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Abstract Throughout history, natural products have af-
forded a rich source of compounds that have found
many applications in the fields of medicine, pharmacy
and biology. Within the sphere of cancer, a number of
important new commercialised drugs have been ob-
tained from natural sources, by structural modification
of natural compounds, or by the synthesis of new com-
pounds, designed following a natural compound as
model. The search for improved cytotoxic agents continues
to be an important line in the discovery of modern anti-
cancer drugs. The huge structural diversity of natural
compounds and their bioactivity potential have meant
that several products isolated from plants, marine flora
and microorganisms can serve as “lead” compounds for
improvement of their therapeutic potential by molecular
modification. Additionally, semisynthesis processes of
new compounds, obtained by molecular modification of the
functional groups of lead compounds, are able to generate
structural analogues with greater pharmacological
activity and with fewer side effects. These processes,
complemented with high-throughput screening protocols,
combinatorial chemistry, computational chemistry and
bioinformatics are able to afford compounds that are far
more efficient than those currently used in clinical

practice. Combinatorial biosynthesis is also applied for
the modif ication of natural microbial products.
Likewise, advances in genomics and the advent of
biotechnology have improved both the discovery and
production of new natural compounds.
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Cancer and natural products

Natural products have been a rich source of agents of
value to medicine. More than half of currently available
drugs [1] are natural compounds or are related to them,
and in the case of cancer this proportion surpasses 60%.
This situation is accompanied by increasing interest
from drug companies and institutions devoted to the
search for new drugs [2, 3].

Additionally, many new natural compounds of di-
verse structures, isolated from plant sources [4, 5], have
been considered prototypes, leads or heads of series and
their later structural modification has afforded com-
pounds with pharmacological activity and extraordinary
therapeutic possibilities [6–11].

This area of research, which is continually expanding
and is of enormous current interest, explores new natural
products coming from different sources, among which
the sea could be quoted as an almost infinite source of
resources [12–19], with a view to collecting more po-
tent, more selective and less toxic compounds than to-
day’s drugs, and hence with better therapeutic indices.
Currently, more than 30 compounds of natural origin
are in different phases of clinical study for the treatment
of different types of cancer. Of importance are ixabepi-
lone (epothilone B from Soragium cellulosum), ro-
midepsin (depsipeptide from Chromobacterium viola-
ceum) and the dibenzodiazepine ECO-4601 (from
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Micromonospora sp.), apart from other new natural
compounds that in the future may be developed into new
drugs or leads, which –through further modifications–
could afford more potent, more selective and less toxic
compounds than currently available anti-cancer drugs [1,
20] (Fig. 1).

Recently, romidepsin has received the Orphan Drug
Designation from the US Food and Drug Administration
(FDA) for the treatment of non-Hodgkin T-cell lym-
phomas. Romidepsin is a novel agent in a new class of
anti-cancer drugs, known as histone deacetylase in-
hibitors [21], and it induces chromatin remodelling, tu-
mour suppressor gene transcription, growth inhibition,
apoptosis, differentiation and antitumour activity [22].

Although with a simpler structure than those of the
molecules mentioned above, curcumin, a compound in
the human food supply, represents a good starting point
for drug discovery from a natural product [23]. Curcu-
min is a phytochemical obtained from the dried rhi-
zomes of Curcuma longa and has gained interest due to
its anti-oxidant, antiproliferative, antiangiogenic and
anti-tumorigenic properties. However, owing to its low
potency and poor bioavailability, it has not met with
success as a drug. The significant antineoplastic activity
of curcumin, along with its low molecular weight and
lack of toxicity, makes this molecule a good natural lead
compound for the collection of potential chemothera-
peutic derivatives or analogues [24–27]. Consequently, a
broad variety of curcumin analogues have been pre-

pared. One widely used structural modification trun-
cates the central conjugated beta-diketone in curcumin
to the monocarbonyl dienone. A diverse array of the lat-
ter compounds exhibit cytotoxicities against an equally
diverse set of cancer-related cell lines. Importantly, in
rodents these compounds still retain toxicity profiles
that are comparable to that of the parent natural product,
whereas some analogues exhibit good oral bioavailabili-
ty and good pharmacokinetics, and evidence has been
provided regarding their antiangiogenic activity in cell
cultures [23] (Fig. 2).

Molecular modification of lead natural products

Pharmacomodulation is a method used to search for
new drugs and consists in taking as the origin, lead,
prototype or series head a chemical substance of
suitably established structure and of known biological
activity and preparing and testing its structural
analogues. The main aims of pharmacomodulation are
to establish relationships between the structure and
pharmacological activity of the compounds and obtain
drugs better than the prototype. Within the field of natu-
ral products, pharmacomodulation has provided impor-
tant results, as regards improvements in both the activity
and the pharmacokinetic properties of drugs.

Natural compounds offer huge structural diversity
and in some cases great biological potency [28]. It is
thus difficult for chemical synthesis to replace cellular
biochemistry as a source of new drugs.

These aspects, together with the enormous biodiver-
sity of the planet (plants, the ocean and microorganisms),
in many instances not yet explored, mean that natural
compounds could offer promising sources of drugs;
indeed, far greater than compounds achievable by
synthesis. Nature is continually surprising us with new
chemical structures or unusual skeletons, some with
powerful cytotoxic properties (e.g. gymnastatin G from
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Gymnascella dankaliensis and hopeanol from Hopea
exalata) [29]. The sponge-derived fungus Gymnascella
dankaliensis is the source of several cytostatic metabo-
lites, including gymnastatin G, which has an unusual bi-
cyclo[3.3.1]nononane ring system [30]. The highly cyto-
toxic hopeanol, from the bark of H. exalata, has a new
carbon skeleton [31] (Fig. 3).

