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Study of blood perfusion with Patent Blue staining method in LPB 
fibrosarcoma tumors in immuno-competent and immuno-deficient 

mice after electrotherapy by direct current 

Tomaz JarmI, Dong Jian An2, Jean Belehradek3, Jr., Lluis M. Mir3, Gregor Sersa4, 

Maja Cemazar4, Tadej KotnikI, Jani Pusenjakl and Damijan Miklavcicl 

IUniversity of Ljubljana, Faculty of Electrical Engineering, Trzaska 25, SI-lOOO Ljubljana, 
Slovenia, 2Department of Thoracic Surgery, Xiang Dong Hospital, Liling 412200, Hunan, 
People's Republic of China, JLPPMBI Biochemie-Enymologie, URA 147 CNRS, Institute 

Gustave-Roussy, 39 rue Camille Desmoulins, F-94805 Villejuif, France, 41nstitute of Oncology, 
Department of Tumor Biology, Zaloska 2, SI- J J 05 Ljubljana, Slovenia 

Electrotherapy of tumors by low-level direct current can be used effectively to reduce tumor mass in 
experimental and clinical tumor models. The effects of such treatment on blood perfusion of tumors were 
studied on solid subcutaneous LPB fibrosarcoma model in immuno-competent C57BII6 mice and in immuno­
deficient Swiss nude mice. Tumors were treated for one hour with electric current of amplitudes 0.6 mA and 
1.0 mA delivered by Ptllr needle electrodes inserted subcutaneously on two opposite sides of the tumor. 
Study of tumor growth response to single-shot electrotherapy yielded highly significant growth retardation 
in C57BII6 mice but only insignificant effect on tumor growth in nude mice. Effect of electrotherapy on blood 
perfusion of tumors as one of the proposed mechanisms of antitumor action was evaluated by tissue staining 
method using Patent Blue Violet dye. Perfusion was estimated immediately after electrotherapy and 24 hours 
after the treatment. Perfusion of tumors in C57BII6 mice was only moderately decreased due to electro­
therapy, whereas in nude mice there was practically no effect observed. The difference in growth response of 
the two models indicates that vascular occlusion which occurs due to the products of electrolysis at the site 
of insertion of the electrodes may not be the major cause for the observed tumor retardation in immuno­
competent mice. 
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Introduction 

It has been demonstrated in several studies that 
electrotherapy by low-level direct current can be 
applied successfulIy as a local treatment for solid 
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malignancies with nummum side effects for the 
host. The antitumor effectiveness has been achieved 
in various experimental animal tumor mode1s'·6 and 
in clinical trials. 7•s In addition, electrotherapy can 
be used as an adjuvant treatment to other conven­
tional therapies for it has been shown that it poten­
tiates the effectiveness of certain biological response 
modifiers and anticancer drugs, e.g. tumor necrosis 
factor, interleukin-2 and bleomycin.9," Regardless 
of the way of its application, either as a single 
treatment or in combination with other therapies, it 
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is of great importance to understand the mecha­
nisms of its antitumor action in order to be able to 
optimise existing and develop new treatment strate­
gies. 

Many attempts have been made to explain antitu­
mor effectiveness of electrotherapy. It can hardly 
be expected that one single mechanism could be 
responsible for it since the parameters of treatment 
vary considerably from one author to the other. The 
differences appear in the type of tumor model, in 
electrical parameters (e.g. amplitude and shape of 
the signal), in electrode number and in material and 
the way of application. 12 

Several possible mechanisms that could be re­
sponsible for antitumor effectiveness of direct cur­
rent electrotherapy have been proposed. When one 
or more of the electrodes are inserted into the 
tumor then the extreme pH changes measured in 
vicinity of the electrodes are believed to be re­
sponsible for cell killing. It has also been shown 
that with an appropriate configuration of multiple 
electrodes in the tumor it is possible to effectively 
eliminate most of the tumor mass\3. Surprisingly 
enough it was found that when electrodes are in­
serted subcutaneously on two opposite sides out­
side the tumor so that the tumor is brought into so­
called "field" configuration, then similar growth 
retardation is produced as in the case with one of 
the electrodes in the tumor. For the "field" configu­
ration antitumor effectiveness of electrotherapy 
cannot be ascribed to pH changes and also not to 
temperature rise which were both not found in the 
tumor. 12 There was also no correlation found be­
tween tumor growth retardation and deposition of 
the electrode materiaI'4. 

