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ABSTRACT: Owing to their long history of safe use, probiotic microorganisms, typically from the genus Lactobacillus, have 
long been recognized, especially in traditional and fermented food industries. Although conventionally used for dairy, 
meat, and vegetable fermentation, the use of probiotics in health foods, supplements, and nutraceuticals has gradually 
increased. Over the past two decades, the importance of probiotics in improving gut health and immunity as well as alle-
viating metabolic diseases has been recognized. The new concept of a gut-heart-brain axis has led to the development of 
various innovations and strategies related to the introduction of probiotics in food and diet. Probiotics influence gut mi-
crobiota profiles, inflammation, and disorders and directly impact brain neurotransmitter pathways. As brain health often 
declines with age, the concept of probiotics being beneficial for the aging brain has also gained much momentum and 
emphasis in both research and product development. In this review, the concept of the aging brain, different in vivo aging 
models, and various aging-related benefits of probiotics are discussed.
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INTRODUCTION TO AGING

Aging is defined as the linear and progressive loss of 
functional capability over time (calendar age). It is char-
acterized by a complex process causing the deterioration 
of fitness components, such as age-related performance 
and productivity (Lipsky and King, 2015). Almost all or-
ganisms on earth, from bacteria to nematodes and verte-
brates, are affected by aging. Not only is aging associated 
with declining physical performance, but it also affects 
mental health and cellular processes, ultimately leading 
to morbidity and mortality (Ferrucci et al., 2008). Accord-
ing to the World Health Organization (WHO), individu-
als with a chronological age of 65 are referred to as eld-
erly and old (Kowal and Dowd, 2001). In 2017, approx-
imately 962 million people worldwide were of age ≥60, 
representing 13% of the total world population (National 
Institutes of Health, 2016). As we age, we may experience 
age-associated diseases such as reduced strength and co-
ordination and impaired vision and hearing abilities, met-
abolic disorders such as diabetes and cardiovascular dis-
eases, and neurological disorders such as Alzheimer’s and 
Parkinson’s diseases (Ferrucci et al., 2008). An aging 

population also contributes to socioeconomic burden due 
to increased healthcare expenses, less labor force partici-
pation, pension costs, and poverty (National Institutes of 
Health, 2016). Therefore, it is essential to understand the 
biological processes underlying aging to develop treat-
ments that delay aging and/or promote healthy aging. To 
date, aging is one of the most debated topics among sci-
entists worldwide.

THE AGING BRAIN

Aging is closely associated with a decline in cognitive 
functions and other behavioral deficits such as anxiety. 
As per 10 population studies conducted in China, France, 
Italy, Korea, and the United States, the prevalence of mild 
cognitive impairment ranges from 3% to 42% (Ward et 
al., 2012). Mild cognitive impairment, a common condi-
tion in the elderly, is characterized by the deterioration 
of memory, attention, and cognitive function beyond that 
expected for a particular age and educational level 
(Eshkoor et al., 2015). Memory impairment is considered 
as a marker of Alzheimer’s disease and dementia (Ritchie 
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and Touchon, 2000). The prevalence of dementia in the 
elderly population is 1% to 2% per year (Eshkoor et al., 
2015). The number of dementia cases in the population 
aged >60 has been postulated to increase from 9.4% (in 
2000) to 23.5% (in 2050) (Eshkoor et al., 2015).

A study involving 1,248 adults aged 52 to 88 found that 
performance on the auditory verbal learning test (a test 
for learning ability) declined after the age of 58, whereas 
processing speed and executive function declined after 
the age of 50 (Li et al., 2014). The effects of aging on the 
brain and cognition are widespread and have multiple 
etiologies such as genetics, neurotransmitter pathways, 
hormones, and experience (Peters, 2006). Changes in 
brain structural connectivity, decrease in neurogenesis, 
lipid peroxidation, oxidative stress, mitochondrial dys-
function, decline in neurotransmitters levels, and beta- 
amyloid (Aβ) overproduction have also been suggested to 
play a major role in the etiology of brain aging and age- 
related neurological disorders (Luo et al., 2009; Ali et al., 
2015; Li et al., 2015). Most of these etiological factors 
have been associated with an increase in reactive oxygen 
species (ROS) during aging, suggesting that ROS are the 
main mediators of brain aging. Impairment of DNA re-
pair mechanisms with age has also been proposed to con-
tribute to the development of age-related degenerative 
diseases (Langie et al., 2017).

CAUSES OF AGING

Through decades of research on aging, many theories re-
lated to the causes of aging have been proposed, and it 
became undeniable that aging is a multifactorial process. 
Most theories revolve around telomere shortening, oxida-
tive stress, and energy homeostasis imbalance (Weinert 
and Timiras, 2003; Lipsky and King, 2015; Sergiev et al., 
2015), which are all discussed in this review. Altogether, 
two notions have emerged－aging is either programmed 
in the cells on the day they are generated or it occurs 
through the accumulation of damage as we grow.

Telomere shortening
Telomeres are a set of highly conserved repetitive DNA 
sequences situated at the ends of every linear chromo-
some. They protect chromosomal integrity similar to the 
aglets on shoelaces (Weinert and Timiras, 2003; Lipsky 
and King, 2015). Telomeres are the main factors respon-
sible for limiting the number of cell divisions. Every cell 
undergoes replicative senescence, a natural selection 
process through which the number of cell divisions is 
predetermined and limited. A part of telomeric DNA at 
the end of a chromosome disappears after every cell divi-
sion, and as telomeres reach a critically shortened length, 
cells undergoes replicative senescence (Weinert and Tim-

iras, 2003; Heidinger et al., 2012). Shortened telomeres 
can be repaired by the telomerase enzyme, which func-
tions by extending telomeric DNA. However, telomerase 
is found only in cells with indefinite proliferating ability 
such as germ, stem, and cancerous cells. Majority of cells 
with limited cycles of cell division lack telomerase activ-
ity and, consequently, present a shortening of telomeres 
(Sergiev et al., 2015). Therefore, telomere length is often 
used as a biological clock to determine the lifespan of an 
organism. A study by Steenstrup et al. (2017) found that 
in humans, telomeres might be a major determinant of an 
individual’s natural lifespan limit. The study evidenced 
that females, who live approximately 5 years longer than 
males according to the Human Mortality Database for 
2010, usually have longer telomeres than males (150 bp 
difference). Another study on zebrafish also correlated 
the telomere length measured in early life to longevity, 
with fish with longer telomeres at 25 days of age tending 
to live longer (Heidinger et al., 2012).

Oxidative stress
Oxidative stress or free radical theory is the most dis-
cussed theory of aging requiring attention. Oxidative 
stress is considered the most destructive process that ac-
celerates aging. It is prominently caused by ROS, such as 
highly reactive superoxide anions, hydrogen peroxide, 
and hydroxyl radicals (Cui et al., 2012). ROS are normal-
ly produced as by-products of metabolic reactions. Mito-
chondria, the powerhouse of a cell, is responsible for pro-
ducing energy in the form of adenosine triphosphate and 
generating oxygen through the electron transport chain. 
During mitochondrial respiration, oxygen is consumed 
and reduced to form superoxide radicals and hydrogen 
peroxide (Cui et al., 2012; Sergiev et al., 2015). ROS are 
also produced in response to environmental factors in-
cluding stress, radiation, chemical oxidants, inflamma-
tion, and toxins. The damaging effect of ROS and their 
link to aging are attributed to the ROS-induced detrimen-
tal mutations of mitochondrial DNA, DNA lesions, and 
rapid oxidation of lipids and proteins, which are com-
monly observed in aged tissues (Cui et al., 2012). Accu-
mulation of ROS was also associated to several age-re-
lated pathologies, such as Parkinson’s disease, diabetes, 
and cancer (Sanz, 2016). Under normal circumstances, 
cells produce ROS-metabolizing enzymes (antioxidants), 
such as superoxide dismutase (SOD), catalase (CAT), 
and glutathione peroxidase, to counteract the effects of 
ROS (Sergiev et al., 2015). An association between oxi-
dative stress and aging has been further confirmed by 
studies using Caenorhabditis elegans. One study reported 
that a mutant strain with increased resistance to oxida-
tive stress showed extended lifespan, and another study 
reported that treatment with SOD/CAT-mimicking drugs 
extended the organism’s lifespan (Melov et al., 2000; Cui 
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et al., 2012). Moreover, the average maximum lifespan of 
transgenic Drosophila melanogaster with lower levels of oxi-
dative stress was extended by up to one-third and age- 
related destructive changes, such as increase in the speed 
of walking, were reduced (Sohal and Weindruch, 1996).

Energy homeostasis imbalance
Energy homeostasis imbalance is the latest proposed 
cause of aging. The energy homeostasis imbalance theory 
suggests that energy expenditure is inversely proportional 
to lifespan. A natural phenomenon exists by which small-
er mammals with rapid heart rates utilize more oxygen 
than nematodes and insects and, consequently, have 
shorter lifespans. Calorie restriction (CR) remains one 
of the most potent anti-aging interventions and best 
substantiates the energy homeostasis imbalance theory 
(Anderson et al., 2009; Lipsky and King, 2015). CR is 
achieved by reducing calorie intake without inducing 
malnutrition. In multiple models, including monkey, rat, 
worm, and yeast models, CR has been shown to delay ag-
ing and promote longevity (Lipsky and King, 2015). For 
example, in rodents, 55% to 65% CR was sufficient to 
show up to 65% increase in average and maximum life-
spans (Anton and Leeuwenburgh, 2013). It is hypothe-
sized that CR acts by reducing glucose and insulin levels. 
This in turn activates energy-sensing network regulators 
such as adenosine monophosphate-activated protein kin-
ase (AMPK) and sirtuin (Anderson et al., 2009; Aliper et 
al., 2017). AMPK and sirtuin maintain cellular energy ho-
meostasis by upregulating autophagy (a process through 
which cytoplasmic components are degraded and recy-
cled) (Ulgherait et al., 2014). Subsequently, the removal 
of unwanted wastes promotes cellular health and pre-
vents oxidative stress, thus increasing longevity (Madeo 
et al., 2015).

MODELS USED IN AGING RESEARCH

Investigating the aging process in humans is difficult be-
cause of their long average lifespan. Moreover, it is im-
possible and unethical to control factors such as diet and 
lifestyle, which might affect the study. Thus, various ag-
ing models that use mammals, other vertebrates, and eu-
karyotic microorganisms have been developed as an in-
dispensable tools for conducting aging research. Different 
models have different lifespans and serve different pur-
poses. Therefore, it is important for researchers to choose 
the right model according to the scope of the study, 
whether it is a simple genetic investigation or a more 
mechanistic biological study such as neuroaging research 
(Mitchell et al., 2015).

Nonhuman primates
In aging research, nonhuman primates and rodents are 
the most widely used vertebrates. Nonhuman primates 
are the closest animal relatives of humans, having strong 
resemblance to humans in terms of anatomy, genetic 
identity, and physiology. They experience age-related dis-
eases such as metabolic disorders, musculoskeletal weak-
ening, and receding fertility. The greatest advantage of 
using nonhuman primates over other mammals in aging 
research is that they have cerebral functions and think-
ing skills similar to those of humans and are, therefore, 
an effective model for neuroaging studies (Sprott, 2011; 
American Federation for Aging Research, 2016). Among 
primates such as apes, chimpanzees, and marmoset, rhe-
sus monkeys are particularly useful as they age three times 
faster than humans, greatly shortening the investigation 
duration (American Federation for Aging Research, 
2016). One of the most famous aging research on rhesus 
monkeys evaluated how CR delayed disease onset and 
mortality. In their 20-year-long longitudinal study con-
ducted at the Wisconsin National Primate Research Cen-
ter, Colman et al. (2009) found that a moderate CR amel-
iorates the incidence of aging-related deaths. Monkeys on 
normal diet developed sarcopenia (age-associated loss of 
muscle mass commonly seen in humans of age ≥60) at 
an early age of 15.5 (Colman et al., 2009). Another in-
teresting finding from the same study concerned brain 
atrophy, which cannot be examined precisely in smaller 
animals. As humans age, a reduction of brain white mat-
ter at a rate of 2 mL per year is observed (Double et al., 
1996). Colman et al.’s study (2009) on brain atrophy is 
valuable for the detection of early onsets of Alzheimer’s 
disease; it showed that CR reduced age-associated brain 
atrophy in regions that control motor functions. Despite 
their strong resemblance to humans, the use of primates 
in research has some drawbacks, e.g., husbandry-related 
difficulties and the need of sophisticated equipment to 
conduct daily live monitoring. Because primates are high-
ly intelligent animals and can potentially transmit dan-
gerous diseases, keeping them under appropriate care is 
very labor and cost intensive (Mitchell et al., 2015).