Currently, there are complementary tools available for
structural modification. These are suitable for preparing
analogues and uncovering the structure–activity relation-
ships that should allow us to enhance natural compounds,
thereby increasing the possibilities of obtaining new
drugs. In this sense, the application of combinatorial
chemistry [32] allows the generation of libraries [33, 34]
of analogous molecules of natural compounds that can be
transformed into lead molecules for the preparation of
new, more potent and less toxic compounds. Additionally,
combinatorial biosynthesis allows metabolic pathways to
be manipulated, it then being possible to improve the pro-
duction of a given natural metabolite [35].

The application of molecular genetic techniques has
permitted the manipulation of biosynthetic pathways for
the generation of novel lead compounds directed at the
new targets arising from genomics projects. The exploita-
tion of structural chemical databases comprising a broad
variety of chemotypes, in conjunction with databases on
target genes and proteins, should facilitate the creation of
new chemical entities through computational molecular
modelling for pharmacological evaluation [33, 34, 36].

Some important anticancer natural leads

One example of these leads is podophyllotoxin, a natural
cyclolignan with antiviral and antitumour properties. The
chemistry explored around this compound has given rise
to the introduction in clinical practice of etoposide (and
its pro-drug etopophos) and teniposide: drugs that are ef-
ficacious against cancers of the lung and colon and
against leukaemia, among other antineoplastic properties.

Other examples of natural lead anticancer compounds
are molecules such as camptothecin, paclitaxel or vin-
blastine. These compounds and their derivatives show
extraordinary antineoplastic properties, some of them
being found among the most widely prescribed chemo-
therapeutic agents.

Podophyllotoxins: anticancer activity and uses

Cytotoxicity and antiviral activity are the most impor-
tant features currently underlying our interest in podo-
phyllotoxin and its analogues [37]. Podophyllotoxin is
the most abundant lignan isolated from podophyllin, a
resin obtained from species of the genera Podophyllum
(Berberidaceae) [38]. Since ancient times, podophyllo-
toxin has been used for medicinal purposes as a cathar-
tic and antihelminthic agent.

Nevertheless, podophyllotoxin is included in many
pharmacopoeias and is used as an antiviral agent in the
treatment of Condyloma acuminatum, caused by the
HPV papilloma virus, and other venereal and perianal
warts [39]. Additionally, like other related lignans –de-
oxypodophyllotoxin, picropodophyllotoxin and peltatins
α and β among others– it has proved effective against
type I herpes simplex virus and measles [40].

Podophyllotoxin has other uses in dermatology [41]
and in the treatment of rheumatoid arthritis [42], and its
immunostimulatory activities have been described [43].

Despite this broad variety of pharmacological proper-
ties, it was podophyllotoxin’s antitumour properties, dis-
covered halfway through the last century, that propitiated
an extraordinary arousal of interest in cyclolignans and
led podophyllotoxin to become a lead compound in the
search for more efficient antineoplastic agents.

Podophyllotoxin is effective in the treatment of Wilms’
tumours, different types of genital tumours (carcinoma
verrucosus, for example), and in non-Hodgkin and other
lymphomas [37] and lung cancer [44, 45] (Fig. 4).

With a view to achieving greater therapeutic efficiency,
combination therapies are currently being implemented
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with other chemotherapeutic agents or with other tech-
niques useful in the fight against cancer. In this sense,
multiple myeloma responds best to homeotherapy with
podophyllotoxin and intermittent local administration of
methotrexate and systemic polychemotherapy. In com-
bination with cisplatin, podophyllotoxin is effective in
treating neuroblastomas [46].

Podophyllotoxin-like lignans inhibit the polymerisa-
tion of tubulin, arresting the cell cycle in the metaphase
[47–49].

Several studies addressing cyclolignans [50–52] ha-
ve shown that cyclolignanolides of the podophyllotoxin
group might work as alkylating agents of biomolecules
through their C-9 methylene, rather than as acylating
agents (Fig. 5).

Etoposide, teniposide and etopophos

Three semisynthetic derivatives of the cyclolignan po-
dophyllotoxin –etoposide, teniposide and etopophos– are
widely used anticancer drugs and show good clinical ef-
fects against several types of neoplasms, including tes-

ticular and small-cell lung cancers, lymphoma, leu-
kaemia, Kaposi's sarcoma, etc. [37, 53–56]. However,
several limitations, such as myelosuppression, the de-
velopment of drug resistance and cytotoxicity against
normal cells remain to be resolved.

Etoposide-like compounds are potent irreversible in-
hibitors of DNA topoisomerase II and their action is
based on the formation of a nucleic acid-drug-enzyme
complex, which induces single- and double-stranded
DNA breaks as the initial step in a series of biochemical
transformations that eventually lead to cell death [37,
49, 57–61].

In order to overcome the limitations of these com-
pounds and to develop new compounds with better anti-
tumour activity, many structural modifications have
been performed on the cyclolignan skeleton.

In this sense, many investigators have focused their re-
search on the design, semisynthesis and synthesis of novel
analogues of podophyllotoxin. This has afforded very in-
teresting results, reviewed in a large number of scientific
articles [37, 47, 62–77 and references cited therein].

Thus, many new cyclolignans have been prepared by
modification of nearly all the rings of the skeleton in the
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search for more potent, less toxic and more selective
analogues. Podophyllic aldehyde, a new compound ob-
tained from podophyllotoxin, has become a new lead
compound for further chemical modifications, of which
the imine derivatives not only maintain the level of cyto-
toxicity of the parent aldehyde, but also improve selec-
tivity against HT-29 colon carcinoma [78–80].

A summary of the main structural modifications car-
ried out on the different rings and positions of podophy-
llotoxin can be seen in the following figure (Fig. 6):

Studies on structure–activity relationships carried
out to date on a broad variety of the compounds already
prepared highlight the importance of such modifications
with respect to the mechanism of action of such com-
pounds [51, 57, 69, 70].

