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MATHEMATICAL MODELING OF DNA DAMAGES
IN IRRADIATED CELLS AT DIFFERENT OXYGENATION DEGREES

Introduction. In radiotherapy, the degree of oxygenation of tumors is of vital importance. Tumors
with greater oxygenation are much more responsive to radiation therapy than tumors with significant
hypoxia: well-oxygenated tumors react 2.5...3 times better. Mathematical modeling of DNA damage
of irradiated cells at different degrees of their oxygenation is of current interest.

The purpose of the paper is to develop a mathematical model of DNA damage in irradi-
ated cells at different degrees of their oxygenation; to study the dependence of the number of
radiation damages of DNA per unit volume of the irradiated medium on the radiation dose
and the concentration of oxygen in the medium, to estimate the cell cycle duration depending
on the oxygen concentration.

Results. A mathematical model of oxygen effect in cells in the case of irradiation
by X-rays or gamma-radiation is proposed. On the basis of this model, the dependence of the
number of radiation DNA damages in the unit volume of the irradiated medium on the radia-
tion dose and the concentration of oxygen in the medium is obtained. Triple damage to DNA
molecules is determined by primary radiation damage and attacks of two radicals of oxygen
on the DNA molecule.
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The effect of potentially lethal lesions (PLL) on survival of cells under irradiation con-
ditions is studied. The phenomenon of increasing the survival of tumor cells in their irradia-
tion under hypoxia conditions is also due to the phenomenon of potentially lethal lesions. The
optimal indicator of the severity of the PLL effect is the cell cycle duration. Thus, the task of
modeling PLL was reduced to creation of a mathematical model that allows estimating the
value of that indicator depending on the oxygen concentration.

Conclusions. The mathematical model created in the article allows estimating the num-
ber of radiation DNA damages in the unit volume of the irradiated medium on the radiation
dose and the concentration of oxygen in the medium. The dependence of the cell cycle dura-
tion on the oxygen concentration was obtained.

Keywords: radiobiology, mathematical modeling, oxygen effect, oxygen enhancement ratio,
DNA damage.

INTRODUCTION

The problem of influence of the degree of oxygen effect severity on radiological
sensitivity of tumor cells was considered in articles, where both model systems of
irradiated DNA in dilute aqueous solutions [1] and irradiated dry DNA and dry
nucleoprotein [2, 3] were studied. More rigorous analysis of the oxygen effect is
discussed for cells grown in vitro [4, 5].

In radiotherapy, the degree of oxygenation of the tumor is vital [6]. Since the
1950s [7] it has been repeatedly demonstrated that tumors with the greater
oxygenation are significantly more responsive to radiation therapy than tumors with
significant hypoxia [8—11]. The presence of molecular oxygen significantly increases
the effectiveness of radiation therapy in comparison with anoxia and hypoxia. It is
known that well-oxidized tumors respond to radiation 2.5-3.0 times better [12], hence,
the effect of treatment is potentially enhancing.

Historically, oxygen was called a "dose-changing agent": it turned out that in
order to achieve a predetermined level of survival under conditions of hypoxia and
under oxygenation, the dose ratio was constant irrespective of the chosen survival rate
[5, 13]. This ratio of doses in hypoxic conditions and in conditions of sufficient
oxygenation, which causes the same biological effect, is called the oxygen
enhancement ratio (OER). For large single doses of X-ray or gamma radiation OER
usually takes values from 2.5 to 3.0; for radiations with intermediate values of linear
energy transfer (LET) the values of OER are from 1.5 to 2.0; for radiations with high
values of LET — 1.0, that is the influence of oxygen does not manifest.

In the dependence curve of OER on the partial pressure of oxygen [14-16] (Fig. 1),
the half-maximum sensitivity is demonstrated at partial pressure of oxygen p ~ 3 mm
Hg, at the same time the maximum value of OER is usually achieved at partial pressures
p > 20 mm Hg with a slight further increase that essentially does not change the
character of this curve [6, 17]. Experiments conducted on cells, yeast and bacteria
correspond to the same general curve of OER, which rapidly increases and saturates,
corresponding roughly to a hyperbolic dependence on the oxygen tension [6, 13, 18].

