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Hippocampally ablated, cortically damaged , and intact control rats were trained postoperatively on a discrete-trial, 
go, no-go brightness discrimination task in an operant situation. The hippocampally ablated animals were found to be 
deficient on acquisition primarily due to inappropriate responding on no-go (nonreinforced) trials. The deficit is 
consistent with other operant brightness discrimination studies, but contrasts with the facilitated go, no-go alternation 
performance exhibited by hippocampally damaged rats. 

Several studies have shown that hippocampally 
lesioned rats are facilitated on go, no-go 
single-alternation acquisition (Means, Walker, & 
Isaacson, 1970; Walker, Means, & Isaacson, 1970; 
Walker, Messer, Freund, & Means, 1972). A similar 
observation has also been made in cats (Brown, 
Kaufman, & Marco, 1969). On the other hand, rats with 
hippocampal lesions are impaired in acquiring a visual 
discrimination in an operant situation (Niki, 1965; 
Woodruff & Isaacson, 1972; Woodruff, Schneiderman, & 
Isaacson, 1972). Also, cats with hippocampal 'lesions 
have been found to be deficient on an operant 
discrimination where go and no-go trials are signaled by 
a tone or a light (Buerger, 1970). 

The present study was undertaken to study the 
behavior of hippocampally damaged rats in an 
experimental paradigm similar to that used in the go, 
no-go alternation studies, but which also required the 
rats to acquire a visual discrimination. From the 
alternation studies, facilitated acquisition might be 
predicted; from the discrimination studies, a deficit 
would be predicted. 

METHOD 

Subjects 

Twenty-two male hooded rats, weighing between 370 and 
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487 g at the time of surgery, were employed as Ss. Seven rats 
received bilateral aspiration lesions of the hippocampus and 
overlying cortex (Group H), seven received bilateral lesions of 
only the overlying cortex (Group C), and eight served as 
unoperated controls (Group N). The surgical procedures were 
essentially the same as those reported by Isaacson, Douglas, and 
Moore (1961). Following surgery, the animals were allowed to 
recover for 10-18 days and then placed on a food-deprivation 
schedule such that they were maintained at 85% of their 
preoperative ad lib weight. All rats were fed after their daily 
conditioning session. 

Procedure 

All behavioral testing was conducted in two Grason-Stadler 
test chambers (Model E31225-3100), each enclosed in a 
sound-attenuating chamber. The chambers contained two levers, 
only one of which was used in the present study, and a stimulus 
light above each lever. 

Upon reaching deprivation weight, all animals were given 
magazine and CRF training employing the same procedures used 
by Means et al (1970) . Each rat was given one magazine training 
session followed by daily 10-min CRF sessions until 275 
reinforced responses were accumulated. The stimulus conditions 
of magazine and CRF training matched the stimulus conditions 
of the reinforced trials of the discrimination problem, namely, 
both the houseligh t and the cue light over the lever were 
illuminated. 

Go, no-go discrimination training was initiated on the session 
following completion of CRF training. Each session consisted of 
10 reinforced (go) and 10 nonreinforced (no-go) trials that 
occurred in random order. Each trial consisted of a 20-sec 
illumination of the chamber by the houselight and was followed 
by a 10-sec ITI during which the houselight was off. On all go 
trials, the cue light over the lever was illuminated and all 
barpresses were reinforced on a CRF schedule. Barpresses 
occurring during either the no-go trials or the IT! were not 
reinforced. The dependent variables were the latency to the first 
press and the total number of presses on each trial. A latency 
ratio, defined as (the latency to the first response on go 
trials)/(the latency to rust response on no-go trials), and a 
response ratio, defined as (the total responses on no-go 
trials)/(the total responses on go trials), were determined for 
each S on each session. Note that each ratio was defined such 
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Fig. I. Representative hippocampal (A) and cortical (B) 
lesions. 

that a decrease in value indicates an improvement in 
performance. All rats were trained to a criterion of three 
consecutive sessions on which both the latency and response 
ratios were less than .50 or until they had received 50 sessions 
(1,000 trials), whichever occurred fllst. During the fllst few 
sessions of discrimination training, it was noted that one or two 
rats in each group were pressing fewer than six times in a session. 
These animals were then given discrete· trial CRF training, where 
the cue light was illumianted on all trials and all trial responses 
were reinforced until they began to respond consistently. All the 
CRF training sessions and the discrimination sessions on which 
fewer than six total responses occurred were not counted in the 
number of sessions to criterion. It was reasoned that animals not 
responding were receiving no information relevant to the 
discrimination problem. 

