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LIST OF FIGURES
Chapter 1.
Fig. 1.
Typical design used by Fanselow lab.

Fig. 2.
Motor activity and freezing following hippocampal lesions. These
data are from five different experiments conducted under similar
and balanced conditions. Hippocampal lesions were made prior to
conditioning so that an assessment of both hyperactivity and
contextual freezing could be made in the same rats. A. Pre-shock
activity. On the conditioning day, ambulatory cross-overs were
assessed during the 3-min period prior to the first shock. Rats that
received electrolytic lesions of the dorsal hippocampus (n = 48) were
significantly more hyperactive than sham animals (n = 49) during
this period [F(1,95) = 243, p < 0.0001]. B. Contextual fear
conditioning. Following fear conditioning, hippocampal rats
showed significantly less contextual learning than sham rats [F(1,95)
=234, p <0.0001]. C. Activity-freezing correlation. The critical piece
of data missing in the analysis of McNish et al. (1997) and Good &
Honey (1997) is a correlative analysis of activity and freezing - a
strong negative correlation is a necessary condition for the
hyperactivity hypothesis of freezing deficits to be correct. By
combining several experiments we were able to obtain sufficient
power and dispersion to examine this correlation. For sham
animals (n = 49), there was a small, but marginally significant
negative correlation between pre-shock cross-overs and contextual
freezing (r = — 0.30, p < 0.05). For hippocampal rats (n = 48), this

correlation was even weaker and not significant (r =-0.22, p > 0.1).
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Thus, hippocampal lesions produce hyperactivity, but this is not the
source of deficits in contextual freezing. Adapted with permission

from Maren, Anagnostaras, & Fanselow (1998).

Chapter 2.

Figure 1. 32.
Exp. 1. Sample schematic view of within-subjects procedures. The
animals were given remote conditioning in one context, and 50-d
later they received recent training in a different context (with a
different tone), followed by dorsal hippocampal or sham lesions 1-d
later. After 10-d of recovery, they were given independent freezing
tests for remote and recent, context and tone, fear memory. The

exact contexts and test orders used were counterbalanced.

Figure 2. 40.

Histological reconstruction. Representative electrolytic lesion of the

dorsal hippocampus.

Figure 3. 42.
Exp. 1. Context conditioning. A. Remote contextual fear. Rats that
received DH lesions exhibited equivalent levels of freezing
(%time+SEM, for each min of the 8-min test) as S ham animals to
the remotely acquired context, which was trained 50-d prior to the
lesion. B. Recent contextual fear. The very same DH-lesioned rats
exhibited a severe amnesia of contextual memory that was 1-d old at
the time of the lesion. C. Context summary. Same data as 3A and
B, averaged for the first 6-min of each test. DH lesioned rats
exhibited a severe, but time-limited retrograde amnesia of

contextual fear.



Figure 4. 4.
Exp. 1. Tone conditioning. For each test, the animal was placed into
a novel context (C) and after a 2 min baseline (BL) period, a tone
(remote or recent) played continuously for 6-min. A. Remote tone
fear. DH-lesioned rats exhibited equivalent levels of freezing
(%time+SEM, for each min of the 8-min test) as Sham animals to
the remotely acquired tone, which was trained 50-d prior to the
lesion. B. Recent tone fear. DH-lesioned rats exhibited no deficit in
freezing to the recently acquired tone, which was trained 1-d prior to
the lesion. C. Tone summary. Same data as 4A and B, averaged for
the 6-min that the tone was on. DH lesioned rats exhibited normal

levels of tone freezing.

Figure 5. 48.
Exp. 2. Rats were trained only in one training context with one
tone, and then given DH lesions 1-d later. A. Recent contextual
fear. DH-lesioned animals exhibited a severe deficit in context
freezing (%time+SEM, for each min of the 8-min test), even though
fear levels in Sham animals were nearly asymptotic. B. Recent tone
fear. DH-lesioned animals did not exhibit deficits in tone freezing,
even as tone fear extinguished across the test period and became
weaker. C. Interaction. Same data as 5A and B, averaged for the
first 6-min of the context test and 6-min that the tone was on. DH
lesioned animals exhibited a deficit only in contextual freezing,
even though tone fear was substantially weaker than context fear in

Sham animals.



