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Objective  To investigate the effect of phenylephrine (an α-adrenergic agonist) on alveolar fluid 

clearance (AFC) in ventilator-induced lung injury and the possible mechanism involved. 
Methods  A total of 170 male Wistar rats were randomly allocated into 17 groups (n=10) using ran-

dom number tables. Short-term (40 minutes) mechanical ventilation with high tidal volume (HVT) was per-
formed to induce lung injury, impair active Na+ transport and lung liquid clearance in the rats. Unventilated 
rats served as controls. To demonstrate the effect of phenylephrine on AFC, phenylephrine at different con-
centrations (1×10-5, 1×10-6, 1×10-7, 1×10-8, and 1×10-9 mol/L) was injected into the alveolar space of the 
HVT ventilated rats. To identify the influence of adrenergic antagonists, Na+ channel, and microtubular sys-
tem on the effect of phenylephrine, phenylephrine at 1×10-5 mol/L combined with prazosin (an α1-adrener-
gic antagonist, 1×10-4 mol/L), yohimbine (an α2-adrenergic antagonist, 1×10-4 mol/L), atenolol (a β1- 
adrenergic antagonist, 1×10-5 mol/L), ICI-118551 (an β2-adrenergic antagonist, 1×10-5 mol/L), amiloride (a 
Na+ channel blocker, 5×10-4 mol/L), ouabain (a Na+/K+-ATPase blocker, 5×10-4 mol/L), colchicine (a mi-
crotubular disrupting agent, 0.25 mg/100 g body weight), or β-lumicolchicine (an isomer of colchicine, 
0.25 mg/100 g body weight) were perfused into the alveolar space of the rats ventilated with HVT for 
40 minutes. AFC and total lung water content were measured. 

Results  Basal AFC in control rats was (17.47±2.56)%/hour, which decreased to (9.64± 
1.32)%/hour in HVT ventilated rats (P=0.003).  The perfusion of phenylephrine at 1×10-8, 1×10-7, 1×10-6, 
and 1×10-5 mol/L significantly increased the AFC in HVT ventilated rats (all P<0.05). This effect of 
phenylephrine on AFC was suppressed by prazosin, atenolol, and ICI-118551 in HVT ventilated rats by 53%, 
31%, and 37%, respectively (all P<0.05). The AFC-stimulating effect of phenylephrine was lowered by 33% 
and 42% with amiloride and ouabain, respectively (both P<0.05). Colchicine significantly inhibited the effect 
of phenylephrine (P=0.031).  

Conclusion  Phenylephrine could increase the AFC in HVT-ventilated rats and accelerate the ab-
sorption of pulmonary edema. 
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HE development of pulmonary edema can be 

considered as a combination of alveolar flooding 

via increased fluid filtration, impaired alveo-

lar-capillary barrier integrity, and disturbed 

resolution due to decreased alveolar fluid clearance (AFC). 

An important mechanism regulating AFC is sodium 

transport across the alveolar epithelium.1-3 Na+ enters the 

apical membranes of alveolar type II cells through amilo-

ride-sensitive ion channels and is actively transported 

across the basolateral membranes of these cells by the 

ouabain-sensitive Na+/K+-ATPase.4,5 The stimulation of 

AFC could accelerate the resolution of pulmonary edema 

and facilitate gas exchange across the alveolar epithelium.  

It has been known that β-adrenergic agonists increase 

AFC under both physiological and pathological condi-

tions.6-8 However, it is unclear whether α-adrenergic ago-

nists have similar effects under pathological conditions. For 

patients with respiratory failure, mechanical ventilation is 

an indispensable support. However, the use of this tech-

nique has adverse effects, including increased risk of lung 

injury.9,10 The purpose of this study was to investigate the 

possible effect of phenylephrine, an α-adrenergic agonist, 

on AFC in rats with ventilator-associated lung injury. 

MATERIALS AND METHODS 

Materials  

The (14±2)-week specific-pathogen-free male Wistar rats 

(n=170) weighing 330±30 g were provided by animal 

center of Shengjing Hospital affiliated to China Medical 

University. The study protocol was approved by the insti-

tutional ethics committee. 

