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INTRODUCTION

Nerve growth factor and its receptors are known to

play a crucial role in the survival, differentiation and

protective action of cholinergic neurons in develop-

ing and adult mammalian forebrains(1,7,13). NGF and

NGF receptors are also expressed in the spinal cord

cells(2,5,11), and it has been reported that NGF increases

over 4-fold after spinal cord injury(14), suggesting a

similar function in this location.

Indeed, it has been demonstrated that NGF admin-

istration can restore synaptic inputs in axotomized

spinal cord neurons(8,20), suggesting that these neurons

are receptive to NGF signals. That being said, this
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postulated neuroprotective effect on spinal cord neu-

rons still remains controversial, and the debate is re-

inforced by the lack of a feasible non-invasive method

for delivering NGF directly into the spinal cord.

However, findings published over the last few years

have shown that large molecules, including NGF, can

be administered to the central nervous system via

intranasal pathways(6,10), and other studies have shown

that other neurotrophic factors delivered via IN

pathways can reach spinal cord neurons(18,19). Based on

these observations, we tested the effect of IN NGF

administration on the spinal cord of rats with experi-

mentally induced SCI to determine whether intra-

nasal administration of NGF could represent a viable

and effective means of treating spinal cord lesions. 

MATERIALS AND METHODS

■■ ANIMALS. 2-month old male Sprague-Dawley rats

raised in our animal facilities were used for this study.

The animals were housed in polypropylene cages

under standard light/dark conditions with food pellets

and water ad libitum.

■■ SCI-INDUCTION SURGERY. Adult rats were deeply

anaesthetized via intraperitoneal injection of 3% so-

dium pentobarbital (30 mg/kg). The spinal cord was

exposed microsurgically at vertebral segments T8-

T10. The T10 vertebral lamina was removed and the

surgical lesion was performed using a Yasargil tita-

nium aneurysm clip, without opening the dura mater.

Before closing the wound, test subject animals re-

ceived an intrathecal administration, in the space under

the arachnoid membrane of the spinal cord, of 5 µg of

NGF dissolved in 5 µl of physiological solution, while

controls received 5 µl of physiological solution alone. 

The animals were housed in cages (2 animals per

cage), under standard light/dark conditions, with food

pellet and water ad libitum. Post-operative care includ-

ed feeding twice a day, constant room temperature,

manual abdominal compression until urinal reflex

was established (the urinary bladder was evacuated

before the operation). The mortality rate during and

immediately after surgery was lower than 12%. All

experimental procedures were approved by the local

animal welfare committee and carried out in

accordance with the guidelines for the care and use of

laboratory animals published by the Italian National

Institute of Health.

■■ NGF PURIFICATION AND ADMINISTRATION. The NGF

was purified from the adult male mouse submaxillary

salivary gland, following the method described by

Bocchini and Angeletti(3), and stored at -70 °C until

used. 

Following induction of SCI but prior to wound

closure, 8 SCI-induced rats were given a single intra-

thecal injection of 5 µl of 200 µg/ml NGF dissolved

in physiological solution and administered using a 25

Hamilton syringe with 27-gauge needle. 18 further rats

were treated in the same way, but also received daily

intranasal administration (via spray) of 10 µl NGF

(200 µg/ml, dissolved in physiological solution) for 3

consecutive weeks. Equal numbers of control rats

were subjected to the same experimental protocols

but received physiological solution alone. 18 rats were

subjected neither to the surgery nor to drug/placebo

administration and served as healthy controls.

The single-dose groups (intrathecal NGF) of treated

rats were sacrificed 24 hours after surgery prior to

tissue harvesting and immunohistochemical analysis,

while the multiple-dose (intrathecal + intranasal NGF)

groups were sacrificed after 3 weeks of treatment, 24

hours after their final dose. 

■■ LOCOMOTOR BEHAVIOR. Prior to sacrifice and tissue

analysis, treated and untreated SCI-induced rats from

the multiple-dose groups were subjected to locomotor

tests, and their performance compared with that of

healthy controls. We measured the time it took each
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rat to reach a food source located one metre away.

The effect of NGF administration was also evaluated

using a semiquantitative analysis of hind limb

function, as previously described(16).