Rodents
Unlike primates, rodents are easier to handle as they re-
quire smaller housing facilities. Their shorter lifespan and 
ease of breeding also make them the most popular exper-
imental animals (80% of experimental animals are mice 
and rats). The life expectancy of rodents, especially of lab-
oratory rats, is 3 years, which is equivalent to 90 human 
years, and 2-year-old rats are comparable to 60-year-old 
humans. The availability of these correlation data enables 
us to design experiments for aging research (Andreollo 
et al., 2012). Inbred mice are widely used for the study 
of aging and age-related diseases because of their genetic 
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Table 1. Mutant mouse strains used in aging studies

Mouse 
strain Description of the mutated gene Effects of knockout Lifespan Reference

GHR KO Growth-hormone-releasing hormone 
receptor

Abnormal development of 
the anterior pituitary gland

Reduced Yuan et al. 
(2011)

FIR KO Homozygous fat-specific insulin receptor Decreased total body triglyceride levels and 
resistance to glucose tolerance

Increased Blüheret al. 
(2003)

AC5 KO 5 Adenylyl cyclase synthesizes adenosine 
monophosphate from 
adenosine triphosphate

Enhanced femoral bone density and 
calcification, useful for osteoporosis study

Increased Yan et al. 
(2007)

Klotho KO Encodes a membrane protein that 
shares sequence similarity with 
β-glucosidase enzyme

Develop symptoms like aging: 
infertility, arteriosclerosis, skin atrophy, 
and osteoporosis

Reduced Kuro-o et al. 
(1997)

Mutator Mutation in the murine mtDNA polymerase Accumulation of mtDNA mutation, weight 
loss, osteoporosis, and cardiomyopathy

Reduced Mitchell et al. 
(2015)

GHR, growth hormone receptor; FIR, fat-specific insulin receptor; AC5, adenylyl cyclase type 5; KO, knockout; mtDNA, mitochondrial 
DNA.

uniformity. Lesser variations between animals of the 
same genetic strain can be produced through inbreeding. 
Extensive data regarding their genetics, physiology, and 
behavior are also available in the Mouse Phenome Data-
base (MPD) initiated by the Jackson Laboratories in 2001. 
MPD contains more than 3,500 phenotypes correlating to 
human diseases such as cancer, obesity, and neurodegen-
erative disorders, which are useful for conducting mech-
anistic and cellular aging studies (Mitchell et al., 2015). 
In addition, mutant mouse strains, such as the well- 
known senescence-accelerated mouse (SAM) strains de-
veloped in Japan around 1970 (Takeda et al., 1991), are 
also readily available. In total, there are 12 mutant strains 
at present, namely SAM-prone (SAM-P)/1, -P/2, -P/3, 
-P/6, -P/7, -P/8, -P/9, and -P/10 and SAM-resistance 
(SAM-R)/1 and -R/2. The SAM-P and SAM-R mice pres-
ent strain-specific phenotypes. For instance, senile amy-
loidosis in SAM-P/1, -P/2, and -P/7; degenerative joint 
disease in SAM-P/3; and learning and memory deficits in 
SAM-P/8 (Takeda et al., 1991). Other genetically modi-
fied mice developed to act as models of specific patholo-
gies are also listed in Table 1 (Kuro-o et al., 1997; Blüher 
et al., 2003; Yan et al., 2007; Yuan et al., 2011; Mitchell 
et al., 2015).

In rodents, aging can be accelerated using chemicals 
such as D-galactose (D-gal). In various studies using 
mice and rats, chronic low-dose administration of D-gal 
increases oxidative stress levels and advanced glycation 
end-product amounts, ultimately leading to symptoms 
similar to those of aging. For instance, rodents aged using 
D-gal were found to exhibit neurological impairments, 
poor neuromuscular activity, and hampered immune sys-
tem (Song et al., 1999). Not only aging-related genetic 
and biochemical changes but also the destructive effect of 
D-gal on cognition can be assessed in rodents with the 
use of behavioral tools such as the step-through method 
and the assessment of spontaneous motor activity, for 
which photocell activity cages are used to detect and re-

cord movements. Mice receiving chronic D-gal treatments 
displayed lower spontaneous motor activity, longer laten-
cies, and higher error rates in the step-through method 
compared with naturally aged control mice (Song et al., 
1999).

Fruit flies
D. melanogaster, also known as fruit fly, has been exten-
sively used as a model in aging and longevity studies 
(>2,000 publications) (Hoxha, 2012). It is an attractive 
genetic model because of its short lifespan (the mean 
lifespan being 2∼3 months), easy maintenance, and ge-
netic tractability (Sun et al., 2013; He and Jasper, 2014; 
Heintz and Mair, 2014). Besides, D. melanogaster is a rel-
evant model for investigating age-related physiological, 
behavioral, and anatomical changes in humans (Iliadi et 
al., 2012). In general, basic approaches commonly em-
ployed in D. melanogaster studies include the analysis of 
lifespan, diet composition, food intake, lifetime reproduc-
tive output, and physiological and behavioral changes 
(Sun et al., 2013). Locomotor assays such as the rapid 
iterative negative geotaxis (RING) assay are reliable for 
assessing age-related physiological and behavioral changes 
in D. melanogaster (Iliadi et al., 2012; Sun et al., 2013). 
The RING assay measures climbing speed, locomotor ac-
tivity, and escape reflex in response to mechanical stim-
ulation. The climbing speed has been demonstrated to be 
age-dependent in D. melanogaster (Iliadi et al., 2012; Sun 
et al., 2013).

Furthermore, CR has been well established in D. mela-
nogaster (Lee and Min, 2013) and successfully delays the 
process of aging and the development of age-related dis-
eases (Taormina and Mirisola, 2014; López-Lluch and 
Navas, 2016). In D. melanogaster, CR is usually achieved 
by diluting nutrients, typically the protein to carbohy-
drate ratio (Lee and Min, 2013; Taormina and Mirisola, 
2014). Moreover, more than 50% of the D. melanogaster 
genes are homologous to human genes, and more than 
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Fig. 1. Schematic illustration of the replicative and chronological 
lifespans of yeast aging models. Adapted from the article of 
Kaeberlein et al. (2007) with original copyright holder’s permis-
sion.

75% of the genes involved in human diseases have fly 
homologs (Hoxha, 2012; Sun et al., 2013). Techniques 
such as mutagenesis through P-element insertion, gene 
expression through Gal4-unmmaned aircraft system 
(UAS) and GeneSwitch Gal4-UAS, and gene knockdown 
through RNA interference are commonly employed in 
aging research using D. melanogaster to determine single 
gene involvement in lifespan modulation or disease de-
velopment (Sun et al., 2013). Moreover, D. melanogaster’s 
eyes have been widely used as neurodegenerative dis-
ease models to investigate Huntington’s, Alzheimer’s, 
and Parkinson’s diseases (Sang and Jackson, 2005). The 
phenotype of the adult fly’s eye is easily detected as it is 
tolerant to the genetic disruption of basic biological proc-
esses (Sang and Jackson, 2005).

Unicellular eukaryotes
The last aging model that we will discuss in this review 
is the eukaryotic budding yeast, Saccharomyces cerevisiae. 
The usage of yeast in aging research can be traced 60 
years back when Mortimer and Johnston first published 
about yeast cells’ finite replicative capacity (Mortimer and 
Johnston, 1959). There are two approaches for studying 
aging in yeast－the replicative lifespan (RLS) and chro-
nological lifespan (CLS) (Fig. 1).

RLS refers to the number of daughter cells produced 
by a mother cell before reaching senescence, whereas CLS 
is defined as the period for which a yeast cell survives in 
a nondividing state (Kaeberlein et al., 2007). Being the 
simplest model studied, aging in yeast is affected by only 
two major pathways, namely the sirtuin and target of ra-
pamycin (TOR) signaling pathways. These findings have 
allowed us to understand aging mechanisms and discov-
er anti-aging therapeutic interventions in other model 
organisms (Longo et al., 2012). The role of sirtuin as a 
longevity promoter in yeast was demonstrated by RLS 

shortening caused by the deletion of SIR2, a member of 
the sirtuin family. Conversely, the overexpression of SIR2 
led to increased RLS. TOR signaling pathway regulates 
both RLS and CLS, and inhibiting TOR activity promotes 
longevity. Under normal growth conditions, yeasts are 
maintained in media supplemented with high glucose 
(2%) and ample amino acid concentrations. A few stud-
ies have reported that decreasing the concentration of ei-
ther glucose or amino acids improves RLS and CLS 
(Kaeberlein et al., 2007). The drawback of using yeast as 
an aging model is that the homologs of yeast genes that 
extend RLS might not exhibit similar effects in other 
complex, multicellular eukaryotes. Nevertheless, it is eas-
ier to modulate and monitor variables of in vitro analyses 
in yeast than in other animal models. Yeast is also the 
most cost-effective model. Therefore, it still serves well 
to verify the hypotheses of aging, at least for the identi-
fication of some vital conserved genes.

PROBIOTICS

The intricate relationship between gut microbiota and the 
central nervous system has sparked great interest in us-
ing functional foods and nutraceuticals as probiotics to 
modulate the gut microbiome with the hope to enhance 
brain health (Liu et al., 2018). The definition of probiot-
ics has undergone several revisions over the past decades. 
Currently, the commonly accepted definition is “live mi-
croorganisms that, when administered in adequate 
amounts, confer a health benefit on the host” (Food and 
Agriculture Organization of the United Nations, World 
Health Organization, 2006). The most widely studied 
probiotic, lactic acid bacteria (LAB), is a group of nonmo-
tile and nonspore-forming Gram-positive bacteria. Mem-
bers of the LAB family include the genera Lactobacillus, 
Lactococcus, Enterococcus, Leuconostoc, Pediococcus, and Strep-
tococcus. They ferment carbohydrates and produce lactic 
acid as main end-product (Nair and Surendran, 2005). 
The probiotic effects of bifidobacteria, which are primarily 
Gram-positive, nonspore-forming, nonmotile, and cata-
lase-negative anaerobic bacteria, are also studied (Tham 
et al., 2012). The past two decades have seen a rise in 
probiotic use owing to their therapeutic properties in 
different diseases, ranging from gut-related illnesses in 
which probiotics reduce the incidence of diarrhea, pain, 
constipation, and inflammation (Hor et al., 2018) to met-
abolic diseases in which probiotics improve hypertension 
(Yeo et al., 2009; Fung and Liong, 2010), hypercholester-
olemia (Lye et al., 2017), and respiratory health (Hor et 
al., 2018). However, the emerging concept of gut-brain 
axis has further expanded the health benefits of probiot-
ics beyond these conventional benefits (Liu et al., 2018).
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Fig. 2. Gut-brain axis structure. The hypothalamic-pituitary–ad-
renal (HPA) axis (in dashed lines) is activated in response to 
emotions or stress. Secretion of corticotropin-releasing hor-
mone (CRH) from the hypothalamus stimulates the secretion 
of adrenocorticotropic hormone (ACTH) from the pituitary gland.
The HPA axis ends with cortisol release from the adrenal glands. 
In parallel, the central nervous system communicates through 
both afferent and efferent sympathetic nervous systems (SNS) 
with different intestinal targets such as the enteric nervous sys-
tem (ENS), intestinal muscle layers, and gut epithelium. There 
is a bidirectional communication between the gut microbiota 
and these intestinal targets to modulate gastrointestinal func-
tions such as gut motility, immunity, permeability, and secretion 
of mucus.

THE GUT-BRAIN AXIS

The gut-brain axis is a two-way communication network 
comprising of the central nervous system, the sympathet-
ic nervous system, the enteric nervous system, the hypo-
thalamic-pituitary-adrenal (HPA) axis, and the gut mi-
crobiota (Fig. 2). It is a relatively new concept, recently 
adopted by the scientific community in an attempt to de-
scribe the connections and implications of the gut health 
on the brain health (Arck et al., 2010). The bidirectional 
communication between the brain and gut had already 
been recognized by studies in the early 19th century. One 
of the prime examples is the work from Beaumont who 
noted in 1833 an association between mood and gut func-
tion by monitoring gastric secretions through a fistula in 
a patient’s stomach. His findings showed that an indivi-
dual’s emotional state can influence the functions of the 
gastrointestinal (GI) tract and vice versa (Beaumont, 
1977). The gut microbiota is distributed throughout the 

human GI tract and carries out important metabolic and 
physiological functions for the host. Due to the bidirec-
tionality of the gut-brain axis, various environmental 
stressors, such as restraint conditions and food depriva-
tion, can cause unwanted alterations in the gut microbi-
ota of hosts.

GUT MICROBIOME AND THE GUT-BRAIN AXIS

The complex microbial ecosystem in the gut, also known 
as the gut microbiome, contains about 100 trillion mi-
croorganisms. It functions to establish the intestinal lin-
ing and contributes to its maintenance (Mangiola et al., 
2016). Although the gut microbiome is composed of thou-
sands of different microbial species, the most dominant 
microorganisms belong to the Firmicutes and Bacterio-
detes phyla (Sartor, 2008). The microorganisms coloniz-
ing the gut are essential for maintaining mammalian 
health (Jarchum and Pamer, 2011) and are reported to 
have a symbiotic relationship with their host (Hooper and 
Macpherson, 2010) by interacting locally with intestinal 
cells and the enteric nervous system as well as directly 
with the central nervous system through neuroendocrine 
and metabolic pathways (Carabotti et al., 2015). Al-
though still in their early stages, clinical and experimen-
tal investigations have indicated the important role of the 
gut microbiota in human brain development, behavior, 
and mood (Tillisch et al., 2013; Mayer et al., 2014). 