Figure 6. 49.
Exp. 3. Rats were placed on a dark open field (lit only by a 25-W red
bulb) and cross-overs were scored for 4-min; two bright lights (two
100-W white bulbs) were then shined onto the open field and cross-
overs were scored for another 4-min. A. Open field activity.
Segment cross-overs (meantSEM) are depicted for the dark and
light periods separately. DH lesioned rats exhibited a robust
hyperactivity during the dark phase of the test, but this
hyperactivity disappeared when the lights were turned on. B.
Suppression. The difference between light and dark cross-overs
(meantSEM) is depicted. Both groups exhibited a suppression of
cross-overs when the lights were turned on, but this was even
greater for DH-lesioned animals, which failed to exhibited
hyperactivity when the bright lights were on.

Chapter 3.

Fig 1. 63.
A. Context test. One week after the final injection, the animals
were placed in the original training context and freezing behavior
(percentage time, mean + SEM) was scored for 16-min and is
reported in 2-min intervals. Anterograde animals, which received
1 mg/kg scopolamine 15-min prior to initial training, showed
significantly less freezing than saline control animals or retrograde
animals (which received the drug three times after training), which
did not differ significantly. There was a significant group x time
interaction: the impairment was evident only in the first 8-min. B.
Tone test. Two days after the context test, the rats were placed in a
novel context, and after a 2-min baseline (BL) period, the original

training tone was played continuously for 8-min. Freezing is




depicted for the entire 10-min. The groups did not differ
significantly for the entire test or at any time point, indicating that
neither drug treatment produced a deficit in tone conditioning. C.
Group x Test interaction. Drug treatment differentially affected the
context and tone tests, as is indicated by the significant group x test
interaction. The drug produced an acquisition (anterograde), but
not a consolidation (retrograde), deficit and did so only for

contextual conditioning.

Chapter 4.

Figure 1. 81.
Exp.1. The effect of pre-training scopolamine on fear conditioning.
A. Average Activity. During the 3-min baseline period prior to the
first shock on the conditioning day, full cage-crossovers (mean =
SEM) were assessed. Animals that received 1, 10, or 100 mg/kg
scopolamine, i.p., 15-min prior showed marked hyperactivity
relative to saline controls (0 mg/kg), while those that received 0.1 or
0.01 mg/kg did not (n = 14-15/group). B. Activity Distribution. The
distribution of cage-crossovers (median * range) are depicted.
Although 1, 10, and 100 mg/kg increased average activity, the
distribution of activity primarily overlapped; even at 100 mg/kg
only 2 out of 15 animals were outside of the range of that of saline

controls.

Figure 2. 85.
Activity Burst. On the conditioning day, the 2-s period prior to
(baseline) and during the first footshock was digitized by computer
and the average velocity (cm/s, mean +SEM) was computed for each

drug dose. All animals showed a massive increase in velocity




during the footshock; 0.01 to 100 mg/kg of scopolamine had no

measurable impact on activity burst velocity.

Figure 3. 86.
A. Acquisition. During conditioning, post-shock freezing (% time,
meantSEM) was assessed continuously, while the animals were on
the drug. Compared to saline controls (0 mg/kg), 0.01 mg/kg
scopolamine slightly enhanced post-shock freezing, 0.1 mg/kg had
no impact, and 1 mg/kg produced a substantial deficit (but these
animals still showed significant acquisition). 10 and 100 mg/kg
almost completely blocked post-shock freezing, as over three-
quarters of these animals never froze during training. B. Overall
Post-Shock Freezing.  Overall post-shock freezing (% time,
mean+SEM) during conditioning was separated for periods when
the tone was on (context-tone “compound”) or not (“context”
alone). Compared to saline controls (0 mg/kg), 0.01 mg/kg slightly
enhanced post-shock freezing during either period, 0.1 had no
significant impact, and 1, 10, and 100 mg/kg dramatically reduced

post-shock freezing.

