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Comparative study of the effects of pre and post natal
administration of a thyroid drug on testicular activity

in adult rat
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Abstract: Thyroid hormone is known to play a critical role in growth and development of rat testes with a specific effect
on the differentiation of Sertoli cells leading to a normal evolution of germ cells. In the present study, we aimed to com-
pare the effect of induced hypothyroidism during fetal and post-natal life on the structure and function of the testis in adult.
Pregnant or lactating mothers were treated with 6-propyl-2-thiouracil (PTU) during 21 days and weight gain of pups was
steady until adult age. Plasma hormonal levels were determined by RIA and morphology of testis was studied on sections
stained with Masson's trichrome. Pre and early post natal hypothyroidism resulted in an impairment of body development
and a diminution of thyroid hormone levels of treated rats. No significant effect on testicular development has been observed
when hypothyroidism is induced in fetal life while it was associated with reduction in testis weight, diameter of seminifer-
ous tubules and hormonal levels and delay in maturation of germ cells, when induced during early post natal life.
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Introduction

The thyroid gland develops from the floor of the prim-
itive pharynx and begins to synthesize and secretes T4
by 17 days of gestation [27,28]. The most numerous
cell population in the gland is the thyroid follicular
cells which are responsible of secretion of ioded tyro-
sine derived hormones which exert important effects
on development, growth, and metabolism [29,41].
Some of their most prominent effects occur during
foetal development and early childhood while several
organs undergo significant morphological and physio-
logical changes. First, it has been thought that the male
gonad was unresponsive to the thyroid hormones [2]
so the delayed gonadal maturation observed in
hypothyroid experimental animals and man has been
attributed to a reduction of gonadotrophins secretion
[38,40]. Since then in several studies, a hypothyroid
state was induced by thyrodlectomy [1,4,9,10] or by
administration of anti-thyroid drugs [1,11-15,17-
19,22,24,30-31,33-34,38-39] and the effects on testic-
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ular structure or/and function have been evaluated.
Likewise, in most of these studies the hypothyroidism
was induced after birth and little has been known about
effects of pre-natal transient hypothyroidism on the
testis development [17]. In this study, we aimed to
compare morphological variations and hormonal sta-
tus in adult rats after transient hypothyroidism induced
by PTU during gestation and lactation periods.

Materials and methods

Animals and induction of hypothyroidism. Wistar female rats
were made pregnant and kept in a animal room with a controlled
temperature (20-25°C) and under natural photoperiod with pel-
leted commercial chow ad libitum. Experiments were conducted
according to recommendations edicted in the Guide to the Care
and Use of Experimental Animals. Prenatal treatment was start-
ed 1 day post coitum and stopped at birth, by giving pregnant
rats a drinking water containing 0.025% (w:v) 6-propyl-2-
thiouracil (PTU; Sigma Chemical Co., St. Louis, MO) and
0.075% saccharine-aspartam ( Cologan, Lidl UK GmBH) to
mask the bitter taste of PTU (PTU), control pregnant rats
received water laced with 0.075% saccharine-aspartam (C).
After birth, to render newborns hypothyroid, lactating rats were
provided with drinking water containing 0.025% PTU and
0.075% sweetener (PTU). Control mothers received sweetened
water (C). Treatment has been maintained to day 21. Treated and
control litters were followed up until adulthood and decapitated
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Fig. 1. Body weight in control and prenatal PTU treated rats. Bars
represent mean + SEM;treated vs. control:*p<0.05, **p<0.01,
*#%p<0.001; n=4.
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Fig. 3. Plasma androgens levels in control and prenatal PTU treat-
ed rats. Bars represent mean + SEM;treated vs. control: p>0.05.

60 and 100 after birth. Blood was collected on 2% EDTA, plas-
ma were separated by centrifugation and stored at -20°C for hor-
mones measurements.