Phenylephrine, prazosin (an α1-adrenergic antagonist), 

yohimbine (an α2-adrenergic antagonist), atenolol (a β1- 

adrenergic antagonist), ICI-118551 (a β2-adrenergic an-

tagonist), amiloride (a Na+ channel blocker), ouabain (a 

Na+/K+-ATPase blocker), colchicine (a microtubular dis-

rupting agent), β-lumicolchicine, and Evans blue were pur- 

chased from Sigma (St. Louis, MO, USA). Albumin bovine 

serum, chloral hydrate, phosphoric acid, osmium teroxide, 

propylene oxide, uranyl acetate were purchased from Bei-

jing Superior Chemicals & Instruments. 

 

Grouping of the rats 

The rats were randomly allocated into 17 groups (n=10) 

using random number tables. Specific treatments for each 

group were as follows. 

Effects of high tidal volume (HVT) ventilation on lung 

morphological change and total lung water (TLW): Tissue 

samples were taken from the left lung in rats ventilated 

with HVT for 40 minutes (n=10) and unventilated rats as 

controls (n=10) for morphological observation and TLW 

measure. 

 Effects of HVT ventilation on AFC: Isomolar albumin 

solutions were injected into the alveolar spaces in rats 

ventilated with HVT for 40 minutes (n=10) and unventi-

lated rats as controls (n=10). 

 Effects of phenylephrine on AFC: Isomolar albumin 

solutions with 10-5, 10-6, 10-7, 10-8, and 10-9 mol/L pheny- 

lephrine were injected into the alveolar spaces in rats 

ventilated with HVT for 40 minutes (n=10 for each con-

centration of phenylphrine).  

Effects of adrenergic antagonists on AFC modulation by 

phenylephrine: Prazosin (1×10-4 mol/L, n=10), yohimbine 

(1×10-4 mol/L, n=10), atenolol (1×10-5 mol/L, n=10), or 

ICI-118551 (1×10-5 mol/L, n=10) was added to the al-

bumin solution containing phenylephrine (1×10-5 mol/L) 

and injected into the alveolar spaces in rats ventilated with 

HVT for 40 minutes. 

Effects of phenylephrine on amiloride-sensitive and 

amiloride-insensitive AFC: Isomolar albumin solution with 

1×10-5 mol/L phenylephrine and 5×10-4 mol/L amiloride 

(n=10) or 5×10-4 mol/L ouabain (n=10) was injected into 

the alveolar spaces in rats ventilated with HVT for 

40 minutes. 

Effects of the cellular microtubular system on AFC 

modulation by phenylephrine: Isomolar albumin solution 

with 1×10-5 mol/L phenylephrine was injected into the 

alveolar spaces in rats ventilated with HVT for 40 minutes 

and treated with colchicine (0.25 mg/100 g body weight 

injected intraperitoneally 15 hours before the isolation and 

perfusion of rat lung, n=10). As controls, β-lumicolchicine 

of the same dose was injected intraperitoneally at the same 

time-point (n=10). β-lumicolchicine is an isomer of col-

chicine that does not bind tubulin or depolymerize micro-

tubules.11 However, it shares other properties of colchicine, 

such as inhibiting protein synthesis, therefore an appro-

priate control to demonstrate the effect of colchicine which 

is caused by microtubular disruption.  

 

Mechanical ventilation 

Mechanical ventilation in the rats was performed following 

the method in a previous report.12 The rats were anesthe-

tized by intraperitoneal administration of chloral hydrate 

(0.03 mL/10 g), tracheotomized to insert an endotracheal 

tube, and mechanically ventilated with a rodent ventilator 

(TRR-200C, Jiangxi Teli Anaesthesia & Respiration Equi- 

pment Co. Ltd., China). The rats were ventilated with HVT 

of 40 mL/kg for 40 minutes, with peak airway pressure at 

35 cm H2O and respiratory rate at 40 breathes/minute 

 T
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without positive end-expiratory pressure. 

