
RESPONSE AREAS OF THE MESENCEPHALON, THE TEALAMUS, 

AND THE FOREBRAIN OF CHICKENS TO CLICK STIMULATION 

by 

he: i C. ) 

Mrs. Amy LY Harman 

Thesis submitted to the Graduate Faculty or the 

Virginia Polytecnnic Institute 

in candidacy for the degree of 

MASTER OF SCIENCH 

in 

Zoclogry 

June, 1965 

Blacksburg, Virginia



TABLE OF CONTENTS 

I e ACKNOWLEDGMENTS e e e e e d e e e 4 e e e e 

It e INTRODUCTION e e e@ e e e e D e e e e ® e e 

Tit. LITERATURE REVIEW... . 1 ew ww ww ww 

IV. TECHNIQUES. . . 2. 1. ew ew ew ew ww lw le lw lt ll 

A. Preparation . . . . 2. «© «© «© © «© «© © «6 « 
B. Recording electrodes. . ......« « 

C. Recording and stimulation apparatus .. 
D. Anatomical verification . ...... . 
=. New technique for locating electrode 

tracks. . . .6 © « » +» © © © © © © « « .« 

V e RESULTS e 6 e e e e e e@ e e e e e e @ e e e 

A. Regions explored for responses to 
auditory stimulation. . ..... «© « .« 

B. Physiology of evoked potentials ... . 

VI. DISCUSSION. . 2. 2. 6 6 «© © ew ew ew ew ww lw 

- Interpretation of response components 
of evoked potentials. ......... 
Analysis of potentials in the midbrain. 
Analysis of potentials in the thalamus. 
Analysis of potentials in the forebrain 
Proposal of an auditory pathway in 
chickens. . . 2. 2. « «© « «© © © «© © © « « 
Comparison of these results with those 
from a pigeon and mammals ...... . 

¢ 

H
U
a
A
W
 

PK 
=}

 

VIL. SUMMARY . . 2. © 2 © © © © © © © © © © we ew 

ViTT. LITERATURE CITED. . . . «© «© © «© © © 2 © 

we. VITA. © 2. 6 6 ew ww ow we lw lt lw lt lt lt lw ll 

X. APPENDIX A. . 2. 1. 1 ew 0 ew ew ww we te te le 

XI e APPENDIX B e @ e@ e e e °e 9 e ® e ® e e e e e



FIGURE 

FIGURE 

FIGURE 

FIGURE 

£IGURE 

FIGURE 

FIGURE 

wd
 

LO. 

il. 

i2. 

LIST OF FIGURES 

; 

Tilustration of a new, quicker 
technique for track location. . . fo

nd
 

“G
U 

Location of caudal regions in the 
mesencephalon activated by click 
Stimuti . . 1. 6 © © © © © © e ew ew LG 

Location of rostral regions in 

the mesencephalon activated by 
clicks. . 2. «© «© «© «© © © «© © © «© « &O 

Locatzon 

thalamus 

of caudal regions in the 
activated by clicks. . . 22 

Locatiou 

thalamus: 

of rostral regions in the 
activated by clicks. .. 23 

caudal regions in the 
striatum activated by clicks . 25 

Location of rostral regions of the 
neostriatum activated by clicks . 26 

Location of responsive areas in 
regions of the neostriatur 

frontaie. . 2. 1. © © © «© © » «© «© © 28 

Location of responsive areas in 
regions or the forebrain. . . . . i)

 
\9
 

Location of responsive areas in 
the paleostriatum . .. +... +». « 30 

Differences in responses of the 
mesencephalon and neostriatum 
when tested for absolute refractory 

period. . . 2. 6 6 © ew ew ew ew ew we et 36 

Graph showing the relationship or 
stimuius intensity and frequency 

on response amplitude ..... .- 52 

©



¥ TGURE 

ETGURE 

erfects which increasing the in- 

tensity of the stimulus has on 
the shape of the response ..... 54 

Configuration of responses found in 
certain areas of the brain. ... . 63 ~



TABLE 

TABLE 

TABLE 

TABLE 

~ 3S = 

LEST OF TADLUS 

Pace 

Physiological characteristics 
oy potential. evoked by click 
stimuli as found in the nucleu: 
mezoncephalicu: Latoralicus pare 
aqorsalis. > © © #® © © © © 8© © «© « “Se 

Physiological characteristics 
of potentials in the mucieus isthmi 
pars principalis parvocellularis. 35 

Physiological characteristics 
of potentlals ovokad by click 
stimull im areas of the mesen.- 
Cephatlom. « 2. 6 © © © © © © © 2 ce RY 

Physiological charactertsticea or 
evoked potentials in two thatamic 
muckhelL. .« « «© «© 6 © © © © «© © © my 

Phvstological charecteriuticos of 
ovoxed potential« in arcas of the 
thalamus. 2. 6. 6 6 ee ee ew ee ew HO 

Physiological charactaristics of 
evoked potentials in the paleostri- 
atums pars primitivaus and augmentatum 

» © e e e @ e ° e e@ ° e e e ® e ° Oo 

Phystotogical characteristics of 
evoKred potentiais located in the 
neostriatus caudale Laterale. . . 48 

PhysLological characteriatics of 
evoked potentials in the noostriatum 
oeudate ventrale, . « 6 « «6 «© 6 « 39 

Pay atoLlogical chaructori:tics of 
avoked potentials in the noortri- 
atum frontalo . . 2. 2 «© © «© «© © « 95



-6- 

ACKNOWLEDGMENTS 

The author wishes to extend her appreciation to her 

major advisor, Dr. Richard E. Phillips, for nis suggestions, 

guidance, and encouragement during the extent of this 

research and also for his invaluable contributions toward 

the preparation of this thesis; to Dr. S. &. Neff ana 

Dr. D. A. West for their critical examination of the 

manuscript; to for her Llavoratory 

assistance; and to for the typing of 

this manuscript. 

Tne author also wishes to acknowledge her nusband for 

his aSsistance, patience, support, and encouragement througn- 

out this study.



INTRODUCTION 

The earliest investigators of avian neuroanatomy 

studied gross structure and connections. In the early years 

of the twentieth century researchers paid more attention to 

the microscopic anatomy of the brain including descriptions 

of nuclei and the connecting fiber tracts. Anatomicai studies 

of Edinger, Wallenberg, and Holmes (1903, quoted from Sanders, 

1929) on the forebrain and those of Huber and Crosby (1929) 

on the diencephalon are very valuable today to avian neuro- 

anatomists and neurophysiologists. 

As to the physiology of the avian brain, some workers 

described the behavior of birds after extirpating parts of 

the brain. Kalischer (1900, quoted from Huber and Crosby, 

1929) gives accounts of experiments involving extirpation 

and electrical stimulation which enabled him to deduce the 

functions of various parts of the forebrain. Other in- 

vestigators directed most of their attention to optic fioers 

or structures of the sense of sight. 

A few publications are available on audition in birds 

with most of this material describing the end organ and the 

secondary and tertiary nuclei in the medulla. The end organ 

of birds is mech simpler than that of mammals. The cochiea 

of birds is uncoiled and lacks such specialized mammalian » 

features as internal and external hair cells, tunnels, and 

complex spiral fiber arrangements (Boord, 1961). The middle 

car of birds is composed of parts morphologicaily different



from those of mammais: instead of the chain cf auditory 

sess only the columella. However, the ) ossicles, birds po 

function of the middie ear is rathor similar with similar 

continuvous-sound stimuli treated with equal efficiency in 

doth. in the internai sear thre structures are homologous 

aithough the mechanisms involved seem to be different. 

In some birds the lack of a scala vestibuli and tre very 

- snort Sasilar membrane appear to account for this difference. ty 

The auditory pathway to the brain of birds contains anovit 

the same number of first order neurons as in mamnais; the 

nunber is linearly related to the Length or the basilar 

membrane. The secondary and tertiary centers in the medulla 

show a very conservative development in most birds, being 

aimost uninfluenced by the birds' size. (Schwartzopfr, . 

1963}. 

Auditory tracts beyond the midbrain are unknown 

anatomically. However, Erulkar (1955) found evoked potentials 

in the neostriatum caudale in his investigations in a pigeon, 

and confirmed anatomical studies which identified the nucieus 

sthmi complex, including the nucleus semilunaris, as having fa
le
 

auditory connections by findines these areas resrnonsive to 
Oo & 

r
 ciick stimulation. Thalamic nuciei that he explored did 

not respond to clicks. 

The purpose of the present investigation was to find 

areas in the midbrain, thalamus and forebrain of chickens 

responsive to click stimulation. This study will increase
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tie knowledge of hearing in birds by supplying physioclogical 

information of this function in the aforenientioned areas of 

the brain. This work will perhaps provide further enlight- 

enment concerning possibdie homologies of the avian ana 

mamnalian brains.



LITERATURE REVIEW 

The microscopic anatomy of the auditory pathway in 

birds has been described by Wailenberg (1898, quoted from 

Sanders, 1929); by Ramén y Cajal (1909, quoted from 

Sanders, 1929), who contributed the most detailed and 

complete description of the nuclei of termination of the 

acoustic root fibers and the fiber relations of these 

nuclei to higher centers; by Craigie (1928), wnio worked 

with the brain of hummingbirds; by Sanders (1929); by 

Schroeder (1911); by Papez (2929); and reviewed by Ariéns 

Keppers, Huber, and Crosby (1936). 

The posterior branch of the auditory nerve innervates 

the ampullae posterior, the sacculus, the macula neglecta, 

a
 and the papilla bavilaris cochleae (Ariéns Kappers, Huber, 

and Crosby, 1936). The central ends of the fibers of the 

auditory division of the eighth nerve terminate upon the 

celis of the wucicus angularis and nucleus magnocellularis 

of the same cide. Although many of these fibers penetrate 

the pucteus Laminaris to reach tne maclecus masnoceltluleris 2 9 

morphological studies indicate that they do not cstablish 

Qu.
 irect cormnection with cells of the laminaris (B890rd and 

Rasmussen, 1963). This nucleus appears to form part cf. the 

auditory system, but on anatomical grounds is thought to 

de
 

receive its input secondarily from the nucleus magnoceilularis bee
. 

(Brandis, 1894, quoted from Stopp and Whitfield, 1961). 

However, evoked potential studies would indicate that there



is a direct connection with the cochlear nerve (Srulkar, 

4955; Stopp and Whitfield, 1961). 

