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ABSTRACT. The effects of the time period between canine epididymis removal and cooling on post-thaw caudal epididymal sperm quality
were investigated.  Sperm recovered from the epididymis stored for 6 hr at 4 or 20C exhibited similar motility.  However, when the
epididymis was stored for 12 hr or longer at 20C, sperm motility was significantly lower than that at 4C (p<0.01).  The post-thawed
qualities of sperm recovered from the caudal epididymides that had been stored at 20C for 0 or 6 hr and then at 4C for 24 hr after
removal were not significantly different.  Therefore, leaving the canine epididymis at 20C for up to 6 hr after its removal may have
little effect on the post-thaw quality of recovered caudal epididymal sperm.
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Many wild animals including canids are endangered.  As
artificial reproductive techniques to preserve these species,
methods of gamete preservation have been investigated [1,
5, 7]. Gametes from male animals are generally collected by
ejaculation.  However, when animals die accidentally,
sperm are recovered from the cauda epididymis, the sperm
storage site [3, 4, 8].

In a previous study [3], unilateral intrauterine insemina-
tion with sperm that was recovered from canine caudal epi-
didymis in prostatic fluid (PF) and cryopreserved resulted in
a high conception rate, 80.0%.  We also showed that when
caudal epididymal sperm were recovered after storage of the
epididymis in sterile physiological saline at 4C for 48 hr,
sperm motility was reduced, but intrauterine insemination
with this post-thaw sperm again led to a high conception
rate, 80.0% [4].  In these two experiments, the epididymis
was kept at 4C immediately after removal, and the time
period until the start of cooling after removal was not con-
sidered.  However, when the bodies of male animals, such as
wild animals, that have died accidentally are discovered, it
is likely that several time have already passed under various
temperature conditions, and so the epididymis can rarely be
cooled immediately.  This suggests that the time until cool-
ing needs to be investigated.

It has been reported that mouse caudal epididymal sperm
shows a sperm motility of approximately 30% after 10 days
of postmortem storage at 4C [6], but only shows a sperm
motility of 10–15% after 24 hr of storage at room tempera-
ture [12].  Hishinuma et al. [2] reported that when the sika
deer (Cervus nippon) epididymis is removed 4 hr postmor-
tem and stored at 4C for 1–4 days, the caudal epididymal
sperm motility is high, at approximately 50%, but, when

removed 8–12 hr postmortem and stored at 4C for 1–4
days, the sperm motility is as low as 6.4%.  These reports
suggest that, in order to recover highly motile caudal epid-
idymal sperm, it is important to store dead male animals
immediately after death at 4C or to remove the epididymis
as soon as possible and rapidly store it at 4C, thereby
reducing the time of exposure to room temperature.  How-
ever, in all the reported studies concerning dog caudal epid-
idymal sperm, the epididymis was processed immediately
after excision or stored immediately at 4C, and no studies
have reported the effect of leaving the epididymis at room
temperature on semen quality.

Therefore, in Experiment 1 of this study, we compared
the quality of caudal epididymal sperm recovered from uni-
and contralateral epididymides that had been stored at 4 and
20C, respectively, for 6, 12 and 24 hr after removal in order
to investigate the effect of leaving the epididymis at room
temperature (20C) on caudal epididymal sperm.  Based on
the results of Experiment 1, in Experiment 2, we stored epi-
didymides at 20C for the time periods in which no signifi-
cant difference in sperm motility was found compared with
the caudal epididymal sperm recovered from epididymides
that were cooled for the same amounts of time at 4C imme-
diately after removal. After storage, epididymal sperm were
cryopreserved, and their post-thawed quality was examined
to assess the effect of the time between epididymis removal
and cooling on post-thaw caudal epididymal sperm quality.

Animals: The animals were 18 male dogs castrated at
local animal hospitals or the veterinary medical teaching
hospital at our University. The breeds, ages and body
weights are shown in Table 1.

This study was conducted in conformity with the animal
study guidelines of Nippon Veterinary and Life Science
University. 