 

Measurement of AFC 

AFC was measured as previously described.13  The rats 

were exsanguinated through the abdominal aorta. The 

trachea, lungs, and heart were excised and placed in a 

humidified incubator at 37°C. The lungs were ventilated 

with 100% nitrogen. Isomolar albumin solution, that is, 

physiological saline solution (5 mL/kg) containing 5% al-

bumin and Evans blue dye (0.15 mg/mL) was injected into 

the alveolar spaces through the endotracheal tube. After 

injection, the lungs were inflated with 100% nitrogen at an 

airway pressure of 7 cm H2O. Alveolar fluid was aspirated 1 

hour after injection. The concentrations of Evans blue- 

labeled albumin in the injected and aspirated solutions 

were measured using a spectrophotometer (Shimadzu 

Corporation, UV-160A, Tokyo, Japan) at 621 nm. AFC was 

estimated based on the progressive increase in the con-

centration of alveolar Evans blue-labeled albumin and 

calculated as follows:13 AFC=[(Vi -Vf)/ Vi]×100, Vf = Vi×Pi / 

Pf. Vi stands for the volume of injected solution, Vf for the 

volume of final alveolar fluid, Pi for the concentration of 

Evans blue in the injected solution, and Pf for the concen-

tration of Evans blue in the final alveolar fluid. 

 

Morphological changes  

Tissue samples for electron microscopy and light micros-

copy were taken from left lung of the rats. Samples for 

electron microscopy were washed in 1% phosphoric acid 

buffer, fixed with 4% osmium tetroxide, and dehydrated in 

a graded series of alcohol, transferred to propylene oxide, 

and embedded in Epon 618. The samples were cut into 

1-mm thin sections using a diamond knife, and stained with 

uranyl acetate and lead citrate for electron microscopy.  

The methods for evaluating the number of endothelial 

cells and alveolar epitheliai cells were described previously 

in detail.14 The numerical density of lung cells (Nv) was 

determined following the equation Nv=NA/ D , where NA 

stands for the frequency of occurrence of nuclear profiles 

per unit area of a random sectioning plane, and D  for the 

mean caliper diameter of pulmonary cell nuclei. NA was 

determined using the electron microscope, and D  was 

determined using previously described techniques.14 

Tissue samples for light microscopy were embedded in 

paraffin, cut to 10-µm sections, and stained with hema-

toxylin and eosin following standard procedures.  

 

Measurement of TLW 

The TLW of the rats was measured by drying the lungs to a 

constant weight at 60°C for 72 hours. The TLW was cal-

culated using the previously described method:15 TLW= 

(wet lung weight−dry lung weight)/ dry lung weight. 

 

Statistical analysis 

Prism 4 (GraphPad Software, San Diego, CA, USA) was 

applied for statistical analysis of this study. The data are 

presented as means±SD. Kolmogorov-Smirnov test was 

used for normality of variables. Bartlett’s method and F test 

were used for homogeneity of variances. All data had 

confirmed normality of the population and equal variances 

among different experiment groups. Statistical significance 

was evaluated by t test between two groups and analysis of 

variance post-hoc Student-Newman-Keuls method among 

multiple groups. The level of statistical significance was set 

at P<0.05.  

RESULTS 

Morphological findings 

In the control group, the alveolar space was basically dry, 

the lung interstitium had no edema, and the peri-alveolar 

blood vessels showed no dilations or hyperemia (Fig. 1A); 

the lung epithelial cells remained normal (Fig. 1B). In HVT 

ventilated rats, the peri-alveolar blood vessels were dilated, 

intra-alveolar and interstitial hemorrhage and edema were 

observed (Fig. 2A). Other findings included structural da- 

Figure 1.  Light microscopic (A) and electron microscopic findings (B) in rats not ventilated (n=10).  

A. The alveolar space is basically dry, the lung interstitium shows no edema, and the peri-alveolar blood vessels are not dilated 

or hyperemic (HE ×400); 

B. The epithelial cellular structure remains normal (×12 000). 

A                                B 
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mage of lamellar bodies, vacuole-like changes of mito-

chondria, edematous cytoplasm, condensed nuclei, and 

large and blunt protrusions in replace of microvilli in the 

alveolar type II epithelial cells (Fig. 2B).  

