodoaxic activides of preparatioss and pare mekeodes oo Hemidesmns incdicis

Cell e tngimL) ugimL (b A 1M |y
AB4Y 500 500 =200 0 300 =
CaCo2 =EGD = R0 =200 200 =300 ——
Henii 2 263 16013 34 .50 (0. 14 =200 =00 = B0 .38 150,03
Ly =& 29 .84 (el 24) =200 w200 =300 O.E8 =004

In addition. with respect o solated whibe
F-hydvoxy-Z-methoxy-benzaldehvde and "-hj.n.inm 4
methoxy-henzoic acid were hiot or barely active on all
the cell lines emploved (105 values = 20 pedml ), 2-hy-
drmey-4-methoxy-be inhibited the in vitro
profiferation «f K362 and Juckar cells, displaving bow
activity on MOUF-T nod MIDA-MB-21] celis,

Copwight © 2015 Jobn Wikey & Sons, Lid

When the effects of the MHindicus decoction and
hydroaléololic preparation are compared with those of
the plant-derived products, we can conclude that the
um-mmd resufts reflect the typicad efficacy expression

of plani-derived products where boactivities do ol
commplete because of a sinelke compeoaind but often 1oa
synergic interaction among ditfferent molecules present

Physoshee. Has (315)
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Tabbe 4. Andipioliferatie offeer ol proparations sl pore mokcoles lrom Hemddemaos fndiou

o lngimil
Call fne Dwaoction (pgiml)  Hydroalooholic screce |pgimbl  2-00H-8-0fAenid (bl 3-0H-4-Obeatd (bt 2-08H-4 Ohdeac. (i
MCF7 H25 33 (x74.14) 208. T3 (21B.75) S08.67 (xaq 58} = 14000 = 1000
MODA-ME-Z3T 732,40 (£65 48} 52165 (x6,63) A48 32 a0 O8) =1 = 1000
K582 EBE.06 [+99.00 17717 21 6.83) T8.52 [¢18.27 33167 210.81) G58.41 (210,70
Jurkat F40.66 (+48 33) 63,79 (£7.97) BE. 44 3 6E) E09.96 &1 7. 200 79037 (£ W0 66

Tabbe & Deetermbnation of gotieddan sceivity with ARTS aod DPPH pess

WCae Highmll

Decocton Hydroalcohows estrace

2-Hydrosy-4-OManld 3 Hydroxy-4-OMend

2 Hypaivooy -d-Oivbeac Trolox

44047
6943 8

AETS test 294214
DPPH et 32.3&41

B1740.41
=00

1.03£0.06
=100

23.6¢0.3
= P0G

28080012
& 98 &0 76

ABTS, I 2" armabis S -achylenzathisraline- 8 sulfons acididammonaen saét; OPPH, 2,2 dpheny 1 -piceylbydrazyl.

in different amounts. Epidemiologicn] studies have
estaldhed that many tamoes accur i associatiosn with
chronic infections discascs, and it 5 abo known that
persstend inflammation m e absence of mfections
increases the risk and sccelerates the development of
cancer (Balkwill er .. W05 L NOb s Koo To play an
itportant rode in maantenance of Heswe homeosiasis, i
is produced by NO synthase, whose inducible #soform
(MOS8 knoown o e amplicated in several palologs-
cal conditions and inflammation. NC produced by iNOS
kills anfectis pathogens, bl overproduction of MO
reesihis modamage to Bssees and, eventualiy. destruction
of niasue homeostasz (Krdmeke eral., 1998), Thus, TNCS
expression and NO production might be a good tarpet
for research imto disturbed  milammmatory  conditions
Mucrophages can release inflammatory mediators, such
a8 prostaglanchns, oy okimes, and MO0 response (o LPS
stimudation, vabdating use of | PS-treated macrophages
a5 a model of inflammation. Here, the hydroalooholic
extract caused inhsbinon of NO - production in the
murine monocytic macrophage ocll line RAW 2647,
with inhibition of 32%.

