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Abstract. Effects of central (intraventricular) and peripheral (intra- 
peritoneal or intravemus) injections of muscarinic cholinolytics: atro- 
pine sulphate, atropine nitrate and scopolamine hydrobromide, on hip- 
pocampal and neocortical EEG were compared in rabbits and in cats. 
Both salts of atropime might produce epileptic, electrical activity in the 
neocortex and in the hippocampus when they were administered intra- 
ventricularly in doses of 600 pg or more (rabbits) and in doses of 50- 
100 pg (cats). Scopolamine hydrobromide injected via the same route in 
similar doses was mot effective. The data suggest that the epileptic sym- 
ptoms evoked by atropine are probably due to an action on a neuronal 
substrate common to both species used and that the action is mediated 
not through cholinergic, muscarinic receptors. 

INTRODUCTION 

The antimuscarinic cholinolytic, atropine, apart from its clinical ap- 
plication, is one of the most frequently used substances in brain re- 
search. Some of its salts cross the bloodbrain barrier easily and, when 
administered systemically, they result in dramatic changes in the bioe- 
lectrical activity of the brain. The cortical arousal pattern, low-voltage 
slow activity (LVFA), is being replaced by a high-voltage slow activity 
(HVSA), similar to that present during slow-wave sleep (15). The hippo- 
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campal arousal pattern, theta rhythm or rhythmic slow activity (RSA), 
disappears completely in some animal species (5, 7, 15). In others only 
RSA of lower frequency (Type 2 or immobility related RSA) is being 
eliminated but high-frequency, movement-related RSA (Type 1) survi- 
ves the treatment (6, 16, 18). The above effects, however, seem to be 
dependent on the route of administration of the drug; it has been esta- 
blished that the most frequently used salt-At(S04)-does not change 
the hippocampal and cortical arousal pattern when the drug is admi- 
nistered directly into the brain via the lateral ventricles in 'moderate 
doses. When high doses are used it results in hippocampal seizures (18). 
The aim of the experiments described below was to gather more infor- 
mation concerning the unusual and rather unexpected action of At. Na- 
mely, we tried to obtain answers to the following questidns: (i) is the 
effect of intraventricular At due to the blockade of muscarinic receptors, 
(ii) does it depend on the type of salt used, and (iii) is it similar in spe- 
cies differing with respect to some aspects of brain neurochemistry. To 
attain the goal we compared changes in the hippocampal and cortical 
EEG produced by two salts of At - At(S04) and At(N03) - and anot- 
her muscarinic blocker, Sc(HBr), in two animal species: rabbits and 
cats. The experiments have shown that both salts of At, injected intra- 
ventricularly, may precipitate epileptic activity. This effect does not 
seem to be related to the blockade of muscarinic receptors (Sc(HBr) pro- 
duces no such phenomena), and is similar in both species used. 

METHODS 

Animals. The experiments were performed on 10 adult male chin- 
chilla rabbits and 6 adult male cats. Before the experiments all ani- 
mals were subjected to surgery. 

Surgical procedure. All animals were implanted with intracranial 
electrodes and one or two intraventricular guide cannulae with the use 
of a standard surgical technique. Each animal was implanted with two 
bipolar electrodes aimed at the dorsal hippocampus bilaterally. In cats 
the stereotaxic coordinates for the hippocampus were as follows: A = 

= 4.5, L = 5.0, H = 4-7.0 according to Jasper and Ajmone-Marsan's . 
stereotaxic atlas (9). In rabbits the hippocampal electrodes were placed 
at: 5.0 mm posterior to bregma, 5.0 mm lateral to the midline, and 6.0 
mm ventral to the horizontal surface of the skull. The hippocampal elec- 
trodes were made of two twisted strands of stainless steel, teflon coated 
wire of 200 pm in diam., insulated except for the obliquely cut tips. The 
tips were staggered vertically by 1.0-1.5 mm. All animals were also im- 