Hormone measurements. Plasma levels of total androgens were
evaluated by Radio Immunoassay method  after
Cyclohexane/Ethylacetate (V/V) extraction, all samples were
assayed in duplicate in a single RIA run using [1,2,6,7] *H testos-
terone (Amersham, GB) and an anti-testosterone rabbit serum
antibody produced in laboratory. Plasma free triiodothyronine
(FT,) and free thyroxin (FT,) were measured using a single anti-
body direct radioimmunoassay kits (Immunotech, France, FT:
ref. IM1579; FT,: ref. IM1363).

Histology. Testes of PTU treated rats and controls were fixed in
an aqueous fixative, embedded in paraffin and 5 m sections
were stained with Masson's trichrome dyes solutions and studied
in a Zeiss photomicroscope equipped with ocular grid.

Statistical analysis. Body and testis weights and hormone meas-
urements are presented as mean + SEM. Two-way analyses of
variance were used for statistical evaluation of data using Stu-
dent's t test. The level of significance was taken as p < 0.05.
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Fig. 2. Body weight in control and postnatal PTU treated rats. Bars
represent mean + SEM;treated vs. control:**p<0.01, ***p<0.001;
n=14.
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Fig. 4. Plasma androgens levels in control and postnatal PTU treat-
ed rats. Bars represent mean + SEM;treated vs. control: **p<0.01.

Results
Body weight (BW)

Body weight of prenatal PTU treated animals was sig-
nificantly lower the two first weeks after birth (respec-
tively 3.99 £ 0.36 g vs. 7.5 £ 0.46 gand 7.5+ 0.29 g vs.
13.07 £ 0.43 g; p< 0.001). It evolved similarly until 60
dpp and became significantly lower over the rest of
experiment (Fig. 1). Body weight of postnatal PTU treat-
ed rats evolved parallel to control's one until adult age
but remained significantly lower from the fourth week
onwards. The mean weights of 9 and 14-week-old rats
being 89.68 + 5.43 g vs. 170.89 £ 5.22 g (p< 0.001) and
173.26 £9.27 g vs. 225.44 £7.76 g (p< 0.01; Fig. 2).

Testis weight

Testis weight in prenatal PTU treated rats was weakly
decreased, respectively 6% and 4%, at 60 and 100 days
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Table 1. Testis weight and diameter of seminiferous tubules in control and PTU treated rats. Treated vs. control rats:*p<0.05.

A Testis weight (g) Diameter of seminiferous tubules (Om)
es
¥ C | PTU C PTU
Prenatal treatment
1242 £0.017 1.170 £ 0.018*
60 dpp (n=4) (n =4) 242.01 £0.46 256.41+1.61
1.295+0.024 1242+£0.013
100 dpp (n=38) (n=38) 23450 +£8.12 23832+ 6.46
Postnatal treatment
1.189+0.031 0.460 £ 0.049* %
60 dpp (n=10) (n=18) 256.62 +0.49 168.23 +£2.95
1.577+0.023 1.665 £ 0.034*
100 dpp (n = 14) (n=14) 241.35+12.43 251.00 + 8.54

Table 2. Plasma FT4 and FT3 in control and PTU treated rats. Treated vs. control rats: *p<0.05, **p<0.01, ***p<0.001.

Ages FT, (pM) FT; (pM)
C | PTU C | PTU
Prenatal treatment
60 dpp 24.33+2.26 23.80+1.94 2.35+0.10 1.69+£0.16*
(n=4) (n=4) (n=4) (n=4)
100 dpp 20.00+3.14 16.88 £ 3.63 4.62+0.28 474 £1.46
(n=4) (n=4) (n=4) (n=4)
Postnatal treatment
60 dpp 21.52+1.89 12.30 £ 1.15%** 5.66 = 0,67 2.93+£0,31%*
n=7) (n=9) n=7) (n=9)
100 dpp 1924 £1.41 18.51+£1.07 5.84+0.74 4.49+£0.23
(n=11) (n=12) (n=11) (n=12)

of age (p < 0.05 and p> 0.05). An important decrease
(61%) was noted in postnatal PTU treated rats when
compared with control rats at 60 days of age (p <
0.05). At 100 days of age, testis weight in this PTU
treated group was 6% greater (1.665 £+ 0.034 g vs.
1.577 £ 0.023 g; p < 0.05) despite the 23% decrease in
body weight (Table 1).