At the conclusion of behavioral testing, all operated Ss were 
sacrificed with an overdose of Nembutal and intracardially 
perfused with 0.9% saline followed by 10% formalin. The brains 
were removed, sectioned at 30 microns, and every 10th section 
was retained, mounted on a slide, and stained with thionin. 

RESULTS 

Histology 

Figur~ 1 presents representative hippocampal and 
cortical lesions. Examination of the hippocampal lesions 
revealed that the middle one-third and much of the 
ventral hippocampus was destroyed in all animals in 
Group H; while portions of the dorsal hippocampus 
remained intact (Fig. lA). Also, all rats in Group H 
sustained extensive damage to the posterolateral cortex, 

complete section of the fimbria, and damage to the 
corpus callosum. Four of the six rats in Group H also 
showed evidence of degeneration in the lateral 
geniculate . Three had unilateral damage to the 
entorhinal cortex. In addition, one hippocampally 
damaged rat exhibited extensive unilateral thalamic 
damage and was excluded from further analysis , 
although behaviorally this animal was not distinguishable 
from the other rats in the group . 

The cortical control lesions typically involved slightly 
less cortex than did the hippocampal lesions (Fig. I B) . 
One animal had slight bilateral damage to the surface of 
the hippocampus, and four of the seven cortically 
lesioned Ss demonstrated degeneration in the lateral 
geniculate nucleus. 

Behavioral Results 

The mean and median number of sessions to the 
latency· response criterion for each group are shown in 
Table 1. Four of six in Group H failed to attain criterion 
in 50 sessions, while all animals in the other two groups 
reached criterion. A Kruskal·Wallis analysis of variance 
revealed that the three groups differed significantly 
(p < .001) on sessions to criterion. Subsequent 
Mann·Whitney tests revealed that Group H required 
more sessions than either Group C (p < .026) or 
Group N (p < .001), and that the latter two groups did 
not differ from one another (p < .06). 

In an effort to further examine acquisition, the three 
groups were compared on a criterion based only on 
response latency, i.e., the total number of sessions 
required to attain a latency ratio of less than .50 on 
three consecutive sessions (see Table 1). A Kruskal·Wallis 
analysis revealed that the three groups differed 
significantly (p < .02), and subsequent Mann-Whitney 
tests revealed that Group H required significantly more 
sessions to reach criterion than did Group N (p < .002) 
and that Group C did not differ from either Group H 
(p < .07) or Group N (p < .10). Finally, a comparison of 

Table 1 
Number of Sessions to Latency, Response, and Combined 

Latency-Response Acquisition Criteria 

Criteria 

Latency- Re-
Group Statistic Response sponse Latency 

Hippocampal Mean 42.7 22.5 37.8 
Median 

50 ~ 
21.5 3l5] 

Cortical Mean 29.0 16.8 27.3 
Median 24 14 25 

Normal Mean 19.1 13.5 18.4 
Median 16 .~ 12 16.5 

Note-Sessions during which six or fewer barpresses occurred 
are not included in the number of sessions to the various 
criteria. Brackets connect groups which differ significantly 
from each other (p < .05 in all cases). 

86 WOODRUFF, MEANS AND ISAACSON

Fig. 1. Representative hippocampal (A) and cortical (B)
lesions.

that a decrease in value indicates an improvement in
performance, All rats were trained to a criterion of three
consecutive sessions on which both the latency and response
ratios were less than .50 or until they had received 50 sessions
(1,000 trials), whichever occurred first , During the first few
sessions of discrimination training,it was noted that one or two
rats in each group were pressing fewer than six times in a session.
These animals were then givendiscrete-trialCRF training, where
the cue light was illumianted on all trials and all trial responses
were reinforced until they began to respond consistently. All the
CRF training sessions and the discrimination sessions on which
fewer than six total responses occurred were not counted in the
number of sessions to criterion. It was reasoned that animalsnot
responding were receiving no information relevant to the
discrimination problem.

At the conclusion of behavioral testing, all operated Ss were
sacrificed with an overdose of Nembutal and intracardially
perfused with 0.9% saline followed by 10%formalin. The brains
were removed, sectioned at 30 microns, and every 10th section
was retained, mounted on a slide, and stained with thionin.

complete section of the funbria, and damage to the
corpus callosum; Four of the six rats in Group H also
showed evidence of degeneration in the lateral
geniculate. Three had unilateral damage to the
entorhinal cortex. In addition, one hippocampally
damaged rat exhibited extensive unilateral thalamic
damage and was excluded from further analysis,
although behaviorally this animal was not distinguishable
from the other rats in the group.

