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Prenatal nicotine exposure over an entire pregnancy has been associated with an increased prevalence of
hyperactivity, anxiety-like behavior and depression-like behavior in mature rats. However, the effects of
maternal nicotine exposure in late gestation and lactation on the psychology and behavior of adolescent rat
offspring are unclear. Thus, we investigated the effect of nicotine exposure during late gestation and lacta-
tion on anxiety-like and impulsive decision-making behavior in adolescent offspring of rat. Female rats
were orally exposed to nicotine which is within range of plasma level of human chronic smokers during
the period of third last period of gestation and lactation. When the offspring were weaned, we observed
alterations in the anxiety-like behavior and decision-making ability of adolescent rat offspring using light/
dark box test and T-maze delay-based cost-benefit decision-making task. The maternal consumption of
nicotine reduced both the time spent in the light compartment and the number of transitions compared to
nicotine-free rats. Moreover, such nicotine exposed adolescent offspring rats showed impulsive decision
making which chose the instant reward in a decision-making situation. We found that nicotine exposure
during late gestation and lactation induces an increase in anxiety-like and impulsive decision-making
behavior at this developmental stage. These findings suggest that maternal nicotine-exposed offspring are

at an increased risk of developing anxious and impulsive behavior.
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INTRODUCTION

Poor and impulsive decision-making during adolescence
has resulted in fatal automobile crashes, violence, unpro-
tected sex, and substance abuse (1-3). In particular, chil-
dren exposed to tobacco gestationally show an increased
risk for impulsive disorders, such as attention deficit hyper-
activity disorder (ADHD) and substance abuse (4-6). This
is possibly due to perturbed development of the decision-
making parts of the brain, including imbalances in the
impulsive, amygdala system and the reflective, prefrontal
cortex system (7). Because exposure of the prefrontal cor-
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tex to drugs before maturity could be harmful to decision-
making, it is crucial to protect offspring from the influence
of drugs taken by the mother during pregnancy.

Nicotine can causes cardiovascular toxicity and changes
of neuropeptides levels as well as interferes with critical
developmental events such as neurogenesis, in most brain
regions, and with early synaptogenesis (8-10). Although
prenatal nicotine exposure over the entire pregnancy has
been shown to increase the risk of ADHD and drug abuse,
few studies have focused on examining the effects of nico-
tine exposure during late pregnancy and lactation on behav-
ioral abnormalities in the offspring. Moreover, most studies
have examined the effects of nicotine administered subcuta-
neously, which could lead to artifacts due to significant fetal
hypoxia and stress caused to pregnant dams (11,12). Here,
we examined alterations in the decision-making ability and
anxiety-like behavior of adolescent rat offspring after mater-
nal nicotine exposure, administered orally, to determine
whether nicotine consumption during late gestation and lac-
tation disrupted development of decision-making behavior
in offspring.
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MATERIALS AND METHODS

Animals. All animal studies were conducted in accor-
dance with the Dankook University ethics committee’s
guidelines for the care and use of laboratory animals. Sprague-
Dawley rats were obtained from Samtako Bio Korea (Osan,
Korea). Rats were housed in plexiglass cages with wood-
shaving bedding in a room that was air conditioned at 23 +
1°C (45% + 5% humidity) with a standard 12-hr light/dark
cycle (lights on 09:00~21:00), with food and water avail-
able ad libitum.

Nicotine-exposed rat model. During the period of late
gestation and lactation (gestational day 15 to postnatal day
18), female rats in the nicotine group were orally exposed to
nicotine hydrogen tartrate (Sigma-Aldrich Co. LLC, St.
Louis, MO, USA) at a concentration of 0.1 mg/mL, which
is within range of plasma level of human chronic smokers,
in 2% of saccharine-dissolved water to make the nicotine
less aversive (13-15). Oral administration is one of preva-
lent experimental method in rodent nicotine and toxicology
studies (16-18). Nursing female rats in the nicotine-unex-
posed group were given 2% saccharine solution without the
presence of nicotine. All rats used in the following tests had
equal gender ratio in adolescent offspring.

Light/dark box test. For the light/dark box test, rats
were transferred to the testing room 20 min before the test,
for acclimation. The light/dark box measured 40 x 20 x 31
cm. Rats were transferred through the front door (8 x 8 cm)
and placed in a dark compartment illuminated at approxi-
mately 1 lux. The middle door between the dark compart-
ment and the light compartment (illuminated at 110~150
lux) was opened 3 s after the front door was closed. To
reduce noise from the outside, the light/dark box was cov-
ered with a transparent acrylic seal. Rats were allowed to
explore the box for 15 min, and their behavioral activities
were recorded with a camcorder (HMX-H304BD, Sam-
sung Electronics Co., Ltd., Suwon, Korea) through a win-
dow in the transparent ceiling of the light compartment.