Because etoposide and teniposide are drugs widely
used in clinical practice and have position 7 substituted,
this position in the cyclolignan skeleton is the most
modified: 7β-aniline and 7-imidepodophyllotoxin [81],
7β-mono-, di- and trisubstituted aniline-4'-demethyl-
podophyllotoxin [82], 7-aminoepipodophyllotoxin de-
rivatives, γ-lactone ring-modified 7-aminoetoposide
analogues [5, 83], deoxypodophyllotoxin [84], 7β-amin-
odeoxypodophyllotoxin and 7-amino-4'-demethyldeoxy-
podophyllotoxin [85], 7-aza-8,8'-didehydropodophyllo-

toxins [86]. Modification at position 7 also encompasses
glycosides such as podophyllotoxin glucosides [87],
isopodophyllotoxin glucoside and 4'-demethylpicrop-
odophyllin glucoside [88]. Also (+)-7-acetyl-6-metho-
xypicropodophyllin, (+)-7-acetylpicropodophyllin [89],
7-β-propenylpodophyllotoxin ethers [90], (–)-7-aza-7-
deoxypodophyllotoxin [91–93], 7-imidazol [94], 7-tetra-
hydropyridine [95] and glycine polymer of podophyllo-
toxin have been prepared [96].

Camptothecin, topotecan and irinotecan

Camptoteca acuminata is a tree found in Tibet and Chi-
na, where it is known as the tree of happiness (Xhi Shu).
Its main active component is camptothecin, a quinoline
alkaloid whose antitumour activity was discovered in
1958 [97, 98]. Camptothecin and its derivatives exhibit
the property of inhibiting DNA topoisomerases by sta-
bilising certain intermediate complexes produced during
DNA synthesis [49, 57, 59, 61, 74, 99–104]. As DNA
replication is prevented, so is cellular proliferation.
Camptothecin has been modified chemically [105, 106]
to reduce its toxic effects and two of its derivatives have
been commercialised: namely, topotecan and irinorecan
[107, 108] (Fig. 7).
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Topotecan is applied to metastatic ovarian cancer [71]
and has efficacy in small-cell lung cancer [109–116].
Irinotecan is a pro-drug of the active metabolite, and it
is useful in metastatic colorectal cancer [117, 118] in
combination with fluorouracil and oxaliplatin [118–122].

Camptothecin and its analogues act by inhibiting
topoisomerase I, a cellular enzyme that maintains the
topographic structure of DNA during translation,
transcription and mitosis. Topoisomerase I alleviates
the coiling strain of the DNA double helix during repli-
cation and transcription by transiently breaking one of
the chains of the double helix, a DNA-topoisomerase
complex being formed, after which it is joined up again.
Camptothecin and its derivatives bind to the DNA-
topoisomerase complex and prevent this “re-soldering”
from taking place. However, for these compounds to
show potent cytotoxicity (DNA-topoisomerase com-
plexes are somewhat unstable and they degrade when
the drug is removed), DNA synthesis must be initiated.
At this moment, when the fork formed by the two DNA
strands encounters topoisomerase-irinotecan complexes,
a double breakage of the strands occurs, in this case ir-
reversible. Thus, irinotecan and related compounds are
highly specific to the S phase of the cell cycle and elicit
the arrest of the cell cycle in G2. Accordingly, agents
that, like hydroxyurea, inhibit DNA synthesis are able to
protect cells against the cytotoxicity of camptothecins
[99 and references cited therein].

Vinblastine and vincristine

Vinblastine and vincristine are vinca alkaloids isolated
from the pink periwinkle plant Catharantus rosea (for-
merly Vinca rosea Linn) [123–125]. This class of alka-
loids includes vinorelbine and vindesine, and other indole
compounds obtained by simple structural modification
of natural leads [126, 127].

Vinca alkaloids have similar structures but show dif-
ferences both in their activity spectrum and in their toxi-

city [128, 129]. Vincristine is more effective against non-
Hodgkin lymphoma, Hodgkin’s disease and paediatric
solid tumours than against adult solid tumours. In con-
trast, vinorelbine is more effective against breast and
lung cancer. Vinblastine is used in the treatment of tes-
ticular cancer, non-Hodgkin lymphoma, breast cancer,
head and neck cancer, cervico-uterine cancer and blad-
der cancer [130] (Fig. 8).

Vinblastine prevents cancerous cells from undergoing
mitosis. It does so by inhibiting the formation of fibres
in the achromatic spindle. The fibres of the spindle are
responsible for chromosomal alignment and separation
during anaphase. Vinblastine blocks the formation of
microtubules and binds to the α and β subunits of tubu-
lin in the S phase of the cell cycle; without the appropriate
microtubules, cell division is impossible [60]. Like all
vinca alkaloids, this drug also affects the division of
normal cells, thus explaining several of the undesirable
side effects [131, 132].

Paclitaxel (Taxol®) and docetaxel (Taxotere®)

Paclitaxel is a diterpene with a taxane nucleus that was
first isolated from the bark of the Western yew Taxus
brevifolia, a tree native to western North America. Later,
it was found in the leaves of several species of Taxus.
However, the content of paclitaxel in Taxus is very low
[133–136]. Another source of paclitaxel is semisynthe-
sis from 10-deacetyl-baccatin III, which is available
from the leaves of Taxus baccata. Total synthesis of pa-
clitaxel has been achieved, but is too complex to be used
as a commercial source of the drug [137–145].

Taxol was approved by the US FDA in 1992 for the
treatment of drug-refractory metastatic ovarian cancer.
It has also shown promising results in clinical trials in
lung, breast, and head and neck cancer.

The mechanism of action is unique [146–149]. The
taxanes disable the mitotic apparatus by disrupting the
normal function of microtubules. They act as microtubu-
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lin-stabilising agents while the other inhibitors of mitosis
such as vinca alkaloids destabilise this process. Whereas
vinca alkaloids affect the rates of tubulin polymerisation,
the taxanes induce the inhibition of microtubule depoly-
merisation. Like vinca alkaloids, the mechanism of ac-
tion of taxanes is dose-dependent [150, 151].

Docetaxel is a semisynthetic analogue of paclitaxel
obtained from 10-deacetyl-baccatin III. It shows potent
anticancer activity, better than that of taxol, and has bet-

ter pharmacokinetic properties, such as improved water
solubility. It is also a stabiliser of microtubules and is
cytotoxic against several human cells. It is used in the
treatment of locally advanced metastatic breast cancer
and non-small-cell lung cancer [152–156] (Fig. 9).