■■ TISSUE DISSECTION AND PRESERVATION. All animals

were sacrificed using an overdose of 3% sodium

pentobarbital (30 mg/kg). After sacrifice, control and

lesioned spinal cords were careful removed and freed

of their meninges, vessels, spinal roots and dorsal root

ganglia. All tissue samples scheduled for NGF and

NGF-receptor assay were immediately stored at -80 °C.

Prior to morphological and immunohistochemical a-

nalysis, removed spinal cords of both controls and

operated rats were fixed in 4% paraformaldehyde

dissolved in 0.1 M phosphate buffer, pH 7.4, for 24

hours, and then left overnight in the same buffer

containing 20% sucrose. 

■■ NGF ASSAY. To determine the concentration of NGF,

tissues were homogenized by ultrasonication in RIPA

buffer (10 mM tris-HCl, pH 7.4; 100 mM NaCl; 1

mM EDTA; 1 mM EGTA; 1% Triton X-100; 10%

glycerol; 0.1% SDS; 2 mM Na3VO4; 20 mM Na4P2O7;

1 mM NaF; 2 µg/ml aprotinin; 1 mM PMSF; 1 µg/ml

leupeptin), then centrifuged for 20 min at 13,000 rpm

at 4 °C. The supernatant was then recovered and sub-

jected to NGF assay, according to the instructions pro-

vided by the manufacturers. (NGF ELISA kits, Emax

ImmunoAssay System, purchased from Promega,

Madison, Wisconsin, USA). Assays were performed

in duplicate and the data are expressed as concen-

tration of growth factors pg/µg of total proteins.

■■ WESTERN BLOT ANALYSIS. Tissues were homoge-

nized by ultrasonication in RIPA buffer (50 mM tris-

HCl, pH 7.4; 150 mM NaCl; 5 mM EDTA; 1% Triton

X-100; 0.1% SDS; 0.5% DOC (Sodium deoxycholate;

1 mM PMSF; 1 µg/ml leupeptin), then centrifuged

for 20 min at 13,000 rpm at 4 °C. The supernatant

was then stored at -20 °C.

Samples (30 µg of total protein) were dissolved in

loading buffer (0.1 M tris-HCl buffer, pH 6.8,

containing 0.2 M DTT, 4% SDS, 20% glycerol, and

0.1% bromophenol blue), separated by 8% or 12%

SDS-PAGE, and electrophoretically transferred to

PVDF membrane overnight. The membranes were

incubated for 1 hr at room temperature with blocking

buffer constituted by 5% BSA (for TrkA and pTrkA)

or non-fat dry milk (for p75, GAPDH) in TBS-T (10

mM Tris, pH 7.5, 100 mM NaCl, and 0.1% Tween-

20). Membranes were washed three times in TBS-T

for 10 minutes each at room temperature, followed by

overnight incubation at 4 °C with the primary anti-

bodies polyclonal rabbit anti-TrkA 1:1,000 (Santa

Cruz Biotechnology, California, USA), monoclonal

mouse anti-p75 1:1,000 (Santa Cruz Biotechnology,

California, USA), and monoclonal mouse anti-pTrkA

1:1,000 (Santa Cruz Biotechnology, California, USA).

Membranes were washed three times in TBS-T for 10

minutes each at room temperature, and incubated for

1 hour with horseradish peroxidase-conjugated anti-

rabbit IgG 1:4,000, or horseradish peroxidase-

conjugated anti-mouse IgG as the secondary antibody

(Cell Signaling Technology, Massachusetts, USA) at

room temperature. 

Blots were developed with an ECL HRP substrate as

the chromophore (Millipore, Massachusetts, USA).

Public ImageJ software was used to evaluate band

density, which was expressed as arbitrary units on a

grey scale, which the ImageJ software uses as a

measure of the optical density of the bands. The

optical density of polyclonal rabbit anti-GAPDH

1:4,000 (Santa Cruz Biotechnology, California, USA)

bands was used as a normalizing factor. For each gel

blot, the normalized values were then expressed as

percentage of relative normalized controls, and

subjected to statistical evaluation. At least 8 spinal

cord horns per experimental group, taken from

different rats, were tested, and experiments were

conducted in triplicate. Statistical evaluations were

performed using the GraphPad Prism package for

Windows, and data were expressed as means ± SEM. 