planted with surface silver ball electrodes 1.0 mm in diam., placed epi- 
durally over parietal, cortical areas. In cats, apart from the electrodes 
for EEG recordings, one monopolar electrode, made of a single strand 
of teflon coated wire, was implanted behind the left eye-ball (through 
an opening made in the frontal sinus) for recording the electrooculogram 
(EOG). The guide cannulae were placed just above the lumen of the 
lateral ventricles in both species. Such a placement prevented the out- 
flow of the cerebrospinal fluid. The coordinates for the cat were as fol- 
lows: A = 13.5, L = 3.5 and H = +9.0. In rabbits the cannulae were 
placed 1.0 mm anterior to bregma, 3.0 mm lateral to the midline and 
4.0 mm ventral to the surface of the skull. The guide cannulae were 
made of stainless injection needles of 0.8 mm in outer and 0.6 mm in- 
ner diqm., cut at the proper length. The cannulae were blocked with 
a stainless steel stylet cut to length and sealed with a swab of cotton 
and sterile wax. A coil made of silver wire of 0.5 mm in diam., placed 
over the frontal bone, and a screw implanted head down under the pa- 
rietal bone served as a reference electrode and as ground, respectively. 
The ends of electrodes protruding above the skull were attached t a  
a Cannon type female connector and the whole assembly was fixed to  
the skull with dental cement. After the surgery the animals were al- 
lowed 10-15 days for recovery. 

Apparatus. The EEG recordings were made with the use of an 8- 
channel electroencephalograph (AM-1, ORMED, Poland) with the bime 
constant set at 0.3 s and the high filter set at 35 Hz. The observation 
cage was 120X60X60 cm wooden box with transparent front and top. 
The cage was placed in a semi-soundproof compartment illuminated 
with artificial light. The animal was connected to the electroencepha- 
lograph with the aid of a light-weight flexible shielded cable which allo- 
wed it to move freely inside the cage. Apart from the EEG (and EOG 
in cats), head movements were recorded with the free lead method and 
the whole body movements were recorded with the aid of a movement 
sensor placed under the floor .of the observation cage (8). A closed TV 
system made possible watching the animal during the whole experi- 
ment. 

Drugs and injection procedure. The following drugs were used: 
At(S0,) (Sigma), At(N0,) (Merck) and Sc(HBr) (Sigma). For injections 
aqueous solutions were prepared of pH 7.2-7.4 adjusted, if necessary, 
to this range with the use of phosphate buffer. Intraventricular injec- 
tions were made with the use of an injection cannula connected to 
a microsyringe (Zimmermann, Leipzig). The injection cannula was 
a stainless steel tube 1.5 mm longer than the guide cannula and fitted 



sufficiently to prevent seepage. The volume of solutions injected into 
the ventricle was 20 p1 (f 0.1 yl) in all cases; it was administered i n  
steps during about 1.0 min. In cases when after removing the stylet from 
the guide cannula there was an 'outflow of the cerebrospinal fluid, it 
was sucked off with a cotton swab before insertion of the injection can- 
nula. After the injection the guide cannula was sealed as quickly as 
possible. In a given animal the same guide cannqla was used for all 
intraventricular injections. Systemic injections were intraperitoneal (in 
cats), and intravenous, via the ear marginal vein (in rabbits). The volu- 
me of the injected solutions for sy~temic injections was 1.0 ml in all 
cases. 

Of the 10 rabbits three animals were scheduled first for a sequence 
of three intraventricular injections of At(S04) in doses of 200, 400 and 
600 pg, followed by an intravenous injection of the same drug in a dose 
of 10 mglkg; three animals for a similar sequence of injections of 
At(N03) in the same doses, and the remaining four for intraventricular 
.injections of Sc(HBr) in doses of 100, 200 and 400 yg followed by an 
intravenous injection of the same drug in a dose of 1.0 mgkg. 

Of the six cats two were scheduled first for a sequence of three in- 
traventricular injections of At(S04) in doses of 50, 100 and 200 pg, and 
then for an intraperitoneal injection of the same drug in a dose of 1.0 
mglkg, two for similar sequence of injections of At(NO,), and the re- 
maining two for intraventricular injections of Sc(HBr) in doses of 50, 
100 and 200 pg followed by an intraperitoneal injection of this drug in 
a dose of 0.2 mglkg. The effect of each dose of each drug was tested 
only once in an increasing order. At least seven days' interval was allo- 
wed between successive injections. When the first sequence of the plan- 
ned injections was finished in a given animal, it was subjected to a si- 
milar sequence of injections of another drug. (For example: an animal 
on which the effect of At(S04) was tested first was subsequently sub- 
jected to a sequence of injections of Sc(HBr), and then to injections of 
At(N03). Thus, the effects of central (intraventricular) and peripheral in- 
jections of each drug were studed on each animal. When signs of epi- 
leptic activity were noted in the EEG after an injection of a given drug, 
it was administered no more via the same route. Owing to this the to- 
tal number of injections to which each animal was subjected was smal- 
ler than scheduled. 