Figure 3.  Total number of endothelial and alveolar type Ⅱ 

epithelial cells in the lungs of unventilated rats (n= 

10) or HVT ventilated rats (n=10). 

*P<0.05 compared with the control. 

Figure 4.  Effects of phenylephrine on alveolar fluid clearance 

(AFC) in rats ventilated with HVT for 40 minutes 

(n=10 in each group).  

*P<0.05 compared with AFC in HVT ventilated rats not 

treated with phenylephrine. 

Figure 5.  Effects of adrenergic antagonists, amiloride, and mic-

rotubular system disrupting agent on AFC modulation 

by phenylephrine (n=10 in each group).  

*P<0.05 compared with HVT ventilated rats; #P<

0.05 compared with phenylephrine treated rats; 

ΔP<0.05 compared with colchicine treated rats. 

The total number of alveolar type II epithelial cells in 

HVT ventilated rats decreased significantly compared with 

control rats (P<0.05, Fig. 3). The TLW significantly in-

creased from 2.57±0.26 g/g in the control rats to 

5.26±0.87 g/g in HVT ventilated rats (P=0.019).  

Basal AFC in the control rats was (17.47±2.56)%/hour, 

which decreased to (9.64±1.32)%/hour in HVT ventilated 

rats (P=0.003). The presence of phenylephrine at 1×10-8, 

1×10-7, 1×10-6, and 1×10-5 mol/L increased AFC signifi-

cantly in HVT ventilated rats (all P<0.05, Fig. 4). 

Prazosin, atenolol, and ICI-118551 significantly inhib-

ited the increase in AFC by 1×10-5 mol/L phenylephrine in 

HVT ventilated rats by 53%, 31%, and 37%, respectively 

(all P<0.05, Fig. 5). No such effect was observed in yo-

himbine treated rats. Amiloride and ouabain significantly 

inhibited AFC stimulation by phenylephrine in HVT venti-

lated rats by 33% and 42%, respectively (both P<0.05, Fig. 

5). Colchicine inhibited the stimulatory effect of pheny- 

lephrine on AFC in HVT ventilated rats (P=0.031), whereas 

the isomer β-lumicolchicine did not influence the effect of 

phenylephrine on AFC (Fig. 5).   

Figure 2.  Light microscopic (A) and electron microscopic fin-

dings (B) in rats ventilated with high tidal volume

(HVT) for 40 minutes (n=10). 

A. The peri-alveolar blood vessels are slightly dilated

and have blood stasis, alveolar cavity is edematous

(HE ×400);  

B. Osmiophilic multilamellar bodies are damaged, the

mitochondria show vacuole-like changes, and the

nuclei become condensed (×12 000). 

A 

 

 

 

 

 

 

 

B 

DISCUSSION 

Mechanical ventilators are increasingly used in inten-

sive care units. However, they may cause lung injury and 
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pulmonary edema due to increased permeability.16,17 Im-

paired AFC is associated with mortality in patients with 

pulmonary edema. It is well accepted that β-adrenergic 

agonists can stimulate AFC.6-8 The results of these studies 

in rats with lung injury demonstrated a marked upregula-

tion in alveolar epithelial fluid transport capacity by 

α-adrenergic agonist.  

After HVT ventilation to 35 cm H2O for 40 minutes, TLW 

increased and AFC decreased markedly in ventilated rats 

compared to the unventilated rats. The alveolar epithelial 

cells showed structural changes. The number of endothelial 

cells and alveolar type II epithelial cells decreased sig-

nificantly. These findings illustrated that the disruption in 

alveolar fluid transport capacity might depend on the 

structural damage and functional disorder of epithelial 

sodium channels in type II epithelial cells and on the de-

creased number of type II cells. The destruction of pul-

monary epithelial structures must accompany with the 

decreases of sodium channel and Na+/K+-ATPase activity.18 

Normal structural morphology of alveolar epithelium is 

indispensable for maintaining the normal AFC. 