Hormonal levels

Mean plasma FT, of prenatal treated rats was respec-
tively 23.80 = 1.94 pM and 16.88 + 3.63 pM respec-
tively at 60 and 100 days of age. No significant differ-
ence was observed when means were compared to
those of controls. In postnatal treated rats, FT, plasma
level was significantly decreased 60 days after birth
when compared to control rats (12.30 £ 1.15 pM vs.
21.52 £ 1.89 pM; p< 0.001; Table 2).

Prenatal and postnatal PTU treated rats together
showed reduced FT3 60 days after birth (1.69 = 0.16
pM vs. 2.35 £ 0.10 pM; p< 0.05 and 2.93 £ 0.31 pM

vs. 5.66 = 0.67 pM; p< 0.01) and no significant varia-
tions 100 days after birth (Table 2).

Plasma androgens concentrations in prenatal PTU
treated group were not different compared with control
group (Fig. 3). These concentrations were significant-
ly lowers when treatment was provided after birth:
0.52 +0.03 ng/ml vs. 1.19 £ 0.17 ng/ml in 60-day-old
rats and 0.96 £+ 0.15 vs. 2.74 + 0.41 ng/ml in 100-day-
old ones (p< 0.01; Fig. 4).

Testicular morphology

No significant differences were obtained in tubule
diameter and morphology of testis in prenatal PTU
treated rats when compared with their respective con-
trols contrary to postnatal PTU treated 60-day-old rats
in which mean diameter tubule was significantly
decreased and spermatogenesis delayed. In fact, while
tubules in control rats contained spermatozoa, PTU
treated rats showed tubules with few elongated sper-
matids (Table 1, plates 1 and 2).
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Fig. 5. Testis sections in control and PTU 60-day-old-rats. a;-a,: Control, b;-b,: PTU prenatal treated rats, c,-c,: PTU postnatal treated
rats. ep:seminiferous epithelium, L: lumen, Ib:basal lame, Ly: Leydig cell, Sn:Sertoli cell nucleus, Spl: primary spermatocyte, Spg: sper-
matogonia, Sptl: elongate spermatide, Sptr:round spermatid, Spz: spermatozoa, Vs: blood vessel, 1-4-5-8-7:spermatogenesis stages. a,-
b,-c,: Gx200, a,-b,-c,: Gx630.
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Fig. 2. Testis sections in control and PTU 100-day-old-rats. a,-av: Control, b,-b,: PTU prenatal treated rats, c,-c,: PTU postnatal treated
rats. L: lumen, Ly:Leydig cell, Sd: Spermatid, Spl: primary spermatocyte, Spg: spermatogonia, Sr: Sertoli cell, Sptr: round spermatid,
Spz: spermatozoa, Ti: interstitial tissue, Vs: blood vessel. a,-b-c,: Gx240, a,-b,-c,: Gx480.
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Discussion

The PTU treatment induced a decrease in thyroid hor-
mones levels by inhibiting oxidation of iodide to oxi-
dized iodine and its binding to tyrosine moieties in thy-
roglobulin: a central step in thyroid hormone synthesis
catalysed by the thyroperoxydase and decreasing D1
deiodinase's activity and peripheral transformation of
T4 [35]. This drug is known to be able to cross the pla-
centa [25] and to be present in milk of lactating moth-
ers [3,16] inducing an hypothyroidy in fetus and new-
borns. Our treated animals were hypothyroids like it
was demonstrated by decreased FT4 and/or FT3 plas-
ma levels at 60 dpp and like it is reported [17, 34]. The
results of this study demonstrate a significant weight
loss at birth and adulthood in prenatal treated rats and
over all the experiment for postnatal treated ones. No
significant difference was observed in the body weight
of fetuses taken from 0.025% MMI treated mothers by
Francavilla et al [17] while similar variations have
been observed after postnatal thyroidectomy [1,4],
0.1% [1, 30], 0.05% [17] or 0.025% MMI treatment
[31] and 0.1% PTU administration [12-14,19]. This
effect on body growing was foreseen since numerous
data demonstrate that thyroid hormone is strongly
involved in the regulation of body growth during fetal
and postnatal periods through their complex metabolic
effects, stimulation of growth factors production and
secretion and action of GH and IGF-1 [7,37].