Aging is closely associated with altered gut functions 
and composition. Indeed, reduced diversity of the gut mi-
crobiota and increased incidence of age-related diseases 
were reported in the elderly (Hor et al., 2019). Using D- 
gal to induce senescence in rats, Hor et al. (2019) found 
that the Firmicutes/Bacteroidetes ratio was significantly 
lowered during aging; however, this effect was prevented 
by the administration of probiotics such as Lactobacillus 
helveticus OFS 1515 and Lactobacillus fermentum DR9 (Lew 
et al., 2020). Moreover, Lactobacillus paracasei OFS 0291 
and L. helveticus OFS 1515 reduce the amount of Bactero-
ides, which are opportunistic pathogens, whereas L. fer-
mentum DR9 administration promotes the proliferation of 
Lactobacillus and consequently increases fecal acetate lev-
els in D-gal-treated rats. Aging often causes great meta-
bolic changes. Although probiotics ameliorate these im-
pairments, the magnitude and specificity of the changes 
are often strain-dependent (Lew et al., 2020). L. paracasei 
OFS 0291 and L. helveticus OFS 1515 restore the levels of 
sugars such as arabinose and ribose to amounts similar 
to those present in young rats. Lactobacillus plantarum DR7 
and Lactobacillus reuteri 8513d increased the fecal content 
of amino acids, such as tryptophan, leucine, tyrosine, cys-
teine, methionine, valine, and lysine, whereas the admin-
istration of L. fermentum DR9 led to a higher prevalence 
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of compounds related to carbohydrate metabolism such 
as erythritol, xylitol, and arabitol.

CHANGES IN NEUROCHEMICAL LEVELS

In addition to alterations of the gut sensorimotor func-
tions, the absence of microbial colonization has been as-
sociated with neurotransmitter abnormalities in both the 
enteric and central nervous systems (Diaz Heijtz et al., 
2011; Asano et al., 2012; Clarke et al., 2013). Brain-de-
rived neurotropic factor (BDNF), a member of the neu-
rotrophin family, is of particular interest because of its 
pivotal role in learning and memory functions. It is well 
established that the expression of BDNF is reduced dur-
ing aging (Chapman et al., 2012). Interestingly, probiot-
ics such as Bifidobacterium longum NCC3001 have benefi-
cial effects by altering hippocampal BDNF mRNA expres-
sion (Bercik et al., 2011). In an attempt to prove the con-
nection between probiotic and the gut-brain axis, vago-
tomized mice were fed B. longum NCC3001. Surprisingly, 
B. longum NCC3001 had no therapeutic effects in vago-
tomized mice, providing insights into the connection be-
tween probiotics and the gut-brain axis. Many other stud-
ies have shown the direct interaction of probiotics with 
receptors within the GI tract, potentially via the vagus 
nerve. There are increasing evidences regarding neuroac-
tive compounds, particularly compounds involved in neu-
rotransmitter production, produced by Lactobacilli. The ef-
fects of probiotics in the regulation of neurotransmitter 
signaling in the central nervous system can be direct and 
indirect (Wang et al., 2016).

Recently, Liu et al. (2020) have reported that adults 
receiving L. plantarum DR7 for 12 weeks experienced re-
duced stress and anxiety compared with adults in the pla-
cebo group. The administration of L. plantarum DR7 also 
induced changes in the brain neurotransmitter pathways 
including those of serotonin, dopamine, and norepineph-
rine (Liu et al., 2020). During the 12-week administra-
tion, both the alpha and beta diversities of the gut micro-
biota of the DR7 group were different from those of the 
placebo group at the class and order levels. Differences 
in specific bacterial groups were identified, showing con-
sistency at different taxonomic levels including the phyla 
of Bacteroidetes and Firmicutes and the classes of Delta-
proteobacteria and Actinobacteria. Bacteroidetes, Bacter-
oidia, and Bacteroidales, which had reduced abundance 
in the placebo group, were negatively correlated with do-
pamine beta hydrolase (DBH) gene expression in the do-
pamine pathway, whereas Bacteroidia and Bacteroidales 
were positively correlated with tryptophan hydroxylase- 
II (TPH2) gene expression in the serotonin pathway. A 
correlation was observed between DBH and Firmicutes, 
Clostridia, Clostridiales, Blautia, and Romboutsia, which 

had increased abundance in the placebo group. With re-
gard to the serotonin pathway, Blautia was associated 
with tryptophan 2,3-dioxygenase, whereas Romboutsia 
was negatively correlated with TPH2. Deltaproteobacteria 
and Desulfovibrionales, which had reduced abundance in 
the placebo group, were negatively correlated with DBH, 
whereas Bilophila was associated with TPH2. This was a 
pioneer study of the gut-brain axis that not only showed 
the physiological changes induced by a probiotic but also 
the association of the gut microbiota with taxa-specific 
changes along the serotoninergic and dopaminergic path-
ways of the brain.

CHANGES IN IMMUNOMODULATORY 
RESPONSES

Increased expression of proinflammatory cytokines such 
as interferon-γ (IFN-γ) and interleukins (ILs) has been 
implicated in aging and age-related diseases (Michaud et 
al., 2013). The increase in inflammation ultimately leads 
to the hyperactivation of the HPA axis, altering neuro-
transmitter activity and metabolism. Numerous cytokine 
receptors are located on peripheral nerves, suggesting 
their involvement in initiating neuroinflammation and 
subsequently causing cognitive decline (Goehler, 2008; 
Luo et al., 2014). It has been proposed that probiotics in-
directly improve the regulation of the HPA axis and neu-
rotransmitter activity by ameliorating GI integrity and de-
creasing gut inflammation in hosts. The performance of 
probiotic-fed early-life stress (ELS) rats in the force swim-
ming test improved and the concentration of proinflam-
matory cytokine IL-6 reduced (Desbonnet et al., 2010). In 
comparison to control rats, both the parameters were nor-
malized in probiotic-fed ELS rats, suggesting a close re-
lationship between probiotics and anti-inflammatory re-
sponses in improving brain health. In addition, Luo et al. 
(2014) demonstrated that the administration of L. helve-
ticus NS8 prevents hyperammonemia-induced neuroin-
flammation, which subsequently alleviated cognitive im-
pairment in rats. These studies imply that probiotics in-
directly modulate brain health via immunomodulatory 
pathways.

Using rats in which aging was chemically induced (with 
D-gal), Hor et al. (2019) showed that aging causes im-
munological alterations in the colon. These alterations 
were successfully reversed by probiotic strains such as L. 
paracasei OFS 0291, L. helveticus OFS 1515, and L. fermen-
tum DR9, typically via immunomodulatory properties 
such as reducing the levels of colonic proinflammatory cy-
tokines tumor necrosis factor-α (TNF-α), IFN-γ, IL-1β, 
and IL-4, in D-gal treated rats but not in naturally aged 
controls.

The probiotic L. plantarum DR7 reduces stress and anx-
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iety in adults. It also suppresses plasma proinflammato-
ry cytokines such as IFN-γ and TNF-α in adults and en-
hances the levels of anti-inflammatory cytokines such as 
IL-4 and IL-10. Supplementation of DR7 were also ac-
companied by reduced plasma peroxidation and oxidative 
stress levels compared with the placebo (Chong et al., 
2019). These anti-inflammatory effects too were attrib-
uted to DR7, which enhanced the activities of nonresting 
and mature natural killer cells without requiring as much 
T-cell activation as required in the placebo group in whom 
higher expressions of plasma cluster of differentiation 
(CD)44, CD117, CD4, and CD8 were found (Chong et 
al., 2019).

PHYSIOLOGICAL CHANGES OBSERVED 
DURING AGING AND THE ROLES OF 
PROBIOTICS

During aging, various physiological parameters are af-
fected, leading to brain function alterations. This section 
discusses age-related changes involving microbiome, in-
flammation, and oxidative stress. The effects of these 
changes on brain functions and the role of probiotics in 
alleviating aging-related physiological effects and improv-
ing brain functions are also presented.

Gut microbiota
Aging affects various physiological parameters, which 
subsequently affect brain functions. Changes in gut mi-
crobiota composition have been suggested as one of the 
factors affecting brain functions. Microbial colonization 
of the GI tract begins at birth, continues to develop, and 
undergoes dramatic changes in the first year of life 
(Bäckhed et al., 2015). From its initial low diversity and 
complexity, the intestinal microbiota evolves to contain 
a diverse and complex population. Aging is often reported 
to be associated with dysbiosis of the gut microbiota, 
possibly because of decreased bowel motility in the eld-
erly. This has a negative effect on digestion and might 
alter the gut microbiota. Hopkins and Macfarlane (2002) 
reported that Bacteroides diversity increases in the feces 
of healthy elderly people, whereas Bifidobacterium diver-
sity decreases with age. Claesson et al. (2011) reported 
that the core microbiota of elderly subjects was distinct 
from that of younger adults, with a greater proportion of 
Bacteroides spp. and distinct abundance patterns of Clos-
tridium groups in the elderly. It was also shown that the 
number of Bacteroides decreased, whereas Escherichia coli 
and Enterococci spp. increased in older individuals (Enck et 
al., 2009). Furthermore, it was discovered that the Rumi-
nococcus group is the most predominant group in the eld-
erly, contributing to approximately 9.6% of the total mi-
crobiota. In general, the gut microbiota of elderly subjects 

is characterized by a reduced bacterial diversity, shifts in 
the dominant species, decline in beneficial microorgan-
isms, and an increase in facultative anaerobic bacteria 
(Salazar et al., 2017).

The ability of probiotics to colonize and alter gut micro-
biota composition has been commonly reported (Zhang 
et al., 2014; Kato-Kataoka et al., 2016; Zhang et al., 
2018). Considering the importance of the gut microbiota 
in modulating brain functions, the use of probiotics to 
modulate the gut ecosystem and in turn improve brain 
functions has been increasingly investigated. Evidence of 
probiotic-mediated modulation of gut microbiota com-
position has been provided by several studies (Oh et al., 
2016; Harata et al., 2017; Xue et al., 2017). A few mech-
anisms underlying the probiotic-mediated modulation of 
gut microbiota have also been proposed. For example, 
probiotics might exert antimicrobial activity and/or com-
pete for mucosa-binding sites with other microorganisms, 
which might ultimately suppress the growth of gut path-
ogens (Collado et al., 2007; Spinler et al., 2008). Probiot-
ics have also been reported to modulate intestinal im-
munity and barrier functions, which might lead to altered 
responsiveness of the intestinal epithelia and immune 
cells to microbes in the gut (Hemarajata and Versalovic, 
2013).

Inflammation
Another main feature of the aging process is a chronic 
progressive increase in the proinflammatory status, which 
is termed as “inflammaging” (Franceschi et al., 2000). In-
creasing evidence has linked both peripheral inflamma-
tion and neuroinflammation to impairment of brain func-
tions, such as cognitive decline and neurodegeneration, 
in the aging population. A correlation between markers of 
inflammation and Alzheimer’s disease, Parkinson’s dis-
ease, and mild cognitive impairment has been observed 
(Simen et al., 2011). The link between inflammatory cyto-
kines and cognitive functions was supported by a meta- 
analysis study, which included 15,828 participants at 
baseline. Subjects with high circulating IL-6 levels were 
1.42 times more likely to experience global cognitive de-
cline over a 2 to 7-year follow-up period compared with 
those with low circulating IL-6 levels (odds ratio: 1.42, 
95% confidence interval: 1.18∼1.70; P<0.001) (Bradburn 
et al., 2018). A case-control study involving elderly pa-
tients with major depressive disorder also showed that 
serum levels of IL-6 were associated with clinical charac-
teristics of depression and cognitive decline (Ali et al., 
2018). Additionally, elevated levels of the proinflamma-
tory cytokines IL-17A and TNF-α and decreased levels of 
IL-10 were associated with the cognitive impairment ob-
served in patients with multiple sclerosis (Trenova et al., 
2018).

Probiotics have been proposed as potential immune 
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Table 2. Clinical evidence on the psychotropic properties of Lactobacillus spp.