The cortical control lesions typically involved slightly
less cortex than did the hippocampal lesions (Fig. 1B) .
One animal had slight bilateral damage to the surface of
the hippocampus, and four of the seven cortically
lesioned Ss demonstrated degeneration in the lateral
geniculate nucleus.

Behavioral Results

The mean and median number of sessions to the
latency-response criterion for each group are shown in
Table 1. Four of six in Group H failed to attain criterion
in 50 sessions, while all animals in the other two groups
reached criterion. A Kruskal-Wallis analysis of variance
revealed that the three groups differed significantly
(p < .001) on sessions to criterion. Subsequent
Mann-Whitney tests revealed that Group H required
more sessions than either Group C (p < .026) or
Group N (p < .001), and that the latter two groups did
not differ from one another (p < .06).

In an effort to further examine acquisition, the three
groups were compared on a criterion based only on
response latency, i.e., the total number of sessions
required to attain a latency ratio of less than .50 on
three consecutive sessions (see Table 1). A Kruskal-Wallis
analysis revealed that the three groups differed
significantly (p < .02), and subsequent Mann-Whitney
tests revealed that Group H required significantly more
sessions to reach criterion than did Group N (p < .002)
and that Group C did not differ from either Group H
(p < .07) or Group N (p < .10). Finally, a comparison of

Table 1
Number of Sessions to Latency, Response, and Combined

Latency-Response Acquisition Criteria

Criteria

RESULTS Group Statistic
Latency- Reo
Response sponse Latency

Note-Sessions during which six or fewer barpresses occurred
are not included in the number of sessions to the various
criteria. Brackets connect groups which differ significantly
from each other (p < .05 in all cases). .

Histology

Figure 1 presents representative hippocampal and
cortical lesions. Examination of the hippocampal lesions
revealed that the middle one-third and much of the
ventral hippocampus was destroyed in all animals in
Group H; while portions of the dorsal hippocampus
remained intact (Fig. IA). Also, all rats in Group H
sustained extensive damage to the posterolateral cortex,

Hippocampal .

Cortical

Normal

Mean
Median

Mean
Median

Mean
Median

42.7

50 ~29.0
24
19.1
16.~

22.5
21.5

16.8
14

13.5
12

37.8
33.5

J
27.3
25
18.4
16.5
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the three groups on the number of sessions needed to 
achieve a response ratio of less than .50 on 3 consecutive 
days produced no significant differences. Thus, the three 
acquisition analyses reveal that the hippocampal deficit 
was due largely to their inability to acquire a latency 
ratio of less than .50. 

Since the latency ratio is dependent on both go and 
no-go trial latencies, the three groups were compared on 
their mean go and their no-go latencies on the last three 
sessions, which were criterion sessions for all animals 
reaching criterion. The mean go and no-go latencies 
expressed in seconds and the mean number of responses 
made on go and no-go criterion trials are shown in 
Table 2. Group H tended to have a shorter barpress 
latency than the other two groups on both go and no-go 
trials; however, the difference between these two types 
of trials was significant only for the no-go latencies, as 
determined by a Kruskal-Wallis analysis of variance and 
subsequent Mann-Whitney tests (p < .002 in all cases) . 
Thus, the analysis suggests that the latency ratio 
criterion deficit was primarily due to hippocampal 
animals' relative inability to withhold making the first 
response on no-go trials. A similar analysis of the 
number of responses made on go and no-go trials on 
criterion sessions produced much the same results as the 
latency analysis (Table 2). Animals in Group H made 
significantly more presses on no-go trials than animals in 
either Group C or Group N (p < .01 in both cases). 
Thus, the latency and response data suggest that 
Group H animals did not inhibit responding on. no-go 
trials as effectively as the control animals. 

Unlike earlier go, no-go studies (Means et ai, 1970; 
Walker et al, 1972), the lever was available to the rats 
during the ITI in the present study. A comparison of the 
three groups on number of ITI responses made during 
the three criterion sessions revealed that Groups H, C, 
and N had session means of 40.8, 9.1, and 9.3, 
respectively. A Kruskal-Wallis analysis of variance 
resulted in a significant effect (p < .01), and subsequent 
Mann-Whitney tests revealed that Group H responded 
significantly more frequently during the Ills than did 
either Group C or Group N (p < .01 in both cases), 
which did not differ from each other. 