For what concerns antioxidant capacity. the maost
imferestimg  radical scavengimg activity, 0 particular
with AHBTS test, has been shown by hydroalooholic
exfract (1Csp=%4dpp'ml) with respect to Tredox
UCsy=24pg'ml.) taken as the posibve control
{Table %) Literature reported & good correlation

between total phenolic content and antioxsdant activiey
(Poigio e @l X7 The hydioalkcolole extract evi-
deaced only a shightlv higher amount of total polvphenols
that that of decoctiomn, b the relevant activities of 2-hy-
drony-4-methoxy-benraldehyde (0C5=817 pp'ml) and
Lhyddroxy-d-methosy-bengaldehy de (1= 108 pe'ml),
presenting i higher amount m alcolobe extract than m
decoction, can explain the better anboxidant capaciy of
the Birst pltocompiex, O the otber Band, The good-angi-
oxidant activity of Z-hydroxy-4-methoxvhenzaldehyvde
has been vet reported in literatere (Wang o al, 2010).
However, the DPPH test ded net support this evidenoe
for the abdelvde compounds: further investigalams are
reguired for better discuss these results. |

Finailly, in onder (o check  possible  pemotoxic
genoprotective properties of M. indicus radinonal prep-
arpiops angd single compounds, the SCRS-chromatess
was performed. The assay gave negalive fosponsc.
toward cytotoxicity and DNA damage, n presenos of de-
coction, hvdroaleohohic exteact, and their phyiomailers,
except for the 2-hydroxy-4-methoxyhenmoic acid that
showes] cyloloicily at concentrations coual amd hgher
than 125 pg/ml.. Theretore. it was impossible to assess
the genotomee poteniial affer this value, bul it exhilbis
a 3% . inhabigion at Tipp'ml. The 500% mduction
was catsed Ty a 25 petml soluten of d-nitroguinoeline
N-ocide, and the inhibition of the system was registered in
the tests conducted with hydmaloobohc extract {39 56%

inkshifion %
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Figure 3. Genowmxic astion of pregaratons and pure motecules.
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of inhilwtion a1 30 pgiml).  3hvdrosy -S-methogyi-
enxaldehyde (45.79% of inhibition at 375 pp/ml ). and 2-
hvdroxy d-methox ybenzaldehyde thar exhildan the highesi
genoprofective  potential  (38.79%  of mhibition &t
Fpg'ml) (Fig. 2 Decoction and pure - compaoainds
followed a dose-response correlatson. while the last two
poncenirations of hydroakoholc extract did nol respect
the smme wend, this fact could be due 1o the dark color
of phytocomplex solution. The activity of the this latter
coubd be explaimed i light of the observations that 2 by
droxy-4-methoxyhenzaldehvde was the mosl  active
commping] present 00 Giimes more concentraied in this
phviocomplex than decoction. However., we cannot
enciude the possibility that the inhilstory effect of thes
preparation could be ascribed (o possible agonistic effect
ol cther commpaaimds,

CONCLUSIONS

The results of the smdy provide further supporting dats

showed promising effect on Hepls? cells. while the
hoydroalooholic extract was active against Hepli2. LoVa,
MCF-7, K562, and Jurkat cell hnes. An mleresiing anti-
oiadant activity. particulardy for hvdroalcoholic extract
in ABTS test, may be corrélated to the higher amoun]
of 2-hydroxy-4-methoxybenzaldehyde m this prepara-
tiom, A relevant aspect of our research was ako the
standardizatiom of the two preparations, im order 1o give
mire solid foundation o develop further mvestigatsons.
Crverall findings. provide confirmatony  evidence o
demonstrate the activity of the decoction. traditionalby
sl in Avirveda, amd s comparson with hydroalosholic
extract for new perspectives of uses as food supplement.
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I witrw evalwation of anti-proliferative and geno-protective activity of Hemidesmin
indicus crude drug extracts

Massinie Tacching’, Ansonells Spagnolerty’, Eleonora Brognara®, Rebermo Gambary®, Filomens Confasi®,
Manangets Marrellit, Alessandrs Guerring, Thomas Efferthe, Glann Saccherris
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Ome aspect of modern research focused on prevention and cure of cancer is the investigation of
new witertal of plant origin, with the objective of discovering new botanicals to use as active prin -
ciple or to draw inspirstion in the design of new molecular models’.