Figure 4. 91.

A. Context Conditioning. One week after conditioning, the animals
were returned to the original training context, off drug, and freezing
(% time, meantSEM) was scored for 4-min. Compared to saline
controls (0 mg/kg), 1, 10, and 100 mg/kg significantly attenuated
conditioning while 001 and 0.1 mg/kg did not. B. Tone
Conditioning. On the next day, the animals were brought to a
novel context and freezing (% time, meantSEM) during the 4-min

tone is depicted. Relative to controls, only 100 mg/ kg significantly




impaired tone conditioning, modest trends were evident at 1 and 10
mg/kg. As such, tone conditioning is more resistant to disruption
by scopolamine than context conditioning, which is in turn more

resistant than post-shock freezing (fig. 3).

Figure 5. 92.
Exp. 1. Summary | Median effective dose. For each response,
probabilities of obtaining a one-half reduction in conditioning
(relative to the mean of saline controls) was calculated for each
dose; after a logarithmic curve fit was made, median doses for each
effect were calculated. A. Post-Shock Freezing, Context-Alone. Both
10 and 100 mg/kg were sufficient to reduce post-shock freezing
(taken while the animal was on-drug, during conditioning) in
nearly all of the animals, whereas even 1 mg/kg had this effect in
over two-thirds of the animals. The obtained curve fit (r = 0.95) was
y = 0.55 + 0.30log(x), ED50 = 0.8 mg/kg. B. Post-Shock Freezing,
Compound. The results were substantially similar to context-alone
post-shock freezing indicating these are probably the same effect of
the drug. The obtained fit (r = 0.96) was y = 0.52 + 0.29log(x), ED50 =
0.7 mg/kg. C. Context Conditioning. When the animals were tested
off-drug one week later, the drug appeared to disrupt context
conditioning considerably less. In contrast to post-shock freezing,
even 100 mg/kg was not sufficient to disrupt conditioning in all of
the animals, and 1 mg/kg reduced conditioning by half in only
about one-third of the animals. The obtained curve fit (r = 0.98) was
y = 0.40 + 0.24log(x), ED50 = 2.7 mg/kg. D. Tone Conditioning. Tone
conditioning (tested off drug, 9 days after conditioning) was even
more resistant to disruption by scopolamine. Only 100 mg/kg was

sufficient to reduce the response by one-half and only in about 55%




of the animals. The obtained curve fit (r = 0.95) was y = 0.29 +
0.14log(x), ED50 = 38.5 mg/kg. As such, tone conditioning, context
conditioning, and post-shock freezing are all susceptible to
anticholinergic ~disruption, however, they are differentially
sensitive to the drug such that the disruption is post-shock > context

> tone.

Figure 6. 94.
Exp. 2. Pretraining methylscopolamine and fear conditioning.
A. Activity. Animals which received 0, 1, or 10 mg/kg (n =9-
10/group) methylscopolamine, i.p., 15-min prior to conditioning
were scored for full-cage crossovers (meantSEM) during the 3-min
baseline period prior to the first tone-shock pairing.
Methylscopolamine treated animals showed no evidence of
hyperactivity, in contrast to those treated with scopolamine (fig. 1).
B. Context conditioning. One week after training, the animals were
returned to the original training context for a 4-min contextual
freezing (meantSEM) test. Animals which received
methylscopolamine on the training day did not differ from saline
controls. C. Tone conditioning. One day after the context test, the
animals were tested for freezing (meantSEM) to a 4-min tone in a
novel context. Methyl-scopolamine treated animals did not differ
from saline controls. As such, all of the effects observed in exp. 1
appear to be mediated by the central, rather than peripheral effects

of scopolamine.



Figure 7. 97.
Exp. 3. Scopolamine and Shock Sensitivity Thresholds. Animals
were given 0, 1, or 100 mg/kg (n = 6/group) scopolamine, i.p., 15-
min prior to being tested for their threshold to exhibit (usually
sequentially) flinch, jump, and vocalize responses. Animals were
given a series of ascending shocks until these responses were noted
by blind observers. Threshold current (mA, meant+SEM) for each of
the three responses is shown. In agreement with exp. 1 (fig. 2),
scopolamine failed to affect pain sensitivity at any dose. Although
other researchers have reported increased sensitivity to shock under
scopolamine, this could not account for, or contribute to, their
deficit in fear conditioning on the range of measures reported in

exp. 1.