Crossed and uncrossed connections of the auditory 

centers of the medulla to the midbrain is by the lateral 

lemniscus which runs forward to the midbrain in ccoimpany 

with other ascending systems and terminates in the nucleus 

semilunaris, nucleus isthmi, and nucleus mesencephalicus 

lateralis pars dorsalis named as the probable homologue 

of the inferior colliculus of mammals by Ariens Kappers 

(1921, quoted from Huber and Crosby, 1929). Craigie (1928) 

could not trace acoustic fibers with certainty to the 

nmucleus mesencephalicus lateralis vars dorsalis: however, 

Wallenberg (1898, quoted from Craigie, 1928) showed that 

this nucleus receives endings of the lateral lemmiscus. 

£ruikar (1955) in his experiments on pigeons usins the 

evoked potential technique raised the same auestion as to 

whether ribers cf the lateral jlemniscus terminate in the 

mesencephalicus lateraiis pars dorsalis. He found that 

the complex of the nucleus isthmi was easily and rogulariy 

activated by clicks but that the nuciets mesencephalicus 

lateralis pars dorsalis remained essentially unrespotnsive 

2 to acoustic stimuli. Ue suggested that some or all C 

components of the conplex of nucleus isthmi rather than 

j
~
e
 

Ss are the nucilevs mesencephalicus lateralis pars dorsal 

homologous to the mammalian inferior colliculus.
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Papesz proposed without experimental verification a 

central auditory tract in the American robin which passes 

from the mesencepnalic nucleus or tors semilunaris forward 

between the tectothalamic tract and the strioceresellar 

tract and appears te send fibers ints the Largest part of 

the medial geniculate body. Here, medial to the nucleus 

rotundus, the tract turns dorsaliy to end in the sp 

nucleus (nucleus ovoidalis of the atlas used in this paper). 

From this nucleus fibers are contributed to the thalamo- 

frontal bundle and pass to the striatum. 

The only evidence of an aAuditory runction in centers 

beyond the midbrain centers appears im the work of Erulkar 

(1655). He verified the auditory function of the nuclei 

angularis, magnocelluilaris, and laminaris, wnich responded 

to ipsilateral but not to contraiateoral click stimili, 

and the isthmi complex in the midbrain; but could find no 

responsive areas in the thalamus. je did find the neost- 

riatum cavdale in the forebrain was activated by click 

stimulation. This summarises the available information 

on the afferent auditory patnway in birds.



Preparation 

In these experiments 27 adult female white leghorn 

chickens were used. Urethane anesthetic was administered 

in doses of 2.0-3.5 ¢ to begin with and 0.5-1.9 g when 

deemed necessary during the experiment in order to keep 

the chicken from moving. The animal's head was immobilized 

in a Baltimore stereotaxic apparatus with hollow ecarbars. 

The head was leveled as suggested by van Tienhoven and 

Juhasz (1962) in their atlas of the chicken brain. This 

atlas was used to determine the locations of structures 

to be explored, and their nomenclature is foliowed through- 

ont. The coordinates to be used during the experiment 

were marked on the skull. This portion of the skuil was 

removed with a small trephine (3.4 mn in diameter) and the 

dura mater cut just enough to allow the electrode to 

enter the brain. Cotton soaked with a 0.75% saline solution 

and kept warm was placed over the exposea areas of the 

brain to prevent drying out. Rectal temperature was found 

throughout the experiments to remain at £#1.5°C. A total 

of 80 tracks were made and 1156 sites were explored during 

the investigation. 

Recording tlectrodes 
  

Bipolar, concentric electrodes were mado of stainless 

steel tubes in wich a 0.005 in. diameter enamel-insulated



Nilstain wire was placed with 1 mm cf the wire projecting 

beyond the ond cf the tude. The outer electrode was 

insulated with fnsulex and abovt 0.5 mm of the core 

electrode was scraped bare. The dimensions of the elect- 

tameter and MO
. rode were approximateiy 400 nu for the shell 

approximately 100 pp for the core electrode. 

Recording and Stimulation Apparatus 
  

Click stimuli were produced by 0.05 msec rectangular 

pulses from a Grass Sk stimilator to a crystal earphone. 

Except when the (D
 ffects of increased intersity on the 

response were being observed, constant stimulus intensity 

was used. Rubber tubing, used to eliminate bone conduct- 

ion of the stimuli, connected the microphone on beth sides 

to the hollow earbars which were inserted into the external 

canals of the head. Evoked potentiais were cdisplayed cn a 

Tektronix 565 oscilloscope driven by a 2A61 plug-in-pre- 

amplifier. Permanent records were made by photographing 

the trace with a Tektronix C-12 oscilloscope camera. The 

shelii of the recording electrode was negative with reference 

to the core and recordings were so arranged that positive 

potentials are up and negative ones down. Invervals between 

stimuli were no less than 1 sec and were usually Longer 

except when the cbject was to examine the effect of stiimutus 

© ce
 

clicks were used a)
 

frequency on response. Pairs o 

- 

ermine the interval taken for recovery of the response. ©,
 

Ce
r e 

The usuai procedure was to record in 60.5 mm steps atong each 

electrogae track.



  

a 

ecu itate sectioning of the brain, steel in CA
 

pins were implanted parallel and rostral to the electrode 

tracks before removing the bird from the stereotaxic 

instrument. Brains were verfused through the carotid 

arteries with 0.75% saline and subsequently with 10%, 

buffered formalin containing 1% potassium ferrocyanide. 

The head stayed in the formalin at ieast a day befere tne 

skull and dura mater were removed. The brain was then 

washed in water for an hour, embedded in gelatin at 46°C 

for 5 hr. After cocling, the bicck of gelatin containing 

the brain was placed in formalin for another day or two 

then washed for 1 hr. in water, trimmed, and aligned on 

the freezing microtome. Sections 50 u thick were cut and 

only those sections needed for determining the position 

of the exploring clectrode track were retained. Half of 

these sections were mounted in glycerol and the other half 

were stained with cresyl violet and mounted in Permount. 

The brain sections were traced using a Bausch and Lomb 

microprojector Model 42-63-59-01 which magnified five times 

the original size. To determine the exact location of the 

electrode tip, ferric ions were deposited by passing a 

direct current at 10 v for 3 sec through the electrode at 

the end of the track and at another known site usvally 5 mm 

up from the bottom of the track. Reaction with the potassium 

ferrocyanide produced Prussian blue spots where the tips hada 

been.
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O at
 Technique 

¢ A new, aquwick way to Locate electrode tracks was usec 

for this investigation. Sections cut at 50 7 and piaced 

in distilled water showed surprising contrast vetween the 

m
e
 o 

white end gray matter. With either microscope or micro- 

projector, botn fiber tracvs and nuclei carn be secon im tne 

sane section. The sections can be taken from water, 

placed on slides, and either traced, using @ microprojectoi > 

oO
 

{o
le
 

or microphotographed for permanent records. The eLimination 

of staining reduces the amount of time spent on histology. 

Yigure 1 shows one of the photographs obtained this way.
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Fig. 1. Illustration of a new, quicker technique for 

track location. Frozen section of the chicken brain show- 

ing the atlas coordinate of rostral 6.0 on the right side 

and tostral 7.0 on the left side of the picture. This is 

an example of the contrast that can be obtained between 

the white and gray matter of the brain by photographing 

the wet slide. The picture was taken on Kodak Panatomic-X. 

Wrinkles along the margins of the brain were caused by 

gelatin embedding. Thickness of the section is 50 u. Mag. 

6.2X.



Yerions Explored for Responses to Auditory Stimulation ee 
& 

owe ewe tPeener =   

  

  

Midbrain. The nucleus isthmi pars principalis parveo~ 

»Llularis was entered 9 times. In all experiments this 

aucileus was readily activated by clicks delivered to either 

ole 

car. Figures 2 and 3 show the locations of the electrode 

tracks made in the mesencophalon and the dorsoventral 

dimensions of the regions activated by click stimuli along 

each track. Latencies of the responses varied in different 

regions of the nucieus. In the most medial parv the lavent 

period was 1.5 to 5.0 nsec; in the jateral portion of the 

nucieus is was 3.0 to 10.0 msec. The nuclous istvhmi par 

principalis magnocellularis had a latency of 5 to 6 msec 

but activity was not regularly evoked by clicks Near 

the mucieus semilunaris the latency to contralateral 

fy 
’ 

stimuii was 3 to & msec. The ready activa: be
y Lon Oo chis 

c
r
 

nucicus and nucleus isthmi pars principalis parvoceiltularis 

f
a
r
e
 

onfr: C3
 rms the conciusions of several investigators (Papes, 

Ariens Kappers, Nubver and Crosby) that this nucleus, as well 

as the nuctei isthmi and mesencephalicus lateralis pars 

dorsalis, receive acoustic fibers. 

The nucleus mesencephalicus lateralis pars dersalis 

} 
e 

entered if times, was as responsive to auditory stimuli 

as were the neclei of isthmi. Prulkar (1955), working 

with a pigeon, found that activity was never re egularly 

evcked by clicks and tnat the amplitudes of these responses 

were hardly above the bascline activity. In chickens
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Fig. 2 Location of caudal regions in the mesencephalon 

activated by click stimuli. This shows the complex of the 

nucleus isthmi and the nucleus mesencephalicus lateralis 

pars dorsalis as seen from above downwards. Solid lines 

indicate unresponsive areas. Here and in subsequent figures 

(+) designates a positive potential and (-), a negative 

potential. The right side indicates ipsilateral stimulation; 

the left, contralateral stimulation. Letters identify the 

experiment and track numbers. Thickness 50 u. Mag. 5X.
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Exper. Tr. 
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Fig. 3 Location of rostral regions in the mesenceph- 

alon activated by click stimuli. Solid lines indicate un- 

responsive areas. The right side indicates ipsilateral 

stimulation; the left, contralateral stimulation. Letters 

identify the experiment and track numbers. Thickness 50 yp. 
Mag. 5X.



amplitudes in this nucleus ranged from 10 to 300 Vv with 

most of them in the order of 50 

s
e
d
 iv. an the isthmi they 

wt
 ranged from 15 to 1:00 pv but were usualiiv about 50 to 75 Liv. 

Co fe
os
 

i 
’ 

© je
 (>
 

S ta
 Latent periods in th mesencephalicus Laterslig 

pars dorsalis ranged from 3 to 6 msec in the central, 

fateral and medial parts of the nucleus, except that in {9
 

the medial part contralateral stimulation produced responses 

at 2 to 4 msec. 