Product/strain Subject 
characteristic Study design Main finding Reference

Lactobacillus casei 
strain Shirota

Patients with 
chronic fatigue 
symptoms

Double-blind, 
randomized, 
placebo-
controlled trial

Reduction in anxiety (P<0.05) evaluated by 
Beck anxiety inventory

Increased fecal Lactobacillus and 
Bifidobacterium (P<0.05)

Rao et al. 
(2009)

Lactobacillus 
helveticus R0052

Healthy subjects, 
30∼60 years old

Double-blind, 
randomized, 
placebo-
controlled trial

Reduction in self-reported stress (P<0.05) 
evaluated by perceived stress scale

Reduction in urinary free cortisol (P<0.05)

Messaoudi et al. 
(2011)

Lactobacillus 
bulgaricus and 
Lactococcus lactis 
subsp. lactis

Healthy subjects, 
18∼55 years old

Single-center, 
randomized, 
controlled, 
parallel-arm trial

Reduced task-related response (P<0.004) 
evaluated by emotional attention task

Tillisch et al. 
(2013)

L. helveticus-
fermented milk

Healthy subjects 
60∼75 years old

Double-blind, 
randomized, 
placebo-
controlled trial

Improved memory performances (P<0.05) 
evaluated by digit span test and story recall test

Improved attention performance (P<0.05) 
evaluated by rapid visual information-processing

Chung et al. 
(2014)

Lactobacillus 
acidophilus and 
L. casei

Major depressive 
disorder patients, 
20∼55 years old

Double-blind, 
randomized, 
placebo-
controlled trial

Reduction in depression (P<0.001) evaluated by 
Beck depression inventory

Akkasheh et al. 
(2016)

L. acidophilus, 
Lactobacillus 
fermentum, and 
L. casei

Alzheimer’s
disease patients, 
60∼95 years old

Double-blind, 
randomized, 
placebo-
controlled trial

Improved cognition evaluated by 
Mini-Mental State Examination (P<0.001)

Increased malondialdehyde plasma levels (P<0.001)
Increased high-sensitivity 
C-reactive protein serum levels (P<0.001)

Increased beta cell function (P<0.001)

Akbari et al. 
(2016)

system adjuvants that might improve some of the age-re-
lated inflammatory features, thus serving as a potential 
therapeutic agent to ameliorate brain cognitive function 
in the elderly. The ability of probiotics to exert an immu-
nomodulatory activity was shown in a randomized, dou-
ble-blind, placebo-controlled trial involving 100 children 
with severe sepsis. Probiotics were administered to the 
children for 7 days and resulted in a significant decrease 
in proinflammatory cytokine (IL-6, IL-12p70, IL-17, and 
TNF-α) levels and an increase in anti-inflammatory cyto-
kine (IL-10 and transforming growth factor-β1) levels 
(Angurana et al., 2018). This is further corroborated by a 
recent meta-analysis showing that probiotic intervention 
reduces the levels of IL-6 and C-reactive protein in mid-
dle-aged and older adults with chronic low-grade inflam-
mation (Custodero et al., 2018). It was hypothesized that 
probiotics exert their immunomodulatory activities by 
improving the intestinal barrier integrity and restoring 
tight junction proteins in the gut (Zaylaa et al., 2018).

Oxidative stress
The role of oxidative stress in aging was first proposed 
in 1956 and is currently one of the most established ex-
planations for how ageing occurs at the biochemical and 
molecular levels (Bokov et al., 2004). Oxidative stress is 
defined as the damage resulting from redox imbalance, 
which leads to an increase in destructive free radicals 
such as ROS and a reduction in antioxidants (Birch- 
Machin and Bowman, 2016). ROS are the by-products of 

mitochondrial respiration; thus, mitochondria have been 
suggested to be the primary target of oxidative damage 
(Cui et al., 2012). Studies have now shown mitochon-
drial dysfunction and increased oxidative damage in lip-
ids, DNA, and proteins and correlated them with a varie-
ty of age-related diseases, such as metabolic diseases and 
brain function impairment. Oxidative stress has been re-
ported to induce amyloid beta formation in the brain, 
which contributes to Alzheimer’s disease development. 
Oxidative stress often leads to neuroinflammation, an 
important factor in the pathophysiology of neuropsychi-
atric diseases, including depression, Alzheimer’s diseases, 
or schizophrenia (Popa-Wagner et al., 2013). High levels 
of ROS are also frequently correlated to neuronal death 
in various neurological disorders, such as Parkinson’s or 
Alzheimer’s disease (Guglielmotto et al., 2009). Consid-
ering that oxidative stress eventually increases the rate 
of cognitive impairment in the aging population, studies 
are now focusing on improving antioxidative defenses. 
For example, the administration of the polyunsaturated 
fatty acid, docosahexaenoic acid, or n-3 fatty acid reduces 
ROS accumulation, leading to enhanced neuroprotection 
(Kang and Gleason, 2013; Tan et al., 2016).

The antioxidative activity of probiotics has also been 
reported in many studies. For example, the consumption 
of probiotic yogurt containing Lactobacillus acidophilus for 
9 weeks decreased the levels of oxidative stress markers 
(Mikelsaar and Zilmer, 2009). A randomized, double- 
blind, placebo-controlled clinical trial showed that the 
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levels of oxidative stress biomarkers, including plasma 
total antioxidant capacity and total glutathione (GSH), 
in patients with type 2 diabetes are ameliorated by the 
administration of multispecies probiotics (Asemi et al., 
2013). The administration of L. plantarum P-8 in rats fed 
high-fat diets has beneficial effects against high-fat diet- 
induced oxidative stress, as reflected by the decreased ac-
cumulation of liver lipids and protection of liver functions 
(Bao et al., 2012). A few mechanisms of probiotic anti-
oxidative activity have also been proposed. As discussed 
and reviewed by Wang et al. (2017), probiotics exert an 
antioxidative activity by chelating metal ions and thus 
preventing metal ions from catalyzing oxidation. Probiot-
ics also increase the activity of antioxidant enzymes such 
as SOD, which catalyzes the breakdown of superoxide 
ions into hydrogen peroxide and water and is therefore a 
central regulator of ROS levels (Landis and Tower, 2005). 
Probiotics also produce antioxidant metabolites such as 
GSH and folate (Kullisaar et al., 2002) and stimulate 
several host pathways related to antioxidative activities 
(Wang et al., 2017). Finally, probiotics might exert their 
antioxidative role by altering gut microbiota composition, 
which might prevent the excessive proliferation of harm-
ful bacteria that contribute to oxidative stress (Wang et 
al., 2017).

PSYCHOBIOTICS

In recent years, there has been a growing research inter-
est in targeting the gut microbiome to beneficially im-
pact brain health. A promising strategy is the use of psy-
chobiotics. Psychobiotics are beneficial bacteria, particu-
larly probiotics, or support for these bacteria (prebiotics) 
that, when consumed in adequate quantities, influence 
bacteria-brain relationships (Dinan et al., 2013). The 
therapeutic effects of psychobiotics are often categorized 
into: (1) systemic effects on stress response, most nota-
bly on the HPA axis; (2) physiological changes in neuro-
transmitters and neural proteins; and (3) psychological 
changes including changes in emotional and cognitive 
functions (Sarkar et al., 2016). The translation of the psy-
chotropic properties of probiotics observed in rodents to 
humans has been surprisingly promising. In the past dec-
ade, numerous clinical studies on the use of probiotics 
as putative psychobiotics by elderly subjects have been 
carried out (Table 2) (Rao et al., 2009; Messaoudi et al., 
2011; Tillisch et al., 2013; Chung et al., 2014; Akbari et 
al., 2016; Akkasheh et al., 2016). For instance, cognitive 
fatigue was improved in healthy older adults treated with 
L. helveticus IDCC3801-fermented milk (Chung et al., 
2014). Another recent study showed the ability of probi-
otics in improving the cognitive function of patients with 
Alzheimer’s disease (Akbari et al., 2016). Patients pro-

vided probiotic milk for a short period of 12 weeks 
showed a remarkable 35% improvement in cognitive func-
tions as assessed by the Mini-Mental State Examination 
score. These studies provide evidences of the promising 
therapeutic effects of probiotics on cognition, especially 
during aging.

CONCLUSION

The increasing consumer demand for nutraceuticals and 
health foods has prompted much innovation and devel-
opments in the field of probiotics, including the develop-
ment of new perspectives on the link between brain 
health and the gut-brain axis. More importantly, a decline 
in brain health is also often associated with aging, and a 
healthy brain ensures that the elderly are able to live in-
dependently. Here, we present crucial new findings re-
garding the roles of probiotics in healthy aging and the 
preservation of brain and gut wellbeing. Additionally, we 
demonstrated the potential of probiotics as a natural an-
ti-aging dietary strategy.

FUNDING

None.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Writing the article: JSO, LCL, YYH. Critical review of ar-
ticle: MTL. Overall responsibility: MTL.

REFERENCES

American Federation for Aging Research. Infoaging guide to 
animal models in aging research. 2016 [cited 2018 Aug 31]. 
Available from: https://www.afar.org/imported/AFAR_ 
INFOAGING_GUIDE_ANIMALMODELS_2016.pdf

Akbari E, Asemi Z, Daneshvar Kakhaki R, Bahmani F, Kouchaki 
E, Tamtaji OR, et al. Effect of probiotic supplementation on 
cognitive function and metabolic status in Alzheimer’s disease: 
a randomized, double-blind and controlled trial. Front Aging 
Neurosci. 2016. 8:256. https://doi.org/10.3389/fnagi.2016. 
00256

Akkasheh G, Kashani-Poor Z, Tajabadi-Ebrahimi M, Jafari P, 
Akbari H, Taghizadeh M, et al. Clinical and metabolic response 
to probiotic administration in patients with major depressive 
disorder: a randomized, double-blind, placebo-controlled trial. 
Nutrition. 2016. 32:315-320.



Probiotics against Brain Aging 11

Ali NS, Hashem AHH, Hassan AM, Saleh AA, El-Baz HN. Serum 
interleukin-6 is related to lower cognitive functioning in elder-
ly patients with major depression. Aging Ment Health. 2018. 
22:655-661.

Ali T, Badshah H, Kim TH, Kim MO. Melatonin attenuates D-gal-
actose-induced memory impairment, neuroinflammation and 
neurodegeneration via RAGE/NF-κB/JNK signaling pathway 
in aging mouse model. J Pineal Res. 2015. 58:71-85.

Aliper A, Jellen L, Cortese F, Artemov A, Karpinsky-Semper D, 
Moskalev A, et al. Towards natural mimetics of metformin and 
rapamycin. Aging. 2017. 9:2245-2268.

Anderson RM, Shanmuganayagam D, Weindruch R. Caloric re-
striction and aging: studies in mice and monkeys. Toxicol 
Pathol. 2009. 37:47-51.

Andreollo NA, Santos EF, Araújo MR, Lopes LR. Rat’s age versus 
human’s age: what is the relationship?. Arq Bras Cir Dig. 2012. 
25:49-51.

Angurana SK, Bansal A, Singhi S, Aggarwal R, Jayashree M, Salaria 
M, et al. Evaluation of effect of probiotics on cytokine levels in 
critically ill children with severe sepsis: a double-blind, place-
bo-controlled trial. Crit Care Med. 2018. 46:1656-1664.

Anton S, Leeuwenburgh C. Fasting or caloric restriction for 
healthy aging. Exp Gerontol. 2013. 48:1003-1005.

Arck P, Handjiski B, Hagen E, Pincus M, Bruenahl C, Bienenstock 
J, et al. Is there a ‘gut-brain-skin axis’?. Exp Dermatol. 2010. 19: 
401-405.

Asano Y, Hiramoto T, Nishino R, Aiba Y, Kimura T, Yoshihara K, 
et al. Critical role of gut microbiota in the production of bio-
logically active, free catecholamines in the gut lumen of mice. 
Am J Physiol Gastrointest Liver Physiol. 2012. 303:G1288- 
G1295.

Asemi Z, Zare Z, Shakeri H, Sabihi SS, Esmaillzadeh A. Effect of 
multispecies probiotic supplements on metabolic profiles, hs- 
CRP, and oxidative stress in patients with type 2 diabetes. Ann 
Nutr Metab. 2013. 63:1-9.

Bäckhed F, Roswall J, Peng Y, Feng Q, Jia H, Kovatcheva-Datchary 
P, et al. Dynamics and stabilization of the human gut microbi-
ome during the first year of life. Cell Host Microbe. 2015. 17: 
690-703.

Bao Y, Wang Z, Zhang Y, Zhang J, Wang L, Dong X, et al. Effect 
of Lactobacillus plantarum P-8 on lipid metabolism in hyperlipi-
demic rat model. Eur J Lipid Sci Technol. 2012. 114:1230- 
1236.

Beaumont W. Experiments and observations on the gastric juice 
and the physiology of digestion. Nutr Rev. 1977. 35:144-145.

Bercik P, Denou E, Collins J, Jackson W, Lu J, Jury J, et al. The in-
testinal microbiota affect central levels of brain-derived neuro-
tropic factor and behavior in mice. Gastroenterology. 2011. 
141:599-609, 609.e1-609.e3.

Birch-Machin MA, Bowman A. Oxidative stress and ageing. Br J 
Dermatol. 2016. 175:26-29.

Blüher M, Kahn BB, Kahn CR. Extended longevity in mice lacking 
the insulin receptor in adipose tissue. Science. 2003. 299:572- 
574.

Bokov A, Chaudhuri A, Richardson A. The role of oxidative dam-
age and stress in aging. Mech Ageing Dev. 2004. 125:811-826.

Bradburn S, Sarginson J, Murgatroyd CA. Association of periphe-
ral interleukin-6 with global cognitive decline in non-dement-
ed adults: a meta-analysis of prospective studies. Front Aging 
Neurosci. 2018. 9:438. https://doi.org/10.3389/fnagi.2017. 
00438

Carabotti M, Scirocco A, Maselli MA, Severi C. The gut-brain axis: 
interactions between enteric microbiota, central and enteric 
nervous systems. Ann Gastroenterol. 2015. 28:203-209.

Chapman TR, Barrientos RM, Ahrendsen JT, Hoover JM, Maier SF, 
Patterson SL. Aging and infection reduce expression of specific 
brain-derived neurotrophic factor mRNAs in hippocampus. 

Neurobiol Aging. 2012. 33:832.e1-832.e14.
Chong HX, Yusoff NAA, Hor YY, Lew LC, Jaafar MH, Choi SB, et 

al. Lactobacillus plantarum DR7 improved upper respiratory tract 
infections via enhancing immune and inflammatory parame-
ters: a randomized, double-blind, placebo-controlled study. J 
Dairy Sci. 2019. 102:4783-4797.