The preparation of hybrids [157] of natural products
(e.g., podophyllotoxin–paclitaxel, camptothecin–podo-
phyllotoxin) is an extraordinary strategy with regard to
the preparation of thousands of compounds that might
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display the pharmacological properties of the two natural
compounds that form part of the hybrid, or that might
improve the properties of such compounds or their phar-
macokinetics.

Other natural anticancer products that have also
been subjected to structural modifications in the search
for better anticancer drugs are puromycin, mitomycin C,
dactinomicin, doxorubicin, daunorubicin, bleomycin,
mitramicin, masoprocol and resveratrol, among others
[158, 159].

In sum, natural products play an important role in
the development of drugs, especially for the treatment

of cancer. Podophyllotoxin, camptothecin, vinblastine
and paclitaxel are only four examples of lead natural an-
ticancer drugs within the broad arsenal of natural com-
pounds whose structural modification has led to more
potent and less toxic compounds than the prototype; the
main aim of pharmacomodulation. Additionally, the
possibility of generating hybrids of natural products
seems to be very promising in the development of new
lead compounds with better activity than that of the parent
compound.

Acknowledgements Financial support for this work came
from MEC-CTQ 2004-200156.

774 M. Gordaliza: Natural products as leads to anticancer drugs

References
1. Newman DJ, Cragg GM (2007) Natural products

as sources of new drugs over the last 25 years. J
Nat Prod 70:461–477

2. Wilson RM, Danishefsky SJ (2006) Small mole-
cule natural products in the discovery of thera-
peutic agents: the synthesis connection. J Org
Chem 71:8329–8351

3. Wilson RM, Danishefsky SJ (2007) Applications
of total synthesis toward the discovery of clini-
cally useful anticancer agents. Chem Soc Rev
36:1207–1226

4. Mukherjee AK, Basu S, Sarkat N, Ghosh AC
(2001) Advances in cancer therapy with plant
based natural products. Curr Med Chem 8:
1467–1486

5. Lee KH (1999) Novel antitumor agents from
higher plants. Med Res Rev 19:569–596

6. Paterson I, Anderson EA (2005) The renaissance
of natural products as drug candidates. Science
310:451–453

7. Koehn FE, Carter GT (2005) The evolving role
of natural products in drug discovery. Nat Rev
Drug Discov 4:206–220

8. Lee K-H (2004) Current developments in dis-
covery and design of new drug candidates from
plant natural. J Nat Prod 67:273–283

9. Butler MS (2005) Natural products to drugs:
natural products derived compounds in clinical
trials. Nat Prod Rep 22:162–195

10. Butler MS (2004) The role of the natural product
chemistry in drug discovery. J Nat Prod 67:
2141–2153

11. Koehn FE, Carter GT (2005) The evolving role
of natural products in drug discovery. Nat Rev
Drug Discov 4:206–220

12. Newman DJ, Cragg GM (2004) Marine natural
products and related compounds in clinical and ad-
vanced preclinical trials. J Nat Prod 67:1216–1238

13. Hamann MT, Hill R, Roggo S (2007) Marine
natural products. Key advances to the practical
application of this resource in drug develop-
ment. Chimia 61:313–321

14. Simmons TL, Andrianasolo E, McPhail K et al
(2005) Marine natural products as anticancer
drugs. Mol Cancer Ther 4:333–342

15. Marris E (2006) Marine natural products: drugs
from the deep. Nature 443:904–905

16. Schwartsmann G , Brondani da Rocha A, Mattei
J, Martins Lopes R (2003) Marine-derived anti-
cancer agents in clinical trials. Expert Opin
Investig Drugs 12:1367–1383

17. Blunt JW, Copp BR, Hu VP et al (2007) Marine
natural products. Nat Prod Rep 24:31–86

18. Blunt JW, Copp BR, Munro MHG et al (2006)
Marine natural product. Nat Prod Rep 23:26–78

19. Morris JC, Nicholas GM, Phillips AJ (2007)
Marine natural products: synthetic aspects. Nat
Prod Rep 24:87–108

20. Newman DJ, Cragg GM, Sanader KM (2003)
Natural products as sources of new drugs over
the period 1981–2002. J Nat Prod 66:1022–1037

21. Glaser KB (2007) HDAC inhibitors: clinical up-
date and mechanism-based potential. Biochem
Pharmacol 74:659–671

22. Bayes M, Rabasseda X, Prous JR (2007) Gate-
ways to clinical trials. Methods Find Exp Clin
Pharmacol 29:303–311

23. Mosley CA, Liotta DC, Snyder JP (2007) Highly
active anticancer curcumin analogues. Adv Exp
Med Biol 595:77–103

24. Youssef D, Nichols CE, Cameron TS et al (2007)
Design, synthesis, and cytostatic activity of nov-
el cyclic curcumin analogues. Bioorg Med
Chem Lett 17:5624–5629

25. Johnson JJ, Mukhtar H (2007) Curcumin for
chemoprevention of colon cancer. Cancer Lett
255:170–181

26. Cao J, Liu T, Jia L et al (2007) Curcumin indu-
ces apoptosis through mitochondrial hyperpolar-
ization and mtDNA damage in human hepatoma
G2 cells. Free Radic Biol Med 43:968–975

27. Shishodia S, Chaturvedi MM, Aggarwal BB
(2007) Role of curcumin in cancer therapy. Curr
Prob Cancer 31:243–305

28. Clardy J (2004) Lessons from natural molecules.
Nature 432:829–837

29. Hill RA, Sutherland A (2007) Hot off the press.
Nat Prod Rep 24:14–17

30. Amagata T, Minoura K, Numata A (2006)
Gymnastatins F-H, cytostatic metabolites from
the sponge-derived fungus Gymnascella
dankaliensis. J Nat Prod 86:1384–1388

