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Diffuse Optical Imaging으로 측정한 태충(LR3) 자침이 

쥐의 유방 조직에 미치는 혈역학적 변화

조명래*ᆞ김재관**

*동신대학교 한의과대학 침구학교실
**캘리포니아대학교 어바인캠퍼스 Beckman 레이저연구소

목적 : 태충(LR3)에 자침을 하는 것이 쥐의 유방 조직에 미치는 혈역학적 변화를 측정하기 위하여 diffuse 

optical imaging 기법을 사용하였다.

방법 : 실험에 사용한 쥐는 자침을 하지 않은 대조군 7마리, 태충에 자침을 한 실험군 8마리로 총 2개의 

군으로 나누었다. 몸무게 170g 정도의 건강한 암컷 쥐는 100% 산소와 1.5% isoflurane을 혼합한 것을 이용

하여 마취시켰다. 자침은 양 발등의 첫째와 둘째 중족골 사이의 지점인 태충(LR3)에 20분간 시행하였다. 

Beckman Laser Institute and Medical Clinic에서 개발된 modulated imaging system을 이용하여 자침하기 

전과 자침하고 있는 동안에 산화혈색소(OHb), 탈산소혈색소(RHb), 총 혈색소(THb)와 조직 산소 포화도

(StO2)의 영상을 얻었다.

결과 : 실험 결과 태충(LR3)에 자침을 한 실험군에서는 대조군에 비하여 유의성이 있는 OHb․THb의 감

소와 유의성이 없는 RHb의 증가가 나타났다.

결론 : Diffuse optical imaging 기법으로 자침 중에 조직 산소공급과 혈류량의 변화를 확인할 수 있었고, 

이는 비침습적으로 자침의 효과를 측정하는 데 활용할 수 있다고 생각한다. 또한 자침으로 인한 유방조직의 
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혈역학적 조절은 암 검진뿐만 아니라 암 치료에도 다른 치료와 병행하여 활용할 수 있으리라 생각한다.

핵심 단어 : Acupuncture, mammary tissues, diffuse optical imaging, tissue oxygenation

Ⅰ. Introduction

Taechung(LR3) is Great Surge, shu stream point 

and yuan source point on the liver channel, and 

earth point on wood meridian. It locates on the 

dorsum of the foot, between the first and second 

metatarsal bones, approximately 2 cun superior to 

the web margin. Acupuncture on LR3 spreads liver 

Qi, subdues liver Yang, nourishes liver blood, clears 

the head and eyes, regulates menstruation and the 

lower burner, nourishes liver Yin, and expels 

wind
1)
. For the application of acupuncture on LR3 in 

gynecology, LR3 can be used to treat diseases from 

breast and reproductive organs
2)
. 

There are many reports that show the changes 

of blood flow and tissue oxygenation in brain
3-5)

 or 

periphery muscle and skin during acupuncture treat- 

ment
6)
.

However, there is little study on monitoring the 

hemodynamic effects of acupuncture on mammary 

tissues. Since tumor oxygenation is so important in 

cancer therapies, we came to have an idea of 

applying acupuncture to modulate the tumor oxy- 

genation, and have tested our idea on the healthy 

rats as shown in this study.

Ⅱ. Materials and Methods

1. Animals

We have used female Fisher rats weighing 

around 170g for this study and divided into two 

groups. Control group(n=7) did not have acupunc- 

ture application and test group(n=8) received acu- 

puncture on Taechung(LR3) points for 20min. One 

day prior to acupuncture stimulation, low abdominal 

area including two pairs of caudal mammae was 

shaved using an electric hair clipper and the left 

hair was removed by applying a depilatory cream 

(Nair lotion, Church & Dwight CO, Inc. Princeton, 

NJ).