Epididymal excision and preservation methods: After
ligation of the vas deferens and pampiniform venous plexus,
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the removed testis and epididymis were stored in sterile
physiological saline to avoid drying as follows. In Experi-
ment 1, one testis with epididymis from each dog was stored
at 20C (room temperature storage group: RTS group), and
the other was stored at 4C (low temperature storage group:
LTS group; both groups were stored for 6 (n=3), 12 (n=4) or
24 (n=3) hr. In Experiment 2, one testis with epididymis
from each dog was left at 20C for 6 hr and then stored at
4C for 18 hr (6-hr room temperature storage group: 6-hr
RTS group), and the other was stored at 4C for 24 hr (0-hr
room temperature storage group: 0-hr RTS group;n=8).

Transmigration of sperm from caudal epididymis: Sperm
were recovered from the caudal epididymides at room tem-
perature (22 to 23C) by the mincing method, as previously
reported [3, 4].  The excised testes and epididymides were
separated and then weighed  The blood vessel on the surface
of the epididymis was removed, and the epididymis was
then cut at the corpus near the cauda.  PF was used as the
solution for recovery of sperm.  PF was previously collected
from 6 other beagles and centrifuged at 600  g for 5 min,
and the supernatant was stored at –40C.

Semen quality test: Sperm recovered from caudal epid-
idymides were subjected to a semen quality test by micro-
scopic examination [3, 4].  The sperm concentration was
determined by hematocytometer counts, sperm motility was
determined as the percentage of actively motile sperm using
a semen quality examination plate and a warm plate and the
percentages of viable, morphologically abnormal and imma-
ture sperm were assessed by eosin-nigrosin staining.  Sperm
demonstrating cytoplasmic droplets on their mid-pieces
were judged as immature.

Cryopreservation of sperm: Caudal epididymal sperm
were frozen according to the method previously reported

[4].  The semen was centrifuged (600  g) for 5 min to
remove the PF.  Egg yolk Tris-fructose citrate (EYT-FC)
solution was used as the extender for frozen canine semen.
Primary and secondary dilutions with EYT-FC were per-
formed at 20C.  The final sperm concentration was adjusted
to 1  108/ml. Using a second extender supplemented with
1.5% Orvus ES Paste (OEP, Nova Chemical Sales, Inc., Sci-
tuate, MA, U.S.A.) and 14% glycerol, the semen was diluted
by the drip method with stirring for approximately 10 min.
The final concentrations of OEP and glycerol were 0.75 and
7%, respectively.  The semen was subjected to a first refrig-
eration at 4C for 1 hr using a programmable cooling system
(UH-JF, Chino Ltd., Tokyo, Japan).  The qualities of sperm
were also examined after glycerol equilibration for 1 hr.
The semen was then loaded into a 0.5-ml straw in a 4C
thermostat.  For freezing, LN2 was poured into a styrene
foam box (20  27  12 cm, 1.8 cm thick) to a level 5 cm
deep, and the straws were maintained horizontally at 7-cm
heights from the LN2 surface for 10 min for sensitization
with LN2 vapor.  The straws were then plunged into LN2.

Semen quality test after thawing: Semen straws were
thawed in warm water at 37C for 45 sec, at least 1 week
after freezing.  After the general semen quality tests
described above, the semen was stored at 20C, and the time
courses of sperm motility and sperm viability of semen
preparations from the two groups were examined after 1, 2,
4 and 6 hr. 

Statistical analysis: All data are presented as means  SD.
Differences in sperm parameters between the groups were
analyzed using one-way or two-way analysis of variance
(ANOVA;storage time  storage temperature), and post hoc
multiple comparisons between groups were made by the
Tukey-Kramer test using StatView 5.0 (Abacus Concepts

Table 1. Weights of the testes and epididymides of the dogs used in this study

Dog Age
Body Testis (g) Epididymis (g)  

