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Many authors have poimed out the influence of the sympathetic nervous system on the conditioned-reflex and 
electrical activity of different parts of the brain [1, 3, 6-10, 12, 22 and others]. In most eases the effects on the peri- 
pheral parts of the sympathetic nervous system were studied. It is known that the higher autonomic and particularly 
and higher sympa~etie nervous centers are situated in the hypothalamic region [19-21, 24]. It has been shown that 
experimental damage to this region disturbs the normal activity of the higher centers of the central nervous system 
[4, 5]. and alters the electrical activity of the cerebral hemispheres [23. 25,23 and others]. Stimulation of the hypo- 
thalamie region enhances the activity of the cerebral hemispheres [11. 14-18. 2"f]. 

The work here described is a study of the formation of hypothalamoeortical connections during the process of 
evolution. 

METHOD 
Chronic experiments were carried out on 12 pigeons. After the animals had become acquainted with the con- 

ditions within a soundproof room, by means of esther attached or implanted needle electrodes records ~ere made of 
the electroencephalogram from symmetrically opposite regions of the occipital and parietal regions of the hemispheres. 
We inve:~tigated the orientating reactions in response to a 100 w lamp, and to the sound from an 800 cycle audio- 
oscillator. A nichrome wire unipolar elecuode measuring 0.15-9.2 mm and insulated with bakelite varnish was i . tro- 
dueed into the diencephalon or midbrain. 

When squarewave stimuli of 1-5 v at a frequency of 30-250 per second were applied to the region under the 
electrode0 a constriction or dilatation of the ipsilateral pupil could be observed. In 3 birds the pupillary reaction 
occurred on both ~ides. but was better shown on the side of the stimulus. In most of the birds in addition the eye 
turned inwards, the nictitating membrane relaxed, the eyelids closed, and there were various other motor responses 
including rotation of the head, raising of the tall, or general restless movements. 

After the normal background of elecuieal activity of the cerebral herntsphems had been established, we de- 
suo),ed the tissue beneath the elecuode by means of high-frequency or direct cuuent applied for from 20 seconds to 
2 minutes. Usually the duration of the current was conuolled during the destruction in terms of the observed pupillary 
symptoms~ which were the opposite of those observed with stimulation, 

From the first day after the destruction onwards we studied the spontaneous eleculeal  activity of the cerebral 
hemispheres, and the orientating :eactlom In response to light and sound. 

/~ftez these lnvestigatiom the brain was fixed In 10% formol, and then examined histologically. The region 
damaged was identified in sections of the brain 15-301J thick stained in Nlssh 

R E S U L T S  
']'he normal electroencephalogram {EEG) taken from symmeuically opposite regions of the cerebral hemis#leres 

shows well-marked slow waves at a frequency of from 2 to 5 per second and a voltage of 30-150 b'v, and superimposed 
on these waves there Is a high-frequency rhythm of  amplitude 5-20 I.'v. 
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In some of die pigeons, fi-10 days after implantatioit of the sub-cortical electrode, a tendency was noticed to 
asymmetry of the EEG of the two sides dte  to a change on the ipsilateral side, Evidently, the actual procedu,r ,~f 
implanting the electrode into such a small animal as a pigeon ',lay at some point~ erect a functiomd effect on the 
central nervous system, 

Fig. 1. Change in the electrical activity, and in the orientating response to light in 
pigeon No. 9. 1:he traces shown in A show the influence of left-sided damage to the 
diencephalon. The damage itself is illustrated in Fig. B. a) EEG and orientating 
reaction in respome to light before destruction of the tissue beneath the electrode; 
b) ditto 4 days after die destruction; e) ditto after 16 days. The curves in each 
oselUogram, from above downwards, are: EEG on the left; EEG on the right; time 
marker (0.02 seconds), and the same trace also indicates the stimulus. 

The orientating responses to light and sound were normally const.mt, and appeared as a typical desynchmnl- 
zatfon; they varied from one animal and one experiment to another only in the degree of the effect, and in the dur- 
ation of the response and of its after-action. Extinction of the orientating reaction, produced during an experiment 
In which the stimulus was applied at 30-second intervals, was not maintained. Usually partial extinction occurred 
by the 20r25th application of the stimulus. 

From the rcsulu obtained by destroying the tissue beneath the electrode, we could distinguish two groups of 
pigeons. 