Anesthesia of animals was first induced by ap- 

plying 5% isoflurane with 100% oxygen in an 

induction chamber and maintained using 1.5∼2.5% 

isoflurane mixed with 100% oxygen during hair 

removal, and image acquisition before and after 

acupuncture treatment. Fig. 1. shows the animal 

setup during image acquisition. Rat breathed anes- 

thesia gas through a nosecone and the waste gas is 

filtered by an activated charcoal filter(f/Air, AM. 

Bickford Inc, NY). Arterial blood oxygen saturation 

and heart rate were monitored by a pulse oximeter 

(8,600V, Nonin Medical Inc, MN) probe placed on 

the tail. 

Fig. 1. A schematic setup of modulated imaging 

system
CCD : charge-coupled device.
LCTF : liquid crystal tunable filter.
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Fig. 2. A representative map of each chromophores concentration
Field of view : 24 × 8mm.

2. Acupuncture

We have used sterilized acupuncture needles 

(0.25 × 30mm, Haenglim Seowon, South Korea) for 

acupuncture stimulation on rats. Acupuncture was 

applied to the dorsum of both feet between the first 

and second metatarsal bones(point Taechung, LR3) 

for 20min. Stimulation was given at the time 0 and 

10min post a needle insertion by twisting the 

needles 5 times.

3. Modulated imaging

Modulated imaging(MI) system was developed at 

the Beckman laser institute and medical clinic at 

the University of California at Irvine and the de- 

tailed description of system can be found in pre- 

vious report
7)
. Briefly, the MI instrument uses pat- 

terned illumination and camera-based detection to 

obtain quantitative subsurface images of the optical 

properties of biological tissues over a wide field-of- 

view. A schematic setup is shown in Fig. 1. 

Imaging at multiple wavelengths(between 650∼980 

nm) provides quantitative measures of the in-vivo  

concentrations of oxyhemoglobin and deoxyhemoglobin. 

In this study, we obtained images at every 3min 

during acupuncture treatment and the spectral reso- 

lution was 10nm from 650nm to 980nm with the 

spatial frequency of 0 and 0.073mm. 

4. Data Processing 

Once images at different spatial frequency are 

obtained, they are demodulated to obtain tissue 

optical properties of absorption and scattering at 

each wavelength. By doing so, we can obtain the 

absorption and scattering spectra of measured tissue 

from 650nm to 980nm. The absorption spectra of 

each pixel are then fitted to estimate the concent- 

ration of chromophores in tissues, mainly oxyhemo- 

globin(OHb), deoxyhemoglobin(RHb), water and lipid. 

Total hemoglobin(THb) which can represent the 

blood volume can be obtained by adding OHb and 

RHb concentration, and tissue oxygen saturation 

(StO2) is calculated by dividing OHb with THb 

concentration. Fig. 2 shows a representative map of 

each chromophore from the animal that was used 
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Fig. 3. Averaged changes of oxyhemoglobin(OHb), deoxyhemoglobin(RHb), total hemoglobin(THb) con- 

centration, and percentage of tissue oxygen saturation(StO2) from control group(non acupuncture treatment, 

n=7) and test group(acupuncture on LR3 treated group, n=8)
Values are given as mean±SEM(bar). * : p<0.05 vs control group at each time point.  

in this study. 

Ⅲ. Results

Changes of OHb, RHb, THb and StO2 values 

during 20min of acupuncture treatment are compared 

between control and test group shown in Fig. 3. 

Acupuncture treatment on both sides of LR3 point 

caused a gradual decrease of OHb while control 

group that did not receive acupuncture treatment 

showed a slight increase of OHb as shown in Fig. 

3-a. 

Changes of RHb from control group tends to 

slightly increase during 20min of imaging while 

test group shows an initial decrease of RHb, but 

then recovered to the baseline and even rise a little 

bit higher than the baseline level afterwards as 

shown in Fig. 3-b. 

Since test group showed decrease of OHb with 

minimal change of RHb, THb also showed gradual 

decrease while control group showed a slight 

increase in THb as shown in Fig. 3-c. 