If the relative radiosensitivity for completely anoxic tumor cell culture is taken as
1, the addition of even 0.5% (p = 3 mm Hg) oxygen to the system increases the
radiosensitivity of the cells up to 2. The sensitivity average between the fully hypoxic
and the completely normoxic state is achieved for an oxygen tension of about 3 mm
Hg, corresponding to approximately 0.5% oxygen. This is more than 10 times lower
than the partial pressure of oxygen in normal tissues. This value of 0.5% was called
the oxygen "k-value" and was obtained from the oxygen "k-curve" of the relative
radiosensitivity plotted on the graph as a function of the oxygen pressure (Fig. 1).
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Fig. 1. Dependence of radiosensitivity of tumor cells on oxygen partial
pressure (oxygen tension) (k-curve of oxygen)

When the oxygen concentration reaches approximately 2% (p > 20 mm Hg),
the cells react in the same way as if they are completely oxygenated (i. e., the
radiosensitivity is approximately 3.0). The highlighted zone in Fig. 1 represents
the range of normal human tissues oxygen concentrations.

For the oxygen effect to occur, molecular oxygen must be present prior to
irradiation or within the first few microseconds of irradiation [6, 19]. An
increase in OEF does not occur if oxygen is added within a time that exceeds
this time limit. The concentration of oxygen needed to achieve maximum
sensitization is quite small, which indicates the high efficiency of oxygen as a
radiosensitizer. Radiochemical basis of this phenomenon is known as the oxygen
fixation hypothesis (OFH) [6, 13, 20].

OFH postulates that in the absence of oxygen the DNA can be restored to
the initial (before irradiation) state by donating hydrogen from endogenous
reducing agents in the cell, such as glutathione (thiol compound), which absorbs
free radicals. This can be considered a type of very rapid chemical recovery. But
this recovery is difficult or impossible in the presence of oxygen molecules.
When a high-energy photon interacts with a biological substance, it can cause
damage in several ways: directly interact with DNA, causing the event of
ionization of DNA, or interact with other substances, including water, creating
high-energy electrons. These ionizing electrons react with water to form highly
reactive hydroxyl radicals (R¢), which in turn cause damage to the DNA basis.
In general, this kind of radical damage is easily chemically restored. However,
when these radicals encounter molecular oxygen, they form a peroxyl radical
RO2e. Such a damage is much more devastating, because it is difficult or
impossible to restore [20, 21].
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Fig. 2. Schematic representation of the proposed mechanism of oxygen influence.

Thus, the model of radical competition argues that oxygen acts as a
radiosensitizer, forming peroxides in DNA that is already damaged by radiation,
thereby fixing the damage. In the absence of oxygen, the DNA can be restored to
the original state by hydrogen donation from endogenous reducing agents in the
cell, such as glutathione. The schematic representation of the proposed
mechanism is shown in Fig. 2.

MATHEMATICAL MODEL OF OXYGEN EFFECT

Taking into account the results of previous investigations of the mechanism of
the oxygen effect [22-28] and classical experiments [14—16], in this work a
model of DNA damage of cells during irradiation with ionizing radiation
depending on the degree of oxygenation is proposed, based on a mechanistic
approach to understanding this phenomenon.

Specifically, an estimation of the probability of DNA brakes formation of
the irradiated cells depending on the radiation dose and on the concentration of
oxygen in the irradiated medium is considered.

Let us introduce the designations. D is the radiation dose; ¢ is the concentration of
oxygen in the medium containing irradiated objects; » is the number of potential
damages per unit volume of the medium caused by irradiation; N is the number of
DNA breaks formed in a unit volume of medium. We assume that » is directly
proportional to the value of D. More precisely, we will assume that n = kD , where «
is a coefficient whose magnitude depends on the type and energy of radiation.

The question why a potential damage interacts with oxygen molecules and
what kind of interaction occurs is quite complicated.

A potential damage is likely to be an excited portion of a macromolecule.
As a result, it can participate in orientation interactions with an oxygen
molecule. However, one cannot deny the possibility of involvement of potential
damages in induction and dispersion interactions. All these interactions are

characterized by the interaction energy proportional to the value ¥~ , where r is
the distance between the interacting objects.