31. Ge HM, Xu C, Wang XT et al (2006) Hopeanol:
a potent cytotoxin with a novel skeleton from
Hopea exalata. Eur J Org Chem 71:5551–5554

32. Mentel M, Breinbauer R (2007) Combinatorial
solid-phase natural product chemistry. Topics
Curr Chem 278:209–241

33. Füllbeck M, Michalsky E, Dunkel M, Preissner
R (2006) Natural products: sources and data
bases. Nat Prod Rep 23:347–356

34. Kingston DGI, Newman DJ (2005) The search
for novel drug leads for predominately antitumor
therapies by utilizing mother nature's pharma-
cophoric libraries. Curr Opin Drug Discov Dev
8:207–227

35. Baltz R (2006) Combinatorial biosynthesis of
novel antibiotics and other secondary metabo-
lites in actinomycetes. SIM News 56:148–158

36. Nisbet LJ, Moore M (1997) Will natural products
remain an important source of drug research for
the future? Curr Opin Biotechnol 8: 708–712

37. Ayres DC, Loike JD (1990) Lignans. Chemical,
biological and clinical properties. Cambridge
University Press, Cambridge

38. Harwelln JL, Schrecker AW (1951) Components
of podophyllin. V. The constitution of podophyl-
lotoxin. J Am Chem Soc 73:2909–2916

39. Beutner KR (1996) Podophyllotoxin in the treat-
ment of genital warts. Curr Probl Dermatol 24:
227–232

40. Sudo K, Konno K, Shigeta S, Yokota T (1998)
Inhibitory effects of podophyllotoxin derivatives
on herpes simplex virus replication. Antivir
Chem Chemother 9:263–267

41. Leander K, Rosen B (1988) Medicinal used for
podophyllotoxin. US patent 4,788,216

42. Ahlmen M, Ahlmen J, Svalander C, Bucht H
(1987) Cytotoxic drug treatment of reactive
amyloidosis in rheumatoid arthritis with special
reference to renal insufficiency. Clin Rheumatol
6:27–38

43. Pugh NI, Khan I, Moraes RM, Pasco D (2001)
Podophyllotoxin lignans enhance IL-1E but sup-
press TNF-a mRNA expression in LPS-treated
monocytes. Immunopharmacol Immunotoxicol
23:83–95

44. Subrahmanyam D, Renuka B, Rao CV et al
(1998) Novel D-ring analogues of podophyllo-
toxin as potent anti-cancer agents. Bioorg Med
Chem Lett 8:1391–1396

45. Utsugi T, Shibata J, Sugimoto Y et al (1996)
Antitumor activity of a novel podophyllotoxin
derivative (TOP-53) against lung cancer and
lung metastatic cancer. Cancer Res 56:2809–
2814

46. Fisher RI, Gaynor ER, Dahlberg S et al (1994) A
phase III comparison of CHOP vs. m-BACOD
vs. ProMACE-CytaBOM vs. MACOP-B in pa-
tients with intermediate- or high-grade non-
Hodgkin's lymphoma: results of SWOG-8516
(Intergroup 0067), the National High-Priority
Lymphoma Study. Ann Oncol 5[Suppl 2]:91–95

47. Damayanthi Y, Lown JW (1998) Podophylloto-
xins: current status and recent developments.
Curr Med Chem 5:205–252

48. Imbert TF (1998) Discovery of podophyllotox-
ins. Biochimie 80:207–222

49. Buss AD, Waigh RD (1995) In: Wolff ME (ed.)
Natural products as leads for new pharmaceuti-
cals. John Wiley & Sons Inc, New York, Chapter
24

50. Gordaliza M, García PA, Miguel del Corral JM
et al (2004) Podophyllotoxin: distribution,
sources, applications and new cytotoxic deriva-
tives. Toxicon 44:441–459

51. Gordaliza M, Castro A, Miguel del Corral JM,
San Feliciano A (2000) Antitumor properties of
podophyllotoxin and related compounds. Curr
Pharm Design 6:1811–1839

52. Gordaliza M, Miguel del Corral JM, Castro MA
et al (1995) Synthesis and evaluation of pyrazo-
lignans. A new class of cytotoxic agents. Bioorg
Med Chem 3:1203–1210

53. Von Wartburg A, Stähelin H (1993) Etoposide.
In: Lednicer D (ed.) Chronicles of drug discov-
ery. American Chemical Society, Washington
DC, pp 349–380



54. Fleming RA, Miller AA, Steward CF (1989)
Etoposide: an update. Clin Pharm 8:274–293

55. Meresse P, Dechaux E, Monneret C, Bertounes-
que E (2004) Etoposide: discovery and medici-
nal chemistry. Curr Med Chem 11: 2443–2466

56. Stahelin H, Von Wartburg A (1989) From podo-
phyllotoxin glucoside to etoposide. Progress
Drug Res 33:169–266

57. Srivastava V, Negi AS, Kumaar JK et al (2005)
Plant-based anticancer molecules: a chemical
and biological profile of some important leads.
Bioorg Med Chem 13:5892–5908

58. Jardin I (1980) Podophyllotoxins. In: Cassady
JM, Douros JD (eds) Anticancer agents based on
natural models. Academic Press, New York, pp
319–351

59. Gertsch J, Meier S, Tschopp N, Altmann K-H
(2007) New tubulin inhibitors from plants a crit-
ical assessment. Chimia 61:368–372

60. Hait WN, Rubin E, Alli E, Goodin S (2007)
Tubulin targeting agents. Update Cancer Thera-
peutics 2:1–18

61. Jordan MA, Wilson L (2004) Microtubules as
target for anticancer drugs. Nat Rev Cancer 4:
253–265

62. Massanet GM, Pando E, Rodríguez-Luis F, Zu-
bia E (1989) Lignans: a review. Fitoterapia 60:
3–35

63. Row R (1978) Chemistry of lignans. Andhra
University Press, Waltair, India

64. Ward RS (1997) Lignans, neolignans, and relat-
ed compounds. Nat Prod Rep 14:43–74

65. Whiting DA (1990) Lignans, neolignans, and re-
lated compounds. Nat Prod Rep 7:349–364

66. Canel C, Moraes RM, Dayan FE, Ferreira D
(2000) Molecules of interest: podophyllotoxin.
Phytochemistry 54:115–120

67. Botta B, Delle Monache G, Misiti D et al (2001)
Aryltetralin lignans: chemistry, pharmacology
and biotransformations. Curr Med Chem 8:
1363–1381