Chung YC, Jin HM, Cui Y, Kim DS, Jung JM, Park JI, et al. Fer-
mented milk of Lactobacillus helveticus IDCC3801 improves cog-
nitive functioning during cognitive fatigue tests in healthy ol-
der adults. J Funct Foods. 2014. 10:465-474.

Claesson MJ, Cusack S, O’Sullivan O, Greene-Diniz R, de Weerd 
H, Flannery E, et al. Composition, variability, and temporal 
stability of the intestinal microbiota of the elderly. Proc Natl 
Acad Sci USA. 2011. 108:4586-4591.

Clarke G, Grenham S, Scully P, Fitzgerald P, Moloney RD, 
Shanahan F, et al. The microbiome-gut-brain axis during early 
life regulates the hippocampal serotonergic system in a sex-de-
pendent manner. Mol Psychiatry. 2013. 18:666-673.

Collado MC, Meriluoto J, Salminen S. Role of commercial probi-
otic strains against human pathogen adhesion to intestinal mu-
cus. Lett Appl Microbiol. 2007. 45:454-460.

Colman RJ, Anderson RM, Johnson SC, Kastman EK, Kosmatka 
KJ, Beasley TM, et al. Caloric restriction delays disease onset 
and mortality in rhesus monkeys. Science. 2009. 325:201-204.

Cui H, Kong Y, Zhang H. Oxidative stress, mitochondrial dys-
function, and aging. J Signal Transduct. 2012. 2012:646354. 
https://doi.org/10.1155/2012/646354

Custodero C, Mankowski RT, Lee SA, Chen Z, Wu S, Manini TM, 
et al. Evidence-based nutritional and pharmacological inter-
ventions targeting chronic low-grade inflammation in middle- 
age and older adults: a systematic review and meta-analysis. 
Ageing Res Rev. 2018. 46:42-59.

Desbonnet L, Garrett L, Clarke G, Kiely B, Cryan JF, Dinan TG. 
Effects of the probiotic Bifidobacterium infantis in the maternal 
separation model of depression. Neuroscience. 2010. 170: 
1179-1188.

Diaz Heijtz R, Wang S, Anuar F, Qian Y, Björkholm B, Samuelsson 
A, et al. Normal gut microbiota modulates brain development 
and behavior. Proc Natl Acad Sci USA. 2011. 108:3047-3052.

Dinan TG, Stanton C, Cryan JF. Psychobiotics: a novel class of 
psychotropic. Biol Psychiatry. 2013. 74:720-726.

Double KL, Halliday GM, Kril JJ, Harasty JA, Cullen K, Brooks 
WS, et al. Topography of brain atrophy during normal aging 
and Alzheimer’s disease. Neurobiol Aging. 1996. 17:513-521.

Enck P, Zimmermann K, Rusch K, Schwiertz A, Klosterhalfen S, 
Frick JS. The effects of ageing on the colonic bacterial micro-
flora in adults. Z Gastroenterol. 2009. 47:653-658.

Eshkoor SA, Hamid TA, Mun CY, Ng CK. Mild cognitive impair-
ment and its management in older people. Clin Interv Aging. 
2015. 10:687-693.

Ferrucci L, Giallauria F, Guralnik JM. Epidemiology of aging. 
Radiol Clin North Am. 2008. 46:643-652.

Food and Agriculture Organization of the United Nations, World 
Health Organization. Probiotics in food: health and nutritional 
properties and guidelines for evaluation. 2006 [cited 2018 Nov 
5]. Available from: http://www.fao.org/3/a-a0512e.pdf

Franceschi C, Bonafè M, Valensin S, Olivieri F, De Luca M, 
Ottaviani E, et al. Inflamm-aging. An evolutionary perspective 
on immunosenescence. Ann NY Acad Sci. 2000. 908:244-254.

Fung WY, Liong MT. Evaluation of proteolytic and ACE-inhibi-
tory activity of Lactobacillus acidophilus in soy whey growth me-
dium via response surface methodology. LWT-Food Sci Tech-
nol. 2010. 43:563-567.

Goehler LE. Cytokines in neural signaling to the brain. NeuroIm-
mune Biol. 2008. 6:337-352.

Guglielmotto M, Tamagno E, Danni O. Oxidative stress and hypo-
xia contribute to Alzheimer’s disease pathogenesis: two sides 



12  Ong et al.

of the same coin. ScientificWorldJournal. 2009. 9:781-791.
Harata G, Kumar H, He F, Miyazawa K, Yoda K, Kawase M, et al. 

Probiotics modulate gut microbiota and health status in Jap-
anese cedar pollinosis patients during the pollen season. Eur 
J Nutr. 2017. 56:2245-2253.

He Y, Jasper H. Studying aging in Drosophila. Methods. 2014. 
68:129-133.

Heidinger BJ, Blount JD, Boner W, Griffiths K, Metcalfe NB, 
Monaghan P. Telomere length in early life predicts lifespan. 
Proc Natl Acad Sci USA. 2012. 109:1743-1748.

Heintz C, Mair W. You are what you host: microbiome modulation 
of the aging process. Cell. 2014. 156:408-411.

Hemarajata P, Versalovic J. Effects of probiotics on gut microbi-
ota: mechanisms of intestinal immunomodulation and neuro-
modulation. Therap Adv Gastroenterol. 2013. 6:39-51.

Hooper LV, Macpherson AJ. Immune adaptations that maintain 
homeostasis with the intestinal microbiota. Nat Rev Immunol. 
2010. 10:159-169.

Hopkins MJ, Macfarlane GT. Changes in predominant bacterial 
populations in human faeces with age and with Clostridium dif-
ficile infection. J Med Microbiol. 2002. 51:448-454.

Hor YY, Lew LC, Jaafar MH, Lau AS, Ong JS, Kato T, et al. Lacto-
bacillus sp. improved microbiota and metabolite profiles of ag-
ing rats. Pharmacol Res. 2019. 146:104312. https://doi.org/ 
10.1016/j.phrs.2019.104312

Hor YY, Lew LC, Lau ASY, Ong JS, Chuah LO, Lee YY, et al. Pro-
biotic Lactobacillus casei Zhang (LCZ) alleviates respiratory, 
gastrointestinal & RBC abnormality via immuno-modulatory, 
anti-inflammatory & anti-oxidative actions. J Funct Foods. 
2018. 44:235-245.

Hoxha S. Caloric restriction in Drosophila melanogaster. Disserta-
tion. Wilkes Honors College of Florida Atlantic University, Ju-
piter, FL, USA. 2012.

Iliadi KG, Knight D, Boulianne GL. Healthy aging－insights from 
Drosophila. Front Physiol. 2012. 3:106. https://doi.org/10. 
3389/fphys.2012.00106

Jarchum I, Pamer EG. Regulation of innate and adaptive immu-
nity by the commensal microbiota. Curr Opin Immunol. 2011. 
23:353-360.

Kaeberlein M, Burtner CR, Kennedy BK. Recent developments in 
yeast aging. PLoS Genet. 2007. 3:e84. https://doi.org/10. 
1371/journal.pgen.0030084

Kang JX, Gleason ED. Omega-3 fatty acids and hippocampal neu-
rogenesis in depression. CNS Neurol Disord Drug Targets. 
2013. 12:460-465.

Kato-Kataoka A, Nishida K, Takada M, Kawai M, Kikuchi-Haya-
kawa H, Suda K, et al. Fermented milk containing Lactobacillus 
casei strain Shirota preserves the diversity of the gut microbiota 
and relieves abdominal dysfunction in healthy medical students 
exposed to academic stress. Appl Environ Microbiol. 2016. 82: 
3649-3658.

Kowal P, Dowd JE. Definition of an older person. Proposed work-
ing definition of an older person in Africa for the MDS Project. 
2001 [cited 2018 Aug 29]. Available from: https://doi.org/10. 
13140/2.1.5188.9286 

Kullisaar T, Zilmer M, Mikelsaar M, Vihalemm T, Annuk H, 
Kairane C, et al. Two antioxidative Lactobacilli strains as prom-
ising probiotics. Int J Food Microbiol. 2002. 72:215-224.

Kuro-o M, Matsumura Y, Aizawa H, Kawaguchi H, Suga T, Utsugi 
T, et al. Mutation of the mouse klotho gene leads to a syndrome 
resembling ageing. Nature. 1997. 390:45-51.

Landis GN, Tower J. Superoxide dismutase evolution and life 
span regulation. Mech Ageing Dev. 2005. 126:365-379.

Langie SA, Cameron KM, Ficz G, Oxley D, Tomaszewski B, 
Gorniak JP, et al. The ageing brain: effects on DNA repair and 
DNA methylation in mice. Genes. 2017. 8:75. https://doi.org/ 
10.3390/genes8020075

Lee SH, Min KJ. Caloric restriction and its mimetics. BMB Rep. 
2013. 46:181-187.

Lew LC, Hor YY, Jaafar MH, Lau AS, Khoo BY, Sasidharan S, et 
al. Effects of potential probiotic strains on the fecal microbiota 
and metabolites of D-galactose-induced aging rats fed with 
high-fat diet. Probiotics Antimicrob Proteins. 2020. 12:545- 
562.

Li JJ, Zhu Q, Lu YP, Zhao P, Feng ZB, Qian ZM, et al. Ligustilide 
prevents cognitive impairment and attenuates neurotoxicity in 
D-galactose induced aging mice brain. Brain Res. 2015. 1595: 
19-28.

Li H, Lv C, Zhang T, Chen K, Chen C, Gai G, et al. Trajectories of 
age-related cognitive decline and potential associated factors 
of cognitive function in senior citizens of Beijing. Curr Alz-
heimer Res. 2014. 11:806-816.

Lipsky MS, King M. Biological theories of aging. Dis Mon. 2015. 
61:460-466.

Liu G, Chong HX, Chung FY, Li Y, Liong MT. Lactobacillus planta-
rum DR7 modulated bowel movement and gut microbiota as-
sociated with dopamine and serotonin pathways in stressed 
adults. Int J Mol Sci. 2020. 21:4608. https://doi.org/10.3390/ 
ijms21134608

Liu YW, Liong MT, Tsai YC. New perspectives of Lactobacillus 
plantarum as a probiotic: the gut-heart-brain axis. J Microbiol. 
2018. 56:601-613.

Longo VD, Shadel GS, Kaeberlein M, Kennedy B. Replicative and 
chronological aging in Saccharomyces cerevisiae. Cell Metab. 
2012. 16:18-31.

López-Lluch G, Navas P. Calorie restriction as an intervention in 
ageing. J Physiol. 2016. 594:2043-2060.

Luo J, Wang T, Liang S, Hu X, Li W, Jin F. Ingestion of Lactobacillus 
strain reduces anxiety and improves cognitive function in the 
hyperammonemia rat. Sci China Life Sci. 2014. 57:327-335.

Luo Y, Niu F, Sun Z, Cao W, Zhang X, Guan D, et al. Altered ex-
pression of Aβ metabolism-associated molecules from D-gal-
actose/AlCl3 induced mouse brain. Mech Ageing Dev. 2009. 
130:248-252.

Lye HS, Kato T, Low WY, Taylor TD, Prakash T, Lew LC, et al. Lac-
tobacillus fermentum FTDC 8312 combats hypercholesterolemia 
via alteration of gut microbiota. J Biotechnol. 2017. 262:75-83.

Madeo F, Zimmermann A, Maiuri MC, Kroemer G. Essential role 
for autophagy in life span extension. J Clin Invest. 2015. 125: 
85-93.

Mangiola F, Ianiro G, Franceschi F, Fagiuoli S, Gasbarrini G, 
Gasbarrini A. Gut microbiota in autism and mood disorders. 
World J Gastroenterol. 2016. 22:361-368.

Mayer EA, Knight R, Mazmanian SK, Cryan JF, Tillisch K. Gut mi-
crobes and the brain: paradigm shift in neuroscience. J Neuro-
sci. 2014. 34:15490-15496.

Melov S, Ravenscroft J, Malik S, Gill MS, Walker DW, Clayton PE, 
et al. Extension of life-span with superoxide dismutase/cata-
lase mimetics. Science. 2000. 289:1567-1569.

Messaoudi M, Violle N, Bisson JF, Desor D, Javelot H, Rougeot 
C. Beneficial psychological effects of a probiotic formulation 
(Lactobacillus helveticus R0052 and Bifidobacterium longum R0175) 
in healthy human volunteers. Gut Microbes. 2011. 2:256-261.

Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C, Vellas B, et 
al. Proinflammatory cytokines, aging, and age-related diseases. 
J Am Med Dir Assoc. 2013. 14:877-882.

Mikelsaar M, Zilmer M. Lactobacillus fermentum ME-3－an antimi-
crobial and antioxidative probiotic. Microb Ecol Health Dis. 
2009. 21:1-27.

Mitchell SJ, Scheibye-Knudsen M, Longo DL, de Cabo R. Animal 
models of aging research: implications for human aging and 
age-related diseases. Annu Rev Anim Biosci. 2015. 3:283-303.

Mortimer RK, Johnston JR. Life span of individual yeast cells. 
Nature. 1959. 183:1751-1752.



Probiotics against Brain Aging 13

Nair PS, Surendran PK. Biochemical characterization of lactic ac-
id bacteria isolated from fish and prawn. J Cult Collect. 2005. 
4:48-52.

