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INTRODUCTION

Reproductive senescence occurs in the course of
aging. Experimental works on rodents show that this is
not connected with gonad depletion or hypophysis
sensitivity loss to gonadotropin�releasing hormone
(GnRH). With advancing age, there is a change in the
sensitivity of the feedback mechanism between sex
hormones and neurons producing GnRH changes
[22]. The neurons in rats are in the rostral preoptic
area (RPA) of the hypothalamus [20]. The majority of
investigations on rats have not revealed the difference
in the number of GnRH cells in young and old animals
[23]; however, age�related changes occur in the neu�
ron ultrastructure and in protein biosynthesis [24].

The GnRH of neurons binds both the receptors of
the sex steroids and other membrane receptors by
means of neurotransmitters; some of them are pro�
duced by the neurons of the arcuate center (arcuate
nucleus, AN) of the hypothalamus.

Axon terminals of GnRH neurons border on portal
capillaries of the third ventricle area. With advancing
age, the number of immune reactive GnRH axons in
the median eminence is reduced [25]. The regulation
of the GnRH neuron terminals by estrogens can occur
at the level of the tanycytes of the third ventricle [27].

As the investigation have shown [13], additional
injection of α�tocopherol acetate (TP) into rats alters
the morphometric parameters of the hypothalamic
centers affecting the functioning of the reproductive
system; however, TP participation in the functioning
of neurosecretory cells has not been finally ascer�
tained. It is supposed that the corresponding receptors
of these cells can be sensitive not only to steroids but to

TP as well. The hypothalamic center of AN regulates a
lot of an organism’s functions including glucocorti�
coid homeostasis; therefore, it is necessary to study the
cell function of this nucleus with the neurons of RPA.

Experimental studies have revealed the ability of
preparations of the pineal body and the thymus to
increase the lifetime of mice and rats [9]. The mecha�
nism of geroprotective action of epiphysis peptide
preparations is attributed not only to the decrease in
intensity of peroxidation in tissues through the influ�
ence on melatonin production, but also to the retrieval
of the hypothalamic sensitivity threshold to steroid
hormones, deceleration of the age�related decrease in
immune reactions, and the increase in hormone pro�
duction by the thymus [2].

Preparations of the pineal body can alter the func�
tional activity of the hypothalamic centers connected
with reproductive function [1]. Similar alterations for
preparations of the thymus have not yet been
described.

This investigation studied age�related special fea�
tures of the morphofunctional condition of neurons of
RPA, the arcuate center of the hypothalamus of white
rats of different age and gender in a normal state in the
case of injection of thymalin preparation and TP, and
under action of acute stress.

MATERIALS AND METHODS

The experiments were performed in winter using
young and old sexually mature white rats of the Wistar
line; young 4�month�old animals had an average body
weight of males and females of 250 and 220 g, respec�
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tively, and old 20�month�old animals had an average
body weight of males and females of 350 and 280 g,
respectively.

Males and females were kept separately in standard
conditions in a vivarium at 22°C. In the course of the
experiment and just before its end, vaginal smears were
studied to determine the estrous cycle phase. The
investigations of females were performed on the phases
of diestrus and metestrus. The experimental animals
were divided into 12 groups, 6 variants separately for
males and females (10 animals per group).

The first group was the control without any treat�
ment. Animals in the second group (TP) were admin�
istered per os 10% solution of α�tocopherol acetate in
a dose of 1 mg/100 g of animal mass for 14 days (before
decapitation) once daily in the morning. The rats of
the third group underwent immobilization stress
(stress); the last 5 days before the end of the experi�
ments the animals were placed into a plastic box in
order of body size restricting free movements but not
preventing air intake daily at 11 a.m. for 1 h. The
fourth group underwent 5�day�long stress in combina�
tion the with 2�week TP administration (TP + stress).
Animals in the fifth group were injected by thymalin
intraperitoneally in a dose of 1.7 mg/100 g of animal
mass for 5 days. The injections were stopped 2 days
before the end of the experiments. The dose was calcu�
lated on the basis of experimental works on mice [10].
The animals in the sixth group underwent 5�day�long
stress in combination with thymalin injection (as did
the animals of the fifth group)—TP + stress.

The animals were decapitated in accordance with
the guidelines for the use of laboratory animals under
intraperitoneal chloral hydrate narcosis (2.5% solu�
tion, 1 ml/100 g of the animal’s body weight). 