” 

ther regions of the mesencephalon were activated vy 

clicks bus contained no identifyable nuclei, nor couid the 

e 

nit ey responses be de ly ascribed to any of the fiber tracts. © 

At the atlas coordinates of A 1.25-1.75, L 7.5-4.0, V 2.5-- 

4.0, the response had a latent period ranging from 4 to 6 

- 

msec with an average amplitude of 160 vy. At atlas coordinate 

1 Lo
 

Lt
 i ©
 ir
 

2-2.5, Vk contralateral clicks elicited a | th 

cesponses having a latency of 3 to # wsec. 

thalamus. The thalamus was responsive to clicks as 
  

Shown in Figures 4 and 5. The nucleus dorsolateralis was 

entered oy the recording electrode 20 times. It responded to 

clicks in either ear every time the cleectrcde entered this 

area. The latency of the response was from 10 to i6 msec, 

usuaily, but sometimes was as much as 20 msec. Phe nucleus 

dorsomedialis aiso responded to either contralateral oar 

ipsilatcralL stimuit. Latencies to both were 13 to 15 msec. 

Me nucleus ovoidalis responded to clicks with relatively 

” . rN 

small amplitude responses with iatent periods of 10 to 12
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Fig. 4 Location of caudal regions in the thalamus 

activated by click stimuli. Solid lines indicate unrespon- 

sive areas. The right side indicates ipsilateral stimulation; 

the left, contralateral stimulation. Letters identify the 

experiment and track numbers. Thickness 50 u. Mag. 5X.
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Fig. 5 Location of rostral regions in the thalamus 

activated by click stimuli. Solid lines indicate unrespon- 

sive areas. The right side indicates ipsilateral stimula- 

tion; the left, contralateral stimulation. Letters identify 

the experiment and track numbers. Thickness 50 uu. Mag. 5X.



msec, The nucleus subrotendus appeared to respond to 

auditory stvimuli, but this is evidence from oniy one 

track through this area. The responsoa latency was 10 to 

i2 msec. Several sites Located 2 mm ventral and 1 mm 

lateral to the rucleus svoidalis were responsive to click 

stimuli (fig. 4) with Latencies of 6 to 11 msec. In Q)
 

position approximately 1.5 imm from the mediai wall or the 

dicencepkaion and 1 mm from the pottom of this region at 

atlas coordinates A5.5-7.0 (figs. k and 5) latencies were 

‘
G
 

very short (2.5 to 8 msec) compared to others found in the 

thaiamus. These short latencies seemed to follow the 

same regions through which the quinto-fronvalis tract 

passes. In more rostral sections and in an area contain- 

ing the decussatic supraoptica dorsalis and ventralis 

Short latency responses also occurred. 

Striatal compiex. The striatak complex was explored 
BREA wee   

on 72 tracks. The neostriatum caudale ventraie, the region 

in which Erulkar (1955) found responses to auditory 

~, 

stinmult {-
 

° 

in pigeons, also responded to both ipsilatcral and 

to contralaterai stimuli in chickens. Latent periods were 

nost cases but 6, 10, and 16 to i8 t
o
m
y
 from 11 to 16 msec in 

msec latencies also were recorded. In the response with 

° This oO 6 msec latency the larger component came at 1k mse 

was an area readily activated by clicks (figs. 6 and 7). 

The posterior division of the necstriatum caudate 

centrai to the nesstriatum caucale ventrale responded to 

both ipsilateral and contralateral clicks. Fig. 5 snows
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Fig. 6 Location of caudal regions in the neostriatum 
activated by clicks. Solid lines indicate unresponsive areas. 

The right side indicates ipsilateral stimulation; the left 

contralateral stimulation. Letters identify the experiment 

and track numbers. Thickness 50 p. Mag. 5X.
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Fig. 7 Location of rostral regions in the neostraiatum 

activated by clicks. Solid lines indicate ipsilateral stimul- 

ation; the left, contralateral stimulation. Letters identify 

the experiment and track numbers. Designations of (+) and (-) 
mark areas of positive and negative potentials. Thickness 50 yp. 

Mag. 5X.
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A 11.5-12.5 

V, IV, II, Vil, VI, 

IX indicate tracks 

from bird 63-28. 

V . 

VI, IV indicate 
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63-27. 

IIIT, II indicate 
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I indicates track 

from bird 63-27.   
Fig. 8 Location of responsive areas in the neostriatum 

frontale. Solid lines indicate unresponsive areas. Areas 
of positive and negative responses are designated by (+) and 

(-), respectively. Thickness 50 yp. Mag. 5X.
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Fig. 9 Location of responsive areas in rostral re- 

gions of the forebrain. Solid lines indicate unresponsive 

areas. Letters identify the experiment and track numbers. 

Thickness 50 p. Mag. 5X.



        
Fig. 10 The location of responsive areas in the paleo- 

striatum. Solid lines indicate unresponsive regions. Areas 

of positive and negative responses are designated by (+) and 

(-), respectively. The letter A represents experiment 63-46, 

track 1; letters B,D,E,F represent experiment 64-13-H, tracks 
1 and 2; and the letter C represents experiment 64-28-H, track 
1. Thickness 50 p. Mag. 5X.



Physiology of Evoked Potentials 
ee oe 8 me ee 

Responses of mesencephalic nuclei. Ivsilateral 
    

of ais in the lateral parts of =
 clicks produced evoken potent: 

the nucleus mesencephalicus lateralis pars dorsalis consist-- 

we wave of about o jo
e ing,in most cases, of an initial negat 

to 10 msec duration and 10 to 25 pv amplitude, with a 

latency of & to 6 msec, followed Dy a slower positive wave 

lasting about 5 to 6 msec with 50 pav amplitude at a latency 

of about 6 to 8 msec (Table 1). 

in a central part of the nucleus ipsilateral clicks 

produced evoked potentials most of which consisted of a 

positive wave with 2.5 msec duration, 40 to 100 pv amplitude 

and 5 msec latvenev. A negative wave followed with a 

duration of 6 to 7 msec, an amplitude of 85 to 250 py and 

latent period of 6 to 10 msec. In most cases a slower 

positive wave with a much Longer duration than the earlier 

parts of the response was seen. This wave had a duration 

of 12 to 16 msee with an amplitude of 10 to 25 pv and 

latency of 10 to 16 msec. 

The lateral part of this nucleus responded to clicks 

introduced in the contralaterai oar with negative waves 

having a latency of 6 msec and small amplitudes of 10 to 

25 piv. Tn the central sion of the nuctieus, click stim-~- 

uli to the contralateral ear preduced responses consisting 

of a biphasic wave. The first part of the wave was negative, 

having a latency of 5 msec and an amplitude of 5 to 25 jiv



Table I. Physiological characteristics of potentials evoked by click stimuli in the 

nucleus mesencephalicus lateralis pars dorsalis. 

  
  

~~? oe 

  

  

Lateral Medial Central 
No. Tr. 5S PL A No S PL A No. Tr. 5 L A 

64-4-H Fk 17 = ~-5 1O** 64-h-H 17 =-2 15 * 64-23-H 2 l + 5 20 He 
18 -5 20 18 +2 10-50 ~ 7 25 

64-k-H 2 15 -6 10 * 19 +2 20-60 -12 50 
16 -6 25 64-7-H 17 «+4 10 * 64-2-H 16 - 5 5 
17 +6 80 18 +4 40-50 +10 25 

64-5-H 5 17 =-5 3JO** 64.~6-H 17 +3.2 #50 * 17 0 = «5 25 
12 +6 4O-50 +l 35 + 8 25-50 
19 +5 50 45.4 25 64-17-H 1 6 + 5 10 aH. 

+3 30 +6 AS ~ 9 10 
20 =-2 20 18 +3.2 60 +14-16 10 

ly 30 63-33 10 +4 20~-25** 7 + 5 
#5.5 HO -5 20 - 9 
+6 4O +7 50 8 - 3 

64-2h-H 5 1 -3.5 20%** 41 +5 25 ~ 5 
~4.5 25 +6 25 ~6-10 
+8 50 ~8 40 $12 

64—-4-i 6 -5 LO ee 9 + 5 150 
-~ 8 100 

64-21-H 3 3 - 3 hO ee 
+ 5 10 

+ 8 90 

** Ipsilateral stinuli Track L = Latency in msec. 
* Contralatcral stimuli Site A = Amplitude in microvolts 

No. = Number of experiment i 
tb 

ott 

Polarity of component 

* 

- 
e
t
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With a duration of 5 msec. The second part consisted of 

a positive wave, having a latency of 8 to 10 msec with 

an amplitude or 25 to 50 piv and lasting i2 msec in some 

cases. 

Stimulation presented to both ears at the same time 

evoked potentials in the centrai part of the nucleus which 

consisted of a triphasic response; a 40 av negative wave 

with Latent @ at 5 msec latency, a 10 pv position wav 

period of 5 msec, and a 90 pv negative wave lasting 3 to 

10 msec and peaking at & msec. A positive slow wave 

followed (Table 1). 

Evoked potentiais in the lateral part of the nucleus 

sthmi pars principalis parvocellularis to ipsilateral a
 

clicks consisted of a negative wave having a latency of 

6 to 9 msec and an amplitude of 25 to 40 piv (Table 2). 

Barliier waves at 3 and msec were sometimes seen. 

Evoked potentiais in the lateral part of this nucleus 

to contralateral clicks consisted of a positive wave of 

smail amplitude and latency of 10 msec. From a medial part 

of this nucleus the evoked potential was much more compli- 

cated. The most stable part of the response was a positive 

wave at 5.5 to 7 msec latency and had a 50-400 uv amplitude 

followed by a 60 py negative wave at 10 msec. When the 

stimulus was to both ears, simultaneously, the response 

was a positive wave having a 4 msec duration and an amplitude 

of 30 to 100 pv, with a latent period of 4 to 7 msec, follow- 

ed by 2 slow negative wave (Table 2).
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Table 2. Physiological characteristics of potentials 
evoked in the nucieus isthmi pars principaiis 
parvocellularis by click stimult 

a ae eee oe +0 + owe: orem 

Part or 

nucleus 
= 

Stimulus No. Tr. P Latoncy Amplitude 
in msec in microvolts 

ween GU 6 we 0 ee OnE ew 6 ea ON es 8 8 0 et Sere eS mee te we ne em ow rw 8 OU OT SF SWEse ae   

Medial Contralateral 64-2-H 3 - 100 
100 

4OO 

64-6-H 1 + 
As 

5 
O 

5 

4 30-50 
8 
O 50 

t
d
 

“
e
 10 

a5 

65 
25 
7) 

tO
 

63-33 2 + 

O
w
 O

o 

a)
 1 

O
0
0
 

Oo 
Oo Lateral Ipsilateral 64-2-H 25 

30 

6x-5-H & - 25 
50 
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  —~- eee Peetys .+ ona 

Tr. Track 
; Polarity 

Peak followed by a slow wave lasting 33 msec with an 

amplitude of 100 microvolts 
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Responses in the nucleus semilunaris contralateral to 

the stimulated ear were all negative in polarity and had 

very short latent periods of 2 to 4 msec with amplitudes 

of 20 to #O microvolts. To ipsilateral clicks, the evoked 

potential is}
 in this nucleus were positive, had latont 

periods of 5 te 6 msec, and had much greator amplitudes 

than those responses evoked by stimulating the contralateral 

ear (80 to 350 vs. 20 to 4&6 microvolits). See table 3. 

