
:PHYSIOLOGY 

E L E C T R I C A L  R E A C T I O N S  IN P O S T E R I O R  C O R P O R A  Q U A D R i G E M I N A  OF R A T S  

D U R I N G  A C T I O N  OF S H O R T  A C O U S T I C  S I G N A L S  ( C L I C K S )  

(UDC 612.826.5.014.423.014.45) 

I .  A.  V a r t a n y a n ,  Z .  P. L e b e d e v a ,  a n d  A.  M. M a r u s e v a  

Institute of Physiology, USSR Academy of Sciences, Leningrad 

(Presented by Academic ian  V. N. Chernigovskii) 

Translated from Byulleten'  Eksperimental 'noi  Biologii i Medttsiny, Vol. 61, No. 2, 
pp. 3-6, February, 1966 
Original ar t ic le  submitted August 1, 1964 

An ear l ier  invest igat ion [2] furnished evidence on certain pecul iar i t ies  of e l ec t r i ca l  reactions in the peripheral  
part of the auditory system in the rat. This suggested that  there were certain special  features in the functioning of 
the auditory system in these animals.  In order to prove this, i t  is essential  that e l ec t r i ca l  reactions in other parts of 
the auditory system should be examined.  As investigations atready published provide evidence of considerable com- 
plexi ty  of structure in the inferior corpora quadrigemina of mammals  E4,5,6,9,10] and of great variety in the responses 
from their individual  e lements  [11-14-17],  i t  might be expected that definite functional differences would be found 
in this part of the auditory system more par t icular ly  in different animals.  Important  structural and functional dif- 

ferences in the inferior corpora quadrigemina are ext remely  probable in rats, which are l issencephalic  animals.  

MET HOD 

The exper imenta l  animals were 30 albino rats under barbiturate anesthesia. The tip diameter  of the record- 

ing e lec t rode  did not exceed 100 ~ The indifferent e lect rode was placed in the an imal ' s  mouth or on the skull in 

the region of the frontal sinuses. The recording e lect rode was inserted by steps of 0.25 mm (until a distinct response 
to sound developed). The position of the e lec t rode  was established by subsequent morphological  examination.  The 
auditory st imuli  were short acoustic signals (d icks )  0.2 msec in length. The source was a moving-coi l  loud speaker 
with uniform frequency between 200 and 7000 c/s.  It was p laced 10 cm in front of the animal .  

Thresholds for development  of the react ion under examinat ion,  latent  periods, ampl i tude  and iength were 

measured in every exper iment .  Average values for the individual  parameters  of the react ion were established by 
measurgment of 10 successive recordings. Other features examined,  in addit ion to the main parameters of reactions 
in the inferior corpora quadrigemina,  were the relationship between changes in the intensity of the acoustic signals 
and changes in ampl i tude  and the course of recovery as revealed by the del ivery of paired acoustic signals with 
different intervals between. The intensities of the two signals were the same, and were not more than 50 dB above 
the threshold for development  of the part icular  reaction. 

R E S U L T S  

The e lec t r ica l  reactions in the inferior corpora quadrigemina of the rat were of the same form as responses 
from the same part of the auditory system in the cat, as described by several  authors [3,7,8,15,16]. The typica l  

react ion began with a fast positive wave, followed by a slower negat ive  wave. Two positive waves with a succeed-  
ing negat ive wave were recorded in some cases. A similar  form of response has been described in one of the papers 
dealing with rats [18]. The ampl i tude  of the react ion in our animals  ranged from 70 to 400 pV. Maximum response 
ampli tudes were recorded in the experiments in which the e lec t rode  was in the center of the nucleus. Reaction 
thresholds averaged a l i t t l e  above audibi l i ty  thresholds for man, measured under the same conditions. The subsequent 
morphological  examinat ions revealed  that the e lect rode was ei ther in a superficial  or media l  position in a great 
majori ty  of the animals in which high react ion thresholds had been found. Thresholds were, however, high in some 

cases, even though the e lec t rode  was in the central  part of the nucleus. 
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Fig. 1. Changes in ampli tudes of responses in 

inferior co l l icu l i  Of rat  with change in acoustic 
signal intensity (A) and response ampl i tude / s ig -  
nal intensity (B). Numbers at s i de - in t ens i t y  
(dB) above reaction threshold. O r d i n a t e - a m p l i -  
tude (~V). Absc issa - in tens i ty  (dB) above reac -  
tion threshold. 