The brain was fixed using the Karnua method; cel�
loidin–paraffin sections were colored by 0.1% water
solution of cresyl violet [4]. Morphometry of nuclei
and nucleoli of the hypothalamic centers was per�
formed using a MOV�1 15× eyepiece micrometer with
a 40× lens. The nucleus square (S) in μm2 was calcu�
lated from the formula S = π/4d1d2, where d1 and d2
were the mutually perpendicular diameters of the
nucleus. The diameter of nuclei was measured in the
plane of the optical section passing through the nucle�
olus. The number of analyzed cells in the control and
in each experiment was from 40 to 50.

A 10% oil solution of α�tocopherol acetate (pro�
duced by the Pokrov biopharmaceutical factory) and
thymalin preparation, which is a complex of polypep�
tide fractions obtained from cattle thymus (produced
by Samson�Med OOO, St. Petersburg, Russia) were
used in the experimental work. α�Tocopherol acetate
was injected at a dose of 1 mg/100 g of animal mass.
The dose was selected according to the data on opti�
mal action of the vitamin as an antioxidant in a once
daily injection and did not exceed 5 mg per animal
with the average mass at 200 g [26].

The experimental data were analyzed using the
alternative analysis and Student t�test. The statistical
analysis was performed using licensed standard soft�
ware.

RESULTS AND DISCUSSION

Morphometric analysis of hypothalamic RPA
nuclei of young animals (Table 1) revealed the absence
of sex�related differences in that feature (p > 0.05).
It was ascertained that the area of nuclei in rat males

Table 1. Effect of thymalin, α�tocopherol acetate and stress on the change in area of nuclei of RPA neurons of the hypo�
thalamus of young and old rats

Group Gender
Young rats Old rats

nuclei S, μm2 changes, % nuclei S, μm2 changes, %

Control Females 94.3 ± 3.60 No 96.2 ± 2.70 No

Males 102.8 ± 3.80 No 100.4 ± 3.62 No

TP Females 64.4 ± 1.84*3) 32 81.6 ± 2.44*2) 15

Males 64.7 ± 2.39*3) 37 82.3 ± 2.86*2) 18

Stress Females 89.1 ± 2.98 No 95.4 ± 3.48 No

Males 108.7 ± 4.42 No 98.6 ± 3.24 No

TP + stress Females 65.2 ± 2.53*3) 31 80.6 ± 2.62*2) 16

Males 65.51 ± 1.96*3) 36 83.2 ± 2.74*2) 17

TM Females 110.6 ± 3.32*2) +17 98.3 ± 2.64 No

Males 118.2 ± 3.78*2) +15 101.9 ± 3.46 No

TM + stress Females 111.3 ± 2.66*2) +18 97.2 ± 2.56 No

Males 114.1 ± 3.28*1) +11 102.2 ± 3.12 No

Here and in Table 2: confidence of difference with the control group is *1) p ≤ 0.05; *2) p ≤ 0.01; *3) p ≤ 0.001.
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and females that were administered TP significantly
decreased, from 37 and 32%, respectively (p < 0.001).

Under the action of experimental stress, the mor�
phometric parameters studied did not change signifi�
cantly (p > 0.05). 

The TP injection, combined with stress, caused a
decrease in neuron nuclei area in females for 31% and
in males for 36% (p < 0.001). The portion of the
revealed changes is close to the isolated action of TP.

Under the action of thymalin, the area of RPA neu�
ron nuclei increased 15% in young females and 16% in
males (p < 0.01). In case of combined action of thyma�
lin and stress, the increase in nuclei size was close to
the action of thymalin alone (p < 0.01 for females and
p < 0.05 for males).

The area of neuron nuclei in the control group of
old animals was close to the value of the young ones
(p > 0.05); no sex�related differences were found.

The TP injection resulted in a decrease in the RPA
neuron nuclei area by 15% in old females and 18% in
old males (p < 0.01)

Stress did not significantly affect the morphometric
parameters of the neuron nuclei of old animals (p > 0.05).

In case of TP injection combined with stress, the
decrease in the RPA nuclei area in old animals was
connected only with the effect of TP.

Reliable alteration of the nuclei size of RPA cells in
old animals was not found either in the case of isolated
thymalin injection or of TM + stress.

AN of the hypothalamus. Morphometric analysis of
the hypothalamic AN nuclei areas (Table 2) in young
animals showed the absence of reliable sex�related dif�
ferences of the studied parameter (p > 0.05).

The TP injection caused a significant decrease of
the neuron nuclei area of 15% (p < 0.01) in males and
25% (p < 0.001) in females.

Under the action of stress, the size of the neuron
nuclei decreased 19% in females and 14% in males
(p < 0.001). The TP injection combined with stress
also promoted a decrease in the area of neuron nuclei
(25% in females and 12% in males, p < 0.001).