In the first group of 5 animals, aftcr the destruction there was a considerable depression of cerebral electrical 
activity which was shown either as a reduction, complete dtsappcarancc, or irregularity of the slow waves, and as a 
reduction in the amplitude of file high-frequcncy wavcs (Fig. 1A). There was less change in the orientating reactions 
to light and sound. As a rule they disappcared or elsc were poorly shown on the first day after the infliction of the 
damage, and thcn recovcrod, despite the absence of the normal background electrical activity. All thc EEG changes 
were better shown on the |psilatcral side. Suppression of the spontaneous electrical activity was prolonged, and in 
some birds it did not wear off until the end of the period of observation, which was continued for from 2 weekl to t 
month. Recovery was usually Incomplete. and occurred chiefly in the orientating reactions. After tccovery, the re- 
actions were variable, and were better shown in response to die repoatcd stimuli than to the first stimuli, and they 
showed no tcndcncy to extinction. 
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In all the birds of thi~ group, the damage was located chiefly in the dtencepha!on (thalamus and hypothalamus, 

Fig. 1B), and was less extensive in the midbraia, where it affected chiefly the basal regions abutting below on the 
optic tract, and on the medial side on the hypothalamlc region. In birds, the ganglion opticum basate is situated 
here, which some authors classify as part of the hypothalamus. According to the site of the damage, the motor irn- 
pairment of this group of birds was negligihle, and comisted only in a reduction of motor activity. Some of them 
dcvelol~d a tremor, and the feathers were ruffled; these changes were symptoms of damage to the dieneephalon. 

Fig. 2. Change of electrical activity and orientating reactions in response to light 
in pigeon No. 4 induced by damage to the left side of the mid-brain (B). a) EEG and 
orientating reaction in te,pome to light before damage of the tissue 3eneath the elec- 
trode; b) ditto one day after infliction of the damage; c) ditto 3 days after the da- 
mage. Curves as in Fig. 1, 

In the second group of 7 pigeons the changes in the EEG after the destruction comprised a marked Increase in 
the amplitude of the slow waves, changes in their shape, and the appearance of extremely slow high amplitude waves 
at 1-2 fx:r second, and a suppression of the high-frequency rhythm. The orientating reactions to light and sound dis- 
appeared in most eases. In this group of pigeons, file asymmetry of the EEG was very marked after the destruction, 
and all of tl~cm appeared on the ipstlateral side, and sometimes there were also changes on the contralateral side, 
Although the changes were extremely marked, they disappeared after 3-10 days (Fig. 2A). When the damage was 
cemral, the EEG changes occurred bilaterally. 

In all the animals of this group0 the damage wax localized mainly in the midbraln-  not In its basal region ad- 
Joining the hypothalamie area hut in .'t~ central and dorsal portions, with massive injury to n. tuber fflg. 2, /3), Al- 
though after the damage the pupillary systems were similar to those found in the first group, the difference was 
that there was comlderablc motor Impairment. It was shown as a paralysis of the foot, rotation of the neck and head 
so that the apex faced downwards, awkward movements, and sometimes complete Inability to stand or maintain the 
normal posture, 

There Is therefore a definite relationship between the nature of the EEG changes and the site of the damage In 
the midbrain or dlencephalon.' The~e rcsulu agree on the one hand with those of Obrador [28] and Kennard [~ who 
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after extemive destruction of the hypothalamus in cats and monkeys found a marked xeduction in the amplitude and 
frequency of the brain waves, and on the other with the results of several authors [13, '26] who found that after damage 
to the pontomesenchephalic region of the reticular formation, slow high amplitude activity, characteristic: 
of sleep, developed in the EEG. Cerebral electrical changes resembling those found in sleep and the increase of the 
threshold of the desynchronization response to stimulationhavealso been observed by some authors to follow damage 
of the hypothalamus [23. 26]. 

Both kinds of changes observed after damage to the hypothalamus, and particularly to its posterior portion, re- 
present gross deviations from the normal. Therefore most investigators assume the presence in the hypothalamus of 
a system ~ahich activates and potentiates the activity of the cerebral hemispheres. 

At present there is not sufficient information for the problem to be assezsed. From the results we have obtained 
we may propose provisionally that in birds,the diencephalon, and particularly the hypothalamus,does form part of such 
an aetivatiing system. 

Our investigations have shown that unilateral damage to the diencephalon and midbrain of pigeons causes mar- 
lied changes in the electrical activit 3, of the cerebral hemispheres. The EEG changes depend on the site of the da- 
mage: when the diencephalon is chiefly affected both the slow and rapid rhythms of the cerebral hemispheres are de- 
pressed. Changes in the EEG induced by damage to the diencephalon are compensated more slowly than those result- 
ing from damage to the midbrain. 

SUMMARY 
Chronic experiments were performed on pigeons. Damage to the diencephalon and midbrain induced distinct 

changes of the electrical activity of the cerebral hemispheres. There was a definite relationship between the nature 
of the EEG changes and the site of the injury; when chiefly the diencephalon and especially the hypothalamus were 
.affected, both the slow and rapid waves in the cerebral hemispheres were depressed; when the damage affected 
principally the midbrain, and particularly its dorsal portion, high amplitude slow waves appeared in the EEG, and the 
rapid waves were depressed. Compensation of the EEG changes due to diencephalie damage was slower than it was for 
changes induced by mtdbrain injuries. 
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All abbreviations of perlodicala in the above bibliography are letter-by-letter transli ter-  
at ions of the abbreviations as ~iven in the ori~;inal Russian jourual. Some or all of  thi~ peri- 

odical literature may well be available In English translation. A complete l tst  of the cover-t<> 
cover English translat ions appears at the back o| this Issue. 
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