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Involvement of Muscarinic Acetylcholine Receptors and
Hippocampal Theta Oscillation in Eyeblink Serial Feature-Positive

Discrimination Task in Mice

RAHMAN MD ASHRAFUR

Abstract

Classical eyeblink conditioning is considered as one of the best models of learning
for studying the interaction between higher and lower levels of the nervous system. Mounting
evidence has been collected on the underlying neural substrates responsible for standard delay
eyeblink conditioning, which essentially depends on the cerebellum and brainstem, the role of
higher brain regions, such as the hippocampus and medial prefrontal cortex have also been
under intense experimental scrutiny. Although the effect of the hippocampal lesion in serial
feature-positive discrimination has not been investigated, the pivotal role of the hippocampus
in the simultaneous feature-positive discrimination and the impairment of conditional
discrimination in amnesic patients, and, suggested an important role of the hippocampus in
the top-down modulation of the CR in eyeblink serial feature-positive discrimination task.
Hippocampal theta rhythm is considered as one of the candidates for neural activities that
contribute to the top-down modulation during the conditional discrimination which showed a
strong correlation with the learning rate during eyeblink conditioning. Recently, the dynamics
of hippocampal local field potential (LFP) was investigated in rats and showed that the

relative power of theta oscillation (5-8 Hz) increased after the light cue, which revealed a



significant correlation with the expression of CR on a trial-to-trial basis.

I investigated the role of muscarinic acetylcholine receptors (MAChRs) in eyeblink

serial feature-positive discrimination learning in mice using the mAChR antagonist.

Behavioral data revealed that saline-injected control mice were successfully discriminating

the identical tone presented in cued and non-cued trials within a few days of conditioning.

Analysis of CR dynamics revealed that mice exhibited differentially timed CR depending on

the presence/absence of the preceding cue: the CR onset latency was shorter in cued trials

than in non-cued trials although CR peak amplitude values were not significantly different

between trial types. These results suggest that the top-down modulation mainly occurred

before the execution of the CR, leading to the difference in its frequency of occurrence, but

not during the CR itself. In contrast, scopolamine influenced CR temporal pattern as

scopolamine-injected mice showed the equivalent CR onset latency in cued and non-cued

trials, suggesting an involvement of mAChRs in refining CR timing in serial feature-positive

discrimination learning. | found that scopolamine-injected mice developed an equivalent

number of CRs irrespective of the presence of the cue during the acquisitions, indicating in a

failure to acquire conditional discrimination. Post-training administration of scopolamine to

the control mice did not impair the conditional discrimination and expression of pre-acquired

CR. These results suggest that mMAChRs may play a pivotal role in memory formation in the

conditional brain state associated with the feature cue, however, they are unlikely to be



involved in the development of discrimination after conditional memory had formed in the

serial feature-positive discrimination task during eyeblink conditioning.

Also, | investigated the hippocampal LFP during eyeblink conditional

discrimination task in mice. | found the existence of differential sub-bands by analyzing the

hippocampal theta oscillation in cued trials: the higher (7—9 Hz) but not the lower (4-6 Hz)

sub-band increased after the conditional cue, suggesting the higher sub-band reflects the

cognition of the conditional cue, which might lead to the acquisition of discriminative

responses. In addition, the cue-evoked increase in the higher sub-band correlated significantly

with the earlier onset of the subsequent conditioned response, suggesting a precise role of the

higher sub-band in preparation for the coming CS-US presentation. Also, | found that during

the course of training both the lower (4-6Hz) and the higher type 2 oscillation (7-9 Hz) were

enhanced, suggesting an increase in general attention. Administration of scopolamine after

sufficient learning suppressed both the sub-bands during the conditioning but not the

pre-acquired discrimination, indicating both the sub-bands are type 2 theta oscillation and not

involved in memory expression for conditional discrimination. These findings are consistent

with the behavioral result, where post-training administration of scopolamine did not weaken

the pre-acquired discrimination, despite impaired the acquisition of discrimination in eyeblink

serial feature-positive discrimination task. Collectively, the behavioral as well as hippocampal

LFP data revealed that mAChRs play an important role in acquiring the discrimination



between cued and non-cued trials through activation of sub-bands of type 2 theta oscillation

but not after robust learning, where the association of other structures other than the

hippocampus might be involved. Thus, mAChRs and its dependent sub-bands might play an

important role in the formation, but not the expression, of the memory for top-down

modulation associated with the feature cue in the serial feature-positive discrimination task in

mouse eyeblink conditioning.
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