After a TP injection into young animals, an
increase of the nuclei area of AN neurons was noted
(p < 0.01). However, in combined action of stress and
thymalin, the size of nuclei decreased in both females
(p < 0.001) and in males (p < 0.01).

The area of nuclei of AN neurons in old males is
3.4% less than in young animals. However, the param�
eter for old females was a little higher than for young
ones (1.2%); moreover, the statistically significant dif�
ference of this parameter was not revealed for either
males or females (p > 0.05). In case of old animals, the
area of neuronal nuclei decreases for 10% only in
males (p < 0.05).

Stress caused a significant decrease in the nuclei
area in males regardless of age (p < 0.001 in both
cases), but this reaction in old females was consider�
ably less than in young ones. In the case of combina�
tion of stress with TP injection, the nuclei square also
decreased (p < 0.01).

Under the action of thymalin, the size of AN neu�
rons nuclei in old animals increased less in compari�
son with young ones (p < 0.05 for females and p < 0.001
for males). The combined action of stress and thyma�
lin caused a decrease in the size of AN nuclei, but in
this case thymalin lowered the threshold of neuronal
sensitivity to stress in old animals.

Analysis of the experimental results indicates the
presence of the response of RPA and AN neurons to
experimental influences. The increase in the size of
nuclei of RPA neurons was found in response to thy�
malin action but only in young animals. TP injection

Table 2. Effect of thymalin, α�tocopherol acetate and stress on the change in area of nuclei of AN neurons of the hypothal�
amus of young and old rats

Variants Gender
Young rats Old rats

nuclei S, μm2 changes, % nuclei S, μm2 changes, %

Control group Females 50.7 ± 0.76 No 51.4 ± 1.35 No

Males 52.6 ± 1.51 No 50.8 ± 1.42 No

TP Females 37.9 ± 1.51*3) 25 49.3 ± 1.25 No

Males 44.6 ± 1.76*2) 15 45.7 ± 1.64*1) 10

Stress Females 40.9 ± 1.82*3) 19 43.2 ± 1.71*3) 16

Males 45.3 ± 1.80*2) 14 42.7 ± 1.81*3) 16

TP + stress Females 38.2 ± 1.31*3) 25 43.7 ± 1.38*2) 15

Males 46.2 ± 1.84*2) 12 43.5 ± 1.45*2) 14

TM Females 58.3 ± 1.68*2) +15 56.5 ± 1.68*1) +10

Males 61.0 ± 1.24*2) +16 56.9 ± 1.76*2) +12

TM + stress Females 41.5 ± 1.60*3) 18 41.1 ± 1.44*3) 20

Males 43.1 ± 1.46*2) 16 40.9 ± 1.7*3) 19
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caused a decrease in nuclei of RPA cells. At the same
time, immobilization stress did not affect RPA neu�
rons. Integration of activating and inhibitory external
and internal hypothalamic signals occurs in the arcu�
ate center. AN has a receptive field for steroids and
other hormones and participates in regulating ener�
getic homeostasis [21].

The decrease in nuclei of AN neurons was noted in
our experiment after stress and TP injection to young
animals but without gender differences. The response
of AN neuronal nuclei of old animals changed after
the TP injection—a moderate decrease in nuclei size
occurred only in females. The decrease in nuclei size
of the AN in response to stress remained remarkable;
moreover, the response of old animals was significantly
lower than the response of young rats.

As the results of the study showed, a special feature
of the response to the TP injection to the control ani�
mals was the significant inhibition of the functional
activity of cells of neuroendocrine centers. The
observed TP effect did not depend on animal age and
was more pronounced in males. The reaction obtained
was connected with the formation of prooxidant situ�
ations in neuroendocrine areas of the hypothalamus
initially possessing the physiological optimum of pro�
and antioxidant balance [3]. Depression of the antiox�
idant system occurs with advancing age; morphologi�
cal changes caused by TP injection are less pro�
nounced in hypothalamic neurons of old animals.

A remarkable difference in the reaction of neu�
roendocrine cells of RPA and AN under stress found
in the experiments is probably related to significant
differences in antioxidant reserves of neurons of these
hypothalamic regions. The absence of the TP stress
protective effect in both young and old animals is fur�
ther evidence of the regulatory properties of TP, which
is capable of exhibiting both antioxidant and prooxi�
dant properties depending on the state of the oxidant–
antioxidant system at the cellular level [5, 8].

As we know, the change in the size of neuroendo�
crine cells is interrelated to protein synthesis [12].
Neurotransmitters modulate the electrical activity of
neurons of the hypothalamic nuclei and change their
neurosecretory activity. The study of the TP properties
at the cellular level revealed its influence on nucleus
functioning and gene expression [18, 19]. However the
neurophysiological effects of vitamin E need to be
studied further; it particularly caused difficulties in
analyzing its effect on the neuroendocrine system
observed in our experiments.