■■ MORPHOLOGICAL ANALYSIS AND IMMUNOHISTO-

CHEMISTRY. Spinal cord sections were immunostained

with NGF-receptor antibodies (Santa Cruz Bio-

technology, California, USA). Briefly, sections were

incubated for 1 hour in PBS containing 10% of horse

or goat serum, and then overnight at 4 °C with

polyclonal rabbit anti-TrkA 1:100 (Santa Cruz

Biotechnology, California, USA), monoclonal mouse

anti-p75 1:100 (Santa Cruz Biotechnology, California,

USA). After washing, sections were exposed to bio-

tinylated anti-mouse or anti-rabbit IgG 1:300 (anti-

IgG and avidin-conjugated horseradish peroxidase

complex), purchased from Vector Laboratories

(California, USA), with 2% goat or horse serum,

depending on the secondary antibody produced by

the animal, for 2 hours at room temperature.

Immunoperoxidase staining was then performed for 2

hours at room temperature using an ABC (1:100)

solution and Vectastain Elite Kit (Vector Laboratories,

California, USA). All sections studied were subjected

to all procedures simultaneously to minimize any

variations in immunohistochemical staining. 
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Signals were visualized using DAB as a chromate.

Sections incubated with normal IgG following an

identical procedure were used as negative controls.

Stained sections were visualized using a Zeiss Axio-

phot microscope, equipped with a 40x objective, with

the aid of a computerized image analysis system.

Sections (n = 10) of NGF-treated and untreated SCI

rats were subjected to quantitative analysis in which

the number of immunostained spinal cord cells in 8

fields of 4 sections from 4 different rats per

experimental group were counted(9).

■■ STATISTICAL ANALYSIS. Statistical analysis was

performed using the StatView package for Windows,

and data were expressed as mean ± SEM. A post-hoc

comparison within logical sets of means was

performed using Tukey’s test. A p-value of less than

0.05 was considered significant.

Western blot (n = 6 for each experimental group),

ELISA and EIA (n = 10 for each experimental group)

analyses were evaluated by one-way ANOVA. Post-

hoc comparisons were performed using Tukey’s HSD

test. P-values of less than 0.05 were considered

significant.

RESULTS

❒❒ SINGLE-DOSE (INTRATHECAL NGF) SCI. The

biohistochemical analyses revealed no differences

between treated single-dose SCI rats and controls

(data not shown).

❒❒ MULTIPLE-DOSE (INTRATHECAL + INTRANASAL NGF). 

• IN NGF improves locomotor capacity in SCI rats.

To study whether intranasal administration is as-

sociated with the protection of damaged spinal

cords, the locomotor performance of rats treated

with daily IN NGF administration for three weeks

was tested. It was found that the NGF-treated rats

displayed the ability to move their legs and reach a

food source placed at a distance of one metre far

more quickly than their untreated SCI counterparts.

As shown in Figure 1, the non-operated rats

reached the food source in a mean of 8 s, and SCI

rats treated with NGF took 12 s, whereas untreated

rats with SCI needed over 30 s to reach the food

(Figure 1 A).

• IN NGF administration reaches the spinal cord.

After the 3-week experimental protocol and 24
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Figure 1. A. Locomotor activity of healthy control rats (CTRL),
spinal cord injury untreated rats (SCI), and spinal cord injury rats
treated with a single intrathecal administration of NGF followed
by 3 weeks of intranasal NGF administration (SCI/NGF), evalu-
ated as the time needed to reach the food source placed 1 metre
away. Note the better locomotor ability of SCI/NGF, as compared
to the untreated rats (SCI). B. The levels of NGF in the SCI/NGF
compared to the levels of NGF in the SCI and CTRL. The levels
of NGF in the spinal cord of NGF-treated SCI rats was signi-
ficantly higher (p < 0.05) than in both healthy controls and un-
treated SCI rats. C. Western blot analysis of treated, untreated
injured spinal cords and healthy control rats to evaluate the effect
of IN NGF-treatment. Note the enhanced expression of pTrkA
after 3 weeks of IN NGF administration.The levels of pTrkA in the
spinal cord of SCI/NGF was signipg/mg ficantly higher (p < 0.05)
than in than in healthy controls and untreated SCI rats.
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hours after their final dose, multiple-dose (treated,

untreated and healthy controls) rats were sacrificed

as above. We first investigated whether IN NGF

administration reaches the injured spinal cord.