T-maze delay-based cost-benefit decision-making task.
A T-maze delay-based cost-benefit decision-making task
was modified from the study of Salamone et al. (19). The
apparatus consisted of 3 arms, including a start arm (22 x
6 x 30 cm) and 2 goal arms (27 x 15 x 30 cm). During the
test period, the food quantity supplied to the rats daily was
limited to 80% of the ad libitum value. In the training phase
of the experiment, rats were introduced to the T-maze. The
sliding door adjacent to the rats was opened after 10 s and
the rats were given free access to the maze, which con-
tained a large reward (2 g, food pellet) in one arm and a
small reward (one-quarter of the size of the large one) in the
other. Training was repeated 3 times daily at 5 min inter-

vals for 3 consecutive days. During the test period, the loca-
tions of the large and small food rewards remained unchanged
to ensure that the rats learnt their locations. Next, a delay
task was imposed for three days. In the delay task, all the
test procedures were same as in the training phase, but
immediately after the start, a sliding door adjacent to the
larger food pellet was closed, blocking access to it. The
opening of this door was progressively delayed by 5, 15,
and 25 s after start of the test.

Statistical analysis. The data, presented as the mean +
standard error of the mean, were analyzed with Prism5 soft-
ware (GraphPad Software, Inc., La Jolla, CA, USA). A Stu-
dent’s r-test was employed to determine whether the
differences between the two experimental groups were sig-
nificant. Preference of large food pellet was analyzed by
two-way analyses of variance (ANOVA) and Bonferroni’s
multiple comparison test for post hoc comparison.

RESULTS

The rats were administered nicotine as described during
the third last period of gestation, and it was ended when the
offspring were weaned (Fig. 1A). By avoiding nicotine
exposure in the early trimesters of pregnancy, we were able
to prevent the rats from experiencing fatal pregnancy dam-
age, such as miscarriages, that is induced by maternal
smoking (20). In our study, adolescent offspring that were
exposed to maternal nicotine consumption during the last
period of gestation and during lactation showed an approxi-
mately 19% decrease in body weight compared to the nico-
tine-unexposed offspring (Fig. 1B). This result was in
concordance with previous findings which showed that
maternal nicotine consumption lowers the weight of rats,
suggesting that gestational nicotine reduces body weight
(21). There was no difference of birthrate between control
and nicotine exposure rats.

To determine whether the anxiety-like behavior of adoles-
cent offspring was altered by maternal oral nicotine con-
sumption, we performed a light/dark box test. In this test,
anxiety-like behavior is measured by the decrease in time
spent in the light compartment of the test box and decrease
in the number of transitions between the two compartments
(22). Both time spent in the light compartment and transi-
tion numbers showed no significant differences between
naive rats and control (data not shown). Maternal consump-
tion of nicotine decreased the time spent by offspring in the
light compartment to 18% and reduced the number of tran-
sitions to 22% compared to nicotine-unexposed rats (Fig.
2). These are speculated to be a result of nicotine-mediated
anxiety-like behavior in accordance with previous studies
that have shown that nicotine administration induces anxi-
ety (23-26). These findings support the hypothesis that
maternal exposure to nicotine poses a threat to normal brain
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Fig. 1. Experimental procedures and body weight alterations in rats. (A) Schematic time line showing the different stages of each
experiment (G, gestational day; PD, postnatal day). (B) The body weight data of the nicotine-unexposed and maternally nicotine-
exposed 3 weeks old offspring. The nicotine group shows a significant decrease in body weight compared to the control group (Con-
trol, 75.57 £ 1.69 g, n = 6; Nicotine, 60.92 + 0.69 g, n = 5; ***P < 0.001).
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Fig. 2. The nicotine-exposed offspring exhibit increased anxiety-like behavior. (A) The time spent in the light and dark compartments
was recorded during a 15-min session in the light/dark box. The anxiety-like behavior of nicotine-exposed offspring is more pro-
nounced than that of the nicotine-unexposed offspring (Control, 245.00 +44.31 s, n = 6; Nicotine, 43.79 +30.58 s, n=5; **P<0.01). (B)
Total number of transitions into the light compartment. Nicotine-exposed offspring show a significant decrease in the number of such
transitions compared to nicotine-unexposed offspring (Control, 12.00 + 1.13, n = 6; Nicotine, 2.60 + 1.78, n=5; **P < 0.01).

and behavior development in the offspring.