StO2 changes are shown in Fig. 3-d. StO2 of 

Control group did not show a great change from 

the baseline, and test group showed about 1% 

decrease of StO2 from the baseline. 

Changes of OHb, RHb, THb and StO2 at 20min 

post initial acupuncture treatment from control and 

test group are summarized in Table 1 and Fig. 4 as 

shown below. 
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LR3 Control

OHb(mM) -4.17±0.65*  0.99±0.56

RHb(mM)  0.34±0.67  0.26±0.35

THb(mM) -3.83±0.71*  1.11±0.63

StO2(%) -0.85±0.45 -0.06±0.30

Values are given as mean±SEM. 
* : p<0.05 compared to control group.

Table 1. Changes of Chromophores Concentration 

During 20min of Acupuncture from Control Group 

(Non Acupuncture Treatment, n=7) and Test Group 

(Acupuncture on LR3 Treated Group, n=8). 

Fig. 4. Comparison of each chromophore con- 

centration changes during 20min of acupuncture 

treatment between control group(non acupuncture 

treatment, n=7) and test group(acupuncture on LR3 

treated group, n=8)
* : p<0.05 compared to control group.

Ⅳ. Discussion and Conclusion

Acupuncture has become accepted as an alter- 

native medicine in western medicine recently. How- 

ever, it is still not clear how acupuncture really 

works even though there are some hypotheses 

based on experiments. For instances, Langevin et 

al. proposed that acupuncture works by trans- 

mitting mechanical signals to connective tissue 

cells
8,9)
. Other hypotheses can be also found from 

review articles
10,11)

. As an effort to understand the 

mechanism of acupuncture, researchers have tried 

to monitor physiological changes such as blood 

flow and tissue oxygenation associated with 

acupuncture treatment by using non invasive 

methods like a laser Doppler flow meter or a near 

infrared spectroscopy
12-14)

. 

Diffuse optical imaging(DOI) or spectroscopy(DOS), 

another name of near infrared spectroscopy, has 

been applied to study various sites of the body 

such as brain
15,16)

 and muscle
17,18)

 by providing 

information of OHb, RHb, THb and StO2. DOI/DOS 

also has been very actively applied in breast cancer 

studies to detect tumors or to monitor the therapy 

effects since tumors have typically more blood volume 

and also they are either more oxygenated or poorly 

oxygenated than normal tissues depending on the 

state of tumors which can be measured by DOI/ 

DOS non invasively
19-22)

.

The oxygenation in tumors has a great role in 

cancer treatments. It has been known that hypoxic 

tumor cells are nearly 3 times more resistant to 

radiation therapy
23)
 and some types of chemo- 

therapy agents
24,25)

. The efficacy of photodynamic 

therapy is also known to be dependent of tumor 

oxygenation level
26,27)

. As a result, many methods 

have been tried to improve tumor oxygenation such 

as hyperoxic gas inhalation alone
28)
 or with nicoti- 

namide
29)
, hyperbaric oxygen chamber

30,31)
, administ- 

ration of recombinant human erythropoietin which 

elevates hemoglobin levels and hematocrit
32,33)

. There- 

fore, it will be beneficial to improve the efficacy of 

cancer therapy if acupuncture can modulate oxyge- 

nation and/or blood flow in tumors. Since tumor 

vascular structure is irregular and leaky, blood 

oxygenation or volume in tumors are different from 

normal tissues. Therefore, the hemodynamic effects 

from acupuncture will be different in tumors from 

non tumors, and this may be used as a contrast to 

detect tumors by using a DOI/DOS.