No.
Breeds

(yrs)
Weigt
(kg) L R L R

1 Mongrel 1.1 2.2 1.7 1.9 0.5 0.6 
2 Chihuahua 1.5 2.0 1.8 1.7 0.6 0.6 
3 Chihuahua 3.0 1.6 1.6 1.7 0.5 3.8 
4 Miniture Dachshund 1.2 4.3 4.6 4.3 1.9 1.5 
5 Golden Retriever 1.0 30.0 16.5 14.9 4.1 0.5 
6 Beagle 1.0 10.0 4.9 4.0 1.3 1.3 
7 Beagle 1.0 10.0 6.9 6.8 2.0 1.8 
8 Miniture Dachshund 0.8 4.0 6.5 6.0 1.9 1.5 
9 Mongrel 1.0 5.0 2.8 2.4 1.2 1.2 
10 Shih Tzu 9.9 5.3 3.6 3.7 1.3 1.6 
11 Cavalier King Charles Spaniel 9.0 8.0 8.9 8.0 2.6 2.4 
12 Cavalier King Charles Spaniel 1.3 8.7 4.2 4.6 1.4 1.4 
13 Cavalier King Charles Spaniel 3.0 8.0 4.8 4.9 1.1 1.4 
14 Shiba 1.0 10.9 6.4 6.4 1.3 1.1 
15 Shetland Sheepdog 4.0 9.0 4.8 4.9 1.1 1.4 
16 Welsh Corgi Pembroke 3.6 14.0 11.8 10.1 3.3 2.8 
17 Wire Fox Terrier 1.0 6.7 8.5 9.8 1.5 1.6 
18 Mongrel 0.8 10.0 9.0 9.1 1.8 1.6 

Mean 2.5 8.3 6.1 5.8 1.9 1.6 
 SD 2.7 6.4 3.8 3.5 1.0 0.8 



813TIME BETWEEN REMOVAL OF DOG EPIDIDYMIS AND COOLING
Inc., Berkely, CA, U.S.A.).  A significance level of less than
5% was regarded as significant.

The weights of the testes and epididymides of the dogs
used in this study are shown in Table 1.  Since the left and
right testes and epididymides did not significantly differ in
weight, they were considered to be similar to each other.

Experiment 1: The qualities of sperm recovered from the
caudal epididymides that had been stored at 4 or 20C for
various periods are shown in Table 2.  Two-way ANOVA
revealed that there was a significant interaction between the
effect of storage period and the effect of storage temperature
on the sperm motility (p<0.05).  Sperm recovered from epi-
didymides stored for 6 hr at 4 or 20C exhibited similar
motility.  However, when epididymides were stored for 12
or 24 hr, sperm motility was significantly lower after storage

at 20C than after storage at 4C (p<0.01).  No significant
differences were noted in the motilities of sperm recovered
from caudal epididymides that had been stored at 4C for 6,
12 or 24 hr, whereas the motility of sperm after storage for 6
hr at 20C was higher than those of sperm stored  for 12 and
24 hr. No significant differences were noted in the rates of
viable, morphologically abnormal, and immature sperm
between the storage temperatures and times.

Experiment 2: The qualities of sperm recovered from the
caudal epididymides that had been stored at 20C for 0 or 6
hr and then at 4C for 24 hr after removal and of sperm after
equilibration with glycerol or freeze-thawing are shown in
Table 3.  In all dogs except No. 15, sperm motility was
higher, but not significantly, in the 0-hr RTS group com-
pared with the 6-hr RTS group.  The mean sperm viability,

Table 2. Qualities of the sperm recovered from the caudal epididymides that had been stored at 4 (LTS group) or 20C (RTS group) for
various periods

Storage
Dog

Sperm motility (%) Sperm viability (%) Sperm abnormality (%) Immature sperm (%)
Time No.
(hr) LTS RTS LTS RTS LTS RTS LTS RTS

1 70 60 85.3 81.0 6.6 10.7 1.8 0.6
6 2 80 75 95.8 87.3 5.1 3.9 5.7 3.6

3 30 30 87.4 84.8 12.1 10.8 0.0 0.6

Mean  SD 60.0  26.5 55.0  22.9 89.5  5.6 82.7  3.2 7.9  3.7 8.5  4.0 2.5  2.9 1.6  1.7

4 75 15 76.3 66.8 8.0 4.5 2.7 9.9

12
5 60 0 80.7 83.3 10.4 8.5 13.0 11.7
6 85 5 90.1 91.3 4.2 4.0 0.0 0.0
7 85 30 92.7 89.1 11.7 12.5 0.3 0.2

