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Spirituality and Declining Prostate Cancer Treatment

Toward the Definition of the Mechanism of
Action of Silymarin: Activities Related to 
Cellular Protection From Toxic 
Damage Induced by Chemotherapy

Maria Cristina Comelli, PhD, Ulrich Mengs, PhD, Carl Schneider, PhD, and Marco Prosdocimi, PhD

Silymarin, the active extract from milk thistle, has been exten-
sively used in patients with liver disease of different etiology.
Although silymarin is a complex of 7 flavonolignans and
polyphenols, silibinin is usually regarded as the most active
component. In vitro and in vivo studies indicate that silymarin
and silibinin protect the liver from oxidative stress and sus-
tained inflammatory processes, mainly driven by Reactive
Oxygen Species (ROS) and secondary cytokines. Oxidative
stress and inflammation are also involved in cellular damage
of many other tissues and their role in the development and
toxic reactions in patients receiving cancer therapies is estab-
lished. The protective effects of silymarin and silibinin, demon-
strated in various tissues, suggest a clinical application in cancer
patients as an adjunct to established therapies, to prevent or
reduce their toxicity. Here we discuss the possible mecha-
nism of the protective action of silymarin and silibinin, focus-
ing on cancer therapies as agents causing cellular damage.
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Silymarin, the active extract from milk thistle, has
been extensively used for a long time, with an excel-
lent safety profile, in patients suffering from liver dis-
eases of different etiology (see, for review,  Saller et al,1

Rambaldi et al,2 and Rainone3). Silymarin has been
reported to be one of the herbal preparations most
frequently used by cancer patients on a voluntary
basis.4 In many countries a substantial percentage of
patients regularly complement chemotherapy with
Complementary and Alternative Medicine (CAM) and
silymarin is reported to be one of the herbal prepara-
tions most frequently taken by cancer patients on a regu-
lar basis to prevent or alleviate chemotherapy-induced
hepatotoxicity, with figures of approximately 7% of all
the patients taking herbal remedies.4-6. Although sily-
marin is a safe complex, with a low probability of

interference with the pharmacokinetics of established
and effective cancer therapies at doses lower than 5
g/d,7 clinicians should accurately consider the chemi-
cal composition of the silymarin complex used by a
given patient as well as the relative concentration of its
components. Clinical studies on silymarin hepatopro-
tection have been controversial, and its effects are con-
sidered uncertain. The clinical studies have been
subjected to numerous reviews and reassessments,1-3

possibly because of the chemical differences among
silymarin preparations administered, a factor likely
related to the difficulty in establishing the effective
dose. 

The standardized silymarin extract, obtained from
the seed of Silybum marianum (L.) Gaertn. (Asteraceae),
contains approximately 65% to 80% of flavonolignans,
with small amounts of flavonoids, and approximately
20% to 35% of fatty acids and polyphenolic com-
pounds. Definitions and details on the chemical struc-
ture of the silymarin complex and of silibinin, still
regarded as the most active antioxidant and antineo-
plastic component of the extract, are provided by Kroll
et al in this issue. It is worth noting that other flavono-
lignans in the silymarin complex besides silibinin are
endowed with specific pharmacologic activities. Thus,
the administration of the silymarin complex or of a
purified component could be differentially relevant to
the desired action and expected outcome.8-10 To this
end, the capability of silymarin and silibinin to interfere
with promotion and progression of carcinogenesis and
its reported anticancer activity (see, for review,  Moon 
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et al11 and Aggarwal and Shishodia12) deserves particu-
lar attention. When silymarin or silibinin is used as an
adjunct to cancer therapies to exert hepatoprotection,
questions remain on the possible synergistic or additive
action with different cytotoxics; indeed, synergistic
actions of silymarin and silibinin were reported with
doxorubicin, cisplatin, and carboplatin.13-15 Analyzing
the huge amount of published evidence on silymarin
and silibinin, we suggest that a unifying mechanism of
action emerges, likely related to early scavenging 
and antioxidant activity on Reactive Oxygen Species
(ROS)–induced oxidative stress and sustained inflam-
mation in tissues. Through this basic action, silymarin
and silibinin substantially interfere with Nuclear Factor
(NF)-κB–controlled transcriptional processes involved
in tissue damage as well as in cellular proliferation.16

With regard to the latter, silymarin and silibinin support
processes driving cell growth arrest and apoptosis and
oppose the ones promoting abnormal cell accumula-
tion. With regard to the former, cellular damage
induced by various agents is reduced by silymarin and
silibinin and can be estimated by evaluating many dif-
ferent readouts of biological and clinical relevance. 

In this article, we review briefly the main cellular
actions exerted by silymarin and silibinin in different
cell types, with particular regard to the actions likely
related to a protection from cancer therapy–induced
toxicity, contributing to the already existing framework
supporting silymarin administration in cancer patients. 

Cellular Actions and Molecular Targets of
Silymarin and Silibinin
A large body of evidence indicates that the ability of
silymarin to interfere with redox status and intracellu-
lar transduction mechanisms can explain most of the
described observations. Consistent with the pleiotropic
toxicity exerted by free radicals and taking into account
free radical scavenging action as the core of cellular
activities exerted by silymarin, it has been repeatedly
observed that both normal cells and cancer cells are
sensitive to silymarin action. We thus discuss in the fol-
lowing section both action on normal cells and some of
the observations reported in cancer models, focusing
on the results that more likely are related to the pro-
posed mechanism of action.

