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Stimulation of the s t ructures  of the dorsal and ventral hlppocampus causes complex behavioral or 
epilepflform responses.  The most t3~plcal bioeleetrieal phenomena accompanying these responses a re  
paroxysmal convulsive discharges of focal or generalized character .  
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Among the limbic structures,  an important position is occupied by the dorsal and ventral parts  of the 
hippocampus [11]. Data in the l i terature show that the low conw~sive threshold [10, 12, 13, 14-16], tl~ 
manifestation of reflexes [4, 6, 8, 9, 17], aftereffects [18, 19], emotional responses [1, 14], and also inhib- 
i tory a~.-] excitatory influences [5,7] are  connected with the hippocampus. However, this does not rule out 
the possibility of other functions being performed by the hippocampal s t ructures .  

The object of the present  investigation was to examine the character  of behavioral responses ar is ing 
during threshold electr ical  stimulation of the s tructures  of the dorsal  and ventral htppocampus, to de te r -  
mine the character is t ics  of electrographic responses (after-discharges) after stimulation of these fo rma-  
tions, and to study the nature of functional interaction between the hippocampus and other limbic formations 
and brain s t ructures  (using data of bioelectrical  processes) .  

E X P E R I M E N T A L  M E T H O D  

Experiments were performed on 18 rabbits into each of which 7 monopolar steel electrodes (diame- 
ter  150/~) were introduced into the ventral and dorsal parts  of the hippocampus (20 electrodes),  the medial 
and intralamtnar nuclei cf the thalamus and nuclei of the ret icular  formation 08  electrodes), the nuclei of 
the amygdaloid complex (23 electrodes),  and into the septal region (18 electrodes) by means of a s te reo-  
taxie apparatus. The subcortical electrodes were used both for unipolar stimulation of the brain and for 
uniix.lar m~d bipolar recording of the potentials: Other details of the experimental method were described 
in our previous papers [2, 3]. 

E X P E R I M E N T A L  R E S U L T S  

During stimulation of the s t ructures  of the dorsal and ventral hfppocampus with a minimal "~.tric 
cx;rrent (0.5 V, 100 eps, 1 msec) .a  group of motor manifestations was observed, which could be described 
as an arousal o r  prepara tory  response. With an increase in streng~h of the current,  rapid movements to 
e i ther  side appeared, the rabbit struck the floor of its cage with its hind limbs, and periodically became 
fixed in one position. In other cases the response appeared immediately as a sudden cessation (inhibition) 
of preceding motor responses,  possibly combined with adversion, optsthotonus, t remor,  and clinic move-  
ments of one forelimb. Most character is t ical ly these motor mani~e.~tations were dominated by influences 
of tnrdc type. A prolonged aftereffect  (60-200 sec) was the rule af ter  stimulation ended. 

Tim most  typical bioelectrical phcnomen~ accompanying the motor responses described above were 
variants of paroxysmal discharges {Fig. 1). In contrast  to discharges in the nuclei of the amygdaloid com- 
plex, ~ter- .dlscharges of the hippocampus as a rule were. more intensive in both amplitude and frequency. 
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Fig. 1. Typical variants of after-discharges recorded in hippocan.e~d 
structures.  1) Background elgctrical activity (| before s t im- 
ulation; 2-6) variants of paroxysmal after-discharges.  Explanation 
In text. 

Sometimes only rare  parox'ysmal discharges appeared. Different variants of paroxysmal after-discharges 
were observed in the hippocampus: periodic, multiple spik,~s (Fig. 1, 2), continuous spike discharges with 
an amplitude of more ~ 500 #V and a frequency of i2-15]see (Fig. 1, 3,4), changes in paroxysmal activity 
characterized by periods of continuous spikes alternating with a period o[ rhytlm~ic hlgh-frequency syn- 
chronization, and a period of multiple spikes, superposed on high-amplitude slow waves (Fig. I,  5), and 
finally, continuous high-amplitude and high-frequency (17-25]sec) spike dischRrges (Fig. I, 6). According 
m the observations of PenIield and Jasper [201, all the above variants of after-d~scharges are local in origin 
and reflect ram-ritual hypersynchroniza~iono[ neuronal activity. 

The results of our experiments show no strict correlation between the severity of the motor mani- 
festattoas Mter stimulation of hippocampal structures .and the intensity of paroxysmal couwalsive activity. 
Often ,~sence of visible motor manifestations was accompanied by high-amplitude, high-frequency paroxy- 
smal discharges for a long period after the end of stimulation {150-200 see). "Ihts fact confirms data in- 
dicating extremely high paroxysmal preparedness of the hlppocampus by comparison with other brain 
structures, except for the nuclei of the amygdaloid complex. 