Mean  SD 76.3  11.8a) 12.5  13.2b) 85.0  7.7 82.6  11.1 8.6  3.3 7.4  4.0 4.0  6.1 5.5  6.2

8 85 0 86.3 87.7 7.5 6.6 0.0 1.2
24 9 50 0 79.6 67.3 12.6 6.0 2.1 14.7

10 40 30 88.8 52.7 6.6 6.6 5.1 0.5

Mean  SD 58.3  23.6a) 10.0  17.3b) 84.9  4.8 69.2  17.6 8.9  3.2 6.4  0.3 2.4  2.6 5.5  8.0

a) Significantly different from the RTS group (P<0.01).
b) Signifcantly different from the 6-hr RTS group (P<0.01).

Table 3. Qualities (%) immediately after removal, after equilibration with glycerol or after freeze-thawing of sperm recovered from the cau-
dal epididymides that had been stored at 20C for 0 (0-hr RTS group) or 6 (6-hr RTS group) hr and then at 4C for 24 hr after removal

Immediately after removal
After equilibration After freeze-thawingwith glycerol

Dog Sperm Sperm Sperm Immature Sperm Sperm Sperm Sperm Sperm
No. motility viability abnormality sperm motility viability motility viability abnormality

0-hr 6-hr 0-hr 6-hr 0-hr 6-hr 0-hr 6-hr 0-hr 6-hr 0-hr 6-hr 0-hr 6-hr 0-hr 6-hr 0-hr 6-hr

11 80 75 89.2 83.8 11.4 9.0 5.1 3.0 70 70 84.9 68.9 30 5 66.1 30.2 9.5 10.8
12 60 60 69.3 83.8 5.1 4.2 1.5 8.7 50 40 68.0 82.1 20 35 35.7 41.7 6.6 3.6
13 50 30 71.7 80.2 4.8 4.2 5.4 6.3 30 30 55.2 30.4 25 5 54.1 46.0 3.5 4.5
14 80 70 65.4 88.8 4.2 5.7 4.2 20.1 70 30 86.1 70.5 35 25 56.4 39.0 6.2 4.5
15 40 70 63.9 65.4 11.4 3.6 2.1 1.8 20 45 -a) - 10 10 19.5 19.8 19.6 9.1
16 60 50 85.0 66.6 9.5 7.2 0.0 0.3 40 50 66.6 66.6 15 30 33.6 44.1 11.3 9.6
17 95 80 86.2 93.9 8.1 8.1 0.3 0.6 65 60 51.1 59.5 20 30 42.8 41.4 10.4 12.2
18 80 50 79.2 63.7 7.2 5.1 7.2 2.4 75 45 53.0 62.9 15 20 35.7 52.8 11.9 6.3

Mean 68.1 60.6 76.2 78.3 7.7 5.9 3.2 5.4 52.5 46.3 66.4 63.0 21.3 20.0 43.0 39.4 9.9 7.6
 SD 18.5 16.6 9.9 11.6 2.9 2.0 2.6 6.6 20.7 13.8 14.6 16.0 8.3 12.0 15.0 10.2 4.9 3.3

a) Not observed.
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sperm abnormality and rates of immature sperm did not dif-
fer between the two groups.

After equilibration with glycerol and immediately after
thawing, no differences in sperm qualities were noted
between the 0-hr and 6-hr RTS groups.

The time-dependent changes in sperm motility and viabil-
ity in the two groups when sperm were left at 20C after
thawing are shown in Fig. 1.  No significant difference was
noted in sperm motility or viability between the two groups
at any time point until 6 hr after thawing.