The experiments also showed that thymalin injec�
tion caused an increase in nuclei size of AN neurons
and marked enhancement of the response of these
cells to stress in old animals. Thymalin injection prob�
ably promotes alteration of the sensitivity of the recep�
tors presented in the AN to glucocorticoids [17, 27].
The age�specific feature of the response of RPA and
AN neurons of hypothalamus of white rats to TP
injection is a decrease in response.

Differences in reactions of AN and RPA neuro�
secretory cells to thymalin depending on the age of
animals observed in the experiments are of crucial
importance: enhancement in the functional activity of
RPA neurosecretory cells in young animals and the
absence of any differences in old animals were found
using morphometric methods. As is known [16], the
sensitivity of target cells to regulatory peptides changes
with increasing age. In our experiments, the exogenic
influence of thymalin did not restore the depressed
function of RPA neurosecretory cells, which is proba�
bly defined (in contrast to AN neurosecretory cells) by
the increase in the sensitivity threshold of these cells to
neuropeptides and inhibition of the protein synthesis
in neurosecretory cells, which is characteristic of invo�
lution. As the experimental results showed, thymalin
increased the functional activity of AN neurosecretory
cells independent of age and gender of animals. The
thymalin effects in old rats are probably defined by
thymalin’s ability to maintain the protein synthesis of
neurosecretory cells at a level that is characteristic of
young animals. According to the data [11, 14, 15],
peptide bioregulators possess the property to control
gene expression and protein biosynthesis in cells; it is
possible that the change of sensitivity of hypothalamic
neurosecretory cells to glucocorticoids occurs under
their action [6, 7].

REFERENCES
1. Anisimov, V.N., Myl’nikov, S.V., Oparina, T.I., and

Khavinson, V.Kh., Effect of Melatonin and Epith�
alamin on Life Span and Lipid Peroxidation in Droso�
phila melanogaster, Dokl. Akad. Nauk, 1997, vol. 352,
no. 5, pp. 704–707.

2. Anisimov, V.N., Khavinson, V.Kh., Morozov, V.G., and
Dil’man, V.M., Effect of Epiphyseal Extracts in Lower�
ing the Threshold Sensitivity of the Hypothalamo�
hypophyseal System of Old Female Rats to the Action
of Estrogens, Dokl. Akad. Nauk SSSR, 1973, vol. 213,
no. 2, pp. 483–486.

3. Baraboi, V.A., Brekhman, I.I., Golotkin, V.G., and
Kudryashov, Yu.B., Perekisnoe okislenie i stress (Perox�
idation and Stress), St. Petersburg: Nauka, 1992.

4. Bures, J., Buresova, O., and Huston, J., Techniques
and Basic Experiments for the Study of Brain and
Behavior. Amsterdam: Elsevier, 1983.

5. Zenkov, N.K., Kandalintseva, N.V., Lankin, V.Z.,
Men’shchikova, E.B., and Prosenko, A.E., Fenolnie
bioantioksidanti (Phenol Bioantioxidants), Novosi�
birsk: SO RAN, 2003.

6. Labunets, I.F., Tereshina, O.P., Maksyuk, T.V., et al.,
New Approaches in Thymalin and Epithalamin Use in
Aging Organism. Pharm. Bull., 1997, vol. 1, pp. 4–47.

7. Labunets, I.F., Butenko, G.M., Dragunova, V.A., et al.,
The Pineal Gland’s Peptides Factors and the Rhythms
of Functions of the Thymus and Bone Marrow in Ani�
mals During Aging, Adv. Gerontol., 2004, vol. 13,
pp. 81–89.

8. Men’shikova, E.B., Zenkov, N.K., Lankin, V.Z.,
Bondar’, I.A., and Trufakin, V.A., Okislitel’nii stress.



80

ADVANCES IN GERONTOLOGY  Vol. 1  No. 1  2011

 KOZAK, TEPLYI

Patologicheskie sostoyaniya i zabolevaniya (Oxidative
Stress. Pathological States and Diseases), Novosibirsk:
ARTA, 2008.

9. Morozov, V.G. and Khavinson, V.Kh., Peptidnie bioreg�
ulyatory (25�letnii opyt eksperimental’nogo i klin�
icheskogo izucheniya) (Peptide Bioregulators (25�year�
old Experience of the Experimental and Clinical
Research)), St. Petersburg: Nauka, 1996.