National Institutes of Health. World’s older population grows 
dramatically: NIH-funded census bureau report offers details 
of global aging phenomenon. 2016 [cited 2018 Aug 29]. Avail-
able from: https://www.nih.gov/news-events/news-releases/ 
worlds-older-population-grows-dramatically

Oh B, Kim BS, Kim JW, Kim JS, Koh SJ, Kim BG, et al. The effect 
of probiotics on gut microbiota during the Helicobacter pylori 
eradication: randomized controlled trial. Helicobacter. 2016. 
21:165-174.

Peters R. Ageing and the brain. Postgrad Med J. 2006. 82:84-88.
Popa-Wagner A, Mitran S, Sivanesan S, Chang E, Buga AM. ROS 

and brain diseases: the good, the bad, and the ugly. Oxid Med 
Cell Longev. 2013. 2013:963520. https://doi.org/10.1155/ 
2013/963520

Rao AV, Bested AC, Beaulne TM, Katzman MA, Iorio C, Berardi 
JM, et al. A randomized, double-blind, placebo-controlled pilot 
study of a probiotic in emotional symptoms of chronic fatigue 
syndrome. Gut Pathog. 2009. 1:6. https://doi.org/10.1186/ 
1757-4749-1-6

Ritchie K, Touchon J. Mild cognitive impairment: conceptual ba-
sis and current nosological status. Lancet. 2000. 355:225-228.

Salazar N, Valdés-Varela L, González S, Gueimonde M, de Los 
Reyes-Gavilán CG. Nutrition and the gut microbiome in the 
elderly. Gut Microbes. 2017. 8:82-97.

Sang TK, Jackson GR. Drosophila models of neurodegenerative dis-
ease. NeuroRx. 2005. 2:438-446.

Sanz A. Mitochondrial reactive oxygen species: do they extend or 
shorten animal lifespan?. Biochim Biophys Acta. 2016. 1857: 
1116-1126.

Sarkar A, Lehto SM, Harty S, Dinan TG, Cryan JF, Burnet PWJ. 
Psychobiotics and the manipulation of bacteria-gut-brain sig-
nals. Trends Neurosci. 2016. 39:763-781.

Sartor RB. Microbial influences in inflammatory bowel diseases. 
Gastroenterology. 2008. 134:577-594.

Sergiev PV, Dontsova OA, Berezkin GV. Theories of aging: an 
ever-evolving field. Acta Naturae. 2015. 7:9-18.

Simen AA, Bordner KA, Martin MP, Moy LA, Barry LC. Cognitive 
dysfunction with aging and the role of inflammation. Ther Adv 
Chronic Dis. 2011. 2:175-195.

Sohal RS, Weindruch R. Oxidative stress, caloric restriction, and 
aging. Science. 1996. 273:59-63.

Song X, Bao M, Li D, Li YM. Advanced glycation in D-galactose 
induced mouse aging model. Mech Ageing Dev. 1999. 108:239- 
251.

Spinler JK, Taweechotipatr M, Rognerud CL, Ou CN, Tumwasorn 
S, Versalovic J. Human-derived probiotic Lactobacillus reuteri 
demonstrate antimicrobial activities targeting diverse enteric 
bacterial pathogens. Anaerobe. 2008. 14:166-171.

Sprott RL. Introduction: animal models of aging: something old, 
something new. ILAR J. 2011. 52:1-3.

Steenstrup T, Kark JD, Verhulst S, Thinggaard M, Hjelmborg 
JVB, Dalgård C, et al. Telomeres and the natural lifespan limit 
in humans. Aging. 2017. 9:1130-1142.

Sun Y, Yolitz J, Wang C, Spangler E, Zhan M, Zou S. Aging studies 
in Drosophila melanogaster. In: Tollefsbol TO, editor. Biological 
Aging: Methods and Protocols. 2nd ed. Humana Press, Totowa, 
NJ, USA. 2013. p 77-93.

Takeda T, Hosokawa M, Higuchi K. Senescence-accelerated mouse 
(SAM): a novel murine model of accelerated senescence. J Am 
Geriatr Soc. 1991. 39:911-919.

Tan Y, Ren H, Shi Z, Yao X, He C, Kang JX, et al. Endogenous doc-
osahexaenoic acid (DHA) prevents Aβ1-42 oligomer-induced 
neuronal injury. Mol Neurobiol. 2016. 53:3146-3153.

Taormina G, Mirisola MG. Calorie restriction in mammals and 
simple model organisms. Biomed Res Int. 2014. 2014:308690. 
https://doi.org/10.1155/2014/308690

Tham CSC, Peh KK, Bhat R, Liong MT. Probiotic properties of 
Bifidobacteria and Lactobacilli isolated from local dairy products. 
Ann Microbiol. 2012. 62:1079-1087.

Tillisch K, Labus J, Kilpatrick L, Jiang Z, Stains J, Ebrat B, et al. Con-
sumption of fermented milk product with probiotic modulates 
brain activity. Gastroenterology. 2013. 144:1394-1401.

Trenova AG, Slavov GS, Draganova-Filipova MN, Mateva NG, 
Manova MG, Miteva LD, et al. Circulating levels of interleukin- 
17A, tumor necrosis factor-alpha, interleukin-18, interleukin- 
10, and cognitive performance of patients with relapsing-re-
mitting multiple sclerosis. Neurol Res. 2018. 40:153-159.

Ulgherait M, Rana A, Rera M, Graniel J, Walker DW. AMPK mod-
ulates tissue and organismal aging in a non-cell-autonomous 
manner. Cell Rep. 2014. 8:1767-1780.

Wang H, Lee IS, Braun C, Enck P. Effect of probiotics on central 
nervous system functions in animals and humans: a systematic 
review. J Neurogastroenterol Motil. 2016. 22:589-605.

Wang Y, Wu Y, Wang Y, Xu H, Mei X, Yu D, et al. Antioxidant 
properties of probiotic bacteria. Nutrients. 2017. 9:521. 
https://doi.org/10.3390/nu9050521

Ward A, Arrighi HM, Michels S, Cedarbaum JM. Mild cognitive 
impairment: disparity of incidence and prevalence estimates. 
Alzheimers Dement. 2012. 8:14-21.

Weinert BT, Timiras PS. Invited review: theories of aging. J Appl 
Physiol. 2003. 95:1706-1716.

Xue L, He J, Gao N, Lu X, Li M, Wu X, et al. Probiotics may delay 
the progression of nonalcoholic fatty liver disease by restoring 
the gut microbiota structure and improving intestinal endo-
toxemia. Sci Rep. 2017. 7:45176. https://doi.org/10.1038/ 
srep45176

Yan L, Vatner DE, O’Connor JP, Ivessa A, Ge H, Chen W, et al. 
Type 5 adenylyl cyclase disruption increases longevity and pro-
tects against stress. Cell. 2007. 130:247-258.

Yeo SK, Ooi LG, Lim TJ, Liong MT. Antihypertensive properties 
of plant-based prebiotics. Int J Mol Sci. 2009. 10:3517-3530.

Yuan R, Peters LL, Paigen B. Mice as a mammalian model for re-
search on the genetics of aging. ILAR J. 2011. 52:4-15.

Zaylaa M, Al Kassaa I, Alard J, Peucelle V, Boutillier D, Desramaut 
J, et al. Probiotics in IBD: combining in vitro and in vivo models 
for selecting strains with both anti-inflammatory potential as 
well as a capacity to restore the gut epithelial barrier. J Funct 
Foods. 2018. 47:304-315.

Zhang J, Wang L, Guo Z, Sun Z, Gesudu Q, Kwok L, et al. 454 Py-
rosequencing reveals changes in the faecal microbiota of adults 
consuming Lactobacillus casei Zhang. FEMS Microbiol Ecol. 
2014. 88:612-622.

Zhang W, Zhu YH, Yang GY, Liu X, Xia B, Hu X, et al. Lactobacillus 
rhamnosus GG affects microbiota and suppresses autophagy in 
the intestines of pigs challenged with Salmonella infantis. Front 
Microbiol. 2018. 8:2705. https://doi.org/10.3389/fmicb. 
2017.02705