The method of recovering and cryopreserving sperm
from the caudal epididymis, the sperm storage site, is an
effective artificial reproductive technique in male animals
and has been reported by several researchers [3, 4, 8–10, 13,
15].  We previously reported that intrauterine insemination
with caudal sperm recovered from the dog epididymis,
which had been stored at 4C for 48 hr immediately after
removal, resulted in conception [4].  However, it is not
always possible to remove epididymides from dead animals
and recover or store sperm at 4C immediately after death.
Therefore, in this study, we investigated the effect of leav-
ing the epididymis at room temperature immediately after
removal on the recovered sperm.  As a result, we found that
when the dog epididymis was stored at 20C for 6 hr or
longer, the caudal epididymal sperm recovered did not dif-
fer in sperm viability from that recovered from the epididy-
mis stored at a low temperature (4C) for the same length of
time, but it did clearly exhibit reduced sperm motility.
These results are in agreement with a report showing that the
motility of sika deer (Cervus nippon) sperm recovered from
the epididymis removed 8–12 hr postmortem and then

stored at 4C for 1–4 days was as low as 6.4% [2].  Sperm
are very sensitive to temperature change, which easily
affects sperm metabolism, motility and viability.  High tem-
peratures (around 38C) increase sperm metabolism and
shorten survival, whereas, at 4C, sperm are able to remain
viable for a long period of time by halting their movements
[14].  The epididymides of animals are normally anaerobic,
have low pH and do not contain carbohydrates as a source of
energy; therefore, respiration and glycolysis are suppressed
in sperm, and they remain viable for approximately one
month [11].  However, since blood flow stops and postmor-
tem autolysis occurs after the death of a male animal or epi-
didymis removal [2], sperm quality is considered to
deteriorate markedly.  The results of this study also suggest
that these changes become marked after epididymis storage
at room temperature for 6 hr or longer, resulting in loss of
motility in the recovered sperm.  To reduce this effect, it is
necessary to store the epididymis at 4C as soon as possible.

Similarly, in some studies using mice, it has been shown
that caudal sperm recovered from the epididymis and left at
4C after death exhibit higher motility than that left at room
temperature (22C) [6,12].  If male animals die accidentally,
they are probably left under conditions different from those
of the present experiment, such as epididymis storage in
physiological saline.  Since experiments similar to those in
mice cannot be performed in dogs, the difference between
leaving the intact dead dog and the removed epididymis
untouched remains unclear.

In this study, the motility of sperm recovered from the
epididymis stored at room temperature (20C) for 6 hr and
then at a low temperature (4C) for 18 hr varied from 30 to

Fig. 1. The time-dependent changes in sperm motility and viability for the two groups
when sperm were left at 20C after thawing (Mean  SD).
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80%, depending on the individual dog, but it did not signif-
icantly differ from that (20–95%) of the caudal sperm recov-
ered from the epididymis stored at a low temperature for 24
hr after removal.  Sperm motility was high in all (7) dogs in
the 0-hr RTS group except for one (Dog No. 15).  The cause
of this was unclear because the left and right epididymides
did not differ in appearance or morphology.

In this study, the rate of sperm abnormality, particularly
of the tail (data not shown), was high in some dogs in the 0-
hr and 6-hr RTS groups.  This was presumably due to
changes associated with cold storage of the epididymis, as
previously reported by Hori et al. [4].  The rate of immature
sperm was relatively low, at 0–8.7%, except in Dog No. 14,
whose epididymis was stored at room temperature for 6 hr.
As shown in our previous study [4], this was probably due to
the effect of addition of PF; hypothermic storage of the epi-
didymis is associated with difficulty in cytoplasmic droplet
removal, and this may have caused the somewhat high rate
of immature sperm in Dog No. 14.

Post-thaw sperm motility was slightly lower, but not sig-
nificantly, in the 6-hr RTS group compared with the 0-hr
RTS group.  However, there was individual variation; sperm
motility was higher or the same in 4 of the 8 dogs in the 0-hr
RTS group and in the remaining 4 dogs in the 6-hr RTS
group.  Similar individual variation was observed in sperm
viability.  Although the cause of this is unclear, it seems dif-
ficult to predict post-thaw sperm quality based on that
before freezing.  In regard to the post-thaw changes in sperm
motility, sperm motility was higher in the 0-hr RTS group
immediately after thawing, but was higher in the 6-hr RTS
group 6 hr after thawing.  However, no significant differ-
ence was observed between the two groups, suggesting that
the time-course changes in sperm motility are similar in the
two groups.