EEG recording and analysis. EEG was recorded continuously for at 
least 10 min before each injection and during 60 min after ,each injec- 
tion. The analysis was based on visual assessment of the records. 



Fig. 1. Illustrative sections of rabbit (top) and cat (bottom) brains showing tracts 
of cannulae to the lateral ventricles. 



Fig. 2. Fragments of records illustrating the difference in effects between intra- 
ventricular and intravenous injections of At(SO4) in a rabbit. h, hippocampal EEG 
(bipolar derivation); c, fronto-parietal, cortical EEG (monopolar derivation); hm, 
head movement (record from the "free cable"); A, before injection; B and C, 5 and 
15 min (respectively) after intraventricular injection of 600 Irg At(SO4). D, 15 min 
after intravenous injection of At(S0,) in a dose 10 makg.  See text for further 

explanations. Calibration bars: 200 yV, 1 s. 



RESULTS 

The post mortem standard histological verification revealed that the 
tips of the injection cannulae penetrated the lumen of the lateral ven- 
tricles. Examples of sections showing traces of cannulae within the cat 
and the rabbit brains are presented in Fig. 1. Each animal had at least 
one of the intrabrain electrodes located successfully within the hippo- 
campus, and as a rule this was the same electrode that had been selec- 
ted for recording hippocampal EEE during the experiments (the RSA 
amplitude from this location was highest). 

The hippocampal and neocortical EEG-s recorded before injections 
in both species showed no abnormalities. The maximum RSA amplitude 
noted in particular subjects was 350-760 yV in cats, and 800-1,800 yV 
in rabbits. 

Effects of injections of atropine 

The effects of At(S04) and At(N03) were essentially the same for 
a given species and for a given route of administration. Moreover, the 
order of testing appeared to have no influence on the type and on the 
severity of changes in the EEG produced by each of the drugs. There- 
fore, they will be described jointly. 

Rabbits: Before injections all three main forms of hippocampal acti- 
vity - LIA (large, irregular activity), movement related RSA (M-RSA) 
of high frequency (above 6.5 Hz) and immobility related RSA (I-RSA) 
of slow frequency (below 6.5 Hz) - could be easily distinguished in the 
hippocampal records. Their proportions varied in accordance with the 
animal behavior. Neocortical records (surface to reference derivations) 
were dominated by LVFA (Fig. 2A). In eight out of ten rabbits intra- 
ventricular injections of At(S04) or At(N03), in doses of 200 and 400 
yg, produced no clear-cut effects on the hippocampal EEG; both types 
of RSA were still present although the amplitude might be slightly de- 
pressed. In the neocortex, however, L)VFA {was present 'only during 
movement related, high frequency RSA in the hippocampus. Hippocam- 
pal LIA and I-RSA were accompanied by an activity of large amplitude 
and unusually low frequency (below 2.0 Hz) in the neocortex (Fig. 2B). 
In two rabbits after injection of At in doses of 200 and 400 yg and in( 
the remaining ones after injections of 600 yg, large spikes, single or in 
groups, appeared in the neocortex and in the hippocampus. The laten- 
cy of this effect varied between 7 and 22 min (mean 17 min). The epi- 
leptic manifestations in the neocortex usually preceded the appearance 
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Fig. 3. Fragments of records illustrating effects of intraventricular injection of 
At(S0a) in a dose of 50 pg in a cat. h, hippocampal EEG (bipolar derivation); 
c, fronto-parietal cortical EEG (monopolar derivation); em, eye movements (EOG); 
hm, head movements (record from the "free cable"); wbm, whole body movements 
/record from a movement sensor placed under the floor. A, before the injection; 
B, 12 min after the injection. Note the large spikes in the cortical EEG increasing 
in number during eye movements. C, 19 min after the injection. Note the start 

' 

of grand ma1 seizure. Calibration bars 200 pV, 2 s. 



of similar changes in the hippocampal EEG. Cortical spiking might be 
accompanied by head jerks (Fig. 2C). In two cases (600 pg) reccurring 
grand ma1 seizures appeared; they could be extinguished by intraperi- 
toneal injections of hexobarbital (60 mg/kg). 