Thus, the interaction of a potential damage with the oxygen molecule at a
selected time point can occur only in the small spherical or almost spherical
region of the irradiated medium. Let V" be the volume, and R - the radius of this

region, V = %nR3 .
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Since potential damages are fixed on the surface of some macromolecules,
their interaction with oxygen molecules can occur only due to diffusion motion
and, as the result, appearance of an oxygen molecule in one of the above-
mentioned regions with a radius R containing potential damages.

The interaction forces between oxygen molecules and other molecules of
the medium (except potential damages) are obviously small (in any case, from
the point of view of the processes under consideration) and can be neglected.

Let ¥, be the maximum volume of the environment in which an oxygen

molecule can meet a potential damage and interact with it during a time period
T. It is obvious that

o= n(uT) )

where u is the diffusion motion velocity of the oxygen molecule.

Let us consider one molecule of oxygen from the volume and determine the
probability p of the fact that during the time 7 this molecule will reach the region
of interaction of the oxygen molecule and a potential damage. The volume of the
region in which this interaction may occur is equal to

Vi = nR*uT . Q)

Then the probability that the specified oxygen molecule reacts with the
potential damage equals

W 3R ;
Yo 4(uT )2 )
Let v be the number of oxygen molecules in the volume ¥;,. Then
v=cl. (4)

The probability that an arbitrarily chosen oxygen molecule will not react with
potential damage equals 1— p. The probability that none of the molecules in the
volume ¥;, will react with potential damage is equal to (1— p)V . Then the probability
of transformation of a potential DNA damage into a DNA break equals

p,=1-(1-p)". (5)

Consequently, the number N of DNA breaks per unit volume of the medium
irradiated with X-ray or gamma radiation, depending on the dose of radiation D and
the concentration ¢ of oxygen in the medium, is determined by the formula

N=n-p, =n-(1—(1—p)v):KD-(I—(I—p)CVO). (1)

It is clear that in the general case, the number of damages may vary, and this
quantity of damages depends on the degree of oxygenation of the medium in
which the cells are located. It is also clear that the probability of damage
occurring at other equal conditions is the greater, the higher the degree of
oxygenation of the environment.
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As is well known, in order to take into account this factor, an indicator
named oxygen enhancement factor (OEF) was introduced, which shows how
many times the degree of damage to the DNA at normoxia is greater than that at
hypoxia [22-24]. But at the same time, there is no explanation in the literature
why the maximum OEF value for photon radiation cannot be more than 3.

There is no generally accepted answer to the question. However, it can be
assumed that since oxygen in water is a biradical, the maximum possible triple
damage to DNA molecules is determined by both their primary radiation damage
and the attack on the DNA molecule by two radicals of the oxygen molecule.

Nowadays there is increasing evidence [4] that oxygen does not always modify
the dose equally. Several studies have shown that the OEF for rarely ionizing radiation
is lower at low doses than at high doses. Lower OEF values for doses per single
fraction in the range commonly used in radiotherapy were obtained indirectly from
clinical and experimental oncology data and directly in cell culture experiments. It was
suggested that lower values of OEF are the result of the age dependence of the oxygen
effect, which is almost identical to the age dependence of radiosensitivity and the
duration of the cell cycle. Assuming that cells in the G1 phase of the cell cycle have a
lower OEF than cells in the S phase, and since cells in the G1 phase are also more
radiosensitive, it can be concluded that they will be disposed to dominate in the low
dose area of the cell survival curve.

We estimated the value of such an indicator as the cell cycle duration (1) of
tumor cells during reparation of double-stranded DNA breaks, depending on
their degree of oxygenation. This indicator most adequately reflects the severity
of the process of potentially lethal lesions (PLL) that must be taken into account
in radiotherapy [22, 23].

In this work we assume that any factor that slows the passage of irradiated cells in
the stages of the cell cycle is associated with an increase in the amount of reparation of
radiation DNA damage in these cells, and this increase in the amount of DNA
reparation, in turn, increases the probability of cell survival [29-31]. The assumption
of the universality of the discussed effect suggests that the known phenomenon of
increasing the survival of tumor cells in their irradiation under hypoxia is also
associated with the phenomenon of potentially lethal lesions (PLL). From the above, it
follows that the optimal indicator of severity of the PLL effect is the cell cycle
duration (t). Thus, the task of PLL modeling is reduced to the construction of a
mathematical model that allows us to estimate the magnitude of this indicator.