- NGF proteins. The NGF protein concentrations,

measured via ELISA, in the spinal cord of treated

rats were significantly increased after IN NGF

administration (p < 0.05) (Figura 2 A).

- NGF location. Immunohistochemical analysis

carried out on spinal cord sections revealed that

NGF is mainly localized in cells of the grey

matter (Figure 2 B) and neurons.

- NGF receptors. The results of Western blot

analysis indicate that both high-affinity TrkA

(Figure 2 C), and low-affinity p75 (Figure 2 D)

NGF-receptors are up-regulated after IN NGF

administration, suggesting that nasally adminis-

tered NGF can reach spinal cord neurons and

remain functionally active. 

• IN NGF increases NGF and pTrkA. We then

assessed the levels of NGF and TrkA expression to

determine whether the locomotor improvement was

associated with changes in NGF and pTrkA, the

active form of the high affinity NGF receptor.

Immunoenzyme assay and Western blot analysis

confirmed that the levels of NGF and pTrkA

proteins in the injured spinal cord of rats treated

with IN NGF administration for 3 weeks

(SCI/NGF) are greater (p < 0.05) than those found

in the spinal cord of control and NGF-untreated

SCI rats (Figura 1 B-C).

• Intranasal NGF exerts a neuroprotective effect in

the spinal cord. To investigate the effect of three-

week daily IN NGF administration, spinal cord
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Figure 2. A. The effect of a single dose of  intrathecal NGF followed by 3 weeks of daily intranasal NGF on the NGF protein
concentrations in the spinal cord, measured via ELISA. B. A representative section of spinal cord immunostained with anti-NGF
antibodies. NGF immunoreactivity is mainly localized in the grey matter (GM) region, including neurons, less so in the white matter
(WM) (magnification: 30x). C. The result of Western blot analysis of pTrkA, in the injured spinal cord 24 hours after final intranasal
NGF administration (SCI/NGF), compared to spinal cord injury untreated rats (SCI). D. Similar findings for p75. Note the enhanced
expression of these two NGF receptors after intranasal NGF administration.
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sections immunostained with TrkA were immuno-

stained with NGF receptors (TrkA) to evaluate the

morphological conditions and responsiveness of

spinal cord neurons. Qualitative and quantitative

analyses of spinal cord sections of indicated that

the number of TrkA positive neurons decreases in

rats with SCI, while NGF administration protects

these neurons, though not completely. These dif-

ferences were found to be statistically significant (p

< 0.05) (Figure 3 A-D). Similar results were observed

in spinal cord sections immunostained with p75

(Figures 3 E-H). Thus, SCI causes a decrease in the

number of p75-positive spinal cord neurons, as

compared to control, while IN NGF administration

protects a significant number of these cells. 

DISCUSSION

Following on from recent studies showing that NGF

and NGFRs are expressed by spinal cord cells(5,11), and

that spinal cord injury significantly alters the

expression of these NGF signals(14), we studied the

effect of intranasal NGF administration to confirm

that NGF is able to reach the injured spinal cord

neurons of SCI rats via this route, which is less

invasive and would therefore be of greater clinical

utility. Treated rats were given a three-week course of

daily intranasal NGF, and showed increased NGF

concentrations in the grey matter of the spinal cord

with respect to NGF-untreated. Improved locomotor

capacity was also detected, and biochemical and

structural analysis confirmed that this treatment

regime reduced the degenerative signals from the

spinal cord neurons induced by SCI. 

Furthermore, we showed that IN NGF administration

enhances not only the level of NGF, but also the

expression of both NGF-receptors, p75 and TrkA,

suggesting that intranasally administered NGF

reaches the spinal cord in a biologically active form,

and is likely to be involved in the neuroprotective

action observed. Hence, to confirm the existence of

an interaction between exogenous NGF and enhanced

up-regulation of TrkA, and to gain additional infor-

mation about the functional significance of IN NGF

administration, we measured the expression of

phosphorylated TrkA. The results showed that the

active form of the high-affinity NGF receptor, pTrkA,

is upregulated by IN NGF administration, indicating

that intranasally administered NGF may exert a

potential functional role in the protection of damaged

spinal cord neurons. 