Acupuncture on LR3 has shown improvements in 

multiple symptoms by combining with other acu- 

puncture points. For instances, it has been shown 

that acupuncture on LR3 and GB34 points resulted 

its neuroprotective effects on Parkinson disease 

rats
34)
, and acupuncture on LR3 combined with 

GV20, BL60, SI3 points decreased pelvic and low- 
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back pain during late pregnancy
35)
. Acupuncture on 

SP6 and LR3 has shown the effectiveness on re- 

lieving the vasomotor symptoms such as hot flushes 

and night sweat from the cancer patients who are 

under hormone replacement therapy
36)
.

In Fig. 3-a, it starts to show the significant 

difference of OHb change between control and acu- 

puncture group from 6min post initial acupuncture. 

In Fig. 3-b, due to the large deviation of data, we 

did not find any significant difference between two 

groups during 20min of acupuncture treatment. In 

Fig. 3-c, we can see the significant difference of 

THb values between control and test group starting 

from 3min time point. In Fig. 3-d, there is not a 

statistically significant difference between two groups. 

In Table 1 and Fig. 4 it shows that acupuncture 

treatment on LR3 caused decrease of OHb and THb 

while it did not cause significant changes of RHb 

and StO2 compared to the data from control group.

Acupuncture on LR3 points caused a very little 

decrease of tissue oxygenation(1% drop of StO2) 

during treatment even though there were significant 

decreases of OHb and THb compared to the data 

from control group. Therefore, LR3 point may not 

be a good candidate to modulate tumor oxygen- 

ation. However, it did decrease the blood volume 

(THb) mostly by reducing arterial blood volume 

(OHb) in tissues. It will be interesting to see the 

results of acupuncture on LR3 from tumor bearing 

rats since tumors may show the different responses 

to acupuncture due to their abnormal vascular stru- 

cture and high cellular metabolism, which can be a 

good candidate as a contrast to detect tumors.

In summary, we have applied acupuncture stimul- 

ation at LR3 points on healthy rats to observe any 

changes in mammary tissue oxygenation or blood 

volume using a diffuse optical imaging system. The 

results showed that acupuncture on LR3 points 

caused decreases of both OHb and THb, but did 

not cause significant changes in RHb and StO2. 

These preliminary results showed that diffuse optical 

imaging technique can detect the changes of tissue 

oxygenation and blood volume during acupuncture 

treatment which can be very useful to monitor the 

acupuncture treatment effects non-invasively. Further- 

more, it may enable us to quantify the level of 

acupuncture effects on specific sites.

Ⅴ. References

 1. Deadman P, Baker K, Al-Khafaji M. A manual of 

acupuncture. England : Journal of Chinese me- 

dicine publications. 1998 : 425.

 2. Ahn YK. Acupuncture point series. Seoul : Sung- 

bosa. 2002 : 196, 610.

 3. Wu MT. Central nervous pathway for acupunc- 

ture stimulation : Localization of processing 

with functional MR imaging of the brain—

preliminary experience. Radiology. 1999 ; 212 : 

133-41.

 4. Litscher G. Bioengineering assessment of acu- 

puncture, part 5 : cerebral near-infrared spec- 

troscopy. Critical reviews in biomedical engine- 

ering. 2006 ; 34(6) : 439-57.

 5. Litscher G. Near-infrared spectroscopy for objec- 

tifying cerebral effects of needle and laser needle 

acupuncture. Spectroscopy. 2002 ; 16(3) : 335-42.

 6. Litscher G, Wang L, Huber E, Nilsson G. 

Changed skin blood perfusion in the fingertip 

following acupuncture needle introduction as 

evaluated by laser Doppler perfusion imaging. 

Lasers in medical science. 2002 ; 17(1) : 19-25.

 7. Cuccia DJ, Bevilacqua F, Durkin AJ, Tromberg 

BJ. Modulated imaging : quantitative analysis 

and tomography of turbid media in the spatial- 

frequency domain. Optics letters. 2005 ; 30(11) : 

1354-6. 

 8. Langevin HM, Churchill DL, Cipolla MJ. Mec- 

hanical signaling through connective tissue : a 

mechanism for the therapeutic effect of acu- 

puncture. The FASEB journal. 2001 ; 15 (12) : 

2275-82.