Fig. 2. Responses in inferior eol l icul i  to paired 

acoustic s t imuli  (A) and degree of recovery in 
relat ion to interval  between signals (B). Num- 

bers at side - i n t e r v a l s  between signals (msec). 
Ordinate - percentage recovery. Abscissa - 
intervals between signals (msec). 

As i t  has been stated in the l i terature  that inf lammatory  phenomena are frequently found in the middle ear of 
albino rats [19], some control experiments,  in which thresholds for cochlear  responses as welt as for reactions in the 
inferior corpora quadrigemina were measured, were carried out. 

Distinct changes in the mucous membrane lining the cavi ty  of the bulla ossea were found in several animals 
with high thresholds for both reactions. 

The average threshold for animals  in which the middle ears were normal was very slightly higher than the 
react ion threshold in the corresponding part of the auditory system in the cat (the difference did not exceed 5 dB). 
The average la tent  t ime of the react ion was 3.1 msec when s t imulat ion intensity was 45-50 dB above threshold 
strength. As s ignal  strength was increased from 5 to 80 dB above threshold for development  of reaction,  the la tent  
period changed from 5 to 2.8 msec. The length of the positive wave varied from 2 to 4 msee, depending on the form 
of the reaction. The relationship between acoustic signal intensity and changes in response ampl i tude  are shown in 
Fig. 1, A and B. 

The general  character  of the react ion curve did not differ essential ly from that of the corresponding curve for 
the same part of the auditory system in the cat  [1]. 

The process of recovery in the inferior cot l icut i  of the rat was examined  in 20 experiments (Fig. 2). Paired 
signals with intervals of 3, 4, 6, 7, 10, 14, 20, 30, 50, 60, 74, 90, and 100 msec were used. It was found that the 
ampl i tude  of the response to the second signal reached 50 percent of the ampl i tude  of the first response when the 
interval  was 3-4.6 msec. A 75 percent  recovery required 7 msec. Thereafter,  response recovery slowed down quite 
sharply. Paired responses of equal  ampl i tude  was only achieved when the interval  was 60-70 msec. Recovery was, 
however, seen to be comple te  after 50 msec in occasional  experiments.  

Comparison of the results general ly  with those obtained in experiments  on cats [1] revealed certain differences. 

The ampl i tude  of the e l ec t r i ca l  reactions in the inferior col l icul i ,  evoked by acoustic signals of ident ica i  supral imi-  
hal intensities,  was considerably less in rats than in cats. The curves for the relationship between signal intensity 
and react ion ampl i tude  differed for the two species. 

Some interesting features were revealed in the examinat ion  of the restoration of eleetxicat  reactions in the in-  
ferior corpora quadrigemina of the rat, An 80 percent restoration was reached earl ier  in rats than in cats, but com- 
plete  restoration required a longer period in the former than in the latter.  The curve for restoration of response 

ampl i tude  in the inferior co l l icu l i  p rac t ica l ly  reproduced the curve for response restoration in the peripheral  part of 
the rat 's  auditory system (Fig. S). In the cat, the degree of restoration of react ion ampl i tude  was less in the inferior 
col l icul i  than in the cochleal  whatever the interval  between the paired st imuli .  More rapid recovery in the inferior 

co l l icu l i  than in the cochlea has been described in the auditory system of bats [13]. Although the functional signifi-  
cance of this is not ye t  clear,  i t  is undoubtedly evidence of special  functional quali t ies in this part of the auditory 
system in l issencephaltc animals.  
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Fig. 8. Curves for recovery of response 
in cochtea (1), inferior collieulus (2) of 

rat and inferior co l l i cuhs  of cat (3). 
Ordinate - p e r c e n t a g e  recovery. Abscissa 
- intervals between signals (msec). 
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All abbreviations of periodicals in the above bibiiography are letter-by-letter translitera- 
tions of the abbreviations as given in the original Russian journal. Some  or  all  o f  t h i s  per i -  
od ica l  l i t e ra ture  m a y  w e l l  be a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete l ist  of the cover-to- 
cover English translations appears at the back of this issue. 
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