Multiple stimuli. In the mesencephaion the time 

required for restoration of the amplitude of the response 

after the action of the stimulus was investigated with 

paired clicks. Figure il shows that when the interval 

between clicks was 1.6 msec there was no response to the 

/ second click stimulus; but when the interval was 5.0 msec, 

response to the second click could be seen. At tne in- 

terval of 2.6 msec the shape of the first stimulus response 

was affected although a second spike could not be seen. 

Tne response reached its initial amplitude when the interval 

was 3.6 msec. Although the figure used to demonstrate the 

action of twin pulses on the amplitude of the evoked 

potential came from data on the mesencephalicus lateralis 

pars dorsalis, the time required for restoration of the 

amplitude was generally the same in all areas of the 

mesencephalon. 

Repetitive stimulation at different frequencies as 

well as the ertfects of an increased sound intensity were
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\ ss 1.5 mse¢ 
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3.6 meeg : 30.0 msec 

4.O mse¢ | 50 pv 
| — 

10 msec 

5.0 mse¢       

    

IV 

40.0 msec 
7.0 mse¢ 

O yv | 
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100 msec | 50 uv 

-————— 35
. 

50 msec       

Fig. 11 Differences in responses of the mesencephalon 

and neostriatum caudale when tested for absolute refractory 

period. Groups I and II are negative potentials taken from 

experiment 64-21-H, track 3, site 3 in the nucleus mesenceph- 
alicus lateralis pars dorsalis. A-single pulse; B-the second 

negative potential is the test response. Groups III, IV, and 

V are potentials taken from experiment 64-21-H, track 2, site 
1 in the neostriatum caudale ventrale. The potential at the 

top of group II was produced by a single pulse. The second 

response shown in II, IV, and V is the result of the test 

stimulus. Parameters are given to the right of each set of 

responses. Vertical lines indicate the stimulus artifacts.
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Table 3. Physiological characteristics of potentials 

evoked by click stimuli in areas of the 

  

  
  

  

mesencephaion 

Latency Amplitude 

Location Bird Tr. S P in msec in micro- 

volts 

Nucleus 

Semilunaris 64-4 1 26 - 2.06 25 * 

64-H4-H 3 83 + 6.0 350 KE 

64—-7-H 1 ol ~ 4,0 25 * 

63-34 1 ~ 3.0 2°) * 

+ 3.5 35 
- 4,0 LO 

63-29 in + 5.0 75 we 
% + 5,0 100 

Atias Coordinates 

A 1.25-1.75 

L 3.5-4.0 64-4-H 3 20 -~ §.5-6 120 Xx 

V 2.5-3.0 Dt -~ §.5-6 50 
63~33 3 - &,Q 66 

+ 6.0 75 

64-l-H 3. ob - 6.6 75~100** 

Tr. = Track number 

S = Site number 

P = Polarity 

* = Contralateral 

*#%* = Ipsilateral



investigated. Amplitude of responses generally decreased 

with increased stimulus frequency. The decrease seemed 

to be a Linear one. The large evoked potentiais in the 

mesencephalicus lateralis pars dorsalis and semilunaris 

were still seen evon at stimulus frequencies above 100/sec. 

“A
 

Stimulus frequencies below 10/sec caused a waxing and 

waning of respense amplitudes. Increasing the invensity 

of the stimulus increased the response amplitude up to a 

point at which further loudness of the stimulus had no 

additional effect. Amother observation was that by in~- 

creasing the loudness to a high value then returning tc 

a much jower one, a response could then be scen which 

covld not otherwise woe elicited. 

Secondary responses. Secondary responses, so calied 
  

because they were inconsistent in latency and duration and 

of small amplitude, were found at the atias coordinates ofr 

A 3.5-L.0, L 1.5-2.5 and V 1.5-2.5 (Fig. 3). 5 

Responses of the thalamus. In the thalamus evoked 
  

potentials to either contralateral or ipsilateral stimulation 

usually were simple, monophasic responses (Tables Nh and 5). 

When other coniponents were observed, they were very in- 

consistent and faded rapidly when evoked repetitively. 

The amplitudes of these slower components were usually not 

as high as the main part of the response.
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Table 4. Physiological characteristics of evoked potentials 
in two thalamic nuclei. 

  

Latoncy Anpilitude 

  

  

Nucleus Bird Tr. S Pp. . ° 
in msec in microvolts 

Dorsolateralis 64-6-H 2 - 10-16 50 * 
64-7-H 2 14 - 12 50-75 

15 - 12 50-80 
16 - 12 10-75 

64-26-H 5 + 13 120 *%* 
+ 13-14 50 
+ 13~-14 40 

64-25-H 1 3 + #16 125-150** 
+ FQ owes 

63-34 6 14 + 1A-15 75 +% 
15 + 12-13 20-40 
16 + 14-16 50 

64~-24-H 7 1 + 14-15 65 HH 
60 HHH 30 

2 + Ly 30 

Dorsomedialis 64-13-H 3 9 + 14-16 50-100 
+ 26 20 

10 + #16 70 
+ 22 25 

+ 32-36 40 
64-~28-H 2 ~ 14 75-100 

- 34-35 60 
64-23-H 1 5 - 16-18 20-4O ** 

6 - 16-18 25 
63-34 5 ~ 13 4O He 

: - 20 10-29 

- 28 35 
64~10-H 2 5 + Ld 4O-60 * 

6 + Lh 35 
64-9-H 1 8 - 14 50-80 * 

9 ~ Lh 50 
63-35 2 15 + LA 150 ¥% 

16 + 1k LO 
64-24-H 6 10 + 1% 35 + 

- 15-16 220 

Tr. = Track number * Contralateral stimulus 

S = Site number ** Ipsilateral stimulus 
Pp = Polarity *¥*¥* Response lasts 100-170 

msec 
¥#¥*#% Component inconsistent
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Table 5. Physiological characteristics of evoked potentials 
in areas of the thalamus 

Latency Amplitude 
Location Tr. S P in msec in microvolts 

Nucleus 64-10~H 2 8 + i411 50 * 
Ovoidalis GS + 212 380 

64-28-H 2 2 + 10 50 * 
5 + 10 50 

2 + 10 50 e% 
3 + 210 50 

Laterally 64-25-H 1 yh + 10 60-100 ** 
to nu. OVD 5 + 11-12 10 

64~26-H 4 7 + 10-12 50 
8 + 9-1i hO-HS5 

Ventrally to 64~-13-H 3 13 | 8 30 * 
nu. OVD for 1h + 8 50-75 
1.5-2 mm 15 + 8 50-75 

64-13-H 3 3. 8 30 %% 
1h + 8 50~75 
15 + 5 50-75 

64-10-H 2 11 + 9.5 SO + 
12 - 9 30-50 

64-2h-W 7 yo 6y}6 610 50-75 ** 
5 + 10 1LOCO-110 
6 - 10 75-90 

A 5-5.5 64-13-H 3 17 - 5 100-159 * 
Vi 2-3 18 - 8 75 
LD 21.5-3 ~ 16 15-20 

19 - 8 75 
~ 16 15-20 

i7 - § 100-110 % 
18 - 3 75 

~ 16 15-290 

19 - g 75 
- 16 15-26 

64-24-H 7 7 o- 6 65-90 %%* 
~ 8 25-50 

64-25-H 1 9 + 12 90 *% 
10 + 10-12 30-40 

 



Table 5. (continued) 

  SO Ae 0 et 6 Te RR OE 9D, Oe 8) UB ere ot 

  Sen ot 0 we ew ee 8 wt OR Ow ere CRE. meres o eee ee ee ee   

Latency Amplitude 
Location Bird Tr. S P in msec in microvoits 

~~ oo eee 

  

A 6.0-7.90 64-~26-H 5 it + 6~7 JOO #* 

Voé61.5-4.0 12 + 7 110 

L 1.5-3.0 13 + 8 45 
14 - 5-7 150 

15 - 5-6 125 

16 - 5 175 
i7 - 5 15 

64-25-H 3 6+ 6 20 x 
7+ 8 25 
8 + 10 25 

9 + 9 25-40 

10 - 5.5 LO 

11 - 5.5 10 

64-2h-H 6 B+ 5 30 %% 
9 + 5 4O 

il ~ Ws hs 

64-9-H 1 GG > Sle 50 x 
L7 - 7-8 25-30 

64-8-H 2 21 —- 8 hO * 

22 - 8 hO 
23 + 6-7 5 
2 + dy 50 

A 7.5-9 64-13-H 2 7 + 8 dy ts * 
VY 5.5-6 S + 8 AS 
L 2-3.0 9 + § 30 

di ~ 3 50 

7 + 8 5 *% 
8 + 8 Ns 
9 + 8 30 

64-16-H 3 iy ~ ie 20 % 

15 
8 - 12 35-40 

9 + 11-12 hO~60 

9 + 12 10-50 x 

10 + 212 50-60 * 

11 + £10 100 * 

OVD = Nucleus ovoidalis Tr. = Track number 
* = Contralateral stimulus S = Site number 

+* = Ipsilateral stimulus Pp = Polarity 
AVL Atlas coordinates



Thalamic areas with the highest amplitudes and the 

longest tatencies te the initial response were the nmucte: 

dorsolateralis and dorsomenialis. itn the dorsolateralis 

clicks presented to the contralateral ear produced a 

negative wave with duration of 9 te 22 msec, amplitude or 

4 

ods ranging from 1C to 16 {e
de
 

50 to 120 pv and tatent per 

msec. The most frequent latent period was 12 to Lh msec. 

Click stinulation of the contralateral ear produced an 

evoked potential in the dersomediai nucleus which was 

ed in the dorsolateralis 0 more complex than the one produ 

The initial response was a positive wave having a 9 to il 

msec duration and 50 to 100 jpv amplitude, with a Latency 

14 tc 16 msec. The other compenents were of smaller 

te
ly
 

amp Llitucde {iG to 60 nv) and had latent periods oF 20 to im
 

356 msec with a duration of about 14 msec and longer. 