68. Petersen M, Alfermann AW (2001) The produc-
tion of cytotoxic lignans by plant cell cultures.
Appl Microbiol Biotechnol 55:135–142

69. Liu YQ, Yang L, Tian X (2007) Podophyllotoxin:
current perspectives. Curr Bioactive Compounds
3:37–66

70. You Y (2005) Podophyllotoxin derivatives: cur-
rent synthetic approaches for new anticancer
agents. Curr Pharm Design 11:1695–1717

71. Malonne H, Atassi G (1997) DNA topoiso-
merase targeting drugs: mechanisms of action
and perspectives. Anti-Cancer Drugs 8:811–822

72. Redkar RG, Jolly CI (2003) Natural products as
anticancer agents. Indian Drugs 40:619–626

73. Bohlin L, Rosén B (1996) Podophyllotoxin de-
rivatives: drug discovery and development. Drug
Discov Today 1:343–351

74. Kuo-Hsiung L (1999) Novel antitumor agents
from higher plants. Med Res Rev 19:569–596

75. Gordaliza M, Castro MA, García-Grávalos MD
et al (1994) Antineoplastic and antiviral activi-
ties of podophyllotoxin related lignans. Arch
Pharm (Weinheim) 327:175–179

76. Gao R, Tian X, Zhang X (2000) A brief review
on podophyllotoxin analogues. Chin J Pest Sci
2:1–6

77. Zhu CG, Yang J, Li DZ (2004) Advances in anti-
neoplasm drug-podophyllotoxin and its deriva-
tives. Drug Evaluat 1:306–309

78. Gordaliza M, Castro MA, Miguel del Corral JM
et al (2000) Synthesis and antineoplastic activity
of cyclolignan aldehydes. Eur J Med Chem 35:
691–698

79. Gordaliza M, Miguel del Corral JM, Castro MA
et al (2001) Cytotoxic cyclolignans related to
podophyllotoxin. Farmaco 56:297–304

80. Castro MA, Miguel del Corral JM, Gordaliza M
et al (2004) Synthesis and biological evaluation
of new selective cytotoxic cyclolignans derived
from podophyllotoxin. J Med Chem 47:1214–
1222

81. Kamal A, Gayatri NL, Reddy DR et al (2005)
Synthesis and biological evaluation of new 4β-
anilino- and 4β-imido-substituted podophyllo-
toxin congeners. Bioorg Med Chem 13:6218–
6225

82. Zhu XK, Guan J, Tachibana Y et al (1999) Anti-
tumor agents. 194. Synthesis and biological eva-
luations of 4β-mono-, -di-, and -trisubstituted
aniline-4'-O-demethyl-podophyllotoxin and re-
lated compounds with improved pharmacologi-
cal profiles. J Med Chem 42:2441–2446

83. Lee CC, Huang TS (2001) A novel topoiso-
merase II poison GL331 preferentially induces
DNA cleavage at (C/G) T sites and cause telom-
ere DNA damage. Acta Pharm Res 18:846–851

84. Suzuki S, Sakakibara N, Umezawa T, Shimada
M (2002) Survey and enzymatic formation of
lignans of Anthriscus sylvestris. J Wood Sci 48:
536–541

85. You JZ, Chen YZ (2000) Two new methods for
synthesis of 4?-amino-4-deoxypodophyllotoxin
and 4?-amino-4'-demethyl-4-deoxypodophyllo-
toxin. Chem J Chin 21:1064–1066

86. Tratrat C, Giorgi-Renault S, Husson HP (2002)
A multicomponent reaction for the one-pot syn-
thesis of 4-aza-2,3-didehydropodophyllotoxin
and derivatives. Org Lett 4:3187–3189

87. Zhao C, Nagatsu A, Hatano K et al (2003) New
lignan glycosides from Chinese medicinal plant,
Sinopodophillum emodi. Chem Pharm Bull
51:255–261

88. Zhao CQ, Huang J, Nagatsu A, Ogihara Y
(2001) Two new podophyllotoxin glucosides
from Sinopodophyllum emodi (Wall.) Ying.
Chem Pharm Bull 49:773–775

89. Gu JQ, Park EJ, Totura S et al (2002) Constitu-
ents of the twigs of Hernandia ovigera that in-
hibit the transformation of JB6 murine epider-
mal cells. J Nat Prod 65:1065–1068

90. Bathini Y, Scholte A, Kelly S et al (1999) New
podophyllotoxin derivatives as potential anti-
cancer agents: Synthesis and cytotoxicity of 4β-
O-propenylpodophyllotoxin ethers. Synth Com-
mun 29:379–385

91. Hitotsuyanagi Y, Fukuyo M, Tsuda K et al
(2000) 4-Aza-2,3-dehydro-4-deoxypodophyllo-
toxins: simple aza-podophyllotoxin analogues
possessing potent cytotoxicity. Bioorg Med
Chem Lett 10:315–317

92. Magedov IV, Manpadi M, Rozhkova E et al
(2007) Structural simplification of bioactive nat-
ural products with multicomponent synthesis:
dihydropyridopyrazole analogues of podophyllo-
toxin. Bioorg Med Chem Lett 17:1381–1385

93. Magedov IV, Manpadi M, Van Slambrouck S et
al (2007) Discovery and investigation of antipro-
liferative and apoptosis-inducing properties of
new heterocyclic podophyllotoxin analogues ac-
cessible by one-step multicomponent synthesis.
J Med Chem 50:5183–5192