For this atin, decoction (belonging to Avurveda culture) and hydro-aleoholic extract (closer to oc-
cidental tradition) of the Hemidesmur indicus R Br. (Asclepiadaceae) roor was studied .

The phytochemical characterisation of the hydso-akoholic extract, performed by RP-HPLC-
DAD, showed an higher quantity of vanillin isomers and derivatives (2-hydrony -4-methoxyhenza -
ldehyde, 3-hydeoxy-4-methoxybenzaldebyde and 2-hydroxy-4-methoxybenzoi actd) in comparis -
on o decoction. In the aqueous preparation, in addition to these molecules, lupeol, lupeol acetate,
fi-amyrin averare and f-sitosterol were identified by GC-MS.
hqmﬂmwdmlisﬂqﬁrmmﬂwmhhpmﬂ ﬂ-uamiyn{hm—:m
hﬂﬁmnr}.m;hwm&emiuﬁmdmmfﬂﬂﬂﬁmnmm}mﬁmﬂ-pm&ﬁ-
erative activity {using CCRF-CEM, CEM/ADRS000, MCF7, AS49, MDA-MEB-23%1, LoVo,
Hept32, K562 and Jurkar cell lnes) was carried out, focusing on the vanillin desivatives identitied
and quantified in H indicus

Planr decoction had already evidenced an important anti-leukemic effecr through the modulation
of different critical targets®, and the vaniltin derivative showed relevant data for the geno-protect -
ive and anti-proliterative activity. In particular, the most active vanillin womer 2-hydeocy-4-meth -
onybenzaldehyde showed IC50 values of 79.52 + 18.27 pM against K562, 8539217 pM against
CCRF-CEM and 86.46 + 3.66 pM aguinst Jurkat,

Further in-depth analysis regarding anti-proliferarive bioactivity of traditional preparations, idens -
fication and quantification of other characteristic compounds and more selective extractions are
still in progress.

In conclusion: A indicwr evidenced promising dara against Jurkar (63.79:7.97 pg/mL), CCRF-
CEM (46.2321.12 pg/mL}, Hep-G2 (34.50:0.14 pg/mL) and LoVo (2984024 pg'mlL)y; H. in-
dices hydro-aleoholic eorect and decoction were more effective than 2-hydrowy-4-methoxybenzal -

ﬂa:hyd:agu‘inﬁl‘[:p—ﬂluﬂ pointing out possible synergistic (agonistic) activity of minor com -
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fnvﬁtwﬂuﬂt&d’ﬁt-ﬂm geno-protective activity of traditional
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The research of new botanicals is an important aspect of the modem research focused on
prevention and care of cancer. This project evaluated the i vitre geno-protective capacity (505-
Chromatest) and snti-proliferative activity (MCF7, A549, MDA-MB-231, LoV, HeplG2, K562,
Jurkar and [B3-1 cell ines) of two raditonsl preparations, decoction and mother tincture, of two
demonstrated an interesting antileukemic effect’™ of A dmdficns decoction. 1n present study both #
indicur preparations possess anti-proliferative activity against all the cell lines considered. Amaong
phvtochemical markers, the most active, 2-hydroxy-4-methoxybenzaldebyde, showed an ICy, of
120%+2. 78 ngiml against K562 and an 1Cy of 13.1525.57 ngfml against Jurkat cells. The only
rebevant data for A imdios were against: MDA-MB-231 cell (IC,= 381.57243.62 ng/ml) for
decoction and K562 (1C= 276.05+26,60 ng/ml) and Jurkat cells (IC- 2071842997 ngfmi) for
mother tincrure. Further analvses of anti - proliferative boactivity for A tndi are still in progress.

