
Introduction

The septum, particularly the septohippocampal system,
represents an important part of the limbic system.
Regarding the present knowledge, its involvement in emoti-
onal processes, memory operations and in the course of
movement automatisms may be assumed (15). The septum
also participates in the formation of some types of electro-
encephalographic (EEG) activity. A typical example repre-
sents the production of 4 to 12 Hz activity - the „theta“
rhythm (5).The medial septal nucleus (MSN) and the dor-
sal septal nucleus (DSN) - it is called also the nucleus of the
diagonal band of Broca- are known to be the principal sour-
ces of cholinergic input to the hippocampal formation
(10,16). We have previously demostrated the importance of
the both structures mentioned for the action of anticholi-
nergic drugs (8). We have also demonstrated, by means of
the local lesion strategy, the existence of some heterogenity
within MSN and DSN. DSN is oriented most likely toward
the limbic lobe and neocortical structures, while MSN is
connected particularly with the hippocampal and amygdala
region. Confirmation of this conclusion was based on the
different changes in AChE activity following lesions of
MSN and DSN (7). We have also provided additional evi-
dence in this context in pharmacological experiments (9).

The participation of the septohippocampal system in
the formation of some types of convulsive activity is also
well-established (16,17). A low seizure threshold of some
parts of the limbic system predeterminates their relations-
hip to some kinds of epilepsy. In particular, complex parti-
al seizures are closely associated with the limbic system

(11). The muscarinic cholinergic agonist pilocarpine is ca-
pable in the case of its local administration to induce in rats
limbic seizures and status epilepticus followed by a wide-sp-
read propagation of epileptic activity to the cortex (2,18).
On the contrary, a lack information is concerned with the
effect of local administration of anticholinergic drugs into
the limbic system. In order to determine a possible ability
of anticholinergic drugs to induce some kind of convulsive
activity, we tested the effect of local administration of atro-
pine into MSN and DSN.

Material and Method

Experiments were performed in 40 male and 10 female
albino rats of the Wistar strain. All rats were anaesthetized
throughout the experiments with thiopental sodium (50
mg/kg, intraperitoneally), and mounted into a stereotaxic
apparatus with the bregma 1.0 mm above the lambda. After
incision and retraction of the skin, connective tissue and
muscles, trephine openings approximately 1.0 mm in dia-
meter were placed onto the exposed skull unilaterally, in
the case of the hippocampus and amygdala to the left with
respect to the sagittal suture. The stereotaxic coordinates
for recording needle electrodes were as follows: the dorsal
hippocampus - 3.5 mm behind the bregma, 3.0 mm lateral-
ly to the sagittal suture (L), and 3.75 mm below the surfa-
ce of the skull (V), the central amygdala - 1.5 mm behind
the bregma, L = 2.5 mm, V = 8.0 mm. The stereotaxic co-
ordinates for intracerebral cannula were as follows: MSN -
0.75 mm before the bregma, L = 0, V = 5.5 mm, DSN - 0.75
mm before the bregma, L = 0, V = 4,25 mm. Atropine was
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ding since. The exposition of the cat cortical surface to the
effect of 1% solution of atropine led to the induction of pro-
minent diphasic spikes, which occurred at a rate of appro-
ximately 1 per 0,5 - 3 s. A few cats tested subsequently with
a 2% solution of atropine developed more intense spike ac-
tivity, which endured for hours (4). Although we used a dif-
ferent way of atropine administration into the different
brain structures of different species, we surprisingly obtai-
ned a very similar pattern of spike and wave activity.

On the contrary,it is worth noticing that there exists
a marked dissimilarity of the atropine-induced pattern in
comparison with seizures produced in rodents by the admi-
nistration of a cholinergic muscarinic agonist. Systemic or
local administration of carbachol or pilocarpine results in
bursts of spikes of much higher frequency than it is in the
case of atropine administration (18). These bursts much
more resemble electrically-induced afterdischarges of the
„limbic“ type. The characteristic afterdischarge pattern
consisted of a rapid „tonic“ phase, and a succesive „clonic“
phase with the occurrence of large, slow waves, occasional-
ly with superimposed rapid activity (6,12). This type of af-
terdischarges is considered as a model of generalized
epileptic phenomena (14). On the contrary to this, a focal

133

given by means of the intracerebral cannula in a dose of 0.2
mg in a volume of l µl of saline. EEG activity was recorded
at least 120 minutes following atropine administration, in
parts of the experiments up to 240 minutes. Male rats were
divided into four groups of 10 animals, i.e., two control
groups with the administration of saline only into MSN or,
respective, DSN, and two experimental groups with the ad-
ministration of atropine into MSN or DSN. In the case of
female rats only the effect of atropine administration into
MSN was investigated. At the end of the experiments, the
animals were given a lethal dose of thiopental sodium, and
the brains were carefully removed for histological evaluati-
on. The average frequency and amplitude of abnormal EEG
phenomena was evaluated. The results are illustrated in
Figs 5 and 6 as the mean and SD (n = 10). Statistical com-
parison was calculated by means of t-test.