One of the possible mechanisms of antitumor 
action of sub-thermal low-level direct current elec­
trotherapy for electrode configurations where tu­
mor is not penetrated by stimulation electrodes is 
vascular occlusion at the site of insertion of the 
electrodes. 15 It was suggested that altering the blood 
supply to tumor tissue might lead to eradication of 
tumor mass. In one of our previous studies we have 
found that significant growth retardation of one 
particular tumor model was indeed accompanied by 
and correlated to large decrease of tumor blood 
perfusion as assessed by a tissue staining method. 16 

In the present study an attempt was made to investi­
gate this effect in LPB murine fibrosarcoma tumor 
in both immuno-competent and immuno-deficient 
animals. 

Materials and methods 

Animals and tumors 

Female and male animals of C57B1I6 strain were 
purchased from two sources, namely Rudjer 
Boskovic Institute, Zagreb, Croatia and C.E.R.J an­
imal facilities Laval, France. Nu/nu Swiss nude 
mice were bred at the animal facilities of the Insti­
tute Gustave-Roussy, Villejuif, France. Animals 
were housed in plastic cages in convenient colonies­
and kept at constant temperature of 24°C. They 
were watered and fed ad libitum. Additional stand­
ard measures were taken in order to prevent infec­
tion in nude mice. Animals in good condition and 
free of any infection, aged 8-12 weeks, were used 
in experiments. LPB fibrosarcoma cells syngeneic 
to C57B1I6 mice were cultured in vitro. Solid sub­
cutaneous tumors were initiated dorsolaterally in 
the right flank of mice by injection of 0.8 • \06 and 
1.6 • 106 viable LPB cells in C57B1I6 and nude 
mice respectively. Tumors of approximately 7 mm 
in diameter were obtained about \0 days latter, 
when animals were randomly assigned to different 
experimental groups with 7-9 animals per group in 
each single experiment. 

Electrotherapy 

Single-shot electrotherapy consisted of constant di­
rect current which was applied for 60 minutes. Cur­
rent amplitudes used were 0.6 rnA and 1.0 rnA. 
Selection of current level and duration was based 
on our previous studies. 12 Current was generated by 
a multichannel current source thus enabling simul­
taneous treatment of up to eight animals. Needle 
electrodes I mm in diameter and 20 mm in length 
made of PtlIr alloy (90/\0%) with rounded tips 
were used to deliver the current. Electrodes were 
inserted subcutaneously through small punctures in 
the skin made by a sharp needle. Electrodes were 
inserted in parallel on two opposite sides of the 
tumor with the cathode on caudal side of the tumor. 
Distance between the electrodes was 20-22 mm and 
each electrode was placed 5-8 mm away from the 
tumor edge. During electrotherapy mice were anes­
thetised by intraperitoneal injection of 100 mg/kg 
of ketamine (Ketanast, Parke-Davis, Germany), \0 
mg/kg of xylazine (Rompun, Bayer, Germany), and 
0.1 mglkg of atropine. Animals in control groups 
were treated in the same way except that no current 
was applied. 
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Assessment of tumor growth 

Tumor sizes were estimated before electrotherapy 
(day 0) and on the days following electrotherapy. 
Two largest perpendicular diameters were meas­
ured with vernier calliper and tumor volume was 
calculated using formula V=.1Tab 2/6 (a and b being 
measured diameters). For each individual tumor its 
doubling time (DT) was calculated as a time needed 
for the tumor to double its initial size. Mean aver­
age tumor volumes and their standard errors were 
calculated and presented as growth curves. Mean 
average doubling times were also calculated for all 
experimental groups. Experiments were repeated 
three times in case of nude mice and twice for 
C57BU6 mice. Statistical significance of differenc­
es between experimental groups were evaluated us­
ing Student t-test and values of p less than 0.05 
were considered as an indication of statistical sig­
nificance. 