Alveolar epithelial fluid transport is mainly regulated by 

a catecholamine-dependent regulatory mechanism.19-21 

Both endogenous and exogenous catecholamine can up- 

regulate the alveolar epithelial fluid clearance. But it is 

unknown whether α-adrenergic agonists can stimulate AFC 

in lung injury. As demonstrated by the present study, al-

though 1×10-9 mol/L phenylephrine did not increase AFC, 

phenylephrine at 1×10-8 mol/L to 1×10-5 mol/L increased 

AFC significantly in HVT ventilated rats. Therefore, it can be 

speculated that the effect of phenylephrine on AFC is dose- 

dependent. Furthermore, the present study showed that 

α1-adrenergic antagonist prazosin, β1-adrenergic antago-

nist atenolol, and β2-adrenergic antagonist ICI-118-551 

significantly inhibited the increase of AFC by phen- yle- 

phrine in HVT ventilated rats (all P<0.05). In contrast, α2 

receptor antagonist yohimbine had no effect on AFC. It 

suggests that the stimulatory effect of phenylephrine on 

AFC is mediated by stimulating α1, β1, and β2 adrenergic 

receptors.    

As demonstrated by the present study, the Na+ channel 

blocker amiloride and the Na+/K+-ATPase inhibitor ouabain 

reduced the stimulatory effects of phenylephrine on AFC by 

33% and 42% respectively (both P<0.05), suggesting that 

phenylephrine acts mainly through stimulating Na+ channel 

and Na+/K+-ATPase. The ratio of amiloride-sensitive so-

dium channel to Na+/K+-ATPase are different among dif-

ferent animals. The amiloride-sensitive sodium channel is 

40%-50% in human and rat, but over 80% in rabbit and 

mouse.22 The biological function of Na+/K+-ATPase in 

human is not negligible.  

Saldías et al11 reported that Na+/K+-ATPase exists in 

intracellular pools and can be rapidly recruited in response 

to specific signals via microtubular transport into the 

plasma membrane. Therefore we studied whether colchi-

cine, an inhibitor of cell microtubular transport of Na+/K+- 

ATPase from intracellular pools to the plasma membrane, 

could hamper the stimulatory effects of phenylephrine on 

active Na+ transport. The results suggest that phenyle- 

phrine stimulation of AFC is probably mediated by re-

cruitment of ion-transporting proteins from inner pools to 

the plasma membrane of the alveolar epithelium.  

In conclusion, phenylephrine regulates the AFC in rats 

with ventilator-associated lung injury, possibly through 

promoting the intracellular transport of Na+/K+-ATPase. 

This substance can accelerate the resolution of pulmonary 

edema and thus may be beneficial in the management of 

patients with acute ventilator-associated lung injury.  

REFERENCES 

1. Althaus M, Clauss WG, Fronius M. Amiloride-sensitive 

sodium channels and pulmonary edema. Pulm Med 2011; 

2011:830320. 

2. Mac Sweeney R, Fischer H, McAuley DF. Nasal potential 

difference to detect Na+ channel dysfunction in acute lung 

injury. Am J Physiol Lung Cell Mol Physiol 2011; 300: 

L305-18. 

3. Li NJ, Li W, He P, et al. Effect of beta3-adrenergic agonists 

on alveolar fluid clearance in hypoxic rat lungs. Chin Med J 

(Engl) 2010; 123: 1028-33.  

4. Rahman MS, Gandhi S, Otulakowski G, et al. Long-term 

terbutaline exposure stimulates alpha1-Na+-K+-ATPase 

expression at postteanscriptional level in rat fetal distal 

lung epithelial cells. Am J Physiol Lung Cell Mol Physiol 

2010; 298: L96-104. 

5. Mehta D, Bhattacharya J, Matthay MA, et al. Integrated 

control of lung fluid balance. Am J Physiol Lung Cell Mol 

Physiol 2004; 287: L1081-90. 

