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INTRODUCTION:

Natural productgphenolic substances, terpenoids, fatty acids bt played a significant role in human diseaseathy
and prevention (1Modulation of the immune system, for example, migranovel approaches in the treatment of a variety
of diseases. One strategy in the modulation andlvewment of the immune system may be through the aisherbal
medicines. A class of herbal medicines, known amumomodulators, alters the activity of immune fimctthrough the
dynamic regulation of informational molecules sashcytokines (2). This may offer an explanatiothef effects of herbs on
the immune system and other tissues. Herbal mediaiontain an abundance of phenolic substancegnigids and other
natural antioxidants that have been also associattd protection from and treatment of chronic dises such as heart
disease or cancer.

For this informal review, we will survey the pringditerature on diverse classes of naturally-odogrcompounds that were
found in LifeMel product and we will follow their fefcts on the immune system, complete blood picame: cancer, taking
special care to analyze research that utilizedmhb#i-component extracts equivalent to or similarvithat are used in the

main plants that are used for the manufacture @l product.

M ethodology

Search Strategy

The databases PubMed, SciFinder, I1SI web of knoweledgd general scientific sources in the internetewsearched for
appropriate studies. Titles were screened for &l toi the terms that include the diverse classeowifpounds with or w/o
the requested activity and in comparison with thferimation obtained for the relevant main plantt twvere used in the

production of LifeMel product (table 1).

Main classes Biological relevance Main plantsthat were
used for the feeding of the bees

Terpenoids: Monoterpene, Immunomodulators Uncaria tomentosa
Sesquiterpene, Tetraterpene
(carotenoids) complete blood picture Taraxacum officinale

Flavenoids; Chlorophylls

Fatty acids; cinnamic acid cancer Eleutherococcus Senticosus
Table 1.
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1. Thegroup of terpenoids:

The nomenclature of terpenoids depends on the nuafbgoprene structures and their carbon atombémtolecule (table
2). In nature, terpenoid molecules are implicatedlmost every interaction between plant and anipiaht and plant or
plant and microorganisms as phytoalexins, insetifemdants, defense agents, pheromones or sigrnatuies.Terpenoids
can be found also ithe main plants that were used for the productibrLifeMel product (see above table 1Jhe

monoterpens that were detected at LifeMel produet eéarene, sabinene, terpinene, thujeae)phengterpineol, linalool,
linalyl acetategeranyl acetateocimen and citralThe sesquiterpenes that were detected at LifeMelugtoare: cadivene,

gujunene, aromadendrene and caryophyllene.

Terpenoid item C atoms | soprene structures

Monoter pene: carene, sabineng 10 2

terpinene, thujeneampheng
terpineol, linalool, linalyl
acetategeranyl acetateocimen
and citral.

Sesquiterpene: cadivene, 15 3
gujunene, aromadendrene and

caryophyllene

Diterpene 20 4
Triterpene 30 6
Tetraterpene (carotenoids) 40 8
Polyterpene >40 >8

Table 2: Nomenclature of terpenoids
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1.1. Monoterpenes and Sesquiter pene

Monoterpenesind Sesquiterperae non-nutrient dietary components anel best known as constituents of the essentl oil
In general, sesquiterpenes are less volatile thamoterpenedMonoterpenes ansesquiterpenesere investigated especially
concerning their chemotherapeutic and immunomodnfatactivities (3,4). Recently groups of monotemggenand
Sesquiterpenavere isolated from Eleutherococcus senticosuse(Bib ginseng) a plant with well known anti-canaed
immunostimulating properties (5).

Combinations of dietary chemopreventive agentsstanetimes result in significant activities at cantcations where any
single agent is inactive. Many of the phytochensi@ak reported to act synergistically. The molecmlachanism underlying
such synergistic effects is still incomplete, uséems that different combinations of complementaodes of actions are

involved (6).

Antitumor Activity of Monoterpenes andSesquiterpene

In animal models and at cellular level, a numbediefary monoterpenes show antitumor activitiesypnting the initiation
and progression of cancer and also causing regresdiexisting malignant tumors. Monoterpens adstéred as a pure
chemical or in orange peel oil, inhibited the depehent of chemically induced rodent mammary, kidredyn, lung and
forestomach cancers in different animal models 3¥-Chemopreventive activity of carvone was obsgragainst the
development of lung and forestomach cancer (8) veluEninistered before the carcinogen. Limonene akasalther related
cyclic monoterpenes was also found to inhibit caod breast cancer and part of them are knowriicalitrails. (14-16).
Carvone, perillyl alcohol and limonene are the ntmshmon investigated monoterpenes against canceseTimonoterpens
were analyzed also in Eleutherococcus senticosus (5)