To examine whether the decision-making behavior of rats
was changed by maternal oral nicotine exposure, we per-
formed a delay-based cost-benefit decision-making test.
Under diet restriction, nicotine-unexposed and maternally
nicotine-exposed offspring were allowed to choose between
immediately available small food pellets and progressively
delayed large food pellets (Fig. 3A). In experimental runs in

which the rat chose the large pellet, the maternal nicotine-
exposed offspring exhibited a significant decrease in delay
tolerance compared to nicotine-unexposed rats (Fig. 3B, 3C).
Furthermore, the number of large food pellets chosen despite
unexpected delays was reduced in maternal nicotine-exposed
offspring. Taken together, the maternal oral nicotine-exposed
offspring showed impulsive decision-making behavior. This
was reflected in their tendency to choose the instant rewards
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Fig. 3. The nicotine-exposed offspring exhibit increased impulsive decision-making. (A) A schematic diagram illustrating the cost-ben-
efit decision-making test. In the task, the rat is able to choose an immediate small food pellet or a larger food pellet, the latter associ-
ated with delays of 5, 15, or 25s. (B) The delay time is presented as the maximum tolerated delay of the nicotine-unexposed and
nicotine-exposed offspring. The nicotine-exposed offspring show a significant decrease in the amount of delay tolerance to gain a
larger food pellet, compared to the nicotine-unexposed offspring (Control, 15.83 +4.55s, n=6; Nicotine, 3.00 £ 1.23 s, n=5; *P < 0.05).
(C) The data are presented as the percentage of trials exhibiting a preference for the large food pellet against progressively increasing
delay time. There were significant effects in preference of large food pellet among the control and nicotine groups as determined by
two-way repeated measures ANOVA (groups, F(1, 18) =5.28, P < 0.05; delay time, F(2, 18) =4.65, P < 0.05), which revealed no signifi-
cant interaction between groups and delay time (F(2, 18)=1.32, P> 0.05). In both group, all rats preferred large food pellet at 0 delay
time. The nicotine-exposed offspring show a decrease in the preference for the large food pellet compared to the nicotine-unexposed
rats in 15 seconds delay time (Control, 58.33 + 20.07%, n = 6; Nicotine, 0.00 £ 0.00%, n=5; *P < 0.05).

in a decision-making situation. This suggests a loss of the infants who are breastfed by smoking mothers are similar to
ability to decide based on the value of the reward, and an those found in adult smokers, nicotine that is consumed
increase in the offspring’s impulsive decision-making behavior. through lactation would also lead to disturbed neurodevel-
opment and the acceleration of the risk for a range of psy-
DISCUSSION chiatric problems, even though the breastfeeding mothers

are exposed by passive smoking (29).

Maternal cigarette smoking during pregnancy can result When nicotine is orally administered, the blood levels do
in behavioral problems of the offspring. Maternal exposure not rise as quickly as intravenous application, subsequently
of pollutants or maternal protein restriction in the rat during the effects are relatively more subtle. Compared to intrave-
pregnancy and lactation alters anxiety-like behaviors of off- nous self-administration in rodents or inhalation in humans,
spring (27,28). In this study, we focused on alterations in the rate of entry to the brain is slower and the quantities are
offspring behavior that were caused by exposure to nico- lower and more variable (11). The 200 pg/mL nicotine dose
tine administered to the mother orally during the last period generally is selected in an oral administration as it has been
of gestation and in the lactation period. Because the levels shown previously to have both behavioral and biochemical

of urinary cotinine, which is a metabolite of nicotine, in efficacy in rodents (11). Rowell et al. demonstrated that
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mice which were forced to consume nicotine (60 pg/mL for
5~6 weeks) in the drinking water had steady-state nicotine
plasma levels of 34.4 ng/mL (18). Based on these rodent
studies, we used 100 pg/mL of nicotine in drinking water
for approximately 4 weeks. Because our nicotine concentra-
tion by the calculation is within range of plasma level of
human chronic smokers (10~60 ng/mL), we suggest that
our nicotine dose is enough to have physiological meaning
(13,14).