Evoked potentials to clicks presented linsitatoralily 

were opposite in polarity to those fcliowing contraiateral 

stimulation. in the nucieus dersolateralis, clicks presented 

to the ipsilateral car evoked a positive wave at 12 to 20 

msec with amplitudes ranging From 20 to 170 nv. The mou 

14 msec and 50 to =
m
 

cr
 

© coumon latency and amplitude were 13 

120 uv, respectively. Sometimes an inconsistent siower 

wave was observed having 2a 32 to 60 msec latency and duration 

of about SO to 109 msec. In the nucieus dorsomedialis 

stimulation the response had an initial negative wave or 

about 9 msec duration and 26 to 40 pv amplitude with a
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Lar ce cr
 ent period of 15 to 15 msec. & slower negative wave 

of 20 to 28 msec latency {10 tc 35 vy amplitude) sometimes 

appeared. {Table 4). 

The responses recorded in the nucleus ovoidalis to 

contralateral stimulation were of shorter latency and were 

less compiex thar those in the micleus dorsomedialis and 

nucleus dorsolateralis. ALL responses in the nucleus 

ovoidalis were positive potentials, ranging in latent 

periods from 16 to 12 msec. The anplitudes of these 

evoked potentials were 50 to 80 pv and the duration was 

6 msec (Tabdle 5). 

Juss ventral to the nucleus ovoidalis nost responses 

evoked by ipsilateral stimulation were positive, had 

durations of 14 to 15 msec, amplitudes of 50 pv, and latent 

periods of 10 msec. To contralateral stimulation, responses 

recorded from the same sites were practically tine same ( 

positive potential having arn 8 msec duration, a 50 piv 

amplitude and a latent period of 10 msec}. No response 

couid be seen at 100 clicks/sec, aithough one could still 

ba observed at 10/sec. On the lateral side of the nucleus 

ovoidalis potentials were of both negative and positive 

polarity but most were positive. Ipsilateral stinitation 

produced responses here that were not very sharp, consisting 

of positive waves with 9 to 12 msec latent periods and 

amplitudes 10 to 100 pv. (Table 5).
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In an area Located ventral to and down 1.5 to 2.0 mm 

from the nucleus ovoidalis (fig. 4; Table 5) latencies 

were from 6 to 11 msec when evoked by either ipsilateral 

or contralateral stimuli. The amplitudes of those re- 

sponses were 30 to 150 pv. The polarity was not consistent 

for either stimulation but generaliy the spikes were 

negative. In a position ventral to the region just 

described (A 5.0-5.5; V 2-3; L1.5-3.0), evoked potentials 

had short latencies (4.5 to 7.0 msec), relatively high 

amplitudes (65 to 175 pv) and about 4 to 6 msec duration 

with mostly negative polarities. The responses faded 

rapidly at stimulation frequencies from 10 to 20/sec; at 

over 20/sec no response could be seen. This area is in 

the region of the tractus quintofrontalis in its thalamic 

course and is located at A 5.5-6.0, L 1.5, V 2.5-5 (figs. 

4k and 5), and in more rostral sections this site becomes 

the area of the decussatio supracptica dorsalis and ventralis 

(see Juhasz and van Tienhoven, 1962). Similar responses 

were observed medial and ventral to the nucleus rotundus, 

which was not responsive to click stimuli (figs. 4 and 5). 

These short latency responses were not over 40 te 50 pv 

and most of them were smaller. Other responses with much 

longer latencies were observed in this area although 

they were not often seen. Their amplitudes were low (10 

to 30 wv) with latencies of 14 to 17 msec.
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At atlas coordinates of A 7.5-9, V 5.5-6, and L 2-3.0 

responses had latent periods of 8 to 12 msec and amplitudes 

of 30 to 100 piv, but the responses were not sharp. These 

responses were much more consistent to contralateral than 

to ipsilateral stimulation. To repetitive stimulation, 

clicks up to 8/sec elicited responses. Above 8/sec, how~ 

ever, no responses could be seen. Most of the responses 

were positive in polaritv. The second of a pair of clicks 

elicited no response at intervals less than 10 msec. (Table 

5). 

Responses from nuclear regions of the forebrain. 
  

Responses were evoked in the paleostriatum more :.frequently: 

from the paleostriatum primitivum than from the paleo- 

striatum augumentatum. The responses in the paleostriatum 

primitivum to contralateral stimuli were mostly negative 

waves of & to 15 msec duration, 35 to 110 pv amplitude, 

and 11 to 17 msec latency with 12 to 13 msec being the 

most frequent latent period. Responses to ipsilateral 

stimulation were the same (Table 6). 

In the neostriatum caudale laterale most of the 

responses evoked by click stimulation of the contra-- 

lateral ear were positive in the dorsal parts of the area 

and negative in the ventral part to cither contralateral 

or ipsilateral stimulation. (Table 6). The responses 

were complex ones in comparison with those of the thalamic 

area. In the neostriatum the evoked potentials consisted



Table 6. Physiological characteristics of potentials 
evoked by click stimuli as recorded in the 
paleostriatum pars primitivum and augmentatum 

  

  ° wee - socom wwe QR     

  

Location Bird Tr. Ss p batency _ Amplitude 
in nsec in microvolts 

Primitivum 64--26-H 2 1 + 13 75-90 * 

2 + 13 65-75 
64-8-H 1 yo . 12 65-100 *% 

5 .~ 12 75-100 
63-37 2 2 ~ 13 100 x 

2 --~- 13 100 

3 - ii AO 
-~ 13 50 

63~46 L 3 - 15-16 100 * 

i -~ 15-16 ‘100 

Augmentatum 64-26-H 1 1 - 16 10-15 * 
2 -~ 9-10 25 

63-37 L 3 + 13 50 R* 
yoo 813 50 
5 -— 11 ho 

- 13 50 
64.-S-H 2 1 + 12 LS *, 

2 + 12 15 

64-16-H 3 1 - 12 10 * 

fo
u 

ov Track number 

Site number 

Polarity
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c fe
e of an initial positive wave having a duration of 5 to 10 

msec and an amplitude ranging from 50 to 1,000 piv With 

latent periods ranging from 9 to 16 msec, with 12 to 16 

msec boing the most frequent. A slower wave component 

was seen in most cases having an inconsistent duration 

but not more than 20 msec and amplitudes of 50 to 175 

uv. Latent periods were from 18 to 26 msec in these 

slower components. In most cases neithor latency, duration, 

nor amplitude were consistent, and these responses faded 

away more quickly at lower frequencies than the initial 

wave. In some cases, preceding the initial cesponse was 

a shorter ilatency (7 to 9 msec}, usually negative wave ofr 

smail amplitude (10 to 25 piv}. Responses faded at frequencies 

of 10/sec and came very infrequently at higher frequency 

stimulation. Responses to stimlation of the ipsilateral 

ear were smaller in amplitude (10 to 130 nv), nut the 

latency rauge seemed to be the same for the initial response 

12 to 26 msec). The initial response was negative and 

consistent. The later components were inconsistent 1n 

latency, amplitude, and polarity (Table 7). 

To stimulation of the contralateral ear evoked 

potentials in the neostriatum caudale ventraic usually 

consisted of an initial negative spike with a duration of 

about 6 msec and amplitude of 25 to 250 pv with the latent 

periods of 1% to 17 msec but 1 to 16 msec being the nost 

freauent. Most responses were negative waves with 16 to
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Table 7. Physiological characteristics of evoked poten- 

tials locatca in the neostriatum caudale laterale 

  

  

  

    

Bird Tr. 5S P L A Bird Tr.S B L A 

64-5-H 3 4 - 17 50 ** 64-7-H 1 6 - Li 20 * 
5 16 20-69 + 13-14 200 

1g 4O - 16 75 
22 10-70 + 19-20 50 

6 16 20-60 ~ jl 20 
~ 22-2h 75-120 + 13-i4 100-390 

64-5-H 2 1-12 10-7 3* ~ 16 70 
+ 16 75-90 + 19-20 20 
-— 214 25-40 BS - 5+7 36 

a ~- 12 10~75 & 12-34 1935 
+ 16 150 + 1L6-i9 LO 
-~ 21 25-'S G9 + 11 50 

3 + 16 200~-1:00 10 - Li 25-50 
+ 24 50-175 31 - ii 20-25 

i + 16 50-100 ON —7 -H 2 lle ili 25 * 
+ 2h LO 2+ it 59-106 

5 - 16 20-25 3 + 1 200 
6 -~ 16 20 Ko + 12 150-2090 

64-6-H $£ 2 + 10 20 * 5 - 9 20 
2 + 10 LO~€é0O + 12 100-170 
3 + 10 30-70 + 22 50 
5 ~ 11l-12 10-20 64+ 9 25 
6 ~ 9-12 20 ~ le 1606 

64.6-H 2 5 + 10 390 * + 15 30 
* 15 159 ~ 22 ico 

6 + 10 600 ~ 30 30 
7+ 9 i100 7 - 12 £LO00--2090 
S + 9 800 ~ 24-26 59 
G+ YQ 100 bu 1 2 kb + 42 50-90 ** 

IQ+¥+ 9 50 5 - 12 10-4G 
63-29 2 4+ 14 20 ae 6 ~ 13 100 

2+ 1% 25 7 - L2-13 50-79 
S$ - 13 59 
9 - 12-13 20-40 

* Contralateral stinmlus © = Site Number 

** Tosilaterali stimuius © = Latency in msec 

Tr =Track numoer A = Amplitude in micrevolts
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40 msec latencies amplitudes of 30 to 500 piv and durations 

of 11 to 96 msec (Tabie 8). In most cases a smaller wave 

with 8 to 13 msec latency and 20 to 35 pv amplitude 

preceded the initial response. The duration of this 

response varied from 3 to 6 msec. Usually ali of the 

initial nagative spikes were recorded in the dorsal part 

of the neostriatum caudale ventrale with the positive 

potentials occurring in the ventral part of this region. 

The positive potentials were smaller (30 to 50 uv) than 

the negative potentials and were not as complicated. 

When stimulation was applied to the ipsilateral ear, 

most of the potentiais in the neostriatum caudale ventrale 

were negative, with latencies of 10 to 19 msec, with the 

most frequent ones being 14 to 16 msec with amplitudes of 

50 to 200 piv and duration of 12 to 16 msec. Slower com- 

ponents had latencies of 12 msec and 10 to 15 pv amplitudes. 