Antioxidant Action
ROS and Reactive Nitrogen Species (RNS) are con-
stantly generated in living systems as products of metal-
catalyzed reactions, mitochondria-catalyzed electron
transport reactions, immune reactions during inflam-
mation, irradiation (ie, ultraviolet light, X-rays, and
gamma rays), and chemicals.17 ROS are beneficial to

living cells at low levels but harmful at high concentra-
tions, particularly in rapidly proliferating cells, such as
cancer cells, basal keratinocytes, and gastrointestinal
epithelia. At high concentrations, ROS damage cell
structures, including lipids, membranes, proteins, and
nucleic acids. This damaging process is termed oxida-
tive stress. The cellular and tissue levels of ROS are
tightly regulated by the antioxidant defense systems,
that is, the enzymatic activities of superoxide dismu-
tase (SOD), catalase (CAT), glutathione peroxidase
(GSHPx), and glutathione reductase (GR). The activi-
ties of these enzymes contribute to the elimination 
of superoxide (O2⋅) and hydroxyl (⋅OH) radicals.
Nonenzymatic compounds such as α-tocopherol, 
β-carotene, ascorbate, and glutathione also exert
antioxidant protection. Redox homeostasis is main-
tained when transient mild increases in ROS are well
balanced by the antioxidant system, but redox signal-
ing imbalance may be caused by a sustained increase in
ROS generation or a defective or deficient antioxidant
system.18

Silymarin treatment has been observed to recover
toward control values both expression and activity 
of the antioxidant enzymes, which were significantly
diminished after alloxan intoxication in rats.19 Addi-
tionally, silibinin inhibited leukotriene formation
with an IC50 of 15 µM in human platelets, white blood
cells, and endothelial cells via the 5-lipoxygenase path-
way, detected as leukotriene (LT)B4 and LTC4/D4/
E4/F4 formation. This enzyme is strongly sensitive 
to redox status. The inhibition of arachidonic acid
metabolism via the cyclooxygenase pathway, detected
as prostaglandin E2 secretion, required up to 4-fold
higher silibinin concentrations compared with inhibi-
tion of the 5-lipoxygenase pathway, most likely because
cyclooxygenase activity is not regulated by redox status
as tightly as the former.20 Silymarin administered to
patients with chronic alcoholic liver disease signifi-
cantly enhanced the low SOD activity measured in the
patients’ erythrocytes and lymphocytes. Furthermore,
silymarin therapy markedly increased the serum activity
of GSHPx. The resulting beneficial antioxidant conse-
quences were confirmed by a considerable decrease
in serum malondialdehyde concentration.21

Antioxidant Activity in 
the Setting of Liver Toxicity
Ionizing radiation and chemotherapy induce an abnor-
mally large production of ROS in living cells, resulting
in chronic oxidative stress that disturbs signal trans-
duction and gene expression in such a way that patho-
logic conditions can occur. In particular, hepatotoxicity
and oral/gastrointestinal mucositis are frequently
observed in the treatment of cancer.22-24 Silymarin and



Comelli et al

122 INTEGRATIVE CANCER THERAPIES 6(2); 2007

silibinin exert antioxidant activity and support redox
homeostasis in several in vitro and in vivo models of
oxidative stress–induced hepatocellular injury. Both
silymarin and silibinin have been demonstrated to
affect redox status, lipid peroxidation, and proinflam-
matory cytokine expression and release. These obser-
vations have been previously reviewed in detail (see
Saller et al1), and we have selected some representative
examples, summarizing the main results in Table 1.

Hepatotoxic cellular events triggered by chemo-
therapy are very similar to the ones triggered by
acetaminophen, antibiotics, antipsychotics, and antide-
pressants.22,25 In particular, antimetabolites, such as
methotrexate, 6-mercaptopurine, and the parent
compound azathioprine, are frequently responsible
of hepatotoxicity, requiring dose reductions. The most
common pattern of toxicity is hepatocellular injury,

attributable directly to membrane and cell function
damage or indirectly to immune-mediated damage.
The common final mechanism of hepatotoxicity can
be summarized as follows: (a) depletion of reduced
glutathione (GSH), leading to increased toxicity of
free radicals and ROS and causing cellular necrosis;
and (b) increased release of cytokines, including
tumor necrosis factor (TNF), interleukin (IL)-6, and
IL-8, causing cellular apoptosis. Silymarin was effective
in counteracting all the parameters of oxidative stress.
The free radical scavenging and antioxidant proper-
ties of silymarin and silibinin are demonstrated by 
(a) protection from lipid peroxidation, detected as
reduced malondialdehyde content; and (b) restora-
tion and potentiation of the endogenous antioxi-
dant enzymes (SOD, CAT, and GSHPx) in oxidative
stress conditions, leading to increased intracellular

Table 1. Protection of Liver Cells From ROS-Induced Toxicity by Silymarin and Silibinin

Model/Disease Preparation Dose Actions Reference

Acetaminophen hepatotoxicity Primary rat hepatocytes 25 µM silymarin ↓ DNA strand breaks 42
(from Wistar rats)

CDDP hepatotoxicity Wistar albino rats 100 mg/kg intraperitoneal ↓ ALT and AST; ↑ GSH, 43
silymarin (pretreatment) SOD, GSHPx; ↓ MDA;

↓ NO in liver
Methotrexate, methotrexate Hep G2, NHPH 0.5 mmol/L silymarin ↓ Cytotoxicity; ↑ cell 44

and ethanol, methotrexate viability; ↑ GSH;
and acetaminophen ↓ TNF production;

↓ IL-6, IL-8 
Diethylnitrosamine hepatotoxicity Wistar albino rats 50 mg/kg oral silymarin ↓ AST, ALT; ↓ MDA 45

(lipid peroxidation);
↑ SOD, GSH, CAT;
↑ GST and GR

Ionizing radiation hepatotoxicity Wistar albino rats 70 mg/kg oral or 50 mg/kg Restoration of alkaline 46
intravenous silymarin phosphatase activity;
for 7 days ↓↑ ALT and AST;

↓ γ-glutamyl 
transpeptidase 
(pre-RT exposure); ↑ GSH 
(pre-RT exposure); ↑ GR 
(pre-RT exposure);
↑ GSHPx

Ethanol hepatotoxicity C57BL/6 mouse 200 mg/kg silymarin ↓ TNF production; 47
by gavage ↓ ALT activity;

↓ lipid peroxidation;
↑ GSH 

T-cell–dependent hepatitis BALB/c mice + primary 25-100 mg/kg intraperitoneal ↓ Plasma ALT and AST; 48
(ConA 20 mg/kg mouse splenocyte silibinin; Legalon® SIL ↓ cytokines in 
intravenously) splenocytes; ↓ DNA 

fragmentation; ↓ hepatic 
TNF, IFN-γ, IL-4, IL-2;
↓ hepatic NF-κB 
activation;
↑ hepatic IL-10 

CDDP = cisplatin; ALT = alanine aminotransferase; AST = aspartate aminotransferase; GSH = reduced glutathione; SOD = superoxide
dismutase; GSHPx = glutathione peroxidase; MDA = malondialdehyde; NO = nitric oxide; Hep G2, NHPH = Normal Human Primary
Hepatocytes; TNF = tumor necrosis factor; IL = interleukin; CAT = catalase; RT = ionizing radiation; GR = glutathione reductase; ConA =
Concanavalin A; SIL = Legalon SIL; IFN = interferon; NF = nuclear factor.
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concentration of GSH. Moreover, silymarin supports
the nonenzymatic antioxidant system through mainte-
nance of effective levels of α-tocopherol, β-carotene,
and ascorbate, resulting in an increased cell viability
and preserved functionality in several cell lines and
animal models. Interestingly, the silymarin complex
seems to be stronger than silibinin as an antioxidant,
suggesting that the mixed components, as well as their
oxidized metabolites in the mixture,26 are required for
optimal redox control.