Adult rats made hypothyroid during fetal period did
not show any morphological differences when com-
pared with control rats while postnatal transient
hypothyroidism resulted in delayed maturation of
testis. These results complete those of Francavilla for
fetuses [17] and agree with those obtained during pre-
pubertal and pubertal periods [1,17,22,30-31,33-
34,39] and adulthood [12-14,18,19] after postnatal
induced hypothyroidism.

Early induced hypothyroidism slows the transition
from mitogenic to differentiated state of Sertoli cells
since it is associated with a marked delay in Sertoli cell
development [15] resulting in a dramatic impairment
of protein metabolism and level of specific biochemi-
cal markers [30] and consequently a significant
decrease in the number of germ cells per tubule during
pubertal period [17,34] supported by the presence of
active forms of thyroid hormone receptors ¢ in testes
during postnatal period [6,8,20,21]. The reduced
androgens levels in postnatal PTU treated rats, in
agreement with results obtained in thyroidectomized
rats [1,4] and animals made hypothyroid during differ-
ent periods [23,24,38] can be explained by lower
serum levels of LH [17,38], reduced number of LH
receptors per Leydig cell [18,38] and a delay in the
onset of mesenchymal precursor cells differentiation
into Leydig progenitor cells and newly formed adult
Leydig cells [26,36]. The enhanced gonadal function
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in adulthood after transient hypothyroidism seems to
be dependent on activity of enhanced Sertoli cells
number in spite of the androgens essential role for the
maintenance of spermatogenesis [5, 32]. In conclu-
sion, this study demonstrates that neonatal hypothy-
roidism results in delayed maturation of the testis and
reduced plasma androgens levels while prenatal thy-
roid hormone deficiency remains without effect on
testis development.

References

[ 1] Ando S, Panno ML, Beraldi E, Tarantino G, Salerno M,
Palmero S, Prati M, Fugassa E. Influence of hypothyroidism
on in vitro testicular steroidogenesis in adult rats. Exp Clin
Endocrinol. 1990;96:149-156.

[ 2] Barker SB, Klitgard HM. Metabolism of tissu excised from
thyroxine injected rats. Am J Physiol. 1952;170:81-86.

[ 3] Ben Hamida F, Soussia L, Guermazi F, Rebai T, Zeghal N.
Effets de deux antithyrodliens de synth¢se (propylthiouracile
et perchlorate) sur la fonction thyrodlienne de la souris en
période d'allaitement. Ann Endocrinol. 2001;62:446-453.

[ 4] Biswas NM, Ghosh PK, Biswas R, Ghosh D. Effect of thy-
roidectomy and thyroxine and o, -globulin replacement ther-
apy on testicular steroidogenic and gametogenic activities in
rats. J Endocrinol. 1994;140:343-347.

[ 5] Bremner WIJ, Millar MR, Sharpe RM, Saunders PT. Immuno-
histochemical localisation of androgen receptors in the rat
testis: evidence for stage-dependent expression and regulation
by androgens. Endocrinology. 1994;135:227-1234.

[ 6] BuzzardJJ, Morrison JR, O'Bryan MK, Song Q, Wreford NG.
Developmental expression of thyroid hormone receptors in
the rat testis. Biol Reprod. 2000;62:664-669.

[ 7] Cabello G, Wrutniak C. Thyroid hormone and growth: rela-
tionships with growth hormone effects and regulation. Reprod
Nutr Develop. 1989;29:387-402.

[ 8] Canale D, Agostini M, Giorgilli G, Caglieresi C, Scartabelli
G, Nardini V, Jannini EA, Martino E, Pinchera A, Macchia, E.
Thyroid hormone receptors in neonatal, prepubertal and adult
rat testis. J Androl. 2001;22:284-288.