In this work, we consider only effects caused by irradiation of cells by
photon (X-ray or gamma) radiation.

Initially, under the phenomenon of PLL one meant increasing the survival
of irradiated cells if they were exposed to irradiation not in the nutrient medium,
but in water. Probably the most convincing explanation for this effect is the
assumption that lack of a nutrient in cells causes a slowdown in the passage of
cells through the stages of the cell cycle, and this slowdown leads to an increase
in the volume of reparation of double-stranded breaks (DB) in the DNA of
irradiated cells. In turn, increasing the amount of reparation leads to increasing
of irradiated cells survival.

If we accept this interpretation of the essence of the PLL phenomenon, we
can assume that it has a more universal character. Namely, it can be assumed
that any factors that slow down the cell cycle increase the amount of DNA
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reparation and, consequently, increase the survival of cells. In favor of this
hypothesis, one can cite the well-known phenomenon in radiotherapy, when the
radiation resistance of tumor cells increases with increasing degree of hypoxia.

The above considerations are the basis for constructing a mathematical
model of the PLL phenomenon.

First of all, let us decide what indicator will reflect the discussed effect most
accurately. Taking into account our assumption that the degree of deceleration of
the cell cycle determines the survival of irradiated cells, the duration t of the cell
cycle can be used as this indicator.

Regardless of the degree of hypoxia, the cell needs to consume a certain
amount of oxygen for the separation. It is clear that the oxygen consumption rate
of the cell depends on the concentration of oxygen in the pericellular medium.

Experimentally, the dependence of the rate of oxygen consumption by the cell
on the concentration of oxygen in the medium is given in [23] (Fig. 3). Along the X
axis there is the oxygen tension (pO2), mm Hg; along the Y axis there is the rate of
oxygen consumption, pul of oxygen (under normal conditions) per minute, calcu-
lated for 106 cells.

From [23], as well as from the results of our earlier studies [24-26], it
follows that the graph of this experimental dependence can be adequately
approximated by two linear segments (if the tissue necrosis is not taken into
account), one of these segments describing the normoxic area of the discussed
function graph, and the other one — the hypoxic area (Fig. 4).

0_. 15 B . 54] 2 e

Fig. 3. Experimental dependence of the oxygen consumption rate of
normoxic (1) and hypoxic (2) Chinese hamster cells on the oxygen
tension in the pericellular medium.
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Fig. 4. Approximation of the dependence shown in Fig. 3.

The hypoxic area we are interested in is mathematically described as follows:

: (7)

where v is the mass rate of oxygen consumption by the cell, v,, is the maximum
value (in the case of normoxia) of the value of v, ¢ is the oxygen concentration in
the medium, ¢, is the threshold value of the oxygen concentration between
normoxia and hypoxia.

The complexity of further modeling is determined by the fact that the value
of v consists of two functionally different components. One of them (v)) is the
rate of oxygen consumption spent for maintaining the current life of the cells.
This value is constant. Another component (v,,) is the rate of oxygen
consumption spent on the preparation and implementation of cell division. This
particular component is important for further modeling.

Obviously,

y V€

pr:V_Vl:c__vl' ()
h

cpV, .
Hence at ¢ =—-L the value v, =0 and we can write
Vm

_vyule—¢p)
vpr - C— s (9)
h
where ¢; is the concentration of oxygen needed to maintain the cell's current activity.
Let M be the mass of oxygen needed by the cell for preparation and

implementation of division. It is obvious that M =1-v,,..

The desired value t can be calculated using the formula and then converted
using the above approximation to the following form

ng (10)
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(11)

The obtained formula for evaluating the cell cycle duration of tumor cells as
an index of severity of the PLL effect shows the dependence of T on the
concentration of oxygen in the medium, the threshold concentration value
between normoxia and hypoxia, the oxygen concentration needed to maintain
the current life of the cells, as well as the mass of oxygen necessary for the cell
to prepare and implement its division.