Assessment of tumor perfusion 

Perfusion study was performed on separate animals 
from those used in tumor growth study. Saline solu­
tion (0.1 ml, 1.25%) of biological dye Patent Blue 
Violet (Byk Gulden, Switzerland) was injected in 
retroorbital sinus of animals. After the dye has been 
left to distribute evenly through tissues for approxi­
mately 3 minutes, animals were euthanised and tu­
mors were carefully removed. Tumors were cut 
along their largest diameter and the percentage of 
stained versus non-stained cross-section area was 
visually estimated independently by two persons. 
The mean of both estimations was used as a relative 
measure of tumor perfusion. Solidly stained parts 
of the tissue were considered to be well perfused, 
absence of the dye was an indication of poor per­
fusion. Perfusion was assessed immediately after 
electrotherapy and 24 hours following the treat­
ment. For each experimental group the mean value 
and standard error of the mean were calculated and 
presented. Student t-test was used to evaluate sta­
tistical significance of differences between experi­
mental groups. 

In our study Patent Blue Violet dye was used 
instead of a more widely used Evans Blue dye. The 
former yielded a much, better color contrast be­
tween stained and non~stained parts of tissue than 
the latter. Furthermore, a study performed on fibro­
sarcoma SA-I tumors in NJ mice has shown that 
both dyes produce essentially the same results. '9 

This was confirmed in control tumors as well as in 

tumors treated with electrotherapy. Therefore in 
our opinion the use of Patent blue instead of Evans 
Blue is entirely justifiable in perfusion studies such 
as ours. 17•18 

Results 

Tumor growth 

Application of the single-shot electrotherapy in­
duced statistically significant tumor growth delay 
in immuno-competent C57BU6 mice. Typical 
growth of tumors in one of the experiments is given 
in Figure I, where growth delay of treated tumors 
with respect to control tumors is clearly shown. It 
was also evident that larger dose (higher current 
level) yielded better antitumor effects. In Table 1 
tumor doubling times (DT/days) are given for all 
experimental groups in two separate experiments. 
Tumors were arrested in their growth and their size 
was temporarily reduced. When regrowth occurred 
after several days, the growth rate was similar to 
that observed in control tumors. Apart from the 
observed fact that control LPB tumors in immuno­
deficient mice grew faster than in C57BI/6 mice it 
was also demonstrated that electrotherapy was much 
less effective in the case of nude mice, as shown in 
Figure I and presented in Table I. Doubling time of 
tumours treated with 0.6 mA electrotherapy was 
not significantly different from doubling time of 
control tumors. Application of 1.0 rnA however 
yielded significant growth delay but it was still 
much smaller than in immuno-competent mice. 

Tumor pelj'usion changes 

In Table 2 perfusion of tumors as assessed by means 
of Patent Blue staining method is presented. Data 
of several experiments were pooled together. All 
control tumors in both strains of mice were practi­
cally completely stained, which indicates that tu­
mors at that stage of development were well per­
fused. No reduction in staining of tumor tissue was 
observed in nude mice immediately after electro­
therapy regardless of the current level applied. In 
C57BU6 mice reduced staining was observed im­
mediately after treatment and this effect was main­
tained for at least 24 hours. As in the tumor growth 
study the effect was more pronounced for higher 
dose. There was also a large variability in staining 
among individual tumors treated with electrothera­
py. On the other hand staining of control tumors 
was very uniform in both strains of mice. 
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Figure 1. Growth ofLPB tumors in immuno-competent C57BlJ6 mice and in immuno-deficient Swiss nude mice following a 
single-shot one-hour electrotherapy with 0.6 rnA and 1.0 rnA. Data points represent the mean values for 7-8 animals with 
standard error bars. 

Table 1. Effect of one hour electrotherapy (ET) with 0.6 rnA or 1.0 rnA on growth of LPB fibrosarcoma tumors in C57BlJ6 and 
Swiss nude mice. Tumor doubling times (DT) are given separately for each experiment and statistical significance of difference 
of DT in treatment groups with respect to corresponding control group is indicated by value of p as assessed by Student t-test. 

C57BI/6 Swiss nude 

Exp. Treatment n DT(days) p n DT(days) p 
mean±SD mean±SD 

control 8 4.0±2.2 8 2.8±1.5 
I 0.6mNlh 8 6.3±2.9 0.096 8 3.4±1.0 0.362 

1.0mNih 8 11.7±5.4 0.002 8 4.5±1.2 0.025 

control 8 2.8±0.7 7 1.8±0.8 
2 0.6mNlh 8 7.5±2.0 <0.001 7 2.5±1.0 0.174 

1.0mNih 8 10.4±3.1 <0.001 7 2.7±0.4 0.021 

control 7 1.9±0.8 
3 0.6mNlh 6 2.3±0.8 0.388 

1.0mNih 7 3.2±1.2 0.034 

Table 2. Percentage of stained tumor cross-section area as an indicator of quality of tumor perfusion for LPB fibrosarcoma in 
immuno-competent C57BlJ6 and immuno-deficient Swiss nude mice. Perfusion was estimated immediately after one hour electro­
therapy (ET) for two current intensities (0.6 rnA and 1.0 rnA) and 24 hours after 0.6 rnA ET. Value of p indicates statistical 
significance of difference between each particular treatment group and corresponding control group, as assessed by Student t-test. 