In the clinical setting, the free radical scavenging
and antioxidant properties of silymarin may support
the tolerance of cancer patients to the increasing
oxidative stress generated in healthy cells and tissues
by oncological therapies. This could prevent or reduce
onset and progression of chemotherapy-induced toxi-
city, known to be a limiting factor requiring dose
reduction and even time off from therapy administra-
tion.27 If this is the case, silymarin could allow patient
compliance with courses of treatment. In this view,
orally administered Siliphos® at a dose of 5.1 mg/
kg/d has been demonstrated to exert a protective
action on chemotherapy-induced hepatotoxicity in
acute lymphoblastic leukemia patients, when used as
supportive therapy during a course of antineoplastic
maintenance therapy.28 Furthermore, in a 34-year-old
woman with promyelocytic leukemia who was repeat-
edly unable to comply with courses of treatment
because of antimetabolite-induced liver toxicity, nor-
mal liver aminotransferase level and completion of
maintenance chemotherapy with methotrexate and 
6-mercaptopurine were obtained by adjunctively
administered 800 mg of silymarin over 4 months.29

Finally, on the basis of experimental studies and
pathophysiologic considerations, one might expect
that application before or early after the toxic insult
could result in a stronger protective effect. Recent
results supporting this view have been obtained by the
Strickland group (GT Strickland, November 2006,
personal communication), working in patients with
acute viral hepatitis, where silymarin-treated patients
experienced more rapid resolution of symptoms and
signs as well as earlier normalization in laboratory test
results in comparison to an active vitamin placebo
preparation.

Protection From Oxidative Stress 
in Other Cell Types
Beside liver cells, many other cells have proven to be
sensitive to the protective action against toxic agents,
including kidney cells, immune system cells, neurons,
endothelial cells, fibroblasts, and keratinocytes, as
shown in Table 2. Experimental silymarin and silib-
inin concentrations are similar to those studied in
liver cells, supporting the notion that a common

mechanism is likely operative in different cell types,
where ROS-induced damage is relevant to toxicity.
The possible application of these findings is strongly
dependent on the local concentration of silibinin in
different organs and may be supported also by devel-
opment of new formulations, specifically designed for
different pathologic targets.

TNF-Dependent Kinase Inhibition
TNF strongly activates c-Jun N-terminal kinase (JNK)
and mitogen-activated protein kinase (MAPK or
MEK). Human histiocytic lymphoma U-937 cells were
pretreated with silymarin at different concentrations
(10-100 µM) for 2 hours and stimulated with TNF.
Silymarin was dose-dependently able to counteract
the approximately 7-fold TNF-induced activation of
JNK. MEK, known to also activate JNK, is similarly
activated by TNF induction. This MEK activation was
also found to be inhibited by silymarin in a dose-
dependent manner.16

Anti-Inflammatory and 
Anticarcinogenic Action
A number of in vitro and in vivo studies have analyzed
the action of silymarin and silibinin as anticancer
agents. Comprehensive reviews on chemopreventive
and anticancer activity on skin cancer cell lines and
animal models30 and on anticancer activity on prostate
cancer cell lines and animal models31 have been previ-
ously published, and the subject is further discussed in
this issue by Deep and Agarwal.

Table 3 summarizes some of these findings. It is
interesting to mention that many observations seem
likely related to the proposed mechanism of action of
silymarin and silibinin.

Table 2. Protection of Different Cell Types Exerted by Silymarin
and Silibinin In Vitro 

Cell Type Dose Challenge Reference

Mesangial 50-200 µmol/L TNF-α, IL-1β 49
cells silymarin

Monocytes 5-20 µg/mL β-thalassemia 50
silymarin

Endothelial cells 6.25-25 mg/L Hydrogen 51
silibinin peroxide

Dopaminergic 20-80 µmol/L LPS-induced 52
neurons as silymarin neurotoxicity
mesencephalic 
mixed neuron-
glia cultures

Keratinocytes 0.7-34 mg/L Hydrogen 53
and fibroblasts silymarin, peroxide

silibinin, 
other 
components

TNF = tumor necrosis factor; IL = interleukin;LPS = lipopolysaccharide.
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In general terms, silymarin and silibinin interfere
with the NF-κB–controlled transduction cascade.
ROS, acting as second messengers, cause sustained 
NF-κB activation through TNF-induced and inter-
leukin-1–induced expression. NF-κB (see, for review,
Dobrovolskaia and Kozlov 32) is an inducible and ubiq-
uitously expressed DNA binding protein, acting as a
transcription factor for genes involved in inflamma-
tion, cell survival, differentiation, and growth. Proin-
flammatory agents, carcinogens, and tumor promoters
such as toxic metals, ultraviolet radiation, phorbol
esters, asbestos, alcohol, lipopolysaccharide, TNF,
okadaic acid, ceramide, and benzo(a)pyrene are also
considered NF-κB–activating agents.32 In unstimulated
cells, NF-κB is sequestered in the cytoplasm by interac-
tion with inhibitory protein 1 kappa B alpha (IkBα).
On activation from oxidative stress, NF-κB dissociates
from IkBa, and IkBa is degraded. NF-κB translocates to
the nucleus and, through kinase phosphorylation, dri-
ves the activation of genes supporting inflammation.
The inflammatory response is typically accompanied 
by stimulation of cytokines and chemokines and the
expression and release of growth and angiogenesis fac-
tors. Indeed, sustained NF-κB activation and chronic

inflammation constitute a risk factor with a variety 
of epithelial cancers because the oxidant cellular
microenvironment is permissive for genetic instability
and proliferation, with transformed cells escaping
apoptosis,18 as is the case for prostate, cervix, esopha-
gus, stomach, liver, colon, pancreas, and bladder malig-
nancies. Consistent with their antioxidant activity,
silymarin and silibinin were demonstrated to inhibit
NF-κB activation through suppression of IkBa phos-
phorylation and degradation, decrease of p65 subunit
nuclear translocation, and NF-κB–dependent reporter
gene transcription. Silymarin, in a 10- to 100-µM range,
was demonstrated to dose-dependently inhibit the acti-
vation of NF-κB and related kinases. Silymarin concen-
trations were about 100-fold lower than salicylate
concentrations, suggesting that such a potent action
can be exerted at concentrations substantially free of
toxic effects.16, 33