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /04b03
    /04b03b
    /04b08
    /04b09
    /04b11
    /04b19
    /04b20
    /04b21
    /04b24
    /04b25
    /26
    /6px2bus
    /911Porscha
    /AachenBT-Bold
    /AachenBT-Roman
    /AardvarkCafe
    /AbadiMT-CondensedExtraBold
    /AbadiMT-CondensedLight
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AccentSwissCheese
    /AdLibBT-Regular
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AdventureNormal
    /AFPEPSI
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AirbusSpecial
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /AlefbetNormal
    /Algerian
    /AlgerianBasD
    /AlgerianD
    /AlienLeague
    /AllegroBT-Regular
    /AlmanacMT
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AmericanGaramondBT-Bold
    /AmericanGaramondBT-BoldItalic
    /AmericanGaramondBT-Italic
    /AmericanGaramondBT-Roman
    /AmericanTextBT-Regular
    /AmericanUncD
    /AmerigoBT-BoldA
    /AmerigoBT-BoldItalicA
    /AmerigoBT-ItalicA
    /AmerigoBT-MediumA
    /AmerigoBT-MediumItalicA
    /AmerigoBT-RomanA
    /AmerTypewriterITCbyBT-Bold
    /AmerTypewriterITCbyBT-Medium
    /AmiR-HM
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntiqueRegular
    /AppleGaramond
    /AppleGaramond-Bold
    /AppleGaramond-BoldItalic
    /AppleGaramond-Italic
    /AppleGaramondLight
    /AppleGaramondLight-Italic
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoldBoeD
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /ArribaArribaLetPlain
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /ArsisD-Regu
    /ArsisD-ReguItal
    /AtlanticInline-Normal
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BakerSignetBT-Roman
    /BalloonBT-Bold
    /BalloonBT-ExtraBold
    /BalloonBT-Light
    /BangLetPlain
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BardPlain
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskOldFace
    /Batang
    /BatangChe
    /BatmanForeverAlternate
    /BatmanForeverOutline
    /BatmanForeverRoman
    /BauerBodoniBT-Black
    /BauerBodoniBT-BlackCondensed
    /BauerBodoniBT-BlackItalic
    /BauerBodoniBT-Bold
    /BauerBodoniBT-BoldCondensed
    /BauerBodoniBT-BoldItalic
    /BauerBodoniBT-Italic
    /BauerBodoniBT-Roman
    /BauerBodoniBT-Titling
    /Bauhaus93
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /BedrockPlain
    /BeehivePSMT
    /BeeskneesITC
    /BellCentennialBT-Address
    /BellCentennialBT-BoldListing
    /BellCentennialBT-NameAndNumber
    /BellCentennialBT-SubCaption
    /BellGothicBT-Black
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BergellLetPlain
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BertramLetPlain
    /BibleScrT
    /Billo
    /BinaryITCTTLight
    /BinnerD
    /Bio-disc
    /BirchStd
    /BlackadderITC-Regular
    /Blackletter686BT-Regular
    /BlacklightD
    /BlackoakStd
    /BladeRunnerMovieFont
    /BlippoBT-Black
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BonApetitMT
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BrailleAOE
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BroadwayBT-Regular
    /BrushScriptMT
    /BrushScriptStd
    /BuxomD
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Calligraphic421BT-RomanB
    /Calligraphic810BT-Italic
    /Calligraphic810BT-Roman
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /CamelliaD
    /CamelotDeNada
    /CancunPlain
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Candice
    /CandidaBT-Bold
    /CandidaBT-Italic
    /CandidaBT-Roman
    /CarletonNormal
    /CarminaBT-Black
    /CarminaBT-BlackItalic
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /CasablancaAntiqueItalic
    /CasablancaAntiquePlain
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOldFaceBT-Heavy
    /CaslonOldFaceBT-Italic
    /CaslonOldFaceBT-Roman
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastleT-Bold
    /CastleT-Book
    /CastleT-Ligh
    /CastleT-Ultr
    /Cataclysmic
    /CataneoBT-Bold
    /CataneoBT-Light
    /CataneoBT-Regular
    /CataneoBT-RegularSwash
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /CaxtonBT-Light
    /CaxtonBT-LightItalic
    /CelestialNormal
    /Centaur
    /Century
    /Century725BT-Black
    /Century725BT-Bold
    /Century725BT-BoldCondensed
    /Century725BT-Italic
    /Century725BT-Roman
    /Century725BT-RomanCondensed
    /Century731BT-BoldA
    /Century731BT-BoldItalicA
    /Century731BT-ItalicA
    /Century731BT-RomanA
    /Century751BT-ItalicB
    /Century751BT-RomanB
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CharlesworthPlain
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /Charting
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChiantiBT-Bold
    /ChiantiBT-BoldItalic
    /ChiantiBT-Italic
    /ChiantiBT-Roman
    /Chick
    /Chiller-Regular
    /ChiselD
    /ChodeungL
    /CircleD
    /CityD-Bold
    /CityD-Ligh
    /CityD-Medi
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonBT-Black
    /ClarendonBT-Bold
    /ClarendonBT-BoldCondensed
    /ClarendonBT-Heavy
    /ClarendonBT-Light
    /ClarendonBT-Roman
    /ClarendonBT-RomanCondensed
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /Clicker
    /Clocks
    /CloisterBlackBT-Regular
    /CloisterOpenFaceBT-Regular
    /CocaCola
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialScriptBT-Regular
    /Commodore64
    /CompactaBT-Black
    /CompactaBT-Bold
    /CompactaBT-BoldItalic
    /CompactaBT-Italic
    /CompactaBT-Light
    /CompactaBT-Roman
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /ContinuumBold
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CooperBT-Black
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-BlackItalicHeadline
    /CooperBT-BlackOutline
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /Coronet
    /CosmicPlain
    /CosmicTwoPlain
    /CottagePlain
    /CountdownD
    /Courier10PitchBT-Bold
    /Courier10PitchBT-BoldItalic
    /Courier10PitchBT-Italic
    /Courier10PitchBT-Roman
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Crayon
    /CrazyCreaturesBold
    /CrazyCreaturesBold-Italic
    /CrazyCreaturesItalic
    /CrazyCreaturesNormal
    /CroissantD
    /CurlzMT
    /CushingITCbyBT-Heavy
    /CushingITCbyBT-HeavyItalic
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DavidaBoldBT-Regular
    /Decorated035BT-Regular
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Depot-Bold
    /Depot-Light
    /Depot-LightItalic
    /Depot-Medium
    /Desdemona
    /DeVinneBT-Italic
    /DeVinneBT-ItalicText
    /DeVinneBT-Roman
    /DeVinneBT-Text
    /DexGothicD
    /DextorD
    /DextorOutD
    /DfCalligraphicOrnamentsLetPlain
    /DfDiversionsLetPlain
    /DfDiversitiesLetPlain
    /DFKGothic-Bd-WIN-KSC-H
    /DFKGothic-Md-WIN-KSC-H
    /DFKMincho-Bd-WIN-KSC-H
    /DFKMincho-Md-WIN-KSC-H
    /DiabloHeavy
    /DiabloLight
    /Digiface
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dinreg
    /Diploma
    /DirectionsMT
    /DiskusD-Medi
    /DomBoldBT-Regular
    /DomCasualBT-Regular
    /DomDiagonalBT-Bold
    /DomDiagonalBT-Regular
    /DooM
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /Dummies
    /DungunB
    /DungunL
    /DungunM
    /DungunR
    /DungunSB
    /Dutch766BT-BoldA
    /Dutch766BT-ItalicA
    /Dutch766BT-RomanA
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-ExtraBoldItalic
    /Dutch801BT-Italic
    /Dutch801BT-ItalicHeadline
    /Dutch801BT-Roman
    /Dutch801BT-RomanHeadline
    /Dutch801BT-SemiBold
    /Dutch801BT-SemiBoldItalic
    /Dutch809BT-BoldC
    /Dutch809BT-ItalicC
    /Dutch809BT-RomanC
    /Dutch811BT-BoldD
    /Dutch811BT-BoldItalicD
    /Dutch811BT-ItalicD
    /Dutch811BT-RomanD
    /Dutch823BT-BoldB
    /Dutch823BT-BoldItalicB
    /Dutch823BT-ItalicB
    /Dutch823BT-RomanB
    /EccentricStd
    /EckmannD
    /EditionRegular
    /EdwardianScriptITC
    /Egyptian505BT-Bold
    /Egyptian505BT-Light
    /Egyptian505BT-Medium
    /Egyptian505BT-Roman
    /Egyptian710BT-RegularA
    /EklekticPlain
    /ElectronicsRegular
    /Elegant
    /ElegantGaramondBT-Bold
    /ElegantGaramondBT-Italic
    /ElegantGaramondBT-Roman
    /Elephant-Italic
    /Elephant-Regular
    /EmbassyBT-Regular
    /Emboss-Normal
    /EmpireBT-Regular
    /EmpireState
    /EnglischeSchT-Bold
    /EnglischeSchT-DemiBold
    /EnglischeSchT-Regu
    /English111AdagioBT-Regular
    /English111PrestoBT-Regular
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EnglishTowne-Normal
    /EngraversGothicBT-Regular
    /EngraversMT
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /EnyaPlain
    /EPISODEI
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /EsquivelTrial
    /EstrangeloEdessa
    /EurostileBold
    /EurostileRegular
    /EvitaRegular
    /EwieD
    /ExocetHeavy
    /ExocetLight
    /Exotic350BT-Bold
    /Exotic350BT-DemiBold
    /Exotic350BT-Light
    /ExpoM-HM
    /ExpoPlain
    /FBBlueSol-Bold
    /FelixTitlingMT
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /FestivalNightsJL
    /FetteFraD
    /FightThis
    /FirstGrader-Normal
    /FlamencoD
    /FlamencoInlD
    /Flareserif821BT-Bold
    /Flareserif821BT-Light
    /Flareserif821BT-Roman
    /FlashD-Bold
    /FlashD-Ligh
    /FlemishScriptBT-Regular
    /Flora-Normal
    /flower1
    /flower3
    /FolioBT-Bold
    /FolioBT-BoldCondensed
    /FolioBT-Book
    /FolioBT-ExtraBold
    /FolioBT-Light
    /FolioBT-LightItalic
    /FolioBT-Medium
    /FolliesLetPlain
    /FootlightMTLight
    /Fordscript
    /Formal436BT-Regular
    /FormalScript421BT-Regular
    /ForteMT
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /Freeform710BT-Regular
    /Freeform721BT-Black
    /Freeform721BT-BlackItalic
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /Freehand471BT-Regular
    /Freehand521BT-RegularC
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScrD
    /FreestyleScriptITC-Bold
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Friday13
    /Friday13SH
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Cn
    /FrutigerExt-Bol
    /FrutigerExt-Nor
    /FrutigerExtOb2
    /FrutigerExtObl-
    /FrutigerExtObl-Bold
    /FrutigerExtObl-Normal
    /Frutiger-Normal
    /FrutigerObl-Bol
    /FrutigerObl-Bold
    /FrutigerObl-Nor
    /FrutigerObl-Normal
    /FrysBaskervilleBT-Roman
    /FuturaBlackBT-Regular
    /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
    /FZSY--SURROGATE-0
    /Gaeul
    /GalaxyBT-Regular
    /GalleriaPlain
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /GandoBT-Regular
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Gautami
    /Geneva
    /GeographicSymbolsNormal
    /Geometric212BT-Book
    /Geometric212BT-BookCondensed
    /Geometric212BT-Heavy
    /Geometric212BT-HeavyCondensed
    /Geometric231BT-BoldC
    /Geometric231BT-HeavyC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /Geometric415BT-BlackA
    /Geometric415BT-BlackItalicA
    /Geometric415BT-LiteA
    /Geometric415BT-LiteItalicA
    /Geometric415BT-MediumA
    /Geometric415BT-MediumItalicA
    /Geometric706BT-BlackB
    /Geometric706BT-BlackCondensedB
    /Geometric706BT-BoldCondensedB
    /Geometric706BT-MediumB
    /Geometric885BT-RegularD
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeometricSlab703BT-XtraBoldCond
    /GeometricSlab703BT-XtraBoldItal
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-Regular
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GirlsareWeird
    /GlacierItalic
    /GlacierPlain
    /GlaserSteD
    /Glaz-Kraksolid
    /GloucesterMT-ExtraCondensed
    /GoldMinePlain
    /GoodTimes
    /GorillaITCbyBT-Regular
    /Gothic720BT-BoldB
    /Gothic720BT-BoldItalicB
    /Gothic720BT-ItalicB
    /Gothic720BT-LightB
    /Gothic720BT-LightItalicB
    /Gothic720BT-RomanB
    /Gothic725BT-BlackA
    /Gothic725BT-BoldA
    /Gothic821CondensedBT-Regular
    /GothicNo13BT-Regular
    /GoudyCatalogueBT-Regular
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudyStout
    /Gradl
    /GraphicChe
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GriffonPSMT
    /GriffonShadowPlain
    /GrizzlyITCbyBT-Regular
    /GrouchITCbyBT-Regular
    /GTB
    /GTL
    /GTM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HandelGotD-Bold
    /HandelGotD-Ligh
    /HandelGothicBT-Regular
    /HarlowD
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HazelLetPlain
    /HeadG
    /HeadlineR-HM
    /HeadR
    /HehenHebT-Bold
    /Helsinki
    /HelsinkiMetronome
    /HelsinkiSpecial
    /HelsinkiText
    /Helvetica
    /HelveticaLight
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-LightCond
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboBT-Regular
    /HoboStd
    /HolidaysMT
    /HomePlanning
    /HomePlanning2
    /HoratioD-Bold
    /HoratioD-Ligh
    /HoratioD-Medi
    /HorndonD
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /HuxleyVerticalBT-Regular
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYCSWheysang-Bold
    /HYCSWheysang-ExtraBold
    /HYCSWheysang-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYPop-Bold
    /HYPop-Light
    /HYPop-Medium
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /IceAgeD
    /Impact
    /ImperialBT-Bold
    /ImperialBT-Italic
    /ImperialBT-Roman
    /Impossible
    /ImpressBT-Regular
    /ImprintMT-Shadow
    /ImpulsBT-Regular
    /Incised901BT-Black
    /Incised901BT-Bold
    /Incised901BT-BoldCondensed
    /Incised901BT-Compact
    /Incised901BT-Italic
    /Incised901BT-Light
    /Incised901BT-Nord
    /Incised901BT-NordItalic
    /Incised901BT-Roman
    /Independence
    /Industrial736BT-Italic
    /Industrial736BT-Roman
    /Informal011BT-Black
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Inkpen2
    /Inkpen2Chords
    /Inkpen2Metronome
    /Inkpen2Script
    /Inkpen2Special
    /Inkpen2Text
    /InvisibleKiller
    /IowanOldStyleBT-Black
    /IowanOldStyleBT-BlackItalic
    /IowanOldStyleBT-Bold
    /IowanOldStyleBT-BoldItalic
    /IowanOldStyleBT-Italic
    /IowanOldStyleBT-Roman
    /IrelandPlain
    /IStillKnow
    /Japanese-Generic1
    /JFJungleRock
    /Jokerman-Regular
    /JuiceITC-Regular
    /JupiterPlain
    /KabarettD
    /KabelBook
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeypunchPlain
    /KeystrokeNormal
    /KeystrokesMT
    /Kidnap