10. Morozov, V.G. and Khavinson, V.Kh., Peptide bioreg�
ulators in Prevention and Treatment of Age�related
Pathology, Adv. Gerontol., 1997, vol. 1, pp. 74–79.

11. Morozov, V.G., Khavinson, V.Kh., and Malinin, V.V.,
Peptidnie timomimetiki (Peptide Thymomimetic Drugs),
St. Petersburg: Nauka, 2000.

12. Sentagotai, Ya., Flerko, B., Mesh, B., and Halasz, B.,
Hypothalamic Regulation of the Distal Part of the Hypo�
physis, Budapest: Hungary Academy of Sciences, 1965.

13. Teplyi, D.L., The Effect of Vitamin E on the Neuro�
secretory Cells of the Hypothalamus in White Rats. Tsi�
tologiia, 1990, vol. 32, no. 12, pp. 1161–1167.

14. Khavinson, V.Kh. and Morozov, V.G., The Application
of Thymus Peptides as the Geroprotective Agents,
Problemy stareniya i dolgoletiya, 1991, vol. 1, no. 2,
pp. 123–128.

15. Khavinson, V.Kh. and Morozov, V.G. Peptidi epifiza i
timusa v regulyatsii stareniya (Pinal and Thymus Pep�
tides in Aging Regulation). St. Petersburg: Foliant,
2001.

16. Khavinson, V.Kh., Kvetnoi, I.M., and Yuzhakov, V.V.,
Peptidergicheskaya regulyatsiya gomeostaza (Peptide�
ergic Regulation of Homeostasis) St. Petersburg:
Nauka, 2003.

17. Aronsson, M., Fuxe, K., Dongt, Y., Agnati, L.F.,
Okret, S., and Gustafsson, J.A., Localization of Gluco�
corticoid Receptor mRNA in the Male Rat Brain by in
situ Hybridization, Proc. Natl. Acad. Sci. USA, 1988,
vol. 85, no. 23, pp. 9331–9335.

18. Azzi, A., Molecular Mechanism of α�tocopherol
Action, Free Rad. Biol. Med., 2007, no. 43, pp. 16–21.

19. Azzi, A., Non�antioxidant Activities of Vitamin E,
Curr. Med. Chem., 2004, vol. 11, no. 9, pp. 1113–1133.

20. Cashion, A.B., Smith, M.J., and Wise, P.M., The Mor�
phometry of Astrocytes in the Rostral Preoptic Area
Exhibits a Diurnal Rhythm on Proestrus: Relationship
to the Luteinizing Hormone Surge and Effects of Age.
Endocrinology, 2003, vol. 144, no. 1, pp. 274–280.

21. Chun�Xia, Y., Ventromedial Acruate Nucleus Commu�
nicates Peripheral Metabolic Information to the Supra�
chiasmic Nucleus. Endocrinology, 2006, vol. 147, no. 1,
pp. 283–294.

22. Gore, A.C., Oung, T., Yung, S., Flagg, R.A., and Wol�
ler, M.J., Neuroendocrine Mechanisms for Reproduc�
tive Senescence in the Female Rat: Gonadotropin�
Releasing Hormone Neurons, Endocrine, 2000, vol. 13,
no. 3, pp. 315–323.

23. Miller, B.H. and Gore, A.C., N�Methyl�D�Aspartate
Receptor Subunit Expression in GnRH Neurons
Changes During Reproductive Senescence in the
Female Rat. Endocrinology, 2002, vol. 143, no. 9,
pp. 3568–3574.

24. Romero, M.T., Silverman, A.J., Wise, P.M., and Wit�
kin, J.W., Ultrastructural Changes in Gonadotropin�
releasing Hormone Neurons as a Function of Age and
Ovariectomy in Rats. Neuroscience, 1994, vol. 58, no. 1,
pp. 217–225.

25. Tweedle, C.D., Smithson, K.G., and Hatton, G.I.,
Neurosecretory Endings in the Rat Neurohypophysis
are en Passant, Exp. Neurol., 1989, vol. 106, no. 1,
pp. 20–26.

26. Yasuda, M., Fujita, T., and Mizunoya, Y., Influence of
Vitamin E on the Level of Lipids. J. Pharm. Sos. Jap.,
1979, vol. 99, no. 3, pp. 285–289.

27. Yin, W., Oung, T., Ng, C.L., Janssen, W.G.M., Morri�
son, J.H., and Gore, A.C. Novel Subcellular Localiza�
tion of NMDA Receptors (NMDARs) within Neu�
roendocrine GnRH Terminals, The 32nd annual meet�
ing of Neuroscience Society, Orlando, Florida,
November 2002.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