Growth Factor Receptors and 
Transcription Factors
Silymarin and silibinin can inhibit growth factor
receptor–mediated mitogenic and cell survival signal-
ing, particularly as related to the activation of tyrosine

Table 3. Selected Activities of Silymarin and Silibinin Observed In Vivo in Rodent Cancer Models

Model/Disease Strain Dose Actions Reference

Stage I and stage II SENCAR mouse 3-12 mg of topical ↓ Lipid peroxidation; ↓ carcinogen-induced 54
skin tumor silymarin proliferation; ↓ DNA synthesis in tumor cells;

↓ skin edema and epidermal hyperplasia;
↑ prevention of tumor promotion

Skin SKH-1 hairless 1% silibinin in the ↓ Proliferation index; ↑ p53 positive cells; 55 
photocarcinogenesis* mouse diet ↑ Cip1/p21; ↑ Kip21/p27; ↓ CDK-cyclin kinase 

activity; ↓ Akt activation; ↑ caspase-3 positive 
cells; ↓ MAPK in healthy skin cells; ↑ MAPK in 
tumorigenic skin cells (eg, induced apoptosis)

Human prostate cancer** Athymic (BALB 0.05%-0.1% silibinin ↓ Tumor volume and weight; ↑ IGFBP-3 56
(DU-145 tumor nu/nu) mouse in the diet
subcutaneously)

Human non–small-cell Athymic (BALB 200 mg/kg silibinin ↓ Tumor weight; ↓ proliferation index; ↓ tumor 57
lung cancer nu/nu) mouse (per oral gavage) microvessel density; ↓ NF-κB activation;
(NSC A549 xenograft) ↓ COX-2; ↑ apoptosis; ↑ doxorubicin efficacy

Urethane-induced lung A/J male mouse 0.033%-1% (wt/wt) ↓ Tumor numbers/mice; ↓ tumor volume; 58
tumor silibinin in the diet ↓ proliferation; ↓ cyclin D1; ↓ tumor 

microvessel density; ↓ VEGF and bFGF;
↓ COX-2

Azoxymethane-induced F3444 rats 100-1000 ppm ↓ Aberrant crypt foci number and volume; 59
colon cancer silymarin in ↑ phase II detoxifying enzymes (glutathione

the diet; S-transferase, quinolone reductase);
40-400 mg/kg ↓ colonic β-glucuronidase activity;
silymarin by ↓ prostaglandin E2

gavage
Azoxymethane-induced F3444 rats 5000 ppm silymarin ↓ Aberrant crypt foci number 60

colon cancer in the diet (5 g/kg
body weight)

CDK = cyclin-dependent kinase; MAPK = mitogen-activated protein kinase; IGFBP = insulin-like growth factor binding protein 3; NF = nuclear
factor; COX = cyclooxygenase; VEGF = Vascular Endotelial Growth Factor; bFGF = basic Fibroblast Growth Factor.
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kinases, and consequently alter cell cycle regulators.
These growth factor–related transmembrane glyco-
proteins with intrinsic tyrosine kinase activity (a fam-
ily of key enzymes involved in normal and abnormal
cellular regulation) when overexpressed lead to muta-
tion, hybrid gene formation, amplification, and per-
turbation of transcriptional processes. PDGFR, EGFR,
Bcr-Abl, and KIT are examples of tyrosine kinases
overexpressed in most human cancers. These tyrosine
kinases control the cell cycle, migration, metabolism,
proliferation, differentiation, and survival through
the phosphorylation of various target molecules.
Counteracting their activating signals could be a
simple but effective way to reduce the impact of their
cancer growth–related transcriptional processes.
Silymarin or silibinin corrects the imbalance between
cell survival and apoptosis through interference with
cell cycle regulator expression, down-modulating the
carcinogenetic antiapoptotic gene activity, on one
hand, and supporting the proapoptotic gene activity,
on the other. 

This positive activity of silymarin has been docu-
mented in different human cancer cells and animal
models. With regard to the transduction system
involved in this action, it has been shown, using rat
glioma cell lines modified in the expression of epider-
mal growth factor receptor (EGFR), that the presence
of EGFR is necessary and sufficient to observe toxicity
in response to silibinin.34 Silymarin or silibinin is par-
ticularly effective in inhibiting EGFR signaling with
suppression of cyclin-dependent kinase expression (ie,
CDK4) and up-regulation of the CDK inhibitors
p21CIP1 and p27KIP1, with concomitant increase in their
binding to CDKs. The net result is a potent G1 arrest
in EGFR-overexpressing tumor cells, such as hormone
refractory LNCaP cells. Exposure of prostate, breast,
cervical, and epidermoid carcinoma cell lines to sily-
marin alone primarily promoted growth arrest at the
G1 or G2 checkpoints, rather than inducing apoptosis.
Interestingly, when the EGFR-positive epidermoid car-
cinoma line A431 was exposed to increasing silymarin
doses, a biphasic response was observed. The lower
doses were able to drive growth arrest through
Extracellular Signal-Regulated Kinases (ERK1/2) inhi-
bition, whereas the higher doses led to apoptosis
through the MAPK/JNK pathway.35

The well-defined scavenging and antioxidant activ-
ity of silymarin primarily functions to maintain the
healthy cellular phenotype. In this way, silymarin or
silibinin is able to prevent or reduce epigenetic phe-
nomena that could initiate, and even more, promote
and progress, carcinogenesis through free radicals
and ROS generation. ROS are known to affect both
directly and indirectly the amount of mitogenic stimuli

activating receptors with tyrosine kinase activities,
such as EGFR and insulin-like growth factor receptor.
Therefore, one can propose a priority order of sily-
marin activity and mechanism of action, relevant to
its possible use as an adjunct or complementary sup-
port to cancer therapies. 