94 Li S-J, Zhong J-H, Wang Y-G (2006) Synthesis
of new chiral N-heterocyclic carbenes from nat-
urally occurring podophyllotoxin and their ap-
plication to asymmetric allylic alkylation. Tetra-
hedron: Asymmetry 17:1650–1654

95. Jin Y, Chen S-W, Tian X (2006) Synthesis and
biological evaluation of new spin-labeled deriva-
tives of podophyllotoxin. Bioorg Med Chem
14:3062–3068

96. Lee N-J, Jeong I-C, Cho M-Y et al (2006)
Synthesis and in vitro antitumor activity of ph-
thalimide polymers containing podophyllotoxin.
Eur Polymer J 42:3352–3359

97. Wall ME, Wani MC, Cook CE et al (1966)
Plants antitumor agents. 1. The isolation and
structure of camptothecin, a novel alkaloidal
leukaemia and tumor inhibitor from Campto-
theca acuminata. J Am Chem Soc 88:3888–3890

98. Chavan SP, Pathak AB, Kalkote UR (2007) Total
synthesis of (+)-camptothecin via an intramolec-
ular palladium-catalyzed cyclization strategy.
SynLett 2635

99. Hartmann JT, Lipp HP (2006) Camptothecin and
podophyllotoxin derivatives: Inhibitor of topoi-
somerase I and II – mechanism of action, phar-
macokinetics and toxicity profile. Drug Safety
29:209–230

100. Wall ME (1998) Camptothecin and taxol: dis-
covery to clinic. Med Res Rev 18:299–314

101. Cragg GM, Newman DJ (2005) Plants as a
source of anti-cancer agents. J Ethnopharmacol
100:72–79

102. Hisiang YH, Hertzberg R, Hecht S, Liu LF
(1985) Camptothecin induces protein-linked
DNA breaks via mammalian DNA topoiso-
merase I. J Biol Chem 88:3888–3890

103. Braña MF, Sanchez-Migallón A (2006) Anti-
cancer drug discovery and pharmaceutical che-
mistry: a history. Clin Transl Oncol 8:717–728

104. Rothenberg ML (1997) Topoisomerase I inhibi-
tors: review and update. Ann Oncol 8:837–855

105. Kingsbury WD, Boehm JC, Jakas DR (1991)
Synthesis of water-soluble (aminoalkyl) camp-
tothecin analogs: inhibition of topoisomerase I
and antitumor activity. J Med Chem 34:98–107

106. Sawada S, Okajima S, Piyama R et al (1991)
Synthesis and antitumor activity of 20(S)-camp-
tothecin derivatives: carbamate linked, water sol-
uble derivatives of 7-ethyl-10-hydroxycamp-
tothecin. Chem Pharm Bull 39:1446–1450

107. Potmesil M (1994) Camptothecins: from bench
research to hospital wards. Cancer Res 54:1431–
1439

108. García Carbonero R, Supko JG (2002) Current
perspectives on the clinical experience, pharma-
cology and continued development of the camp-
tothecins. Clin Cancer Res 8:641–661

109. Dennis MJ, Beijnene JH, Grochow LB, van
Wamerdam LJ (1997) An overview of the clini-
cal pharmacology of topotecan. Semin Oncol
24[1 Suppl 5]:S5-12–S5-18

110. O’Reilly S (1999) Topotecan: what dose, what
schedule, what route? Clin Cancer Res 5:3–5

111. Shah C, Ready N, Perry M et al (2007) A multi-
center phase II study of weekly topotecan as sec-
ond-line therapy for small cell lung cancer. Lung
Cancer 57:84–88

112. Nelson R (2007) Topotecan more effective than
supportive care. Lancet Oncol 8:13

113. Spannuth WA, Leath CA, Huh WK et al (2007)
A phase II trial of weekly topotecan for patients
with secondary platinum-resistant recurrent ep-
ithelial ovarian carcinoma following the failure
of second-line therapy. Gynecol Oncol 104:
591–595

114. Gould P (2006) Topotecan adds no benefit in ad-
vanced ovarian cancer. Lancet Oncol 7:799

115. Ormrod D, Spencer CM (2002) Topotecan in the
treatment of recurrent ovarian cancer. Oncolo-
gist 7[Suppl 5]:3–18

116. Herben VMM, Ten Bokked Huinink WW,
Beijnen JH (1996) Clinical pharmacokinetics of
topotecan. Clin Pharmacokinet 31:85–102

117. Cersisimo RJ (1998) Irinotecan: a new antineo-
plastic agent for the management of colorectal
cancer. Ann Pharmacother 32:1324–1333

118. Erlichman C, Sargent DJ (2004) new treatment
options for colorectal cancer. N Engl J Med 351:
391

119. Saltz LB, Cox JV, Blanke C et al (2000) Irinote-
can plus fluorouracil and leucovorin for metasta-
tic colorectal cancer. N Engl J Med 343:905

120. Hurwitz H, Fehrenbacher L, Novotny W et al
(2004) Bevacizumab plus irinotecan, fluo-
rouracil, and leucovorin for metastatic colorectal
cancer. N Engl J Med 350:2335

121. Limonti A, Satta F, Pavese I et al (2003) Preven-
tion of irinotecan plus 5-fluorouracil/leucovorin-
induced diarrhoea by oral administration of
neomycin plus bacitracin in first-line treatment
of advanced colorectal cancer. Ann Oncol
14:805–806

122. Wasserman E, Cuvier C, Lokiec F et al (1999)
Combination of oxaliplatin plus irinotecan in pa-

M. Gordaliza: Natural products as leads to anticancer drugs 775



tients with gastrointestinal tumors: results of two
independent phase I studies with pharmacoki-
netics. J Clin Oncol 17:1751–1759

123. Johnson IS (1968) Historical background of
Vinca alkaloids research and areas of future in-
terest. Cancer Chemother Rep 52:455–461

124. Samuelsson G (1999) Drugs of natural origin,
4th Edn. Swedish Pharmaceutical Press, Sweden

125. Effert T, Li PCH, Konkimalla VSB (2007) From
traditional Chinese medicine to cancer therapy.
Trends Molec Med 13:353–361