C57BII6 Swiss nude 

Experimental group n % stained p n % stained p 
(mean±SD) (mean±SD) 

control 19 98±5 II 100±0 

0.6mNlh (Oh after ET) 27 80±30 0.013 7 100±0 1.000 

0.6mNlh (24h after ET) 8 81±35 0.044 

1.0mNl h (Oh after ET) 30 70±35 0.001 14 98±5 0.200 
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Discussion 

In this study it was demonstrated that low-level 
direct current electrotherapy induces significant re­
tardation of LPB fibrosarcoma tumors growing in 
immuno-competent C57BI/6 mice and that this ef­
fect is also dose dependent. This is in agreement 
with our previous work on this and other tumor 
models.12.14.2o When LPB tumors were treated in 
immuno-deficient animals, electrotherapy appeared 
to be much less effective. In another tumor model 
of SA-I fibrosarcoma growing in immuno-compe­
tent All mice the electrotherapy of the same type as 
in this study produced similar growth retardation as 
observed in C57BII6 mice. An extensive study on 
All mice by means of Patent Blue staining showed 
rapid decrease in perfusion during electrotherapy 
(data not shown).16.19 Staining was decreased to the 
mean value of approximately 20% in treated tu­
mors and even three days after treatment tumors 
were only partially reperfused (approximately 50% 
of stained tumor cross-section), which is very dif­
ferent from perfusion of 80% found in LPB tumors 
for the same treatment (0.6 mA for 60 minutes). 
That means that vascular occlusion due to electro­
therapy in SA-\ tumors was much more expressed 
than in LPB tumors. Since the dynamics of de per­
fusion and reperfusion of SA-I tumors was in good 
correlation with dynamics of growth retardation of 
that particular tumor model it was suggested that 
vascular occlusion occurring at the site of insertion 
of the electrodes might be the main factor of antitu­
mor effectiveness. The presented study has raised 
some doubt to this hypothesis because the same 
extent of LPB tumor growth retardation was ac­
companied by a much less expressed occlusive ef­
fect. Furthermore, LPB tumors in immuno-deficient 
animals were significantly less affected by electro­
therapy than the same type of tumors in immuno­
competent animals, which indicates that host's im­
mune response might play an important role in ef­
fectiveness of electrotherapy.2o In our opinion, oc­
clusion of supplying blood vessels outside the tumor 
inevitably occurs at the site of electrode insertion 
due to extreme pH changes that were measured in 
immediate vicinity of electrodes. 12 The extent of 
this occlusion is probably significantly tumor mod­
el-dependent, as indicated by the difference in Pat­
ent Blue staining between the two fibrosarcoma 
models. Some other factors beside interrupted blood 
supply are probably responsible for the observed 
tumor retardation and immune system of the host 
organism is one of them. 

Acknowledgement 

The presented research was supported by Ministry 
of Science and Technology of the Republic of Slov­
enia, by CNRS, Institute Gustave-Roussy, Villejuif, 
France, and by the Ministry of Foreign Affairs of 
the Republic of France. Two authors wish to ac­
knowledge their individual grants; DJ.A. from the 
Government of the People's Republic of China and 
D.M. from European Commission's Tempus-Phare 
Programme. 

References 

I. Humphrey CE, Seal EH. Biophysical approach towards 
tumor regression in mice. Science 1959; 130: 388-90. 

2. David SL, Absolom DR, Smith CR, Gams J, Herbert 
MA. Effect of low level direct current on in vivo tumor 
growth in hamsters. Cancer Res 1985; 45: 5626-31. 