Both salts of At given intravenously produced the well known chan- 
ges in the hippocampal and in the rneocortical EEG (6, 11, 16 and Fig. 
20). The changes were seen immediately after the injection. 

Cats. As it is known, the cat's hippocampal EEG differs from that of 
the rabbit with respect to the frequency range and the amount of fast 
components (5). We found no exceptions from this rule. Before injec- 
tions RSA dominated the hippocampal record. Its frequency was about 
3.5 Hz during an attentive state and above 4.0 Hz during eye and head 
movements. Cortical record was dominated by LVFA. In two cats (out 
of six) 50 pg of At(S0,) and in three the same dose of At(N03) injected 
intraventricularly resulted in the appearance of epileptic phenomena. 
The latency of this effect was within the range of 1.0-17.0 rnin (mean 
'12.6 min). In the remaining animals the same kind of activity appea- 
red after injection of 100 pg of At. Similarly as in rabbits the abnor- 
mal activity in the form of spikes appeared first in the cortex (Fig. 3B). 
The spikes increased in number and, finally, full electroencephalograp- 
hic and motor seizures might develop (Fig. 3C). In all cases but one 
the EEG abnormalities disappeared after 1.0-1.5 h after the injection. 
In no case have we seen a deleterious effect of At injected intraventri- 
cularly on the hippocampal RSA. In fact, after the injections RSA be- 
came continuous until hippocampal afterdischarges developed. 

Contrary to rabbits, in cats both salts of atropine, when injected in- 
traperitoneally in a dose of 1.0 mglkg, gradually eliminated RSA from 
the hippocampus. In the neocortex LVFA was being replaced by a slo- 
wer, irregular activity of high amplitude. This effect was described in 
detail in a previous work (7). 

Effects of scopolamine hydrobromide on EEG 

Rabbits. 1; no case Sc(HBr) injected intraventricularly in doses of 
100, 200 and 400 pg resulted in epileptic activity. After the injections 
the animals seemed to be sedated and LIA dominated the hippocampal 
record. However, slow RSA appeared in response to arousing stimuli 
(hand claps, whistles) and a faster RSA was present when the animal 
moved. Neocortical activity was LVFA during such occasions. 

The effect of intravenously given Sc(HBr) in a dose of 1.0 mg/kg 
was essentially the same as that of At in a dose of 10.0 mglkg-admini- 
stered via the same route. 



control 

Fig. 4. Fragments of records illustrating the effects of intraventricular (left co- 
lumn) and intraperitoneal (right column) injections of Sc(HBr) in a cat. Abbrevia- 
tions as in Fig. 3 (traces hm and wbm are omitted). Calibration bars, 200 yV; 2 s, 
shown at the top record of each column refer to all records, in a givfen column. 
Upper records in each column are control records taken just before the injection. 
The second, third, and fourth records in eaxh column are taken 5, 12, and 30 min 
after the injection, respectively. Note thalt the changes after the intraventricular 
(200 yg) injection of Sc(HBr) are similar to those after the intraperitolleal 

(0.2 mglkg) one, but take a longer time to develop, 



Cats. Similarly as in the rabbits, Sc(HBr) injected intraventricularly 
in doses of 50, 100 and 200 pg produced no signs of epileptic activity. 
It resulted however in the appearance of similar changes in the hippo- 
campal as well as in the cortical EEG as those appearing after intrape- 
ritoneal injections of At salts. The mean latency of this effect was 30.0 
rnin (range 19-50 rnin), 12.0 rnin (range 1-15 min) and 4.7 rnin (range 
1-8 min) when the scopolamine was injected in doses of 50, 100 and 
200 pg respectively. 

Intraperitoneal injections of Sc(HBr) in a dose of 0.2 mglkg resulted 
in the same changes as those seen after intraperitoneal injections of At 
salts (Fig. 4). 