126. Xie J, Tan F (2007) Advances in studies on anti-
tumor drugs originated from plant. Chin Trad
Herbal Drugs 38:285–289

127. El-Sayed M, Velporte R (2007) Catharantus ter-
penoids indole alkaloids: biosynthesis and regu-
lation. Phytochem Rev 6:277–305

128. Levêque D, Jehl F (2007) Molecular pharmaco-
kinetics of Catharanthus (Vinca) alkaloids. J
Clin Pharm 47:579–588

129. Himes RH (1991) Interactions of Catharantus
(Vinca) alkaloids with tubulin and microtubules.
Pharmacol Ther 51:257–267

130. Ding YF, Bao XD, An LJ (2005) Progress re-
search of antitumor agents vinblastine ana-
logues. Chin J Pharm 26:424–428

131. You J, Wan F, de Cui F et al (2007) Preparation
and characteristic of vinorelbine bitartrate-loa-
ded solid lipid nanoparticles. Int J Pharm 343:
270–276

132. Mano M (2006) Vinorelbine in the management
of breast cancer: new perspectives, revived role
in the era of targeted therapy. Cancer Treat Rev
32:106–118

133. Goodman J, de Walsh V (2001) The story of tax-
ol: nature and politics in the pursuit of an anti-
cancer drug. Cambridge University Press, Cam-
bridge

134. Kingston DGI, Newman DJ (2007) Taxoids:
cancer-fighting compound from nature. Curr
Opin Drug Discov Dev 10:130–144

135. Yazdani D, Shahnazi S, Rezazadeh Sh, Pirali
Hamadani M (2005) Review on yew tree (Taxus
spp). J Medicinal Plants 4:1–8

136. Kingston DGI (2001) Taxol, a molecule for all
seasons. Chem Commun 867–880

137. Nicolau KC, Yang Z,  et al (1994) Total synthe-
sis of taxol. Nature 367:630–634

138. Danishefsky SJ, Masters JJ, Young WB et al
(1996) Total synthesis of baccatin III and taxol. J
Am Chem Soc 118:2843–2859

139. Borah JC, Boruwa J, Barua NC (2007) Synthesis
of the C-13 side-chain of taxol. Curr Org Syn 4:
175–199

140. Guo BH, Kai GY, Jin HB, Tang KX (2006)
Taxol synthesis. Afr J Biotechnol 5:15–20

141. Shi Q-W, Kiyota H (2005) New natural taxane
diterpenoids from Taxus species since 1999.
Chem Biodivers 2:1597–1623

142. Nakagawa-Goto K, Yamada K, Nakamura S et al
(2007) Antitumor agents. 258. Syntheses and
evaluation of dietary antioxidant – taxoid conju-
gates as novel cytotoxic agents. Bioorg Med
Chem Lett 17:5204–5209

143. Ferjancic Z, Matovic R, Cekovic Z et al (2006)
Synthesis, biology, and modeling of a C-4 car-
bonyl C,D-seco-taxoid. Tetrahedron 62:8503–
8514

144. Kuznetsova L, Chen J, Sun L et al (2006)
Syntheses and evaluation of novel fatty acid-sec-
ond-generation taxoid conjugates as promising
anticancer agents. Bioorg Med Chem Lett
16:974–977

145. Kingston DGI (2007) The shape of things to
come: structural and synthetic studies of taxol
and related compounds.  Phytochemistry
68:1844–1854

146. Sengupta S (2006) Drug target interaction of
tubulin-binding drugs in cancer therapy. Exp
Rev Anticancer Ther 6:1433–1447

147. Bergstralh DT, Ting JP-Y (2006) Microtubule
stabilizing agents: their molecular signaling con-

sequences and the potential for enhancement by
drug combination. Cancer Treat Rev 32:166–179

148. Altmann K-H, Gertsch J (2007) Anticancer
drugs from nature – natural products as a unique
source of new microtubule-stabilizing agents.
Nat Prod Rep 24:327–357

149. Leistner E (2005) Drugs from nature: biology of
taxanes. Pharm Unserer Zeit 34:98–103

150. Malonga H, Neault JF, Diamantoglou S, Tajmir-
Riahi HA (2005) Taxol anticancer activity and
DNA binding. Mini-Rev Med Chem 5:307–311

151. Kingston DGI, Bane S, Snyder JP (2005) The
taxol pharmacophore and the T-taxol bridging
principle. Cell Cycle 4:279–289

152. Nabholtz J-M, Gligorov J (2005) The role of
taxanes in the treatment of breast cancer. Exp
Opin Pharmacother 6:1073–1094

153. Dubois J (2006) Recent progress in the develop-
ment of docetaxel and paclitaxel analogues. Exp
Opin Ther Patents 16:1481–1496

154. Fang WS, Lian XT (2005) Recent progress in
structure activity relationship and mechanistic stu-
dies of taxol analogues. Mini-Rev Med Chem 5:1–12

155. Ojima I, Geney R, Ungureanu IM, Li D (2002)
Medicinal chemistry and chemical biology of
new generation taxane antitumor agents.
IUBMB Life 53:269–274

156. Ojima I, Geng X, Wu X et al (2002) Tumor-spe-
cific novel taxoid-monoclonal antibody conju-
gates. J Med Chem 45:5620–5623

157. Tietze LF, Bell HP, Chandrasekhar S (2003)
Natural product hybrids as new leads for drug
discovery. Angew Chem Int Ed 42:3996–4028

158. White SJ, Kasman LM, Kelly MM et al (2007)
Doxorubicin generates a proapoptotic phenotype
by phosphorylation of elongation factor 2. Free
Radic Biol Med 43:1313–1321

159. Busquets S, Ametller E, Fuster G et al (2007)
Resveratrol, a natural diphenol, reduces metasta-
tic growth in an experimental cancer model.
Cancer Lett 245:144–148

776 M. Gordaliza: Natural products as leads to anticancer drugs



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