We found that the offspring in the maternal nicotine-
exposed group had relatively poorer and more impulsive
decision-making behavior and higher anxiety-like behav-
ior, suggesting that nicotine-exposed offspring are suscepti-
ble to addiction due to their poor decision-making ability
and have an increased incidence of ADHD and addictive
disorders. Since impulsive decision-making and high anxi-
ety are related to an imbalance between the amygdala and
the reflective, prefrontal cortex, strengthening the reflective
system through methods such as social caregiving and bond-
ing may be necessary for nicotine-exposed adolescent off-
spring. This would probably reduce their impulsivity-related
antisocial behavior and/or group exclusion, and help them
cope with stress better (30,31).

ACKNOWLEDGMENTS

This work was supported by the National Research Foun-
dation of Korea Grant funded by the Korean Government
(NRF-2013S1A5A8024560).

REFERENCES

1. Blum, R.W. and Nelson-Mmari, K. (2004) The health of
young people in a global context. J. Adolesc. Health, 35, 402-
418.

2. Kann, L., Kinchen, S., Shanklin, S.L., Flint, K.H., Kawkins,
J., Harris, W.A., Lowry, R., Olsen, E.O., McManus, T.,
Chyen, D., Whittle, L., Taylor, E., Demissie, Z., Brener, N.,
Thornton, J., Moore, J., Zaza, S.; Centers for Disease Control
and Prevention (CDC) (2014) Youth risk behavior surveil-
lance--United States, 2013. MMWR Suppl., 63, 1-168.

3. Williams, P.G., Holmbeck, GN. and Greenley, R.N. (2002)
Adolescent health psychology. J. Consult. Clin. Psychol., 70,
828-842.

4. Milberger, S., Biederman, J., Faraone, S.V. and Jones, J.
(1998) Further evidence of an association between maternal
smoking during pregnancy and attention deficit hyperactivity
disorder: findings from a high-risk sample of siblings. J. Clin.
Child Psychol., 27, 352-358.

5. Roberts, K.H., Munafo, M.R., Rodriguez, D., Drury, M., Mur-
phy, M.F., Neale, R.E. and Nettle, D. (2005) Longitudinal
analysis of the effect of prenatal nicotine exposure on subse-
quent smoking behavior of offspring. Nicotine Tob. Res., 7,
801-808.

6. Weissman, M.M., Warner, V., Wickramaratne, P.J. and Kan-
del, D.B. (1999) Maternal smoking during pregnancy and psy-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

chopathology in offspring followed to adulthood. J. Am. Acad.
Child Adolesc. Psychiatry, 38, 892-899.

. Bechara, A. (2005) Decision making, impulse control and loss

of willpower to resist drugs: a neurocognitive perspective.
Nat. Neurosci., 8, 1458-1463.

. Dwyer, J.B., Broide, R.S. and Leslie, F.M. (2008) Nicotine

and brain development. Birth Defects Res. C Embryo Today,
84, 30-44.

. Kim, K.W., Won, Y.L., Ko, K.S. and Roh, J.W. (2014) Smok-

ing Habits and Neuropeptides: Adiponectin, Brain-derived
Neurotrophic Factor, and Leptin Levels. Toxicol. Res., 30, 91-
97.

Kim, M., Han, C.H. and Lee, M.Y. (2014) NADPH oxidase
and the cardiovascular toxicity associated with smoking. Toxi-
col. Res., 30, 149-157.

Matta, S.G. and Elberger, A.J. (2007) Combined exposure to
nicotine and ethanol throughout full gestation results in
enhanced acquisition of nicotine self-administration in young
adult rat offspring. Psychopharmacology (Berl.), 193, 199-
213.

Slotkin, T.A. and Seidler, F.J. (2011) Mimicking maternal
smoking and pharmacotherapy of preterm labor: fetal nico-
tine exposure enhances the effect of late gestational dexameth-
asone treatment on noradrenergic circuits. Brain Res. Bull.,
86, 435-440.

Benowitz, N.L. (1990) Pharmacokinetic considerations in
understanding nicotine dependence. Ciba Found. Symp., 152,
186-200; discussion 200-209.

Gourlay, S.G. and Benowitz, N.L. (1997) Arteriovenous dif-
ferences in plasma concentration of nicotine and catechol-
amines and related cardiovascular effects after smoking,
nicotine nasal spray, and intravenous nicotine. Clin. Pharma-
col .Ther., 62, 453-463.

Robinson, S.F., Marks, M.J. and Collins, A.C. (1996) Inbred
mouse strains vary in oral self-selection of nicotine. Psycho-
pharmacology (Berl.), 124, 332-339.