Figure 8. 99.
Exp. 4. Post-training scopolamine and fear conditioning. In order to
assess the effect of posttraining scopolamine, animals received
either saline (Control) or 10 mg/kg scopolamine either immediately
(Immediate) or 24-hr after (Delay) conditioning (n = 9-10 /group). A.
Context conditioning. One week after training, the animals were
given a 4-min contextual freezing (meantSEM) test. Rats treated
with 10 mg/kg post-training scopolamine did not differ from saline
controls. B. Tone conditioning. On the next day, animals were
tested for their freezing (meantSEM) to a 4-min tone. Rats treated
with post-training scopolamine did not differ from controls. As
such, although 10 mg/kg of pre-training scopolamine severely
disrupted conditioning (fig. 4), the same dose of post-training

scopolamine had virtually no effect.




Figure 9. 102.
Exp. 5. Post training scopolamine and fear conditioning in juvenile
and mature rats. In order to determine if the apparent discrepancy
with the findings of Rudy (1996) was due to his use of 23-d old rats,
we examined the effect of 1 and 50 mg/kg of immediate post-
training scopolamine in 23-d old (Juvenile) and 70-d (Mature) rats
(n = 11-13/cell). A. Context conditioning. One week after training,
the animals were given a 4-min contextual freezing test
(meantSEM). Although Juvenile rats froze significantly more than
Mature rats, there was no significant impact of 1 or 50 mg/kg of
post-training scopolamine on contextual fear in Juvenile or Mature
rats. B. Tone conditioning. On the next day, animals were tested for
their freezing to a 4-min tone. Juvenile rats again froze more than
Mature rats, but this was apparently due to higher baseline freezing
(data not shown). Neither 1 nor 50 mg/kg of post-training
scopolamine did not produce a significant deficit in tone fear in
Juvenile or Mature rats. As such, under the conditions in the
present studies, we could not obtain post-training effects of
scopolamine even at very high doses (50 mg/kg) given immediately
after training, even in very young rats. We are not able to account
for this discrepancy with Rudy (1996), although his findings indicate
there are some conditions under which post-training scopolamine

produces retrograde amnesia.




Chapter 5.

Fig. 1. 126.
Pre-training Intra-hippocampal scopolamine. Scopolamine (scop-
hipp) or phosphate buffered saline (vehicle) was infused locally into
the hippocampus 15-min prior to training. A. Contextual Fear. One
week later, animals were given an off-drug 8-min contextual fear
test. Scopolamine treated animals showed a substantial deficit in
freezing (%time, meantSEM) relative to vehicle or sham animals.
B. Tone Fear. One day after contextual fear testing, animals were
brought to a novel context and given an off-drug tone fear test.
After a 2-min baseline period, the training tone was played for 8-
min. Although there was a moderate trend, scopolamine failed to
produce a significant tone deficit. C. Summary. Same data as A and
B, but averaged over the first 6-min of the context test and the 6-
min of the tone test that the tone was on. The interaction failed to
reach significance, leaving the specificity of this deficit ambiguous.
D. Pre-shock activity. During the 3-min baseline prior to the first
shock on the conditioning day, cage cross-overs (meantSEM) were
assessed. In contrast to systemic scopolamine, intra-hippocampal
scopolamine failed to produce significant hyperactivity. This
suggests the drug did not diffuse ventricularly. As such, a high dose
of intra-hippocampal scopolamine (50 pg/side) produces significant
impairment in the acquisition of contextual, but not tone fear
conditioning. Indeed, the results obtained are quite similar to those
after systemic administration of 1 mg/kg of scopolamine. A mild
nonsignificant impairment in tone fear conditioning may have
been the result of diffusion into the ventricles, however, this

requires further investigation.
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