CONCLUSIONS

A mathematical model of oxygen effect in cells is proposed in case of irradiation by
X-ray or gamma-radiation. On the basis of this model, the dependence of the number
of radiation damages of DNA in the unit volume of the irradiated medium on the
radiation dose and the oxygen concentration in the medium was obtained.

In general, the number of damages can be different and depends on the
degree of oxygenation of the medium in which the cells are located. The
probability of damage occurring at other equal conditions is the higher, the
higher the degree of oxygenation of the medium.

The well-known fact that the maximum value of the OEF for photon
radiation cannot be greater than 3 is explained this way. Since oxygen in water is
a biradical, the triple damage to DNA molecules is determined by primary
radiation damage and attacks on the DNA molecule by two radicals of the
oxygen molecule.

The effect of potentially lethal injuries on survival of cells under irradiation
conditions is studied. Any factor that slows down the passage of irradiated cells
through the stages of the cell cycle is associated with an increase in the amount
of DNA radiation damage reparation in these cells, which in turn increases the
likelihood of cell survival. The phenomenon of increasing the survival of tumor
cells at their irradiation under hypoxia conditions is also due to the phenomenon
of potentially lethal lesions. The above suggests that the optimal indicator of the
severity of the PLL effect is the cell cycle duration. Thus, the task of modeling
the PLL was reduced to construction of a mathematical model that allows
estimating the value of the indicator depending on the concentration of oxygen.
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MATEMATUYHE MOJEJIIOBAHHS ITOIIKOXKEHb JHK
OITPOMIHEHUX KJIITUH 3A PI3HOI'O CTVYIIEHS IXHbOI OKCUT'EHAITIT

Beryn. V paniorepanii cTymiHb OKCHTCHALT ITyXJIMH Ma€ XKUTTEBO BXIMBE 3HaueHHs. [TyxummHu 3
OUITBIIIOID OKCHI'€HAIIEI0 HAa0araTo CHJIBHIIIE pearyroTh Ha MPOMEHEBY TEpaIlito, HDK IMyXJIMHH 3i
3HAYHOIO TiNOKCi€r: JoOpe OKCUI'€HOBaHi IyXJIMHH PearyroTh B 2,5-3 pasu kpaie. MaremMaTuuHe
MoiesroBanHs morkopkeHHst JJTHK onpoMiHeHHMX KITTHH 3a PIi3HOTO CTYIEHs IXHBOT OKCHICHAITT
Mae€ 3HAYHUH iHTepec.

Mertoro cratTi € po3poliieHHsT MaTeMaTiH4yHOT Mozen momikompkeHns JJHK B ompomiHeHnx
KJTITUHAX 32 PI3HOTO CTYIICHSI iX OKCHI'€HAIlil; BUBUCHHS 3AJISKHOCTI KUIbKOCTI pafialliiHuX MOIIKO-
mkenb JJHK Ha omuHHIFO 00'€eMy OIPOMIHEHOTO CEpEOBHIIA BiJl JO3M BUIIPOMIHFOBAHHS Ta KOH-
LEHTpALlil KUCHIO B CEPEOBHILII; OLIHIOBAHHS TPUBAIOCTI KIIITHHHOTO LIUKJTY 3aJIEXHO BiJl KOHIICH-
Tparii KHCHIO.

Pe3ysibTaT. 3ampornoHOBaHO MaTeMaTH4Hy MOJIENb KUCHEBOTO e(hekTy B KIITHHAX y pasi ix
OIPOMIHEHHS PEHTTeHIBCHKUM a00 raMMa BHIIPOMiHIOBaHHsSM. Ha OCHOBI Iii€i MOJeNi OTpUMaHO
3aIEKHICTh KUTBKOCTI pajiianiiinux nomkomkens JJHK B oguHnuHOMY 00'€Mi OIPOMIHEHOTO cepe-
JIOBUIIIA BiJI JI03K ONPOMIHEHHSI Ta KOHIICHTpALIi KHCHIO B cepeoBHILi. TpHKpaTHEe MOMIKOMKEHHS
JHK Bu3HayaeThCS IEPBUHHUM PaialliifHIM MOLIKOIKEHHSIM Ta aTaKoo JABOX PAIHUKaNiB MOJIEKY-
T KUCHIO Ha Moteky.try JTHK.