Results

The atropine administration into both MSN and DSN
led to the development of a spike or spike and wave activi-
ty in the hippocampus as well as amygdala. The first appe-
arance of these spikes began on the background of EEG
activity with a prevailing high amplitude around the 10th
minute (Fig. 1. below). Spike and wave activity was fully de-
veloped in the course of 30 - 60 minutes (Fig. 2, above) and
outlasted within 2 hours. Its disappearance was frequently
followed by high EEG activity with an occasional occuren-
ce of intermittent spikes or sharp waves (Fig. 2, below). Fig.
3 shows typical examples of spike and wave activity in the
both structures observed at the interval of 15 and 120 mi-
nutes following atropine administration. In the case of the
amygdala the wave, which followed the spike, was lower in
comparison with the same wave recorded in the hippocam-
pus. The whole complex of spike and wave in the hippo-
campus had a rather biphasic character, while the initial
spike of a high amplitude dominated in the case of the
amygdala. The amplitude of spikes in the hippocampus
fluctuated mostly from 500 to 600 µV, the same aplitude in
the amygdala was higher, i.e., from 800 to 1000 µV. It was
not possible to induce this spike and wave activity in the
proper septum, i.e., in the structure where stimulation was
carried out (Fig. 4). The average incidence of spikes indu-
ced by atropine administration into DSN was lower within
the entire group in comparison with the same incidence fol-
lowing atropine administration into MSN (Fig. 5). There
was a difference between males and females with respect to
MSN, the average incidence of spikes being somewhat lo-
wer in females in comparison with males (Fig. 6). However,
this difference was less prominent than in case of MSN and
DSN in the same sex (compare Fig. 5 and Fig. 6).

Discussion

Although the convulsive effect of atropine was descri-
bed as early as 1973, no attention has been given to this fin-
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Fig. 1: EEG recordings from the left hippocampus (HIPP)
and amygdala (AMYGD) before and after the administrati-
on of atropine (ATR) into MSN. Spiking begins about 10
minutes after atropine administration into both structures
observed at the same time.

Fig. 2: EEG recordings from the left hippocampus and amyg-
dala 60 and 240 minutes following atropine administration.
Spike and wave activity is fully developed in the course of 30
- 60 minutes following atropine administration. Following di-
sappearance of typical atropine-induced activity, sharp waves,
or irregular spikes with periods of faster EEG background ac-
tivity outlast in EEG recordings (Fig. 2, below).

Fig. 3: Examples of various types of spike/wave activity in
the amygdala (above) and hippocampus (below) 15 and
120 minutes following atropine administratione (in the text
further details).

Fig. 4: EEG recordings from the hippocampus and medial
septum (SEPT) before and after atropine administration
into MSN. Note a lack of spiking in the proper septal area
in comparison with the hippocampus.

Fig. 5, above: Incidence of spike/wave activity in absolute
values as the number of spikes per minute following admi-
nistration of atropine into DSN (full line) and MSN (das-
hed line). Below: Amplitude of spike/wave activity as the
mean and SD of µV following the administration of atropi-
ne into DSN (full line) and MSN (dashed line).

Fig. 6, above: Incidence of spike/wave activity in males (full
line) and females (dashed line). Below: Amplitude of spi-
ke/wave activity in males (full line) and females (dashed
line).
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Introduction

About 50% of patients indicated for pacemaker treat-
ment have dual chamber pacemaker implanted. In this text
the term DDD mode (DDDM) pacing is used only when
the right atrium and the right ventricle are both sensed and
stimulated. It is generally accepted that optimizing the AV
interval (AVI) may be beneficial in all patients (1). Of par-
ticular importance is the optimizing of the AVI in patients
with hypertrophic obstructive cardiomyopathy, dilated car-
diomyopathy with severe prolongation of the AVI and in pa-
tients with left ventricular dysfunction associated with
a presystolic mitral regurgitation. There is still the problem
how to estimate this optimal AVI (11). The optimal AVI for
the atrial synchronous pacing (DDDM) may be defined as
the time interval between the atrial and the ventricular sti-
mulus, at which the stroke volume is highest. Most current-
ly used techniques for determining this optimal setting are
either expensive or time-consuming (2,5,4), and therefore
are not routinely used. The aim of our study was to investi-
gate a new, alternative method, which is easily reproducible
and does not have these known disadvantages.

Theoretical basis of the research

The basis for our idea came from the experiments of
Mitchell et all. in 1965 (3). Their experiments were performed

in sequentially paced dogs with surgically induced AV block.
They demonstrated a decrement in stroke volume in ascending
aorta by a Doppler flow probe mounted on the aorta when
they changed stimulation by switching off the atrial stimulus.
In this way they were able to quantify the atrial contribution.
In our study, we replaced the complicated direct measure-
ment of aortic flow by an invasive direct measurement of aor-
tic blood pressure (aBP). Keeping in mind that under these
conditions, the heart rate and the mean pressure do not chan-
ge and therefore there is tight correlation between the pressu-
re pulse and the stroke volume (8,9). The main idea of this
paper has been to replace an invasively measured parameter
by the photoplethysmographic technique, which was already
tested (4,10). Other studies showed that every person has only
one AV delay, when the atrial contribution (AC) is maximal.

Technical equipment

The equipment used for the chosen technique had to be
common in cardiac pacing laboratories and it could not
contain non standard parts, i.e. special finger oximetric pro-
be or special software in the monitor of vital signs.

The way of the pacemaker programming
We enrolled patients with Physios dual chamber pace-

makers produced by Biotronik, Germany. The programmer
EPR 1000 Color (Biotronik) was used.
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character of atropine-induced activity is quite noticeable.
We can notice a certain degree of resemblance with spike
and wave epizodes induced by low doses of pentylenetetra-
zol or gamma-hydroxybutyrate (3,13). The natural endoge-
nous GABA metabolite gamma-hydroxybutyrate is known
to induce rhythmic spike and wave activity of a shape very
similar to atropine-induced activity, as demonstrated in Fig.
3. However, there is a marked difference in the occurrence
of both these types of spike and wave activity in the EEG
patterns. While atropine-induced activity is quite regular in
this sense and its frequency is as low as 0,33 Hz, gamma-
hydroxybutyrate-induced spikes show a cluster arrangement
within EEG pattern and a higher rate of frequency.

Additional evidence is necessary to solve the problem
of clasification of atropine-induced activity in relation to
the other experimental models of epilepsy.
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