NGF is expressed by microglia, astrocytes, Schwann

and leptomeningeal cells(14) and also mast cells (our

unpublished observations). The fact that the amount

of endogenous NGF released by these cells is unable

to protect damaged neurons(4,15,17) suggests that its

levels may not be sufficient, and that exogenous

supplies might be required. However, brain targeting

studies revealing the existence of a nose-brain

pathway have opened the possibility of delivering

neurotrophic factors, such as NGF, into the brain and

even into the spinal cord via the nasal route, which

not only enables us to more directly investigate the

role of NGF in spinal cord neurons, but also suggests

possible future treatment strategies. Indeed,

expanding upon previous findings, our results show

that exogenous supplementation of NGF delivered

via IN pathways(2) and/or via ocular administration(12),

could represent a useful experimental strategy for

delivering NGF to the spinal cord for further

exploration of the role NGF in SCI. However, as

other studies have shown altered levels of BDNF and

NT-3, in addition to NGF, at different survival

periods following spinal cord injury(21), it appears that

different but concomitant neurotrophins may be

involved in protection from spinal cord injury,

presumably through a variety of overlapping

mechanisms. Hence, further studies are required, in

particular to determine whether prolonged IN NGF

administration, alone or in combination with other

specific active neurotrophic molecules, is able to

reduce and/or delay degenerative events occurring

subsequent to spinal cord injury, and how long any

such effect will last.
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Figure 3. Immunohistochemical analysis of TrkA and p75 expression in the injured and non-injured spinal cords. Representative
spinal cord sections, immunostained with TrkA, of control (A), SCI untreated (B) and SCI NGF-treated (C) rats, after 3 weeks of daily
intranasal NGF administration. Note the reduced number of TrkA immunostained neurons after SCI (B), compared to control spinal
cord neurons, and the protective action after NGF administration (C), indicated by the arrows. Quantitative evaluation indicated that
these differences are statistically significant, as reported in D (magnification figures 3 A-C: 350x). E-G show a representative spinal
cord section immunostained with p75 NGF receptors. The number of p75 positive neurons is markedly reduced (F) with respect to
controls (E), and the protective action after IN-NGF administration (G) is indicated with arrows. Quantitative evaluation indicated that
these differences are statistically significant, as reported in H (magnification figures 3 E-G: 140x).
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CONCLUSION

Since its discovery, NGF has been indicated as a

potential pharmacological tool for a number of

neurological disorders of the peripheral and central

nervous system, but the difficulty in delivering it

directly to the spinal cord, through the lack of a

feasible non-invasive strategy, has proved an obstacle

from both research and therapeutic perspectives.

However, our study demonstrates not only a link

between the this neurtrophic factor and injured spinal

cord neurons, implying a potential preclinical and/or

clinical use of NGF, but also that it can be delivered

in an active form via the nasal cavity.

REFERENCES

1. Aloe L, Calzà L (editors) NGF and related Molecules in

Health and Disease.  Prog Brain Res 2004; 146: 1-544.

2. Bakhit C, Armanini M, Wong WL, Bennett GL, Wrathall

JR. Increase in nerve growth factor-like immunoreac-

tivity and decrease in choline acetyltransferase following

contusive spinal cord injury. Brain Res 1991; 554 (1-2):

264-271.

3. Bocchini V, Angeletti PU. The nerve growth factor:

purification as a 30,000-molecular-weight protein. Proc

Natl Acad Sci USA 1969; 64 (2): 787-794.

4. Bregman BS, Coumans JV, Dai HN, Kuhn PL, Lynskey J,

McAtee M et al. Transplants and neurotrophic factors

increase regeneration and recovery of function after

spinal cord injury. Prog Brain Res 2002; 137: 257-273.

5. Brown A, Ricci MJ, Weaver LC. NGF mRNA is

expressed in the dorsal root ganglia after spinal cord

injury in the rat. Exp Neurol 2007; 205 (1): 283-286.