Finally, since in the present task brightness was used 
as the discriminative stimulus, the Group H and Group C 
animals evidencing lateral geniculate degeneration were 
compared with no lateral geniculate damage. The four 
hippocampally lesioned rats with geniculate damage 
required 25, 31, 50, and 50 trials to attain the 
latency-response criterion, while the two animals 
evidencing no degeneration in the geniculates required 
50 trials each to attain criterion. The four cortically 
lesioned rats with degeneration in the lateral geniculate 
required 23, 16,47, and 15 trials to criterion, while the 
three animals with no degeneration required 24, 29 , and 
49 trials to criterion. Thus, the data do not suggest that 
the deficit was due to the damage to the visual system. 

Table 2 
Mean Latency and Mean Number of Responses on Go and 

No-Go Crittrion Sessions for the Three Groups 

Latency Responses 

Group Go No-Go Go NQ-Go 

Hippocampal 2.2 
5.2]J 

74.3 39.6]J 
Cortical 4.0 11.9 65.6 12.3 
Normal 4.4 14.2 61.2 10.6 

Note-Br.ackets connect groups which differ from each other 
at .01 level of significance. 

DISCUSSION 

The results show that the hippocampally damaged rats 
were deficient on go , no-go brightness discrimination 
acquisition. Further, the elevated rate of responding 
during the no-go trials and the Ills reveals that the 
deficit of the animals with hippocampal destruction was 
related to a failure to suppress responses at the 
appropriate time. The present results support the 
specific observation that rats with hippocampal lesions 
are deficient on barpress brightness discrimination tasks 
(Niki, 1965; Woodruff & Isaacson, 1972; Woodruff et aI, 
1972). The deficit occurred in a general experimental 
paradigm in which animals with hippocampal lesions are 
facilitated, Le., a go, no-go alternation barpress task 
(Means et aI, 1970; Walker et al, 1970). Trial and ITI 
duration, reinforcement, deprivation, trials per day, 
strain of rat, and brain lesions were the same in this 
discrimination task and in the go, no-go alternation task . 
However, two differences in experimental design did 
exist. In the alternation study, go and no-go trials 

. occurred idternately and were accompanied by a light as 
a redundant external cue, whereas in the discrimination 
task, go and no-go tri~s occurred randomly and the light 
was the only cue for a correct response. Levers were 
available for responding during the ITI in the present 
discrimination study, but not in the previously published 
go, no-go studies. Recent observations! indicate that the 
availability of the lever during the ITI does not change 
the rate of acquisition of the go, no-go problem. 
Therefore, it appears that the critical difference in the 
performance of the animals is in the nature of the cue 
which could be used to solve the problem. 

From the present results, it can be concluded that the 
light used as a redundant cue in the go, no-go alternation 
studies cited previously was not important to the 
animals in performing the alternation task. This 
supposition is further supported by the finding of 
Walker et al (1970) that the introduction and removal of 
a cue light did not change the performance of 
hippocampally ablated or control rats in the task. It 
would seem that hippocampally ablated rats make good 
use of whatever internal cues are available in 
performance of the. single alternation task and are not 
affected by the presence or absence of a cue light. 
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Hippocampal damage appears to facilitate acquisition 
of go, no-go alternation tasks, but seems to impair the 
use of visual signals in an operant situation. It is to be 
noted that the results reported here and those obtained 
by Woodruff and Isaacson (1972) should not be 
interpreted to mean that animals with hippocampal 
lesions are incapable of using visual cues to guide 
behavior, as several studies employing mazes report that 
hippocampally damaged rats show no deficit in the 
acquisition of a brightness discrimination in this 
situation (Kimble, 1963; Rabe, 1963; Silveira & Kimble, 
1968). Hippocampally lesioned animals are less 
distracted than controls by the introduction of novel 
stimuli which have a visual component (Wickelgren & 
Isaacson, 1963; Raphelson et al, 1965). Ireland and 
Isaacson (1968) found that low-intensity visual or 
auditory stimulation produced a diminished behavioral 
reaction while more intense stimulation produced 
exaggerated reactions in hippocampally damaged gerbils. 
It is likely, therefore, that the intensity of stimulation is 
of critical importance for the lesioned Ss, and, though 
the hippocampally lesioned animals failed to use the 
visual signals of the operant chamber, they may have 
been able to do so if the lights had been more intense, 
had flickered, been in different positions, or in some 
other way been more attention-provoking. Means and 
Walker2 have found that a loud auditory signal can be 
used by animals with hippocampal lesions in an operant 
discriminative paradigm in which go, no-go trials are 
presented randomly. It remains to be seen whether or 
not a visual signal of greater intensity would allow the 
lesioned animals to perform more successfully. 