    /KidsPlain
    /Kinkee
    /Kinkimono
    /KinoMT
    /KisBT-Italic
    /KisBT-Roman
    /Korean-Generic1
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Kroeger0553
    /Kroeger0554
    /Kroeger0555
    /Kroeger0556
    /Kroeger0557
    /Kroeger0558
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /KunstlerScript
    /KyunKo
    /KyunMyung
    /LandscapePlanning
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LasVegasD
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /LatinWide
    /LcdD
    /LeawoodITCbyBT-Book
    /LeawoodITCbyBT-BookItalic
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothic-Regular
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LibertyBT-Regular
    /LibertyD
    /LibraBT-Regular
    /LifeBT-Bold
    /LifeBT-BoldItalic
    /LifeBT-Italic
    /LifeBT-Roman
    /Lithograph
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LittleDaisy
    /Love
    /LoveLetters
    /LubalinGraphITCbyBT-Bold
    /LubalinGraphITCbyBT-Book
    /LubalinGraphITCbyBT-Medium
    /LubalinGraphITCbyBT-XtraLight
    /LuciaBT-Regular
    /LucianBT-Bold
    /LucianBT-Roman
    /LucidaBlackletter
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /MachineITCbyBT-Regular
    /MacType
    /MADFONT
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-DemiBold
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /MandarinD
    /Mangal-Regular
    /Map-Symbols
    /MariageD
    /Marigold
    /MarrididdlesMedium
    /Marydale
    /Marydale-Bold
    /MatisseITC-Regular
    /MattAntiqueBT-Bold
    /MattAntiqueBT-Italic
    /MattAntiqueBT-Roman
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /MeadBold
    /MercuriusScriptMT-Bold
    /MesquiteStd
    /MetropolitainesD
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MICR10byBT-Regular
    /MICR12byBT-Regular
    /MICR13byBT-Regular
    /MicrogrammaD-BoldExte
    /MicrogrammaD-MediExte
    /MicrosoftLogo95
    /MicrosoftSansSerif
    /MicrostyleBoldExtendedATT
    /MilanoLet
    /MilkyWay
    /Millhouse
    /MiltownII
    /MingLiU
    /MINIMALHARD2
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MiraraeBT-Bold
    /MiraraeBT-Roman
    /MisterEarlBT-Regular
    /Mistral
    /MixageITCbyBT-Bold
    /MixageITCbyBT-BoldItalic
    /MJB
    /MJL
    /MJM
    /Mland
    /Modern20BT-ItalicB
    /Modern20BT-RomanB
    /Modern735BT-RomanA
    /Modern880BT-Bold
    /Modern880BT-Italic
    /Modern880BT-Roman
    /Moderne
    /Modern-Regular
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /MonotypeCorsiva
    /MonotypeSorts
    /moonfont
    /MorseCode
    /MotterFemD
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MurrayHillBT-Bold
    /Music
    /MusicalSymbolsNormal
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /MyungjoL-HM
    /Nasalization
    /Neige
    /NevisonCasD
    /New
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /News701BT-BoldA
    /News701BT-ItalicA
    /News701BT-RomanA
    /News702BT-Bold
    /News702BT-BoldItalic
    /News702BT-Italic
    /News702BT-Roman
    /News705BT-BoldB
    /News705BT-BoldItalicB
    /News705BT-ItalicB
    /News705BT-RomanB
    /News706BT-BoldC
    /News706BT-ItalicC
    /News706BT-RomanC
    /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
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NewWGL4Font
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NicolasCocT-Blac
    /NicolasCocT-Regu
    /NicolasCocT-ReguItal
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NormandeBT-Italic
    /NormandeBT-Roman
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nuggim
    /NuptialBT-Regular
    /Oasis
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficePlanning
    /OhMyGodStars
    /OkayD
    /OldEnglishTextMT
    /OldTowneNo536D
    /Onesize
    /Onyx
    /OnyxBT-Regular
    /Opus
    /OpusChords
    /OpusFiguredBass
    /OpusFiguredBassExtras
    /OpusJapaneseChords
    /OpusMetronome
    /OpusPercussion
    /OpusPlainChords
    /OpusRomanChords
    /OpusSpecial
    /OpusText
    /OracleRegular
    /OrandaBT-Bold
    /OrandaBT-BoldCondensed
    /OrandaBT-BoldItalic
    /OrandaBT-Italic
    /OrandaBT-Roman
    /OrandaBT-RomanCondensed
    /OratorBT-FifteenPitch
    /OratorBT-TenPitch
    /OratorStd
    /OratorStd-Slanted
    /OrbitBbyBT-Regular
    /OriginalGaramondBT-Bold
    /OriginalGaramondBT-BoldItalic
    /OriginalGaramondBT-Italic
    /OriginalGaramondBT-Roman
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PabloLetPlain
    /Pacmania
    /Pado
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalettePlain
    /PanhwaR-HM
    /Papyrus-Regular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /ParryHotter
    /PartiesMT
    /Peanuts
    /PepperPlain
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhyllisD
    /Pica10PitchBT-Roman
    /Pilgi1
    /Pilgi2
    /PioneerITCbyBT-Regular
    /PipelinePlain
    /PiranesiItalicBT-Regular
    /PlacardMT-Condensed
    /Playbill
    /PlaybillBT-Regular
    /PlaytoyRegular
    /PlazaD-Regu
    /PMingLiU
    /PokemonHollow
    /PokemonHollowNormal
    /PokemonSolid
    /PokemonSolidNormal
    /PoorRichard-Regular
    /PoplarStd
    /PopticsThree
    /PossePlain
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /PresidentPlain
    /Prestige12PitchBT-Bold
    /Prestige12PitchBT-BoldItalic
    /Prestige12PitchBT-Italic
    /Prestige12PitchBT-Roman
    /PrestigeEliteStd-Bd
    /PrinceB
    /PrincetownD
    /Pristina-Regular
    /ProseAntiqueBold
    /ProseAntiquePlain
    /PT-BananaSplit
    /PTBarnumBT-Regular
    /PumpTriD
    /PyunjiR-HM
    /QDotum
    /QGulim
    /QGungsuh
    /QUAKE
    /QuicksilverITC-Normal
    /QuillScript-Normal
    /QuorumITCbyBT-Black
    /QuorumITCbyBT-Light
    /QuorumITCbyBT-Medium
    /Raavi
    /RADAGUND
    /RadiosinMotion
    /RadiosinMotionHard
    /RageItalic
    /RageItalicLetPlain
    /RaleighBT-Bold
    /RaleighBT-DemiBold
    /RaleighBT-ExtraBold
    /RaleighBT-Light
    /RaleighBT-Medium
    /RaleighBT-Roman
    /RansomBold
    /RansomBoldItalic
    /RansomItalic
    /RansomRegular
    /Ravie
    /ReafFont
    /RenaultBQ-Bold
    /RenaultBQ-BoldItalic
    /RenaultBQ-Light
    /RenaultBQ-LightItalic
    /renga
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /RevueBT-Regular
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /Riven
    /RixJGoB
    /RixJGoL
    /RixJGoM
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ROCKY
    /RomanaBT-Bold
    /RomanaBT-Roman
    /RosewoodStd-Regular
    /RotisSansSerifStd-ExtraBold
    /RotisSemiSansStd-Bold
    /RotisSemiSansStd-ExtraBold
    /RotisSemiSansStd-Light
    /RoyalAcid
    /RoyalAcidbath
    /RubberStampLetPlain
    /SanBsB
    /SanBsL
    /SanBsU
    /SanDaB
    /SandArB
    /SandEgB
    /SandEgCB
    /SandJg
    /SandKg
    /SandKm
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanDungunB
    /SanDungunL
    /SanDungunM
    /SanDungunR
    /SanDungunSB
    /SanEgL
    /SanEgM
    /SanHgL
    /SanHgM
    /SanIgL
    /SanIgM
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanPiB
    /SanPiL
    /SanPiM
    /SanPuB
    /SanPuW
    /SassysTeddys3
    /SchadowBT-Black
    /SchadowBT-BlackCondensed
    /SchadowBT-Bold
    /SchadowBT-Light
    /SchadowBT-LightCursive
    /SchadowBT-Roman
    /SchneidlerBT-Black
    /SchneidlerBT-BlackItalic
    /SchneidlerBT-Bold
    /SchneidlerBT-BoldItalic
    /SchneidlerBT-Italic
    /SchneidlerBT-Light
    /SchneidlerBT-LightItalic
    /SchneidlerBT-Medium
    /SchneidlerBT-MediumItalic
    /SchneidlerBT-Roman
    /Scream
    /ScribaLetPlain
    /Script12PitchBT-Roman
    /ScriptMTBold
    /ScriptS
    /SD_SungkyongB
    /SD_SungkyongL
    /SD_SungkyongM
    /SeagullBT-Bold
    /SeagullBT-Heavy
    /SeagullBT-Light
    /SeagullBT-Medium
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeGulim
    /Seko
    /SeM
    /Semaphore
    /SeoulBig
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-BoldCondensed
    /SerifaBT-Italic
    /SerifaBT-Light
    /SerifaBT-LightItalic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SerifaBT-ThinItalic
    /SerpentineD-Bold
    /SerpentineD-BoldItal
    /SeUtum
    /SHeadG
    /SHeadR
    /ShelleyAllegroBT-Regular
    /ShelleyAndanteBT-Regular
    /ShelleyVolanteBT-Regular
    /ShotgunBlanksBT-Regular
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignLanguage
    /Signs
    /SignsMT
    /SimHei
    /SimSun
    /SimSun-PUA
    /SinBatangChe
    /SinGraphic
    /SinMun
    /SkidoosD
    /SlipstreamLetPlain
    /SloganD
    /SnapITC-Regular
    /SnellBT-Black
    /SnellBT-Bold
    /SnellBT-Regular
    /Sol
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SportsThreeMT
    /SportsTwoMT
    /Square721Blk-Italic
    /Square721Blk-Normal
    /Square721-BoldItalic
    /Square721BT-Bold
    /Square721BT-BoldCondensed
    /Square721BT-BoldExtended
    /Square721BT-Roman
    /Square721BT-RomanCondensed
    /Square721BT-RomanExtended
    /Square721Demi-Italic
    /SquareSlabserif711BT-Bold
    /SquareSlabserif711BT-Light
    /SquareSlabserif711BT-Medium
    /SquireD-Bold
    /SquireD-Regu
    /Staccato222BT-Regular
    /Staccato555BT-RegularA
    /Standard0757
    /StarcraftNormal
    /Stencil
    /StencilBT-Regular
    /StencilStd
    /StopD
    /Strider-Regular
    /StuyvesantBT-Regular
    /StymieBT-Bold
    /StymieBT-BoldItalic
    /StymieBT-ExtraBold
    /StymieBT-ExtraBoldCondensed
    /StymieBT-Light
    /StymieBT-LightItalic
    /StymieBT-Medium
    /StymieBT-MediumItalic
    /SunM
    /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
    /Swiss911BT-ExtraCompressed
    /Swiss911BT-UltraCompressed
    /Swiss921BT-RegularA
    /Swiss924BT-RegularB
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /SymbolITCbyBT-Bold
    /SymbolITCbyBT-BoldItalic
    /SymbolMT
    /SymbolProportionalBT-Regular
    /TaeGP
    /TaeGulim
    /TaeKo
    /TaeM
    /TaeUtum
    /TagLetPlain
    /Tahoma
    /Tahoma-Bold
    /TangoBT-Regular
    /Tarzana-Narrow
    /Tarzana-NarrowBold
    /Tarzana-NarrowBoldItalic
    /Tarzana-NarrowItalic
    /TarzanaWide
    /TarzanaWide-Bold
    /TarzanaWide-BoldItalic
    /TarzanaWide-Italic
    /TechnicalItalic
    /TechnicalPlain
    /Techtonic
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TenderRegular
    /TerminatorTwo
    /TetsuyaFactory
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TheMix-ExtraLight
    /ThunderbirdBT-Regular
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TigerRagLetPlain
    /Times-Bold
    /Times-BoldItalic
    /TimeScrD-Bold
    /TimeScrD-Ligh
    /TimeScrD-Medi
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Transitional511BT-Bold
    /Transitional511BT-BoldItalic
    /Transitional511BT-Italic
    /Transitional511BT-Roman
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /TransportMT
    /TransportRegular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TrumpetLite-Bold
    /TrumpetLite-BoldItalic
    /TrumpetLiteItalic
    /TrumpetLite-Normal
    /TSTbigb
    /TSTbrdb
    /TSTbrdr
    /TSTbrnr
    /TSTbrwr
    /TSTclub
    /TSTdenr
    /TSTgkdd
    /TSTgkod
    /TSTgktd
    /TSTgngt
    /TSTgnmj
    /TSTgrph
    /TSThddb
    /TSThddr
    /TSThdtb
    /TSThdtr
    /TSThgrgl
    /TSThgtb
    /TSThlml
    /TSThpbd
    /TSThprg
    /TSThseo
    /TSTjhpb
    /TSTjhpr
    /TSTjkob
    /TSTjkor
    /TSTjktb
    /TSTjktr
    /TSTjkvb
    /TSTjkvr
    /TSTkjbd
    /TSTkjrg
    /TSTmbwb
    /TSTmbwr
    /TSTmdmb
    /TSTmgor
    /TSTmgtr
    /TSTmmdb
    /TSTmmdr
    /TSTmmob
    /TSTmmor
    /TSTmmtb
    /TSTmmtr
    /TSTnamb
    /TSTnamr
    /TSTohrg
    /TSTotmb
    /TSTotml
    /TSTpena
    /TSTPenb
    /TSTsdrb
    /TSTsdrr
    /TSTsenr
    /TSTshdd
    /TSTshtd
    /TSTsjbd
    /TSTsjrg
    /TSTsmdb
    /TSTsmgb
    /TSTsoha
    /TSTsrbd
    /TSTsrgb
    /TSTsrgr
    /TSTsrob
    /TSTsror
    /TSTsrrg
    /TSTsunm
    /TSTtypb
    /TSTtypl
    /TSTyptd
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /Uni0553
    /Univecon
    /Univeconbol
    /Univeconbolobl
    /Univeconlig
    /Univeconligobl
    /Univeconobl
    /UniversalCondensedRegular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /UniversityRomanBT-Bold
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /UniversLTStd-LightCn
    /Univers-Medium
    /Univers-MediumItalic
    /Univethiultcon
    /Univeultcon
    /Uri
    /Usuzi
    /Utopia-Regular
    /UtopiaStd-BlackHeadline
    /UtopiaStd-Bold
    /UtopiaStd-BoldCapt
    /UtopiaStd-BoldCaptIt
    /UtopiaStd-BoldDisp
    /UtopiaStd-BoldDispIt
    /UtopiaStd-BoldIt
    /UtopiaStd-BoldSubh
    /UtopiaStd-BoldSubhIt
    /UtopiaStd-Capt
    /UtopiaStd-CaptIt
    /UtopiaStd-Disp
    /UtopiaStd-DispIt
    /UtopiaStd-Italic
    /UtopiaStd-Regular
    /UtopiaStd-Semibold
    /UtopiaStd-SemiboldCapt
    /UtopiaStd-SemiboldCaptIt
    /UtopiaStd-SemiboldDisp
    /UtopiaStd-SemiboldDispIt
    /UtopiaStd-SemiboldIt
    /UtopiaStd-SemiboldSubh
    /UtopiaStd-SemiboldSubhIt
    /UtopiaStd-Subh
    /UtopiaStd-SubhIt
    /Utum
    /VacationMT
    /VAGRound
    /VAGRoundedBT-Regular
    /VAGRundschriftBQ
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /WaltDisneyScript
    /Webdings
    /Wharmby
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /Yahoo
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGasiIIB-KSCpc-EUC-H
    /YDIGasiIIL
    /YDIGasiIIM-KSCpc-EUC-H
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM
    /YDIHoopwM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIIrisM-KSCpc-EUC-H
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMonoM
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPu
    /YDIPuM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDIWindM-KSCpc-EUC-H
    /YDIWinIIB
    /YDIWinIIL
    /YDIWinIIM
    /YDIWriSin
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYGO310
    /YDIYGO320
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYheadB-KSCpc-EUC-H
    /YDIYheadL-KSCpc-EUC-H
    /YDIYheadM-KSCpc-EUC-H
    /YDIYheadUL-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO310
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDSDJ
    /YDSJH
    /YellowSubmarine
    /YetR-HM
    /YonseiB
    /YonseiL
    /YourKeys
    /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
    /Zrnic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