After completion of the planned experiments in some rabbits and 
in some cats still higher doses (up to 600 pg) of Sc (HBr) given intra- 
ventricularly were tested. In no case epileptic activity was seen. 

DISCUSSION 

To our knowledge, the existing literature data suggesting a possible 
epileptogenic action of At have been obtained on rats only (18). There 
are several reports from experiments on cats, in which different cho- 
linergic agonists and antagonists were injected into brain ventricles (1- 
4). No symptoms suggesting seizures were noted on the behavioral le- 
vel after an injection of At(S04) in spite of large doses used (2, 4). The 
lack of electroencephalographic control makes the proper evaluation of 
the data impossible. The results of our experiments presented above 
show clearly that, as originally noted by Whishaw et al. in rats (18), 
At(S0,) injected into lateral brain ventricles of rabbits and cats may 
produce epileptic symptoms on the electroencephalographic as well as 
on the behavioral level. The new observation from our stuhes, not men- 
tioned in the Whishaw et al. paper, is the fact that the epileptogenic 
effect of At(S04) may be reproduced by At(N03) administered via the 
same route, but not by another, more potent antimuscarinic cholinoly- 
tic - scopolamine hydrobromide. 

Since intraventricularly given At may produce epileptic symptoms 
in rats, rabbits and cats, then it may be concluded that this effect is not 
species-specific. Such statement seems to be of importance in the light 
of the data suggesting the existence of some qualitative differences in 
brain chemistry between the cat on the one hand and the rabbit and 
rat on the other (6, 7, 16). Another fact, worth emphasizing in this con- 
text, is the course of propagation of the At induced epileptic activity. In 
our rabbits as well as in cats the signs of pathological activity appeared 



first in neocortical but not hippocampal derivations, a fact, which-owing 
to the use of depth to surface cortical derivations with rather small elec- 
trode tip separation, might have passed unnoticed in Whishaw et al. ex- 
periments (18). There is a possibility then that the primary neural target 
responsible for the appearance of At induced epilepsy is the same in 
all three species and is located outside the septohippocampal system. The 
inability of intraventricularly given At to block slow hippocampal RSA 
in rabbit and rat (18) and in cat (present work), as well as  the lack of 
symptoms suggesting epilepsy after intrahippocampal or intraseptal in- 
jections of At (10-14, 17, 19) support the above conclusion. 

The effects obtained on rabbits and on cats after imtraventricular in- 
jections of At, although not differing qualitatively, differ quantitatively. 
Whereas in majority of our rabbits 600 pg of At was necessary for the 
epileptic symptoms to appear, a dose,as low as 50 ~g was enough to pro- 
duce a similar effect in half of our cats. It looks like these diffe- 
rences paralelled those in the susceptibility to the anticholinergic action 
of this drug given systemically to both these species. However, the lack 
of an epileptogenic action of intraventricularly given Sc(HBr) in both 
species in spite of the large doses used suggests strongly that the epileptic 
phenomena cannot be related to a blockade of the cholinergic (musca- 
rinic) system. The identity of effects produced by At(S0,) and At(N03) 
when injected intraventricularly or systemicly allows one to assume 
that the epileptogenic properties are due to the cationic parts of both 
molecules rather than to their acidic radicals. At present, however, we 
have no definite proof for this suppositiom. 

As far as the other, well known changes in electrical brain activity 
produced by cholinolytics are concerned, it is sufficient to say that our 
data confirm the Whishaw et al. statement, that the structures responsi- 
ble for the generation of hippocampal RSA and cortical LVFA, being 
easily accessible for cholinolytics from the capillary bed, are quite inac- 
cessible from the cerebral ventricles. The substrate responsible for the 
epileptic phenomena, on the contrary, seems to be accessible for At ex- 
clusively frbm the ventricles. It is wlorth mentioning here, that in the 
cat no signs of epileptic activity are seen in the hippocampal and neo- 
cortical EEG when At is given intrahypothalamically in doses as large 
as 60 pg (8). 

Taken together, the data suggest that the mechanism of action of 
the most frequently used cholinolytics is more complex than it is gene- 
rally assumed. What is more, they should be taken as a warning by tho- 
se who study the effects of drugs rn) the nervous system applying them 
centrally. Electroencephalographic control should be recommended for 
all such studies so as to avoid erroneous interpretation of the results. 
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