 9. Langevin HM, Yandow JA. Relationship of acu- 

puncture points and meridians to connective 

tissue planes. The anatomical record. 2002 ; 269(6) : 

257-65.



The Hemodynamic Effects of Acupuncture on Taechung(LR3) on Mammary Tissues of …

65

10. Andersson S, Lundeberg T. Acupuncture from 

empiricism to science : functional background to 

acupuncture effects in pain and disease. Medical 

Hypotheses. 1995 ; 45(3) : 271-81.

11. Cabýoglu MT, Ergene N, Tan U. The mech- 

anism of acupuncture and clinical applications. 

International journal of neuroscience. 2006 ; 116 

(2) : 115-25.

12. Uchida S, Kagitani F, Suzuki A, Aikawa Y. 

Effect of acupuncture-like stimulation on cortical 

cerebral blood flow in anesthetized rats. The 

Japanese journal of physiology. 2000 ; 50(5) : 

495-507.

13. Litscher G, Schwarz G, Sandner-Kiesling A, 

Hadolt I, Eger E. Effects of acupuncture on the 

oxygenation of cerebral tissue. Neurological re- 

search. 1998 ; 20(1) : 28-32.

14. Banzer W, Hübscher M, Seib M, Vogt L. 

Short-time effects of laser needle stimulation 

on the peripheral microcirculation assessed by 

laser Doppler spectroscopy and near-infrared 

spectroscopy. Photomedicine and laser surgery. 

2006 ; 24(5) : 575-80.

15. Zhang X, Toronov V, Webb A. Spatial and 

temporal hemodynamic study of human primary 

visual cortex using simultaneous functional MRI 

and diffuse optical tomography. IEEE Engine- 

ering in medicine and biology society conference 

proceedings. 2005 ; 1 : 727-30.

16. Joseph DK, Huppert TJ, Franceschini MA, Boas 

DA. Diffuse optical tomography system to 

image brain activation with improved spatial 

resolution and validation with functional magnetic 

resonance imaging. Applied optics. 2006 ; 45(31) : 

8142-51.

17. Yu G, Durduran T, Lech G, Zhou C, Chance B, 

Mohler ER, Yodh AG. Time-dependent blood 

flow and oxygenation in human skeletal muscles 

measured with non invasive nearinfrared diffuse 

optical spectroscopies. Journal of biomedical optics. 

2005 ; 10(2) : 24-7.

18. Zhao H, Gao F, Tanikawa Y, Homma K, Ya- 

mada Y. Time-resolved diffuse optical tomo- 

graphic imaging for the provision of both anato- 

mical and functional information about biological 

tissue. Applied optics. 2005 ; 44(10) : 1905-16.

19. Tromberg BJ, Shah N, Lanning R, Cerussi A, 

Espinoza J, Pham T, Svaasand L, Butler J. 

Non-invasive in vivo characterization of breast 

tumors using photon migration spectroscopy. Neo- 

plasia. 2000 ; 2(1-2) : 26-40.

20. Xu RX, Young DC, Mao JJ, Povoski SP. A 

prospective pilot clinical trial evaluating the 

utility of a dynamic near-infrared imaging device 

for characterizing suspicious breast lesions. Breast 

cancer research. 2007 ; 9(6) : 88.

21. Boverman G, Fang Q, Carp SA, Miller EL, 

Brooks DH, Selb J, Moore RH, Kopans DB, 

Boas DA. Spatio-temporal imaging of the hemo- 

globin in the compressed breast with diffuse 

optical tomography. Physics in medicine & 

biology. 2007 ; 52(12) : 3619-41.

22. Cerussi A, Hsiang D, Shah N, Mehta R, Durkin 

A, Butler J, Tromberg BJ. Predicting response 

to breast cancer neoadjuvant chemotherapy 

using diffuse optical spectroscopy. Proc Natl 

Acad Sci USA. 2007 ; 104(10) : 4014-19.