[ 9] Chowdhury AR, Arora U. Role of thyroid in testicular devel-
opment of immature rat. Arch Androl. 1984;12:49-51.

[10] Chowdhury AR, Gautam AK, Chatterjee BB. Thyroid-testis
interrelationship during the development and sexual maturity
of rat. Arch Androl. 1984;13:233-239.

[11] Cooke PS, Hess RA, Porcelli J, Meisami E. Increased sperm
production in adult rats after transient neonatal hypothy-
roidism. Endocrinology. 1991;129:244-248.

[12] Cooke PS, Kirby JD, Porcelli J. Increased testis growth and
sperm production in adult rats following transient neonatal
goitrogen treatment:optimisation of the propylthiouracile
dose and effect of methimazole. J Reprod Fertil, 1993;97:
493-499.

[13] Cooke PS, Meisami E. Early hypothyroidism in rat causes
increased adult testis and reproductive organ size but does
change testosterone levels. Endocrinology. 1991;129:237-
243.

[14] Cooke PS, Porcelli J, Hess RA. Induction of increased testis
growth and sperm production in adult rats by neonatal admin-
istration of goitrogen propylthiouracile (PTU):The critical
period. Biol Reprod. 1992;46:146-154.

[15] Cooke PS, Zhao YD, Bunnick D. Triiodothyronine inhibits
proliferation and stimulates differenciation of cultured neona-
tal Sertoli cells:possible mechanism of increased adult testis
weight and sperm production induced by neonatal goitrogen
treatment. Biol Reprod. 1994;51:1000-1005.



Effects of thyroid drug on testicular activity in rats

[16] Cooper DS. Substances that affect thyroid function or thyroid
hormone metabolism. In: The thyroid gland. Greer MA [Eds].
Raven Press Ltd, New york, 1990;323-344.

Francavilla S, Cordeshi G, Properzi G, Di Cicco L, Jannini

EA, Palmero S, Fugassa E, Loras B, D'armiento M. Effect of

thyroid hormone on the pre and postnatal development of rat

testis. J Endocrinol. 1991;129:35-42.

[18] Hardy MP, Kirby JD, Hess RA, Cooke PS. Leydig cells
increase their numbers but decline in steroidogenic function
in the adult rat after neonatal hypothyroidism. Endocrinology.
1993;132:2417-2420.

[19] Hess RA, Cooke Ps, Bunick D, Kirby JD. Adult testicular
enlargement induced by neonatal hypothyroidism is accom-
panied by increased Sertoli and germ cell numbers.
Endocrinology. 1993;132:2607-2613.

[20] Jannini EA, Olivieri M, Francavilla S, Gulino A, Ziparo E,
D'Armiento M. Ontogenesis of the nuclear 3, 5, 3' triiodothy-
ronine receptor in the rat testis. Endocrinology.
1990;126:2521-2526.

[21] Jannini EA, Ulisse S, D'Armiento M. Thyroid hormone and
male gonadal function. Endocr Rev. 1995;16:443-457.

[22] Loveland K, Schlatt S, Sasaki T, Chu ML, Timpl R, Dziadek
M. Developmental changes in the basement membrane of the
normal and hypothyroid postnatal rat testis:Segmental locali-
sation of fibulin-2 and fibronectin. Biol Reprod. 1998;58:
1123-1130

[23] Maran RR, Ravichandran K, Arunakaran J, Aruldhas MM.
Impact of neonatal hypothyroidism on Leydig cell number,
plasma, and testicular interstitial fluid sex steroids concentra-
tion. Endocr Res. 2001;27:119-141.

[24] Maran RR, Sivakumar R, Arunakaran J, Ravisankar B,
Ravichandran K, Sidharthan V, Jeyaraj DA, Aruldhas MM.
Duration-dependant effect of transient neonatal hypothy-
roidism on Sertoli and germ cell number, and plasma and tes-
ticular interstitial fluid androgen binding protein concentra-
tion. Endocr Res. 1999;25:323-340.

[25] Marchant B, Brownlie BEW, McKay Hart D, Horton PW,
Alexander WD. The placental transfer of propylthiouracil,
methimazole and carbimazole. J Clin Endocrinol Metab.
1977;45:1187-93.