Baek, Y.O., Choi, S.K., Shin, S.H., Koo, K.H., Choi, H.Y.,
Cha, S.B,, Li, Y.C., Yoo, H.J., Lee, J.Y,, Kil, K.H., Kim, H.S.,
Kang, M.S., Kang, B.H., Kim, K.H. and Bae, J.S. (2012) A 6-
week oral toxicity study of oral cholera vaccine in sprague-
dawley rats. Toxicol. Res., 28, 225-233.

Kim, H.S., Park, S.I., Choi, S.H., Song, C.H., Park, S.J., Shin,
Y.K., Han, C.H., Lee, YJ. and Ku, S.K. (2015) Single oral
dose toxicity test of blue honeysuckle concentrate in mice.
Toxicol. Res., 31, 61-68.

Rowell, P.P., Hurst, H.E., Marlowe, C. and Bennett, B.D.
(1983) Oral administration of nicotine: its uptake and distribu-
tion after chronic administration to mice. J. Pharmacol. Meth-
ods, 9, 249-261.

Salamone, J.D., Cousins, M.S. and Bucher, S. (1994) Anhedo-
nia or anergia? Effects of haloperidol and nucleus accumbens
dopamine depletion on instrumental response selection in a T-
maze cost/benefit procedure. Behav. Brain Res., 65, 221-229.
Jauniaux, E. and Burton, G.J. (2007) Morphological and bio-
logical effects of maternal exposure to tobacco smoke on the
feto-placental unit. Early Hum. Dev., 83, 699-706.
Winzer-Serhan, U.H. (2008) Long-term consequences of
maternal smoking and developmental chronic nicotine expo-
sure. Front. Biosci., 13, 636-649.



280

22.

23.

24.

25.

26.

27.

H. Lee et al.

Bourin, M. and Hascoét, M. (2003) The mouse light/dark box
test. Eur. J. Pharmacol., 463, 55-65.

Cheeta, S., Tucci, S. and File, S.E. (2001) Antagonism of the
anxiolytic effect of nicotine in the dorsal raphe nucleus by
dihydro-beta-erythroidine. Pharmacol. Biochem. Behav., 70,
491-496.

File, S.E., Kenny, PJ. and Ouagazzal, A.M. (1998) Bimodal
modulation by nicotine of anxiety in the social interaction test:
role of the dorsal hippocampus. Behav. Neurosci., 112, 1423-
1429.

File, S.E., Kenny, P.J. and Cheeta, S. (2000) The role of the
dorsal hippocampal serotonergic and cholinergic systems in
the modulation of anxiety. Pharmacol. Biochem. Behav., 66,
65-72.

Ouagazzal, A.M., Kenny, P.J. and File, S.E. (1999) Modula-
tion of behaviour on trials 1 and 2 in the elevated plus-maze
test of anxiety after systemic and hippocampal administration
of nicotine. Psychopharmacology (Berl.), 144, 54-60.
Crépeaux, G., Bouillaud-Kremarik, P., Sikhayeva, N., Rychen,
G, Soulimani, R. and Schroeder, H. (2012) Late effects of a

28.

29.

30.

31.

perinatal exposure to a 16 PAH mixture: Increase of anxiety-
related behaviours and decrease of regional brain metabolism
in adult male rats. Toxicol. Lett., 211, 105-113.

Reyes-Castro, L.A., Rodriguez, J.S., Charco, R., Bautista,
C.J., Larrea, F., Nathanielsz, P.W. and Zambrano, E. (2012)
Maternal protein restriction in the rat during pregnancy and/or
lactation alters cognitive and anxiety behaviors of female oft-
spring. Int. J. Dev. Neurosci., 30, 39-45.

Mascola, M.A., Van Vunakis, H., Tager, 1.B., Speizer, F.E. and
Hanrahan, J.P. (1998) Exposure of young infants to environ-
mental tobacco smoke: breast-feeding among smoking moth-
ers. Am. J. Public Health, 88, 893-896.

Arnsten, A.F. (2009) Stress signalling pathways that impair
prefrontal cortex structure and function. Nat. Rev. Neurosci.,
10, 410-422.

Baarendse, P.J., Counotte, D.S., O’Donnell, P. and Vander-
schuren, L.J. (2013) Early social experience is critical for the
development of cognitive control and dopamine modulation
of prefrontal cortex function. Neuropsychopharmacology, 38,
1485-1494.




<<
  /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