When both ears were stimulated petentials lasted 20 

to 30 msec, had 65 to 110 pv amplitudes, and 13 to 15 

msec latencies. Duration was longer than when sither 

ear was stimulated alone and smaller components at 20 msec 

were geen. Contralateral stimuli produced shorter latencies, 

larger amplitudes, and much more consistent responses than 

did ipsilaterai stimuli. 

Evoked potentials faded more rapidly with increased 

frequency in the neostriatum caudale than did those in 

the mesencephalon. (fig. 12). When stimulation was either 

to both ears simultaneously or separately, the responses 

could not be evoked when the interval between the twin



Table 8. Physiological characteristics of evoked potentials 
Yound in the neostriatum caudaic ventrale 

  

  

  

    

Bird Trs P L A Bird Tr S P L A 

63-33 3 2 - 15 20 ** 63-34 5 2 - 24 25 ** 
2- 13 30 2 - 14 25 
3 - 14-16 25 3 ~ 14 25 

63-29 3 21 - 12 30 4 —~ 16 Ws 
2 - 13 10 5 - 15 20 
3 ~ 1h 10~15 —- 23 20-6 

63-31 3 21 - 15-16 75 ~ 30 10~20 
2 17-18 60 6 - 11 25-10 
Vie TS 125 + LS 60-75 

+ 18 100 ~ 23 15 
yoy 216 30-56 + 32 LO 

~ 18-19 40 7 + 16 75-90 
64.-23-Hi 1 + 12 10-15 %** + 22 kO 

+ 15-19 110 + 34 25 
2 + 16--17150 + 42 NO 
3 + 16-17 70 6S4-10-H21 - ih 160 % 

64.-10-H1 1 L& 135 * 2- ih i606 
2+ 14 25~35 3 - 14 100 

3S 4+ 14 25-35% + 2) 50 
64-10-H4 1 - 14-16 50 ho+- 13-14 75 

2- 15 ho 4 24 30 
ho 15 35 S4-10-H 11 + 14 25 ¥ 

E3-35- 6 1 + 12 690 * 2 + 14 KG 
- 16 160 yo Th 10-15 

2 ~- 4 60 § - 1h 15 
3 - 14-12 75 64-26-H 51 + 1i 10-15 ** 

+ 16 50 + 14-16 35-49 
~ 22~2h4 50 + 22 50 
+ 44-50 75 a+ 11 10-15 

4% —~ LO LO + 14-16 35-40 
63-37 61t + 6 10 + 22 50 

+ 14 20 3 + 13-12 80-150 
- 20 4O boy 25-14 60-150 

2 ~- 16-22 79 53-35 & 2 -~ 15-16 35 
3 - 16-22 50-150 2 - 15-26 35 
yo ~ 4.6 20 

Tr = Track nuiiber 1 = Latency in msec 

> == Site number & = Amplitude in microvolts 
P = Polarity * Contraiateral stimuius 

**& Tosilateral stimulus



  

  

  

    
and contralateral 

Table 8. (continued) 

Rird Tr S$ P L A Bird Tr 5s P L A 

64.-9-H 2 1 - 11-12 20-50 * 163-35 22 ~ 16-18 30 
+ 16 100 3 - 14 100-200 
~ 22 25~-75 Ao~ 13 200-250 

2 —- 12-12 20-50 64-13-H 3 3 - L5-16 25 *¥* 
+ 16 100 4 — Th-16 75 
~-~ 22 25-70 5 -~ 15-16 120 

3 ~ 12-13 130 ~ 34-26 180 
+ 18 60 ~ 64 100 
+ 21 25 7 - 17 160 

Pn 110-150 ~ 22 30 
+ 18 4kO-60 ~ 32-40 25 
~ 28 35 G+ 8 25-39 

63-35 2 41+ 12 40 * - 16 25-506 
- LS 30 ~ 18 35 
+ 20 110 
+ 32 20-3590 

ir = Track number A = Amplitude in microvolts 
5S = Site number ¥Contralateral stimulus 

P = Polarity **Upsilateral stimulus 
{ = Latency in msec ¥¥*¥Saine For both ipsilateral 

stimuli 

except contralateral 
more 

er 

consistent and sclear-
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Fig. 12. Graph showing the relationship of stimulus 

intansity and frequency on the response amplitude.Dotted 

line - 50 volt stimulus intensity Solid line - 15 volt 

intensity. Abscissa-click frequency per sec; ordinate- 

amplitude of response in microvolts. Data from the neo- 

striatum, bird 64-7-H, track l.
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pulses was less than 7 msec. Increased intensity seemed 

to either inhibit or obscure some of the components of the 

response (fig. 12). 

In the neostriatum, which is located just rostraliy 

to the neostriatum intermediaie (Table 9), some responses 

to contralateral stimulation were negative waves of 6 

to 11 msec latency and 10 to 250 pv amplitude. Positive 

waves had latent periods of 8 to 12 msec with anplitudes 

of 100 te 110 pv. These waves had slower components at 

14% to 25 msec latency with amplitudes of 40 to 110 pv. 

G)
 Sometimes shorter latency {5.5 to & msec, 50 to 7O py) 

negative potentials preceded these positive waves.



Site 6 1.5 v | 100 uv 
+ 

10 msec 

50.0 Vv 

| 100.0 v 

~O | O 

Site 8 | 45 Y 3 an 

5 msec 

50.0 v 

50.0 Vv 

Fig. 13. Effects which increasing the intensity of 

the stimulus has on the shape of the response. The stimula- 

tion was to the contralateral ear.
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Table 9. Physiological characteristics of evoked potentiais 
found in the neostriatum frontale 

Bird Tr.S P L A Dird Tr. S P L A 

63-27 G@ 1 + 10 oO 63~2’ 68 - 5.5-6 50 
2+ 8.0-12 100 r+ il 110 

~ 14 LO + 15 Oo 
3 + 10.0-12 150 9 ~ 5.5-G 50 

+ 16.0-18 LO + Il 110 
Wo» 55-6 75 + 15 LO 

- 10 100 63-27- 4 1 + 19 25-40 
+ $1.0-12 50 2-~- 10 25-40 

5 + G&G 50 3 ~ 10 25~H0 
~ 9.0-10 250 yh ~ 10 19 
+ 12 70 63-27 3 1- 8.0-9 10-0 
- 25 110 2- 8 10-40 

6 - 7.0-8 50 3--- Lt 25 
+ Li 110 kh ~ 10 10-25 

+ 15 4O 
7 - 7.0-8 50 

- Tt 110 
+ 15 kO 

Tr = Track number hb = Latency in msec 

S = Site number A = Amplitude in microvolts 

P = Polarity
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DISCUSSION 

interpretation of Response Components of Evoked Potentials 
  

Interpretation of action potentials recorded in the 

central nervous system is difficult. One difficulty is 

in identifying the sign of the recorded potential {(Grundfest, 

1940). In a volume conductor, such as the brain, the sign 

Signifies nothing more than that a current is flowing 

past electrodes ina certain direction. The sign may 

vary with simple movement of the electrode or may change 

as the electrode:passes through a generator of potontial 

from one pole to the other (Gusel 'nikov and Supin, 1964). 

In relatively simple situations, it is possible to show 

this reversal and to utilize it for important deductions. 

In more complex situations, which are the rule, certain 

identification or the sign is impossibie. 

In the central nervous system the jack of homogeneity 

in volume conductor properties is an added complexity. 

Neuronal tissues have about four times the resistivity of 

normai saline and the resistivity of white matter is 1.5 

times that of grey. In the central nervous system the 

connections are complex since fibers from many different 

trunks synapse to severai final paths. It follows that 

impulses in one fiber, since it connects with so many 

cells, may facilitate the effect of impulses in other 

meurones and the conditions for a response in any given 

cell group are a complex of these effects. Thus multiple



pathways and networks of the central nervous system 

introduce many complexities in the records of its electrical 

potentials (Brazier, 1958). 

Bishop and O'Leary (1942), using bipolar electrodes 

found changes of record form with the position of the 

electrode in relation to cells of the geniculate body in 

mamnals: reversals are never simple inversions but go 

through a diphasic or triphasic stage and in this the pre- 

and post-synaptic spikes differ characteristically. 

For the pre-synaptic waves, the first deflection of 

the diphasic form remains positive (as the needle goes 

deeper, negative ones developing progressively at the 

expense of the positive ones). The initial positive wave, 

however, is not entirely abolished. A second terminal 

positive deflection may develop in turn from the tail of 

the negative spike, as the needle passes beyond the optic 

tract, to form the typical triphasic record of a tract 

adjacent to an electrode in a conducting medium. However, 

the post-synaptic positive spike develops an initial 

defiection to form a diphasic wave at the cell boundary, 

and becomes wholly negative as the electrode passes through 

cell layers, romaining negative well into the medial 

geniculate body beyond the region of active elements. 

Changes of form in the pre-synaptic response record 

can be rather simply interpreted as derived from a linear 

pathway ending at the geniculate, a positive phase being 

recorded from activity on either side of the electrode and



ee
) 

Xs
 

at a adistance from it, and a negative phase when an 

tipulise arrives at or passes close to electrode position. 

The form of on of conduction. [d
e any record tz thus a Lunct 

The time of negative phase in the total record then depends 

on the position of the electrode along fibers recorded 

from and the final phase cun be interpreted as that of 

tiie symaptic terminal. 

Conduction is not the chief factor in determining 

the form of the post-synaptic response. Rather there is 

indicated an overali polarity cf sheets of cells such 

that each unit throughout its activity is strongly negative 

toward it; dendrite and relativcly positive toward its axon. 

This sets up a voipolar fieid of sufficient intonsity arid 

duration to mask or reverse the expected negativity 

assignadie to the activity of radiation axons. 

According to the discussion above, it seems reasonable 

to interpret responses of this study as coming from 

activated regions with the polarity of the potentials 

being determined by the position of the recording electrode 

with respect to the Location of the active regions. 

Analysis of Potentiais in the Midbrain. 
    

When an electrode is Located within or near the 

supericr olivary nucleus of mammals, the slow waves generally 

have an early sharp peak and a later slow element. Such 

parts of the potentiai have been interpreted as an arriving 

impulse, followed by a postsynaptic discharge within the 

nearest collection of ceils. {Galambos et al., 1959). 

The early wave found in the laterai division of the
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mesencephalicus lateralis pars dorsalis, having a latency 

of 4 to 6 msec and an amplitude cf 10 to 25 pv when 

stimulated by clicks presented to the ipsilateral ear, 

could therefore be described as a presynaptic potential. 