6. Chen XQ, Fawcett JR, Rahman YE, Ala TA, Frey II WH.

Delivery of nerve growth factor to the brain via the

olfactory pathway. J Alzheimers Dis 1998; 1 (1): 35-44.

7. Connor B, Dragunow M. The role of neuronal growth

factors in neurodegenerative disorders of the human

brain. Brain Res Brain Res Rev 1998; 27 (1): 1-39.

8. Davis-Lopez de Carrizosa MA, Morado-Diaz CJ, Mor-

cuende S, de la Cruz RR, Pastor AM. Nerve growth factor

regulates the firing patterns and synaptic composition of

motoneurons. J Neurosci 2010; 30 (24): 8308-8319.

9. Di Fausto V, Fiore M, Tirassa P, Lambiase A, Aloe L. Eye

drop NGF administration promotes the recovery of

chemically injured cholinergic neurons of adult mouse

forebrain. Eur J Neurosci 2007; 26 (9): 2473-2480.

10. Koevary SB. Pharmacokinetics of topical ocular drug

delivery: potential uses for the treatment of diseases of

the posterior segment and beyond. Curr Drug Metab

2003; 4 (3): 213-222.

11. Krenz NR, Weaver LC. Nerve growth factor in glia and

inflammatory cells of the injured rat spinal cord. J Neuro-

chem 2000; 74 (2): 730-739.

12. Lambiase A, Pagani L, Di Fausto V, Sposato V, Coassin

M, Bonini S et al. Nerve growth factor eye drop

administrated on the ocular surface of rodents affects the

nucleus basalis and septum: biochemical and structural

evidence. Brain Res 2007; 1127 (1): 45-51.

13. Levi-Montalcini R. The nerve growth factor 35 years

later. Science 1987; 237 (4819): 1154-1162.

14. Liu J, Chen SS, Dan QQ, Rong R, Zhou X, Zhang LF et

al. Crucial roles of NGF in dorsal horn plasticity in

partially deafferentated cats. Growth Factors 2011; 29 (2-

3): 49-56.

15. Oudega M, Hagg T. Nerve growth factor promotes

regeneration of sensory axons into adult rat spinal cord.

Exp Neurol 1996; 140 (2): 218-229.

16. Sharma HS. Selected combination of neurotrophins

potentiate neuroprotection and functional recovery

following spinal cord injury in the rat. Acta Neurochir

2010; 106 (Sharma HS. Selected combination of neuro-

trophins potentiate neuroprotection and functional

recovery following spinal cord injury in the rat. Acta

Neurochir 2010; 106 (Suppl): 295-300.

17. Sieck GC, Mantilla CB. Role of neurotrophins in recov-

ery of phrenic motor function following spinal cord injury.

Respir Physiol Neurobiol 2009; 169 (2): 218-225.

18. Thorne RG, Emory CR, Ala TA, Frey WH 2nd. Quanti-

tative analysis of the olfactory pathway for drug delivery

to the brain. Brain Res 1995; 692 (1-2): 278-282.

19. Yang JP, Liu HJ, Wang ZL, Cheng SM, Cheng X, Xu GL

et al. The dose-effectiveness of intranasal VEGF in treat-

ment of experimental stroke. Neurosci Lett 2009; 461 (3):

212-216.

20. Yara T, Kato Y, Kataoka H, Kanchiku T, Suzuki H, Gondo

T et al. Environmental factors involved in axonal regener-

ation following spinal cord transection in rats. Med Mol

Morphol 2009; 42 (3): 150-154.

21. Zhang HT, Gao ZY, Chen YZ, Wang TH. Temporal

changes in the level of neurotrophins in the spinal cord

and associated precentral gyrus following spinal hemi-

section in adult Rhesus monkeys. J Chem Neuroanat

2008; 36 (3-4): 138-143.

DISCLOSURE. All Authors have no conflict of interest

regarding the content of this article.

ACKNOWLEDGEMENTS. This study was supported by the

Italian National Research Council (CNR), and thanks are

therefore due to L. Aloe in particular. The Authors also

gratefully acknowledge the assistance of Americo Gra-

ziani and Daniela Doneddu in technical issues and animal

care.

- 90 -

Effect of intranasal nerve growth factor administration in rats with spinal cord injury A. de Bellis



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