BuBueHO BIUHMB MOTEHIIHHO JeTabHUX NomkopkeHb (ITJI1) Ha BIKMBAHICT KIITHH B YMO-

Bax ornpomiHeHHs. PeHOMEH Mi/IBUILEHHS BIKUBAHOCTI IyXJIMHHUX KJIITHH y pasi iX onpoMiHeHHS
B YMOBaX TiMOKCII TaKOX 3yMOBJIEHO SIBUIIEM MOTCHIIHHO JIETATBHUX MOLIKOMKEHb . ONTHMAab-
HHM TIOKa3HUKOM BUpakeHOcTi eekty [TJIII € TpuBamicTs KITHHHOrO mUKITY. OTXKe, 3aBIaHHS
mozemoBanss [T 3Boauiocs 10 CTBOPEHHSI MaTeMaTHYHOI MOJIENI, sIKa JO3BOJISIE OLIHUTH 3Ha-
YEHH 1[bOT'0 ITOKa3HHUKA 3aJISKHO Bijl KOHIIEHTPAILlii KUCHIO.
BucnoBku. 3anpornoHoBaHa MareMaTH4Ha MOJEb JIA€ 3MOTY OILIHWTH KUIbKICTh paiariifHux
nomkopkens JIHK B oquHMYHOMY 00'€eMi OIIPOMIHEHOTO CEpellOBHINA Bijl 103U OMPOMIHEHHS Ta
KOHIICHTpAIII] KHUCHIO B CEPEIOBHIII, & TAKOXK OLIHUTH 3aJICKHICTh TPUBAIOCTI KIITHHHOTO LIHKITY
BiJl KOHLICHTpAIIil KHCHIO.

Knwwuoei cnosa: padiobionozis, mamemamuyne MOoOenN08AHHs, KUCHesUll edhekm, Koe@iyi-
€HM KUCHe8020 niocunielts, nowkooicenns JJHK
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MATEMATUYECKOE MOJIEJIMPOBAHUE ITOBPEXIEHUI JIHK
OBJIYYEHHBIX KJIETOK ITPH PA3BHOM CTEINEHU X OKCUTEHALINU

IMpennoskena MareMaTH4YecKass MOJENb KUCIOPOIHOTo 3¢ dekra B KIeTKax HNpU OOIydeHUU
WX PEHTTCHOBCKHM WM TaMMa-u3imydeHreM. Ha ocHOBe 3TOH Monenw ToiydeHa 3aBHUCH-
MOCTh YHCIIa paaualoHHbIX noBpexaennit JIHK B equnuie oobema o0iryueHHOH cpeabl OT
JIO3BI M3YYCHHUS U KOHICHTpAIluK Kuciopoaa B cpene. OObsicHEeH (akT, YTO MaKCHMAIbHOE
3HaYeHHEe KOd((UIMEHTa KUCIOPOAHOTO YCHIICHHS Uil (DOTOHHBIX M3IYYCHUH HE MOXKET
ObITh Oombiie 3. M3yueHO BIMSHHE MOTEHIMAIBHO JICTATBHBIX MOBPEKICHUH Ha BBDKUBAC-
MOCTb KJIETOK B yCJIOBUsX 00mydeHuss. ONTHMaNILHBIM IT0Ka3aTeeM BhIpakeHHOCTH dddekra
MMOTEHIIUATBHO JIETATBHBIX TOBPEKICHUH SBISIETCS TIPOJAOIDKUTENBHOCT KIETOYHOTO ITUKJIA.
[Toctpoena marematuueckasi MOJieIb, KOTOpasi MO3BOJISIET OLIEHUTH BEJIMUMHY 3TOTO MOKa3a-
TeJls B 3aBUCUMOCTH OT KOHIIEHTPALUKA KUCIOPOJIa.

Knrouesvie cnosa: paouobuonozus, mamemamuyeckoe MOOeIUpo8anue, KUCIOpoOHblll I¢h-
Gexm, kosppuyuenm Kucropoonozo ycunenus, nogpesxcoerue JJHK.

64 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2019. Ne 3 (197)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