Induction of Apoptosis
Silibinin can induce apoptosis of endothelial cells and
inhibit angiogenesis because it was shown to suppress
the growth and to induce apoptosis of human umbil-
ical vein endothelial cells. With regard to human
leukemia, escaping apoptosis and cell survival action
of the constitutively activated Akt pathways have been
described. Silibinin inhibited constitutive NF-κB acti-
vation, consistent with a significant decrease in its
nuclear level of p65 subunit, and it activated caspase
3 and caspase 9, all playing parts in the induction of
endothelial apoptosis.36 Silymarin has been recently
demonstrated to inhibit the activities of Akt signifi-
cantly in the human chronic myeloid leukemia cell
line K562, accompanied by caspase activation, inhibi-
tion of proliferation, and apoptosis induction.37

Sites of Silymarin Detection 
Pharmacokinetic studies of silymarin have analyzed
the presence of silibinin in the blood or in target
organs, on the basis of the availability of adequate
high-pressure liquid chromatography methods and
on the assumption that this substance is the main
component of silymarin. Kroll et al discuss in this
issue the implications involved in such practice and
some relevant results. We would like to add here that
it should be very useful to analyze and consequently
consider the presence of the other active components
present in silymarin preparations. Furthermore, Kroll
et al clearly spell out the difference between low- and
high-dose studies, likely used for different clinical
applications. In any case, after oral silymarin adminis-
tration to humans, silibinin is measurable in the
blood, the levels depending on the dose and the
tested formulation. The analysis of formulation stud-
ies, though, is not within the scope of this article. In
principle, the basis of ongoing work is to find a
method to increase oral bioavailability of silymarin,
increasing the lipid compatibility property of the
preparations. Focusing the attention on dosages usu-
ally used in patients with liver disease and a formula-
tion extensively studied, Table 4 summarizes some
data obtained in healthy volunteers after administra-
tion of silymarin and of a preparation containing sili-
binin and phosphatidylcholine, known as silipide.
The data indicate that higher values of silibinin can
be measured after administration of similar amounts
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of silibinin if this active principle is administered
together with phospholipids, with similar patterns of
disposition. Similar values have been reported by
other authors as well (see, for review,  Saller et al1),
but in any case, blood levels of silibinin are much
lower than those observed in recent animal studies
treated with dietary supplementation (see below).
The relevance of these findings with regard to clinical
use of silymarin is questionable because only 1 com-
ponent is detected and liver concentrations cannot 
be estimated. 

When silymarin is absorbed, a consequent high
concentration in the liver and the bile has been
repeatedly measured in various experimental and clin-
ical conditions. To this end, a distribution study like
the one performed by Rajesh Agarwal’s group in mice
with established skin tumors38 seems to us particularly
relevant because in this case, the tissue values were
established after prolonged treatment. Silymarin was
added to the diet (0.5% w/w) for 5 weeks, and blood
and organs were collected and analyzed for silibinin
concentration. Several organs showed detectable con-
centrations of silibinin, as indicated in Table 5; inter-
estingly, the highest concentration was observed in 
the liver.

Another important study examining plasma and tis-
sue levels has been published by the same group in
nude mice bearing a human prostate carcinoma
xenograft.39 In this case, silibinin was used instead of
silymarin. The data are reported in Table 6 and indi-
cate that plasma levels associated with significant
reduction in tumor volume are achievable with admin-
istration of a relatively small amount of the active com-
pound. Interestingly, the plasma values of silibinin
observed in the 2 studies were quite similar, regardless
of the substance added to the diet and the concentra-
tions used.

Regarding the relationships between tissue con-
centrations and administered dosage, a pilot study in
patients diagnosed for colorectal adenocarcinoma
demonstrated the ability of silibinin to concentrate 
in malignant colorectal tissue, when oral silibinin
conjugated with soy phosphatidylcholine (silipide,
Indena, Milan, Italy) was administered daily at dosages
of 360, 720, or 1440 mg over a 7-day period before col-
orectal resection.40 Administration of this silibinin
preparation at a dose of 360 mg gives plasmatic levels
comparable to those obtained with 420 mg of silymarin
complex (ie, Legalon®, Madaus GmbH, Cologne,
Germany), for which excellent safety is established.1-3

Further studies over a long time period will clarify
whether, according to the hypothesis, silibinin acts as a
chemopreventive agent, through the up-regulation of
insulin-like growth factor binding protein 3 in colonic
mucosa, thus sequestering carcinogenic levels of
insulin-like growth factor from tissue milieu.

Taken together, these data indicate that silymarin/
silibinin administration at nontoxic levels may
indeed result in tissue concentrations of silibinin
potentially active toward different types of toxic chal-
lenge, thus potentially expanding the use of the 

Table 4. Selected Pharmacokinetic Parameters of Silibinin
After Administration of Silymarin and Silipide in
Healthy Human Volunteers

Preparation and Dosage

Silymarin (360 mg Silipide (360 mg of 
of Silibinin Equivalent) Silibinin Equivalent)

Cmax, ng/mL 102 298
Tmax, h 1.4 1.6
Mean residence 

time, h 3.5 3.6
AUC 0-12 h, 

ng/mL⋅h 257 881

Peak Concentration (Cmax), Peak Time (Tmax), Area Under the
Plasma Concentration Time Course (AUC). Data taken from
Barzaghi et al.61

Table 5. In Vivo Silibinin Content in Tissues After 5 Weeks
of Dietary Administration of 0.5% Silymarin 

Tissue Silibinin

Skin, µg/g tissue 3.1
Skin tumor, µg/g tissue 6.5
Liver, µg/g tissue 13.7
Lung, µg/g tissue 7.7
Mammary gland, µg/g tissue 5.9
Spleen, µg/g tissue 4.4
Plasma, µg/mL 10.0 

Data taken from Singh et al.38.