[26] Mendis-Handagama SMLC, Ariyaratne HBS. Differentiation
of the adult Leydig cell population in the postnatal testis. Bio/
Reprod. 2001;65:660-671.

[27] Morreale de Escobar G, Pastor R, Obregon MJ, Escobar del
Rey F. Effects of maternal hypothyroidism on the weight and
thyroid hormone content of rat embryonic tissues, before and
after onset of fetal thyroid function. Endocrinology.
1985;117:1890-1900.

[28] Obregon MJ, Mallol J, Pastor R, Morreale de Escobar G,
Escobar del Rey F. L-thyroxine and 3, 5, 3'-triiodo-L-thyro-

[17

—

57

nine in rat embryos before onset of fetal thyroid function.
Endocrinology. 1984;114:305-307.

[29] Oppenheimer J, Schwartz H, Mariash C. Advances in our
understanding of thyroid hormone action at the cellular level.
Endocr Rev. 1987;8:288-308.

[30] Palmero S, De Marchis M, Gallo G, Fugassa E. Thyroid hor-
mone affects the development of Sertoli cell function in the
rat. J Endocrinol. 1989;123:105-111.

[31] Panno ML, Bereldi E, Pezzi V, Salerno M, Delula G, Lanzino
M, Leper M, Sis D, Prati M, Palmero S, Bolla F, Fugassa E,
Ando S. Influence of thyroid hormone on androgen metabo-
lism in prepubertal rat Sertoli cell. J Endocrinol. 1994;140:
349-355

[32] Sharpe RM, Maddocks S, Millar M, Kerr JB, Saunders PT,
Mckinnell C. Testosterone and spermatogenesis. Identifica-
tion of stage-specific, androgen-regulated proteins secreted
by adult rat seminiferous tubules. J Androl. 1992;13:172-184.

[33] Simorangkir DR, De Kretser DM, Wreford NG. Increased
numbers of Sertoli and germ cells in adult rat testes induced
by synergic action of transient neonatal hypothyroidism and
neonatal hemicastration. J Reprod Fertil. 1997;104:207-213.

[34] Simorangkir DR, Wreford NG, De Kretser DM. Impaired
germ cell development in the testes of immature rats with
neonatal hypothyroidism. J Androl. 1997;18:186-193.

[35] Taurog A. Hormone synthesis:thyroid iodine metabolism.
In:the thyroid. Ingbar SH, Baverman LE [Eds], Lippincott,
Philadelphia. 1986;53-97.

[36] Teerds KJ, DeRooj DG, DeJong FH, Van Haaster LH. Devel-
opment of adult-type Leydig cell population in the rat is
affected by neonatal thyroid hormone levels. Biol Reprod.
1998;59:344-350

[37] Tsai JS, Samuels HH. Thyroid hormone action:stimulation of
growth hormone and inhibition of prolactin secretion in cul-
tured GH1 cells. Biochem Biophys Res Commun. 1974;59:
420-428

[38] Valle LB, Oliveira-Filho RM, Romaldini JH, L'Ara PF. Pitu-
itary testicular axis abnormalities in immature male hypothy-
roid rats. J Steroid Biochem. 1985;23:253-257.

[39] Van Haaster LH, Dejong FH, Docter R, Derooij DG. The
effect of hypothyroidism on Sertoli cell proliferation and dif-
ferenciation and hormone levels during testicular develop-
ment in rat. Endocrinology. 1992;131:1574-1576.

[40] Wong CC, Dohler KD, Muhlen AVZ. Effects of tri-iodothyro-
nine, thyroxine and iso-propyl-di-iodothyronine on thyroid
stimulating hormone in serum and pituitary gland and on pitu-
itary concentrations of prolactine, growth hormone, luteiniz-
ing hormone and follicle-stimulating hormone in hypothyroid
rats. J Endocrinol. 1980;87:255-264.

[41] Yen PM. Physiological and molecular basis of thyroid hor-
mone action. Physiol Rev. 2001;81:1097-1142.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