6. Li NJ, Li W, Gu X, et al. Structural changes and effect of 

denopamine on alveolar fluid clearance in hypoxic rat 

lungs. Afr J Biotechnol 2010; 9: 6213-20.   

7. Maron MB, Luther NJ, Pilati CF, et al. Beta-adrenoceptor 

stimulation of alveolar fluid clearance is increased in rats 

with heart failure. Am J Physiol Lung Cell Mol Physiol 2009; 

297: L487-95. 

8. Sakuma T, Gu X, Sugita M, et al. Catecholamine clearance 

from alveolar spaces of rat and human lungs. Respiration 

2005; 72: 189-96. 

9. Pinhu L, Whitehead T, Evans T, et al. Ventilator-associated 

 



6                             CHINESE MEDICAL SCIENCES JOURNAL                      March  2013 

 

lung injury. Lancet 2003; 361: 332-40. 

10. Ngiam N, Kavanagh BP. Ventilator-induced lung injury: 

the role of gene activation. Curr Opin Crit Care 2012; 18: 

16-22. 

11. Saldías FJ, Comellas AP, Pesce L, et al. Dopamine in-

creases lung luquid clearance during mechanical ventila-

tion. Am J Physiol Lung Cell Mol Physiol 2002; 283: 

L136-43. 

12. Wang Z, Xu J, Ma G, et al. Chronic pulmonary artery oc-

clusion increases alveolar fluid clearance in rats. J Thorac 

Cardiovasc Surg 2007; 134:1213-9. 

13. Sakuma T, Zhao Y, Sugita M, et al. Malnutration impairs 

alveolar fluid clearance in rat lungs. Am J Physiol Lung Cell 

Mol Physiol 2004; 286: L1268-74. 

14. Crapo JD, Barry BE, Foscue HA, et al. Structural and 

biochemical changes in rat lungs occurring during expo-

sures to lethal and adaptive doses of oxygen. Am Rev 

Respir Dis 1980; 122: 123-43. 

15. Sakuma T, Hida M, Nambu Y, et al. Effects of hypoxia on 

alveolar fluid transport capacity in rat lungs. J Appl Physiol 

2001; 91: 1766-74. 

16. Simpson PM, Bendal JC. Prehospital non-invasive venti-

lation for acute cardiogenic pulmonary oedema: an evi-

dence-based review. Emerg Med J 2011; 28: 609-12. 

17. Joshi A. Postobstructive pulmonary edema after chronic 

airway obstruction relief: a positive end-expiratory pres- 

sure effect. Chest 2010; 137: 495. 

18. Dada LA, Sznajder JI. Mechanisms of pulmonary edema 

clearance during acute hypoxemic respiratory failure: role 

of the Na, K-ATPase. Cri Care Med 2003; 31: S248-52.  

19. Groshaus HE, Manocha S, Walley KR, et al. Mechanisms of 

beta-receptor stimulation-induced improvement of acute 

lung injury and pulmonary edema. Cri Care 2004; 8: 234- 

42. 

20. Perkins GD, McAsuley DF, Richter A, et al. Bench-to- 

bedside review: beta2-agonists and the acute respiratory 

distress syndrome. Crit Care 2004; 8: 25-32. 

21. Matthay MA, Robriquet L, Fang X. Alveolar epithelium: 

role in lung fluid balance and acute lung injury. Proc Am 

Thorac Soc 2005; 2: 206-13. 

22. Vivona ML, Matthay M, Chabaud MB, et al. Hypoxia re-

duces alveolar epithelial sodium and fluid transport in rats. 

Am J Respir Cell Mol Biol 2001; 25: 554-61.

 

 


	Effect of Phenylephrine on Alveolar Fluid Clearance in Ventilator-induced Lung Injury△
	Nai-jing Li1*, Xiu Gu2, Wei Li3, Yan Li1, Sheng-qi Li2, and Ping He1
	1Department of Gerontology, 2Department of Respiratory, Shengjing Hospital,
	China Medical University, Shenyang 110004, China
	3College of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110004, China
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES





<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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 <>
    /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.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