Among the sesquiterpenes, the sesquiterpene lactmeewidely distributed and are well known foritheide variety of
biological activities (17,18)Extensive research work has been carried out teacteize the anti-cancer activity and the
potential chemopreventive and chemotherapeutidegifan of Sesquiterpene lacton@®). The experimental evidence for
the anti-cancer function of Sesquiterpene lactat¢sined from both in vitro cell culture and in @i@nimal models.
Immunomodolatory

There are also large group of monoterpenes, whissgss antiviral and immunostimulating propertiesvds shown that
monoterpens from Plantago species enhanced thatyaaf human lymphocyte proliferation and secretiof Interferon-
gamma (20). Carvone, limonene and perillic acideneiund to increase the total white blood cells @YBount in mice
(21). Administration of terpenoids to mice increslee total antibody production, antibody producoadis in spleen, bone

marrow cellularity and alpha-esterase positivescalynificantly compared to the normal animals.
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1.2. Diterpenes

The main component of this group is the fat-sol@dsential vitamin A (all-trans-retinol), the parefta class of chemical
compounds called retinoids, which have many ofthgctural features of vitamin A. Retinoids playiamportant role in
regulating the growth and differentiation of normpfemalignant and malignant cell types (22). Turevelopment in
animal models was suppressed, e.g. in the skiashreral cavity, lung, prostate, bladder, lived @ancreas (23,24). Certain
retinoids showed efficacy in inhibiting the devealmgnt of primary cancers of the skin, cell lung @anand breast cancer
(25,26).

In addition diterpanes are also shown to act amasi antioxidants. In this protection system of thenan body, some

diterpenoids are able to participate by actingramgry or synergistic antioxidants (27).

1.3. Triterpenes:

Triterpenes are precursors to steroids in both plant animals. Triterpeno&hponins are triterpenes which belong to the
group of saponin compounds that are recognizeddeambst active constituents Bheutherococcus senticosus (28). Siberian,
or Russian, ginseng consists of the dried roots rimbme of Eleutherococcus senticosis, and contains phenolics (see
flavonoids below), polysaccharides, and eleuthdess(Triterpenoid saponis Saponins are now redirected to their
potential use as chemotherapeutic agents by thtoxicity and ability to cause cell death (29-3Ihe biologically active
constituents irEleutherococcus senticosis are a complex mixture of triterpene saponins knag/iginsenosidet a study of
the anti-proliferative activity of ginsenosidesngshuman prostate carcinoma LNCaP cell line, ginsideadisplayed growth
inhibitory activity (32).

It has also been found that the known active csiis from Eleutherococcus senticosus, namely pilsenand
ginsenosides exert a strong immunomodulatory efifelcealthy normal subjects (32). In this studyaésolute increase in all
immune cells measured was detected. Several lréals supported the use Blieutherococcus active extracts as adjunctive
treatment in chemotherapy and radiotherapy. Stuthee shown enhancement of anti-tumor and antistetta actions of

anti-cancer therapies, together with accelerateovary of hematopoetic indices such as leucocyt@tc(32).

1.4. Tetraterpenes

Tetraterpanes are actually the carotenoids whichattgally occurring colorful components that aperadant as pigments in
plants. Carotenoids are well known as antioxidgeinés and act along two different main pathwaysysieal and chemical
radical quenching (33,34). The group of carotenalds exists in the LifMel product.

Epidemiological and intervention studies of the igsirs have indicated that carotenoids are potegénts for the chemical
prevention of carcinogenesis (35,36). The associatf different carotenoids and colon cancer igeisly focused on lutein
(37). The intake of carotenoids is also known tituence the development of prostate cancer, big mainly related to

lycopene (38).
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Carotenoids exhibit further biological functionsialh are not related to their antioxidant activitlst might be of great
importance in disease prevention. There has bdestastial interest in carotenoids as immunomoduyjaagents (39-41)p3-
carotene was able to enhance the cell-mediated mamesponses, especially in the elderly. In pdeicisupplementation
leads to an increase in the activity of naturdekitells and antigen presenting monocytes. Espgdmpatients with HIV
infection, the plasma status [pfcarotene is low, thus increasing the free-raditdiiced peroxidation in these patients.
The immunomodulatory effect of carrot extracted @Garoid was also assessed in rats by the analysisnafine parameters
in the blood (42). Significant increases in peragetlymphocytes, monocytes neutrophils and platelent was detected in
the group that received carotenoid complex in catapa with the control group, indicating that cambids have clear
immunomodulatory effects.

2. Flavonoids

Flavonoids belong to a group of natural substandtsvariable phenolic structures and are founttiit, vegetables, grains,
bark, roots, stems, flowers, tea, and wine (43véhoids can be divided into various classes om#sés of their molecular
structure (44). The 4 main groups of flavonoidslated in Table 3Flavonoids were also found in LifeMel product and

the main plants that were used for the productfdrifeMel product(see above table 1).