The present results showed wide individual variation, and
all measured variables were lower than those previously
reported by Hori et al. [4].  We speculate that this was due
to the use of other breeds in addition to beagles and to the
variation in their ages.

In conclusion, leaving the dog epididymis at 20C for up
to 6 hr after removal had little effect on the post-thaw qual-
ity of the recovered caudal epididymal sperm.  Further stud-
ies are needed to investigate the fertilizing capacity of these
sperm in artificial insemination.

REFERENCES

  1. Farstad, W. 2000. Current state in biotechnology in canine and
feline reproduction. Anim. Reprod. Sci. 60–61: 375–387.

  2. Hishinuma, M., Suzuki, K. and Sekine, J. 2003. Recovery and

cryopreservation of sika deer (Cervus nippon) spermatozoa
from epididymides stored at 4 degrees C. Theriogenology 59:
813–820.

  3. Hori, T., Hagiuda, K., Kawakami, E. and Tsutsui, T. 2005.
Unilateral intrauterine insemination with prostatic fluid-sensi-
tized frozen caudal epididymal sperm in beagle dogs. Therio-
genology 63: 1573–1583.

  4. Hori, T., Hagiuda, K., Endo, S., Hayama, A., Kawakami, E.
and Tsutsui, T. 2005.  Unilateral intrautenine insemination
with cryopreserved caudal epididymal sperm recoverd from
refrigerated canine epididymides. J. Vet. Med. Sci. 67: 1141–
1147.

  5. Howard, J. G. 1999. Assisted reproductive techniques in non-
domestic carnivores. pp. 449–457. In: Zoo and Wild Animal
Medicine (Fowler, M. E., Miller, R. E. eds.),  Saunders,
Tronto, 

  6. Kishikawa, H., Tateno, H. and Yanagimachi, R. 1999. Fertility
of mouse spermatozoa retrieved from cadavers and maintained
at 4 degrees C. J. Reprod. Fertil. 116: 217–222.

  7. Leibo, S. P. and Songsasen, N. 2002. Cryopreservation of
gametes and embryos of non-domestic species. Theriogenol-
ogy 57: 303–326.

  8. Marks, S. L., Dupuis, J., Mickelsen, W. D., Memon, M. A. and
Platz, C. C. Jr. 1994. Conception by use of postmortem epid-
idymal semen extraction in a dog. J. Am. Vet. Med. Assoc. 204:
1639–1640.

  9. Nöthling, J. O., Gerber, D., Colenbrander, B., Dijkstra, M.,
Bakker, T. and De Cramer, K. 2007. The effect of homologous
prostatic fluid on motility and morphology of dog epididymal
spermatozoa extended and frozen in Biladyl with Equex STM
paste or Andromed. Theriogenology 67: 264–275.

10. Ponglowhapan, S. and Chatdarong, K. 2008. Effects of Equex
STM Paste on the quality of frozen-thawed epididymal dog
spermatozoa. Theriogenology 69: 666–672.

11. Salisbury, G.W. and Lodge, J.R. 1962. Metabolism of sperma-
tozoa. Adv. Enzyme Regul. 24: 35–104.

12. Songsasen, N., Tong, J. and Leibo, S. P. 1998. Birth of live
mice derived by in vitro fertilization with spermatozoa
retrieved up to twenty-four hours after death. J. Exp. Zool. 280:
189–196.

13. Tittarelli, C., Savignone, C. A., Arnaudín, E., Stornelli, M. C.,
Stornelli, M. A. and de la Sota, R. L. 2006. Effect of storage
media and storage time on survival of spermatozoa recovered
from canine and feline epididymides. Theriogenology 66:
1637–1640.

14. Tsutsui, T., Tesuka, T., Mikasa, Y., Sugisawa, H., Kirihara, N.,
Hori, T. and Kawakami, E. 2003. Artificial insemination with
canine semen stored at a low temperature. J. Vet. Med. Sci. 65:
307–312.

15. Yu, I., Songsasen, N., Godke, R. A. and Leibo, S. P. 2002. Dif-
ferences among dogs in response of their spermatozoa to cryo-
preservation using various cooling and warming rates.
Cryobiology 44: 62–78.



<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