One of the problems studied in this investigation was the dynamics of spread of htppocampal dis-  
charges to certain other limbic (septum, amygdala) and reticular (reticular nuclei of the cerebral peduncles, 
tegmentum, thalamus) structures.  First ,  it is important to s t ress  that in some cases the hfppocampal dis-  
charges were limited, focal in c l~racter ,  i.e., they were manifested in one structure only. However, fecal 
paroxysmal discharges could be observed not only in the stimulated structure, in this case in the hJpp~:~cam- 
pus, but they could also arise secondarily in other structures. Examples of the focal appearance of ~ t e r -  
discharges are shown in Fig. 2. The development of t)~ptcal after-discharges in the hJppocampal Btruc~res 
only c ~  be seen in Fig. 2A (leads 6 and 5). It is clear from Fig. 2B, that stimulation of the wn t ra l  hip- 
pocampus led to the appearance of bioelectrtcai activity of paroxysmal type iu the nuclei of the amygdllcid 
complex (lead 4). However, spread of after-discharges to other brain structures vms morv typical of th~ 
dynamics of paroxysmal acti'.~ity. A re~,ular feature was irradiation of the paroxysmal process In the f i rs t  
place within the limbte system. 

The discharges most frequently and readily affected the nuclei of the amygdaloid complex a ~  ~eptum 
because o~ the presence of bilateral connections bet~..een theee strue~res [15, 16, 21]. Characterls12cal]y, 
the relationship between the hippocampal and amygdRlar paroxysmal process In the coturse of development 
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Fig. 2. Focal manifestation of convulsuve discharges after stimula- 
tion of the right ventral hippocampus <unipolar leads). A) Develop- 
ment of paroxysmal discharges in hippocampal structures only (leads 
*5 and 6); parameters of current: 2 V, 20 cps, 1 msec, duration of 
stimulation 15 sec. Leads: 1) right septal, 2) left septal, 3) central 
amygdaloid nucleus on the right, 4) basal am~gdaloid nucleus on the 
left, 5) right ventral hipp<)campus, 6) left ventral hippocampus, 7) re t i -  
cular peddculopontfle nucleus; B) development of paroxysmal discharges 
only in amygdaloid nuclei (lead 4); parameters  of current: 1.5 V, 100 
cps, 1 msec, duration of stimulation 15 sec. Leads: 1) right parietal 
cortex, 2) right septal, 3) left scptal, 4) central amygdaloid nucleus on 
the right, 5) basal amygdaloid nucleus on the left, 6) right ventral kip- 
Ix)campus. Explanation in text. 

of the responses differed in character. The amygdaloid complex gradually became involved in the process 
arising in the hippocampus, after which thts process became weaker (in amplitude and frequency of dis-  
charges) in the stimulated hippocampus and s t r o n ~ r  in the amygdalold complex, so that ultimately tho total 
duration of the paroxysmal electrical activity was increased. By multiple insertion of electrodes, tlm dy- 
nanncs of spread of paroxysmal electrical activity could be observed from the hippocampus to other brain 
structures and, in particular, to structures of the reticular formation. The results of these experiments 
show that a paroxysmal process arising in the hippocampus spreads to the structures of the reticular form- 
atlon and takes place synchronously. It will be clear from Fig. 3 that at the 15tb and 30th seconds of de- 
velopment of the activity structures such as the hlppocampus, the amygdaloid complex, the parietal cortex, 
and also the reticular nuclei of tho cerebral peduncles and tegmentum participate in paroxysmal electrical 
activity as a single functional system. Simultaneous recording of potentials from several llmbic structures,  
followed by quantitative analysis (appearance and duration of after--discharges),reve.~tl the general :aattern 
of spread of the paroxysmal process arising from the hlppocampus. These results are summarized in 
Table 1. 
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Fig. 3. Dyna~lcs of paro.vjsmal electrical activity of limbfc and re t i -  
cular structures after stimulation of the right ventral hippocampus for 
15 sec with a current of 2.5 V, I00 cps, 1 msec. A) 15th second of de- 
velopment of process; B) 30th second of process. Leads (un[polar): 
1) left parietal cortex; 2) central amygdaloid nucleus on the rig~ht; 
3) basal am~dalotd  nucleus on the right; 4) right ventral htppoc~mpus; 
5) reticuiotegmental nucleus; 6) reticular pediculopontile nucleus. Ex- 
p l a ~ t ~ n  in text. 

TABLE I. 

Leads 

D)~namics of After-Discharges Arising after Stimulation of the I-ILpocampus 

No. of appearances (in %) 
M~m 
55• 
83 * 4.7 
74,5.8 
71~-3.7 
85:k3.0 

Cortical areas 
Thalamus 
Sept~tm 
Am)~daloid complex 
Hippocampus 

298 
103 

80 
74 

142 

Duration (in sec) 

Mean value 74 

Our results show that the hippocampus (ventral an, 

n M-~ m 
165 50~-4.7 
68 53,4.9 
59 46,5.1 
53 36-~3.0 

121 55:k3.9 
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Remarks 

Process ar ises  in hip- 
pocampus, in nonspe- 
ct/ic nuclei of thalamus, 
irradiates, and is sus-  
tained by hlppocamt~s- 
thalamus-cor tex s~stem 

dorm~l parts), besides being in a state of high 
epileptogenic preparedness, also takes part in the regulation of Lehavioral responses. The dynamics of 
svread of paroxysmal discharges of hippocampal origin demonstr-~tes that the limbic structures (~mygdala, 
medial thalamus, sept~m) function in principle as a single system azzd interact closely with the structures 
of the reticular formation. A further study of these problems is necessary to elucidate the mechanisms by 
which these systems participate in integrative activity of the brain.  
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