In conclusion: H. indicws preparations were more effective than those of 4 fndica; mother tinchre
of both erude drugs showed a general wider anti-proliferative aceivity than decoction, in partscular
for H. indicus, it evidenced promising data against Jurkat (63.79+797 agiml}, Hep-G2
(34.50=0.14) and LoVo (298420241 N iedicws mother tincture and decoction wese more
effective than 2-hydroxy-4-methesybenzaldehyde against Hep-G2 cell, pointing out possible
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CARATTERIZZAZIONE CHIMICA E BIOATTIVITA DI PREPARAZION]
TRADIZIONALI DI DROGHE AYURVEDICHE: HEMIDESMUS INDICUS E
ALADIRACHTA INTNCA

Mamimie Tacchini’, Alessandro Granding®, Sibia Maserti®, Damiano Besst, Monica Bosgasti', Boberio
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L'Ayurveda, medicina wadizgionale indiana, ¢ oggi riconosciuta dallUE tra le medicine non
convenzionali e smovers pin di 7000 piante wiiliezate 3 swope terapewtico in complese
tormulazond scarsamente indagave soteo il profile chimac e di bioattivitd ' Su questi presupgost e
nell'ambito di una progeualitd di piis ampio respiro (PRIN2009: 2009LRYYLF) che coinvolge
Unita di Ricerca i Ferrara, Parma e Cosenza, & iniziato wno smdio di approfondimento
fitochimico ¢ funzionale di deoghe ayurvediche. In pamicolare, vengomo qui fportan i primi
riscontri rignardo alle preparazioni tradivionali di Hewsidermes ingdions RBr (Ranunculacese;
radici} e Azadirachos indica A, {Meliaceas; fogliel, | cui decorti da droghe polverizzate ottenute da
un chrosito commerciale qualificato sono starl valutati con analiss NME, GC-MS, HPLC-
DAIVELSD, HPTLC ¢ spettrofotometriche finalizzate sia ad un fingerprinting del
fitocomplesso, sia alla carstterizzazione di singole fraziont e composni. L'analisi del decoro di A
tndicus ha evidenzizro una framione  aucchering preponderante, la presenza di polifencli totali
(11.6:0.6%), proantocianidine torli ((1L62+0.04%), favonoidi wotali (2.19+0.20%); una frazione
organicd oftenuia con soxhler & risultata ticca o 3-bdrossi -4-metossibenzaldeide ¢ 3-idross-4-
metossibenzaldeide. Le analisi s A indios hanno evidenviato, oltre ad una importante frazione
wwcchering, polifenoli totali {9.99:1.9%%), proantocianidine totali (minori del 0.3%), favonoidi
totali (2.2240013%). 8 sono imoltre svoltd divessi saggi db bioamivied (efficacia e sscusezza)
seguendn, in parte, le numerase indicazioni etnomediche, Con §. corewisior D7 sembra emergere
uma intesessante capacitd mutageno protertiva da parte di A iredfor i saggrio di screening T rombin
Generanion assay ha mostrato una sensibile attivitd sui provess: coagulativi per B, fediows, L'armivith
antimicrobica (Disk diffusion assay; TLC-bioautografica) & risulrata efficace per 4 indics
soprattutio verso Grame+. L'attivizh antiossidante (DPPH e ABTS) ha evidenziato la maggiore
efficacia di F{. indirus come fitocomplesso (1C5-DPPH-82. 2pg/ml; 1C5-ABTS =29 40pg/ml)
rlsperto ad A it (10 DPPH=21955pg/mb 1C;,- ABTS=36.00pg ml). 4 fndice, infine, ha
evidenziate una poteniale attivita antinfiammatoria in modells cellulare TR31 (fibrosi cistica)
tiducendn del 5% i livelli di mRNA TL-8 gia a concentragioni pari all'1C,; rispetto a A indlicur
HCs) Ultertort approfondiment: sono in corso al fine di pustualizeare e completare i datl sin qui
raccolti  sia sul piann firochimico, confrontando la compasizione della preparazione risperto ad
estratti sdroaloolict della drogga secca, sta dellefficacks funzionale punmalizzande | compost pid
artivi ¢ amplizndo l'ortzzonte d'efficacia e sicurezza sin qui prodormo,
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