Table 6. In Vivo Levels of Silibinin After Administration of
Diets With Different Concentrations of Silibinin

Prostate, µg/g Plasma, 
Experimental Design Tissue µg/mL

Diet containing 0.05% silibinin 
for 60 days after tumor implantation 3.7 7.1

Diet containing 0.1% silibinin for 60 days 
after tumor implantation 4.6 12.8

Diet containing 0.05% silibinin 3 weeks 
before and 6 weeks after tumor 
implantation ND 6.7

Diet containing 0.1% silibinin 3 weeks 
before and 6 weeks after tumor 
implantation ND 10.2

ND = not determined. Data taken from Singh et al.39
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substance outside liver application. Nevertheless, liver
concentrations are higher than those obtained in the
same experiment in other tissues, thus confirming
the rationality of the long-established application in
this particular organ.

Conclusion
Silymarin exerts powerful actions at cellular and sub-
cellular levels, explaining the effects observed in many
in vitro and in vivo models and in particular in exper-
imental models of liver disease. Recent evidence indi-
cates that the observed cellular activities not only may
be important with regard to hepatic damage but
indeed may be linked to other consequences, in par-
ticular on tumor cells and on cellular damage induced
in many tissues by chemotherapy and radiotherapy.41

Clinical efficacy in cancer patients has not been stud-
ied extensively and is now an active area of investiga-
tion, with the possibility of applying different readouts
for efficacy depending on the trial design. As a conse-
quence, clinicians using silymarin in cancer patients
should consider all the available evidence, either sup-
portive or not, as discussed in this journal issue. The
data reviewed here support the notion that between
the multiple possible applications, oral administration
of silymarin in patients receiving chemotherapy is
potentially of great relevance and quite rational on the
basis of the available evidence. This is true in particu-
lar for chemotherapy regimens inducing liver damage.
Indeed, the liver shows high levels of active principles
after oral administration. It is a site where many agents
exert their toxic effects, and hepatic cells are clearly
sensitive to silymarin’s protective actions. Considering
experimental studies and pathophysiologic considera-
tions, one might expect that application of the active
agent before or early after the toxic insult can result in
a strong protective effect. In the case of chemotherapy,
the time course of liver damage is known, and thus sily-
marin can be given before and during administration
of the toxic agents, fully exploiting its potential activity.

Considering the established safety demonstrated by
the long-standing use of silymarin, the basis of actions
exerted at the cellular level by silymarin and its con-
stituents, its pharmacokinetic properties, and the
existing clinical data, it can be expected that the appli-
cation of silymarin in patients undergoing chemother-
apy for various types of cancer will improve outcome.
The ultimate goal of such an adjunctive treatment will
be the reduction of side effects and, even more rele-
vant, the possibility of full exploitation of chemother-
apy regimens, which, without any effective adjunctive
treatment, could be limited in dose administration
and completion by the onset of unacceptable toxicity. 

Acknowledgments
We gratefully acknowledge the editorial assistance of
Anna Gabrielli.

References
1. Saller R, Meier R, Brignoli R. The use of silymarin in the

treatment of liver diseases. Drugs. 2001;61:2035-2063.
2. Rambaldi A, Jacobs BP, Iaquinto G, Gluud C. Milk thistle for

alcoholic and/or hepatitis B or C liver diseases—a systematic
Cochrane Hepato-Biliary Group review with meta-analyses 
of randomized clinical trials. Am J Gastroenterol. 2005;100:
2583-2591.

3. Rainone F. Milk thistle. Am Fam Physician. 2005;72:1285-1288.
4. Weneke U, Earl J, Seydel C, et al. Potential health risk of com-

plementary alternative medicines in cancer patients. Br J Cancer.
2004;90:408-413.

5. Sparreboom A, Cox MC, Acharya MR, Figg WD. Herbal reme-
dies in the United States: potential adverse interactions with
anticancer agents. J Clin Oncol. 2004;22:2489-2503.

6. Molassiotis A, Fernadez-Ortega P, Pud D, et al. Use of com-
plementary and alternative medicine in cancer patients: a
European survey. Ann Oncol. 2005;16:655-663.

7. Gurley BJ, Gardner SF, Hubbard MA, et al. In vivo assessment
of botanical supplementation on human cytochrome P450
phenotypes: Citrus aurantium, Echinacea purpurea, milk thistle,
and saw palmetto. Clin Pharmacol Ther. 2004;76:428-440.

8. Davis-Searles PR, Nakanishi Y, Kim NC, et al. Milk thistle and
prostate cancer: differential effects of pure flavonolignans from
Silybum marianum on antiproliferative end points in human
prostate carcinoma cells. Cancer Res. 2005;65:4448-4457.

9. Singh RP, Agarwal R. Natural flavonoids targeting deregu-
lated cell cycle progression in cancer cells. Current Drug
Targets. 2006;7:345-354.

10. Dvorak Z, Kosina P, Walterova D, Simanek V, Bachieda P,
Ulrichova J. Primary cultures of human hepatocytes as a tool
in cytotoxicity studies: cell protection against model toxins by
flavonolignans obtained from Silybum marianum. Toxicol Lett.
2003;137:201-212.

11. Moon YJ, Wang X, Morris ME. Dietary flavonoids: effects 
on xenobiotic and carcinogen metabolism. Toxicol In Vitro.
2006;20:187-210. 

12. Aggarwal BB, Shishodia S. Molecular targets of dietary agents
for prevention and therapy of cancer. Biochem Pharmacol.
2006;71:1397-1421.

13. Tyagi AK, Agarwal C, Chan DC, Agarwal R. Synergistic anti-
cancer effects of silibinin with conventional cytotoxic agents
doxorubicin, cisplatin and carboplatin against human breast
carcinoma MCF-7 and MDA-MB468 cells. Oncol Rep. 2004;
11:493-499. 

14. Psotova J, Chlopcikova S, Grambal F, et al. Influence of sily-
marin and its flavonolignans on doxorubicin-iron induced
lipid peroxidation in rat heart microsomes and mitochondria
in comparison with quercetin. Phytother Res. 2002;16:S63-S67.

15. Scambia G, De Vincenzo R, Ranelletti FO, et al. Antiprolifera-
tive effect of silybin on gynaecological malignancies: synergism
with cisplatin and doxorubicin. Eur J Cancer. 1996;32A:877-882. 

16. Manna SK, Mukohopadhyay A, Van NT, Aggarwal BB.
Silymarin suppresses TNF induced activation of NF-κB, c-Jun 
N-terminal kinase, and apoptosis. J Immunol. 1999;161:6800-6809.

17. Valko M, Rhodes CI, Moncol J, Izakovic M, Mazur M. Free
radicals, metals and antioxidants in oxidative stress-induced
cancer. Chem Biol Interact. 2006;160:1-40.