3. Marino AA, Morris D, Arnold T. Electrical treatment 
of Lewis lung carcinoma in mice. J Surg Res 1986; 41: 
198-201. 

4. Samuelsson L, Jonsson L, Lamm IL, Linden CJ, Ewers 
SB. Electrolysis with different electrode materials and 
combined with irradiation for treatment of experimen­
tal rat tumors. Acta Radiol 1990; 32: 178-81. 

5. Heiberg E, Nalesnik WJ, Janney C. Effects of varying 
potential and electrolytic dosage in direct current treat­
ment of tumors. Acta Radiologica 1991; 32: 174-7. 

6. Griffin DT, Dodd NJF, Moore JV, Pullan BR, Taylor 
TV. The effects of low-level direct current therapy on a 
preclinical mammary carcinoma: tumour regression and 
systemic biochemical sequelae. Br J Cancer 1994; 69: 
875-8. 

7. Xin Y -L. Advances in the treatment of malignant tu­
mours by electrochemical therapy. Eur J Surg 1994; 
Supp1574: 31-6. 

8. Plesnicar A, Sersa G, Vodovnik L, Jancar J, Zaletel­
Kragelj L, Plesnicar S. Electric treatment of human 
melanoma skin lesions with low level direct electric 
current: an assesment of clinical experience following 
a preliminary study in five patients. Eur J Surg 1994; 
Supp1574: 45-9. 

9. Sersa G, Miklavcic D, Batista U, Novakovic S, Boba­
novic F, Vodovnik L. Anti-tumor effect of electrother­
apy alone or in combination with interleukin-2 in mice 
with sarcoma and melanoma tumors. Anti-Cancer 
Drugs 1992; 3: 253-60. 

10. Sersa G, Novakovic S, MiklavCic D. Potentiation of 
bleomycin antitumor effectiveness by electrotherapy. 
Cancer Letters 1993; 69: 81-4. 

II. Sersa G, Golouh R, MiklavCic D. Anti-tumor effect of 
tumor necrosis factor combined with electrotherapy on 
mouse sarcoma. Anti-Cancer Drugs 1994; 5: 69-74. 

12. Miklavcic D, Sersa G, Kryzanowski M, Novakovic S, 
Bobanovic F, Golouh R, Vodovnik L. Tumor treatment 
by direct electric current - tumor temperature and pH, 



38 Jarm Teta/. 

electrode material and configuration. Bioelectrochem 
Bioenerg 1993; 30: 209-20. 

13. Selia G, Miklavl!!il!! D. The feasibility of low level di­
rect current electrotherapy for regional cancer treat­
ment. Regional Cancer Treatment 1993; 1: 31-5. 

14. Miklavl!!il!! D, Fajgelj A, Ser~a G. Tumor treatment by 
direct electric current: electrode material deposition. 
Bioelectrochem Bioenerg 1994; 35: 93-7. 

15. Griffin DT, Dodd NJF, Zhao S, Pullan BR, Moore JV. 
Low-level direc electrical current therapy for hepatic 
metastases. I. Preclinical studies on normal liver. Br J 
Cancer 1995; 72: 31-4. 

16. Jarm T, Wickramasinghe YABD, Deakin M, CemliZar 
M, Miklavl!!il!! D, Selia G et al. Blood perfusion and 
oxygenation of tumors following electrotherapy - a 
study by means of near infrared spectroscopy and Pat-

ent Blue staining. Proc. 9th Int. Conf. Mechanics in 
Medicine and Biology, Ljubljana, Slovenia, June 30 -
July 4, 1996, pp. 339-42. 

17. Sagar KB, Pelc LR, Rhyne TL, Howard J, Warltier DC. 
Estimation of myocardial infarct size with ultrasonic 
tissue characterization. Circulation 1991; 83: 1419-28. 

18. Szabo G. New steps in the intra-arterial chemotherapy 
of head and neck tumors. Oncology 1985; 42: 217-23. 

19. Miklavl!!il!! D, Jarm T, CemliZar M, Ser~a G, An DJ, 
Belehradek J, Jr, Mir LM. Tumor treatment by direct 
electric current - tumor perfusion changes. Bioelectro­
chem Bioenerg 1997 (in press). 

20. Miklavl!!il!! D, An OJ, Belehradek J, Jr, Mir LM. Host's 
immune response in electrotherapy of murine tumors 
by direct current. C.R. Acad. Sci. Paris (submitted for 
publication). 



<<
  /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 1200
  /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 1200
  /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 <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (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.)
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