The later or siower part of this response, which hac a 

jatency of 6 to 8 msec, could then be considered a post- 

synaptic potential. 

Other responses found in different parts cf the 

nucleus megencephalicus could be interpretod in the same 

manner. Thus, in the central division of this nucleus, 

the earliest element of response at 5 msec would fit 2 

pre-synaptic definition with the slower component resulting 

from activity of the cell bodies of this nucleus. This 

same evoked potential had a very slow constituent with 

latency of 11 to 16 msec which cannot be interpreted by 

the above. Gusel'nikov and Supin (1964) explained such 

A wave in the forebrain of lizards as a polysynaptic 

potential. This potential causes a temporal dispersion 

which in many cases would obscure the pre~synaptic component. 

In many of the responses found in the mesencephalon this 

seems to have happened. 

Using the foregoing explanation of pre-synaptic and 

post-synaptic potentials, the components of the responses 

to contralateral stimulation can be explained, In the 

central division of the nucleus, the wave having latency 

of 8 to 10 msec would appear to be the pre~-synaptic 

potential; the wave having the latency of 10 to 25 msec



becomes the post-synaptic one. In the lateral division, 

the potential having a latency of 5 msec and an amplitude 

of 5 to 25 pv could be described as the pre-synaptic wave. 

The response of the medial division had waves with latent 

periods of 2, 3.2, and 4 msec. The very fast components 

at 2 and 3.2 could be due to either distant pickup or to 

atferent potentials having fewer synapses in their path- 

way than the slower compenents. The slower wave (having 

a longer Latency period of 5.4% to 6 msec) is then inter- 

preted as the post-synaptic potential being caused by the 

activity of the cells and dendrites 9f this nucieus it- 

self. The very early components to contralateral stimulation 

could not be seen with ipsilateral stimulation, suggesting 

that impulses coming from the opposite ear have a more 

direct route to this nucleus thai do impulses arriving 

from the ipsilateral ear. Throughout the responsive areas 

of the brain the response to contralateral stimuli seemed 

to be mich more consistent and in most instances iarger 

in amplitude than the potentiais evoked by ipsilateral 

clicks. 

When both sides were stimulated simultaneously, the 

response was triphasic, consisting of an initial wave at 

7’ 3 msec with a slower component at 8 mscc latency. The 

a) 
A {d

e rst part of the response is probably the pre-synaptic 

response with the later wave possibly a post-synaptic one. 

The third component was noticed at 5 msec (10 pv). The
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complexity ot this response is probably due to binaural 

interaction (Wever, 1949). When clicks were delivered 

separately to the ears, differences were noted in the 

responses to the two stimulations. 

The latoral side of the nucleus isthmi pars principalis 

parvoceilularis responded to stimulation of either ear 

with a latency of 6 to 10 msec. Clicks presented to the 

opposite ear produced a more complex response in the medial 

part of this nucieus. It had a stable wave at 5.5 to 7 

msec latency. Earlier components (1.5 to 3 msec) could 

be attributed to impulses arriving at the nucleus by way 

of axons, with the later wave the result of the firing 

of cells within the nucleus. Simultaneous clicks to the 

two ears caused an ealier response within the nucleus, 

suggesting interaction by facilitation. 

The nucleus semilunaris responded to contralateral 

stimulation of the ear with potentiais h:ving latent 

periods of 2 to 4% msec and negative polarities. Ipsilateral 

stimulation resuited in positive potentials at a latency 

of 5 to 6 msec, with amplitudes of at least 35 pv above 

those evoked by contralateral clicks. The opposition in 

polarity could have been caused by differences in the 

position of the recording electrodes with respect te this 

nucieus but it seems more probable that the afferent fibers 

of the two were in opposite positions. In such a dipole 

field the polarity of the potential is determined by the 

stimulation (Biedenbach and Freeman, 1964).



Analysis of Potentials in the Thalamuis 
eontnaww     

The responses of the nucieus ovoidaiis were not as 

complicated as those obtained in the forebrain or as some 

of the ones found in the niclei of the mesencephalon. (fie. 

t4). Theo response indicates that this nucleus covld be a 

relay station in the thalamus. The resvonse had a long 

diration (9 to 15 msec), suggesting that the potential 

recorded was from the cell DpDodics of whe nucicis. 

Another resvonse Location in the thalamus included 

an area ventral and lateral to the nuciteuvs ovoidalis and 

mecdial and ventral to the nucieus rotundus, which was 

not responsive to auditory stimuli. This area could 

contribute to the central acoustic tract that Papez has 

postulated anc will be discussed further in the next 

section. 

The area ventral tc the nucleus ovoidatis responded 

to frequencics as high as 500/sec, suggesting responses 

from a fiber tract. The test stimulus elicited no response 

when the interval between the conditioning and test 

stimulus was 7 msec or less. In and near tne nucleus 

ovoidalis, stimulus frequencies up to 10/sec evoked 

responses with no change in the amplitude, while frequencies 

of 100/sece did not elicit a response. 

The responsive area of A 5-5.5, V 2-3, L 1.5-3 

responded to stimulus Frequencies up to hOC/sec susmesting 
a
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areas of the brain. 

responses found in the mesencephalon, 

I-potential evoked by clicks presented to 

all other potentials evoked by stimula- 

Calibration given to the right 

All responses of the bottom figure are 

the forebrain. 

the ipsilateral ear: 

tion of the opposite ear. 
of each response. 

50 v, 10 msec. 
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Configuration of responses found in certain 

This shows the differences in the 

the thalamus,
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responses from a fiber tract. With an interval of 6 to 7 

msec the test stimulus gave a response but at smaller 

intervals there was no response. 

ft seems reasonablic to believe that both the nucleus 

dorsolateralis and the nucieus dorsomedialis are inter- 

cailated in or closely related to the direct ascending 

auditory pathway. The responses in these two nuclei were 

generally more complicated than those found in the nucleus 

ovoidalis and usually had more than one component. This 

suggests that these two nuciei function to a greater 

extent in audition than the nucleus ovoidalis. When 

clicks were presented contralaterally or ipsilaterally, 

responses in these two nuclei ranged from 12 to 16 msec. 

When waves of longer latencies occurred, they were usually 

inconsistent. The inconsistency, as well as the length 

of the latency, suggests that these later waves may be 

the resuit of efferent impuises or of afferent impulses 

arriving from an unknown pathway. Speculations are all 

that can be made at the present time. The latencies of 

most of the elements in the cerebellum are 10 to 14 msec 

with exceptional latencies as long as 35 to 40 msec and 

as short as 2.5 msec (Schwartzkopff, 1963). It is possible 

that impulses have been delayed by coming through the 

cerebellum before being processed in the nucleus dorso- 

lateral and dorsomediaiis. Ades (1954) has discussed the 

need to think of multiple neuronal pathways and temporal 

delay, and inhibitory as well as excitatory activity at 

synapses when varying latencies occur.
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Analysis of Forebrain Responses 

The responses of the neostriatal areas and the 

paleostriatal areas seem to be real responses. They seem 

not to be the spread of an electric fieid from either the 

thalamus or mesencephalon. The evidence for this is that 

in the striatal areas the responses disappeared much more 

rapidly than those of the thalamic or mesencephalic areas. 

This indicates that more synapses are involved in the 

pathway to the striatal areas than to either the mesen- 

cephaion or thalamus, which is expected. Aliso, differences 

in responses to the test of intervals between stimuli 

using twin pulses were noted in the three regions. In 

the mesencephaion the responses couid be seen when inter- 

vals were as smali as 3.6 msec; in the thalamus the interval 

at which the effects of the second stimulus could be seen 

had to be at least 6 to 7 msec. In the striatal areas 

the intervel was 7 to 8 and sometimes i0 msec before the 

second response could be seen. The shapes of the responses 

of the striatum were also different from those of the 

mesencephalon as can be seen in figure 14. 

Some of the first waves are of extremely short duration 

and low amplitude, thus sugsesting that these are pre- 

Synaptic potentiais. These responses spreading physically 

from other parts of the brain seem to be responsible for 

producing potentials in striatal areas (Gusel'nikov and 

Supin, 1964). The polarity of these responses could be due
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to the nosition of the electrode relative to the activated 
a 

ww
 

regions. These early waves are not always observed. 

A stable latency, an amplitude over 50 pv, and 

duration over 10 wsec suggest that the component following 

the earliest waves is caused by activated cells of the 

striatum. Both polarities were found in ail areas and one 

polarity was not confined to one area without the other. 

T4 seems that in order to determine the significance or 

the polarity cr these responses a nore detailed study of 

the cells in relation to their dendrites will have to be 

made. 

Components of the response from Lh to 36 msec and 

later are probable due to temporai dispersion of afferent 

impulses from lower anditory centers. In mammais the pre- 

synaptic components of evoked potentials have latencies 

centingent upon the fiber diameter and the conduction 

Gistance of a given system. Temporal dispersion of pre- 

synaptic impulses passing along a bundle of fibers of 

different sizes may make the time of arrival at that 

point of recordings vary over a wide range (Hsiang-Tong 

Chang, 1959).
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Possible Auditory Pathways in Chickens 

Basing assunptions on experimental evidence, as well 

as on a postulation made by Papez (1929) of a central 

acoustic pathway running from the nucleus mesencephalicus 

lateralis pars dorsalis to the nucleus ovoidalis, two 

hypotheses regarding an ascending auditory pathway involving 

the thalanus have been proposed. A direct mesencephalo- 

striatal pathway with a secondary projection to the thalamus 

is one possibility. The other possibility is that the 

thalamic nuclei responding to clicks form a relay from the 

midbrain to the forebrain. The sequence of latencies 

observed successively in the nucleus semilunaris {2 to 4 

msec); the nucleus isthmi pars principalis parvocellularis 

(6 to 10 msec); the thalamic nuclei, ovoidalis (10 to 12 

msec), dorsolateralis {12 to 15 msec), and dorsomedialis 

(13 to 16 msec); and the striatal areas, the neostriatum 

frontale (5.5 to 12 msec), the paleostriatum (12 to 13 

msec), and the neostriatum caudale (12 to 16 msec) show 

the nuclei most likely involved in these pathways. 

Several of these nuclei have been identified 

anatomically as having auditory functions; the nucleus 

semilunaris, the nucleus isthmi pars principalis parvo- 

cellularis and the nucleus mesencephalicus lateralis pars 

dorsalis have been identified as such. The nucleus 

ovoidalis has only been proposed as having an auditory 

function. The responses found in this nucleus make
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reasonable its inclusion in this pathway. Uncertainty 

exists as to whether this nucteus and the dorsolateralis 

and the dorsomecialis form a relay in the thalamus or 

whether they are possibly only secondary projections. 