Comelli et al

128 INTEGRATIVE CANCER THERAPIES 6(2); 2007

18. Pervaiz S. Pro-oxidant milieu blunts scissors: insight into
tumor progression, drug resistance, and novel druggable tar-
gets. Curr Pharm Des. 2006;12:4469-4477. 

19. Soto C, Mena R, Luna J, et al. Silymarin induces recovery of
pancreatic function after alloxan damage to rats. Life Sci.
2004;75:2167-2180.

20. Dehmlow C, Murawski N, De Groot H. Scavenging of reactive
oxygen species and inhibition of arachidonic acid metabo-
lism by silibinin in human cells. Life Sci. 1996;58:1591-1600.

21. Muezes G, Deak G, Lang I, Nekam K, Niederland V, Feher J.
Effects of silymarin treatment on the antioxidant defence sys-
tem and lipid peroxidation in patients with chronic alcoholic
liver disease (a double blind study). Orvosi Hetilap. 1990;131:
863-867.

22. Floyd J, Mirza I, Sachs B, Perry MC. Hepatotoxicity of
chemotherapy. Semin Oncol. 2006;33:50-67.

23. Logan RM, Gibson RJ, Sonis ST, Keefe DM. Nuclear factor-
kappaB (NF-kappaB) and cyclooxygenase-2 (COX-2) expres-
sion in the oral mucosa following cancer chemotherapy. Oral
Oncol. 2007;43:395-401.

24. Yeoh AS, Bowen JM, Gibson RJ, Keefe DM. Nuclear factor
kappaB (NFkappaB) and cyclooxygenase-2 (Cox-2) expres-
sion in the irradiated colorectum is associated with subse-
quent histopathological changes. Int J Radiat Oncol Biol Phys.
2005;63:1295-1303.

25. Navarro VJ, Senior JR. Drug-related hepatotoxicity. N Engl 
J Med. 2006;354:731-739.

26. Gazak R, Svobodova A, Psotova J, et al. Oxidised derivatives of
silybin and their antiradical and antioxidant activity. Bioorg
Med Chem. 2004;12:5677-5687.

27. Ladas EJ, Kelly KM. Milk thistle: is there a role for its use as
an adjunct therapy in patients with cancer? J Altern Complem
Med. 2003;9:411-416.

28. Ladas EJ, Cheng B, Hughes D, et al. Milk thistle (Silybum mari-
anum) is associated with reductions in liver function tests
(LFTs). Abstract presented at: Society for Integrative Oncology
3rd International Conference; November 9-11, 2006; Boston,
Mass.

29. Invernizzi R, Remuzzi S, Ciani D, Ascari E. Silymarine during
maintenance therapy of acute promyelocytic leukaemia.
Haematologica. 1993;78:340-341.

30. Singh RP, Agarwal R. Mechanisms and preclinical efficacy 
of silibinin in preventing skin cancer. Eur J Cancer. 2005;41:
1969-1979.

31. Singh RP, Agarwal R. Prostate cancer chemoprevention by
silibinin: bench to bedside. Mol Carcinog. 2006;45:436-442.

32. Dobrovolskaia MA, Kozlov SV. Inflammation and cancer:
when NF-kappaB amalgamates the perilous partnership. Curr
Cancer Drug Targets. 2005;5:325-344.

33. Kang JS, Jeon YJ, Kim HM, Han SH, Yang KH. Inhibition of
inducible nitric-oxide synthase expression by silymarin in
lipopolysaccharide-stimulated macrophages. J Pharmacol Exp
Ther. 2002;302:138-144.

34. Qi L, Singh RP, Lu Y, et al. Epidermal growth factor receptor
mediates silibinin-induced cytotoxicity in a rat glioma cell
line. Cancer Biol Ther. 2003;2:526-531. 

35. Hannay JAF, Yu D. Silibinin: a thorny therapeutic for EGF-R
expressing tumors? Cancer Biol Ther. 2003;2:532-533.

36. Yoo HG, Jung SN, Hwang YS. Involvement of NF-κB and cas-
pases in silibinin-induced apoptosis of endothelial cells. Int 
J Molec Med. 2004;13:81-86.

37. Zhong X, Zhu Y, Lu Q, et al. Silymarin causes caspase activa-
tion and apoptosis in K562 leukemia cells through inactiva-
tion of Akt pathways. Toxicology. 2006;227:211-216.

38. Singh RP, Tyagy AK, Zhao J, et al. Silymarin inhibits growth
and causes regression of established skin tumors in SENCAR
mice via modulation of mitogen-activated protein kinase and
induction of apoptosis. Carcinogenesis. 2002;23:499-510.

39. Singh RP, Dhanalakshmi S, Tyagi AK, et al. Dietary feeding of
silibinin inhibits advanced human prostate carcinoma growth
in athymic nude mice and increases plasma insulin-like
growth factor-binding protein 3 levels. Cancer Res. 2002;62:
3063-3069.

40. Hoh C, Boocock D, Marczylo T, et al. Pilot study of oral silib-
inin, a putative chemopreventive agent, in colorectal cancer
patients: silibinin levels in plasma, colorectum, and liver and
their pharmacodynamic consequences. Clin Cancer Res. 2006;
12:2944-2950.

41. Gazak R, Walterova D, Kren V. Silybin and silymarin—new
and emerging applications in medicine. Curr Med Chem. 2007;
14:315-338.

42. Lewerenz V, Hanelt S, Nastevska C, et al. Antioxidants protect
primary rat hepatocyte cultures against acetaminophen-
induced DNA strand breaks but not against acetaminophen-
induced cytotoxicity. Toxicology. 2003;191:179-187.

43. Mansour HH, Hafez HF, Fahmy NM. Silymarin modulates 
cisplatin-induced oxidative stress and hepatotoxicity in rats. 
J Biochem Mol Biol. 2006;39:656-661.

44. Neuman MG, Cameron RG, Haber JA, et al. Inducers of
cytochrome P450 2E1 enhance methotrexate-induced hepa-
tocytoxicity. Clin Biochem. 1999;32:519-536. 

45. Pradeep K, Mohan CV, Gobianand K, Karthikeyan S.
Silymarin modulates the oxidant-antioxidant imbalance dur-
ing diethylnitrosamine induced oxidative stress in rats. Eur 
J Pharmacol. 2007;560:110-116. 