It is interesting that the performance of animals with 
lesions restricted to neocortex is different in the go, 
no-go alternation and go, no-go brightness discrimination 
problems. In the alternation studies (Means et ai, 1970; 
Walker et al, 1972), cortically lesioned rats were 
deficient on the acquisition of the alternation task. 
However, in the present brightness discrimination task, 
the cortically damaged animals did not Significantly 
differ from the normals on either the response or the 
latency ratios. It is perhaps of greater interest that the 
debility imposed by the cortical lesion in the go, no-go 
alternation task is not found in the animals with 
hippocampal lesions imposed upon the neocortical 
destruction. 

REFERENCES 

Brown, T. S., Kaufman, P. G., & Marco, L. A. The hippocampus 
and response preservation in the cat. Brain Research, 1969, 
12,86-98. 

Buerger, A. A. Effects of preoperative training on relearning a 
successive discrimination by cats with hippocampal lesions. 
Journal of Comparative & Physiological Psychology, 1970,72, 
462-466. 

Ireland, L., & Isaacson, R. L. Reactivity in the 
hippocampectomized gerbil. Psycho nomic Science, 1968, 12, 
163-164. 

Isaacson, R. L., Douglas, R. S., & Moore, R. Y. The effect of 
radical hippocampal ablation on acquisition of avoidance 
response. Journal of Comparative & Physiological Psychology, 
1961, 54,625.{i28. 

Kimble, D. P. The effects of bilateral hippocampal lesions in rats. 
Journal of Comparative & Physiological Psychology, 1963,56, 
273-283. 

Means, L. W., Walker, D. W., & Isaacson, R. L. Facilitated single 
alternation go, no-go performance following 
hippocampectomy in the rat. Journal of Comparative & 
Physiological Psychology, 1970,22,278-285. 

Niki, H. The effects of hippocampal ablation on the inhibitory 
control of operant behavior in the rat. Japanese Psychological 
Research, 1965,7,126-137. 

Rabe, A. Discrimination reversal deficit from hippocampal 
stimulation in the rat. Journal of Psychological Studies, 1963, 
14, 139-150. 

Raphelson, A. C., Isaacson, R. L., & Douglas, R. J. The effect of 
distracting stimuli on the runway performance of limbic 
damaged rats. Psychonomic Science, 1965, 3,483-484. 

Silveira, J. M., & Kimble, D. P. Brightness discrimination and 
reversal in hippocampally lesioned rats. Physiology & 
Behavior, 1968, 3,625-630. 

Walker, D. W., Means, L. W. & Isaacson, R. L. The effects of 
hippocampal and cortical lesions on single alternation go, 
no-go acquisition in rats. Psychonomic Science, 1970, 21, 
29-31. 

Walker, D. W., Messer, L. G., Freund, G., & Means, L. W. The 
effect of hippocampal lesions and intertrial interval on single 
alternation performance in the rat. Journal of Comparative & 
Physiological Psychology, 1972, in press. 

Wickelgren, W.O., & Isaacson, R. L. Effects of introduction of 
an irrelevant stimulus on runway performance of the 
hippocampectomized rat. Nature, 1963,200,48-50. 

Woodruff, M. L., & Isaacson, R. L. Discrimination learning in 
animals with lesions of hippocampus. Behavioral Biology, 
1972,7,489-501. 

Woodruff, M. L., Schneiderman, B., & Isaacson, R. L. Impaired 
acquisition of a simultaneous brightness discrimination by 
cortically and hippocampally damaged rats. Psychonomic 
Science, 1972,27,269-271. 

NOTES 

1. Walker, D. W., & Means, L. W. The effects of ITI lever 
availability on go, no-go alternation acquisition in the rat. In 
preparation. 

2. Means, L. W., & Walker, D. W. Effects of hippocampal 
lesions on delayed auditory discrimination in the rat. In 
preparation. 

(Received for publication September 26, 1972; 
accepted October 12, 1972.) 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /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 /Warning
  /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 /Warning
  /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 /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /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 <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