If these nuclei form part of a relay system, the 

long latencies recorded in them indicate that fibers from 

the mesencephalic nuciei must synapse before reaching 

these nuclei. “ue most likely area for this synapse scems 

to be in the area ventral to the nucleus rotundus where 

latent periods of 5 to 11 msee were recorded. 

Fibers contributed by the nucleus ovoidalis to the 

thalamofrontal bundle of Papez (1929) or the forebrain 

bundle of Huber and Crosby (1929) are connected to striatal 

areas of the forebrain. Huber and Crosby (1929) described 

in a sparrow a connection between the nuciei dorsolateralis 

anterior and posterior and the nucleus ovoidalis and the 

hemisphere wall by the tractus thalamo~frontalis medialis. 

The pars frontalis of this tract connects with the 

neostriatum intermediale and frontal, and with the medial 

portion of the hyperstriatum ventrale. Moreover, the 

bundle courses through the palteostriatum augmentatun, 

where it appears to either give or receive fibers. 

The pars caudcalis is a large bundle which lies in 

the more caudal portion of the medial part ef the hemisphere. 

tts fibers connect particularly with the neostriatum 

caudale, including its more posterior portion and to some
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extent with the periventricular gray in the region under-~ 

lying tne neostriatum. Fibers join theo bundle from the 

paileostriatum augmentatum and paleostriatum primitivun. 

The opinion of Huber and Crosby was that these may distri- 

bute in part at least with the strio-tegmentai system, but 

the evidence for this was inconclusive. These authors 

also suggested conriection of the dorsolateralis and 

dorsomedialis and the nucleus ovoidalis with the paleo- 

striatum. The existence of this tract connecting the 

nuclei ovoidalis, dorsolateralis, and dorsomedialis to 

striatal areas responding to clicks supports the possibility 

of a relay between midbrain and forebrain auditory centers. 

Fibers of the tractus thalamo-frontalis intermedialis 

swing from the tectum directly medialward somewhat ventral 

to the main tecto-thalamic paths and dorsai to the lateral 

geniculate and among the cells in part of the nucieus 

tract-thalamici cruciati. They are joined ventromedially 

by a few delicate fibers from that latter nucleus and 

then turn dorsalward occupying a position among the cells 

of the nucleus intercalatus which lies as a broad cell 

band betweon the nucleus rotundus and the ventrai penduncle 

of the forebrain bundle. After entrance in tho forehrain, 

it has not been delimited. The direction of conduction 

is unknown of this tract (Huber and Crosby, 1929). The 

existence of this tract plus the fact that responses 

seemed to occur in some of its pathway (waves observed



medial and ventral to the nucleus rotundus) give some 

indication of a possible direct route from the midbrain 

to the forebrain. 

The shorter latencies recorded in the neostriatum 

frontale than in the paleostriatum and the neostriatum 

caudale indicate that the neostriatum frontale might 

receive acoustical fibers involving fewer synapses than 

the other striatal areas. The responses of 4.5 to 7 

msec recorded in the ventral, caudai part of the thalamus 

in the region of the quinto-frontal tract and in the 

region of the supraoptic decussation in the frontal part 

of the thalamus indicate that these fiber tracts could 

play a part in the pathway of these impulses to the 

neostriatum frontale. The quinto-frontal tract is, 

according to Huber and Crosby, connected with the neo- 

striatum frontale but it has not been recorded as having 

connections in the mosencephalon. The tractus strio- 

tegmentalis et striocerebellaris seems to be a more Likely 

path. It runs through the diencephalon and connects to 

the decussatio supraoptica dorsalis and ventralis. It 

joins the quinto-frontalis and their fibers intermingle 

as they both course with the lateral forebrain. bundie up 

to the paleostriatum with some of its fibers going to the 

neostriatum. This tract has been named a strio-cerebellar 

conduction pathway which would indicate, however, that it 

carries impulses away from striatal areas instead of to 

these areas.



Powell and Cowan (1961) found in a pigeon by retrograde 

cell degeneration technique that the nucleus ovoidalis 

has connections with the paleostriatum augmentatum (medial 

part of this nuclear region), and by this same technique 

indicated that the neostriatum does not receive a projection 

from the thalamus. The experimental results of this 

paper might offer some support to their findings that the 

nucleus ovoidalis is connected to the paleostriatum; 

however, the responses in the nucleus ovoidalis were not 

as pronounced as those in the paleostriatum primitivun. 

They also observed that the dorsai group of nuclei which 

includes the nuciei dorsolateralis and dorscmedialis 

projects through the septomesencephalic tract to either 

the accessory hyperstriatum or adjacent entorhinal cortical 

area. These two nuclei, however, appear to have other 

forebrain connections which have been discussed to some 

extent earlier in this presentation. 

Comparison of These Results with Those from a Pigeon and 
  

Mammals 

The presence of responses in tho nucleus mesencephalicus 

lateralis pars dorsalis of chickens differs from the 

results obtained by Erulkar (1955) in pigeons. He found 

that this nucleus was unresponsive to cochlear stimulation 

and thus questioned its connection with the lateral 

lemiscus. The present physiological evidence that :the n. 

mesencephaiicus pars dorsalis in the midbrain receives 

acoustical impulses is, however, in agreement with anatomical
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e nvestigations (such as Wallenberg's and Ariens Kappers'). 

The Latencies found in the mesencephalicus lateralis pars 

dorsalis of chickens are similar to the 6 to 9 msec latencies 

Tasaki (1957) reported in the inferior colliculus of 

manmais. Both the mesencephalicus lateralis pars dorsalis 

and the infericr colliculus are midbrain nuciei. 

The presence of responses in the thalamus alse 

differs from the results of Erulkar (1955), for he found 

that neither the nucleus ovoidalis nor the rest of the 

thalamus was activated by clicks. He explained this 

could have been caused by the deep anesthetization of the 

pigeens. When strong click stimuli were used with 

mammals, the latency of the response found in the medial 

geniculate body (auditory relay station in the thalamus } 

ranged from 7 to 10 msec as compared to the 10 to 12 

msec Latencies found in the nucleus ovoidalis of birds. 

The longer latency found in tnis thalamic inicleus of 

birds could be attributed to the synaptic delay of 

impulses in other, as yet undetected, nuclei located in 

the thalamus. Some of the nuclei in this region of the 

brain are small and could have been missed during the 

exploration. 

Although Dreulkar (1955) did not mention setting 

responses in the paleostriatum or neostriatum frontale, 

ke recorded latencies in the neostriatum caudale ranging 

from 12 to 15 msec. This is approximately the same range 

of latencies (12 tc 16 msec} as recorded in the neo- 

striatum caudale of chickens. For comparison, the
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response of the mammalian cortex to strong click stimuli 

was 8 to 12 msec (Tasaki, 1957). Although the response 

latencies of the neostriatum caudale are longer than those 

recorded in the mammalian cortex, the latencies recorded 

From the neostriatum frontale are the same.



6. 

Zs 

The evokea potential technique has been used to provide 

functional and anatomical data concerning thre affercnt 

auditory system in the chicken brain. 

Mesencephalcn, diencephalon, and teilencephaion were 

explored with bipolar electrode: to determine those 

areas responsive to click stimuli. 

Potentials were recorded from the nucleus mesencephalicus 

lateralis pars dorsalis (2 to 6 msec latency), the 

nucleus isthmi yars principalis parvocellularis (4 to 

6 msec latency), and the nucleus semilunaris (2 to 4& 

msec latency). 

Potentials were recordec, from thalamic areas, including 

the nucleus ovoidalis (10 to 12 msec latency), the 

nuclei dorsolateralis (12 to 15 msec), and dorzo- 

medialis (123 to 16 msee latency), and areas ventral 

and lateral to the nucieus ovoidalis. 

Potentials were recorded from the neostriatumn frontatle 

(5.5 to 12 msec latency), the paleostriatum (12 to 13 

msec latency), and the neostriatum caudale (1/4 to 16 

msec latency) in the forebrain. 

The data suggest that tre nuclevs mesencephalicus 

lateralis pars dorsalis in birds may be equivalent to 

o 

tne inferior colliculus in mammals. 

The results also suggest that the impuises of the 
« 

afferent auditory pathway travel through tne thalamus



in a relay system in order to reach the forebrain or 

that a direct pathway may be involved. 

The results suggest that there may be a direct auditory 

system from the middrain nuclei, through the ventral 

part of the thalamus to the neostriatum frontaie in 

birds.
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APPENDIX 

ABBREVIATIONS 

(Nomenclature used by van Tienhoven and Juhasz, 1962) 

DL, nucleus dorsolateralis 

DM, nucieus dorsomedialis 

IP, nucleus isthmi pars principalis parvocellularis 

MELD, nucleus mesencephalicus lateralis pars dorsalis 

NLOST, Neostriatum 

NEOSTY, Neostriatum frontale 

OVD, nucleus ovoidalis 

PALP, Paleostriatum pars primativum 

ROT, nucleus rotundus 

SL, nucleus semilunaris
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APPENDIX B 

   

  

    
   

a 

fi? 

if 

Sagittal section through the thalamus and forebrain 

showing the relative positions of several activated 

nuclei.



blectrophysiological studies of chickens revealed areas 

in the mesencephaion, the thalamus, and the forebrain responcd- 

ing to click stimulation. Mesencephalic nuclei responding 

to clicks were the semilunaris, the isthmi pars principalis 

parvoceliularis, and the mesencephalicus lateralis pars 

dorsalis with latencies of 2 to 4 msec, 4 to 6 msec, and2 

to 6 msec, respecitvely, regardless of whether the stimulation 

was to the ipsilateral or contralateral ear. Thalamic 

nuclei responding with Latencies rangines from 10 to 16 msec 

were the dorsolateraiis, . dorsaoedialis, and ovoidalis. 

Areas located ventrai and lateral to the ovoidalis responded 

With i: tencies ranging from 4+ to 12 msec. The nucleus 

rotundus was not responsive to click stimulation. Respond- 

ing striatai areas were the paleostriatum with latencies of 

9 to 16 msec, the neostriatum caudale with potentiais rang- 

ing in latency from 11 to 32 msec, and the neostriatum 

rrontale with component latencies ranging from 5.5 to 25 

msec with tne most frequent latencies at 5.5 to 12 msec. 

These results suggest a probable afferent auditory pathway 

{
u
o
 

in birds involving thalamic areas as well as mesencephalic 

ana striatai areas.
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