46. Ramadan LA, Roushdy HM, Abu Senna GM, et al.
Radioprotective effect of silymarin against radiation induced
hepatotoxicity. Pharmacol Res. 2002;45:447-454. 

47. Song Z, Deaciuc I, Song M, et al. Silymarin protects against
acute ethanol-induced hepatotoxicity in mice. Alcohol Clin
Exp Res. 2006;30:407-413. 

48. Schumann J, Prockl J, Kiemer AK, et al. Silibinin protects
mice from T cell-dependent liver injury. J Hepatol. 2003;39:
333-340.

49. Chang JW, Kim CS, Kim SB, Park SK, Park JS, Lee K.
Proinflammatory cytokine-induced NF-kappaB activation in
human mesangial cells is mediated through intracellular cal-
cium but not ROS: effects of silymarin. Nephron Exp Nephrol.
2006;103:156-165.

50. Alidoost F, Gharagozloo M, Bagherpour B, et al. Effects of sily-
marin on the proliferation and glutathione levels of periph-
eral blood mononuclear cells from beta-thalassemia major
patients. Int Immunopharmacol. 2006;6:1305-1310.

51. Wang YK, Hong YJ, Fluang ZQ. Protective effects of silybin on
human umbilical vein endothelial cell injury induced by
H202 in vitro. Vascul Pharmacol. 2005;43:198-206.

52. Wang MJ, Lin WW, Chen HL, et al. Silymarin protects
dopaminergic neurons against lipopolysaccharide-induced
neurotoxicity by inhibiting microglia activation. Eur J Neurosci.
2002;16:2103-2112.

53. Svobodova A, Walterova D, Psotova J. Influence of silymarin
and its flavonolignans on H2O2-induced oxidative stress in
human keratinocytes and mouse fibroblasts. Burns. 2006;32:
973-979.

54. Lahiri-Chatterjee M, Katiyar SK, Mohan RR, Agarwal R. A
flavonoid antioxidant, silymarin, affords exceptionally high
protection against tumour promotion in the SENCAR mouse
skin tumorigenesis model. Cancer Res. 1999;59:622-632.



Mechanism of Action of Silymarin

INTEGRATIVE CANCER THERAPIES 6(2); 2007 129

55. Mallikarjuna G, Dhanalakshmi S, Singh RP, Agarwal C, Agarwal
R. Silibinin protects against photocarcinogenesis via modula-
tion of cell cycle regulators, mitogen-activated protein kinases,
and Akt signaling. Cancer Res. 2004;64: 6349-6356.

56. Singh RP, Dhanalakshmi S, Tyagi AK, et al. Dietary feeding of
silibinin inhibits advance human prostate carcinoma growth in
athymic nude mice and increases plasma insulin-like growth
factor-binding protein-3 levels. Cancer Res. 2002;62:3063-3069. 

57. Singh RP, Mallikarjuna GU, Sharma G, et al. Oral silibinin
inhibits lung tumor growth in athymic nude mice and forms a
novel chemocombination with doxorubicin targeting nuclear
factor kappa-B-mediated inducible chemoresistance. Clin
Cancer Res. 2004;10:8641-8647.

58. Singh RP, Deep G, Chittezhath M, et al. Effect of silibinin on
the growth and progression of primary lung tumors in mice.
J Natl Cancer Inst. 2006;98:846-855. 

59. Kohno H, Tanaka T, Kawabata K, et al. Silymarin, a naturally
occurring polyphenolic antioxidant flavonoid, inhibits
azoxymethane-induced colon carcinogenesis in male F344
rats. Int J Cancer. 2002;101:461-468.

60. Volate SR, Davenport DM, Muga SJ, Wargovich MJ. Modulation
of aberrant crypt foci and apoptosis by dietary herbal supple-
ments (quercetin, curcumin, silymarin, ginseng and rutin).
Carcinogenesis. 2005;26:1450-1456.

61. Barzaghi N, Crema F, Gatti G, Pifferi G, Perucca E.
Pharmacokinetic studies on IdB 1016, a silybin-phosphatidyl-
choline complex, in healthy human subjects. Eur J Drug Metab
Pharmacokinet. 1990;15:333-338.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-CondBold
    /AvantGarde-CondBook
    /AvantGarde-CondDemi
    /AvantGarde-CondMedium
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BickhamScriptMM
    /BickhamScriptMM-AltI
    /BickhamScriptMM-AltII
    /BickhamScriptMM-Beg
    /BickhamScriptMM-End
    /BickhamScriptMM-Lig
    /BickhamScriptMM-Or
    /BickhamScriptMM-SwCaps
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CaravanLH-Four
    /CaravanLH-One
    /CaravanLH-Three
    /CaravanLH-Two
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /Cochin
    /Cochin-Bold
    /Cochin-BoldItalic
    /Cochin-Italic
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /ForteMT
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-CondExtraBoldObl
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinExt
    /HelveticaNeue-ThinExtObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Iglesia-Light
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Solid
    /Industria-SolidA
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCFranklinGothicStd-BkCp
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Extension
    /LucidaMath-Italic
    /LucidaMath-Symbol
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MSAM10
    /MSAM10A
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MT-Symbol-Italic
    /MTSYN
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplExquisit-Medium
    /PopplExquisit-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /RuzickaFreehandLH-Bold
    /RuzickaFreehandLH-BoldSC
    /RuzickaFreehandLH-Roman
    /RuzickaFreehandLH-RomanSC
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /SIVAMATH
    /Siva-Special
    /SMSIISpl-Italic
    /SMS-SPELA
    /SMSspl
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /Square721Blk-Italic
    /Square721Blk-Normal
    /Square721-BoldItalic
    /Square721BT-Bold
    /Square721BT-BoldCondensed
    /Square721BT-BoldExtended
    /Square721BT-Italic
    /Square721BT-Roman
    /Square721BT-RomanCondensed
    /Square721BT-RomanExtended
    /Square721Dm-Italic
    /Square721Dm-Normal
    /SquareSlabserif711BT-Bold
    /SquareSlabserif711BT-Light
    /SquareSlabserif711BT-Medium
    /Staccato222BT-Regular
    /Staccato555BT-RegularA
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Symbol
    /Techno
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /Trajan-Regular
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Oblique
    /Utopia-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