23. Vaupel P, Thews O, Hoeckel M. Treatment re- 

sistance of solid tumors : role of hypoxia and 

anemia. Med Oncol. 2001 ; 18 : 243-59.

24. Vaupel P, Höckel M. Tumor hypoxia and thera- 

peutic resistance. In : Nowrousian MR, ed. Recom- 

binant human erythropoietin(rhEPO) in clinical 

oncology. New York : Springer. 2002 : 127-46. 

25. Teicher BA. Physiologic mechanisms of thera- 

peutic resistance. Blood flow and hypoxia. He- 

matol Oncol Clin North Am. 1995 ; 9 : 475-506.

26. Henderson BW, Fingar VH. Relationship of tumor 

hypoxia and response to photodynamic treatment 

in an experimental mouse tumor. Cancer research. 

1987 ; 47(12) : 3110-4.

27. Wang HW, Putt ME, Emanuele MJ, Shin DB, 

Glatstein E, Yodh AG, Busch TM. Treatment- 

induced changes in tumor oxygenation predict 

photodynamic therapy outcome. Cancer research. 

2004 ; 64(20) : 7553-61.

28. Powell ME, Collingridge DR, Saunders MIl. Im- 

provement in human tumour oxygenation with 



The Journal of Korean Acupuncture & Moxibustion Society Vol. 27 No. 6 December 2010

66

carbogen of varying carbon dioxide concentra- 

tions. Radiotherapy and oncology. 1999 ; 50(2) : 

167-71.

29. Horsman MR, Nordsmark M, Khalil AA, Hill 

SA, Chaplin DJ, Siemann DW, Overgaard J. 

Reducing acute and chronic hypoxia in tumors 

by combining nicotinamide with carbogen bre- 

athing. Acta oncologica. 1994 ; 33(4) : 371-6.

30. Becker A, Kuhnt T, Liedtke H, Krivokuca A, 

Bloching M, Dunst J. Oxygenation measurements 

in head and neck cancers during hyperbaric 

oxygenation. Strahlentherapie und onkologie. 

2002 ; 178(2) : 105-8. 

31. Brizel DM, Hage WD, Dodge RK, Munley MT, 

Piantadosi CA, Dewhirst MW. Hyperbaric 

oxygen improves tumor radiation response signi- 

ficantly more than carbogen/nicotinamide. Radiation 

research. 1997 ; 147(6) : 715-20.

32. Harrison L. Hypoxia and anemia : Factors in 

decreased sensitivity to radiation therapy and 

chemotherapy. The Oncologist. 2004 ; 9(5) : 31- 

40.

33. Janssen HL, Haustermans KM, Balm AJ, Begg 

AC. Hypoxia in head and neck cancer : how 

much, how important? Head & neck. 2005 ; 

27(7) : 622-38.

34. Park HJ, Lim S, Joo WS, Yin CS, Lee HS, Lee 

HJ, Seo JC, Leem K, Son YS, Kim YJ, Kim CJ, 

Kim YS, Chung JH. Acupuncture prevents 6- 

hydroxydopamine-induced neuronal death in the 

nigrostriatal dopaminergic system in the rat 

Parkinson. Experimental neurology. 2003 ; 180 

(1) : 93-8.

35. Kvorning N. Acupuncture relieves pelvic and 

low-back pain in late pregnancy. Acta obste- 

tricia et gynecologica Scandinavica. 2004 ; 83(3) : 

246-50.

36. Filshie J, Bolton T, Browne D, Ashley S. Acu- 

puncture and self acupuncture for long-term treat- 

ment of vasomotor symptoms in cancer patients- 

audit and treatment algorithm. Acupuncture in 

medicine. 2005 ; 23(4) : 171-80.



<<
  /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 /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