Group compounds

Flavones Apigenin; chrysin; kaempferol; Luteolin;

myricetin; rutin; sibelin; quercetin

Flavanones Fisetin; hesperetin; narigin; naringeaixifolin
Catechins Catechin; epicatechin; epigallocatechilatp
Anthocyanins Cyaniding; dephinidin; malvidin;

palargonidin; peonidin; petunidin

Table 3: Main groups of flavonoids and the individual compds.

Antitumor Activity

Amongst various modes of action, particular flavidsocan exert significant anticancer activity irdihg anticarcinogenic
properties and even a prodifferentiative activityhas been found that the crude extractTafaxacum officinale leaf
decreased the growth of MCF-7 breast cancer cetldb#ocked the invasion of LNCaP prostate cancks ¢5).
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Immune Disorders:

Using cat’s clawldncaria tomentosa) from an extract of the root bark that includesfiaoids among other compounds, have
reported benefits in patients with viral infectiaafsHIV, herpes simplex, and h. zoster (46). Thiaet appeared to decrease
the levels of neutrophils in people with high levef these cells (>9000 celi)), while in people with low levels of these
cells (<4000 cellgil) neutrophil levels rose to normal. It was alsowhahat absolute and relative lymphocyte counts

showed a significant increase (47).

I mmune Modulation:

Water extracts of the bark ddncaria tomentosa, that includes flavonoids among other compounds, lbeen used for
generations as an "immuno modulator". It was shtvam treatment with C-Med-100 (a stalk bark extr@dt). tomentosa)
significantly prolonged lymphocyte survival in geeral lymphoid organs, without increasing theioliperation rate. C-
Med-100 has been suggested as a potential agetiirfizally accelerating the recovery of patientsi leucopenia (48,49).
Other study that followed the immunomodulatory migs of kolaviron, a mixture of three relatedéxbnoids ofGarcinia
kola Heckel (Clusiaceae), was found that administration ofkiwbn ameliorated the cyclophosphamide-inducelldpania
and increased the proportion of lymphocytes coaontaits. This study indicates that flavonoids couéd Harnessed for

possible clinical benefits to immunodeficient patie(50).

3. Fatty acids.
Fatty acids are a kind of fat or lipid. The abildf certain fatty acids to influence the immunetegsand the function of its

various cellular components have been recognizeddarly 30 years. Most of the research on thigtbps focused on one
class of fatty acids, omega-3 polyunsaturated fatigls (n-3 PUFAS). Dietary fatty acids modulateniame responses
through one or more of three major molecular meigmast @) altered membrane composition and functidm),nodified
eicosanoid production, and)(changed cytokine biosynthesis (51).

Taraxacum officinale, one of the main plants that use in the productibhif@Mel product,is suggested as a food source
because of the high content of minerals, fibemmihs and essential fatty acids (52). Unsaturadgty ficids represented
68.20% of the total, with the most prevalent bdinglenic acid (50.74%), an essential fatty acidessary for health. A high
quantity of linolenic present in a diet increades linolenic in blood platelets and reduces noy dhtomboxane synthesis

but also aggregation, in this way reducing theribosis possibility (53).
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4. Chlorophylls.

Chlorophyll (also found in LifeMel product) is a grepigment found in most plants, algae, and cyattebia and are known

in a variety of medicinal uses . Chlorophyllin isvater-soluble mixture of sodium-copper salts @& thlorophyll. It has
chemopreventive, antimuatgenic and anticarcinogpraperties $4). This compound may bind the carcinogen or mutagen
thus reducing its bioavailabilitysp). In addition chlorophyllin exhibited protectiogainst radiation and chemical induced
cytogenetic damages§). It was found to inhibit radiation induced singland breaks in plasmid pBR322 DNBG).
Chlorophyllin was found to act as an immunomodulatind also aginst modification of radiation induced

immunosuppressiorn ).

5. Cinnamic acid.
Cinnamic acids' derivatives are known for theiddmgical activities, usually related to the immuiystem and can also act as

anti cancer agents (58). The active compound 4yhethnamic acid was found in LifeMell product.

6. Metals.

Metals in general are important in biological syste Several metals, such as: Iron, Manganese, Metym Selenium,
Zinc and Copper, were detected in high levels inLifidell product. The levels of the metals in the élflell product were
found to be 3-10 fold higher than the levels inedée honey samples from the market. Metals aresivergl present in
protein complexes and use in diverse cell enzymekiding anti-oxidant enzymes (59). Metals areo alggal for the
functioning of DNA and RNA polymerases which rukeetbiosynthesis of proteins. It is well known thg-containing

compounds play an important part in the functiorohthe immune system (59).

In summary we can say that in analytical measuré&mnémat were carried out in parallel, to the LifdMmoduct and to
various honey samples from the market, it was shthan the lifemell product contains diverse natymalducts (such as:
terpenoids, flavenoids, chlorophylls, fatty acid.etwvith potential biological activities and thaeanot existing in other honey

samples from the market that were analyzed.
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